










Amount and Distribution of Dry Matter, Nit- 
rogen, and Organic Carbon in Soil-Plant 
Systems of Mesquite and Palo Verde 
R.C. BARTH AND J.O. KLEMMEDSON 

Abstract 

Over a 3-year period, soil-plant systems of velvet mesquite and 
palo Verde from the Sonoran Desert were sampled by standing 
crop, litter, and soil components and analyzed to describe the 
amount and distribution of dry matter, nitrogen, and carbon in the 
systems. Honey mesquite was sampled on a limited basis in south- 
ern New Mexico. Velvet mesquite averaged about one-third larger 
in crown area and weight than palo Verde, but the two shrubs were 
similar in the distribution of dry matter, N, and C. Honey mesquite 
was much smaller and differed in distribution of dry matter, N, and 
C. Regression analysis showed that dry matter, N, and1 C in compo- 
nents of shrub systems of velvet mesquite and palo Verde varied in a 
predictable manner and can be estimated with good precision using 
height, average crown diameter, or crown area of shrubs as the 
independent variable. Functional analysis showed that soil under 
palo-Verde did not accumulate N or C-with increase lin shrub size, 
whereas that under velvet mesquite accumulated N :at the rate of 
11.2 g/m* per meter of height and C at the rate of 0.11 kg/m* per 
meter of height. 

Shrubs dominate the vegetation on over 200 millialn hectares of 
land in the conterminous United States, mostly in the Southwest 
and the Intermountain Basin. Many authorities consider shrubs 
the climax vegetation on about one-half this area, while on the 
remaining 1’00 million hectares shrubs now dominate where grasses 
were once the climax dominants. Man has been using shrublands 
since prehistoric times, but until recently little management has 
been applied. When used, management usually has been directed at 
eliminating shrubs. Because shrubs play an important role in ter- 
restrial ecosystems, we should understand their ecological role. 
This is especially important in arid areas where shrubs are an 
important component of the vegetation. This paper reports on a 
study to determine how dry matter, nitrogen, and carbon were 
accumulated and distributed in soil-plant systems of two desert 
shrubs: velvet mesquite (Prosopis juliflora) and palo verde (Cerdi- 
cium floridurn). Limited data on honey mesquite (Prosopis juli- 

flora var. glandulosa) are included as an adjunct to the main study. 

Methods 

Study Locations 
The study area was located in the Upper Sonoran Desert 

approximately 32 km south of Tucson, Arizona, at the Santa Rita 
Experimental Range. The study site was on an alluvial plain with a 
slope of less than 5% and an elevation of 975 m. Numerous arroyos 
and small shallow washes dissect the upland areas. Sampling was 
conducted on the upland sites on the Sonoita soil series, a coarse, 
loamy, mixed, thermic family of Typic Haplargids derived from 
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moderately coarse-textured alluvium of mixed origin. The study 
site has been grazed lightly for the past 60 years. 

The limited adjunct study of honey mesquite was conducted at 
the Jornada Experimental Range in the Chihuahuan Desert north- 
east of Las Cruces, N.M. Honey mesquite shrubs, whichdominate 
this area, were less than 2 m high at maturity and multi-stemmed. 
These scrubs were growing on small dunes, a result of accumulat- 
ing aeolian material that partially covered the plant base. Although 
rodents are commonly associated with the Prosopis dunes, evi- 
dence indicates the rodents are merely occupying a favorable habi- 
tat and play no role in dune formation (Campbell. 1929; C.H. 
Herbel, Las Cruces, N.M., personal communication). Soils, which 
were loamy sand and structureless with little vertical differentia- 
tion throughout the profile, appeared to be Torrifluvents. Climate 
of the Chihuahuan Desert is somewhat cooler, drier, and more 
windy than that of the Sonoran Desert. 

Field Sampling 
A total of 58 randomly selected soil-plant systems (34 velvet 

mesquite and 24 palo Verde) covering the range of size classes were 
sampled at Santa Rita during spring, early fall, and winter from 
197 1 to 1973 (Barth and Klemmedson 1978). For both species these 
seasons coincided with full bloom, cessation of shrub growth, and 
maximum herbaceous understory development, and dormancy, 
respectively. As used here, a soil-plant system is a small ecosystem 
that includes the entire shrub, its understory, litter, and soil to a 
depth of 60 cm within the crown area of the shrub. The area and 
depth of sampling were selected to correspond to the zone of 
maximum shrub influence. 

Although velvet mesquite and palo Verde both tend to be multi- 
stemmed at the base, this tendency was somewhat greater for velvet 
mesquite (91 To) than for palo Verde (78%) at the study site. Number 
of stems per shrub averaged 2.8 for mesquite and 1.9 for palo Verde. 
Both species averaged 3.3 m in height. Velvet mesquite is more 
squat-shaped than palo Verde, as reflected in a crown area that 
averages one-third larger (Table 1). For each system sampled, six 
0.093 m* plots were located on a north-south line running through 
the center of the shrub. Plots were located under the shrub canopy 
at points equivalent to l/3, 2/3, and 3/3 the north and the south 
canopy radius (CR). In each plot standing understory live and dead 
vegetation was harvested at ground level. Litter from the overstory 
shrub (shrub litter) and from understory species (understory litter) 
also were collected in each plot. Material collected from north and 
south plots at the same canopy position for a given shrub was 
combined into one sample, thus making the plot for each CR 
location O.l86m* in size. The shrub was then cut at ground level 
and separated into leaves, flowers, fruit, current twigs (woody 
growth less than 1 year old), small branches (< 1 cm in diameter), 
large branches (>I cm in diameter), and deadwood. All shrub 
components were weighed in the field and sampled randomly for 
moisture content and laboratory analyses. 
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Soil columns were collected from each of the six 0.093 m* plots 
and at an additional plot located at the center of the shrub. Surface 
dimensions of soil columns were 8 by 10 cm; columns were separ- 
ated into four depths: O-5 cm, 5- 15 cm, 15-30 cm, and 30-60 cm. All 
soil, rock, and shrub roots in soil columns were recovered and 
those from the same depth and canopy position on north and south 
sides of each shrub were combined for weighing and analysis. 

At the Jornada Experimental Range, we sampled three soil- 
plant systems of honey mesquite in mid-August, 1972, using field 
sampling and laboratory methods identical to those described 
above. This sampling was conducted as an adjunct to the main 
study for purpose of relative comparison only. Comparisons of 
honey mesquite, with the other species are limited (and slightly 
biased) more, by the single season of sampling than the number of 
samples. 

As indicated by measures of variance presented in this paper 
(Tables 1,2,4,5,6) and elsewhere for other phases of study (Barth 
and Klemmedson 1978), sampling procedures were adequate for 
all components except roots. The size and depth of soil columns 
lead to higher variance in the root data and conservative estimates 
were obtained. 

Laboratory Methods 
Vegetal and litter samples were oven-dried at 7o”C, weighed, 

and ground to pass a 40-mesh (0.42 mm openings) sieve. Soil 
samples were passed through a 9-mesh (2mm openings) sieve; the 
resulting fine earth fraction was then ground to pass a lOO-mesh 
(0.15 mm openings) sieve. Roots were separated from soil during 
the initial laboratory sieving, added to those recovered in the field, 
and then processed in the same manner as other vegetal samples. 
Total N was determined by the macro-Kjeldahl method (Bremner 
1965). Organic C was determined by analysis of total C by dry 
combustion (Allison et al. 1965) and corrected for carbonate C 
(Bundy and Bremner 1972). All C data reported are for organic C. 

Results 

Average Size Shrubs 
Dry Matter 

Total dry matter of the soil-plant systems for velvet mesquite, 
palo Verde and honey mesquite averaged 147.6, 103.1, and 13.4 

kg/ shrub and the crown areas were 20.9, 15.2 and 3.9 m*, respec- 
tively (Table 1). Thus, velvet mesquite shrub systems were about 
43% larger by weight than palo Verde, while honey mesquite were 
comparatively small. Because of these size differences, we will 
resort to weight per unit crown area and percentage distribution 
among components for comparisons among species. 

Shrub standing crop represented about 88% of total dry matter 
in the system for both velvet mesquite and palo Verde, but only 75% 
for honey mesquite. The remaining dry matter was in understory 
(2.0 to 4.5%) and litter (7.5 to 22.5%). Of total shrub dry matter, 
about 79% was allocated to shoots in velvet mesquite and palo 
Verde; shoots accounted for about 67% of the dry matter for honey 
mesquite. Percentage of dry matter in roots was similar among all 
species (Table 1). Distribution of dry matter among shoot compo- 
nents differed markedly among the three shrubs, thus reflecting 
differing growth habits. In particular, the proportions of dry mat- 
ter in leaves, large and small branches, and deadwood differed 
among the three species (Table 1). Velvet mesquite had a very low 
proportion of small branches and palo Verde characteristically had 
practically no leaves. Percentage dry matter in leaves of honey 
mesquite was deceivingly high because honey mesquite was col- 
lected only in the full leaf stage; the other shrub systems were 
collected in leafless as well as full leaf stages. 

Although velvet mesquite systems contained the largest weight 
of litter (I 5 g), honey mesquite contained the most litter per unit 
area as a percentage of total dry matter (22.5%). This is attributed 
to the low stature of honey mesquite and demonstrates an ability to 
collect and hold litter. Distribution of shrub litter and understory 
litter differed greatly among the three shrub systems (Table I). 
Honey mesquite had nearly four times as much understory litter as 
shrub litter. The converse was found for velvet mesquite whereas 
shrub and understory litter did not differ greatly for palo Verde. 

Nitrogen 
Although differences occurred among shoot components, velvet 

mesquite and palo Verde are remarkably similar in how they dis- 
tributed N among the principal components of the soil-plant sps- 
tern, both in g/m* and percentage distribution among components 
(Table 2). This is attributed to similarity in growth form (described 
above) and N composition of components (Table 3) between velvet 

Table 1. Amount and distribution of dry matter in soil-plant systems of average size for three species of desert shrubs. 

Component 
Velvet Mesquite Palo Verde Honey Mesquite 

kg/ shrub kg/m2 % kg/ shrub kg/m2 % kg/ shrub kg/m2 % 

Standing Crop 
Shrub 

Shoot 
Leaves 
Flowers 
Fruit 
Current twigs 
Small branches 
Large branches 
Deadwood 

Subtotal 

Roots 
Shrub total 

Understory 

Litter 
Shrub 
Understory 

Subtotal 

Soil 
Soil-plant system 

Mean crown area (m2) 20.90 15.22 3.88 

3.24 f 0.54 0.148 2.2 0.18 f 0.08 
b.b4* o.di b.ooi <o. 1 O.lOf 0.06 
0.07f 0.04 0.003 <o. 1 0.05 f 0.04 
0.26f 0.05 0.012 0.2 1.65 f 0.46 
8.25f 1.05 0.379 5.6 17.08 f 2.43 

75.92 f 12.93 3.483 51.4 54.35 f 9.86 
26.36 f 3.97 I .209 17.9 9.44f 1.98 

114.14f 17.19 5.236 77.3 82.85 f 13.92 

15.44 f 3.63 0.709 10.5 
129.58f 18.95 5.945 87.8 

2.98 f 0.54 0.137 2.0 

11.76f 2.84 0.539 8.0 4.36f 1.45 0.286 4.2 0.61 f 0.31 0.157 4.5 
3.26f 0.55 0.149 2.2 3.36f 0.86 0.22 I 3.3 2.41 f 2.20 0.621 18.0 

15.02f 3.24 0.689 10.2 7.72f 1.92 0.507 7.5 3.02f 2.32 0.778 22.5 

- - 
147.58f 21.66 6.771 

- 
100.0 

7.96f 3.63 
90.81 f 16.42 

4.6Of 1.51 

- - 
103.13 f 18.42 6.775 

0.012 
0.007 

0.108 
1.122 
3.571 
0.620 
5.443 

0.2 0.70 f 0.12 0.180 5.2 
0.1 0.00 0.000 0.0 

<o. 1 0.18 0.047 1.3 
1.6 0.24If: 0.12 0.062 1.8 

16.6 1.86f 1.10 0.479 13.9 
52.7 3.04f 2.70 0.784 22.6 

9.1 3.05f 3.11 0.786 22.7 
80.3 9.07f 7.04 2.338 67.5 

0.523 7.7 
5.966 88.0 

0.302 4.5 

- 
100.0 

1.04f 0.75 0.268 
10.1 I f 6.76 2.606 

0.30f 0.22 0.077 

- - 
13.43 f 9.29 3.461 

7.8 
75.3 

2.2 

- 
100.0 

‘Sample mean f standard error 
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Table 2. Amount and distribution of nitrogen in soil-plant systems of average size for three desert shrubs. 

Component 
Velvet Mesquite Palo Verde Honey Mesquite 

g/shrub g/m2 % g/shrub g/m2 % g/shrub g/m* % 

Standing Crop 
Shrub 

Shoot 
Leaves 
Flowers 
Fruit 
Current twigs 
Small branches 
Large branches 
Deadwood 

Subtotal 

96.6 + 15.7’ 4.62 1.3 6.6f 2.7 0.43 0.1 22.4f 15.3 5.77 1.8 
1.6+ 0.6 0.07 <o. I 3.8& 2.2 0.25 0.1 0.0 0.00 0.0 
0.8f 0.4 0.04 <o. I 1.4+ 0.9 0.09 <o. 1 5.6 1.44 0.4 
4.7+ 0.9 0.23 0.1 39.1 f 10.3 2.57 0.8 3.3* 1.3 0.85 0.3 

128.5 xk 17.4 6.15 1.7 285.3 f 44.9 18.74 5.7 26.0f 13.7 6.70 2.1 
868.9 f 155.4 41.57 Il.7 651.2+ 126.1 42.78 13.0 34.61t 29.6 8.92 2.7 
278.1 f 43.3 13.31 3.8 87.9f 16.9 5.78 1.8 ’ 39.1 + 33.2 10.08 3.1 

1379.2+ 212.5 65.99 18.6 1075.4* 184.9 70.64 21.5 131.0f 97.4 33.76 10.4 

Roots 216.5f 50.8 10.35 2.9 83.0f 37.0 5.45 1.7 17.7f 13.1 4.56 1.4 

Shrub total 1595.7+ 240.0 76.34 21.5 

0.5 

1158.3 f 206.4 76.09 

Understory 35.3+ 6.5 1.69 44.6f 12.7 2.93 

Litter 
Shrub 
Understory 

Subtotal 

180.5 + 42.9 8.63 2.5 54.6+ 18.6 3.59 
47.0+ 9.0 2.25 0.6 46.5+ 12.5 3.05 

227.5f 44.5 10.88 3.1 101.1 AI 26.9 6.64 

Soil 5547.6 If: 246.5 265.42 74.9 3696.0 + 541.4 242.8 I 
Soil-plant system 7406.0 + 1002.5 354.33 100.0 5000.0 f 766.7 328.47 

23.2 148.7f 93.5 38.32 

0.9 6.1 AZ 4.6 1.57 

II.8 

0.5 

1.1 12.6+ 6.4 3.25 
0.9 23.35 20.9 5.98 
2.0 35.9+ 24.2 9.25 

73.9 1073.4 + 653.2 276.65 
100.0 1264.1 k 1145. I 325.80 

1.0 
1.8 
2.8 

84.9 
100.0 

‘Sample mean f standard error 

mesquite and palo Verde. Higher amounts of root N in velvet 
mesquite offset slightly higher amounts of N in aboveground com- 
ponents of palo Verde (Table 2) so that total shrub N(g/m*) for 
velvet mesquite and palo Verde was similar and about double that 
for honey mesquite. Garcia- Moya and McKell (1970) observed 
standing crop N amounts (10.5 and 18.4 g/m*) for Acacia greggi 
and Lurrea divaricata that were much lower than for the shrubs we 
studied. About 22% of the N in velvet mesquite and palo Verde 
systems was located in the shrub standing crop, while only about 
12% of the N in honey mesquite systems was located in the shrub 
(Table 2). 

Amount of litter N per unit area was 30 to 40%greater in the two 
mesquite systems (10.9 and 9.2 g/m*) than in the palo Verde system 
(6.6 g/ m*). Velvet mesquite litter was mostly leaves that were high 
in percentage N (Barth and Klemmedson 1978); that for honey 
mesquite was mostly from understory species and although abund- 
ant (Table I), was low in N. Palo Verde litter was high in bark and 
was neither abundant (Table I) nor high in N (Barth and 
Klemmedson 1978). 

Although the amount of soil N was similar for each of the three 
systems (243 to 277 g/m*), its contribution to total system N 
differed among species. Soil N as a percentage of total N was the 
same for velvet mesquite and palo Verde (about 74.5vc) or about 
10% less than that for the honey mesquite system (85%). However, 
honey mesquite shrubs were considerably smaller than the two 
other shrubs and because soil N as a percentage of total N (Y) 
declines significantly with shrub size (X), it appears that less N is 
distributed to soil in honey mesquite systems than in velvet mes- 
quite and palo Verde systems. Thus, for the latter shrubs of the 
same height as the average honey mesquite (1.43 m), we calculate’ 
that about 90% of system N would be found in the soil component. 

On a weight per unit area basis there was little difference in total 
N in the three soil-plant systems (Table 2); the velvet mesquite 
system contained about 8% more N/ m* than the other two systems, 
probably a nonsignificant difference. 

Organic Carbon 
Because C percentage of a given plant part varies little among 

species, the relative differences in total C per shrub and per unit 

area (Table 4) among species for any component was similar to that 
observed for dry matter (Table I). However, percentage distribu- 
tion of C among components is distinctly different from that for 
dry matter and the two parameters are not readily comparable. 
Organic C is distributed in all components of the soil-plant system 
whereas dry matter exists only in the standing crop and litter 
components. 

Overall, percentage distribution of C between components was 
quite similar for velvet mesquite and palo Verde: the greatest 
relative differences between species were for roots (6.5 vs. 4.7%), 
understory (I. I vs. 2.4%), and litter (5.2 vs. 3.7%), respectively. The 
percentage of total C in the standing shrub and in soil was nearly 
identical for velvet mesquite and palo Verde. But, comparison of C 
in these two systems with that for honey mesquite is striking. 
Although honey mesquite systems contained only half as much C 
per unit area in the standing crop plus litter as velvet mesquite and 
palo Verde systems, they contained 173% more C in the soil and 
45% more C for the total system on a unit area basis. Thus, whereas 
C was about equally distributed between the aboveground shrub 
components and soil in velvet mesquite and palo Verde systems 
(Table 4), 80% of C in honey mesquite systems was soil C with only 
14.1% in the aboveground shrub. In a separate paper, Barth and 
Klemmedson (1978) show that percentage C was high for every soil 

Table 3. Percentage nitrogen of the standing crop of velvet mesquite, palo 
Verde, and honey mesquite soil-plant systems.1 

‘For velvet mesquite and palo Verde, respectively: Y~99.3 -6. I X and Y = 97.2 - 6.0 X 
(r = 0.80 and 0.86). 

Velvet Palo Honey 
Component mesquite Verde mesquite 

Leaves2 2.95 3.89 3.03 
Flowers 3.81 3.59 - 
Fruit 2.32 2.84 3.08 
Current growth 2.01 2.61 1.56 
Branches < 1 cm 1.51 1.58 1.40 
Branches > 1 cm 1.13 1.12 1.29 
Deadwood 1.01 0.93 1.35 
Roots 1.55 1.17 1.64 

‘Nitrogen percentages for understory, litter, and soil components are found in Barth 
and Klemmedson (I 978). 
*Of the components in this table, only leaves differed significantly in N percentage be- 
tween velvet mesquite and palo Verde. Honey mesquite was not included in these tests. 
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Table 4. Amount and distribution of carbon in soil-plant systems of average size for three desert shrubs. 

Component 
Velvet Mesquite Palo Verde Honey Mesquite 

kg/ shrub kg/m* % kg/ shrub kg/m* % kg/ shrub kg/m* % 

Standing Crop 
Shrub 

Shoot 
Leaves 
Flowers 
Fruit 
Current twigs 
Small branches 
Large branches . 
Deadwood 

Subtotal 

Roots 7.15 + 1.69 0.342 
Shrub total 55.65 * 8.06 2.663 

Understory 1.26 f 2.36 0.060 

Litter 
Shrub 
Understory 

Subtotal 

Soil 
Soil-plant system 

‘Sample mean f standard error 

1.37 + 0.23’ 0.066 1.3 0.08 f 0.03 0.005 0.1 0.33 f 0.22 0.085 1.2 
0.2 f 0.01 0.001 <o. I 0.05 f 0.03 0.003 0.1 0.00 f 0.00 0.000 0.0 
0.02 $ 0.01 0.001 <o. I 0.02 f 0.02 0.001 <o. I 0.08 0.02 1 0.3 
0.12 f 0.02 0.005 0.1 0.71 f 0.20 0.047 1.0 0.1 I f 0.06 0.028 0.4 
3.56 f 0.45 0.171 3.3 7.18 f 1.02 0.472 9.6 0.84 f 0.47 0.216 2.9 

32.44 f 5.48 1.552 29.5 23.35 f 4.27 1.534 31.2 1.35 + 1.20 0.348 4.7 
10.97 f 16.50 0.525 10.0 3.82 f 0.82 0.251 5.1 1.32 f 1.17 0.340 4.6 
48.50 f 7.23 2.321 44.2 35.21 f 5.96 2.313 47.1 4.03 f 3.16 1.039 14.1 

4.44 f 1.07 0.213 
I .24 + 0.21 0.059 
5.68 + 1.22 0.272 

47.26 6.64 2.261 
109.85 15.39 5.256 

6.5 
50.7 

1.1 

3.48 f 1.57 0.229 4.7 0.47 f 0.34 0.121 1.6 
38.69 f 7.06 2.542 51.8 4.50 f 3.04 1.160 15.7 

1.82 f 0.58 0.120 2.4 0.1 I f 0.08 0.028 0.4 

4.1 1.52 f 0.53 0.100 2.0 0.24 f 0.12 0.062 0.8 
1.1 1.26 f 0.33 0.083 1.7 0.95 f 0.87 0.245 3.3 
5.2 2.78 f 0.71 0.183 3.7 1.19 f 0.92 0.307 4.1 

43.0 31.43 5.12 2.064 42.1 22.90 17.02 5.902 79.8 
100.0 74.72 12.76 4.909 100.0 28.70 21.04 7.397 100.0 

layer and canopy position sampled under honey mesquite. Parent 
materials for this Fluvent soil and biotic effects, including the 
shrubs influence on aeolian deposition of plant debris and soil, are 
thought to be the primary contributing causes for the high C in this 
soil. 

Effect of Shrub Size 
How do dry matter and amount of nutrients in various shrub 

components vary with shrub size? The answers to this question are 
useful in understanding how these constituents accumulate with 
shrub growth and for estimating dry matter, N or C of particular 
components, or entire soil-plant systems on an area1 basis. For 
example, we may want to estimate the fuel wood reserves on a tract 
of desert grassland invaded by mesquite, or estimate the amount of 
N tied up in shrubby vegetation on such a tract. 

Data for the 34 velvet mesquite and 24 palo Verde shrubs were 
graphed and simple linear and multiple regression equations were 
calculated for all components described in Table 1 (except flowers 
and fruit) using dry matter, N and C as the dependent variables, 
and height, average crown diameter and crown area2 as independ- 
ent variables. Because of curvilinear functions and a tendency for 
variance to increase with shrub size, equations with the natural 
logarithm (In) of dry matter, N and C also were used as Y variables. 
Thus, six simple linear equations were calculated for each 
component. 

Dry Matter 
For velvet mesquite, each simple regression attempted gave a 

regression coefficient significant at theK0.01 level for all compo- 
nents except shrub roots. Only the best equations (highest r2) for 
selected components are shown in Table 5. Regression coefficients 
for estimating root dry matter with height or average crown diame- 
ter were significant atp<0.05, while that estimated with crown area 
was nonsignificant. Limitations of root sampling were discussed 
earlier. Equations for leaves, current twigs, and understory 
accounted for 25 to 60% variation about regression, while those for 
litter accounted for 40 to 80% of variation. Equations for dry 
matter of perennial components of the shrub, and for shrub shoot, 
shrub shoot and root, and standing crop and litter accounted for 50 
to 90% of total variation. For velvet mesquite, In dry matter = f 

‘Calculated as a circle or ellipse, depending on relative magnitude of the two crown 
diameter measurements. 

(height) was the best overall simple regression (Table 5). Of the six 
equations attempted, In dry matter as a function of height gave the 
highest r2 values for all components except understory litter and 
total litter. Coefficients of variation for regression (cvb) were all 

less than 10.0% (Table 5). 
Multiple regression improved estimation of dry matter; for In 

dry matter equations, coefficients of determination were up to 0.20 
units higher than those for the best simple regression equations 
(Tables 5 and 6). 

Choice of the best simple regression equation was less obvious 
for palo Verde and, probably because of leaf scarcity and the 
difficulty in discerning current growth, no equation gave satisfac- 
tory estimates for leaves and current twigs. Otherwise, regression 
coefficients for all equations and components were significant, 
mostly at thep<O.Ol level. Weight of shrub root, understory and 
litter were estimated with less precision than were perennial shrub 
components and component categories representing a grouping of 
other components (i.e. shrub shoot, shrub shoot and root, standing 
crop and litter). The equation dry matter= f (crown area) was most 
satisfactory for aboveground shrub components (except dead- 
wood), shrub shoot and root, and standing crop and litter (Table 5) 
while In dry matter= f (average crown diameter) was most satisfac- 
tory for estimating deadwood, roots, understory, and litter. Multi- 
ple regression gave improved estimates of dry matter for palo Verde 
(Tables 5 and 6) and In dry matter was the best dependent variable 
based on R2 values. The best simple regression equations for 
selected components of palo Verde (Table 5) show that average 
crown diameter, rather than shrub height was the key independent 
variable, 

Nitrogen 
For velvet mesquite the equation In N = f (height) estimated 

amount of N with a higher t-2 than the other five simple regression 
equations for 10 of 13 components (Table 5). N = f (crown area) 
was somewhat better for estimating N in leaves and In N = f 
(average crown diameter) was slightly better for N in understory 
litter and total litter. Except for root N (r2 = 0.47), N in all 
components was estimated with coefficients significant at p<O.O 1 
and r2>0.60. 

For palo Verde, simple regression equations with highly signifi- 
cant regression coefficients wO.01) were obtained for every com- 
ponent except leaves and current twigs. Any one form of equation 

JOURNAL OF RANGE MANAGEMENT 35(4), July 1982 415 

-- 



Table 5. Best simple regression equations, based on r* values, for estimating dry matter, nitrogen and carbon for selected components of mesquite and palo 
Verde ecosystems. 

Component Equation 

Velvet mesquite Palo vet-de 

r2 Cvb’ Equation r* cvb 

Small branches 
Large branches 
Deadwood 
Shrub shoot 
Shrub shoot and root 
Standing crop and litter 

Dry Matter (kg/shrub) 
Ln DM= -2.007 + 1.059 HZ 0.830 8.0 DM = 0.726 + 1.074 A 0.889 7.5 
Ln DM = -3.244 + 1.899 H 0.845 7.6 DM = -13.98 + 4.489 A 0.944 5.2 
LnDM= -3.334 + 1.662 H 0.770 9.7 Ln DM = -2.339 -I- 0.935 D 0.760 12.0 
Ln DM = -1.494 + 1.577 H 0.868 6.9 DM = -13.66 + 6.341 A 0.944 5.2 
Ln DM = -1.131 i- 1.520 H 0.867 6.9 DM = -19.06 + 7.218 A 0.880 7.9 
Ln DM = -0.740 + 1.454 H 0.887 6.3 DM = -22.57 + 8.258 A 0.9 14 6.5 

Small branches Ln N = 0.526 + 1.107 H 
Large branches Ln N z-1.884 + 2.166 H 
Deadwood Ln N =-I.760 + 1.852 H 
Shrub shoot Ln N = 1.128 + 1.544 H 
Shrub shoot and root Ln N = 1.499 + 1.489 H 
Standing crop and litter Ln N = 1.783 + 1.455 H 
Soil Ln N = 5.110-t 0.628 D 
Soil-plant system Ln N = 5.187 = 0.663 D 

Small branches Ln C = 4.012 + 1.071 H 
Large branches C = -7895 + 1930 A 
Deadwood Ln C = 2.073 + 1.820 H 
Shrub shoot Ln C = 4.557 + 1.578 H 
Shrub shoot and root Ln C = 4.938 + 1.518 H 
Standing crop and litter Ln C = 5.323 + 1.451 H 
Soil Ln C = 7.192 -I- 0.636 D 
Soil-plant system Ln C = 6.973 + 1.187 H 

Nitrogen (g/shrub) 
0.837 7.8 N = -8.539 + 19.31 A 
0.788 9.2 N =-214.1 + 56.84 A 
0.748 10.3 Ln N = - 1.742 + 1.658 H 
0.886 6.3 N = -2 12.8 + 84.63 A 
0.879 6.5 N = -265.2 + 93.52 A 
0.895 6.1 N = -310.7 = 106.1 A 
0.894 6.1 N = -40.90 + 245.5 A 
0.891 6.2 N = -351.6 + 351.6 A 

Carbon (g/shrub) 
0.828 8.1 C = 293.6 + 452.6 A 
0.769 9.7 C = -6199 + 1941 A 
0.735 10.6 Ln C = 2.198 i- 1.608 H 
0.866 7.0 C = -6078 + 2713 A 
0.864 7.0 C = -8402 + 3094 A 
0.884 6.4 C = -9458 + 3465 A 
0.892 6.1 Ln C = 7.255 + 0.655 D 
0.883 6.4 C=-11959+ 5694 A 

0.914 9.3 
0.926 6.0 
0.760 12.0 
0.954 4.7 
0.935 5.6 
0.944 5.2 
0.936 5.6 
0.957 4.5 

0.890 7.5 
0.942 5.3 
0.750 12.3 
0.941 5.3 
0.875 8.1 
0.902 7.0 
0.876 8.0 
0.906 6.9 

‘Cvb = Coefficient of variation for regression 
2DM = dry matter; H = shrub height (m); D = average crown diameter; A = crown area (m*) 

Table 6. “Best equations,” based on Rz values, for estimating dry matter, nitrogen and carbon for selected components of mesquite and palo Verde soil- 
plant systems. 

Component Equation 

Velvet mesquite Palo Verde 

R2 cvb’ Equation R* cvb 

Small branches 
Large branches 
Deadwood 
Shrub shoot 
Shrub shoot and root 
Standing crop and litter 

Small branches 
Large branches 
Deadwood 
Shrub shoot 
Shrub shoot and root 
Standing crop and litter 
Soil 
Soil-plant system 

Small branches Ln C = 2.907 + 0.218 H i- 1.374 D - 0.123 A 0.933 5.3 Ln C = 2.241 + 0.661 H - 0.233 A + 1.834 D 0.949 4.6 
Large branches Ln C = -2.281 + 0.574 H -i- 3.565 D - 0.366 A 0.852 15.7 Ln C = 2.315 -I- 0.491 H -I- 2.257 D - 0.253 A 0.980 3.0 
Deadwood Ln C = -1.039 i- 0.327 H i- 3.159 D - 0.330 A 0.914 10.1 Ln C= 0.356 -I- 0.540 H -I- 2.350 D - 0.281 A 0.896 8.9 
Shrub shoot LnC= 2.845+0.477H+l.958D-0.186A 0.968 4.1 LnC= 3.741+1.95lD-0.216A-t-0.43lH 0.984 2.3 
Shrub shoot and root Ln C = 3.228~ 0.463 Hi- 1.920 D - 0.185 A 0.970 3.7 Ln C= 3.788 -I- 1.967 D - 0.214 A+ 0.406 H 0.980 2.5 
Standing crop and litter Ln C = 3.981 i- 0.486 H i- 1.671 D - 0.157 A 0.974 3.3 Ln C = 4.264 -I- 1.789 D - 0.193 A + 0.430 H 0.979 2.5 
Soil Ln C = 5.939 -I- 1.377 D - 0.108 A 0.973 2.3 Ln C= 5.818 -I- 1.216 D - 0.123 A+ 0.134 H 0.963 2.5 
Soil-plant systems Ln C = 5.875-tO.256H-I 1.431 D-0.124A 0.984 2.0 LnC= 5.927-F 1.462D-0.149A+0.331 H 0.980 1.9 

Dry matter (Kg/shrub) 

Ln B = -3.084 + 0.218 H i- 1.347 D -0.120 A2 0.934 25.8 Ln B = -3.735 -I- 0.632 H - 0.231 A + 1.835 D 0.952 
Ln B = -5.420 + 0.585 H i- 2.420 D - 0.235 A 0.951 19.6 Ln B = -3.710 + 2.274 D - 0.253 A + 0.462 H 0.981 
Ln B = -5.962 -I- 0.348 H -I- 2.710 D - 0.280 A 0.934 29.2 Ln B = -5.156 -I- 0.427 H i- 2.254 D - 0.260 A 0.909 

L i = = -3.196-I -2.824 + 0.493 0.479 H H -I- + 1.937 1.898 D D - - 0.184 0.185 A A 0.969 0.971 10.5 9.3 Ln Ln B B = = -2.331 -2.284 -I- -I- 1.979 1.991 D D - - 0.217 0.219 A+ A i- 0.394 0.416 H H 0.984 0.981 
Ln B= -2.l53+0.500H-l- 1.650D-0.155A 0.975 7.9 LnB+-1.784+ 1.791 D-0.193A+0.431 H 0.978 

Nitrogen (g/shrub) 

Ln N = -0.471 i- 0.357 H i- 1.224 D - 0.110 A 0.916 1 I.0 Ln N = -1.634 + 0.683 H - 0.258 A + 2.048 D 0.934 
Ln N = -4.857 -I- 0.745 H -I- 3.015 D - 0.315 A 0.912 18.0 Ln N = -1.619 + 2.364 D - 0.256 A + 0.454 H 0.980 
Ln N = -4.772 i- 0.506 H - 0.318 A+ 2.981 D 0.908 19.5 Ln N = -3.639 i- 0.617 H + 2.359 D - 0.285 A 0.901 
LnN=-O.437+0.68lH-t1.676D-0.168A 0.968 6.2 LnN= 0.140+1.972D-0.215A-FO.426H 0.982 
LnN=-0.105+0.649H+ 1.684D-0.171 A 0.968 5.8 LnN= 0.189+ 1.980D-0.213A+0.406H 0.980 
Ln N = 0.405+ 0.637H+ 1.521 D-0.149A 0.971 5.3 LnN= 0.544-t 1.864D-0.199A-l-0.420H 0.985 
LnN= 3.852+ 1.371 D-0.109A 0.978 2.6 LnN= 3.668-t 1.301 D-0.135 A+0.275H 0.971 
LnN= 3.794-F 1.361 D-0.113 A+O.l32H 0.982 2.4 LnN= 3.670-F 1.369D-0.14OA+0.292H 0.980 

Carbon (g/shrub) 

15.8 
8.6 

39.6 
5.9 
6.4 
6.3 

9.5 
5.4 

18.0 
3.9 
4.1 
3.3 
2.7 
2.3 

‘Coefficient of variation for regression. 
2IH = shrub height (m), D = average crown diameter (4, A = crown area (m2). 
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was not dominantly best for estimating N in palo Verde shrub 
systems (Table 5). 

With In N as the Y variable, multiple regression improved the 
precision of estimating N in most components of mesquite and 
palo Verde systems (Tables 5 and 6). R2 values were increased from 
0.05 to 0.15 units; Cvb values also were improved (Table 6). For 
mesquite, the first independent variable entered was height, except 
when estimating N in soil or in the entire soil-plant system. For 
those cases, average crown diameter was the first independent 
variable entered. For palo Verde, average crown diameter was the 
most important independent variable. 

Organic Carbon 
Results of regression analysis for C were similar to that for dry 

matter and N. In all components of mesquite and palo Verde 
(except palo Verde leaves and twigs) carbon could be estimated 
with any combination of X and Y variables attempted with signifi- 
cant simple regression coefficients (at 60.01, except for roots). 
Precision of equations was highest for the perennial shrub compo- 
nents and those involving summation of component values, less 
satisfactory for shrub leaves and current twigs, understory and 
litter, and lowest for roots. For dry matter and N, In C = f (height) 
was the most satisfactory simple regression equation for mesquite 
for 9 of 13 components, and r2 and C&, values were comparable to 
those for dry matter and N equations (Table 5). 

No one simple regression form was most satisfactory for palo 
Verde. Ln C= f (average crown diameter) gave the best fit for roots, 
understory and litter components; C = f (crown area) gave the best 
fit for shrub branches, shoot total, shrub total and standing crop 
plus litter; In C = f (height) gave the best fit for deadwood (Table 5). 
Multiple regression improved the precision for predicting C in 
both velvet mesquite and palo Verde systems over that provided by 
simple regression equations (Table 5 and 6). 

Rate of Nitrogen and Carbon Accumulation 
Many authors (Fireman and Hayward 1952, Zinke 1962, 

Garcia-Moya and McKell 1970, Tiedemann and Klemmedson 
1973, Barth 1980) have observed that perennial plants, particularly 
shrubs, tend to accumulate soil nutrients beneath their canopies. 
This phenomenon results from the nutrient cycling process and 
when effective may be attributed to several processes. These 
include (a) absorption of nutrients by roots from beyond the crown 
area of the plant or from lower soil layers and substratum and 
eventual deposition of litter under the crown, (b) fixation of nut- 
rients by the plant or an associated symbiotic organism, (c) net 
import of nutrients by fauna that use the plants for nesting, resting, 
roosting, or feeding, and (d) movement by wind or water. 
Although many researchers have noted this phenomenon, none, to 
our knowledge, have sought to quantify the accumulation pattern 
as a function of shrub size or age. 

In a soil-plant system where inputs exceed outputs (i.e. net 
accumulation occurs), we expect the regression coefficients to be 
positive and significantly different from zero; in such cases the 
regression coefficient indicates the rate of accrual of the nutrient. 
The graphs and related statistics in Figure I portray substantial 
differences between velvet mesquite and palo Verde regarding 
accumulation of N and C. Most striking is the difference in the soil 
component. Soil under palo Verde did not accumulate N or C with 
increase in shrub size, whereas that under velvet mesquite accrued 
N at the rate of 11.2 g/ m2 per meter of height (p<O.O5) and C at the 
rate of 0. I I kg/ m2 per meter of height (p<O.O5). For the soil-plant 
system, C was accumulated at a highly significant @<O.Ol) rate in 
both mesquite and palo Verde. Rate of N accumulation in the palo 
Verde system was only about half that of mesquite with less confi- 
dence in the estimate (Fig. 1). Average crown diameter and crown 
area were not as satisfactory as height as measures of N and C 
accumulation. 

Discussion 

Aside from academic questions on how shrubs accumulate and 
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Fig. 1. Accumulation patterns for nitrogen and carbon in the soiland the 
soil-plant system of velvet mesquite andpalo Verde shrubs as a function 
of height of shrub. Significance of regression coqffkients is shown in 
parentheses following the equations. 

distribute dry matter and nutrients as they grow from seedlings and 
reach maturity, there are practical reasons for understanding the 
relationships discussed here. Mesquite has been a favored firewood 
for years and this use is expanding. But new uses of mesquite 
(Felker 1979) and other shrubs as a protein source for livestock 
(Bracker 1972, Thayer and Young 1973), for pulpwood (Laundrie 
1958), charcoal (Durso et al. 1973), and as a potential energy 
substitute for fossil fuels (Wiley and Manwiller 1976) are increas- 
ing with rapidly changing economic and energy conditions in the 
United States. With trends toward more intensive use of shrubs 
and more sophisticated land management, regression relations 
similar to those shown here are being used to estimate dry matter 
on an area1 basis (Whisenant and Burzlaff 1978, Meewig et al. 
1979) and to predict such things as the flammability of fuels 
(Brown 1976, Rothermal 1972) and the export of nutrients in 
logging and pulpwood operations (Klemmedson 1976). 

Using the regression equations discussed above, dry matter or 
amount of nutrient in components of the shrub system of interest 
can be estimated through combined use of aerial photographs and 
ground sampling. On a site adjacent to our study area Fish and 
Smith (1973) demonstrated that percentage cover of various 
shrubby and succulent species (including velvet mesquite and palo 
Verde) could be inventoried with aerial photographs with good 
results and considerable cost savings over ground samplings. 
Though not included in their paper, Fish and Smith (1973) also 
measured shrub density by species from aerial photographs. These 
data used in combination with ground sampling for shrubs heights 
and crown dimensions would facilitate use of the regression equa- 
tions discussed here to estimate dry matter or nutrient parameters 
of interest over extensive areas. With some sacrifice in precision, 
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but a savings in cost, good estimates of dry matter and nutrients 
could be obtained solely from suitable aerial photographs. This 
would entail use of regression equations using only average crown 
diameter or crown area as independent variables. Presumably, 
these equations could be expanded to other nutrients or categories 
of dry matter required for specific needs. We have not determined 
the extent to which relationships determined. here vary with 
changes in the habitat. 

We have no experimental evidence to explain the contrasting 
patterns of N and C accumulation in velvet mesquite and palo 
Verde in Figure 1. These functions indicate mesquite is somewhat 
more effective in accumulating C and considerably more effective 
in accumulating N than palo Verde. The root absorption-litter 
deposition mechanism appears the most plausible explanation of 
these differential patterns of accumulation. Velvet mesquite is 
notorious for its extensive lateral and vertical root systems (Can- 
non 1911, Parker and Martin 1952, Phillips 1963). In the absence 
of information on the palo Verde root system we assume it is less 
extensive than that of mesquite. We can hypothesize that a more 
extensive root system in velvet mesquite, enabling greater absorp- 
tion of ammonium, nitrate, bicarbonate, and carbonate ions from 
outside the soil-plant system sampled could account for the differ- 
ential in N and C accumulation observed. 

Fixation of Co2 via photosynthesis was undoubtedly the domi- 
nant mechanism for accumulation of C to these systems, but we 
have no reason or experimental evidence to expect that the photo- 
synthetic process results in more C fixed per unit of height or crown 
area of mesquite than in palo Verde. Fixation of N2 was probably 
not a factor in accrual of N to these systems. Nodules were not 
found on roots of the 58 shrubs examined and researchers have not 
detected effective symbiotic NZ fixation in woody legumes or non- 
legumes in the Arizona desert. Although animal activities and 
aeolian effect may cause a net influx of nutrients to these systems, 
there is no evidence to substantiate this or show that the effects are 
differential between mesquite and palo Verde. 

The manner in which the two species distributed accumulated N 
and C within their soil-plant systems (Fig. 1) raises some interest- 
ing questions. Why were N and C accumulated in the soil compo- 
nent of the mesquite soil-plant system, but not in that of the palo 
Verde system? The weight of dry matter. N and C in litter of palo 
Verde was considerably less than that in mesquite; it also differed 
by component composition (Tables 1, 2, and 4). Is the production 
of litter in the palo Verde system at a level where inputs just balance 
outputs, thus maintaining a steady-state of C and N in the soil 
component? Or is some other factor(s) responsible for mainte- 
nance of steady-state conditions in soil under the palo Verde? These 
questions must remain unanswered here and await the results of 
further studies for possible answer. 
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Individual Plant Treatments for Controlling 
Redberry Juniper Seedlings 

D.N. UECKERT AND S.G. WHISENANT 

Abstract 

Cutting at the soil surface or hand grubbing to a depth of 5 to 15 
cm completely controlled redberry juniper seedlings that averaged 
34 cm in height in the southwestern Edwards Plateau of Texas. 
Foliar sprays (OSOJ, a.i.) of bromacil, hexazinone, 2,4,5T + 
picloram (l:l), and picloram in water carriers as well as picloram in 
a 2:98 (v:v) diesel fuel/ water emulsion applied in fall or spring also 
completely controlled juniper seedlings. Foliar sprays of dicamba 
(0.5% a.i.) completely controlled redberry juniper seedlings in a 
wet spring and 76% of the seedlings in a dry fall. Pelleted or 
granular formulations of dicamba, tebuthiuron, and picloram at 
2.2 to 4.5 kg (a.i.)/ha as individual-plant treatments did not satis- 
factorily control juniper seedlings in a dry fall or a wet spring. 
Cutting or hand grubbing were the least cost alternatives 
($23,14/ha), based on 1979 prices for controlling stands averaging 
over 2,00O/ha. Dicamba as a 0.5% foliar spray was the least cost 
herbicide spray evaluated (%2&24/ha), followed closely by bro- 
macil (%29.28/ha), hexazinone (%32.10/ha), and 2,4,5-T -I- piclo- 
ram ($32.44/ha). 

Junipers (Juniperus spp.) infested 7.3 million ha of Texas range- 
land in 1949 (Allred 1949). This acreage had increased to 8.7 
million ha by 1964 (Smith and Rechenthin 1964). Over 40 million 
ha of rangeland in the United States was infested with juniper in 
1964 (Allred 1964). Redberry juniper (J. pinchotii Sudw.) is recog- 
nized as a primary brush problem on Texas rangeland, particularly 
on dry hillsides in the Edwards Plateau, Rolling Plains, and Cross 
Timbers and Prairies resource areas (Scifres 1980). The species also 
occurs in western Oklahoma and in southeastern New Mexico 
(Correll and Johnston 1970). Redberry juniper originally occupied 
shallow, rocky sites on northwest exposures and has extended its 
range onto adjacent slopes and fertile, lowland ranges in the last 
100 years (Ellis and Schuster 1968). The accelerated invasion of 
grasslands and other plant communities byjuniper has been caused 
by overgrazing, reduced frequency and intensity of naturally 
occurring fires, and possibly by climatic change (Blackburn and 
Tueller 1970, Ellison 1960, Emerson 1932, Huss 1954, Jameson 
1962, Johnsen 1962). 

Redberry juniper is a large dioecious or rarely monoecious shrub 
or small (<6 m high) evergreen tree, usually with numerous stems 
arising from the crown to form a dense clump (Correll and John- 
ston 1970). Smith et al. (1975) reported that redberry juniper 
seedling growth was severely retarded by a good cover of range 
grasses and that all seedlings died when cut below the axil of the 
cotyledons. 

On some range sites redberry juniper serves as a soil stabilizer, 
furnishes cover for wildlife, and probably should not be controlled 
(Scifres 1980). However, forage production is usually seriously 
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reduced and handling of livestock is severely hampered in dense 
stands. Litter and foliage extracts of some Juniper-us species have 
allelopathic effects on associated grass and browse species (Jame- 
son 1966, 1970; Lavin et al. 1968). 

Chaining, tree-dozing, and root-plowing are used to control- 
redberry juniper in West Texas (Rechenthin et al. 1964). Sprays of 
chlorophenoxy acid herbicides, such as 2,4-D [(2,4- 
dichlorophenoxyjacetic acid] and 2,4,5-T [(2,4,5- 
trichlorophenoxy)acetic acid] do not kill redberry juniper (Scifres 
1972). Pelleted picloram (4-amino-3,5,6-trichloropicolinic acid) 
applied as individual plant treatments or broadcast at 2.2 to 4.5 
kg/ ha active ingredient (a.;.) has effectively controlled mature 
redberry juniper in the Rolling Plains and Edwards Plateau of 
Texas (Robison and Cross 1970, Schuster 1976, Scifres 1972). 
However, aerial applications of picloram at I. 1 kg/ ha (a.i.) as a 
foliar spray were not effective (Robison and Cross 1970). The 
granular formulation of dicamba (3,6-dichloro-o-anisic acid) app- 
lied at 3.5 to 7 g/m of canopy diameter killed 30 to 40% of the 
mature redberry junipers treated, but pelleted monuron [3-(p- 
chlorophenyl)- 1,l -dimethylurea] was ineffective (Scifres 1972). 
Schuster (1976) recorded 74 to 99% canopy reduction of mature 
redberry juniper at two growing seasons after treatment with wet- 
ting sprays of 227 g picloram/ 378.5 liters of oil/ water (2:98 v:v) 
carrier, and 82 to 100% canopy reduction after treatment with 
wetting sprays of picloram + 2,4,5-T (1: 1) at 454 g (a.;.)/ 378.5 liters 
of oil/water (2:98 v:v) carrier in the Rolling Plains of Texas. He 
found that spring and fall treatments, when soil water availabilities 
were favorable for plant growth, were more effective than mid- 
summer treatments. 

Smith et al. (1975) speculated that redberry juniper seedlings and 
junvenile trees less than 12 years old could be controlled by fire, 
based on the position of the sprouting zone in the early years of 
growth. However, Steuter and Wright (1979) reported only 52% 
mortality of redberry juniper seedlings 7 to 30 cm tall and 25% 
mortality of seedlings 3 1 to 70 cm tall at 6 months following March 
burns in the Rolling Plains of Texas. 

Aro (197 1) reported that burning was the most effective and least 
expensive method for converting pinyon (Pinus edulis)-juniper 
(Juniperus spp.) range types to grassland in Colorado, Utah, Ariz- 
ona, and New Mexico. Jameson (1971) felt that if the cost of the 
juniper control method was fixed, that older stands with a zero rate 
of tree-cover change represented the “optimal” stand to select for 
treatment. However, if cost of control increased with stand age, he 
recommended young stands as optimal treatment situations. Whit- 
son et al. (1975) reported that control of mature ashe juniper (J. 
ashei Buchholz) in the Edwards Plateau of Texas was profitable 
where chaining + dozing, hand cutting, or hand cutting+ chaining 
were used as initial control practices and hand cutting as the 
maintenance treatment. He reported increased carrying capacities 
of 20% to 7570 after ashe juniper control. The pay-back period to 
recover the investment in brush control and additional cows was 7 
to 8 years. Ashe juniper control produced favorable economic 
returns when the cost of capital did not exceed lo%, 1570, and 17% 
for IO-yr, 15-yr and 20-yr planning horizons, respectively. 

Redberry juniper seedlings rapidly reinfest rangeland in the 
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Edwards Plateau of Texas where mature stands have been con- 
trolled by tree-dozing or chaining. Stand densities of seedlings 
often greatly exceed those of the original, mature trees and result in 
brush problems more severe than the original stand within a 
decade. This study was initiated in 1977 to identify effective and 
least cost methods for controlling redberry juniper seedlings in the 
Edwards Plateau of Texas. 

Study Area 

The study was conducted on the Hudspeth Hospital Ranch in 
western Sutton County, Texas. Treatments were applied in a nar- 
row valley range site (Knippe silty clay; Vertic Calciustolls) and in 
ecotones between the valley range site and adjacent low stony hill 
sites (Tarrent stony clay; Lithic Calciustolls) where maturejuniper 
had been tree-dozed 2 years earlier. Woody plants on the study 
area included five oak (Quercus virginiana) and honey mesquite 
(Prosopis glandulosa var. glandulosa). Bu ffalograss (Buchloe dac- 
tyloides), common curlymesquite (Hilaria belangeri), and sideoats 
grama (Bouteloua curtipendula) were the most abundant under- 
story species. The climate of Sutton County is warm and arid. 
Annual precipitation averages 46 cm but decreases from about 50 
cm on the east to about 38 cm on the west. About two-thirds of the 
precipitation occurs from May through October. The topography 
of western Sutton County is rough and most of the soils are shallow 
and rocky, hence effectiveness of precipitation is often low due to 
runoff. Cattle, sheep, and goats are grazed yearlong on the ranch. 

Methods 

Seventeen different individual plant treatments were applied to 
redberry juniper seedlings in fall 1977 (September 2 1) and in spring 
1978 (June 7) in a completely randomized design. Cultural treat- 
ments included hand grubbing to 5-15 cm deep and cutting with 
heavy grubbing hoes at the soil surface. Dry herbicide formula- 
tions applied by hand at rates equivalent to 2.2 and 4.5 kg (a.i.)/ ha 
included pelleted picloram (10% a.i.), pelleted tebuthiuron (N- 
(5- [I, l-dimethylethyl]-l,3,4-thiadiazol-2-yl)-N,N’-dimethylurea) 
(2Oa/,a.i.), and granular dicamba (5% a.i.). Herbicides applied with 
an 1 l-liter hand sprayer as 0.5% (a.i.) wetting sprays in water 
carrier with 0.125% (v/v) surfactant (alkylarylpolyoxyethylene 
glycols, free fatty acids, and isopropanol) included the triethylam- 
ine salt of triclopyr ([(3,5,6-trichloro-2-pyridinyl)oxy]acetic acid), 
propylene glycol butyl ether esters of 2,4,5-T, the dimethylamine 
salt of dicamba, the lithium salt of bromacil(5-bromo-3-sec-butyl- 
6-methyluracil), the potassium salt of picloram, and the triethy- 
lamine salts of 2,4,5-T i- picloram (1: 1). The potassium salt of 
picloram at the same concentration was also applied in a 2:98 (v:v) 
diesel fuel/ water emulsion with 0.1257~ (v/v) surfactant. The iso- 
propylamine salt of glyphosate [N-(phosphonomethyl)glycine] 
was applied as an 0.5% (a.i.) wetting spray in a water carrier 
without adding surfactant. Haxazionone r3-cyclohexyl-6- 
(dimethylamino)-I-methyl-1,3,5-triazine-24 (1 H,3H)-dione] was 
applied at the same concentration in water carrier with 0.25% (v/v) 
surfactant. Each treatment was applied to three replications of 
eight or nine seedlings. Canopy height and growth stage of each 
seedling was recorded prior to treatment and each seedling was 
permanently marked with a steel rod. Three replications of 
untreated seedlings were similarly measured and marked on each 
treatment date. 

Mortality, canopy height, and an ocular estimate of canopy 
reduction were recorded for each seedling at one and two growing 
seasons after treatment. Mortality data (70) were analyzed by 
analysis of variance after arc sine transformation. Duncan’s multi- 
ple range test was used to determine differences among treatment 
means where appropriate. 

An associated study was initiated on June 8, 1978, to compare 
application costs of selected individual plant treatments. Nine 
O.&ha plots were permanently marked for treatment on a low 
stony hill range site that had been tree-dozed for control of mature 

redberry juniper about 3 years earlier. Treatments evaluated 
including hand grubbing to 5-15 cm deep, application of pelleted 
picloram (IO%) at 4.5 kg (a.;.)/ ha as individual-plant treatments, 
and wetting sprays (0.5% a.i.) of picloram in a water carrier with 
0.125% (v/v) surfactant. Each treatment was applied to three 
0.4-ha plots by a team of three workers marking their swaths with 
paper flags. Data collected included man-hours of labor/plot, 
numbers of seedlings treated/plot, and g of pellets of ml of spray 
applied/plot. On July 2, 1979, the plots originally treated by hand 
grubbing and with wetting sprays of picloram were retreated in the 
same manner and similar data were collected. The live juniper 
seedlings were counted on the plots originally treated with pelleted 
picloram, but these plots were not retreated. Averages for labor 
and volume or weight of herbicides were calculated for each treat- 
ment and costs were calculated based on 1979 retail herbicide costs 
and $3.OO/hr labor cost. 

Results and Discussion 
Redberry juniper seedlings on the study area averaged 34 cm tall; 

41% of the seedling population was in the needle leaf stage while 
59% of the plants had scale-type leaves. An average of 2.7 seedlings 
were counted around 35 disturbed areas where a mature juniper 
had been tree-dozed 2 years earlier. This was believed to be a 
conservative estimate, since native and seeded grasses were green 
and relatively tall when juniper seedlings were counted on May 25, 
1977. No seedlings were found around 25% of the disturbed areas, 
probably reflecting the dioecious nature of the species. Also, many 
seedling had established on undisturbed areas between the juniper 
that had been tree-dozed. Redberry juniper seedling density was 
especially high beneath canopies of live oak trees in the valley range 
site, which was attributed to birds dropping juniper seeds while 
roosting in the live oak trees. 

A total of 38 cm of precipitation was recorded at the Ranch 
headquarters in 1977, compared to 61 cm in 1978 and 23 cm in 
1979. During the 90-day period prior to the September 2 1, 1977 
treatment date, only 9 cm of rainfall were received and no rainfall 
occurred for nearly 150 days after treatment. In contrast, 22 cm of 
rain were recorded during the 90-day period prior to the June 7, 
1978, treatment date and 29 cm were recorded in the 90day period 
after treatment. 

Spring or fall application of dry formulations of dicamba, tebu- 
thiuron, or picloram did not effectively control redberry juniper 
seedlings (Table 1). Seedlings were less susceptible to the granular 
formulation of dicamba than to tebuthiuron or picloram pellets at 
the rates evaluated. Regardless of rate or date of application of 
dicamba granules, mortality of junipers was not significantly 
increased compared to natural mortality. Fall applications of pel- 
leted tebuthiuron killed 28% and 54% of the seedlings at 2.2 and 4.5 
kg/ ha, respectively, compared to 44% and 40% mortality recorded 
at two growing seasons after spring applications of the two rates, 
respectively (Table I). Pelleted picloram applied in fall at 2.2 and 
4.5 kg/ ha killed 43 and 44% of the juniper seedlings, respectively; 
spring applications killed 42% and 6 1 Yc respectively, by two grow- 
ing seasons after application (Table I). Phytotoxic effects ofdry 
herbicides applied on June 7, 1978 were minimal at 3 months after 
treatment, even though 29 cm of rainfall had been received and 
conditions were favorable for plant growth. Seedling control was 
not enhanced significantly by doubling the rate of application of 
dicamba, tebuthiuron, or picloram. Ultimate seedlingcontrol with 
each of these herbicides did not vary significantly among fall and 
spring treatment dates (Table I). 

Control of redberry juniper seedlings with pelleted picloram in 
our study was considerably less than reported by Robison and 
Cross (1970), Scifres (1972), or Schuster (1976) for mature red- 
berry juniper even though precipitation received after treatments 
were applied in our June 7, 1978 experiment was adequate for 
activation of the herbicide. The fate and behavior of herbicides in 
soils is dependent on many soil properties and the chemical proper- 
ties of the herbicides (Weber 1971, Weber and Weed 1974, Weed 
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Table 1. Mean percent mortality of redberry juniper seedlings at the end of one and two growing seasons after application of various indiviudal plant 
treatments on September 21, 1977, or June 7, 1978, near Sonora, Texas. 

Treatments Rate 12 

September 21, 1977 June 7, 1978 
Months after treatment 

25 3 16 

None - 
Pelleted herbicides kg/ ha 

dicamba 2.2 
dicamba 4.5 
tebuthiuron 2.2 
tebuthiuron 4.5 
picloram 2.2 
picloram 4.5 

Foliar sprays TO a.i. 
triclopyr 0.5 
2,4,5-T 0.5 
glyphosate 0.5 
dicamba 0.5 
hexazinone 0.5 
bromacil 0.5 
2,4,5-T -I- picloram ( I : I ) 0.5 
picloram 0.5 
picloram + 2% diesel fuel 0.5 

Cultural treatments 

Hand grub 
Cut at soil surface 

la’ 

3a 
3a 

30b*2 
52bc 
39b* 
46bc* 

la 
5a 

32b 
72c* 

IOOd 
I OOd 
I OOd 
IOOd 
I OOd 

IOOd 
IOOd 

3a 

3a 
2a 

28bc* 
54cd 
43c* 
44c* 

la 
16ab 
39bc 
76d* 

I OOe 
I OOe 
99e 

IOOe 
IOOe 

IOOe 
IOOe 

Oa 

Oa 
la 
Iat 
5ab 
lat 
la+ 

I6bc 
23c 
2oc 

IOOdt 
IOOd 
95d 

1 OOd 
IOOd 
1 OOd 

IOOd 
IOOd 

la 

8ab 
14a-c 
44e-g* 
4Oc-f 
42d-df* 
61fg* 

I6ad 
23b-e 
74g 

IOOht 
IOOh 
IOOh 
IOOh 
IOOh 
IOOh 

IOOh 
IOOh 

1 Means within 
2Means within 

column followed by similar letters are not significantly different at KO.05 according to Duncan’s multiple range test. 
row followed by similar symbol superscripts are not significantly different at KO.05 according to Duncan’s multiple range 

and Weber 1974). 
Foliar sprays of triclopyr killed 16% or fewer of the redberry 

juniper seedlings at two growing seasons after fall or spring appli- 
cations, while 2,4,5-T controlled only 16 to 23% of the seedlings at 
the two seasons, respectively (Table 1). There was a tendency for 
glyphosate applications in the spring to control more juniper seed- 
lings than applications in the fall (74% vs. 39%), possibly a function 
of better conditions for plant growth in the spring. 

Foliar sprays of dicamba applied in June 1978 completely con- 
trolled redberry juniper seedlings within 3 months, which was 
significantly better than the mortality recorded 25 months follow- 
ing September 1977 treatments when soil water availabilities were 
very low (Table 1). 

Foliar sprays of hexazinone, bromacil, and picloram in water 
carrier and picloram in the diesel fuel/ water emulsion carrier (2:98 
v:v) controlled 100% of the redberry juniper seedlings within 3 to 
25 months after application in fall or spring (Table 1). Adding 
diesel fuel to the carrier for picloram sprays was not necessary for 

test. 

effective control. The foliar spray of 2,4,5-T+ picloram controlled 
99% of the seedlings treated in September 1977, and 100% of those 
treated in June 1978. Herbicidal effects of wetting sprays (0.5% a.i.) 
of dicamba, hexazinone, bromacil, 2,4,5-T i- picloram ( 1: l), and 
picloram were manifested within 3 months following fall and 
spring treatments. 

An average of 60 ml of herbicide solution were required to wet 
the foliage of each redberry juniper seedling in these experiments, 
hence each 3.8 liters of herbicide mixture treated about 63 
seedlings. 

Hand grubbing to 5-15 cm deep or cutting at the soil surface 
controlled 100% of the juniper seedlings, regardless of treatment 
date. None of the grubbed or severed seedlings had resprouted at 
16 to 25 months after treatment, confirming earlier observations 
that the cotyledonary node of redberry juniper seedlings is above 
the soil surface and the species does not sprout from root tissue 
(Smith et al. 1975). 

Mortality among untreated seedlings averaged la/c to 3% during 

Table 2. Labor (man-hr/ha), volume (liters/ha) of herbicide solution or weight (g/ha) of pelleted formulation required for treating various densities of 
redberry juniper seedlings as individual-plant treatments. 

Original treatment (June 8, 1978) Follow-up treatment (July 2. 1979) 

Seedling density Labor Herbicide Seedling density Labor Herbicide 

Treatment (no./ ha) (man-hr/ ha) (liters/ ha) (g/ha) (noi ha) (man-hriha) (liters / ha) (g ha) 

Hand grub @I 5 to 15 cm 736 4.0 - - 388 3.8 - - 
1,166 4.0 - - 400 3.3 - -- 
2,409 5.2 - - 541 3.0 - -. 

Pelleted picloram 
(10%) @ 4.48 kg/ha 336 2.2 - 445 343’ -_ - - 

1,090 2.6 - 1,137 556’ - - 
I .035 2.7 - 778 544’ - - 

Picloram foliar 
spray (0.5% a.i.) 840 4.6 

I.265 4.5 
2,424 5.8 

‘No follow-up control treatments were applied to these plots. 

32.9 - 415 2.0 17.5 - 
41.7 - 410 1.7 Il.6 
45. I - I.149 2.9 25.6 
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Table 3. Costs ($/ha) of selected individual-plant treatments for treating various population densities of redberry juniper seedlings. 

Treatments 

Original treatment (June 8, 1978) 

Seedling 
density Labor’ Herbicide Sub-total 

(no./ha) ($1 ha) ($/ha) ($/ha) 

Follow-up treatment (July 2, 1979) 

Seedling 
density Labor Herbicide Sub-total Total Cost 

(no./ ha) ($/ha) ($/ha) ($/ha) ($/ha) 

Hand grub @ 5 to 15 cm 736 $I 1.85 
I, 166 Il.85 
2,409 15.57 

Pelleted picloram 
(10% ai.i)’ 

336 $ 6.66 
1,090 7.77 
I.035 8.16 

Picloram foliar spray 
(0.5% a.i.)’ 

840 $13.71 
1,265 13.35 
2,424 17.43 

$I I.85 
II.85 
15.57 

$2.45 $ 9.11 3434 
6.26 14.03 5564 
4.29 12.45 5444 

$12.93 $26.64 
16.39 29.74 
17.72 35.15 

388 $I 1.37 $11.37 $23.22 
400 9.87 - 9.87 21.72 
541 8.91 8.91 24.48 

415 $ 5.94 $ 6.86 $12.80 $39.44 
410 4.95 4.56 9.51 39.25 

I, 149 8.64 10.05 18.69 53.84 

$ 9.115 
- - 14.035 

12.455 

1 Labor cost> calculated at $3.00, hr. 
‘Cost calculated at $5.51 kg bulk pellets ($2.50, lb.) 
‘Cost calculated at $16.9 I I liter (!fH.OO/gal.). 
‘Ko follow-up treatments were applied to these plots. 

‘1 otal cost doe> not include a follow-up treatment. 

this study. Untreated seedlings averaged 37 cm tall in September 
1977 and 45 cm tall in October 1979, a 22% increase in canopy 
height during two growing seasons (n=50). Canopy height of 
untreated seedlings marked in June 1978 increased 27Ycduring two 
growing seasons (from 30 to 38 cm; n=50). Thus redberryjuniper 
seedlings of the sizes observed in this study were well adapted for 
growth and survival under the semiarid conditions of West Texas. 

An average of 1,256 seedlings/ ha were treated on the nine 0.4-ha 
plots on June 8, 1978 (range 336 to 2,424/ha). Hand grubbing 
required from 4 man-hr labor/ ha for a seedling density of 736/ ha 
to 5.2 man-hr/ ha for a seedling density of 2,409/ ha (Table 2) for a 
cost of from $11.85/ha to $15.57/a (Table 3). 

Application of pelleted picloram to individual seedlings required 
less labor than did hand grubbing; 2.2 man-hr/ ha for treating 336 
seedlings and 2.7 man-hr/ ha for treating 1,035 seedlings (Table 2). 
About 445 g/ha of pelleted picloram (bulk basis) was used to treat 
336 seedlings compared to 1,137 g/ha to treat 1,090 seedlings. The 
rate of pelleted herbicide actually applied (about 1 g/seedlings) 
exceeded the intended rate (0.4 g/seedling), but the actual rate was 
used for calculating costs for this treatment (Tables 2 and 3). Total 
costs for treating redberry juniper seedlings with pelleted picloram 
ranged from $9.11 /ha to $14.03; ha (Table 3). 

Application of wetting foliar sprays of picloram to individual 
juniper seedlings was considerably more time-consuming than 
hand grubbing or applying pelleted herbicide. Treating 840 seed- 
lings ha required 4.6 man-hr labor compared to 5.8 man-hr/ ha for 

Table 4. Estimated average total costs (%/ha) for initial and follow-up in- 
dividual plant treatments for control of redberry juniper seedlings. 

Costs ($1 ha) 

Treatments Labor Herbicide Total 

Cut at soil surface $23.14 - $23.14 
Hand grub at 5 to 15 cm $23.14 - $23.14 
Dicambal foliar spray $21.34 $ 6.89 $28.24 

(0.5c( a.i.) 
Bromacil? foliar spray $21.34 $ 7.93 $29.28 

(0.5% a.i.) 
Hexazinone’ foliar spray $21.34 $10.75 $32. IO 

(0.55: a.i.) 
2.4.5-T i- picloram ( 1: 1 Y $21.34 $ I I .09 $32.44 

foliar spray (0.55; a.i.) 
Picloram foliar spray (0.5% a.i.) $21.34 $22.84 $44. I8 

‘Cost calculated at S9 71 liter ($36.75 gal.) 

‘Cost calculated at S6.01 liter (S22.75 gal.). 

‘Cost calculated at 933.07 kg (SIS lb.) 
ACo\t calculated at 98.19 liter (531.00 gal.). 
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treating 2,424 seedling/ha. Volume of herbicide mixture used 
ranged from 33 liters/ ha to 45 liters/ ha (Table 2) and total costs 
ranged from $26.641 ha to $35,15/ha for low and high seedling 
densities, respectively (Table 3). Average volume of herbicide mix- 
ture applied was 26 ml/seedling, only about 44% as much as was 
applied in the experiments discussed above. The difference was due 
to the smaller canopies of seedlings or the low stony hill site 
compared to the valley range site. 

Numerous redberry juniper seedlings were still alive on all 
treated plots at 1 year after treatment. Consequently, the hand- 
grubbed plots and those originally treated with wetting sprays of 
picloram were retreated only July 2, 1979. The plots originally 
treated with pelleted picloram were not retreated because of the 
relatively poor control from this treatment in the experiments 
described above. However, live seedlings were counted in all three 
replications. An average stand density of 527 seedlings/ha had 
been missed or not killed by the original treatments. None of the 
seedlings counted on July 2, 1979, were less than 1 year old. An 
average of 26% of the seedlings had been missed during hand 
grubbing, compared to 30% in the plots treated with foliar sprays 
of picloram. An average of 40$% of the seedlings in plots originally 
treated with pelleted picloram were either missed or had not died 
(Table 2). 

Follow-up treatment by hand grubbing required 3 to 3.8 man- 
hr/ ha to control stand densities of 541 and 388/ha, respectively 
(Table 2). The follow-up hand grubbing cost from SS.Sl/ha to 
$11.37/ha, bringing the total cost of initial and follow-up treat- 
ments to $21.72 to $24.48/ha (Table 3). 

Follow-up treatment with picloram foliar spray required from 
1.7 man-hr/ ha to treat 410 seedlings/ ha to 2.9 man-hr/ ha to treat 
1,149 seedling/ ha (Table 2). Total costs for initial and follow-up 
treatments with picloram foliar sprays ranged from $39.25 to 
$53.84/ha (Table 3). 

Estimated costs for applying other treatments that effectively 
controlled redberry juniper seedlings in the first phase of this study 
were calculated based on labor and actual herbicide volume used in 
the latter phase of this study (Table 4). Cutting at the soil surface 
and hand grubbing were the “least cost” methods at $23.14/ha. It 
was assumed that cutting would require essentially the same 
amount of labor as hand grubbing, especially if grubbing was 
conducted when soils were moist. Dicamba was the least cost 
herbicide spray at $28.24/ha followed closely by bromacil at 
$29.28/ha. Foliar sprays of hexazinone and 2,4,5-T i- picloram 
(1: 1) ranked fifth and sixth as alternative methods, with average 
estimated costs of $32.1O/ha and $32.44/ha, respectively. The 
picloram foliar spray was most expensive of the treatments that 
effectively controlled redberry juniper seedlings, with an average 
cost of $44.18/ha. 
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Summary and Conclusions 

Redberry juniper seedling densities averaged more than 
2,OOO/ha on low stony hill range sites in the Edwards Plateau 
where mature junipers had been controlled by tree-dozing 3 years 
earlier. Juniper seedlings pose a serious threat to future range 
forage production and livestock management. Individual-plant 
treatments that consistently controlled seedlings in fall or spring 
included cutting at the soil surface; hand grubbing; and 0.5% foliar 
sprays of bromacil, hexazinone, 2,4,5-T -I- picloram ( 1: 1) or piclo- 
ram in water carriers; and picloram in a 2:98 (v:v) diesel fuel/ water 
emulsion. Foliar sprays of dicamba applied in spring completely 
controlled juniper seedlings, but fall treatments killed only 76% of 
the seedlings treated. Individual plant treatments with granular 
dicamba, pelleted tebuthiuron and pelleted picloram at 2.2 to 4.5 
kg (a.i.)/ ha did not effectively control redberry juniper seedlings 
under these environmental conditions. Pelleted picloram ( 1OYoa.i.) 
at 4.5 kg (a.i.)/ ha, as an individual plant treatment or broadcast 
applications, is the only herbicide currently approved for control 
of redberry juniper in Texas. 

Cutting at ground line and hand grubbing were the least cost 
alternatives ($23.14/ha). Although individual seedling treatment 
with pelleted picloram costs no more than hand methods, applica- 
tion during the spring, immediately prior to precipitation consi- 
dered adequate for activation of the herbicide did not effectively 
control juniper seedlings. Foliar spray of dicamba was the least 
costly of the herbicide sprays evaluated ($28.24/ha), followed 
closely by bromacil ($29.28/ha), hexazinone ($32. IO/ ha), and 
2,4,5-T i- picloram (1: I) ($32.44/ha). 

I’housands of hectares of Edwards Plateau rangeland have been 
tree-dozed or chained to control mature redberry juniper stands. 
Dense stands or juniper seedlings are reinfesting these areas at an 
alarming pace. Resource managers must decide whether to control 
stands of seedlings or to wait until junipers are mature and 
seriously reducing forage production. Control of mature redberry 
juniper by chaining two ways costs from $17 to $24/ha (1979 
prices). On the Hudspeth Hospital Ranch in Sutton County, 
Texas, control of mature redberry juniper in 1978 by tree-dozing 
and seeding the disturbed areas cost $88.61 /ha, 45% of which was 
cost-shared under the Soil Conservation Service Great Plains Con- 
servation Program. The net cost to the Ranch for this range 
improvement was $4g.65/ ha. Controlling redberry juniper seed- 
lings by hand cutting, grubbing, or with foliar sprays of dicamba, 
bromacil, hexazinone, or 2,4,5-T -I- picloram offers resource man- 
agers effective alternatives for preventing range deterioration as 
juniper seedlings mature. 
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Honey Mesquite Control and Forage 
Response in Crane County, Texas 
P.W. JACOBY, C.H. MEADORS, M.A. FOSTER, AND F.S. HARTMANN 

Abstract 

Replicated field plots of honey mesquite (Prosopis giizndulosa 
var. glandulosa) were aerially treated with herbicides in 1977 near 
Crane, Texas. Plots were evaluated for 3 years to determine effi- 
cacy of nine herbicide formulations. Of the herbicides studied 
3,6-dichloropicolinic acid was the most effective. Sprayed plots 
produced twice as much forage as unsprayed areas with several 
species of grass showing significant increases in production. Forb 
response was not significantly different between treated and 
untreated plots. Most of the forage response occurred 1 m from the 
tree base rather than at 3 and 5 m from the tree. 

Herbicides remain an economical and efficient method for con- 
trolling large areas of mesquite. However, the controversies sur- 
rounding the use of 2,4,5-T [(2,4,5 trichlorophenoxy) acetic acid] 
have threatened its continued use. Two new herbicides, triclopyr 
{[(3,5,6-trichloro-2-pyridinyl)oxy]acetic acid ) and 3,6-DPA (3,6- 
dichloropicolinic acid), have recently been evaluated for mesquite 
control (Jacoby et al. 1980, 1981). 

Aerial spraying of mesquite with 2,4,5-T and 1: 1 mixture of 
2,4,5-T i- picloram (4-amino-3,5,6-trichloropicolinic acid) or 
dicamba (3,6-dichloro-o-anisic acid) has provided temporary sup- 
pression of mesquite as well as increased forage production (Scifres 
1980). Degree of forage response following mesquite control has 
been related to: (1) mesquite size and density (Williams 1976); (2) 
rainfall following treatment (Cable 1976, Martin 1975); (3) degree 
of control (Dahl et al. 1978); and (4) the condition and composition 
of the understory herbaceous community (McDaniel et al. 1978, 
Scifres and Polk 1974). Generally, most dramatic forage responses 
following brush suppression have occurred in arid to semiarid 
areas where competition between brush and grass is critical. Stu- 
dies conducted in Arizona by Cable (1976), Martin and Tschirley 
( 196 I), and Parker and Martin ( 1952) have shown increased forage 
production from mesquite control over long periods of time fol- 
lowing treatment. 

Specific competitive factors between mesquite and associated 
grasses have been delineated. Tiedemann and Klemmedson (1973) 
found that soils were more fertile under mesquite trees than in the 
open interspaces. Certain plants including Arizona cottontop 
(Digitaria californica), bristlegrass (Setaria texana), and bush 
muhly (Muhlenbergia porterii) were found to adapt to shaded 
conditions beneath mesquite canopies, while plants such as black 
grama (Bouteloua eriopoda) were shade intolerant (Tiedemann et 
al. 1971). Brock et al. (1978) determined that cool-season forage 
species found mainly in the canopy zone decrease following mes- 
quite control in northcentral Texas. Cable (1977) defined zones of 
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moisture use around mesquite plants with moisture depletion 
occurring rapidly near tree bases, decreasing with depth and dis- 
tance from the tree. Thomas and Sosebee (1978) found that mes- 
quite in western Texas relies on a system of shallow lateral roots 
when moisture is available in the upper soil profile and utilizes a 
deep tap root system during drought. 

The objectives of this study were to determine relative efficacies 
of registered and experimental herbicides for mesquite control and 
to estimate plant responses of associated forage species in sprayed 
and nonsprayed plots. 

Study Area and Methods 

Studies were conducted on rangeland 6 km northwest of Crane 
in western Texas. Climate is semiarid with an average of 33 cm 
annual rainfall occurring mainly in late spring and summer. Soils 
in the study area are sands and sandy loams in the Penwell (Ustic 
Torripsamments), Jalmar and Pyote (Ustalfic Haplargids) series 
(Watson 1978). Soils are mainly sandy loams in the southern end of 
the area becoming more sandy to the north. Native vegetation on 
the area is dominated by shrubs including honey mesquite, catclaw 
acacia (Acacia greggii), and fourwing saltbush (Atriplex canes- 
tens). Grasses dominate the understory and include Wright 
threeawn (Aristida wrightii), sand dropseed (Sporobolus cryptan- 
drus), mesa d ropseed (Sporobolus jlexuosus), bristlegrass, Ariz- 
ona cottontop, black grama, bush muhly, and hooded 
windmillgrass (Chloris cucullata). Major forbs are leatherweed 
croton) (Croton pottsii) and broom snakeweed (Xanthocephalum 
sarothrae). 

The study area was subdivided into 30 plots (102 X 402 m each) 
to accommodate a randomized complete block design comprised 
of nine treated plots and an untreated check plot in each of three 
blocks. The area was blocked to account for soil variation. Blocks 
were delineated by four parallel access paths bulldozed 402 m 
apart. The experimental design was modified by randomizing 
order of treatment application but using the same order of treat- 
ment installation in each block. Treatments were offset in each 
block to insure that similar treatments were not together in adja- 
cent blocks. Herbicides were aerially applied in late May 1977. 
Each treatment consisted of six parallel spray swaths each measur- 
ing 12 by 402 m. Untreated buffer zones 30 m wide were maintained 
between plots to minimize cross-treatment herbicide movement 
and to facilitate field evaluations. All herbicide treatments were 
applied at a 0.56 kg/ha (a.e.) rate in 9.4 L/ha volume of I:7 (v:v) 
diesel oil and water emulsion. Herbicides were mixed for each 
treatment in an open vat with constant recirculating agitation. 
Measured amounts of herbicide and diesel oil were poured simul- 
taneously from separate containers into a premeasured amount of 
recirculating water to form the emulsion. The aircraft was cali- 
brated prior to treatment, loaded through the hopper, and follow- 
ing treatment, drained of residual spray solution which was 
measured to substantiate proper treatment volume. Aircraft sys- 
tems were washed and purged between each treatment to prevent 
herbicide contamination among treatments. Herbicides included 
in the experiment were: 2,4,5-T’ alone and in combination (1: 1) 

‘2,4,5-T as the propylene glycol butyl ether ester 
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Table 1. Mean plant defoliation (%) and mortality (%) of honey mesquite treated in May 1977 and evaluated 18 and 30 months following treatment near 
Crane, Texas.’ 

18 months post treatment 

Treatment Defoliation Mortality 

3,6-DPA + 2,4,5-T 91 78a 
3,6-DPA 82 70a 
picloram + dicamba 79 42b 
picloram i- 2,4,5-T 79 36b 
picloram + triclopyr ester 91 30bc 
dicamba + 2,4,5-T 64 19cd 
2,4,5-T 51 13cd 
triclopyr ester 61 9d 
triclopyr amine 33 9d 

‘Means within a column followed by the same letter are not significantly different at the 5% level. 

30 months post treatment 

Defoliation Mortality 

89 78a 
85 70a 
77 5lb 
83 30bc 
81 30bc 
68 16cd 
70 16cd 
59 9d 
59 8d 

with picloram 2, dicamba3, and 3,6-DPA4: ester and amine formu- 
lations of triclopyrs, and triclopyr ester with picloram (1:l); 3,6- 
DPA; and an equal part combination of dicamba and picloram. 

Treatments were evaluated 6 months post-treatment by visually 
estimating percentage defoliation in each plot. Subsequent evalua- 
tions were made 18 and 30 months post-treatment using belt 
transects in which 100 or more individual mesquite plants were 
evaluated visually in each plot to estimate plant defoliation and 
mortality. 

In November 1979,30 months post-treatment, obvious differen- 
ces in forage production between treated and untreated plots war- 
ranted estimates of forage production to be measured by clipping 
standing grass and forb biomass. Forage production estimates 
were made between untreated plots and plots treated with 3,6- 
DPA due to the close proximity of the two plots in each block and 
the effective control of mesquite by 3,6-DPA. 

Within each block ten trees of equivalent size were selected in 
each of the treated and untreated plots. Trees in the check plots 
were unaffected by spray while those in the 3,6-DPA plots were 
dead. Quadrats 0.25 m2 in size were placed 1,3, and 5 m from the 
tree base on the east side of each plant. Within each quadrat, 
individual plant species were clipped, bagged separately, and sub- 
sequently oven-dried to a constant weight. All data were subject to 
analyses of variance and mean separation. 

Results and Discussion 

Estimation of canopy reduction made in November 1977, 6 
months post-treatment, revealed more than 90% defoliation in all 
herbicide treatment except 2,4,5-T, triclopyr amine and dicamba i- 
2,4,5-T which were slightly lower. Buffers between plots were 
largely unaffected, validating lack of herbicide drift across plots. 
Reduction in broom snakeweed cover was noted in treatments 

*Picloram as the triisopropanolamine salt 

‘Dicama as the dimethylamine salt 

43.6-DPA as the monoethanolamine salt 

5Triclopyr as the butoxy ethyl ether ester and the triethylamine salt. 

containing picloram or triclopyr ester. Grass responses were not 
visually evident the first year of treatment. 

Evaluations of mesquite defoliation and mortality made in 
November 1978 and 1979, 18 and 30 months post-treatment, 
respectively, revealed major differences in herbicide efficacies 
(Table 1). Herbicide 3,6-DPA was significantly more effective than 
the other herbicides, whether applied alone or in equal part combi- 
nation with 2,4,5-T. Triclopyr, provided similar control to 2,4,5-T 
and 2,4,5-T -I- dicamba ( 1: I), while herbicides containing picloram 
gave higher mortality of mesquite than triclopyr. No significant 
differences occurred among blocks. 

Associated shrubs such as fourwing saltbush were slightly defol- 
iated initially by herbicide combinations containing picloram but 

Table 2. Mean standing crop of grasses and forbs (kg/ha) estimated 30 
months post-treatment at 1,3, and 5 m distances from sprayed and non- 
sprayed mesquite trees near Crane, Texas.’ 

Distance from Treated Untreated 
tree base (m) Grasses Forbs Grasses Forbs 

kg/ ha 
I 1165.4a 373.6~ 457.4c 333.8c 
3 715.7b 130.0d 454.5c 196.6d 
5 834.8b 140.2d 336. lc 9l.ld 

‘Values followed by the same letter are not significantly different at the 5% level. 

these effects were not evident 30 months following treatment. 
Catclaw acacia plants were severely defoliated but a majority of the 
plants resprouted 30 months after treatment. 

Forage production, as end of growing season standing crop ,was 
significantly greater in herbicide treated plots sprayed with 3,6- 
DPA than adjacent untreated plots (Table 2). Major differences 
between the treatments were contributed by the grass components 
because the major forb, leatherweed croton, was not affected by 
the herbicide treatment. Greatest grass response was measured at 1 
m from mesquite trees in the treated plots. Differences in grass 

Table 3. Mean standing crop (kg/ha) by species estimated 30 months post-treatment in sprayed and non-sprayed plots at 1,3, and 5 m from base of trees 
near Crane, Texas.’ 

Treated Untreated 
Im 3m 5m 3m 5m 

Aristida wrightii 5d 372a 344ab 34d 253bc 
Chloris cucullata 502a 150bc 216b 207b 74c 
Panicum havardii 99a 33bc 74ab 29bc 8c 
Setaria texana 208a Ob Ob 55b Ob 
Sporobolus cryptandrus 232a 149ab 14Oabc 13Obc 118bc 
Other grasses 70a 12bc 60ab 2c oc 
Croton pottsii 361a 12oc I22c 326ab 196bc 
Other forbs 13ab I Oab 18a 7bc oc 

‘Mean values within a row not followed by the same letter are significantly different at the 5% level (Duncan’s multiple range test). 

196~ 
64C 

28bc 
Ob 
45c 
2c 

91c 
oc 
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production among the 1,3, and 5 m distances in the untreated plots 
were not significantly different while forb production was greatest 
near the trees. Significant differences in overall grass, forb or 
forage (grass -I- forbs) production were not found among blocks,al- 
though individual species displayed considerable variation among 
blocks and distances from trees (Table 3). Forbs, especially annu- 
als, would have probably been higher if sampling had occurred in 
late spring. 

Reaction of the Various Species 

Wright threeawn was a fairly ubiquitous species but was more 
productive on the loamy soils of the study area. Treated plots 
produced significantly (P<O.O5) more production than untreated 
plots. Both treated and untreated plots had significantly (KO.01) 
more production away from the tree (3 and 5 m) than near the tree 
(1 m). Wright threeawn showed a general affinity for openareas of 
loamy soils and responded positively to mesquite control. 

Hooded windmillgrass was most responsive to mesquite control 
and contributed greatly to overall forage production in the treated 
plots. This species produced significantly (KO.0 1) more forage in 
treated areas than in untreated areas. Hooded windmillgrass pro- 
duced significantly (P<O.Ol) more forage near the trees than in 
open areas and favored the lighter textured soils. 

Harvard panicum (Panicum harvardii) was found in signifi- 
cantly (KO.01) greater amounts on the treated area than in the 
untreated plots. While overall production did not vary greatly 
among the distances from trees, significant (P<O.Ol) variation 
occurred among the blocks, with practically all production being 
measured on loamy soils. 

Bristlegrass occurred in the immediate proximity of mesquite 
trees where production quadrupled following mesquite control. 
This interspecific relationship suggests the presence of a favorable 
habitat for bristlegrass, such as physical protection from grazing, 
and improved nutrient, moisture and shading factors (Brock 1978). 

Sand dropseed and mesa dropseed production was greatest in 
the treated area but did not vary significantly among distances 
from trees. Production differences among blocks were not 
significant. 

Grass production from species other than those previously men- 
tioned was found mainly on the treated sandy range site and 
included species such as mat sandbur (Cenchrus pauczflorus), 
muhly (Muhlenbergia spp.), bristle panicum (Panicum 
ramisetum), and fluffgrass (Erioneuron pulchellum). NO 
significant differences were found among distances from trees. 

Leatherweed croton was the major forb present at the time of 
sampling. This unpalatable perennial plant was unaffected by 
herbicide 3,6-DPA and was distributed over the entire study area. 
Significantly (P<O.Ol) more production of this species occurred 
near mesquite trees than at the 3 and 5 m distances. 

This study quantifies the production differences resulting from 
effective mesquite control by herbicidal spraying and the vegeta- 
tive responses by various plant species of the eocsystem. These data 
support earlier work by McDaniels et al. (1978) and Brock et al. 
(1978) and tend to substantiate certain benefits of aerial spraying 

for forage production. These data illustrate that the canopy area of 
controlled mesquite plants is a major source of forage plants. The 
physical presence of the dead plants offers a degree of protection 
from grazing, allowing valuable plants released by the spraying 
treatment to produce seed and reestablish on the adjacent range- 
land. The importance of the canopy area should be recognized 
when considering mechanical removal of dead trees following 
treatment. 
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Integration of Burning and Picloram Pellets 
for Macartney Rose Control 
R.A. GORDON, C.J. SCIFRES, AND J.L. MUTZ 

Picloram pellets (5% active ingredient [a.i.]) applied at 1.1 kg/ha 
(a.i.) in June or September after burning Coastal Prairie in Febru- 
ary resulted in excellent control of Macartney rose regrowth for at 
least two growing seasons. Picloram pellets (5% or 10% a.i.) at 1 
kg/ha (a.i.) also effectively controlled Macartney rose when app- 
lied directly into the ash immediately after burning in the winter or 
early spring. Generally, there was no difference between the 5 and 
10% formulations of picloram pellets applied at the same rate of 
active ingredient relative to Macartney rose control. Higher appli- 
cation rates (1.7 or 2 kg/ha [a.i.]) tended to improve Macartney 
rose regrowth control on burned areas only slightly compared to 
that from 1 kg/ha (a.i.) of the picloram pellets, regardless of 
formulation. Picloram pellet application extends the beneficial 
effects of prescribed burning on Macartney rose-infested range- 
land. Prescribed burning eliminates the debris which prevents 
uniform grazing distribution and poses livestock handling prob- 
lems following herbicide applications. 

A native of China, Macartney rose (Rosa bructeatu) was intro- 
duced into the United States in the early 1800’s for use as hedge 
rows. The species spread rapidly and is now a serious range man- 
agement problem on over 200,000 ha in southeast Texas, especially 
on the Coastal Prairie (Scifres 1975a). 

Mechanical methods, herbicides, and prescribed burning have 
been evaluated for improvement of Macartney rose-infested range- 
land but only limited success has resulted from use of any single 
method (Scifres 1975a). Shredding initially reduces thecanopy but 
may scatter the Macartney rose canes, which ultimately increases 
the density of the woody plant since cane nodes can root in moist 
soil (Haas et al. 1970). Sprays of phenoxy herbicides such as 2,4-D 
([2,4-dichlorophenoxylacetic acid) are effective for Macartney 
rose control if several, successive, annual treatments are applied 
(Scifres 1980). Such multiple treatments are expensive and increase 
the risk of spray drift onto adjacent land supporting susceptible 
crops. Repeated herbicide applications seriously reduce the density 
and diversity of forbs that are important components of livestock 
and wildlife diets on these rangelands. Dead canes remaining after 
spraying Macartney rose pose a hindrance to livestock movement 
and handling. Moreover, Macartney rose regrowth trellising up 
the dead canes may achieve pretreatment heights within two grow- 
ing seasons after herbicide application (Gordon and Scifres 1977). 

Picloram (4-amino-3,5,6-trichloropicolinic acid) sprays applied 
alone or in combination with 2,4,5-T ([2,4,5-trichlorophenoxy] 
acetic acid), and picloram applied as pellets improves Macartney 
rose control compared to conventional sprays of phenoxy herbi- 
cides (Scifres 1975a, 1975b). Pellet formulations have several 
advantages over herbicide sprays, especially in reducing drift 
potential. Scifres (1975a) reported that picloram pellets applied at 
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2.2 kg/ ha (a.i.) reduced Macartney rose live canopies by more than 
80% at 1 year following application. However, brush control with 
the pellets is dependent on rainfall to facilitate root uptake of the 
herbicide (Scifres 1980). Therefore, woody plant response to the 
pellets is usually slower than following application of sprays. 

Successful uniform canopy reduction of woody plants is also 
apparently dependent on uniform distribution of pellets to facili- 
tate maximum root absorption (Scifres 1980). Uniform applica- 
tion of herbicide pellets with ground equipment may be hindered 
by the Macartney rose canopy cover, and the herbaceous cover 
may delay direct contact of the pellets with mineral soil. 

Burning readily removes Macartney rose topgrowth and 
improves availability of herbacous forage to livestock (Gordon 
and Scifres 1977). However, suppression of Macartney rose with 
prescribed burning is temporary. For example, basal regrowth 
may be apparent within 2 weeks after burning in late winter and the 
new canes may elongate at an average rate of 7 to 8 cm/month 
(Gordon and Scifres 1977). Since use of broadcast sprays requires a 
well-developed canopy for maximum effectiveness (McCully et al. 
1959; Haas et al. 1970; Scifres 1975a, 1975b, 1980) much of the 
range improvement gained from burning may be necessarily sacri- 
ficed if conventional herbicide treatments are used as a secondary 
practice. Therefore, a system was proposed which included the 
application of root-absorbed herbicide following prescribed burn- 
ing of Macartney rose-infested range (Gordon 1976). The hypothe- 
sis was that burning to remove the herbaceous cover would 
facilitate application of herbicides as pellets, and that herbicide 
application as soon as possible following burning would effectively 
suppress development of Macartney rose regrowth. After consid- 
ering previous research (McCully et al. 1959; Haas et al. 1970; 
Scifres 1975a, 1975b), this study was designed to evaluate the 
potential of picloram pellets following prescribed burning for 
improvement of Macartney rose-infested Coastal Prairie. 

Materials and Methods 

The research was conducted near Bloomington in Calhoun 
County, Texas. The study area was level to gently undulating, 
primarily Blackland range site, and typified by Lake Charles and 
Victoria clays (Udic Pellustert). Climax vegetation is tall grass 
prairie typical of the Gulf Prairies and Marshes (Gould 1975). 
Principal decreasers are little bluestem (Schizachyrium scoparium) 
and switchgrass (Punicum virgatum). Increasers include longtom 
(Paspalum lividum), brownseed paspalum (Paspalumplicatulum), 
knotroot bristlegrass (Setariageniculata), and several low-growing 
species of Panicum and Dichanthelium. Herbaceous invaders 
include bushy bluestem (Andropogon glomerutus), broomsedge 
bluestem (Andropogon virginicus), and snow-on-the-prairie 
(Euphorbia bicolor). Bermudagrass (Cynodon dactylon), common 
on adjacent tame pastures, has escaped into portions of the study 
area. Macartney rose was the primary woody invader in associa- 
tion with scattered huisache (Acacia farnesiana) and honey mes- 
quite (Prosopis glandulosa var. glandulosa). Foliar cover of 
Macartney rose varied from 35 to 75% at initiation of the research 
in 1975 (Gordon 1976). The study pastures were usually grazed by 
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cattle from late spring to late fall. The initial stocking rate was 6.1 
ha/ AU. 

A 142-ha pasture was burned by ranch personnel on February 
27, 1975. The pasture supported almost 4,000 kg/ha of fine fuel, 
and reduction of Macartney rose topgrowth exceeded 95%. The 
burn was conducted with a wind speed of 16 km/hr, air tempera- 
ture was 2 lo C, and fine fule moisture (dry-wt basis) was 19%. In June 
and September 1975, picloram pellets (5% a.;.) were applied at 1. I 
kg/ ha (a.i.) with a tractor-mounted spreader to 15.2 by 47.2-m 
plots. The herbicide treatments were replicated three times in a 
randomized complete block design on each date. Since the entire 
pasture was burned, there was no opportunity to include unburned 
plots for comparison. 

Three grazing exclosures, constructed of welded wire with IO by 
JO-cm openings, were established diagonally across each plot to 
evaluate forage production following treatment. Each exclosure 
was 1.5 m tall, 1.1 m in diameter, and secured by three metal rods 
driven into the ground. Live standing herbaceous crop was harv- 
ested to a 2.5-cm stubble height from 0.25-m* sampling areas in the 
center of the exclosures on September 14, 1975, May 14,1976, and 
June 14, 1977, separated into grasses and forbs, oven-dried, and 
weighed. The exclosures were moved after each harvest. Standing 
crop of Macartney rose regrowth was harvested to 2.5-cm above 
ground line from 12, equally spaced, 0.25-m* sampling areas on a 
line down the center of each plot on September 14, 1975, and May 
14, 1976. Regrowth was then oven-dried and weighed. 

In February 1976, ranch personnel burned an adjacent pasture 
under similar conditions and with results similar to those described 
for the one burned in 1975. Within 4 days following burning, 
picloram pellets (5 and 10% a.;.) were applied at 0,0.6, 1.1, and 1.7 
kg/ ha (a.i.) into the ash as described for the experiment installed in 
1975. Herbicide treatments, replicated three times in a randomized 
complete block design, were applied to plots 31 by 21 m. Adjacent 
unburned plots not treated with pellets were maintained for com- 
parison to treated plots. 

An alternative technique was employed for evaluation of the 
larger plots established in 1976, compared to methods for evaluat- 
ing the first experiment. Using the line intercept method, foliar 
cover of live Macartney rose regrowth was recorded on June 15, 
1977 and 1978. Two, 30.5-m lines (separated by 15 m), were estab- 
lished diagonally across each plot. Interceptions spaced less than 
1.5 cm apart on the line were recorded as continuous canopy cover 
and an interception of less than 1.5 cm was not recorded. This 
technique was also used in 1977 for evaluation of the smaller plot 
established in 1975 to enable comparison between experiments. 

On March 7, 1979, another pasture supporting 3,360 kg/ha of 
fine fuel was burned with a wind speed of approximately 16 km/ hr. 
Air temperature was 23” C and fine fuel water content averaged 
25%. Macartney rose averaged 1 m tall and canopy cover was 46%. 
The fire removed 95% of the woody plant canopy. On March 8, 
1979, picloram pellets were broadcast applied at 0, 1, or 2 kg/ ha 
(a.;.) to duplicate, 62 by 156-m plots. Herbicide was applied in 
6.2-m-wide swaths with a tractor-mounted spreader. The treat- 
ments were applied in the same manner to unburned Macartney 
rose in an adjacent pasture. On June 22, 1979, February 7, 1980, 

and August 24, 1980, foliar intercepts of Macartney rose were 
recorded along 10 or 20, equally spaced, 20-m lines laid at a right 
angle to direction of travel during herbicide application. Foliar 
intercepts were converted to percentage of pretreatment values 
before conducting analysis of variance based on a split plot 
arranged as a randomized complete block design. 

On March 9, 1979, a 4. l-ha area supporting a heavy canopy 
cover of Macartney rose was burned near Port Lavaca, Texas. Fine 
fuel load averaged 3,360 kg/ha, the wind speed averaged about 19 
km/ hr, and the air temperature was 26OC. Immediately following 
the burn, I. 1 kg/ ha of picloram in pellets (10% formulation) were 
applied to 2-ha of the burned area as a demonstration of the 
burn-herbicide system. On September 2, 1980, canopy intercepts of 
live Macartney rose were recorded along five, randomly located, 
31-m lines for each treatment. 

Results and Discussion 

1975 Experiment 
Macartney rose regrowth averaged approximately 21 cm tall 

when picloram pellets were applied in June 1975 after burning the 
previous February. Symptoms of herbicide phytotoxicity, epin- 
asty, and chlorosis of young tissues, were not detectable until after 
the first significant rainfall (5 cm) at 30 days after application of the 
herbicide. From herbicide application until first evaluation in 
September 1975, 26 cm of rainfall occurred on the study area. In 
September 1975, Macartney rose had no regrowth in plots treated 
with 1.1 kg/ha of picloram in June (Table 1). Conversely, burned 
plots not treated with herbicide supported uniformly distributed 
Macartney rose regrowth with an average standing crop of 694 
kg/ ha. Although Macartney rose regrowth on the burned plots 
was less than 0.5 m tall, the regrowth canes were rapidly elongating 
at the time of evaluation in September. Because of such rapid 
regrowth, Macartney rose canopy cover often develops such that 
additional burns are required within two or three growing seasons 
to prevent reductions in grass production (Gordon and Scifres 
1977). Macartney rose regrowth rates were apparently slowed 
during the winter of 1975-76, which was relatively dry. Only 6.2 cm 
of rainfall (about 40% of the long-term average) were received from 
November through February. 

Macartney rose regrowth in May 1976 occurred in only 8% of 
the samples where picloram pellets had been applied the previous 
June or September following burning in February. In comparison, 
there was a relatively uniform brush cover (80% frequency) on 
burned plots which were not treated with the herbicide. Conse- 
quently, Macartney rose standing crop in May 1976 was only 32 
kg/ ha on plots burned and treated with picloram pellets in June 
1975 compared to 1025 kg/ha on plots which were burned only 
(Table 1). Only trace amounts of Macartney rose topgrowth 
occurred in the samples taken in May 1976 from burned plots 
which were treated with picloram pellets in September 1975. 

There was no difference in standing crop of herbaceous vegeta- 
tion among treatments at evaluations conducted in September 
1975 and May 1976 (Table 1). However, there was a trend toward 
increased grass standing crop on herbicide-treated areas, com- 

Table 1. Standing crop (kg/ha) of Macartney rose and grasses (current season) following burning in February 1975 and application of picloram pellets 
(5% formulation) at 1.1 kg/ha (a.i.) in June or September 1975 to rangeland near Bloomington, Texas. 

Standing crop’ 
Macartney rose Grasses 

Date (1975) of picloram September May September May June 
pellet application 1975 1976 1975 1976 1977 

Untreated 694 c 1025 d 4472 yz 1399 v 1972 v 
June Oa 32 b 5119 z 2345 vw 3702 xy 
September - T a2 - 2138 v 3300 wx 

‘Means within a standing crop type followed by the same letter are not significantly different (E.05) according to Duncan’s multiple range test. 
*T=trace, less than 10 kg/ ha. 
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Table 2. Macartney rose canopy interception (%) in June 1977 and 1978 
following burning and broadcast applications of 5 or 10% picloram pel- 
lets in February 1976 near Bloomington, Texas. 

Picloram pellets 

Formulation Rate Canopy interception (June)’ 

(%, a.i.) (kg/ ha, a.i.) I977 1978 

5 0.6 9 bc I2 ab 
IO 0.6 I2 c I6 b 
5 I.1 2 ab 9 ab 

IO I.1 l2c 16 b 
5 1.7 la 5a 

IO 1.7 4 ab 8 ab 
Untreated - 44 e 51 d 
Burned ony - 25 d 37 c 

‘Means within a column followed by the same letter are not significantly different (E.05) 
according to Duncan’s multiple range test. 

pared to those burned only, on those dates of evaluation. The 
differences in standing crop between the September and May 
evaluations reflect variation in rainfall. About 30 cm of rainfall 
were received from May to September 1975 whereas 14 cm 
occurred from January to May 1976. Thus, herbaceous production 
during the fall was as typically occurs on the Coastal Prairie but 
spring production was suppressed by dry growing conditions. 

The differences in herbaceous standing crop were more pro- 
nounced in June 1977 than in May 1976 after initiation of the 
experiments in 1975. Grass standing crop on plots burned only was 
1,972 kg/ ha whereas plots treated with picloram pellets following 
burning supported an average of 2,400 kg/ ha of herbaceous stand- 
ing crop (Table 1). Macartney rose canopy cover in June 1977 
averaged 29Yo on plots burned but not treated with herbicide. In 
comparison, burned plots treated with 1.1 kg/ ha (a.;.) of picloram 
pellets in June or September 1975 supported Macartney rose can- 
opy covers of 2 to 3%. 

1976 Experiment 
Suppression of Macartney rose regrowth on plots burned and 

treated with picloram pellets in February 1976 (Table 2) was 
similar to the effects of the 1975 herbicide application (Table 1). 
Although no rainfall was received the month of treatment and the 
spring of 1976 was relatively dry, the remainder of the year was wet, 
resulting in an annual total rainfall of 80 cm on the study area. At 
16 months after burning in February 1976, canopy cover of 
Macartney rose was 25% compared to 44% on unburned Coastal 
Prairie (Table 2). Moreover, all burned plots treated with picloram 
pellets in 1976, regardless of herbicide rate or percent active ingre- 
dient, supported less Macartney rose regrowth in June 1977 than 
did plots burned only. Macartney rose canopy cover was 9% on 
plots treated with 0.6 kg/ ha (a.;.) of the 5% picloram pellets 
compared to canopy covers of 2% and 1% on plots receiving 1.1 
and 1.7 kg/ ha of the herbicide, respectively. 

At 28 months after burning in February 1976, Macartney rose 
canopy cover was significantly less than on unburned areas but had 
increased by 1270 since the evaluation 12 months earlier (Table 2). 
In June 1978, canopy cover on plots burned and treated with the 

herbicide pellets was less than on plots burned only. Although a 
trend for decreasing woody plant canopy cover with increasing 
herbicide rate existed, canopy cover was not different among 
application rates within a formulation or between formulations 
within an application rate of herbicide. Because of the rapid can- 
opy replacement rate, the land owner reburned the pasture sup- 
porting the experiment in the winter 1979. 

1979 Experiments 
Slightly more than 19 cm of rainfall were received on the study 

area during January and February prior to installation of pres- 
cribed burns in March 1979. From the time of herbicide applica- 
tion to first evaluation, 34 cm of rainfall occurred on the study 
area. By 3 months after burning and applying the 10% picloram 
pellets in March 1979, Macartney rose canopy reduction was 
essentially complete on both burned and unburned areas, regard- 
less of herbicide rate (Table 3). In contrast, canopy reduction 
averaged 64% at the first evaluation of the plots burned only. At 11 
and 18 months after treatment installation, canopy reduction of 
Macartney rose was 90% or greater, regardless of rate of picloram 
applied or whether the areas were burned or unburned. By 18 
months after burning only, Macartney rose canopy reduction aver- 
aged 31% Thus, in this experiment, prescribed burning did not 
appear to augment control of Macartney rose with picloram pellets 
as has been reported with common goldenweed (Isocoma corono- 
pfolia) (Mayeux and Hamilton 1979). However, removal of stand- 
ing dead canes was considered a management advantage on burned 
areas. 

Conclusions 

On September 2, 1980, Macartney rose canopy cover reduction 
averaged 63Yo on the pasture burned near Port Lavaca, Texas. In 
contrast, canopy cover was reduced by 98% on the area burned and 
treated with 1.1 kg/ ha (a.i.) of the 10% picloram pellets (data not 
shown). Cane regrowth on the burned pasture averaged 0.9 m tall 
compared to an average Macartney rose height of 1.9 m on the 
untreated area. On the portion of the pasture which was treated 
with 1.1 kg/ha (a.i.) of picloram pellets immediately following 
burning, Macartney rose height averaged 0.2 m. 

Burning during winter dormancy reduces Macartney rose can- 
opy cover, and growth of herbaceous vegetation begins earlier the 
following spring than on unburned rangeland (Gordon and Scifres 
1977). However, Macartney rose rapidly regrows and usually must 
be reburned within 2 to 3 years to maintain range improvement, 
especially if post burn precipitation is average or greater. Also, 
repeated burning tends to promote a prostrate growth habit in the 
Macartney rose, making it more difficult to treat with conventional 
methods such as herbicide sprays compared to undisturbed stands. 
Picloram pellets applied at 2.2 kg/ ha (a.i.) will control over 80% of 
undisturbed Macartney rose but the dead standing canes pose 
problems to livestock handling and care, and offer trellis support 
for regrowth canes (Scifres 1975a). 

Based on data herein, integration of prescribed burning with 
picloram pellet applications will extend the influence of burning, 
and eliminate the management problem posed by standing debris 
when picloram pellets are applied to unburned rangeland. The 
picloram pellets may be applied broadcast directly into the ash 

Table 3. Macartney rose canopy cover reduction (%) at various times after burning on March 7 and application of picloram pellets on March 8,1979, near 
Bloomington, Texas. 

Months after herbicide application’ 

Picloram rate 3 II 

(kg/ha, a.i.) Burned Unburned Burned Unburned 

0 64C Oa 46 bc Oa 
I 99 d 100 d 98 d 90 d 
2 100 d 100 d 100 d 96 d 

‘Means followed by the same letter are not significantly different (p1.05) according to Duncan’s multiple range test. 
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Burned 

31 b 
95 d 
99 d 

I8 
Unburned 

3a 
93 d 
95 d 
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within I to 4days after burning in the winter or late spring, or in the 
fail following winter fires. In this study, there was little difference in 
the response of Macartney rose among the times of picloram pellet 
applications or whether the rangeland was burned. However, 
application of the pellets immediately following winter burning 
appears advantageous because ( I) brush removed by the fires does 
not pose a hindrance to movement of machinery, and mulch 
accumulations and herbaceous plants do not prevent immediate 
contact of the herbicide pellets with mineral soil; (2) herbicide 
application can be completed before other management activities 
begin in the spring; (3) the herbicide is applied ahead of the spring 
rainy season; and (4) the herbicide application prevents rapid 
recovery of Macartney rose which should prolong the benefits of 
prescribed burning (reducing the frequency of burns required for 
brush management). 
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Brush Management Influences the Nutritive 
Content ‘of Cattle Diets in East-Central 
Texas 
D.R. KIRBY AND J.W. STUTH . 

Abstract 

Nutritive content of seasonal diets following mechanical and 
chemical brush management on east-central Texas rangeland was 
determined using esophageally fistulated cows. Brush managed 
pastures had a greater herbaceous standing crop, except during the 
grazing period in fall the year of treatment, and generally yielded 
diets higher in crude protein (CP) and in vitro digestible organic 
matter (IVDOM) than untreated pastures. Mean crude protein 
content of cattle diets was higher (EO.05) in all seasons from 
tebuthiuron-treated pastures, and in summer and fall from pas- 
tures which were bulldozed compared to untreated pastures. Mean 
IVDOM content of cattle diets was higher (p10.05) in spring and 
summer from pastures receiving brush management compared to 
untreated pastures. Crude protein and IVDOM content of diets 
decreased in all pastures and seasons between beginning and end of 
grazing periods, with the exception of higher IVDOM in the 
spring, suggesting that the cows benefitted by grazing regrowth of 
herbaceous plants. 

The Post Oak Savannah, a 2.8-million-ha vegetation resource 
area in east-central Texas (SCS 1970), supported approximately 
1.5 million cattle in 1978 (Texas Crop and Livestock Reporting 
Service 1979). This accounts for over 10% of the beef cattle herd in 
Texas on approximately 4% of the land area. Even so, there is 
potential to greatly increase livestock carrying capacity on much of 
the area. Grazing mismanagement and cessation of natural fires 
have allowed development of thickets of undesirable woody 
species, which reduce forage production and livestock movement 
and production (Dyksterhuis 1957). 

Livestock production on brush-infested rangeland can be 
increased through the use of brush and weed management 
programs and specialized grazing systems. However, response of 
forage production, botanical composition, and change in 
utilization following brush management have received much more 
attention than dietary changes of grazing animals. Knowledge of 
the nutritive content of the diet of a grazing animal is essential for 
optimizing livestock production from brush-treated rangelands. 

The objective of this study was to determine the nutrient content 
of cattle diets as influenced by method of brush management, 
season of grazing, and forage utilization. 

Materials and Methods 

Research pastures were located approximately 3 km southwest 
of College Station, Texas. Annual average rainfall is 95 cm, with 
peaks in May and September. Details of climate were reported by 
Kirby (1980). Overstory vegetation was dominated by oaks 
(Quercus spp.), with a secondary woody layer of yaupon (Ilex 
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vomitoria), winged elm (Ulmusalata), willow baccharis (Baccharis 
salicina), and several other woody species. Major herbaceous 
species were little bluestem (Schizachyrium scoparium), 
brownseed paspalum (Paspalum plicatulum), and several species 
of Dichanthelium. 

Two replications of three treatments applied in May 1977 and 
fenced into I .5 and 2.5-ha pastures included: (1) no treatment, (2) 
mechanically dozing and piling of underbrush and small trees, and 
(3) aerially applied, 20% tebuthiuron pellets at 2.2 kg/ha (active 
ingredient). 

A seasonal grazing sequence of fall (September to December) 
1977, summer (June to September) 1978, and spring (March to 
June) 1979 was established so that the study pastures would be 
rested approximately 210 days between grazing periods. This 
graze:rest sequence is comparable to a high intensity-low 
frequency grazing system (Bell 1973). An equal number of steers 
(150 to 200 kg) were allocated each season to study pastures to 
properly utilize the available forage within the 90-day seasons. 
Each seasonal grazing period was terminated at 50% utilization of 
the key management herbaceous species, little bluestcm in spring 
and summer and brownseed paspalum in fall. 

Available forage by herbaceous class, grasses and forbs, was 
estimated at the beginning and end of each seasonal grazing period. 
Herbaceous forage was clipped to ground level in each pasture at 
each sampling date from 15, randomly selected, 0.25-m2 plots. 
Forage disappearance was determined at the termination of each 
grazing period by clipping 15, adjacently-paired grazed and 
protected 0.25-m2 plots in each pasture and calculating the percent 
difference (Klingman et al. 1943). 

Four esophageally fistulated cows were grazed at the beginning 
and end of seasonal grazing periods on each pasture. Animals were 
penned in late afternoon after grazing had ceased. A morning 
collection of 1 hr was conducted at approximately 0900 and an 
afternoon collection at approximately 1600 hours. Since treatment 
pastures were replicated, each dietary value within a seasonal 
grazing period represents the mean of 16 animal-sampling-days. 

Dietary samples from each cow were thoroughly mixed and 
approximately 1 kg removed, frozen, lyophilized, and ground to 
pass a l-mm screen. Crude protein (CP) was determined by the 
micro-Kjeldahl method (AOAC 1970), and in vitro digestible 
organic matter (IVDOM) using the fermentation stage of Tilley 
and Terry (1963) followed by extraction in neutral fiber detergent 
(Van Soest and Wine 1967). Standard forages of known in vivo 
digestibilities were included in each in vitro digestion to correct 
IVDOM to apparent digestibility. 

Data were analyzed seasonally by analysis of variance using a 
randomized complete block design with two replications. 
Duncan’s new multiple range test was used to compare means 
(Steel and Torrie 1960). 

Results and Discussion 

Brush management influenced nutritive content of cattle diets, 
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Table 1. Means and associated standard errors for crude protein (96) and in 
vitro digestible organic matter (70) contents of seasonal cattle diets 
following brush management in east-central Texas.’ 

Brush management 

Bulldozed 
Season None and piled Tebuthiuron 

Crude protein 
Spring 10.5f0.4 a2 10.8f0.3 a 12.9ztO.5 b 
Summer 7.5f0.3 a 8.3f0.3 b 8.7f0.4 b 
Fall 7.01tO.3 a 9.lf0.4 b 8.5f0.3 b 

In vitro digestible organic matter 
Spring 57f3 a 65f2 b 64fb 
Summer 55fl a 58fl b 58f2 b 
Fall 5M2 a 52f2 a 49fl a 

‘Each value represents an average across animals, grazing times, grazing periods, and 
replications within a season and treatment. 
ZMeans in a row followed by the same letter are not significantly different (p10.05). 

although seasonal variations between treatments were apparent 
(Table 1). Cattle grazing treated pastures generally had higher 
dietary CP and IVDOM contents. In addition, treated pastures 
had a greater herbaceous standing crop (Fig. 1) and species 
diversity (Kirby and Stuth 1982) than untreated pastures following 
the first grazing period. 

UnM 1 

1 
SPR 

I 
30 

GRASSES 
25 

FORBS 

UnM 1 UnM T UnM T 

NG SUMMER FALL 

Fig. 1. Seasonal standing crop (kg/ha), composition 0, and 
disappearance (%) of herbaceous forage at the beginning (1) and end (2) 
of grazing periods on untreated, mechanically treated, and tebuthiuron- 
treated pastures in east-central Texas. Bar sections within herbaceous 
class, beginning or end of grazing period, and season with a common 
letter are not significantly different (EO.05). 

Mean CP content of cattle diets was significantly higher 
(p10.05) in all seasons from tebuthiuron-treated pastures, and in 
summer and fall from mechanically treated pastures, compared to 
untreated pastures (Table 1). Without exception, CP content of 
cattle diets at the beginning and end of each seasonal grazing 
period was higher from pastures receiving brush control 
treatments than those untreated (Fig. 2). Greater dietary CP 
following brush management is probably a result of decreased 
competition for light, moisture, and nutrients with a subsequent 
increase of herbaceous production and species diversity. This in 
turn provides a greater selectivity among forage species which has 
been reported to maintain high quality diets (Cook and Harris 
1968, Nelson et al. 1969, Stuth and Kirby 1979). 

The CP maintenance requirements for a dry pregnant and a 
lactating cow (450 kg) are 5.9% and 9.2%, respectively (NRC 1976). 
Regardless of brush management treatment, CP maintenance 
requirement for a dry pregnant cow was met (Table 1, Fig. 2). CP 
requirement of a lactating cow was consistently met only during 

- TEBUTHIURON 
-MECHANICAL 
-UNTREATED 

1 2 1 2 1 2 
SPRING SUMMER FALL 

Fig. 2. Trends in % crudeprotein of cow diets sampledat the beginning and 
end of seasonal grazing periods between 1977 and 1979 on untreated, 
mechanically treated, and tebuthiuron-treated pastures in east-central 
Texas. Each value represents the average of 16 animal-sampling-days. 

the spring. However, diets at the beginning of summer and fall 
grazing periods from brush-treated pastures exceeded the CP 
requirement for a lactating cow. Untreated pastures did not meet 
CP requirements of a lactating cow at any sampling period in either 
summer or fall. Where CP requirements for a lactating cow were 
not met throughout a seasonal grazing period, nitrogen 
supplementation would be required if a maximum milk production 
was desired. Regardless of brush treatment, forage quality suggests 
cow/calf operations would be well suited to rangelands in this 
region. 

Mean IVDOM content of cattle diets was significantly higher 
(EO.05) in spring and summer from brush-treated pastures when 
compared to untreated pastures (Table 1). Generally, IVDOM 
content of cattle diets at the beginning and end of seasonal grazing 
periods was higher from pastures treated for brush than those 
untreated (Fig. 3). As discussed previously, greater herbaceous 
production and species diversity in brush-treated pastures proba- 
bly accounted for the increased dietary IVDOM. 

The maintenance requirement for energy, estimated by IVDOM 
(considered equivalent to 70 TDN) for a dry, pregnant, or a 
lactating cow (450 kg) is 52% (NRC 1976). The average IVDOM of 
diets from all pastures in spring and summer and the mechanically 
treated pastures in fall met or exceeded this level (Table 1). 
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Fig. 3. Trends in % in vitro digestible organic matter of cow diets sampled 
at the beginning and end of seasonal grazing periods between 1977 and 
1979 on untreated, mechanically treated, and tebuthiuron-treated 
pastures in east-central Texas. Each value represents the average of 16 
animal-sampling-days. 
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However, all pastures in fall and the untreated pastures in summer 
could not meet the maintenance energy requirement of a cow for 
the entire duration of the grazing period (Fig. 3). 

Generally, as seasons progress and plants mature, nutritive value 
of range forage declines. This nutritive value decrease is most often 
associated with decreases in CP, phosphorus, and dry matter 
digestibility and increases in crude fiber and lignin (Van Soest 
1967, Wallace et al. 1972, Allison and Kothmann 1979). Yet, the 
nutritive value of cattle diets on a given range can vary greatly 
between seasons or years because of selective grazing (Hardison et 
al. 1954; Lesperance et al. 1960) and differences in environmental 
conditions, such as temperature, humidity, and precipitation. 

Mean percentage CP and IVDOM in diets selected by cows in 
this study decreased from spring through fall, with the exception of 
the mechanical treatment where CPcontents tended to be higher in 
the fall (Table 1). CP contents of cattle diets were nearly equal 
between summer and fall grazing periods. The similarity in CP 
contents of diets between summer and fall was probably due to the 
occurrence of fall rains which enhanced forage growth and resulted 
in increased nutritive value of the available forage. 

Most researchers have reported that higher grazing intensities 
result in lower quality diet in terms of nutrient content (Cook et al. 
1953, Pieper et al. 1959, Bryant et al. 1970). We observed a similar 
trend as seasonal utilization of forage increased (Figs. 2 and 3). CP 
content of cow diets decreased with time spent in all pastures 
during each seasonal grazing period. As utilization increased, 
IVDOM content of cow diets decreased during summer and fall 
grazing periods. However, cows were able to select diets higher in 
IVDOM at the end of the spring grazing period from two of the 
plots receiving brush treatments. This deviation suggests cattle 
were grazing regrowth which was sufficient to maintain the forage 
quality observed earlier in the grazing period. Vavra et al. (1973) 
reported a similar deviation in forage quality on blue grama 
(Bouteloua gracilis) range in Colorado. 

Crude protein and energy maintenance requirements of a 
lactating cow were met only during the spring grazing period. Diets 
selected at the beginning of summer and fall grazing periods from 
pastures treated for brush provided adequate CP levels, but diets at 
the end of summer and fall grazing periods did not meet CP 
maintenance requirements for a lactating cow. Energy 
maintenance requirements for a lactating cow were met 
throughout the summer grazing period only on treated pastures. 
Diets selected at the end of grazing periods from all pastures in fall 
and from untreated pastures in summer did not meet the IVDOM 
maintenance requirement of a lactating cow. 

Only diets at the beginning of seasonal grazing periods, on 
treated pastures, consistently met CP and IVDOM maintenance 
requirements of a dry, pregnant or lactating cow. Allison (1978) 
reported that nutrient content (CP, IVDOM) of cattle diets 
decreased almost linearly during 2-week grazing periods 
conducted seasonally in north Texas. This would suggest with our 
study that a reduction in the length of the grazing period on treated 
pastures would have provided lactating cows with the level of 
nutrients required for their maintenance. 
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Botanical Composition of Cattle Diets Graz- 
ing Brush Managed Pastures in East-central 
Texas 
D.R. KIRBY AND J.W. STUTH 

Abstract 

More grass was consumed in all grazing periods on tebuthiuron- 
treated pastures, and in fall and summer grazing periods on 
mechanically treated pastures, than on untreated pastures. Cow 
diets were dominated by grasses, mainly brownseed paspalum and 
little bluestem, regardless of treatment and season. Similar 
amounts of forbs were selected from all treatments during all 
seasons. More woody vegetation was selected from mechanically- 
treated and untreated pastures than from tebuthiuron-treated pas- 
tures. Forbs decreased and woody vegetation increased in diets 
from spring through fall. Grasses and leaves decreased, whereas 
woody vegetation and stems increased in the diets from the begin- 
ning to the end of the grazing periods. Within grazing periods forb 
consumption decreased in fall but increased in summer and spring 
with time spent in pastures. Small 
consumed at irregular intervals. 

amounts of dead forage were 

Increasing cover of undesirable woody plants is a major problem 
facing Texas livestock producers. Rangelands comprise about 43 
million ha of Texas of which over 88% are presently so brush 
infested as to reduce livestock production (Scifres 1980). Solution 
to most brush problems can best be achieved through a systematic 
approach of management to brush and grazing. 

Following brush management, effective livestock production 
consistent with good range management depends upon identifica- 
tion of plants selected by grazing livestock. Evaluation of forage 
consumed by grazing livestock is best accomplished through the 
use of esophageally fistulated animals (Theurer et al. 1976). Die- 
tary botanical composition has commonly been reported to shift 
with season (Buchanan et al. 1972, Allison and Kothmann 1979), 
year (Bohman and Lesperance 1967, Buchanan et al. 1972), and 
grazing intensity (Galt et al. 1969, Allison and Kothmann 1979). 

Information on the effects of brush management on the botani- 
cal composition of cattle diets in the Post Oak (&ercus stelluta) 
Savannah of Texas is lacking. This study was initiated to determine 
the influence of brush management, season, and forage utilization 
on: (1) the botanical composition of cattle diets, and (2) the prefer- 
ence of cattle for forage classes, and plant species and parts. 

Materials and Methods 

Research pastures were located approximately 3 km southwest 
of College Station, Texas. Annual average rainfall is 95 cm, with 
peaks in May and September. Details of climate and vegetation 
were reported by Kirby (1980). Two replications of three treat- 
ments applied in May 1977 and fenced into I .5 and 2.5-ha pastures 
included: (1) no treatment, (2) mechanical dozing and piling of 
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underbrush and small trees, and (3) aerially applied, 20% tebuthiu- 
ron pellets at 2.2 kg/ ha (active ingredient). 

A seasonal grazing sequence of fall (September to December) 
1977, summer (June to September) 1978, and spring (March to 
June) 1979 was established so that the study pastures would be 
rested approximately 2 10 days between grazing periods. An equal 
number of steers (150 to 200 kg) were allocated each season to 
study pastures to properly utilize the available forage within the 
90-day seasons. Each seasonal grazing period was terminated at 
50% utilization of the key management herbaceous species, little 
bluestem in spring and summer, and brownseed paspalum in fall. 

Estimates of herbaceous production and availability (kg/ ha) at 
the beginning and end of each seasonal grazing period were deter- 
mined by hand-clipping to ground level all vegetation rooted 
within 15, .25-m* plot frames. In addition, 15, adjacent paired, 
.25-m* plots protected from grazing were clipped seasonally at the 
termination of grazing periods for determination of forage disap- 
pearance. Available browse was not determined due to time con- 
straints imposed by the large diversity and amount of woody 
species present on the site. Kirby ( 1980) has described the density of 
these woody species. 

Grass clipped in the field was separated by species. Forbs, 
including vines, were cornposited by clipped plot. Clipped forage 
was weighed in the field and representative amounts of each grass 
species and all forbs were oven dried at 65OC for 72 hr. Field 
weights were then corrected for moisture content and converted to 
percent composition by weight. 

The procedure for dietary collection was previously reported by 
Kirby and Stuth (1982b). Dietary samples from each cow were 
thoroughly mixed and a subsample of approximately 1 kg 
removed. Subsamples were then cornposited across animals by 
brush treatment, and date of collection, and frozen at -200 C. These 
cornposited samples were lyophilized and stored in plastic bags 
until determination of botanical composition. 

Botanical composition analysis followed the microscopic analy- 
sis technique described by Kothmann (1968). Plant fragments were 
identified within 20 randomly selected micro-plots. Data were 
recorded by species as leaf or stem, live or dead, and unidentifiable. 
Derived categories included total grasses, forbs, and woody, and 
total leaf: stem and live: dead ratios. 

Data were analyzed seasonally by analysis of variance utilizing a 
randomized complete block design with two replications of each 
treatment. Duncan’s multiple range test was used to compare 
differences among means (Steel and Torrie 1960). 

Results and Discussion 

Grasses dominated the herbaceous composition of study 
pastures in all seasons particularly in the tebuthiuron-treated 
pastures (Table 1). Forbs increased in composition on pastures 
throughout the study. Forb composition was similar in untreated 

434 JOURNAL OF RANGE MANAGEMENT 35(4), July 1982 



Table 1. Percent composition of herbaceous species present in study pastures and selected by cattle following brush management in east-central Texas.1 

Species 

Pasture Diet 

Spring Summer Fall Spring Summer Fall 
N MTNMTN MTNMTNMTNMT 

Grass and grasslike 
Barnyardgrass (Echinochloa crusgalli) 
Broomsedge bluestem (Andropogon virginicus) 
Brownseed paspalum (Paspalum plicatulum) 
Chasmanthium sp. 
Dicanthelium sp. 
Fall witchgrass (Leptoloma cognatum) 
Florida paspalum (Paspalum floridanum) 
Johnsongrass (Sorghum halepense) 
Little bluestem (Schizachyrium scoparium) 
Meadow dropseed (Sporobolus asper) 
Oldfield threeawn (Aristida oligantha) 
Red lovegrass (Eragrostis intermedia) 
Rushes (Juncus sp.) 
Sedges (Carex sp.) 
Silver bluestem (Bothriochloa saccharoides) 
Texas wintergrass (Stipa leucotricha) 
Winter bentgrass (Agrostis hiemalis) 
Wright’s threeawn (Aristida wrightii) 
Unidentified 

Total 

Forb 
Common poison ivy (Rhus toxicodendron) 
Croton sp. 
Peppervine (Ampelopsis arborea) 
Saw greenbriar (Smilax bona-nox) 
Southern dewberry (Rubus trivialus) 
Thistle (Cirsium sp.) 
Unidentified 

Total 

Woody 
Oak (Quercus sp.) 
Possomhaw yaupon (Rex decidua) 
Willow baccharis (Baccharis salicina) 
Winged elm (Ulmus alata) 
Yaupon (Ilex vomitoria) 
Unidentified 

Total 

O’Otttl24OOOOOOOOO 
ob‘oo21 3 I2 8 0 0 0 0 0 0 I 0 0 

22 I7 I4 33 38 63 48 41 54 28 23 23 40 50 55 41 52 56 
OtOOO1OtOOOOOlOOO 

:*3 2 I2 0 3 5 2 2 2 2 0 0 0 t I I 
000010lt0000000000 
I 023 3 0 7 0 t I I tll 0 0 6 t I I 
0000000000tt00t1 0 

I6 II 20 28 I5 20 26 I2 19 24 25 30 29 26 26 I3 I; I2 
1t00lt000000000000 
12300t21t000000000 
tl0tl0000000000000 
12ttlt10t000000000 

I2 7114 2 2 4 3 5 I I t 1 I I3 I4 
00030006t000000000 
0 t 0 t 0 t 1 t 0 1 0 0 I t 4 3 5 
OtOtOOOOOOl1O :, 0 0 0 0 
2tttttOt0000000000 
0 3 03 0 1 2 2 I 0 3 7 4 0 2 0 6 IO 4 

58a 56a 74b3 72a 64a 95b 92a 83b 93a 60a 59a 71b 71a 79b 89c 69a 80b 83b 

- - - - - - - - - 0 0 0 0 0 0 2 0 I 
-000211000 
- 3 6 I I 3 2 2 I I 

- - - - - - - - - II 7 IO 2 2 I 0 0 0 
-4l3000lt 
- 6 2 2 0 0 0 0 0 : 

- - - - - - - - - I I3 IO 6 1 4 0 0 0 
42a 44a 26b 28a 36a 5b 8a l7b 7a 25a 29a 26a I la 7a 8a 5a la 2a 

- _4_ - - - - _ 5 4 I 12 6 3 16 I3 6 
-0000t0001 

- - _ _ _ - - - - 2 2 I I 2 0 3 3 3 
- 0 0 0 t t 0 t 0 

- - _ _ _ - - _ _ 3 I 1 5 5 0 5 : 2 
-550010233 

- - _ _ _ - - - - l5a l2a 3b 18a l4a 3b 26a l9b l5b 

‘Brush treatments included: none (N), mechanical (M), and tebuthiuron (T). 
Zlndicates composition of less than 0.5%. 

‘Means within a row and season followed bv a different suffix are sinnificantlv different (KO.05) 
4Composition of woody vegetation was not measured in study pastures. 

and mechanically treated pastures but was reduced where the 
herbicide was applied. Of the available herbaceous forages, 
brownseed paspalum (Paspalum plicatulum) (Gould 1975) and 
little bluestem (Schizachyrium scoparium) dominated the 
composition of study pastures. These two grass species jointly 
comprised 53% to 83 % of the total herbaceous composition of 
pastures during the summer and fall grazing periods and averaged 
33% during the spring grazing period. Cow diets selected were 
dominated by grasses, regardless of season grazed (Table 1). 
Amounts of brownseed paspalum and little bluestem in cow diets 
were equal from all pastures during the spring grazing period. 
However, brownseed paspalum was the major component 
identified in diets from summer and fall grazing periods. Texas 
wintergrass (Stipa leucotricha) contributed significantly to fall 
diets, while Florida paspalum (Paspulumfloridanum) increased in 
diets from tebuthiuron-treated pastures throughout the study. 

tures. Woody vegetation comprised more (EO.05) of fall diets on 
untreated pastures, compared to those from mechanically treated 
pastures, but was similar to these pastures in spring and summer 
grazing periods. This indicates that woody resprouts in mechani- 
cally treated pastures were consumed no more readily than mature 
woody vegetation in untreated pastures. 

Dietary forb content decreased from spring through fall (Table 
2). Vine species, peppervine (Ampelopsis arborea), saw greenbriar 
(Smilax bona-nox), and southern dewberry (Rubus trivialus) con- 
tributed 50% or more of the forbs identified in diets each season. 

As seasons progressed and the availability of desirable forbs 
declined, cows selected more woody vegetation (Table 1). Oaks 
(Quercus spp.) contributed most of the woody vegetation in diets 
during all seasonal grazing periods with yaupons (Ilex spp.) and 
willow baccharis (Baccharis salicina) being the next most preferred 
species based on diet composition. 

More grass was consumed (EO.05) in all seasonal grazing Selection among forage classes varied with time spent in pas- 
periods on tebuthiuron-treated pastures and in fall and summer on tures during seasonal grazing periods (Table 2). Selection of grass 
mechanically-treated pastures compared to untreated pastures decreased (EO.05) and woody selection increased (EO.05) with 
(Table 1). Similar amounts of forbs were selected from all treat- time spent in pastures for all seasonal grazing periods. Buchanan et 
ments in seasonal grazing periods. Woody vegetation was con- al. (1972) reported the same relationship from diets sampled on a 
sumed less (p10.05) each successive seasonal grazing period on tall forb range in Montana except forbs were substituted for 
tebuthiuron-treated pastures when compared to untreated pas- grasses. Forb consumption increased (p10.05) in spring and 
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Table 2. Composition (%) of cattle diets sampled at the beginning and end of seasonal grazing periods following brush management in east-central Texas.1 

Spring Summer Fall 

Forage class and N M T -N M T N M T 
plant part ratios I 2 I 2 I 2 I 2 I2 I2 12 I2 I2 

Grass 
leaf:stem 
livedead 

Forb 
leakstem 
live:dead 

Woody 
1eaf:stem 
live:dead 

74cz 46b 85d 32a 9ld 53b 81d 6la 86d 72bc 99e 79cd 83d 54a 92e 68b 90e 76c 
4.7 2.8 6.7 4.3 29.3 12.3 39.5 29.5 27.7 35.0 15.5 10.3 4.5 8.0 4.1 5.2 6.5 5.9 
7.2 8.2 41.5 15.0 44.5 25.5 80 -q - - 98.0 78.0 41.0 - 91.0 - 89.0 75.0 

22b 28b 1 la 47c 8a 43c 10b 12bc Oa 14bc Oa 16~ IOC lab 2ab Oa 4b lab 
10.0 8.3 4.5 2.6 6.2 9.0 I I.0 - 13.0 - 15.0 9.0 - - - - ~ - 
10.0 13.0 10.0 3.0 __ _. - - - - - - - 

4a 26b 4a 21b la 4a 9bc 27d 14c 14~ la 5ab 7a 45d 6a 32c 6a 23b 
12.0 4.3 12.5 13.0 - - - - - - - - -~ ~ 21.5 15.0 5.0 22.0 

_ _ _ 4.0 _ - - - - - 

‘Beginning and end sampling dates are represented as I and 2, while brush treatments included: none (N). mechanical (M). and tebuthiuron (1.). 
?Meanb within a row and season followed by a diflercnt suffix are significantly different (p<0.05). 
‘Either leaf or stem. or live or dad plant parts were absent from diet samples. 

summer grazing periods with time spent in pastures. This would 
indicate that forbs and woody vegetation were not preferred cattle 
forages in this region of Texas. 

In numerous studies, leaves were the major part in livestock diets 
(Galt et al. 1969, Durham and Kothmann 1977, Allison and Koth- 
mann 1979). All diet samples in this study were also dominated by 
leaf material (Table 2). Grass and forb stem consumption tended to 
increase with time spent in pastures especially during dormant 
periods. This increase in stem consumption was presumably a 
result of lowered availability in leaf material in the remaining 
standing crop as grazing intensity increased, and maturation of the 
vegetation during dormant periods with a subsequent increase in 
stem portion of available forage. Few woody stems were consumed 
from the pastures. Dead material was consumed irregularly in very 
low amounts in each forage class. 

Ample availability combined with preference for brownseed 
paspalum and little bluestem appears to make these two grasses 
ideal key management species for east-central Texas rangeland 
used for cattle production. Woody vegetation, whether resprouts 
or mature, did not appear to be a preferred forage class. Cattle 
alone should not be expected to maintain or make efficient use of 
brush infested or mechanically-treated rangeland in this region of 
Texas. The use of a combination of cattle and goats, that would 
effectively manipulate the available woody vegetation and main- 
tain the beneficial aspects of mechanical brush management and 
maximize long-term returns, needs investigation. 
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Cost of Controlling Maturing Western 
Juniper Trees 
JAMES A. YOUNG, RAYMOND A. EVANS, JERRY D. BUDY, AND ALLEN TORELL 

Abstract 

A cost evaluation was conducted of four alternatives for 
improvements on maturing western juniper (Juniperus occidentu- 
lis) woodlands. The alternatives were: (a) the use of picloram 
(4-amino-3,5,6-trichloropicolinic acid) to kill the trees with no 
further treatment, with a total cost of %78/ha (%3l/acre); (b) piclo- 
ram with sufficient limbing and/or removal of trees to allow 
passage of a rangeland drill for seeding at a cost of %448/ha 
($179/acre); (c) mechanical clearing and burning of the trees at a 
cost of %595/ha (%237/acre); and (d) wood harvesting and slash 
disposal at a cost of %2,08O/ha ($832/acre). The picloram and limb, 
mechanical, and wood-harvesting treatments provide mechani- 
cally seedable sites, but of considerably different quality in terms of 
ease of seeding and chances of seedling establishment. The 
mechanical treatment requires a large capital investment, while the 
wood-harvesting treatment requires a large amount of labor. 
Based on equivalent energy values, the wood-harvesting operation 
would produce a profit for the landowner who could afford to 
invest the labor. For a specific woodland, a combination of treat- 
ments would be most cost effective. 

During the late 19th and early 20th centuries, range sites that 
formerly supported big sagebrush (Artemisia tridentam)/ bunch- 
grass communities were suddenly invaded by western juniper 
(Juniperus occidentalis subsp occidentalis) trees (Burkhardt and 
Tisdale 1969, 1976; Young and Evans 1980). These stands are now 
in a successional stage where the trees completely dominate the site 
and have largely depleted the understory of competing grass and 
browse species. Juniper roots occupy the soil profile to the extent 
that the site is effectively closed for seedling establishment of 
desirable forage or browse species. In many stands the junipers are 
approaching maturity, with 150 trees/ ha (60/acre); individual 
trees are 9.2 m (30 ft) tall and 0.5 m (20 inches) in diameter at the 
base (Young and Evans 1981). The tree canopies are not closed, 
and projected crown covers range from 36 to 45% in the stands. 
The density of trees on invasion sites is relatively constant, appar- 
ently reflecting an equilibrium with available environmental 
potential. 

The purpose of this study is to evaluate alternatives for the 
improvement and utilization of these stands by ranchers. In other 
studies, either published or in progress, we have reported on why 
these invasion stands exist and how to prevent their occurrence. 
This study concerns the ranch manager’s options given the existing 
woodlands. The study was designed for western juniper woodlands 
that are owned by ranchers who are interested in enhancing forage 
production for livestock. Because of the power units available and 
the biological conditions of the stands, we did not consider chain- 
ing as a treatment. Within these constraints, the treatments evalu- 
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assistant professor of forestry; and formerly research associate, agricultural and 
resource economics, University of Nevada, Reno 89512. 
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ated were designed with the equipment and capital available to 
ranchers. Although we are dealing with western juniper,which 
primarily inhabits northeastern California, eastern Oregon, and 
southwestern Idaho, the principles involved apply, within environ- 
mental limitation, to all pinyon (Pinus) (sp)/juniper woodlands. 

Methods and Materials 

The study area was located on Juniper Hill near Adin, in western 
Lassen County, California. The soils, climate, and history of 
juniper woodlands on the hill are given by Young and Evans 
(1981). 

The study site consisted of approximately 32 ha (80 acres) of 
relatively uniform woodland. The average density of trees was 
lSO/ ha (60/acre); average height was 9.2 m (30 ft), and 0.5 m (20 
inches) in diameter at the soil level. 

We evaluated four methods for the improvement of this wood- 
land: (a) mechanical clearing and burning in preparation for seed- 
ing, (b) control of the trees with the herbicide picloram 
(4-amino-3,5,6-trichloropicolinic acid), (c)control of the trees with 
picloram followed by sufficient limbing to allow seeding, and (d) 
harvest of the trees for fuel wood followed by slash disposal in 
preparation for seeding. 

The mechanical clearing was done by the ranchers using a 90 
drawbar horsepower bulldozer equipped with logging canopy. We 
specify drawbar horsepower because modern small tractors have 
as much power as lo-year-old much larger machines at the same 
popular designation. The trees were bunched for burning and, after 
initial burning, the remaining piles were rebunched for more com- 
plete burning. A rectangular piece of woodland 4 ha (10 acres) in 
area was mechanically cleared. 

The picloram was applied to 0.1 ha (0.25 acre) circular plots by 
three methods: (a) dripline application, (b) broadcast under the 
tree, and (c) area broadcast. The rate of application was a constant 
14 grams per m (0.5 oz per yard) of tree height of 10% a.i. granular 
herbicide. The 1979 cost of the herbicide and the cost used in this 
study was $4.14/kg ($1.88/lb). The plots were replicated four 
times. 

The wood harvest plots were also 0.1 ha (0.25 acre) and repli- 

Table 1. Fuel consumption, repairs, and depreciation calculations for 
equipment used. 

Replace- Cost/hr 

Equipment ment Life Deprecia- 
specifications cost hr Fuel Repair tion 

90 h.p. track tractor $50,000 12,000 $5.00 $4.16 $3.75 
purchased used 

Chain saw 350 1,000 0.45 1.75 0.32 

Woodhauling truck, 7,700 3,000 2.08 1.17 2.33 
314 ton pickup 
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cated four times. A set of four wood harvesting plots was cut in 
1975 and the cutting was repeated on new plots in 1976. All trees 
were cut at the soil level. Tree heights were recorded. The tree stems 
and limbs down to a 7.5 cm (3-inch) diameter were cut into 0.6-m 
(2-foot) lengths and stacked for cordwood measurements. The 
remaining slash was piled, allowed to dry for a year, and burned. 
For all treatments, detailed records of labor requirements and 
equipment usage were maintained for use in the economic evalua- 
tions. Labor was charged at $S/hour for general skill level opera- 
tions and $ IO/ hour for heavy equipment operations. These labor 
costs are based on what the rancher could sell his labor for in the 
local market. 

The depreciation cost for equipment used was calculated using 
straightline depreciation. Repair cost was calculated by the stand- 
ard machinery formula of Reed and Hero1 (1978): 

Repair cost/ hr = Purchase price X percent of purchase for total repairs in 
life 

Hours of life 

The percent of the purchase price allocated for repairs was 100% 
for the tractor, 50% for the wood-hauling truck, and 500% for the 
chain saw. The allocation for chain saw repairs may seem high, but 
is based on actual field experience. 

Fuel consumption for the tractor was calculated from the Reed 
and Hero1 (1978) formula: 

Fuel consumption in gallons/hr = 75% maximum hp X .075 

The diesel fuel price was $0.22/L ($0.85/gal) with a 16% sur- 
charge added for lubricants and oil. The fuel consumption for the 
chain saw was derived from figures given by manufacturers: a 
I .24-L (42 oz) fuel tank should give 25 minutes continuous cutting 
or about 60 minutes actual working time. Depending on the brand 
of saw, the gas-to-oil ratio is 16: 1 or 32: I. With the cost of gas set at 
$0.26/ L ($ I /gallon), the cost of the fuel mixture would be $0.40 to 
$0.50; therefore we used the midvalue of $0.45/hour. The cost per 
hour for fuel, repairs, and depreciation for equipment in the treat- 
ments was calculated from the information given above (Table 1). 

Results 

The cost of controlling western junipers ranged from $78/ha 
($31 /acre) for the use of picloram to $2,08O/ha ($832/acre) for 
wood harvesting (Table 2). In considering these comparisons, one 
must remember that the treatments do not produce equal results. 
The proper application of picloram will kill the trees, but they will 
remain standing for many years. Usually, the density of trees 
prohibits the use of mechanical equipment to seed forage grasses in 
the environmental potential released by controlling the trees. The 
standing but dead trees are virtually fireproof and cannot be 
disposed of by burning. The herbicide and limb treatment was 
designed to either remove trees or cut the limbs from the trees so a 
rangeland drill could be towed among the dead trees for the seeding 
of forage species. 

Both mechanical control and wood harvesting result in the 
complete removal of the trees. Wood harvesting leaves the stumps, 
whereas mechanical control extracts the stumps with the trees. 

0.8 2.3 3.8 5.3 8.9 8.4 9.9 11.4 

HEIGHT CLASSES - METERS 
Fig. 1. Average number of trees per hectare by height classes.for maturing 

stands of western juniper. 

With both of these treatments, the site is ready for weed control 
and seedbed preparation. However, the product of wood harvest- 
ing helps offset the cost of the treatment. 

We present the cost evaluation in relation to height classes of 
western juniper trees encountered in the treated woodlands. Costs 
per unit area were calculated by multiplying the average density of 
trees by the cost of treatment for a given height class. To arrive at a 
cost analysis, the land manager who wishes to apply the results of 
the study only needs to know the density and height distribution of 
the trees in the woodland to be treated. Subdividing the stand of 
trees by height classes is also useful in designing the most effective 
multiple treatments for a given woodland. 

The average western juniper stand to which we applied treat- 
ments had 52% of the trees in the 6.1 to 9.1 m (20- to 30-foot) height 
class (midvalues, 6.9 and 8.4 m or 22.5 and 27.5 ft) (Fig. I). Only 
2.4% of the trees in an average stand were shorter than 3 m( 10 feet). 
This stand structure reflects sites that were rapidly invaded by 
junipers during the 1890’s and through 1910 and since have been 
fully stocked with minimum chances for establishment of new trees 
(Young and Evans 1981). 

Picloram 
Because the rate of herbicide was based on the tree height, there 

was a positive relationship between the cost of picloram treatments 
and tree height (Fig. 2). However, this relationship was somewhat 
complicated by the inclusion of labor for applying the herbicide. It 
takes disproportionately longer to treat the dripline of large trees 

Table 2. Cost per acre by tree height classes for western juniper control with picloram, control with picloram and limbing, mechanical control,and wood 
harvest. Tree height class distribution for average maturing stand of western juniper.a 

Cost in dollars per acre 
Midvalues of tree height class-ft 

Treatments 
Total cost/ Total cost/ 

2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 acre hectare 

Picloram 0.02 0.38 1.01 3.84 7.49 9.74 7.87 1.01 31.36 78.40 
Picloram and limb 0.46 2.82 3.87 17.43 46.10 57.29 45.64 60.30 179.64 449. IO 
Mechanical 0.75 3.61 12.43 37.57 56.37 65.76 53.32 7.00 236.8 1 592.00 
Wood harvest 0.49 6.03 29.72 89.53 172.23 271.64 246.30 33.10 832.30 2080.75 

‘For clarity only the total costs per acre are converted to metric system. 
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TOTAL COST DOLLARS PER TREE 
Fig. 2. Regression line, equation, and r2 value for relation between tree 

height and cost of application of picloram. 

than that of small trees. As indicated by the coefficient of determi- 
nation (r2=0.987), tree height accounted for 99% of the variability 
in the cost of controlling western juniper trees with picloram. 

With dripline applications of picloram, 1 hour and 10 minutes 
labor was required to treat 0.4 ha (1 acre) of 60 trees with the 
average height distribution. Labor accounted for 19% of the 
$78/ha ($3 1 /acre) cost of the treatment (Fig. 3). Only 15.3 kg/ ha 
(13.5 lb) were applied to an average acre of woodland; therefore, 
the additional cost of transporting the herbicide from the ranch 
headquarters to the site would be slight. With an 8-km (S-mile) 
hauling distance and the truck we used for hauling wood in the 
evaluation, the cost of transporting the herbicide would be less 
than $O.O3/ha ($0.01 /acre). 

Table 3. Comparative labor requirements per acre in hours for picloram 
applications, picloram plus limbing, mechanical and wood harvesting 
operations for western juniper woodlands.1 

Treatment 

Time requirement 
per acre 
(hours) 

Picloram 
Dripline 
Undertree 
Broadcast 

1.16 
.75 
.25 

Picloram and limb 
Dripline 
Limbing 
Slash disposal 

1.16 
18.00 
2.00 

Mechanical 10.00 

Wood harvest 
Falling 
Limbing 
Bucking 

12.83 
26.33 
16.63 

Piling slash 54.27 
Piling wood 10.87 

Hauling wood 4.00 

1 For clarity, the labor requirements are shown in hours per acre. To convert multiply 
by 2.5 hours per hectare. 

COMPARATIVE 
LABOR COST 

5-19% 

Fig. 3. Percentage distribution for cost involved in controlling western 
juniper trees with picloram. Three methods of application, dripline, 
under tree, and broadcast are compared. Labor costs are shaded. Total 
cost for dripline application is $78/ha ($31 /acre). 

We evaluated two other methods of applying picloram: under 
the tree and area broadcast. The efficiency of the tree control 
obtained with these three methods was equal in the specific stand 
treated (unpublished research, Agr. Res. Serv.-Reno, Nevada). 
The rate and, therefore, cost of herbicide was the same, but labor 
requirements differed (Table 3). By just throwing the required 
amount of herbicide under the trees and not worryingabout distri- 
bution around the dripline, 0.4 ha (1 acre) of average woodland 
could be treated in 45 minutes, reducing the total cost per ha to $74 
($29/acre). If the herbicide was merely broadcast in the stand, at 
the same rate that would have been used to treat individual trees 
based on their height, labor requirements were reduced to 38 
minutes/ ha (15 minutes/acre) and the total cost reduced to $66/ha 
($26/acre). This is a 19% reduction in cost per hectarecompared to 
the dripline treatment. With broadcast treatments only 5% of the 
total cost is labor. 

In states where picloram is registered for control of western 
juniper on rangelands, the label specifies dripline treatment. The 
label also specifies 51 g of herbicide per m (2 oz per yard) of tree 
height, four times the rate used in this evaluation. 

Picloram and Limb 
The herbicide and application remain the same for the picloram 

and limb treatment, but costs for limbing, labor, chain saw fuel, 
repairs, depreciation, and slash disposal must be added. The high 
correlation between tree height and total cost remains (Fig. 4) with 
92% of the variability in cost being accounted for by tree height. 
The total cost jumps to $449 (Table 2) or $370 above the cost per 
hectare of picloram alone ($179/acre total cost). Of this additional, 
$115 are chain saw expenses (fuel, repairs, and depreciation) and 
$255 for labor (Table 3). Fifty hours/ ha (20 hours/acre) additional 
labor above that required for herbicide application alone were 
required for limbing the trees. Limbing required 90% of the addi- 
tional labor (Fig. 5). 

The quality of the seedbed left by the picloram and limb treat- 
ment was highly variable. The spots where the slash was burned 
provide an excellent competition-free seedbed with no evidence of 
water repellency by the burned soil. The undisturbed accumulation 
of litter left under the canopies of the standing, but dead trees 
creates a very poor seedbed for many years until the litter decays. 

Mechanical Tree Removal 
The total cost for mechanical removal of the western juniper 

trees was $595/ ha ($236/acre) for woodland with an average of 150 
trees/ha (60 trees/acre). Tree height accounted for 93% of the 
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TOTAL COST DOLLAKS PER TREE 

Fig. 4. Regression line, equation, and 1-2 value for relation between tree 
height and the cost of application of picloram and limbing trees. 

variability in cost per tree (Fig. 6). In mechanical clearing, stand 
density has a proportionately larger influence on cost because of 
the time required to move the tractor from tree to tree. The major 
portion, 43%, of the cost of mechanical clearing was in labor for 
tractor operation (Fig. 7). Because of the skill level required, we 
valued this labor at $lO/ hour, double the cost of the general skill 
labor. Tractor fuel and repairs were other major contributors to 
the cost of mechanical clearing. Because of the large capital invest- 
ment in the tractor, depreciation becomes a major cost at 15% of 
the total. Slash disposal was a relatively minor cost of mechanical 
clearing, amounting to 3% of the total. 

Wood Harvest 
Tree harvesting for fuel wood was a labor-intensive treatment 

and is expensive at $2,08O/ha ($832/acre).’ The correlation 
between tree height and cost per tree remained high, with 97% of 
the cost variability accounted for by tree height (Fig. 8). Labor 
accounted for SOYc of the cost of this treatment (Fig. 9). Tree 
falling, limbing, and bucking and piling slash accounted for the 
major part of the required labor. 

CHAIN S A W  
DEPRECIATION 

CHAIN S A W  REPAIRS 

Fig. 5. Percentage distribution for cost involved in the picloram and 
limb treatment for control of western juniper trees. The labor costs are 
shaded. Total cost is $448/ha ($179/acre). 

a 
a 1 2. 3 4 S 6 

TMAL. COST DOLL.AF?S FW? TREE 
Fig. 6. Regression line, equation, and r-I value for relation between tree 

height and the cost of mechanically removing trees. 

Tree harvesting leaves the stumps, but if the trees are cut at the 
soil surface, implements such as rangeland drills can be pulled over 
them. In contrast, mechanical clearing results in the tree rootballs 
being jerked from the ground. This results in holes that are too 
large for wheeled tractors to negotiate on 2% of the area, and 5% of 
the treated area is taken out of production by the piles of rootballs 
and trunk bases that will not burn. 

Based on an average yield of 56 m3 of fuelwood per hectare (10 
cords/acre), we harvested 442.5 million btu of energy from each 
hectare (177 million btu/acre) (Table 4). If the ranchers who own 
the woodlands were willing to use this wood in place of fuel oil, a 
replacement value of $4,525/ha ($1,8lO/acre) could be realized, 
with fuel oil at $0.26/L ($l/gallon). Note that our harvest costs 
were $2,08O/ha ($832/acre), leaving a profit of $2,444/ha 
($977/acre). This would be a considerable cash savings, but the 
rancher and his family would have to give up the convenience of oil 
heat for the constant attention and inconvenience associated with 
heating with wood as fuel. 

More importantly, the rancher would have to have the time 
necessary to cut the wood. Because of weather constraints on other 

TRACTOR 
SLASH DISPOSAL 

LABOR 
SLASH DISPOSAL 

2 Y. 

IX 

Fig. 7. Percentage distributionfor cost involved in mechanical removal of 
western juniper trees. Labor costs are shaded. Total cost is $595/ha 
($237/acre). 
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Table 4. Wood yield from western juniper trees and its energy value compared to white oak and ponderosa pine.” 

Species comparison 

White oak 
Western juniper 78% of white oak 
Ponderosa pine 
Average yield of juniper wood 

10 cords/acre 

Available heat per Anthracite 
cord of wood (Btu’s)b coal (tons) 

22.7 million 1.04 
17.7 million .8l 
13.6 million .62 
177 million 8.10 

Equivalent energy 
Fuel oil 

(gallons) 

232 
181 
139 

1810 

Natural gas 
(100 ft.3) 

284 
221 
170 

2210 

“Assuming 80 cubic feet (2.24 M-‘) of solid wood per air-dry cord (12-15 percent moisture). 
bAll comparisons in English units only for clarity. Energy values from Sargent (1885). 

farming/ ranching activities, the months of December, January, 
and February are about the only period when the typical rancher 
has time for wood harvesting. If, during this 3-month period, cattle 
are fed 2 hours/day and if two-thirds of the working days had 
suitable weather, the rancher would have 260 hours available for 
wood cutting. Each cord of wood required 12.4 hours of labor. 
With a 180-day home heating requirement in the western juniper 
area, the rancher would need 2,044 L (540 gallons) of fuel oil or 
6.72 m3(3 cords) ofjuniper wood annually. This is based on 11.36 L 
(3 gallons) per day consumption. The wood harvest would require 
37 of the 260 available hours. Unfortunately, only 0.12 ha (one- 
third of an acre) would be cleared for range improvement yearly. If 
the rancher uses the wood harvest technique for range improve- 
ment and he wants to do a significant area of woodland annually, 
he has to have a market for the wood. 

The average retail price of ponderosa pine (Pinus ponderosa) 
wood in the Reno, Nev., metropolitan area has been $95/ 2.24 m3 (1 
cord). Based on equivalent btu’s, the price of western juniper wood 
in this market would be $115/2.24 m3 (1 cord) (Table 4). The 
rancher would have gross sales of $2,875/ha ($1,15O/acre) from 
selling juniper wood in the Reno market. Harvesting cost of 
$2,OSO/ha ($832/acre) would leave $3 l/ 2.24 m3 ( 1 cord) to pay for 
transportation and marketing cost. If the rancher could sell wood 
that was cut and yarded for $83/2.24 m3 (1 cord) to a commercial 
wood dealer in a central location, he would be breaking even while 
obtaining the site preparation for range improvement. 

The shipping distance from the study area (Adin, Calif.) to the 
closest metropolitan market (Reno, Nev.) is 258 km (160 miles). 

/ 

+ 

+ .4elx 

Fig. 8. Regression line, equation, and 
height and wood harvesting cost. 

r2 value for relation between tree 
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Based on 18-ton truckoads, the cost of shipping fuel wood would 
be $61/2.24 m3 (1 cord) with 1,419 kg (3,130 lbs) of air-dry wood 
per 2.24 m3 (1 cord). Without including loading, unloading, and 
retail delivery charges, this results in a net loss of $29/2.24 m3 (1 
cord). Essentially, fuel wood prices will have to rise to at least 
$150/2.24 m3 (1 cord) in the Reno market for wood harvesting in 
the western juniper woodlands at Adin to be economically feasible. 

Discussion 
In this comparison of costs, methods ranged from the technolog- 

ically intensive herbicide treatment where labor cost is $3.13/ha 
($1.25/acre) to the labor-intensive treatment of wood harvesting 
where labor cost is $l,697/ha ($679/acre). When the ranchers 
choose among treatments for a specific woodland, they often fail to 
place a value on their own labor. Despite a lack of interest in the 
value of their labor, ranchers are always concerned with the 
amount of labor. Few ranchers have extra time to spend on range 
improvement, even in off-seasons from other ranch operations. 
Among the treatments evaluated, there are substantial differences 
in the amounts of labor involved. The herbicide treatment involves 
38 minutes/ ha (15 minutes/acre) while the wood harvest requires 
303 hours/ha (121 hours/acre). If the rancher does not have the 
303 hours/ha (121 hours/acre) to devote to wood harvesting and 
pursues this treatment with hired labor, the ranch operation faces a 
large cash outflow. The returns from wood harvest have no value 
for cash sales, only as a replacement for fuel oil. Once the rancher 
exceeds his own fuel requirements with replacement wood, he faces 
a stiff cash expenditure for labor with no return on his investment. 

If a rancher in the western juniper area wants to substitute wood 
for oil as a source of household heat, he does not have to harvest 
juniper. Cull logs and pine slash are available from ponderosa pine 
logging operations, usually at no charge. It would require 8.96 m3 

LABOR LAB(N) 
WOOD HAULINQ 5 X 

CHAIN SAW REPAIR 

HAUL TRUCK REPAIR, FUEL. 
AND DEPRECIATION 3 X 

Fig. 9. Percentage distribution for cost involved in wood harvesting of 
western juniper trees. Labor costs are shaded. Total cost is $2,08O/ha 
($832/acre). 



(4 cords) of pine to replace 4.72 m3 (3 cords) of juniper, but the 
labor requirements for cutting this wood would be reduced by 
two-thirds. No range improvement would result for the rancher’s 
rangeland, but he would save money in energy costs. 

Mechanical control of junipers offers a capital-intensive alterna- 
tive to labor or technologically intensive treatments. A new 90-hp 
bulldozer equipped track-layer tractor costs roughly $65,000. We 
based this evaluation on used equipment with a replacement cost of 
$50,000, but this is a large capital investment for generally capital- 
starved ranchers. The cost of hiring a custom operator to carry out 
the mechanical treatments would probably be double the estimates 
we have made for rancher-owned and operated equipment. There 
is a tendency for ranchers to substitute older, used equipment for 
new expensive tractors. This reduces the capital requirements, but 
sharply increases repair costs. For the mechanical tree control, it 
costs $0.39/ minute to operate the tractor; $0.07 or 18% of this cost 
is for repairs. The operation of track-layer equipment on rocky 
slopes leads to maintenance and repair costs that can rapidly 
multiply with older equipment. 

In terms of fossil fuel cost per acre, mechanical clearing was 
$104/ha ($43/acre). The wood harvest used $83 of fossil fuel per 
hectare ($33/acre); picloram and limb treatment used $33/ha 
($13/acre). 

The high cost of piling slash for disposal is readily apparent in 
the picloram and limb, and wood harvest treatments. Obviously, 
broadcast disposal of slash would be much cheaper. Unfortu- 
nately, we have found that the slash interferes with subsequent 

drilling operations, but does not carry a fire that will burn hot 
enough to consume the larger limbs. In wood harvesting from these 
woodlands, only about 42% of the entire woody biomass is 
marketed. 

The possibilities for integrating treatments became readily 
apparent, especially for the smaller trees in the woodlands. Trees 
2.3 m (7.5 feet) high cost $2.0 1 to mechanically control, $0.2 1 to kill 
with herbicides, or $1.57 to control with the picloram and limb 
treatment. If mechanical control is used, it would be cheaper to 
spot treat the very small trees with picloram rather than push them 
over with the bulldozer. 

It is worthwhile to again remind readers that not all the treat- 
ments produce equal results. The alternatives must be evaluated on 
the basis of their relative costs and the results they produce. 
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Forage Response to Overstory Reduction on 
Loblolly-Shortleaf Pine-Hardwood Forest 
Range 
GALE L. WOLTERS, ALTON MARTIN, AND HENRY A. PEARSON 

Abstract 

Herbage and browse production after selectively cutting uneven- 
aged stands of loblolly-shortleaf pine to various densities were 
generally related to residual pine basal area and site quality. Excep- 
tions were at least partially the result of shrub and hardwood 
crown cover development on the triennially burned range. Uniolas 
were the principal forage species under stands having high residual 
pine basal area, bluestems were the major forage component on 
clearings. Browse made up about one-fourth of the forage under 
stands having high residual pine basal area but represented consid- 
erably lower proportions on clearings. 

Loblolly pine (Pinus taeda) and shortleaf pine (P. echinata) are 
the dominant trees in the most extensive forest type in the South. 
Although timber production is the principal use of these forests, 
they also provide valuable habitat for white-tailed deer (Odocoi- 
leus virginianus) and are grazed extensively by cattle. Management 
techniques for maintaining or improving the forage resource need 
refinement, however. This paper reports a study to determine the 
relation of quantity and composition of understory vegetation to a 
wide range of overstory densities. The study, begun in 1969, was 
carried out in uneven-aged stands subjected to a 3-year rotational 
winter burn. 

Study Area 

Three forest blocks at elevations between 42.6 and 48.8 m above 
sea level in north-central Louisiana were studied. Blocks were 1.6 
to 2.2 km apart, and topography within blocks was nearly level. 

Before cutting treatment, loblolly-shortleaf pine basal area aver- 
aged 25.79 m*/ ha. Pines ranged in size up to 71.12 cm dbh. Pine 
2.54 cm dbh or larger averaged 278/ha, and pine seedlings were 
abundant. Loblolly was the dominant pine, having an average site 
index of 29.88 m at age 50, and a site index range of from 25.50 to 
33.54 m. Shortleaf pine site index averaged 26.22 m. The average 
age of pines was about 50 to 60 years. 

Differences in tree site quality and corresponding differences in 
soil series and A-horizon depth were apparent on the study area. 
Site indices less than 27.50 m included soil series Susquehanna and 
Keithville, with less than 15.24 cm A-horizon depths; indices more 
than 29.00 m included series Susquehanna, Keithville, Metcalf, 
Mantachie, Malbis, Beauregard, and Messar, with A-horizon 
depths 15.24 to 30.48 cm. Established descriptions for these soil 
series by the Soil Conservation Service indicate that the Susque- 
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hanna and the Keithville series generally have lower site indexes for 
loblolly pine than the other soil series. Since soils were inter- 
mingled on the plots, site index served as the primary measure of 
site productivity. 

Hardwood trees, primarily blackgum (Nyssa sylvatica), sweet- 
gum (Liquidambar styracijlua), southern red oak (Quercus fal- 
cata), white oak (Q. alba), post oak (Q. stellata) and black oak (Q. 
velutina), produced a moderately dense midstory. These hard- 
woods were as large as 38.10 cm dbh and provided 6.89 to 11.48 m2 
basal area/ha when the study began. Abundant small trees and 
shrubs included red maple (Acer rubrum), flowering dogwood 
(Cornusflorida), witch-hazel (Hammamelis virginiana), snowbell 
(Styrax grandifolia), American beautyberry (Callicarpa ameri- 
cana), hawthorn (Crataegus spp.) and blueberry (Vaccinium spp.). 
The major herbaceous species were longleaf uniola (Uniola sessili- 
flora), spike uniola (U. laxa), panicums (Panicum spp.), and blue- 
stems (Andropogon spp.) in a mixture with composites, legumes, 
and other forbs. 

Annual precipitation averaged 144.7 cm; distribution was rela- 
tively uniform throughout the year except for a typical 4- to 6-week 
dry period in late summer. Domestic and wild herbivores have 
historically used the area yearlong; however, livestock were 
excluded during this study. No burning occurred from the mid- 
1930’s to 1967. 

Methods 

Each of the three study blocks was divided into five plots 80.49 
by 80.49 m (0.6478 ha). Cutting treatments with residual pine basal 
area (BA) of 0, 6.89, 13.77, 20.66, and 27.55 m*/ha-were ran- 
domly assigned to plots within blocks. Pines were removed during 
winter 1968-1969 to obtain prescribed basal areas. Because the 
plots assigned to 27.55 BA treatment levels had only 23.65,24.79, 
and 30.07 m*/ ha BA of pine before treatment, two plots remained 
uncut and only a few trees were selected for removal from the 
other. Except in the clearcuts (0 BA), approximately 1.61 ml/ ha of 
hardwoods (12.70 to 30.48 cm dbh), primarily southern red oak, 
white oak, and a few sweetgum, were left for mast production and 
cover on each plot. Merchantable hardwoods and pines selected 
for removal were harvested; noncommercial trees were injected 
with undiluted 2, 4-D during the summer of 1969. Controlled 
burning (backfires) took place on all treatment plots during March 
1967, 1970, and 1973. 

In February 1969 and January 1975, trees 2.54 cm dbh or larger 
were inventoried on a 0.16-ha sampling plot (40.23 X 40.23 m) 
centered in each of the fifteen 0.6478-ha treated areas. Number and 
diameter of pines and hardwoods were determined on sampling 
plots and values were converted to a per-hectare basis. 

Shrub and hardwood stems less than 2.54 cm dbh, excluding 
pines and vines, were counted and crown diameters within 1.52 m 
of the ground were estimated on six 41.63-m* quadrats within each 
0.16-ha sample plot in spring 1975. Crown cover (m2/ ha) was 
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Table 1. Number and basal area (BA, mz/ha)l of pines before and after treatment by treatment level. 

Year 0 BA 6.89 BA 13.77 BA 20.66 BA 27.55 BA 

1969 
Before-Treatment 
After-Treatment 

1975 
Change 

1969-75 

1969 
Before-Treatment 
After-Treatment 

1975 
Change 

1965-75 

Trees / ha 

2 245f3 316f99 277f82 27289 
9M59 72zt7 13lf42 255f 77 247f 74 

974f635 121fl5 119It35 237f72 23M57 

878 49 12 -18 -17 

Basal area in m2/ha 

2 28.89f2.53 26.38f0.92 21.721tO.23 26.171t 1.84 
0.07f0.23 7.3M0.23 13. I l&0.23 20.25f0.23 25.55fl.15 
2.39zk 1.84 8.72f0.92 15.38f0.69 23.30f0.69 28.261tl.15 

2.32 1.42 2.27 3.05 2.71 

‘Means f standard error of the mean, N = 3, for trees 12.54cm dbh. 
*Pretreatment stand characteristics were not quantified on the clearcut plots. 

calculated from canopy diameters and stem densities for each 
species. 

Current year’s herbage and browse growth up to 1.52 m was 
clipped in November on twenty 0.2232-m* quadrats (47.24X 47.24 
cm) systematically selected each year and pooled for a single 
estimate of production from each of the 0.16-ha sample plots. 
Ovendry production was determined for species or species groups 
in 1970 and 1973 and for herbage and browse groups in 197 1,1972, 
and 1974. 

The relation of forage production to residual basal area, site 
index, and shrub and hardwood crown cover was screened by 
simple and multiple linear and curvilinear regression analysis. 
Only significant, best-fit regressions tested are presented. All tests 
were considered significant at the 0.05 probability level. (Treat- 
ment means, standard error of mean, and sample size are presented 
in the text or tables.) 

Results and Discussion 

Timber Overstory 
Pines 2.54 cm dbh and greater ranged from 72 to 255 stems/ ha 

after treatments were installed in 1969 (Table 1). In 1975, OBA 
(clearcut) treatment averaged 974 pines with basal area of 2.39 
m*/ha; over 900 of these pines were in the 2.54- and 5.08-cm dbh 
size classes and about 50 in the 7.62 to 10.16-cm classes. Four 
treatments, 0 BA, 6.89BA, 13.77BA, and 20.66BA in one block had 
low site indexes (25.30 to 27.13 m); all other treatments were high 
quality sites (29.27 to 33.54 m). The 0 BA treatment with a low site 
index had only 42 natural regenerated pines per hectare, whereas 
the same treatment on high index sites averaged 1,379 natural 
regenerated pines. On pine-stocked treatments, the low site index 
group also had less pine reproduction than the high-quality sites. 
The change in number of trees per hectare from 1969 to 1975 

appeared to be influenced primarily by residual pine basal area and 
site quality, although other conditions may have affected the 
results. 

Basal area of pines increased at an average rate of 0.39 
m*/ha/ year on all treatments including 0 BA from 1969 to 1975. 
The rapid height and diameter growth of natural pine regeneration 
on high-quality sites accounted for the pine basal area increase on 
the clearcuts between 1969 and 1975; pine basal area in 1975 on the 
low-quality site was essentially zero, but on high-quality sites it 
averaged 3.56 m*/ ha. 

After treatment was established in 1969, hardwoods 2.54cm dbh 
and greater averaged 40 to 44/ha on stocked plots with basal areas 
varying from about 1.17 to 1.74 m*/ ha (Table 2). In 1975, hard- 
woods ranged from 49 to 46O/ha with basal areas from 1.38 to 2.07 
m*/ ha. On the clearcut, 151 hardwoods, primarily red maple 2.54 
to 5.08 cm dbh, survived the silvicide; by 1975 there were 1,509 
hardwood stems 2.54 to 11.16 cm dbh providing 2.43 m*/ ha basal 
area despite the triennially prescribed winter burns. Regeneration 
of hardwoods, primarily from root and stump sprouts, also 
appeared to be influenced by site quality and residual pine basal 
area. 

Understory Vegetation Production 
Herbage, browse, and total forage production fluctuated greatly 

from year to year apparently as a result of environmental condi- 
tions, including prescribed burn history and recovery from logging 
(Table 3). The 0 BA and 6.89 BA treatments were most productive 
in 1970 following heavy logging and a prescribed burn. Production 
was 25 to 50% less in 1971 and 1972 but appeared to increase in 
1973 after the March burn. Maximum production on 13.77 BA, 
20.66 BA, and 27.55 BA treatments was generally not obtained 
until after the 1973 burn. 

Loblolly-shortleaf pine-hardwood forest can provide substan- 

Table 2. Number and basal area of hardwood trees after reduction of pine density to various levels (BA,mz/ha)l 

Year 0 BA 6.89 BA 13.77 BA 20.66 BA 27.55 BA 

1969 
1975 
Change 

1969-75 

1969 
1975 
Change 

1969-75 

15lf82 4OklO 
1505f929 46Okl24 

1354 420 

0.16f0.23 1.17fO.23 
2.43f I. 38 1.4M0.46 

2.27 0.32 

Trees / ha 
42f25 

324f9 1 

282 

Basal area, m2/ha 
1.26f0.23 
1.68f0.23 

0.42 

44f5 40f7 
22of64 49f7 

176 9 

I. 74f0.23 1.49fO.23 
2.07f0.69 1.38fO.46 

0.33 -0.11 

‘Means f standard errors of the mean, N = 3 for trees 52.54cm dbh. 
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‘Means f standard error of the mean, N = 3 

tial amounts of range forage, although abundance of such forage 
depends on management objectives. Generally, herbage, browse, 
and total forage production declined with increased increments of 
residual pine basal area; however, there were exceptions. Appar- 
ently, factors in addition to residual pine basal area, such as site 
quality, also influenced forage production. 

Schuster and Halls (1963) and Schuster (1967) reported that 
forage yields, though more closely correlated with timber stand 
conditions, were influenced by soils and physiographic factors; 
Cromer and Smith (1968) reported that availability of browse was 
influenced by site indices. Throughout the current study, browse 
production was significantly related to both residual pine basal 
area and site quality; herbage production, however, was related to 
both pine basal area and site quality only during 1970, 1971, and 
1973 (Table 4). 

Shrub and hardwood crown cover may have limited herbage 
production in 1972 but in general herbage production increased 
substantially in 1973 after shrubs and hardwoods were reduced by 
the March control burn. When shrub and hardwood crown cover 
(CC) was added to the 1974 herbage equation as the third inde- 
pendent variable with pine basal area and site index, the equation, 
Y=2503.5 - 55.OBA - 23.4SI - O.l82CC, (s.e. 477.8) explained a 
significant amount (52%) of the variation in herbage production. 

Thus, it is reasonable to expect that herbage and browse produc- 

Table 4. Results of regression analysis, illustrating relation of browse and 
herbage production to residual pine basal area (BA,m*/ha) and loblolly 
pine site index (SI m at age 50) by year. 

Table 3. Average annual herbage and browse production by basal area (BA,m*/ha) treatment and year. 

Year and forage group 0 BA 6.89 BA 13.77 BA 20.66 BA 27.55 BA 

Kg/ ha1 
1970 

Herbage 4403f 852 2554f230 1037f293 616f161 256f86 
Browse 461f 150 467f208 25M121 164f 100 164f41 
Total 4864 302 I I287 780 420 

1971 
Herbage 1903f294 1244+73 739+ 130 666* 159 449+121 
Browse 27284 224f77 15M28 126f36 72f5 
Total 2175 1468 889 792 521 

1972 
Herbage 1471f587 1061f291 720+76 1024f 296 716fl64 
Browse 467f 120 36ort 104 26Ok44 309f 102 I74f9 
Total 1938 1421 980 1333 890 

1973 
Herbage 2273f5 IO 1366+407 1056-l-252 892+ 161 930+277 
Browse 609f215 602263 4811t 158 444f 178 367f 187 
Total 2882 1968 1537 1336 1297 

1974 
Herbage 1186f727 120X340 952222 1188f317 87lfl52 
Browse 409k129 481f 154 463f 108 382f44 323f72 
Total 1595 1683 1415 1578 1194 

Year Equation 

Standard 
error of 
estimate R* 

1970 Y = - 1163.8 - 20.4BA + 57.8SI 150.6 0.71 
1971 Y = - 2009.1 - 9.OBA + 19.5Sl 68.8 0.66 
1972 Y = - 744.3 - 12.3BA + 41.2SI 90.2 0.74 
1973 Y = - 2095.5 - 16.1 BA + 94.6SI 187.5 0.69 
1974 Y = - 687.8 - 6.7BA + 4O.OSI 139.4 0.42 

1970 
1971 
1973 

Browse 

He rbage 

Y = -1639.8 - 171.2BA+ 191.6SI 691.8 
Y = 396.6 - 57.7BA + 47.1% 296.6 
Y = 4 185.1 - 46.4BA - 76.3SI 559.7 

tion would increase with increased site quality so long as other 
factors remained constant; however, shrub and hardwood crown 
cover, whether influenced by site quality or not, could conceivably 
limit herbagc production equally or to a greater extent than resid- 
ual pine basal area or site quality. Thus, Blair and Feduccia (1977) 
reported from Louisiana that the presence ofa hardwood midstory 
offset the benefits of managing pine at a lower level of basal area to 
stimulate greater forage yields. 

Fire had been excluded from the present study area for 30 to 40 
years before the triennial winter burn program began in 1967. The 
timber stand contained a profusion of small diameter, low-to- 
midstory hardwood trees and shrubs. These hardwoods sprouted 
prolifically after thinning and burning and soon appeared to limit 
forage production. Similar findings were reported by Blair (1968) 
and Schuster and Halls (1963). 

Understory Composition 
Uniolas were the most abundant forage species on all treatments 

the first year after thinning. Three years later, they still produced 35 
to 45% of the total on 27.55 BA but less than 10% on 0 BA. Similar 
findings were reported in Texas (Schuster 1967); uniolas require 
shade for maximum production and are diminished with increas- 
ing light (Wolters 1974). 

Pinehill bluestem (A. scoparius var. divergens) and broomsedge 
bluestem (A. virginicus) were the most common bluestem species 
and were about equally abundant. In 1970 bluestems produced 
27% of the forage on cleared areas; by 1973 bluestems produced 
about 50% of the forage on the control but produced less than 10% 
of the forage yield under 27.55 BA. These results agree with east 
Texas studies where bluestems were abundant under sparse tree 
canopies but gave way to uniolas as timber density increased (Halls 
and Schuster 1965, Schuster 1967). 

Panicums (Panicum spp.) produced almost one-fourth of the 
production in the 27.55 BA treatment plot in 1970 but diminished 
to less than 7% in 1973. During both years, the 0 BA treatment 
consisted of about 11% panicums. 

Combined the sedges (Cyperaceae) and rushes (Juncaceae) pro- 
duced less than 10% of the forage throughout the study and 
legumes, composites, and other forbs contributed less than 12% of 
the total forage regardless of treatment. 

Browse yielded from 9 to 26% of the total forage and its relative 
yield was greatest on 27.55 BA. From 1970 to 1973, browse percen- 
tages increased, especially American beautyberry,which usually 
grows best under fairly open canopies and is persistent on ranges 
periodically burned (Grelen and Duvall 1966). Blackberry (Rubus 

0.86 
0.79 
0.50 
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spp.) and greenbriars (Smilax spp.) declined slightly on all treat- 
ments. Other species, such as sassafras (Sassafrasalbidum), hyper- 
icum (Hypericum spp.), rattan (Berchemia scandens), Carolina 
jessamine (Gelsemium sempervirens), and other vines and browse, 
contributed a small but fairly uniform proportion to the total 
browse under all treatments. 
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Energy Expenditure by Heifers Grazing 
Crested Wheatgrass of Diminishing 
Availability 
K.M. HAVSTAD AND JOHN C. MALECHEK 

Abstract 

The daily mean energy expenditure of free-ranging heifers graz- 
ing crested wheatgrass rangeland was estimated as 161 
kcal/kgBW.75/day using the carbon dioxide entry rate technique 
(CERT). This was 46% greater than the mean 110 kcal/kgBW.75/- 
day estimated for stall-fed heifers consuming similar forage. Under 
laboratory conditions, CERT can provide a mean estimate of 
energy expenditure that has a standard error of 5% and a coefft- 
cient of variation of 20%. 

In contrast to the stall-fed animal, the range animal requires 
additional dietary energy to meet the demands of its free-roaming 
condition. For sheep on pasture, Young and Corbett (1972) 
reported a 60-70% increase in daily energy expenditure above the 
maintenance costs of penned sheep. Young (1970) and Wallace 
(1956) have reported 60% and 50% increases, respectively, for 
grazing cattle. 

These substantial increases in energy expenditure have several 
possible origins. Osuji (1974) reviewed the literature on the energy 
expenditure of the pastured ruminant and suggested that the 
increased energy costs might be due in part to an increased amount 
of time spent obtaining food and the locomotion associated with 
grazing. For example, 40% of the energy expended by grazing 
sheep has been attributed to their activities of standing, walking, 
ruminating and eating as compared to 10% for a penned animal 
consuming roughages (Graham 1964). Each hour spent grazing by 
cattle represents a 2% increase in daily energy expenditure (Holmes 
et al. 1978). Cattle on crested wheatgrass rangeland typically spend 
7.7 to 10 hours daily grazing (Scarnecchia 1980). Additionally, the 
daily time spent grazing increases as the quantity of available 
forage declines (Nastis 1979), although cattle seldom graze longer 
than 13 hours a day, irrespective of forage conditions or availabil- 
ity (Arnold and Dudzinski 1978). 

The energetic cost of travel on level terrain has been estimated as 
0.45 to 0.78 kcal/ kgBW/km (Blaxter 1962, Graham 1964, Osuji 
1974). Although travel involves a negligible expense for the stall- 
fed animal, various researchers have reported traveling distances 
of 5 to 12 km a day for cattle on western U.S. ranges (Dwyer 1961, 
Herbel and Nelson 1966, Malechek and Smith 1976). Thus, travel 
could easily add 10% to the daily energy expenditure of the grazing 
animal. Additional unknown stress-related factors also may con- 
tribute to increases in energy expenditure when animals are forced 
to search for food under conditions of scarcity. The extent to which 
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free-roaming conditions increase the energy expended by the graz- 
ing ruminant warrants a close examination of factors affecting 
energy expenditure. This knowledge would be important in plan- 
ning grazing management systems, particularly those that have as 
their objective uniform grazing, which may tend to stress animals. 
Thus, the purpose of this study was to measure the energy expendi- 
ture of grazing heifers at several different levels of available forage, 
and to compare these quantities to the energy expended by similar 
stall-fed animals consuming a diet of similar quality and quantity. 

Precise estimates of energy expended by the free-roaming 
animal are limited by available technology. Techniques for indirect 
estimation of energy expenditure include time budget analysis and 
food intake balance and energy balance models. These techniques 
are either still being tested or may be limited by numerous assump- 
tions involved in their application. For direct estimation of energy 
expenditure, accepted and applicable methods of indirect calo- 
rimetry include respiratory gas exchange (Younget al. 1975), heart 
rate and respiratory rate estimation (Yamamoto et al. 1979), and 
the carbon dioxide entry rate technique (CERT) (Whitelaw et al. 
1972). Typically, gas exchange methods require fistulation of the 
trachea, and the associated equipment required for gas measure- 
ment is cumbersome. Young and Corbett (1972) reported that this 
technique estimated energy expenditure with a standard mean 
error of 12%. The heart rate measurement technique has been used 
with increasing frequency during recent years. Each animal’s heart 
rate must be calibrated with their oxygen consumption, and this 
relationship varies with cardiac stroke volume and responses to 
emotional factors (Brockway 1978). Yamamoto et al. (1979) 
reported a mean standard error of 16% when heart rate was used to 
estimate energy expenditure of cattle. CERT has been suggested as 
the most suitable measurement for estimating energy expenditure 
of the grazing ruminant (Webster 1972). However, mean standard 
errors of 7 to 20% for energy expenditure estimates have been 
reported by users of CERT (Young et al. 1969, Whitelaw et al. 
1972). Methodology is apparently best chosen on the basis of 
availability and suitability of a particular technique and its asso- 
ciated equipment to conditions at hand rather than upon attain- 
ment of a prescribed limit of statistical reliability. Due to the 
availability of the necessary equipment, CERT technology was 
selected for the experiment reported here. 

Methods 

Field Study 
A field experiment was conducted during 1979 and a laboratory 

experiment during 1980. The former was conducted at the Tintic 
Valley Cooperative Research Station, Juab County, Utah, a site 
typical of the foothill rangelands of the eastern Great Basin. The 
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research station has an average annual precipitation of 330 mm 
with 30% as winter snow and the remainder spread erratically as 
rain throughout the other three seasons. The study area was a 
28-ha pasture, representative of a semidesert loam range site. The 
pasture, with a 2% slope, had been seeded to crested wheatgrass 
(Agropyron cristatum) in 1949. 

During June 1979, four 305kg yearling Angus heifers were 
placed on the study area. Following a 3-week preliminary period, 
five IO-day trials were conducted at regular intervals over the 
course of the next 75 days. Each period included two 24-hour 
estimations of CO2 entry rate with each animal. The quantity of 
forage available during each period was determined by the ocular 
weight-estimate technique (Pechanec and Pickford 1937) applied 
to 40 randomly located l-m2 circular plots. The level of available 
forage was systematically reduced between each trial by put-and- 
take grazing of 30 additional animals. 

CERT methodology has been described in detail by Young 
(1970). Briefly, this technique utilizes the principles of isotope 
dilution (Lifson and McClintock 1966) to estimate the daily COs 
turnover by an animal. The isotope, r4C, was subcutaneously 
infused as HaH14C0s (prepared in a 0.15M NaCl and 0.01 M 
NaHCCh solution) at a calibrated constant rate of 50 nCi/ min for 
24 hr. 

A portable battery-powered Harvard’ infusion pump was 
enclosed in a canvas pouch fastened over the animal’s withers. The 
isotope solution was infused through a 50 mm Teflon catheter 
(with a 16 gauge insertion needle) placed subcutaneously in the 
heifer’s right shoulder. A 3.8 mm (I.E.) (24 French size) Foley 
catheter with a 30 cc balloon was inserted into the urethra and 
inflated with an injection of sterile saline. Surgical tubing (6mm 
I.D.), fastened to a crop strap, connected the catheter outlet to a 
custom-designed, battery-powered extraction pump placed in a 
canvas pouch on the left side of the wither harness. The crop strap 
was 2.5 cm wide webbing fastened to the wither harness at mid- 
point and looped snugly around the tail-head. The extraction 
pump was a 50-cc syringe housed in a 22 cm X 33 cm X IO-cm 
aluminum box. The syringe plunger was attached to a screw-driven 
shaft which would slowly turn and withdraw the plunger from the 
syringe. The extraction pump was programmed to withdraw a 
urine sample of 0.5 to 1 .O ml every 10 minutes during the last 12 hr 
of 14C infusion, when the isotope was in equilibrium with the CO2 
pool of the subject. Urine was withdrawn from a ~-CC reservoir 
fitted to the exposed end of the catheter. All urine flowed through 
this reservoir and each micturition replaced the volume of urine 
previously held in the reservoir. An outlet valve at the top allowed 
excess urine to overflow onto the ground. 

Urine samples were analyzed for specific activity following 
methods outlined by Leng and Leonard (1965). The CO2 entry rate 
values (where the entry rate was equal to the 1% infusion rate 
divided by the specific activity of the urine and expressed as grams 
of C& carbon/ min) were converted directly to estimates of energy 
expenditure (kcal.min) using Young’s (1970) regression: Energy 
Expenditure = 1.018 -I- 5.178 Entry Rate. 

Laboratory Study 
During August and September of 1980, crested wheatgrass hay 

was fed to four 260-kg yearling Angus heifers confined in metabo- 
lism stalls. The hay was harvested from the Utah Agricultural 
Experiment Station at Nephi (near the Tintic facility) during early 
July, 198 1. At the time of harvest, the crested wheatgrass was at a 
hard seed phenological stage of growth. The hay had an in vitro 
organic matter digestibility (Tilley and Terry 1963) of 47% and a 
crude protein content of 5.1%. This hay was fed at rates that 
provided an intake level of 1.3 (organic matter basis) of body 
weight, a level similar to that reported by Havstad et al. (1982) for 
heifers grazing crested wheatgrass rangeland during the summer 
months. 

‘Harvard Apparatus Company, Inc.. Mills, Massachusetts. 

Estimations of maintenance energy expenditure were obtained 
during a IO-day digestion balance trial; following a 48-hour fast, 
estimations of fasting metabolism were obtained. Both estimations 
were obtained using CERT methodology outlined above with the 
exception that 14C infusion rates were increased to 100 nCi/min. 
This increased infusion rate improved the accuracy of the labora- 
tory analysis. Additionally, urine extraction pumps were not used. 
Instead, all urine excreted by the animal flowed into individual 
20-liter plastic containers. The Co2 entry rate was calculated from 
the specific activity of urine samples collected during the final 12 
hours of the 14C infusion period. One hundred twenty-five ml of 
urine from the collection was kept for 1% analysis. 

Statistical Analysis 
One-way analysis of variance was used to test for significant 

(KO.10) differences in levels of available forage among periods. 
Analyses resulting in significant F-statistics were tested for mean 
differences using Least Significant Difference statistic (LSD) Steel 
and Torrie 1960). Confidence intervals (KO.20) were computed 
for estimates of energy expenditure. 

Table 1. The available forage (AF, kg/ha) and daily energy expenditure 
(DEE, kcal/kgBW.75/day) of heifers grazing crested wheatgrass range- 
land for 5 dates, 1979. 

6127 7118 811 8/ 15 8129 X CP 

AF’ 880A 762B 481’ 389 284E 559 f904 
DEE2 170 180 155 132 170 161 f32.55 

‘Means in this row followed by a different superscript are significantly different at 
pIo.10. 
*Means in this row are anaverage of two estimates and are not significantly different at 
PSo.10. 
Tonfidence Interval of mean of five dates. 
‘WI (PSO. 10) 
TI (EO.20) 

Results and Discussion 

Field Experiment 
Available forage declined from 880 to 284 kg/ ha over the course 

of the study, while no trend was apparent for energy expenditure 
(Table 1). The mean daily expenditure for each of the 5 dates was 
161 kcal/kgBW.75/day, which had a standard error of 23.5 and a 
confidence interval (x0.20) of k32.5. The daily organic matter 
intake of these heifers averaged 1.3% of body weight, was inde- 
pendent of the changes in the quantity of available forage, and has 
been reported in more detail elsewhere (Havstad et al. 1982). The 
wide confidence interval of the estimate of energy expenditure was 
due to failure of the extraction pump to withdraw a urine sample 
during 75% of the 40 attempted CERT measurements. Of the 10 
successful urine collections, two were obtained from each of the 5 
dates. This problem was viewed as purely mechanical in nature. A 
portable extraction pump was not commercially available at the 
time of the study. Future use of this technique would require 
thorough development and testing of a custom-designed device. 
The problem was circumvented during the laboratory experiment 
by the passive collection of total urine output. An additional error 
in the field was due to the failure of the pump to collect an adequate 
pooled urine sample for the 12-hr collection period following 1% 
equilibration during the 10 successful measurements (2 per trial 
period). Corbett et al. (1971) reported a 17% difference in the 
specific activity of urine samples collected at 2-hour intervals. This 
error associated with seral sampling would be in addition to 7 to 
30% coefficient of variation typically reported by CERT users 
when the specific activity of the urine is determined for pooled 
urine samples. 

Laboratory Study 
The maintenance energy expenditure for the heifers was esti- 
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mated as 111 kcal/ kgBW*/day, 6 kcal/ kgBW75 greater than the 
estimate for fasting metabolism (Table 2). The slightly higher 
maintenance expenditure was due to energy expended during feed 
ingestion, digestion, and metabolism. These two values were not 
significantly different (see confidence interval) and were combined 
to provide an estimate of 110 kcal/ kgBW.75/day. The combined 
mean had a confidence interval of f8 (p10.20) and a 19.5% 
coefficient of variation. This estimate was significantly less 
(KO.20) than the mean estimate of 161 kcal/kgBW.75/day for the 
free-ranging conditions. These differences in estimates represent a 
46% increase in energy expended by the grazing animal under 
free-ranging conditions. Lambourne and Reardon (1963) reported 
a 16% increase in daily energy expenditure above maintenance of 
the penned animal for the free-ranging sheep when forage was 
abundant and a 33% increase when forage was relatively scarce. 
Osuji (1974) calculated a 30% increase for grazing sheep, and 
Young (1970) and Wallace (1956) have reported 60% and 50% 
increases, respectively for free-ranging cattle. 

Table 2. The daily energy expenditure (DEE, kcal/kgBW75/day) for 
restricted heifers unders maintenance and fasting conditions. 

DEE SE’ %CV2 fC13 

Maintenance III 7.0 19.8 10 
Fasting 105 10.9 20.6 18 
Combined 110 5.7 19.5 8 

‘Standard Error 
*Coefficient of Variation 

‘Confidence Interval (p10.20) 

The proximity of 110 kcal/ kgBW.‘5/day to the true value of 
maintenance energy expenditure was unknown, although Brock- 
way (1978) reported CERT had a prediction error of less than 
f 10%. Typically, a value of 81 kcal/ kgBW.75/day is used for 
estimating the maintenance requirement for the mature animal. 
For the growing animal, as used in this study, metabolic rates are 
reportedly much higher. For example, Reid and White (1979) 
reported a value of 107 kcal/ kgBW’ for 2-year old steers. Roger- 
son (1960) found a maintenance cost of 103 kcal/kgBW.75 and 
Webster et al. (1976) reported a maintenance cost of 94 
kcal/ kgBW75, both for yearling cattle. The variation in values 
would be due to differences in experimental conditions and the 
type of technique used to obtain estimates of energy expenditure. 

The observed difference in energy expenditure under free- 
ranging conditions as compared to stall conditions could be attrib- 
uted to several factors. The energetic cost of eating has been 
estimated as 0.32 to 0.82 kcal/ kgBW/ hr, the upper limit that was 
reported by Holmes et al. (1978) and a value applicable to an 
animal consuming a roughage diet. The energy expenditure asso- 
ciated with 9.2 hours of grazing would be a kcal/ kgBW75/ day. The 
9.2 hours of grazing time was derived from an average of 9.2 hours 
(Scarnecchia 1980). 8.4 hours (Nastis 1979). and 10.0 hours (Hav- 
stad 1980). These three values were recorded under similar experi- 
mental conditions where heifers grazed diminishing amounts of 
crested wheatgrass during the summer grazing period. The 32 
kcall kgBW75/day would be 25 kcal/ kgBW75/day more than for 
the stall-fed animal which spent 2 hours per day eating a similar 
quantity of feed. Thus, there was a 23% increase in energy expendi- 
ture above maintenance, or 50% of the total mean increase attrib- 
uted to free-ranging conditions. This increase was for the act of 
eating, and did not include the walking and standing activities 
associated with grazing. 

Using a 0.58 kcal/ kgBW/ km (Blaxter 1962) for travel on 2% 
slopes, the energetic cost of travel for these heifers was calculated 
as 9.5 kcal/kgBW.75/day. This cost was based on an observed 
average daily distance of 3.9 km (Havstad 1980). The 9.5 kcal 
represent a 9% increase above maintenance and were 20% of the 
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observed mean increase due to free-ranging conditions. 
No time differences were apparent between free-ranging and 

stall-fed animals for ruminating, standing and lying activities that 
might contribute to energetic differences. Additionally, since the 
ambient daily temperatures during the field study were typically 
between 10” and 30”. energetic demands of thermoregulation were 
not considered as contributing to the daily energy expenditure for 
the grazing animal. Young (1980) indicated that increased energy 
requirements as a function of temperature were not realized until 
temperatures declined below 10” C. 

The remaining 30% of the observed increase in energy expendi- 
ture for the grazing animal could not be readily explained. One 
possibility is that CERT may have failed toestimate accurately the 
energy expenditure by the heifers during the field experiment. 
Another is that he energy expended by the grazing animal includes 
energetic costs not attributable to basal metabolism or daily activi- 
ties. Searching for food may include physiological mechanisms not 
accounted for simply by determining the time spent grazing or the 
distance traveled. It is also possible that the energetic cost of 
grazing is not linear in relation to the time spent searching for food. 
Estimations of this energetic expense have not been obtained from 
animals subjected to long grazing periods or sparse forage condi- 
tions. All three explanations are probably correct to a degree. 

In conclusion, this study suggests that the free-roaming condi- 
tion contributes substantially, perhaps as much as 40%, to the 
energy requirements of range cattle. Like daily intake (Havstad et 
al. 1982), the energy expended by the animal remained independ- 
ent of the quantity of available forage. However, both a limited 
sample size and a large coefficient of variation associated with 
these samples restricted the stability of this conclusion. Technolog- 
ical improvements in CERT methodology as applied to field condi- 
tions are warranted for future research on the bioenergetics of the 
domestic grazing herbivore, 
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An Evaluation of Dimension Analysis for 
Predicting Shrub Biomass 
ROBERT B. MURRAY AND M. QUINN JACOBSON 

Abstract 

Fifteen independent variables consisting of circumference, sur- 
face area, and-volume for various assumed shapes were derived 
from simple diameter and height measurements. These variables 
were used in seven models to predict aboveground biomass of 
leaves, different sizes of live and dead twigs, and combinations of 
fractions for threetip sagebrush, gray horsebrush, green rabbit- 
brush, and broom snakeweed. In addition, models based on height 
and circumference were tested on each species and fraction. A 
simple linear model with surface area or volume as independent 
variables and height X circumference models gave the best biomass 
predictions for these species. 

Land managers and researchers require reliable estimates of 
shrub weights to assess site productivity, food abundance, treat- 
ment effects, and fuel loading. With increased emphasis on pres- 
cription burning to improve range shrublands, techniques are 
needed to rapidly determine the weight of various live and dead 
plant fractions. Established techniques, such as harvesting, are 
slow and expensive. Uresk et al. (1977) estimated that clipping big 
sagebrush (Artemisiu tridentatu) phytomass was 120 times more 
expensive than using dimension analysis. Using the weight esti- 
mate technique (Pechanec and Pickford 1937) requires a consider- 
able training and clipping to check estimates. A technique that is 
rapid, relatively accurate, and requires little training is desirable. 

Tufts ( 19 19) found a high correlation between trunk circumfer- 
ence and weight of the top of fruit trees. Since this early beginning, 
many others including Kittredge (1944), Attiwill (1962), Basker- 
ville (1965), and Brown (1978) have used combinations of trunk 
diameter, total height, live crown length, ratios of live crown length 
to total height, and crown widths to estimate tree biomass. In most 
cases, very successful relationships were developed from these 
simple measurements. 

Similarly, biomass estimates of various shrub species and plant 
fractions have been developed using stem diameters (Telfer 1969, 
Brown 1976), crown diameter axes (Rittenhouse and Sneva 1977), 
crown volume (Chew and Chew 1965, Lyon 1968, Mack 1971, 
Burk and Dick-Peddie 1973, Ludwig et al. 1975, Rittenhouse and 
Sneva 1977, and Wakimoto and Menke 1978), crown cover (Lud- 
wig et al. 1975), and height X circumference (Harniss and Murray 
1976) as independent variables. Various crown shapes have been 
assumed. Most models were of the form Y= a -I- bX, Y=aXb, or Y 
= Q + bX1 -I- cX2. Harniss and Murray (1976) found that the model 
Y = aHCb predicted leaf biomass of big sagebrush quite well. 

A large number of variables could be used to predict biomass. 
However, variables that express the size of the crown appear to be 
most useful. We sought a technique that was rapid, easy to use in 
the field, and produced reliable results. Therefore, our objectives 
were: (1) to develop equations for biomass prediction that were 
based on easily measured crown diameters and height, (2) to 
compare different shapes and their circumferences, surface areas, 
and volumes calculated from the measurements in (1), (3) to moni- 
tor plant size and head to live ratio per plant, parameters that are 
useful in predicting rate of fire spread, and (4) to test easily com- 

Authors are range scientist, USDA Agr. Res. Serv., U.S. Sheep EXP. Sta.. Dubois. 
Ida. 83423; and range management specialist, University of Idaho, U.S. Sheep EXP. 
Sta., Dubois, Id. 83423. 

Manuscript received January 7. 1981. 
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puted regression models. Four species common to sagebrush 
rangeland were selected for study: threetip sagebrush (A. tripartita: 
gray horsebrush (Tetrudymia canescens); green rabbitbrush (Chv- 
sothamnus viscidiflorus); and broom snakeweed (Gutierrezia 
sarothrae). 

Study Area and Methods 

The U.S. Sheep Experiment Station consists of ( 10360 ha) 25600 
acres of sagebrush-grass rangeland located in Clark County, (90 
km) 56 mi north of Idaho Falls, Ida. The area is used annually as 
spring-fall range for sheep. Vegetation is predominantly shrubs 
with an understory of perennial grasses and forbs. All sites from 
which shrubs were measured and collected lay within a threetip 
sagebrush (A. tripartita) bluebunch wheatgrass (Agropyron spica- 
rum) vegetative type. Surrounding topography is undulating and 
marked by pronounced lava outcrops. Climatic conditions are 
characterized by hot summers and cold, harsh winters, with an 
average annual precipitation of 292 mm (1 1.5 in.). Most of the 
moisture falls as rain with May and June receiving the highest 
precipitation. 

Twenty threetip sagebrush and 20 gray horsebrush plants were 
selected from each of 5 sites during May, 1979. In addition, 50 
green rabbitbrush and 50 broom snakeweed plants were selected 
from a IO-ha area in August, 1979. Plants were selected to encom- 
pass the size range of plants normally found on the Station, with 
the exception of very small, young, or seedlings. 

On each selected plant, four diameters were measured across the 
crown at 45’ angles. The height from ground level to the tallest 
nonflowering stem was also measured (Fig. 1). Many plants have 
multiple stems arising from below ground level. These were 
counted for use as an additional variable. Each plant was then 
severed at ground level and air-dried to a moisture content between 
5- 10%. Threetip sagebrush and gray horsebrush plants were separ- 
ated individually into the following fractions: (1) leaves, (2) live 
twigs <0.6 cm’, (3) live twigs 0.6-2.5 cm, (4) live twigs> 2.5 cm, (5) 
dead floral twigs (threetip sagebrush), (6) dead twigs <0.6 cm, (7) 
dead twigs 0.6-2.5 cm, and (8) dead twigs>2.5 cm. For additional 
predictions the above were combined into: (9) leaves and live twigs 
< 0.6 cm, (10) total of all live twigs, (11) total live material, (12) 
total of all dead twigs excluding floral twigs, (13) total live and 
dead twigs, and (14) total plant. Green rabbitbrush and broom 
snakeweed were not separated into fractions because of their gen- 
erally small size. 

Diameter and height measurements were used to calculate cir- 
cumference, surface area, and volume for the following shapes: 
right cylinder, elliptical cylinder, polygonal cylinder (Fig. I), 
sphere, average radius oblate or prolate spheroid, and maximum 
radius oblate or prolate spheroid. Formulas used in these calcula- 
tions are given in Table 1. If the the average or maximum radius 
was less than height, an oblate spheroid was calculated, and if 

‘These twig sizes were chosen because of their importance in fire modelling. Twig sized 
CO.6 cm (0.25 in.), 0.6-2.5 (0.2% 1.00 in), and >2.5 (1.00 in) represent size classes 
used to characterize the time-lag constant i.e., their ability to respond to humidity by 
absorbing and desorbing moisture (Fosberg, 1970). The size classes, in the order 
above, are called the I hour (h), IOh, and IOOh classes. 
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Table 1. Numbering system used to identify the independent variable. 

Shape Circumferncet Surface area* Volumes 

Right cylinder 
Elliptical cylinder 
Sphere 
Polygonal cylinder 
Spheroid (oblate or prolate) 

‘Circumference expressed in cm 
Surface area expressed as cm?/ 100 
lVolume expressed as rn’ 0 1000 

1 6 II 
2 7 12 
3 8 13 
4 9 14 
5 IO 15 

greater than height, a prolate spheroid was calculated. Fifteen 
independent variables were generated. In addition, for the total 
plant weight category, volume based on length X width, X height 
(as used by Uresk et al. 1977, and Green and Flinders, 1980) was 
tested as a variable. 

Each dependent-independent variable pair was fitted by least 
squares using the regression form for the following arithmetic 
models: 

Arithmetic Form 
Y = a+bX 
Y = uebX 
Y=axb 
Y=uhCb 
Y = uhbCc 

Regression Form 
Y = a+bX (I) 
in Y =blu+bX (2) 
In Y = 1nu+ InX (3) 
( In Y- InH) = Inu+b InC (5,7) 
In Y=lnu+blnh+clnC (476) 

where Y = weight (g) of a plant fraction, x = 1 of 15 independent 
variables (Table l), H = height (cm), C= circumference (cm), and 
a and 6,~ are the Y-intercept and slopes, respectively. Models 4 and 
5 used the circumference based on a circle, while 6 and 7 were based 
on the circumference of an ellipse. 

The Standard deviation about the regression line (&J were used 
to compare the different regressions. For models 2-7, the S,., was 
computed as: 

sy., = (Y-Ye)2 
(n-P) Fig. 1. Top and side views of u sagebrush plant showing measurement 

where Y = actual weight, Y, = estimated weight from regression, n 
= number of observations in the data set, andp = the number of 
variables in the model. Several other models and independent 
variables were examined (containing more than 1 independent 
variable including numbers of stems) but were excluded because 
none showed improvement over the models given above. 

Results 

Threetip sagebrush plants are generally smaller in size than big 
sagebrush species. Threetip sagebrush plants for this study ranged 
in average diameter and height from 20 to 109 cm and 2 1 to 67 cm, 
with means of 52 and 45 cm, respectively (Table 2). These ranges 

TOP VIEW 

SIDE VIEW 

Diameter, cm 

technique used and derivation of polygonal cylinder. 

are less than those reported for Wyoming big sagebrush in eastern 
Oregon (Rittenhouse and Sneva 1977) and for basinand mountain 
big sagebrush in Idaho (Harniss and Murray 1976). Total plant 
weights of threetip sagebrush averaged 258 g and varied from 17 to 
1120 g (Table 3). 

Gray horsebrush, green rabbitbrush, and broom snakeweed 
plants are smaller than threetip sagebrush. Average heights, 
diameters, and weights are given in Tables 2 and 3. Total average 
plant weights for these species, in the order given, were 138,59, and 
4 grams per plant. 

In most cases, either volume or surface area was a better predic- 
tor of biomass than circumference alone when models l-3 were 

Table 2. Height and diameter ranges, by site, for threetip sagebrush, gray horsebrush, green rabbitbrush, and broom snakeweed plants harvested at U.S. 
Sheep Experiment Station, Dubois, Ida. (1978). 

Site Min. 

1 28 
2 21 
3 25 
4 22 
5 35 

Threetip sagebrush Gray horsebrush 
Height (cm) Diameter (cm) Height (cm) Diameter (cm) 

Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. 

45.2 67 20.5 52.2 107.0 21 31.2 46 19.5 40.9 90.2 
43.4 56 22.5 48.1 109.0 20 35.4 52 20.5 41.5 65.2 
45.1 65 21.2 53.8 91.8 24 35.8 50 25.2 41.5 65.2 
41.0 52 28.2 52.0 99.8 23 34.0 53 25.5 40.5 57.8 
49.6 63 30.2 54.4 85.0 23 35.5 54 12.2 46.2 83.0 

1-5 21 44.9 

II 33.1 

67 20.5 
Green rabbitbrush 

76 9.0 

52.1 109.0 20 

33.3 61.2 9 

34.4 54 12.2 42,l 90.2 
Broom snakeweed 

17.0 27 8.5 18.4 31.2 
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used based on the S,.,. The exponential model (2) fit the data 
poorly compared to the other models. Although, it was found that 
R values were generally increased using models 2-7, the S,., values 
were often lower with model 1. 

The correlations between plant weight fractions and various 
independent variables were generally greater for threetip sage- 
brush than horsebrush (Table 3). However, the ability to predict 
biomass of dead twigs was somewhat better in gray horsebrush 
than threetip sagebrush. This may be due to the greater proportion 
of dead wood in horsebrush. The live twig 2.5 cm and dead twig 
0.6-2.5 cm fractions were poorly related, in both species, to the 
independent variables used in this study. An estimate of the pro- 
portion of dead wood, or number of twigs in that size fraction used 
as an additional variable, may improve the ability to predict the 
biomass of that fraction. The dead floral twig fraction of threetip 
sagebrush was also poorly correlated to these variables. Uresk et al. 
(1977) found the poorest relationship when predicting the phyto- 
mass of flowering stalks compared to other fractions in big sage- 
brush. Similarly, Mack (1971) and Murray (1975) were unable to 
develop satisfactory relationships between inflorescence weight 
and canopy volume for big sagebrush plants. 

The different plant shapes used to calculate relationships to 
weight varied between species and fractions. This suggests that 
improvement in predicting biomass might be achieved by develop- 
ing a classification scheme for various plant shapes. In practice, the 
observer would decide the appropriate shape in the field, take the 
necessary measurements, and then calculate the area or volume 
representative of that shape. This approach was applied to some 
extent by Bentley et al. (1970) and Ludwig et al. (1975). 

Flammability increases as the amount of dead stemwood 
increases. We found threetip sagebrush had a lower ratio of dead to 
live material (0.46) than gray horsebrush (0.95) shrubs on the 

average. There was a tendency for the ratio to increase as plant size 
increased. Uresk et al. (1977) found that only 11% of the total big 
sagebrush phytomass was in the deadwood fraction. Murray 
(1975) found, in southern Idaho, ratios of dead to live were 0.04, 
0.09, 0.10, and 0.27 for big sagebrush stands with average plant 
ages of 12, 24, 3 1, and 45 years, respectively. In eastern Washing- 
ton, Mack (197 1) found the average ratio of dead:live was 0.09 for 
big sagebrush plants with ages that ranged from 14 to 29 years. 
However, Mack’s sample size was small and was selected. Appar- 
ently, the amount of dead material increases more with age, but 
size increase irrespective of age may also contribute to greater 
amounts of deadwood. The fact that many threetip sagebrush and 
gray horsebrush plants have multiple stems would make a study of 
this phenomenon more difficult because of the problem of obtain- 
ing true ages for such plants. At least with the plants weexamined, 
there is a greater proportion of dead standing material compared 
to live standing material than in most big sagebrush plants. 

The S,., giving the lowest value was used to select the approp- 
riate model and independent variable for predicting biomass of a 
species or fraction. These models, variables, coefficients of deter- 
minations, S,.,‘s, Y-intercepts, and slopes are given in Table 3. In 
some cases, a different model was selected when the Y-intercept 
greatly exceeded the minimum biomass for that species orfraction 
even though the S,., increased slightly. 

Green and Flinders (1980) (also at the U.S. Sheep Experiment 
Station) developed a prediction equation for total plant weight, 
based on 20 plants, following the measurement technique for 
Uresk et al. (1977). They computed @values using model 1 of 0.98, 
0.90, 0.67, and 0.67, and 0.79, and we computed R2 values of 0.84, 
0.70, 0.88, and 0.82 for threetip sagebrush, gray horsebrush, green 
rabbitbrush, and broom snakeweed, respectively. We found model 
6 increased the R and reduced the sy.x over model 1 for our threetip 

Table 3. Statistical data for different fractions for threetip sagebrush, gray horsebrush, green rabbitbrush, and broom snakeweed plants. 

Leaves 100 4 50 222 
Leaves & live twigs <.6 100 12 131 514 
Live twigs <.6 cm 100 7 81 330 
Live twigs .6-2.5 cm 99 1 65 350 
Live twigs >2.5 cm 26 10 42 184 
Total live twigs 100 9 156 616 
Total live plant 100 16 206 764 
Dead twigs <.6 cm 98 1 40 237 
Dead twigs .6-2.5 cm 33 1 15 69 
Total dead twigs 98 1 45 318 
Dead floral parts 98 1 8 63 
Total live & dead twigs 100 9 200 935 
Total plant 100 17 258 1120 

Total plant 50 1 59 272 

Leaves 100 
Leaves & live twigs 100 
Live twigs <.6 cm 100 
Live twigs .b-2.5 cm 97 
Live twigs >2.5 cm 19 
Total live twigs 100 
Total live plant 100 
Dead twigs <.6 cm 100 
Dead twigs .6-2.5 cm 58 
Total dead twigs 100 
Dead floral parts 0 
Total live & dead twigs 100 
Total plant 100 

Total plant 50 1 4 17 

No. 
Biomass (g) Model X 

Min. Mean Max. No. Var. R2 S Y.X a b C 

2 16 131 
6 61 361 
6 45 299 
1 26 180 
9 23 74 
3 75 438 
6 91 569 
1 35 163 
1 20 400 
1 47 402 

- - 
5 121 
8 138 

- 
648 
780 

Threetip sagebrush 
3 8 
1 8 
6’ - 
4 - 
1 4 
1 8 
1 8 
1 13 
1 8 
1 13 
1 14 
6 - 
6 - 

Green rabbitbush 
6 - 

Gray horsebrush 
1 13 
1 13 
1 13 
1 14 
1 2 
6 - 
6 - 
7 - 
1 5 
7 - 

- - 
6 - 
6 - 

Broom snakeweed 
6 - 

.89 15.8 -.40 .94 

.86 37.4 12.75 1.21 

.95 29.6 .oo .36 I .97 

.59 29.8 .oo 1.80 

.09 40.2 2.3 1 .16 

.88 46.9 -3.76 1.63 

.90 52.4 2.99 2.08 

.81 23.0 .78 .04 

.07 15.8 8.30 .05 

.74 30.4 2.45 .04 

.39 7.7 1.16 .003 

.94 62.7 .oo .61 1.99 

.95 69.5 .oo .55 1.93 

.97 22.8 .oo 1.84 

.61 10.4 4.92 .02 

.87 20.7 14.06 .09 

.88 14.9 9.14 .07 

.60 16.2 3.33 .02 

.07 17.1 5.79 .lO 

.90 31.1 .oo .28 2.15 

.92 37.8 .oo .24 2.07 

.80 18.9 .Ol .55 2.4 1 

.Ol 52.9 12.47 .17 

.65 46.3 .oo 2.32 .53 
- - 

.91 57.7 

.92 61.0 

.92 1.2 

- 
.oo 
.oo 

.OO 

.65 2.13 

.58 2.08 

1.47 

‘Models 6 and 7 have (y-intercept) values less than .OOOl when shown as .OO 
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sagebrush and gray horsebrush plants, while model 4 performed 
similarly for green rabbitbrush and broom snakeweed. We can 
only speculate on the differences found between Green and Flind- 
ers (1980) and our results. We selected 20 plants at each of 5 sites, 
while Green and Flinders (1980) selected 4 plants from 5 sites. It 
may be that we encompassed greater variability because of the 
larger number of plants. 

In this study, we did not develop a general model as was done by 
Harniss and Murray (1976). We sought to determine the best 
relationship and determine the shape of the height-circumference 
to weight relationship for each fraction. In every case, the exponent 
of circumference was greater than the 1.25 reported for big sage- 
brush leaves by Harniss and Murray (1976). With exception of 
some live or dead twig fractions, our models accounted for a 
greater proportion of the total variance than Harniss and Murray 
(1976). However, they developed their model for big sagebrush by 
using Matchacurve-3 techniques (Jensen 1973) after grouping 
weights by height classes, which may account for the lower value. 

The time of year when biomass prediction equations are deve- 
loped for big sagebrush can influence the magnitude of the equa- 
tion parameters. It has been known for some time that big 
sagebrush produces enlarged leaves during the spring and sheds 
these during early summer. This phenomenon was corroborated by 
Mack (1971), who found peak leaf fall of big sagebrush occurred 
during early summer. Obviously, equations developed prior to the 
drop of these ephemeral leaves would result in larger-b-values than 
those developed after their fall, because of the greater biomass for 
essentially the same sized plant. It is not known whether threetip 
sagebrush has a similar leaf growth and fall pattern to that of big 
sagebrush. However, these equations can be adjusted to reflect 
differences in biomass due to time of year or site. Although, we 
have not tested the application of our equations to new data sets, 
we believe that the parameters reported can be used for the basic 
model and for subsequently adjusting the new data sets as des- 
cribed in Harniss and Murray (1976). 

Conclusions 

Easily measured crown diameters and heights were successfully 
used to estimate biomass of various fractions of threetip sagebrush, 
gray horsebrush, and total biomass of these species and green 
rabbitbrush and broom snakeweed. Independent variables-based 
on circumference, surface area, and volume of various plant 
shapes-used in models of the form Y = a+bX, Y = aebx, and Y= 
axb provided satisfactory predictors of biomass in many instances. 
However, models using height and circumference first derived for 
estimating biomass of big sagebrush leaves (Harniss and Murray 
1976), were more reliable for total weight of the four species than 
other models and variables tested. 

It is believed that further improvement in developing biomass 
predictors for shrub species may be achieved by (I) deriving surface 

areas and volumes based on the shapes of individual plants, and (2) 
including additional independent variables, such as the number of 
twigs of a certain size and percent of live or dead crown. 
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Effect of Light, Temperature and Water 
Stress on Net Photosynthesis in Two Popula- 
tions of Honey Mesquite 
J.D. HANSON 

Abstract 

Net carbon dioxide assimilation rates (PN) were measured for 
individuals from two Texas honey mesquite populations grown 
under controlled water stress, temperature, and light treatments. 
Maximum PN observed for the various tests ranged from 0.69 to 
0.82 mg l rne2se1. Net assimilation rates were significantly lower in 
the west Texas population than in the east Texas population under 
high and low water stress. Maximum PN at 1.35 mmol l rnm2se1 
photon flux density were reached under low water stress at 20” C 
and 30 O C for east and west Texas populations, respectively. The 
response of PN to light was similar to responses reported for other 
CB species; and 81 to 99% of the variability in the data was 
accounted for by using a hyperbolic light response model. Light 
use efficiency was lower for the west Texas population, and for 
high temperature and water stress. High temperature and water 
stress treatments also caused substantial decreases in the estimated 
theoretical maximum net assimilation rates. Finally, the light satu- 
ration point of mesquite varied depending on population and 
water stress. 

Honey mesquite (Prosopis glandulosa Torr. var. glandulosa), a 
woody perennial of the Leguminosae, is adapted to a broad range 
of environmental conditions. It is distributed throughout much of 
the Southwestern United States and occurs on more than 50% of 
Texas rangelands (McCully 1973). Dye and Hanson (1978), Han- 
son et al. (1978), and Hanson and Dye (1980) have reported on 
photosynthetic rates and xylem pressure potentials of in situ popu- 
lations of honey mesquite in west Texas. Net COZ assimilation 
rates (PN) of east and west Texas honey mesquite populations also 
have been compared (Hanson 1979). These studies of in situ mes- 
quite, however, did not test between individual plants or plant 
populations because of the need to monitor complete diurnal 
cycles of I$. This study was conducted to investigate the response 
of PN to changes in water stress, temperature and light for individu- 
als from two populations of honey mesquite grown under con- 
trolled environmental conditions. Concomitantly, effects of these 
variables on light response curves and light saturation points were 
investigated. 

Methods and Materials 

Seed Sources 

average yearly precipitation of about 100 cm. 

Plant Material Preparation 
Seeds, collected before abcission from a range of parental plants 

at both field sites, were scarified with sandpaper, planted in 4-liter 
plastic pots at a depth of 1.25 cm and grown in a controlled 
environment chamber. Fritted clay was used instead of soil because 
of its high water-retaining capacity and adequate aeration (van 
Bayel et al. 1978). The controlled environment chamber was set on 
a 16hour photoperiod to produce 0.50 mmolo. m-‘s-’ photon flux 
density (Ip, cumulative light in the 0.4-0.7 I_L m band) supplied by a 
combination of fluorescent and incandescent lamps. Two auxiliary 
lOOO-Watt multivapor lamps were added to the chamber to 
increase the chamber Ip to 0.60 mmol l rne2se1 for 10 hours each 
day. Plants were rotated daily to eliminate variance caused by 
proximity to the auxiliary lights. Temperature was 30” C during 
the day and 25°C during the night; relative humidity was held 
constant at 50%. Plants were watered every other day, alternating 
between 50% Hoagland’s solution and distilled water. The mes- 
quite seedlings grew very well and were ready for experimentation 
within 6-8 weeks. From the 45 plants grown of each population, 24 
plants of each population were randomly selected for PN 
determinations. 

Statistical Design and Analysis 
A 2 X 2 X 4X 5 factorial experiment arranged in a split-split plot 

design with three replications was used to determine environmen- 
tal tolerances of PN from two populations of mesquite. The first 
classification factor represented the population effect (east and 
west Texas). The second factor was leaf water stress: low stress 
[about -0.5 macroPascals (MPa)] and high stress (about -3.0 
MPa). The third and fourth factors were chamber temperature (20, 
25,30, and 35” C)andincident light(0.10,0.25,0.35,0.60, and 1.35 
mmol l m-‘s-l). Temperature was controlled within the assimila- 
tion chamber. Light was controlled by using different layers of 
cheesecloth filters over a IOOO-Watt multivapor lamp (Sestak et al. 
1971). Water was withheld for 2 weeks from one group of plants of 
each population to produce high water stress (Mooney et al. 1977). 
Analysis was performed using standard analysis of variance tech- 
niques. Duncan’s multiple range test was subsequently used to test 
between treatment means. 

Seeds were collected from a site in west Texas and a site in east 
Texas to study PN in different populations of mesquite (Hanson Determining Assimilation Rates 

1979). Crane County, representing the west Texas population, is 
A portable, open Co2 exchange system for measuring PN on 

located in the semiarid Trans-Pecos Region of west Texas and branches of woody plants was developed by Dye and Hanson 

receives an average yearly precipitation of about 32.2 cm. Trees of (1978). The system consisted of an assimilation chamber, a ventila- 

the east Texas population were located in Brazos County, which is tion and temperature control unit, a measurement and recording 

in the temperate Blackland Prairie vegetation zone and receives an 
unit, and a power supply unit. The components allowed continu- 
ous measurement of chamber temperature, photon flux density, air 

Author was research assistant, Department of Range Science, Texas A&M Univer- flow rates into the chamber and the difference between ambient 
sity, College Station; currently range scientist, USDA, Agr. Res. Serv., 8408 Hildreth 
Road, Cheyenne, Wyo. 82009. 

and chamber carbon dioxide concentrations. The system was mod- 
Research reported in this paper was partially supported by an interagency contract ified for this study by using a 220 V AC motor, instead of a IO-hp 

with the University of Texas-Surface Leasing Department, University of Texas. 
Approved for publication by the Director, Texas Agricultural Experiment Station. 

gasoline engine, to drive the air conditioner compressor. 

JOURNAL OF RANGE MANAGEMENT 3!5(4), July 1982 455 



Each potted mesquite seedling was sealed in the assimilation 
chamber, and the system was allowed to reach equilibrium to a 
predetermined temperature level. Subsequently, the five levels of Ip 
were randomly administered to the test plant. About 10 min addi- 
tional equilibration time was given for the plant to respond to the 
new light level once a filter was placed over the light source. Net 
assimilation rates, in units of mg l me2sm1, were calculated from the 
relation 

PN = kF AC@? A-’ (1) 
where AC& was the C@ deficit within the chamber in ppm, F was 
the flow rate of air over the branch measured as liters per hour, and 
A was the leaf area (one side) in m2. The constant k was equal to 
1.79 X 10e3 mg ppm-’ I-’ at 25’ C and 0.1 MPa. A photoelectric 
planimeter was used to estimate areas (Kemph 1976). 

Light Response Model 
Data were fit to a hyperbolic light response curve of the form 

PN = ~3 IP Pmax/(~~P + hmx) (2) 

where the parameters Pmax (mg l m-2s-‘) and a(mg mmol-‘) were 
the theoretical maximum PN and the light use efficiency coefficient, 
respectively (Thornley 1976). Light saturation points for solutions 
of the model using means grouped 7 ways were derived using the 
following procedure after a! and PN were estimated for Equation 
(2). Rewriting Equation (2) as 

IP = PInax PN/ [~(h~ax-PN)] (3) 

and setting PN = p P,,,, the light saturation point was defined as 
the incident light at which 

IP = pEn*x/[4l - p)] (4) 

where p was arbitrarily set equal to 85%. Thus, the light saturation 
point was defined as the light intensity at which PN was 85% 
P max. Data were fit to Equation (2) to evaluate differences in Q, 
P,,, and light saturation point caused by temperature, site, and 
water stress conditions. 

Results and Discussion 

Response of Assimilation Rates to Water Stress 
Mean PN for the east and west Texas mesquite seedling popula- 

tions across all levels of water stress, temperature, and light, were 
0.39 and 0.27 mg COZ me2sA1, respectively (Table 1-A). The differ- 
ence between mean PN for the two populations was significant 
(Prob > F = 0.024). Mean PN was significantly higher for the east 
Texas population than for the west Texas population at low and 
high water stress levels. Initially, it was hypothesized that PN ofthe 
west Texas population would exceed PN of the east Texas popula- 

tion when the populations were subjected to high water stress [Ho: 
PN(west) > PN(east) at high water stress] because the west Texas 
population originated from adrier region. Data lead to rejection of 
this hypothesis for the seedlings investigated, therefore it seems 
plants of the west Texas population may havedeveloped resistance 
to harsh environmental conditions at the expense of high PN. 

Pooling data from both populations, assimilation rates of mes- 
quite were reduced from 0.42 to 0.24 mg rnm2se1 when the plants 
were subjected to high water stress conditions (Table 1-A). This 
42% reduction was highly significant (Prob > F = 0.005). A 
plausible cause of the lower PN for highly stressed plants was 
reduced photochemical activity (Nir and Poljakoff-Mayber 1967, 
Hanson and Dye 1980). The reduced activity could result from a 
lack of COZ at the binding sites of the carboxylating enzyme, 
thereby implicating stomata1 reaction to water stress as a factor 
limiting carbon assimilation. 

Response of Assimilation Rates to Temperature 
The 35O treatment significantly reduced net assimilation rates as 

compared with the mean PN of 0.38 mg l me2s1 for the other three 
temperatures (Table 1-A). The lack of significant differences in PN 
20,25 or 300 C averaged across all other treatments implies a broad 
range of optimal temperatures and roughly coincides with an 
optimal soil temperature for growth of 29°C (Meyer et al. 1973) 
and with the 30°C optimal air temperature for PN of in situ 
mesquite (Hanson and Dye 1979). 

PN for the east Texas population under low water stress reached 
a maximum at 20° C and was significantly higher than PN at 30 and 
35°C (Table 1-A). Mesquite from east Texas showed a similar 
assimilation pattern under both low and high water stress: however 
average assimilation rates were reduced to 0.32 mg l rne2se1 as a 
result of high water stress. The west Texas population under low 
water stress had maximum PN at 25” C. Mean PN for the high water 
stressed west Texas population was 0. I6 mg l mp2se1. There were no 
detectable statistical differences between temperature treatment 
means for the high water stressed Texas population. 

At photon flux densities of 1.35 mmol l rnm2se1 and under low 
water stress conditions, maximum PN were reached at 20 and 30’ C 
for the east and west Texas populations, respectively (Table I-B). 
Maximum assimilation rates were comparable to maximum PN 
reported for in situ mesquite (0.79 mg l m-Is_‘) (Dye and Hanson 
1978). Assimilation rates over the 20 to 30°C temperature range 
were reduced 39% and 52% for the east and west Texas popula- 
tions, respectively, when mesquite was subjected to high water 
stress. This showed a greater tendency of the east Texas population 
to withstand high moisture stress at optimal temperatures. 

Response of Assimilation Rates to Photon Flux Density 
Mean responses of mesquite PN to light were similar to responses 

Table 1. Net assimilation rates (mg l m-2s“) for two populations of mesquite grown under controlled environmental conditions: A. averaged across all 
light levels; and B. at 1.35 mmol m-4-l photon flux density, measured at various levels of temperature and water stress. 

Temperature 
CC) Low 

East Texas Population1 

Stress Level 
High Mean Low 

West Texas Population 

Stress Level 
High Mean Mean 

35 
30 
25 
20 

35 0.19 qr 
30 0.72 1 
25 0.78 1 
20 0.82 1 

0.13 h 0.19 fgh 
0.48 bc 0.36 cd 
0.57 ab 0.41 cd 
0.68 a 0.32 def 

Mean 0.47 x 0.32 y 

B. 1.35 mmol rns2 s -’ Photon Flux Density 
0.22 qr 0.43 no 0.14 r 
0.49 mn 0.75 1 0.34 op 
0.51 mn 0.69 1 0.29 pq 
0.40 nop 0.59 m 0.34 op 

A. Average Photon Flux Density 
0.16 k 0.29 defg 
0.42 i 0.39 cd 
0.49 i 0.47 bc 
0.50 i 0.34 cde 

0.37 y 

0.09 h 0.19 k 0.18 s 
0.19 fgh 0.29 j 0.35 t 
0.16 gh 0.32 j 0.40 t 
0.21 efgh 0.28 j 0.39 t 
0.16 z 

‘Means followed by the same letter do not differ significantly (FO.05). 
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Table 2. Response of PN (mg l m-‘s-l) to five photon flux densities at various temperatures, for two Texas populations of honey mesquite and at two water 
stress levels. 

Photon flux density 
(mm01 me2sV’) 35 30 

Temperature’ 
25 20 Mean 

1.35 0.24 gh 0.57 a 
0.60 0.21 ghi 0.44 bc 
0.35 0.17 ij 0.31 f 
0.25 0.15 jk 0.24 gh 
0.10 0.10 k 0.19 hij 

Pooulation 

0.57 a 0.54 a 0.48 r 
0.48 b 0.44 bc 0.39 s 
0.40 cd 0.38 de 0.32 t 
0.33 ef 0.33 ef 0.26 u 
0.22 ghi 0.26 g 0.19 v 

Stress Level 

1.35 
0.60 
0.35 
0.25 
0.10 

East West 
0.50 a 0.45 b 
0.45 b 0.34 d 
0.38 c 0.25 e 
0.34 d 0.18 f 
0.27 d 0.12 g 

Low Hieh 
0.62 r 0.34 u 
0.50 s 0.28 VW 
0.39 t 0.24 x 
0.32 uv 0.20 y 
0.26 wx 0.13 z 

‘Means followed by the same letter do not differ significantly (PO.05). 

reported for other C3 plants (Devlin and Barker 1971). In general 
PN increased rapidly with initial, small increases in photon flux 
density. However, large increases in light resulted in small 
increases in PN as radiation continued to increase (Table 2). 

Response of PN at 20,25 and 30” C, across population and water 
stress treatments, did not differ significantly at the 1.35 and 0.60 
mmol l rnm2sm1 (Table 2). However, PN did differ among these 
temperatures at other light levels and tended to be lower at 30” C 
than at 20 to 25” C. Net assimilation rates were significantly lower 
at 35” C than at any other temperature used for all light levels. Also, 
the east Texas population had higher PN than the west Texas 
population at all light levels (Table 2). Finally, high water stress 
reduced PN significantly at all light levels. 

Light Response Curves 
Equations (2) and (4) were solved for various combinations of 

means to estimate the parameters (Y and P,,, and to calculate the 
light saturation point of the hyperbolic model (Table 3). The r2 
values for all solutions of the model were high. Therefore, Equa- 
tion (2) seemed to be a reasonable mathematical model, 

Solution 1 used the mean PN across all treatments for each light 
level. The value of Q! was 3.0 1 mg l mmol-’ implying a high light use 
efficiency. The light saturation point for Solution 1 was 0.90 mmol 
l rne2sb1. Solution 2 used the mean of PN across populations and 
water stress levels for treatments at 20, 25, and 30’ C at each light 
level. The solution of this model compared closely with Solution 1 
except for a slightly higher P,,,. Means of PN across population 
and water stress treatments at 35” Cat each light level were used for 
Solution 3. The high temperature solution had a reduced (Y and 
P,,, reflecting a decreased efficiency in light driven C&, conver- 
sion and a lower photosynthetic capability, respectively. 

Solutions 4 and 5 compared the light response curves for east 
and west Texas populations across temperature and water stress 
treatments. The most obvious difference was reduced light use 

efficiency in west Texas population. Theoretical maximum PN for 
the two populations was approximately the same. Therefore, the 
west Texas population required more light than the east Texas 
population to fix the same amount of Co2. This was exemplified by 
a 250% greater light saturation point for the west Texas popula- 
tion. In fact, the light saturation point for the west Texas popula- 
tion (1.78 mmol l me2s-‘) was never reached since the maximum 
photon flux density used was as only 1.35 mmol l me2se1. 

The last two solutions of the model compared the light response 
curves for low and high water stress conditions. Mesquite under 
high water stress had a lower CY and P,,, than mesquite under low 
water stress. Thus, high water stress conditions affected PN in a 
manner similar to elevated temperatures. 

By using these fitted models the light use efficiency of mesquite 
was shown to be severely reduced by high temperature and water 
stress and by the site of seed collection. Theoretical maximum PN 
was decreased by 52% and 35% because of high temperature and 
water stress treatments, respectively. 

The light saturation point is known to differ between species. 
Within a species it has been suggested to be a function of ambient 
COZ concentration (Brun and Cooper 1967). These data suggest 
that the light saturation point for mesquite varies because of 
temperature, population, and water stress. 

Conclusion 
Perhaps the most interesting information gained from this study 

was the significant difference in PN between east and west Texas 
populations. Hypothetically, the west Texas plants should have 
performed better than the east Texas plants when subjected to high 
water stress. However, plants from the west Texas population had 
lower photosynthetic rates than east Texas plants under high and 
low water stress levels. This is an interesting ecotypic adaptation 
since west Texas plants developed under high stress conditions. 

Table 3. Coefficients and t-2 values for various groups of treatment means fit to Equation (2). 

PN Mean’ r* 
a 

(mg mmol-‘) 
P “_Y _r 

(mgm s ) 
Light saturation point 

(mm01 me2 se ) 

1. Light (mean) 0.95 3.01 0.48 0.90 
2. Temperature (20-30” C) 0.81 3.48 0.54 0.88 
3. Temperature (35” C) 0.99 1.60 0.26 0.92 
4. East Texas population 0.95 5.61 0.50 0.5 1 
5. West Texas population 0.96 1.53 0.48 1.78 
6. Low stress 0.88 4.38 0.57 0.74 
7. High stress 0.99 1.98 0.37 1.06 

‘Means are grouped according to the factor listed and across all other factors. 
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These data may be usefully extrapolated to make an hypothesis 
concerning the effectiveness of herbicidal control in relation to 
photosynthetic activity for honey mesquite. Plants from the west 
Texas population had the same photosynthetic potential as those 
from the east Texas population (i.e., PmeX was approximately equal 
for both populations) but in genera1 they would not be light 
saturated for as long during the day because of the high light 
saturation point. Therefore, mesquite from the east Texas popula- 
tion would perhaps show more total photosyntheticactivity if such 
activity were to be summed over an entire diurnal period, In the 
same manner, mesquite from the west Texas population would 
have less total photosynthetic activity because of the degree to 
which high temperature and high water stress reduced net photo- 
synthesis of the test plants used in this study. If the success of 
herbicide application is proportional to the amount of photosyn- 
thetic activity, then the optimal time for herbicidal control of 
mesquite could be determined by estimating the photosynthetic 
activity of the plants to be sprayed. It then seems likely that 
mesquite control would depend on (1) the population to be con- 
trolled and (2) the environmental conditions, particularly water 
stress, existing at the time of herbicide application because photo- 
synthetic activity of mesquite would differ under these conditions. 
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Suppression of Knapweed Invasion by 
Crested Wheatgrass in the Dry Interior of 
British Columbia 
DENIS E. BERUBE AND JUDITH H. MYERS 

Abstract 

We resampled an experimental plot established 11 years pre- 
viously in the dry interior of British Columbia to test the ability of 
crested wheatgrass and Russian wild rye to suppress the invasion of 
diffuse knapweed. Knapweed density was high in non-seeded plots, 
moderate in Russian wild rye plots, and very low in crested wheat- 
grass plots. Watering experiments indicated that lack of soil mois- 
ture resulted in high seedling mortality and prevented knapweed 
invasion into crested wheatgrass plots. Diffuse knapweed rein- 
vaded a similar experimental area in a higher rainfall region of 
B.C., which shows that the same cultural practices will have differ- 
ent effects on knapweed suppression under different climatic 
regimes. 

Study Plots 

The study sites are described by Hubbard (1975) and additional 
valuable details were provided by Mr. Alf Bawtry (B.C.M.A., 
Kamloops). The Cache Creek site is adjacent to the Bonaparte 
Indian Reserve, approximately 6.5 km N of Cache Creek. In spring 
1967, a knapweed infested area was treated with picloram at 0.14, 
0.28, 0.42 and 0.56 kg/ha and planted with Russian wild rye and 
crested wheatgrass using a rangeland drill. Similar treatments were 
applied in 1969 at Pritchard. We first visited the Cache Creek site in 
early May 1978 and the nonuniform pattern of knapweed invasion 
was so striking that we decided to quantify the pattern and set up 
seeding experiments in an attempt to determine what was limiting 
the spread of diffuse knapweed at the site. The Pritchard plot was 

Diffuse knapweed (Cenraurea dij&sa) has become an important 
completely reinvaded by knapweed and we only record that obser- 

rangeland weed in the dry interior of British Columbia (Harris and 
vation and discuss the significance here. 

Cranston 1979). The rapid invasion of rangeland by this weed 
shows it to be a vigorous competitor with the native vegetation. But 

Methods 

an unanswered question is whether knapweed can invade range in On May 15 we set up three pairs of I/ 4-m2 plots in the CWG area 
good condition, or only range that has been disturbed or to determine if water or the soil seed bank was limiting knapweed 
overgrazed. establishment here. We seeded two of these three pairs with 400 

As part of a study to investigate this question, we examined the diffuse knapweed seeds. Prior to seeding, the surface of one pair of 
status of experimental areas set up by the British Columbia Minis- plots was broken to a depth of 2-3 cm with a rake. The third pair 
try of Agriculture and the Agriculture Canada Research Station, was not seeded, but the surfaces of both plots were broken. One 
Kamloops, in 1967, 11 years prior to our visit. These areas were member of each pair received 9 liters Hz0 at weekly intervals 
treated with picloram (4 amino-3,5,6, trichloropiclinic acid) and through June. 
planted in crested wheatgrass (CWG), Agropyron cristatum, and On June 2, an additional 6 pairs of 1 /4-m2 plots were set up in the 
Russian wild rye (RW R), Elymus junceus. One experimental area CWG to test the effects of watering. The surfaces of all the plots 
is near Cache Creek, B.C., where the precipitation is only 20 cm a were broken, and each was seeded with 1000 diffuse knapweed 
year, and another near Pritchard, B.C., which is somewhat moister seeds. Three of the pairs were mulched with a 2-3 cm layer of hay. 
with an annual precipitation of approximately 33 cm a year. Both At sowing one member of each pair was watered with 9 liters H20. 
areas are in the brown chernozemic soil zone and the Ponderosa At subsequent weekly waterings through June, mulched plots 
pine- bunchgrass biogeoclimatic zone (Farley 1979) and the lower received only 4.5 liters Hz0 instead of the 9 liters put on the 
grassland (Agropyron-Artemisia) vegetation zone (van Ryswyk et unmulched plots. During June and on 14 July, the plots were 
al. 1966). checked for the presence of knapweed seedlings. The plots were 

These experiments allowed us to investigate the ability of diffuse checked again on May 25 and July 25, 1979. 
knapweed to invade rangeland planted in grass and protected from On May 30, 1978 we measured diffuse knapweed density along 7, 
grazing. The difference in moisture regimes between the areas 120-m long transects spaced 10 m apart (Fig. 1). Diffuse knapweed 
provided an additional dimension to the analysis. Specifically we seedlings, rosettes and bolting stems were counted on the same 
wanted to know if diffuse knapweed would invade grassland in the l-m2 quadrats at 10-m intervals along each transect. In addition, 
absence of grazing. knapweed density was measured on 1 /4-m2 quadrats located at 

10-m intervals in a shallow gully which crossed the site (Fig. 1). 
Authors are at I IS Connaught Crescent, Regina, Canada S4T6M8; and lnstitute of Because of the significant departure from the assumption of 

Animal Resource Ecology and Department of Plant Science, University of British 
Columbia, Vancouver, Canada V6T IWS. 

homogeneity of variances of the knapweed densities on the plots, 
Authors wish to thank Dr. Alastair McLean of the Range Research Station, analysis of variance was inappropriate. Instead, we have used the 

Agriculture Canada, Kamloops, B.C., for providing facilities and advice to make our 
work on on knapweed possible. Kate Lindsay and Peter Morrison provided field 

Hodges-Lehmann test (Marascuilo and McSweeney 1977), which 

assistance and Mr. Alf Bawtry, B.C. Ministry of Agriculture, first told us about this is a non-parametric test designed to control for block differences in 
location and provided crucial information about the original experimental design for 
which we are most grateful. This work was supported by an Agriculture Canada EMR 

a randomized block design. Block effects are removed by aligning 

grant and research contract. the observations within each block with respect to the block mean. 
Manuscript received June 9, 1980. This test requires an equal number of observations per cell when a 
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Fig. 1. Map of study site. Dotted lines show contour; contour interval = I 
m. Shaded rectangle shows approximate location of knapweed seeding 
plots. 

test for interaction is desired. We met this requirement by omitting 
from the analysis counts made along transects 4 and 8 NE/SW, 
and 7 SE/NW. These transects were omitted because they were 
near treatment boundaries. The data were blocked according to 
picloram treatment levels, and differences in the knapweed densi- 
ties in the seeded and unseeded plots were compared. Knapweed 
seedling, rosette, and stem densities were each analyzed. 

Results 

Knapweed densities varied significantly with the grass seeding 
treatment (Table 1) at the Cache Creek site. Diffuse knapweed was 
almost excluded from the C WG areas and the density in the R W R 
areas was approximately l/3 that on the unseeded plots. Crude 
estimates of plant survival can be obtained by dividing the number 
of rosettes and stems by the number of seedlings. This indicates 
that most of the variation among sites must occur at the time of 
seedling establishment since later survival was similar in all areas. 
The highest knapweed density occurred in the ditch which ran 
almost parallel to the sampling transects. Even here the knapweed 
density was reduced in the CWG area (Table 1). 

There was no significant interaction between the seeding and 
picloram treatments. Therefore, significant differences among the 
grass seeding treatments were due entirely to main effects. 

The hay mulches were effective in reducing evaporation from the 
soil surface, and mulched plots remained moist between waterings. 
Knapweed seed germination was good on the mulched, watered 
plots, but seedling mortality was almost loo%, possibly the result 
of the heavy fungal growth under the mulch. On one of these plots, 
a single rosette was produced at the edge of the mulch. Germina- 
tion took place on the unwatered, mulched plots as well, and this 
occurred during and following a cool, showery period in the first 
week of July. Limited germination occurred on both watered and 

Table 2. Total number of diffuse knapweed seedlings and rosettes counted 
approximately 1 year after tretment (May 25, 1979) on sowed l/4-m2 
plots. Unsowed plots and mulched plots produced no seedlings, 

May Plots June Plots 
Surface Mean of 

Broken Unbroken Unmulched replicates 
(S.D.) 

Watered 23 11’ 
Unwatered 

79.3 (19.7)’ 
42 Ii 121.7 (43.0) 

‘Broken/ unbroken, X4=21.25, KO.01; watered/unwatered X+4.15,KO.O5, May; 
X$=26.75, KO.001, June. 

unwatered, unmulched, June plots during the showery period in 
early July. Only a single seedling was found on any of the May 
plots. 

The number of seedlings and rosettes on the plots on May 25, 
1979, is shown in Table 2. There were no knapweed plants on the 
unseeded May plots or on the mulched, June plots. Among the 
unmulched, June plots, unwatered plots had significantly more 
seedlings than watered plots (P<O.OOl). This was also true for the 
May plots (P<O.O5). Among the May plots, significantly fewer 
seedlings occurred on plots with undisturbed surfaces (p<O.OO 1). 
On July 25, 1979, only a single seedling remained on any of these 
plots. 

Discussion 

The Cache Creek area receives only about 20 cm of precipitation 
annually. Approximately 6 cm of rain falls in the summer months 
of June, July, and August: about 50% in June and 50% more or less 
equitably distributed throughout July and August from convec- 
tional storms (R. Williams, personal communication). 

May/ June, and to a lesser extent, August/ September, are criti- 
cal periods in the diffuse knapweed life cycle when seeds normally 
germinate and seedlings become established. Adequate moisture at 
one or the other of these times is essential for seedling survival. 
Once seedlings have become established as rosettes, however, they 
are remarkably drought resistant. 

The lack of sufficient moisture for successful seedling establish- 
ment appears to be the primary factor limiting the spread of diffuse 
knapweed at the Cache Creek site. This is shown by the knapweed 
seeding experiments. Germination in June 1978 was good on the 
mulched plots, but poor on the unmulched plots. In May 1979 only 
3- 15% of the seed sowed the previous spring appeared as seedlings 
or rosettes, and by mid July 1979 these all had died. In addition 
there appeared to be an inverse relationship between elevation and 
knapweed density. Lower, and therefore moister, areas seemed to 
be associated with more successful germination and rosette estab- 
lishment. This was especially true for the gully. 

The significantly lower diffuse knapweed densities in the CWG 
and R WR are probably the result of reduced soil moisture created 
by these plants, especially by C WG. This species grows early in the 
spring and withdraws soil moisture then. The poorer seedling to 
rosette survival in the CWG area implicates moisture as the impor- 
tant cause of mortality since at this stage diffuse knapweed is most 
sensitive to a water deficit. 

Table 1. Mean number of diffuse knapweed plants in m* quadrats taken across grass seeding treatments at the Cache Creek site. Quadrats in the gully were 
l/4 m*. Standard errors are given in parentheses. 

No seed 
Crested wheatgrass 
Russian wild rye 
Gully total 
Gully-CWG 

Seedlings Rosettes 

60.06 (I 5.89)8b’ 28.1 I (5.74p 
1.78 (1.13)“” 0.39 

24.39 ( 12.64)bc 
(0.22P 

8.33 (1 .83)d 
109.29 (30.70) 15.57 (6.75) 

2.50 (2.50) I .50 (0.50) 

Proportion 
surviving 

0.47 
0.22 
0.34 
0.14 
0.60 

Stems 

5.39 (I .62)“’ 
0.00 (0.00)” 
I. 17 (0.49)’ 
3.29 (2.02) 
0.00 (0.00) 

Proportion 
surviving 

0.09 
0.00 
0.05 
0.03 
0.00 

‘Means followed by the same letter are significantly different at PC.05 or less, except b and c, which are significant at KO.1 
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Watering plots sowed to diffuse knapweed produced an effect 
opposite to what we expected. During the spring and summer of 
1978, seedling counts did not differ between watered and unwa- 
tered, unmulched plots. However, in the spring of 1979, there were 
more seedlings on the unwatered plots. Thus, periodic soil wetting 
and drying may decrease the viability of knapweed seed in the soil. 
Apparently, seeds on the sowed plots differed in the amount of 
moisture or time necessary for germination, and those seeds which 
germinated most readily following wetting, died when the soil 
quickly dried out. This was especially true for the seed sowed 
directly on the unbroken soil surface. Because summer precipita- 
tion in this region is from convectional storms, periodic wetting 
followed by rapid drying is characteristic of summer conditions, 
and this could deplete the seed bank. 

The maintenance of diffuse knapweed stands in dry regions like 
Cache Creek appears to depend on the precarious relationship 
between adequate soil moisture and sufficient knapweed seed. The 
knapweed gall flies Urophora affinis and U. quadrlfasciata, 
released for biocontrol of diffuse knapweed in British Columbia, 
have reduced diffuse knapweed seed production at their release 
sites to about 375 seeds per 1/ 4 m* (Harris 1980). Such a reduction 
in seed production at the Cache Creek site may supplement the 
competitive advantage of the grasses and allow knapweed control 
even with grazing. 

The complete reinvasion of knapweed into the CWG at the 
Pritchard site was in sharp contrast observed at Cache Creek. We 
believe this to bedue to the increased availability of soil moisture at 
Pritchard. Pritchard receives about 50% more summer precipita- 
tion than does Cache Creek, with much of this falling in June, the 
critical month for diffuse knapweed seedling establishment. Cooler 
temperatures and better soil structure also contribute to the 
increased moisture availability, and therefore increased seedling 
survival. 

Unlike at Cache Creek, diffuse knapweed often becomes less 
dense in gullies and depressions in the Pritchard area (Berube, 
unpublished data). This suggests that diffuse knapweed is able to 
outcompete other vegetation over a relatively narrow range of 
moisture conditions. Knapweed growing in areas where it is margi- 
nally adapted is undoubtedly stressed. It is in these areas where 
control is likely to be most easily achieved. 

Popova (1960) reported that fertilization encouraged diffuse 
knapweed over other vegetation. However, the rate of soil mois- 
ture withdrawal by grasses can be greatly increased by the applica- 
tion of nitrogen fertilizers (Sneva et al. 1958, Black 1968, Williams 
et al. 1979). This suggests that fertilization may be effective in 

stressing knapweed where conditions are drier than optimal even 
though it may not under moister conditions. 

Biological control of weeds is based on the premise that insect 
feeding stresses plants and eventually causes a reduction in weed 
density. If different stresses on plants are cumulative, cultural 
practices which lower the competitive ability of weeds should 
enhance the effectiveness of biological control. In drier areas of 
British Columbia diffuse knapweed is stressed by erratic rainfall 
associated with summer thunderstorms causing seed germination 
followed by seedling death as the soil dries. Crested wheatgrass 
increases the stress on knapweed by using soil moisture for early 
spring growth. The seed feeding flies Urophora may provide suffi- 
cent additional stress on knapweed to cause a major reduction in 
plant density in these dry areas. Comparative studies on the effec- 
tiveness of biological control agents on plants exposed to varying 
degrees of environmental and cultural stress are necessary. 
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Water Relations in Soils as Related to Plant 
Communities in Ruby Valley, Nevada 
R.F. MILLER, F.A. BRANSON, I.S. MCQUEEN, AND C.T. SNYDER 

Abstract 

Distinct patterns of vegetation on ancient lake sediments in 
Ruby Valley, Nev., define differences in soil-water-plant relations 
resulting either from differences in depth to ground water or from 
differences in water-retention capacities of soils deriving water 
only from precipitation. In order of increasing depth to ground 
water, dominant plant species are Juncus balticus, Distichlis 
stricta, Potentilla fruticosa, Elymus cinereus, Sarcobatus vermicu- 
latus, and Chrysothamnusnauseosus. Dominant species on soils in 
order of increasing water-retention capacity are Artemesia triden- 
tada nova, Chrysothamnus viscidiflorous pumilus, Ceratoides 
lanata, A rtemesia tridentada tridentada, A triplex nuttallii gard- 
neri, and Atriplex confertifok Minimum and maximum levels of 
soil-water stress measured were systematically related to water- 
retention capacities of soils. A relationship was defined that per- 
mits approximation of amounts of water evapotranspired by 
different plant communities from percent of area under live plant 
cover. There are separate relationships, relating plant cover to 
amounts of plant stress or to amount of water evapotranspired, for 
habitats that receive water from the water table and those that do 
not. Levels of osmotic stress encountered in surface soils appear to 
influence plant-community distribution. 

Plant communities found in habitats ranging from mesic to 
xeric, and on sediments ranging from clay to gravel in Ruby Valley, 
Nev., (Fig. 1) provided an opportunity to investigate soil-water- 
plant relationships under a wide range of conditions. The informa- 
tion obtained is directly applicable to similar high valleys in the 
Great Basin. Knowledge obtained concerning mechanisms of 
moisture retention by soils and its subsequent depletion by evapo- 
transpiration has even wider potential for application. 

Study Area and Methods Used 

Sediments varying in texture from gravel to clay were deposited 
in a perennial lake that occupied the valley floor in the glacial and 
early post-glacial ages. Runoff from the surrounding mountains 
recharges ground water and still feeds two small lakes on the valley 
floor. Marsh vegetation occurs at the fringes of both lakes. Vegeta- 
tion that utilizes ground water occurs in higher areas that are not 
flooded when the lake levels fluctuate. Several kinds of desert 
shrubs grow farther from the lakes where ground water occurs at 
depths below the reach of plant roots. Water for these desert-plant 
communities is limited to moisture derived directly from precipita- 
tion. Lake expansion was greatest when conditions favored the 
growth of glaciers in the surrounding mountains. Annual precipi- 
tation during this period was probably about 500 mm (20 in.) 
compared to 300 mm (12 in.) today (Snyder and Langbein 1962). 

Sampling sites were established in three separate portions of the 
ancient lake beds occurring in Ruby Valley. Eight plant communi- 
ties were defined and sampled in the bed of Franklin Lake and its 
embayment. The bed of Ruby Lake also provided eight different 
communities to sample. Only five plant communities were availa- 
ble for sampling in the area where the Franklin River flowed into 
Franklin Lake. 

The authors are, respectively, hydrologist (soils), botanist, hydrologist (retired), 
and geologist (retired), U.S. Geological Survey, WRD, Box 25046, Denver Federal 
Center, Denver, Colorado 80225. 
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The general aspect of the plant community at each study site was 
photographed. Measurements of kinds and amounts of vegetation 
were made along 15.24-m (50 ft) transects using the first-contact 
point-quadrat method of Levy and Madden (1933). A pressure 
chamber of the type described by Waring and Cleary (1967) was 
used to measure internal-plant stress of the dominant shrub species 
at each site. 

The soils at each site were sampled after snowmelt in the spring 
and again in the fall to define moisture storage and depletion in soil 
profiles. A tubular auger 50.8 mm (2 in.) in diameter was used to 
extract soil samples in consecutive increments from each soil pro- 
file. All the soil obtained from each 0.1 m (3.9 in.) depth increment 
was retained for analysis. This permitted determination of bulk 
density as well as the water content and the related level of soil- 
water stress. Soil-water stress in each depth increment at the 
moment of extraction was determined from the water content of 
filter papers at moisture equilibrium with the soil, as prescribed by 
McQueen and Miller (1968). Water contents of both the soil and 
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Fig. 1. Index map of Nevada showing the location of Ruby Valley where 
plant communities and soils were studied. 
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filter papers were determined gravimetrically after drying them at 
I ItYC. Watercontentsarecomputedasgramsofwaterpergramof 
soil or as a percent. Soil-water stress is presented as the logarithm 
or exponent to the base IO of the stress in grams per square 
centimeter (g/cm*). Stress presented in this mannerisanalogousto 
pF, as defined by Schofield (1935). A stress of I g/cm~isequivalent 
to the pressure exerted on an area of I cm2 by a column of water I 
cm high. A stress of 1020 g/cm’ is also equivalent to a negative 
water potential of 1000 milibars or I bar. Thus, stresses of 1, IO, 
100, and 1000 g/cm’ are presented as 100, IO’, IO’, and lO’g/cm2, 
respectively, and so forth, Use ofexponential notation permits the 

STRESS, IN GRAMS PER CENTIMETER SOUAREO 

2.5 

use of straight-line regression relationships to approximate soil- 
water contents over a wide range of soil-water stress, as prescribed 
by McQueenand Miller(1974). Quantities ofwater, depleted from 
storage by evapotranspiration, were computed as differences 
between maximum and minimum levels of storage. Each oven- 
dried sample was subsequently saturated with distilled water and 
its water content, pH, and electrical conductivity at saturation 
determined by methods of Richards (1954). 

Results and Conclusions 

Four different moisture environments defined in Ruby Valley 
are illustrated in Figure 2. Minimum levelsofsoil-waterstress were 
measured at periods approaching maximum wetness in the spring; 
and maximum levels of soil-water stress were measured at periods 
approaching minimum levels of water content in the fall. Capillary 
equilibrium curves, computed as the logarithm or exponent to the 
base IO of the height above the water table in centimeters, are 



plotted for sites where depth to the water table was measured 
(McQueen and Miller 1972). The environment illustrated in Figure 
2A is representative of sites an bottom sediments where the water 
table periodically rises to the surface and causes flooding. Plant 
communities occupying such sites are illustrated in Figure 3. Dom- 
inant species on these sites were: shrubby cinquefoil (Porenrilla 
fruircosa L.) (nomenclature follows that of Harrington 1954) (Fig. 
3A); saltgrass (Distich/is srricta (Ton.) Rydb.) (Fig. 3B); and baltic 
rush (Juncus balticus Willd.) (Fig. 3C). Soil-water stress for high 
water-table (flooded) conditions were assumed to be zero for the 
whole profile. Under low water-table conditions, stress values 
approached those expected at capillary equilibrium with height 
above water table. 

An environment where the water table does not occur at the 
surface, but approaches near enough for water to rise to the surface 
by capillarity is illustrated in Figure 28. Plant communities asso- 
ciated with this environment are shown in Figure 4. Rubber rabbit- 
brush (Chrysorhamnus nm,seost,s (Pall.) Britt. nauseosus, 

occurred on all sites with this environment. Rabbitbrush occurs 
wth greasewood (Sarcobotus vermicularus (Hook.) Ton.) (Fig. 
4A) or with stands of grasses such as western wheatgrass (Agro- 
pyron smifhii Rydb.) (Fig. 4B), basin wildrye (Elymus cinereus 
Scribn. and Merr.), or saltgrass (Fig. 4C). In the spring, soil near 
the surface (Fig. 2B) had stress values somewhat higher than 
expected at capillary equilibrium, but they were close enough to 
assume that equilibrium had occurred prior to sampling. By fall, 
the influence of evapotranspiration on the pattern of soil-water 
stress in the soil profile became quite evident. A relatively uniform 
level of stress was present at depth but not near the soil surface 
(Fig. 28). Maximum stress at the surface was approximately IO” 
g/cm>. At the base of the profile, stress levels approached those 
expected at capillary equilibrium. 

Environments where water rises into the root zone bycapillarity 
but surface horizons derive moisture from precipitation areshown 
in Figure 2C. This condition was present on bottom sediments 
deposited below the lowest offshore bar. Plantcommunitiesoccur- 



ring on sites with this type of environment are illustrated in Figure 
5. Big sagebrush (Arremesti rridentodo tridentada (Beetle 1960)) 
mixed with rubber rabbitbrush (Fig. 5A) occurs in sandy material 
deposited where the Franklin River drained into the lake. Grease- 
wood occurs with shadescale (Atriplex conferrifolio (Tom. and 
Frem.) and Wats.) on medium-textured lake-bottom sediments 
(Fig. 5B), but greasewood occurs alone on finer bottom sediments 
(Fig. 5C). The water table in the soil (Fig. 5A) for which data are 
presented in Figure 2C occurs approximately 4 m (13 ft) beneath 
the surface. In this profile, soil-water stress approached capillary 
equilibrium to a height of approximately 2.2 m (6.6 ft) above the 
water table both in the spring and in the fall. The stress at this 
height above the water table is ld3” g/cm’and the surface horizon 
was wetted to levels of stress less than 10” g/cm’. Levels of stress 
then increased as depth increased to approximately Id To g/cm’, a 
stress level that was evident in spring and again in the fall. Stresses 
in the soil at greater depths decreased pro ressively to the level 
reported at the top ofthecapillaryfringe(I &‘g/cm2, Byfall,asin 

the other environments, a stress gradient approaching IO” g/cm’ 
had developed at the surface. 

A desert soil-water environment where water tables, if present, 
are at depths great enough that vegetation is not affected, is illus- 
trated in Figure 20. The only water available for use by vegetation 
growing in soils with similar environments is derived from precipi- 
tation. This condition occurs inplantcommunitesoccupyingshore 
deposits of the ancient lake. Gravelly bar deposits are occupied by 
communities of drought-tolerant shrubs (Fig. 6) consisting of 
either black sage (Arfemisia rridenraro nova (A. Nels, H. and C.)) 
and (Fig. 6A), little rabbitbrush (Chrysofhamnus viscidiflorus 
pumilus (Nutt.) H. and C.)) (Fig. 6B), or winterfat (Euroria lanato 
Push.) (Fig. 6C). Sediments deposited between bars occasionally 
support stands of winterfat but are generally dominated by other 
desert shrubs, such as shadscale (Fig. 7A), big sagebrush (Fig. 7B), 
and Gardner saltbush (Arriplex nurrallii gardneri (Moq.) H. and 
C.)) (Fig. 7C). 

In three of the environments investigated, soil-water stress con- 



sistently approached lo6 g/cm2 at the surface under maximum 
stress conditions. This is apparently the maximum level of stress 
that can be achieved in the sun-dried soil. Evaporation (E) appar- 
ently accounts for the loss of moisture held at stresses greater than 
the uniform maximum level of stress achieved deeper in the pro- 
files. It is reasonable to assume that a proportionate amount of 
moisture is lost to evaporation from the surface horizons when 
moisture is retained at lower levels of stress. Amounts assumed lost 
by evaporation (E) are illustrated graphically in Fig. 2D. Similar 
approaches could be used for the environments illustrated in Figs. 
2B and 2C. This environment is characteristic of desert soils (Miller 
and McQueen 1972, 1978). 

Water-retention Capacities 
The capacity of soils to retain water influenced the distribution 

of upland desert shrubs deriving moisture only from precipitation. 
The capacity of a soil to retain water adsorbed as films can be 
approximated by extending straight lines down from 106.25 g/cm2 
(zero moisture content) through the measured water content at any 
stress value below 105 g/cm2 and above 1eJ4g/cm2 (Fig. 8) 
(McQueen and Miller 1974). Results from desert soils in Ruby 
Valley indicated that water contents corresponding to stress values 
less than 102.34g/cm2 could also be used if the soil was a meter or 
more above the water table (Miller and McQueen 1978). This 

19.4 Winterfat 
between gravel bars 

20.4 Big sagebrush 
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were computed and plotted through the data points. There is a 
direct linear relationship between average minimum levels of stress 
found in the solum at the spring sampling and increasing adsorbed 
water-retention capacity. There is, however, an inverse linear rela- 
tionship between average maximum levels of stress attained at the 
fall sampling and the water-adsorption capacity. Thus, as the 
average water-adsorption capacity of the solum increases, the 
range of soil stresses becomes narrower, indicating that coarser 
soils are more moist in spring and drier in fall than fine-textured 
soils. 

Evapotranspiration 
Depletion of soil-water storage may equal evapotranspiration 

when little or no recharge from precipitation occurs during the 
growing season and plants do not have access to water from the 
water table (see Fig. 2D). Evapotranspiration will exceed the sea- 
sonal precipitation when plants have access to ground water. For 
soils with 100% live plant cover, evapotranspiration may approach 
evaporation from a free water surface. The relationship between 
live plant cover and evapotranspiration shown in Figure 9 was 
derived from those plant communities where valid seasonal deple- 
tion of soil moisture was measured. Excluded from this analysis 

0 IO 20 30 40 50 60 70 60 90 100 
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Fig. 8. Average soil-water content and soil-water stress relationship for 
hydrologically active portions of soilprofiles associated with plant com- 

Fig. 9. Relationship between live plant cover andevapotranspiration. Live 

munities that are not in contact with a shallow water table. Water- 
plant cover includes leaves, stems, and twigs as measured by thefirst- 

content values for vegetation types are the average soil-water content at 
contact point-quadrat method. Standing dead material was not included. 

100 g/cm2 stress. Average maximum and minimum stress values mea- 
sured at each site are plotted as points. Regression lines show the change were sites with ground water available to plants, because complete 
in range of soil-water stress with differences in water-retention capacities data on inflow to the water table were not available. Computa- 
of the soils. tional requirements for the analysis include complete data on 

procedure was used to define the average soil-water stress and 
soil-water content relationships of all soils associated with a given 
plant community (Fig. 8). Each line represents average relation- 
ships determined for the solum of the soils concerned. Greatest 
differences between soils are shown at their computed adsorbed 
water-retention capacity at 100 g/cm2. This value is directly pro- 
portional to soil-particle surface area (McQueen and Miller 1974). 
Bar deposits exhibited the lowest adsorbed water-retention capaci- 
ties (Fig. 8). Black sagebrush occurred on soils with the lowest 
adsorbed water-retention capacities and little rabbitbrush 
occurred on soils with slightly greater adsorbed water-retention 
capacities than winterfat. The average adsorbed water-retention 
capacities of soils occurring between bars was greater than on the 
bars. Plant communities occurring on these soils in order of 
increasing water-retention capacity were big sagebrush, 
greasewood-sagebrush, Gardner saltbush, and shadscale (Fig. 8). 

Average stress values for the solum at maximum and minimum 
levels of water retention measured at each sampling site were 
computed and plotted on the graph in Figure 8. Regression lines 

minimum- and maximum water storage to the base of the soil 
profile. The relationship was then used to estimate the evapotrans- 
piration for all communities shown in Figure 10. Measurements of 
cover and evapotranspiration for upland species are used to esti- 
mate evapotranspiration for lowland species from plant-cover 
measurements in the more moist habitats. We have no way of 
testing the reliability of these estimates, but the relationship for 
upland species is quite good (correlation coefficient of 0.916) and 
one would expect the extrapolated values to be equally good. 

Actual evapotranspiration is probably underestimated for some 
habitats because inflow to and use from the water table are not 
adequately defined. Based on this relationship, the largest quanti- 
ties of water are consistently evapotranspired where a shallow 
water table rises to the surface at periods of maximum wetness 
(Fig. 2A). Appreciably less water is evapotranspired where the 
water table does not rise to the surface, but moisture can rise to the 
surface by capillarity (Fig. 2B). Even less moisture is evapotrans- 
pired where water rising by capillarity becomes available to plant 
roots, but can migrate to the surface only as film flow. Evapotrans- 
piration from some of the sites where water is derived only from 
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Fig. 10. Estimated evapotranspiration computed for each study site using 
the regression line shown in Figure 9. 

precipitation actually exceeds quantities depleted from the solum 
where some moisture is available from the water table. This is most 
likely the result of snow blowing off areas with low-growing shrubs 
into areas with taller shrubs. Gravelly bars on which these low 
shrubs occur also stand above the surrounding terrain, making 
snow more susceptible to removal by winds. Thus, areas covered 
with big sagebrush benefit from snow, which originally fell on 
areas covered by shadscale, Gardner saltbush, little rabbitbrush, 
winterfat, or black sagebrush. 

Maximum moisture storage in Ruby Valley results from snow- 
melt, and snow is the primary source of moisture for plant growth. 
Summer storms seldom yield enough water to have a significant 
influence on plant growth. The average rainfall for a 2-week period 
in summer does not exceed 0.5 cm (0.2 in.) (Gifford et al. 1967). 

Energy Relationships of Plants and Soils 
Water is transported from soils, through plants, to the atmos- 

phere in a dynamic continuum. The energy at a point in the 
transpiration stream should be a function of the flow rate and the 
energy at another point in the stream. Branson and Shown (1975), 
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Fig. 11. Relationships between bars ofplant stressper centimeter of water 
evapotranspired and live plant cover measured in xeric and hydric habi- 
tats. 

working with big sagebrush, reported that the internal plant stress 
is related to the minimum soil-water stress measured in the root 
zone. Similar relationships were defined in Colorado for species 
that are present in Ruby Valley by Branson et al. (1976). One might 
expect internal-plant stress to show an integration of soil-water 
stress, but this does not appear to be true. A possible explanation 
for the relationship is found in the work by Gardner (1965) who 
found that roots of birdsfoot trefoil had considerably less resist- 
ance to water movement than resistance in surrounding mineral 
soil, thus permitting water to move through roots across soil zones 
of high resistance from the zone of lowest soil-water stress. 
McQueen and Miller (1972) found that hydraulic equilibria may be 
maintained in soil masses by moisture transported through plant 
roots. 

Separation of vegetation types into xeric and hydric habitats 
permitted definition of the two transpiration-energy versus plant- 
cover relationships shown in Figure 11. Habitats where roots do 
not benefit from water rising from the water table are considered to 
be xeric; habitats where ground water or capillary water is availa- 
ble to roots and considered to be hydric. Appreciably more energy 
per unit of water is expended to achieve a level of plant cover in 
xeric habitats than in hydric habitats. The highest levels of stress 
achieved per unit of water transpired were in habitats with the least 
water stored in the soil. Thus, the relative capacity of plants to 
exert energy in obtaining a unit of water is probably one of the 
factors determining which plant species occur in a given habitat. 

Maximum internal-plant stresses and related quantities of water 
evapotranspired for different plant communities studied are shown 
in Figure 12. This relationship has a highly significant negative 
correlation coefficient of 0.92 and partially explains the hydric and 
xeric relationships shown in Figure 11. 
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Fig. 12. Maximum internal-plant stresses as related to quantities of water 
evapotranspired in 14 habitats. 

Part of the total stress influencing water availability to plants 
occurs as osmotic stress resulting from salts present in soils and is 
particularly important to survival of seedlings. Osmotic moisture 
stress was determined from the electrical conductivity of saturated 
soil. Relationships presented by Richards (1954) were used to 
compute osmotic stress. Only values computed for surface soils are 
presented (Fig. 13) because surface soil is assumed to have the most 
influence on seedling establishment. 

Soils with electrical conductivities of saturation extract greater 
than 4 millimhos/cm (Fig. 13) are considered saline (Richards 
1954). Surprisingly, many of the shrubs often considered to be 
halophytes (Gardner saltbush, shadscale, and winterfat) did not 
occupy saline sites and several species not usually though of as 
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Fig. 13. Levels of electrical conductivity in saturation extracts computed 
from conductivity of saturated soil (Richards 1954) and related osmotic 

stress at field capacity measured in surface soils associated with dljjferent 
plant communities. 

being halophytic (western wheatgrass, rubber rabbitbrush, and 
basin wildrye) grew in salty soils. These results agree with those of 
Branson et al. (1976) for salt desert shrub communities near Grand 
Junction, Colo., where rubber rabbitbrush and greasewood occu- 
pied saline soils, and big sagebrush, shadscale, and winterfat grew 
in nonsaline soils. 

Highest salt concentrations in surface soils were found where 
capillary water moved salts to the surface from shallow water 
tables. Saltgrass exhibited the greatest salt tolerance, as might be 
expected, but basin wildrye and western wheatgrass had higher- 
than-exepcted salt tolerances. There is little information in the 
literature on salt tolerance of western wheatgrass and basin wild- 
rye. Neither species is listed by Unger (1974) in his extensive review 
of information on inland halophytes. Numerous studies of salt- 
grass date to the early work of Kearney et al. (1914). Salinity 
adaptations of saltgrass include salt excretion to reduce toxic 
effects of excessive salts and high osmotic pressures of cell sap 
which range from 21.7 to 47.8 atm (Dodd and Coupland 1966). 
Our electrical conductivity value for saltgrass surface soil is higher 
than most previously reported for pure stands of the species, but 
not as high as the 64.0 value for mixed Suaedu depressa and 
saltgrass near Lincoln, Nebr. (Unger et al. 1969). 

For three of the sites (Fig. 13), the osmotic component of total 
soil-water stress exceeded the 15 bars, sometimes considered to be 
the wilting point. 
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Sweetvetch Seed Germination 
EDWARD F. REDENTE 

Abstract 

Sweetvetch (Hedysarum boreale Nutt. var. boreale) is a poten- 
tially important revegetation species for drastically disturbed lands 
and range improvements in western North America. The germina- 
tion of sweetvetch was studied under various temperature, light, 
and moisture conditions. It was found that sweetvetch can germi- 
nate under a wide range of temperature and light conditions fol- 
lowing physical scarification of the seed coat. Under constant 
temperatures optimum germination occurred at 15’ C and 20” C, 
while under alternating temperature optimum germination 
occurred at 1%25°C and 20015°C (for 8 hours and 16 hours, 
respectively, in each case). Dark treatments resulted in greater 
germination than light treatments. When temperature and light 
conditions were held constant and moisture conditions varied, the 
germination of sweetvetch declined rapidly at osmotic potentials 
below -7.5 bars. 

Sweetvetch (Hedysarum boreale Nutt.) is a native legume that 
has a wide range of adaptability and appears to possess many 
characteristics desirable for disturbed land reclamation and range 
improvement. The use of sweetvetch in reseeding work has been 
limited because of a scarcity of information about the species and 
limited supplies of plant materials. 

Hedysarum boreaZe was first described by Nuttall (1818). In 
1902 Fedtschenko published a world revision of the genus Hedysu- 
rum, but his coverage of American species was limited. Rydberg 
(1896) also attempted to describe Hedysarum in the Rocky Moun- 
tains and adjacent plains but according to Northstrom and Welsh 
( 1970) failed to recognize the two natural subdivisions of the genus 
which were described by Rollins (1940). 

The most recent and complete account of the Hedysarum 
boreale complex is by Northstrom and Welsh (1970). In this revi- 
sion the authors attempt to depict the pattern of morphological 
variation and geographical distribution of natural populations of 
the Hedysarum boreale complex and also to assign valid names to 
each specific entity. 

Some of the first reseedings made with sweetvetch failed to 
become established (USDA 1937). However, adaptability trials by 
Plummer et al. (1968) and Sims and Redente (1974) indicated good 
establishment, growth, and survival in mixed mountain shrub, 
pinyon-juniper, and sagebrush vegetation types in both Colorado 
and Utah. Plummer et al. (1968) reported that sweetvetch is 
adapted to both sandy and clayey soils, on neutral and acidic soils, 
and on alkaline soils in saltbush and greasewood communities. 
Sweetvetch is an appealing forb for revegetation primarily because 
it is a native species and has nitrogen-fixing abilities (Redente 
1980). The number of native legumes that are available or show 
promise as revegetation species is limited. However, the need for 
native legumes is great and species such as sweetvetch can fill an 
important role in disturbed land reclamation and range improve- 
ment work. 

The present investigation was made to provide basic informa- 
tion on the autecology of sweetvetch. The objectives of this study 
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were to evaluate the germination characteristics of sweetvetch (H. 
boreale var. boreale) under constant and fluctuating temperatures 
and the possible interaction that would exist between light and 
temperature. Germination responses were also examined under 
various moisture stress conditions. 

Methods 

Sweetvetch seed was obtained from three separate sources. Seed 
from one source was collected at an elevation of 1,372 m near Salt 
Lake City, Utah, in the fall of 1976. A second collection was made 
near Orem, Utah, in the fall of 1978 at anelevation of 1,341 m. The 
third source was obtained in 1978 from the USDA Soil Conserva- 
tion Service Plant Materials Center in Bismarck, N.D. The seed 
was harvested in 1960 and originated from a collection made in 
Musselshell County, Mont. 

Preliminary trials with each seed source indicated that the exist- 
ence of a hard seed coat prevented imbibitional swelling in the 
presence of adequate water. To overcome seed coat dormancy a 
scarification study was implemented using a scarifer consisting of a 
small metal drum lined with abrasive paper. The procedures out- 
lined by Townsend and McGinnies (1972) were used, and an air 
pressure of 2.5 kg/cm2 (35 psi) was identified as the optimum 
pressure for propelling seeds through the abrasive drum to provide 
an adequate scarification treatment. Without this scarification 
treatment germination under laboratory conditions was negligible. 
All seed used in this study was scarified. 

Seed germination of the three sources of sweetvetch was then 
studied at six constant and six fluctuating temperatures under light 
and dark conditions. The six constant temperatures were 5, 10,15, 
20, 25, and 30” C; alternating temperatures were 15-20, 20-l 5, 
15-25, 25-15, 20-25, and 25-20°C (16 and 8 hours, respectively). 
The light treatment during alternating temperatures was asso- 
ciated with the 8-hour time period. 

The same sources of sweetvetch seed were also subjected to 
negative osmotic potentials during germination after optimum 
temperature and light conditions were identified. Substrate water 
potentials of -0.3, -5, -7.5, - 10, - 12.5, and - 15 bars were prepared 
by dissolving appropriate amounts of polyethylene glycol (PEG- 
4000) in distilled water according to procedures of Kidd et al. 
(1977) and Mexal and Reid (1973). Following the preparation of 
these aqueous solutions the seed was incubated in the dark at 15” C. 

In all germination tests, four replications of 100 seeds each were 
arranged in growth chambers in completely randomized designs. 
Plastic boxes measuring 13X 13.5X3.5 cm with tightly fitting lids 
were used to contain a layer of creped cellulose (Kimpac), one sheet 
of blotter paper, 100 ml of tap water or a mixture of PEG and 
distilled water, and 100 seeds of a particular sweetvetch source. All 
seeds were lightly dusted with thiram following the scarification 
treatment to reduce fungal attack. Germination counts were made 
daily from the 1st through 28th day. Seeds were considered to have 
germinated when the radicle emerged 1 cm. 

Data from temperature, light, and osmotic potential trials were 
subjected to analysis of variance procedures. Tukey’s Q test at the 
0.01 level was used to test differences between means. Multiple 
regression techniques were used to determine the 
between percent germination and osmotic potential. 

relationship 
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Results and Discussion 

Response to Constant Temperature 
All three seed sources of sweetvetch responded similarly to the 

range of constant temperatures tested. The highest germination 
was recorded at 15” C and 20” C for both light and dark conditions 
(Fig. I). The lowest germination occurred at the two extreme 
temperatures of 5’ C and 30” C. Sweetvetch had 8 1.5% germination 
at 15” C and 8 1 .O% germination at 20” C after averaging all seed 
sources together. The mid-range temperatures (10, 15, 20, and 
25” C) stimulated significantly (P.01) more germination than the 
high extreme temperature of 30°C and the low extreme tempera- 
ture of 5°C. 

Seed that was obtained from Utah responded with significantly 
(P=.Ol) higher germination percentages than the seed that origi- 
nated in Montana (Fig. 1). The response of the two sources from 
Utah was similar. The Montana source had significantly (F.01) 
less overall germination than the Utah sources, but the trend across 
temperatures was similar to the seed sources from Utah in that 
germination was lower for the two extreme temperatures. The 
main reason for the lower germination percentage associated with 
the Montana seed was attributed to seed age. This seed was origi- 
nally harvested in 1960 and not tested until 1979. A tetrazolium test 
indicated a total viability of 65%. The Utah seed sources were 
harvested in 1976 and 1978. Tetrazolium tests on these seed sources 
indicated viability levels of 94% for both sources. 

When averaged over all temperatures and sources the dark 
treatment (24 hours dark) gave significantly (P=.Ol) greatergermi- 
nation than when light was provided for an 8-hour period. The 
response of each source to the presence or absence of light at each 
temperature can be seen in Figure 2. Germination was higher under 
dark conditions than under 8 hours of light for the Montana seed 
except at 15” C. The difference at this temperature between light 
and dark was not significant (e.01). In fact, if germination 
response at individual temperatures is observed, then there are no 
significant (e.01) differences between light and dark. The same 
response is evident for the two seed sources from Utah. 

An important factor in assessing seed germination is the rate at 
which germination occurs. Ideal temperature and moisture condi- 
tions last for only short periods of time under field conditions. 
Therefore, a species that can respond quickly to favorable soil 
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Fig. 1. Germination response of three seed sources and their group mean 
six constant temperatures averaged over light and dark treatments. 
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Fig. 2. Germination response of each seed source to six constant temperatures under light and dark conditions. 
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moisture and temperature conditions may be the species that has 
the greatest potential in revegetation. It is also important to know 
the temperature and moisture conditions that will stimulate the 
most rapid germination. This type of information will provide 
guidelines to the proper time of seeding in order to take advantage 
of optimal environmental conditions. The graphical presentation 
(Fig. 3) shows that the germination rate is relatively slow at 5” C 
and 10°C when compared to the warmer temperatures. At a low 
temperature (5OC) germination does not begin until the fifth or 
sixth day depending on the seed source. At this temperature it takes 
8 days for 50% of the seed to germination. At 10°C it takes 
approximately 7 days for 50% seed germination to occur. This 
length of time may not be acceptable under field conditions 
because favorable moisture conditions may not last that long. 
However, in areas where the soil becomes saturated in the spring 
from snow melt and temperatures are still rather cool it would be 
possible to get a substantial amount of germination and emergence 
early in the growing season. Germination rate at the higher temper- 
atures (15, 20, 25, and 30” C) was relatively rapid with approxi- 
mately 50% of the seeds germinating on Day 3 at 15’ C, on Day 2 at 
20” C, on Day 3 at 25OC, and on Day 4 at 300 C. 
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Fig. 3. Germination rate averaged over three sourcesandplottedforallsix 
constant temperatures. 

Response to Fluctuating Temperature 
The effects of six fluctuating temperatures were tested under 

both light and dark treatments. The temperatures selected were 
based on the response of sweetvetch to constant temperatures. The 
optimum constant temperature appears to be somewhere between 
15” C and 25” C, and fluctuating temperature regimes were there- 
fore developed using combinations of these values. The only treat- 
ment effects that were significant included differences between seed 
sources and a temperature X light interaction. The two sources of 
seed from Utah had significantly (p2.01) higher germination 
across all temperatures and light treatments when compared to the 
Montana source, as expected. Sweetvetch seeds germinated better 
under dark conditions at 15-25,20-l 5,20-25, and 25-20” C (Fig. 4). 
When exposed to 8 hours of light, seed germinated better at 25-15 
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Fig. 4. Germination response at sixfluctuating temperatures-for both light 
and dark conditions. 

and 15-200 C. Germination at 15-25OC and 20-15OC under dark 
conditions was significantly (e.01) higher than under light condi- 
tions. Germination under light conditions at 25-l 5” C was signifi- 
cantly (P-=.01) higher than germination at the same temperature 
under dark conditions. It appears that the optimum temperature 
and light condition across all seed sources is 15-25” C or 20-15OC 
under dark conditions. 

Response to Water Stress 
In general, sweetvetch germination decreases with decreasing 

osmotic potential (Fig. 5). This decrease in germination does not 
become significant (P=.OI) until -5 bars osmotic potential is 

100 r 
SEED SOURCE 

-. - Montana 

--- Salt Lokr City, Utah 

- Orem, Utah 

OSMOTIC POTENTIAL ( -Barr ) 

Fig. 5. Germination response for each seed source under various moisture 
conditions. 
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reached with the seed source from Montana. The percent germina- 
tion of the Utah seed was significantly (p.01) reduced at -10 bars. 
Germination at -5 and -7.5 bars was similar. However, at osmotic 
potentials less than -7.5 bars the percent germination of sweetvetch 
is reduced rather markedly. 

Sweetvetch can germinate at rather low osmotic potentials, if 
temperature is not limiting. The interaction of temperature and 
osmotic potential was not studied, but osmotic potential becomes 
more prominent as temperature becomes less favoraBle (McGin- 
nies 1960). The ability of sweetvetch to germinate under compara- 
tively low osmotic potentials does not necessarily indicate that 
mature sweetvetch plants are drought tolerant. However, because 
of the nature of its root system and its occurrence in rather dry 
habitats, it can be conjectured that sweetvetch is at least moder- 
ately drought tolerant. 

A regression analysis was used to determine the relationship 
between percent germination and osmotic potential. The analysis 
indicated that the relationship with the Montana source was linear 
while the Utah sources had highly significant quadratic relation- 
ships. Figure 6 illustrates the regression line generated from the 
Salt Lake City seed source. The coefficient of determination for the 
regression of percent germination on osmotic potential was 0.96, 
and the regression was significant at the .Ol level of probability. It 
can be readily seen from this regression that the relationship 
between seed germination and osmotic potential is positive when 
osmotic potentials are less than -5 bars. However, sweetvetch 
germination does not appear to be affected by stress at osmotic 
potentials greater than -5 bars. The same response was evident 
with the second source of seed from Utah; however, the Montana 
seed had a positive relationship between seed osmotic potential 
when germination and osmotic potentials were lower than -0.3 
bar. 

Conclusion 
Sweetvetch can germinate under a wide range of temperature 

and light conditions. The overall germination of three sources of 

I 2 3 4 5 6 7 6 9 IO II 12 13 14 I5 

Fig. 6. Relationship bet ween percent 
for Salt Lake City seed source. 

OSMOTIC POTENTIAL 1 -Bars 1 

germination and osmotic potential 

sweetvetch seed at six constant temperatures was: 72%at 5” C, 78% 
at 10” C, 82% at 15OC, 79% at 25O C, and 74% at 300 C. The values 
were averaged over light and dark treatments; but, in general, the 
dark treatment resulted in greater germination when compared to 
8 hours of light. Based upon percent germination it appears that 
15°C under dark conditions would be the optimum temperature 
for sweetvetch germination. However, if the rate of germination is 
taken into account, then optimum temperature for sweetvetch 
germination would be 20°C. Under a constant temperature of 
20” C and dark conditions sweetvetch had nearly 50% germination 
in two days. 

Germination response under fluctuating temperatures cannot be 
as clearly defined as a response to constant temperatures. A 
temperature X light interaction was evident when temperatures 
were fluctuated, and at one temperature (25-l 5” C) light produced 
more germination than the dark treatment. The optimum germina- 
tion under fluctuating temperatures appears to be 15-25OC and 
20- 15” C (for 8 hours and 16 hours, respectively, in each case) under 
dark conditions. 

Sweetvetch seed will germinate rather well under moisture stress 
conditions up to -7.5 bars osmotic potential. Germination 
response does not appear to be affected at -0.3, -5, and -7.5 bars. 
Significant reductions in germination percentages were noted at 
- 10, -12.5, and - 15 bars osmotic potential. The response of sweet- 
vetch seed to osmotic stress provides some indication that sweet- 
vetch may be moderately drought tolerant during early stages of 
growth. This study indicates that sweetvetch seed can germinate 
rather well under relatively high levels of osmotic stress if the 
temperature is favorable. In addition, sweetvetch seed responds 
quickly to favorable temperature and moisture conditions which 
will enable this species to take advantage of short periods of time 
when field conditions are suitable for germination. 

The presence of a hard seed coat and resultant inability of 
sweetvetch seed to show imbibitional swelling in the presence of 
adequate water indicates a need for seed coat scarification prior to 
field planting. However, if field conditions are such that extremes 
in temperature during the winter from fall seeding, microbial 
activity, or abrasion by soil particle movement are adequate to 
weaken the seed coat and allow permeability, then scarification 
prior to seeding may not be needed. 
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Herbage Yield of Fertilized Cool-Season 
Grass-Legume Mixtures in Western 
Nebraska 
R.D. SCHULTZ AND J. STUBBENDIECK 

Abstract 

Herbage yield from five cool-season grasses (meadow brome- 
grass [Bromus biebersteinii Toem and Schult.], smooth brome- 
grass [Bromus inermis Leyss.], intermediate wheatgrass 
[Agropyron intermedium (Host) Beauv.], Russian wildrye (&Y’y- 
mus junceus Fisch.], crested wheatgrass [Agropyron cristatum (L.) 
Gaertn.]) in mixtures with alfalfa [Medicago sativa L.] or cicer 
milkvetch [Astragalus cicer L.] and with the two legumes in pure 
stands at two dates of harvest (June 5, June 26) and with four rates 
of fertilizer (0 kg N/ha-O kg P/ha, 0 kg/ha-22 kg P/ha, 45 kg 
N/ha-22 P/ha) was studied in western Nebraska in 1977 and 1978. 
Higher precipitation and more complete stand establishment dur- 
ing the second year caused dry matter production to be higher in 
1978 than 1977. Herbage yields were greater for the alfalfa-grass 
mixtures than the cicer milkvetch-grass mixtures. Dry matter 
yields were greater for the June 26 harvest than the June 5 harvest 
during both years which was attributed to the extra 3 weeks for 
growth to occur. Plots fertilized with 45 kg N/ha-22 kg P/ha and 
45 kg N/ha-O kg P/ha produced more herbage than plots receiving 
the other treatments during both years. The highest yields were 
recorded for the intermediate wheatgrass- and crested wheatgrass- 
legume mixtures and the lowest yields for the Russian wildrye- 
legume mixtures during the 2 years of this study. 

Several introduced cool-season, perennial grasses are adapted to 
the dryland conditions of the Northern Great Plains, but little is 
known of their performance with legumes or of the adaptation of 
legumes for semiarid areas in western Nebraska. 

The impact of fertilization schemes on seasonal distribution of 
herbage production also is an important consideration in grassland 
management. However, animal performance and production are 
often higher from legume-grass mixtures than from diets of peren- 
nial grasses. Mixtures of cool-season perennial grasses and 
legumes also may provide more uniform season distribution of 
herbage production than do grasses alone. 

Chan ( 197 I), in a study in North Carolina, reported that positive 
benefits obtained by grass growing in a mixture with a legume were 
very small. Winch et al. (1970) established that legume yields in a 
pure stand and in mixtures with grasses were similar in Ontario, 
Canada. However, others have reported higher yields and better 
seasonal forage distribution when legumes are included with 
grasses (Jones 1967; Wagner 1954a, 1954b). 

Competition and interaction between grasses and legumes play 
an important role in obtaining a maximum yield from a grass- 
legume mixture. Kilcher et al. (1966), Kilcher and Heinrichs 
(1966b), and Dubbs (1968) found Russian wildrye to be a highly 
competitive grass when grown with alfalfa in Saskatchewan and 
Montana, because alfalfa was eventually depleted from the stand. 
Production from a Russian wildrye-alfalfa mixture on dryland was 
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lower than yields of intermediate wheatgrass and crested wheat- 
grass [Agropyron crz’statum (L.) Gaertn.] grown with alfalfa. It has 
been reported that smooth bromegrass [Bromus inermis Leyss.] 
reduced the alfalfa componentin two-way mixtures which resulted 
in reduced production (Kilcher and Heinrichs 1966a). Alfalfa also 
remained in a stand longer when competing with only one grass 
(Kilcher et al. 1966), and cool-season grass-legume mixtures yield 
more when seeded in mixed rows rather than in alternate rows 
(Hanna et al. 1977). 

Variable rates and combinations of nitrogen (N) and phospho- 
rus (P) fertilizer have been shown to have measurable effects on 
grass-legume mixtures. Brouse and Burzlaff (1968) summarized 
several studies and concluded that the addition of P caused signifi- 
cant increases in growth of legumes on subirrigated meadows, and 
N stimulated growth of grasses and had a depressing effect on the 
legumes. Yield of a mixture, when subject to fertilization, was 
dependent on the grass-legume ratio. In Washington, Jackobs 
(1952) reported when a mixture was predominantly legume, only a 
slight response to N fertilizer was noted whereas a marked response 
to P was found. Just the opposite response occurred if the mixture 
was predominantly grass. Templeton (1976) concluded that N 
fertilizer shound not be used in cool-season grass-legume mixtures 
because it encouraged grass growth, increased shading of legumes 
and reduced nodulation or Ns fixation. However, McElgunn et al. 
(1972) and Lutwick and Smith (1977) reported that N fertilization 
increased yield of grass-legume mixtures in Canada. 

Grass-legume mixtures are more competitive with weeds for 
space and nutrients than a pure seeding of either herbage compo- 
nent (Wagner 1954a, Cooke et al. 1968). The competitive ability of 
the seeded species with weeds also had a direct effect on yield of the 
mixture components and varied between mixtures. 

Clipping management may strongly affect herbage yield due to 
vulnerability of plants to stress at varying periods of their growth. 
In North Dakota (Lorenz and Rogler 1973). Shirk et al. (1968) 
found that a delayed first cutting from June 1 to June 20 of 
alfalfa-mixed grass hay reduced the alfalfa content; however, the 
rate of regrowth was not altered whether clipped on June 1 or June 
20. 

Five cool-season grasses and two legumes exhibiting herbage 
production potential in western Nebraska are, respectively, mea- 
dow bromegrass [Bromus biebersteinii Toem and Schult.], smooth 
bromegrass, intermediate wheatgrass, Russian wildrye, crested 
wheatgrass, alfalfa, and cicer milkvetch [Astrugulus cicer L.]. Rus- 
sian wildrye, crested wheatgrass, and meadow bromegrass grow in 
bunches, while intermediate wheatgrass and smooth bromegrass 
are rhizomatous. Cicer milkvetch is equal to alfalfa in quality, but 
compares unfavorably with alfalfa since it has lower yields, longer 
establishment period, and less persistence (Stroh et al. 1972, Smo- 
liak and Hanna 1975). 

Objectives of this study were to evaluate herbage yields of cool- 
season grass-legume mixtures as well as the two legumes separ- 
ately, at two initial harvest dates and one regrowth harvest and to 
determine the effect of N and P fertilizers on yield. 
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Materials and Methods 

The study site was located in western Nebraska, approximately 
10 km northwest of Alliance, on the University of Nebraska 
Northwest Agricultural Laboratory. The long-term average 
annual precipitation levels during the 2-year study were above 
average at 544 and 606 mm for 1977 and 1978, respectively. The 
area is generally frost free from May 20 through September 25. 

The soil at the study site was classified as a Keith very fine, sandy 
loam. This soil is a deep, medium textured soil developed in loess, 
with a l-3% slope and is subject to slight erosion (Fenster and 
McCalla 1970). The soil is a Typic Arguistoll. 

Three replications of 10 grass-legume mixtures and the two 
separate legume species, for a total of 12 main plots, were seeded on 
April 8, 1976, into a previously summer-fallowed field. Legumes 
and grasses were seeded in the same row. In pure stands, ‘Dawson’ 
alfalfa and ‘Lutana’ cicer milkvetch were seeded at 11 and 13 
kg/ ha, respectively, while in the grass-legume mixtures they were 
seeded at 2 and 4 kg/ ha, respectively. ‘Regar’ meadow brome, 
‘Lincoln’ smooth brome, ‘Slate’ intermediate wheatgrass, ‘Vinall’ 
Russian wildrye, and ‘Ruff’crested wheatgrass were seeded at 9,9, 
11, 8, and 8 kg/ ha, respectively, in the grass-legume mixtures. 
Prior to seeding, the entire study area was sprayed with paraquat 
(l,ldimethyl-4-bipyridinium ion) to control annual weeds. Her- 
bage was not harvested during the growing season of 1976, but all 
herbage was removed from the area after the first killing frost. 

The twelve individual main plots were 4.3 X 36.6 m in size. Four 
fertilizer combinations (0 kg N/ha-O kg P/ha, 0 kg N/ha-22 kg 
P/ha, 45 kg N/ha-O kg P/ha, and 45 kg N/ha-22 kg P/ha) were 
applied at random in sub-plot applications of the main plots in 
March, 1977 and 1978. Nitrogen was applied in the form of ammo- 
nium nitrate (34-O-O) and P was applied in the form of triple 
superphosphate (0-46-O). The four fertilizer treatments divided the 
main plots into 4.3 X 9.1 m subplots. 

Table 1. Dry matter berbage yield (kg/ha) of ten cool season grass-legume 
mixtures and two pure legume seedings at the two initial harvest dates 
under four fertilizer treatments for the combined years 1977 and 1978. 

Fertilizer treatments (kg/ha) 
Harvest ON 45N ON 45N 
date Entries OP 22P 22P OP Mean 
June 5 Msa 1333 1440 1613 1577 

Aci 589 1227 585 1025 
Msa-Bbi 1296 1600 1699 1973 
Msa-Bin 1454 2014 1784 2217 
Msa-Ain 1457 2028 1989 2414 
Msa-Eju 1266 1364 1487 1775 
Msa-Acr 1615 2282 1813 2354 
Aci-Bbi 748 1595 675 1716 
Aci-Bin 763 1956 845 1593 
Aci-Ain 705 1691 1003 1809 
Aci-Eju 476 1004 588 1072 
Aci-Acr 602 2001 798 2002 

Mean 1025 1684 1233 1794 
June 26 Msa 1548 1764 2067 2040 

Aci 1344 2153 1082 2208 
Msa-Bbi 1871 238 1 2006 235 1 
Msa-Bin 1983 2765 2262 3087 
Msa-Ain 1954 3041 2592 3158 
Msa-Eju 1401 1675 1881 1997 
Msa-Acr 1986 2978 2216 2922 
Aci-Bbi 1847 2113 1207 2495 
Aci-Bin 1374 2829 1403 2887 
Aci-Ain 1502 275 1 1881 2765 
Aci-Eju 1162 1385 1309 1710 
Aci-Acr 1140 2886 1881 2858 

Mean 1593 2393 1816 2540 
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Each subplot was randomly divided into two sub-plots (2.2X 9.1 
m), delineating two harvest dates. A l-m (four rows) X 3-m plot 
was harvested at a 5-cm clipping height. One of the four harvested 
rows was separated in the field into the following components: (1) 
seeded grasses, (2) seeded legumes, and (3) unseeded material, and 
these components were used to calculate percentage yield of the 
total herbage. Herbage was harvested during the first week in June 
and the last week in June in both 1977 and 1978. Following the first 
killing frost each fall, regrowth was harvested. Regrowth consisted 
of the herbage growth from the initial harvest to the fall harvest. 

ILSDm = 413 for comparing entries within and between harvests, averaged over 
fertilizer treatments. 
LSD.05 = 246 for comparing the same entry between harvests, averaged over fertilizer 
treatments. 

The herbage samples were placed in paper bags and dried in a 
forced air oven at 70°C until a constant weight was reached. All 
herbage yields were calculated from the oven-dry weights. 

The experimental design was a randomized complete-block with 
three replications. Factors considered were years, replications, 
entries (species), fertilization rates, and harvests. Data for each 
respective year was analyzed separately. A split, split-plot analysis 
of variance was computed for each variable. Ftests were conducted 
at the 5% level of significance. The least significant difference 
(LSD) test was used to compare treatment means for significant 
main effects (Steel and Torrie 1960). 

Results and Discussion 

Initial Yield 

Dry matter herbage yields were significantly different for the 
entries X harvest date interaction (Table 1). This is attributed to an 
increase in production at the later harvest date. Dry matter yields 
increased for all mixtures from the June 5 harvest to the June 26 
harvest. Dry matter production was greater for the alfalfa-grass 
mixtures when compared with the respective cicer milkvetch-grass 
mixtures at both harvest dates. Intermediate and crested wheat- 
grass, grown in mixtures with alfalfa or cicer milkvetch and com- 
pared only within the same legume mixture, consistently produced 
the most dry matter at both harvest dates, averaged over fertilizer 
treatments. The alfalfa-crested wheatgrass mixture produced the 
most dry matter at the June 5 harvest, followed by the alfalfa- 
intermediate wheatgrass mixture. The same mixtures maintained 
the highest.levels of production at the June 26 harvest, however, 
the order was reversed. The lowest producing mixture at both 
harvest dates was cicer milkvetch-Russian wildrye. Alfalfa- 
Russian wildrye and cicer milkvetch-Russian wildrye mixtures 
were generally the lowest in dry matter production within the 
alfalfa- or cicer milkvetch-grass mixtures. Yields of dry matter at 
the June 26 harvest were 45% greater than for the June 5 harvest 
when averaged over all entries. 

Performance of the herbage over the 2 years of the study is most 
important; thus, table values are averages of 1977 and 1978 data. 
All entries abbreviations are the first letter of the genus and first 
two letters of the species of each seeded grass or legume. 

Regrowth Yield 

Significant differences existed between dry matter herbage 
yields of the 12 seeded entries, with alfalfa in a mixture with 
intermediate or crested wheatgrass maintaining the highest levels 
of production (Table 1). The cicer milkvetch-Russian wildrye mix- 
ture produced the lowest dry matter herbage yields. 

Dry matter yield of regrowth of the entries was significantly 
different (Table 2). Generally, alfalfa-grass mixtures produced 
more regrowth than the respective cicer milkvetch-grass mixtures 
during both years. Difference existed between the entries in ability 
to regrow after an early harvest. 

Plots receiving 45 kg N/ha-22 kg P/ha or 45 kg N/ha-O kg P/ha 
produced more herbage than plots fertilized with 0 kg N/ha-22 kg 
P/ha or nonfertilized, at both harvest dates. 

Mixtures receiving 45 kg N/ha-22 kg P/ha or 45 kg N/ha-O kg 
P/ha consistently produced more regrowth than mixtures receiv- 
ing 0 kg N/ha-22 kg P/ha which produced more regrowth than the 
nonfertilized plots (Table 2). The nonfertilized plots were consist- 
ently the lowest in dry matter yields. Regrowth yield for the entries 
X fertilizer rate interaction was significant, associated with the 
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Table 2. Dry matter regrowth yields (kg/ha) following the two initial 
harvest dates under four fertilizer treatments for the combined years of 
1977 and 1978. 

- = Reqrowth - - 

!Jeeds 

Fertilizer treatments (kg/ ha) 

Harvest ON 45N ON 45N 
date Entries OP 22P 22P OP Mean 

June 5 Msa 683 810 I287 1028 
Aci 434 631 546 496 
Msa-Bbi 704 1044 1035 1111 
Msa-Bin 563 1158 1090 1440 
Msa-Ain 594 1127 1059 1282 
Msa-Eju 469 881 762 959 
Msa-Acr 624 949 834 1337 
Aci-Bbi 54 1 941 503 1076 
Aci-Bin 360 404 475 464 
Aci-Ain 264 459 937 506 
Aci-Eju I7 1 452 402 479 
Aci-Acr 234 319 348 427 

Mean 470 764 773 884 
June 26 Msa 655 875 1202 1179 

Aci 216 458 348 336 
Msa-Bbi 746 1067 992 I240 
Msa-Bin 766 1183 949 1317 
Msa-Ain 623 1001 961 1358 
Msa-Eju 509 945 979 1350 
Msa-Acr 531 996 648 1069 
Aci-Bbi 378 578 399 686 
Aci-Bin 228 402 337 419 
Aci-Ain I32 460 148 503 
Aci-Eju 159 377 319 383 
Aci-Acr 75 316 233 270 

Mean 418 721 626 842 
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Entries 

Fig. 1. Dry matter yield of the initial harvests (grass, legume, weeds) and 
regrowth of ten cool-season grass-legume mixtures and twopure legume 
seedings averaged over four fertilizer treatments and two initial harvest 
dates for 1977. 

lLSD.oa = 317 for comparing entries within and between harvests, averaged over 
fertilizer treatments. 
LSD.05 = 123 for comparing the same entry between harvests, averaged over fertilizer 
treatments. 

entries’ differences in responding to the four fertilizer treatments. 
Dry matter yields of regrowth following the two initial harvest 
dates were significantly different. 

Dry matter yields of regrowth differed between the alfalfa-grass 
mixtures and the cicer milkvetch-grass mixtures following the two 
initial harvest dates, causing a significant entries X harvest data 
interaction (Table 2). The dry matter yields of regrowth of alfalfa 
and alfalfa-grass mixtures were significantly greater than the 
respective cicer milkvetch and cicer milkvetch-grass mixtures, with 
the alfalfa-smooth bromegrass mixture producing the most dry 
matter. 

Dry matter yields of regrowth showed a trend toward a decline in 
production following the later initial harvest, particularly for the 
cicer milkvetch-grass mixtures (Table 2). This decline in regrowth 
production is due to the fact that there is less time for the herbage to 
regrow following the later initial harvests. Alfalfa and the two 
mixtures, alfalfa-mead.ow bromegmss and alfalfa-Russian wild- 
rye, consistently produced more regrowth following the June 26 
harvest date than the June 5 harvest date. All cicer milkvetch-grass 
mixtures, averaged over fertilizer treatments, produced less 
regrowth following the June 26 harvest date than the June 5 
harvest date. Averaged over harvest dates and fertilizer treatments, 
the alfalfa-smooth bromegrass mixture produced the greatest yield 
of total regrowth, followed closely by the two mixtures, alfalfa- 
intermediate wheatgrass and alfalfa-meadow bromegrass. 

Total Yield 
Total dry matter yields in 1978 were equivalent to or greater 

than, the yield in 1977 (Fig. 1 and 2). Increased yield in 1978 was 
due to an increase in the grass and legume components and a 

- - - - - - - 
Regrowth 3500 

Weeds 

3000 Legume 

Grass 

2500 

Yield 
kg/ha 

Msa Aci Msa Msa Msa Msa Msa Aci Aci Aci Aci Aci 
Bbi Bin Ain Eju Acr Bbi Bin Ain Eju Acr 

Entries 

decrease in the weed component at the initial harvests. In 1977and 
1978, the grass component made up a larger portion of the initial 

Fig. 2. Dry matter yield of the initial harvests (grass, legume, weeds) and 
regrowth of IO cool-season grass-legume mixtures and two pure legume 

harvest yields of the cicer milkvetch-grass mixtures than of the 
mixtures than of the alfalfa-grass mixtures. This was attributed to 

seeding averaged overfourfertilizer treatments and two harvest datesfor 
1978. 
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cicer milkvetch being less competitive with the various grasses and Cooke, D.A., S.E. Beacon, and W.K. Dawley. 1968. Response of six-year 
weeds than alfalfa. Legumes made up a larger portionof the total old grass-alfalfa pastures to nitrogen fertilizer in northeastern Saskatehe- 
yield in 1978 and 1977 for all mixtures. wan. Canadian J. Plant Sci. 48: 167-173. 

The alfalfa-grass mixtures maintained a more favorable ratio of Dubbs, Arthur L. 1968. The performance of sainfoin, sainfoin-grass mix- 

legume to grass than did the cicer milkvetch-grass mixtures. tures on dryland in central Montana. p, 22-25. In: Sainfoin Symposium. 

Alfalfa should comprise less than half of the total herbage of an Montana Agr. Exp. Sta. Bull. 627. 

alfalfa-grass mixture, when used for grazing, which was thecase in 
Fenster, C.R., and T.M. McCalia. 1970. Tillage practices in western 

1977 but not in 1978 (Turner 1967). However, too little legume in a 
Nebraska with a wheat-fallow rotation. Nebraska Agr. Exp. Sta. Bull. 

mixture, which is the case with cicer milkvetch-grass mixtures, can 
S.B. 507. 20 p. 

Hanna, M.R., G.C. Kozub, and S. Smoiiak. 1977. Forage production of 
off-set the benefits of seeding a legume with a grass (Jones 1967; sainfoin and alfalfa on dryland in mixed-and alternate-row seedings with 
Wagner 1954a, 1954b). three grasses. Canadian J. .Plant Sci. 57:61-70. 

The mixtures producing the greatest yield of dry matter in both Jackobs, J.A. 1952. The performance of six grasses growing alone and in 
years were those mixtures which maintained close to a 1: 1 ratio of combination with legumes with differential nitrogen and phosphate 

legume to grass. In 1977 and 1978, the three mixtures producing fertilization in Yakima Valley pasture. Agron. J. 44:573-578. 

the most dry matter (alfalfa-smooth bromegrass, alfalfa- 
Jones, M.B. 1967. Forage and nitrogen production by subclover-grass 

intermediate wheatgrass, and alfalfa-crested wheatgrass) also 
nitrogen-fertilized California grassland. Agron. J. 59:209-2 14. 

showed a favorable grass-legume ratio. A decrease in the legume 
Kilcher, M.R., K.W. Clark, and D.H. Heinrichs. 1966. Dryland grass- 

component of the cicer milkvetch-grass mixtures apparently was 
alfalfa mixture yields and influence of associates on one another. Cana- 
dian J. Plant Sci. 46:279-284. 

related to a decreased dry matter yield (Fig. 1 and 2). Kilcher, M.R., and D.H. Heinrichs. 1966a. Performance of some grass- 
Smooth bromegrass, -intermediate wheatgrass, and crested 

wheatgrass appeared to be the most compatible grasses (Fig. 1 and 
2). Russian wildrye was the least competitive when grown with 
either alfalfa or cicer milkvetch. Cicer milkvetch yielded considera- 
bly less dry matter than alfalfa when grown with any of the five 
cool-season grasses. Cicer milkvetch did appear to be more com- 
petitive with Russian wildrye; however, this combination pro- 
duced the lowest yield in both years, as well as having the highest 
comnosition of weeds. 

alfalfa mixtures in southwestern Saskatchewan during drought years. 
Canadian J. Plant Sci. 46: 177-184. 

Kilcher, M.R., and D.H. Heinrichs. 196613. Persistence of alfalfa in mixture 
with grasses in a semiarid region. Canadian J. Plant Sci. 46:163-167. 

Lorenz, Russell J., and George A. Rogler. 1973. Interaction of fertility level 
with harvest date and frequency of productiveness of mixed prairie. J. 
Range Manage. 26150-54. 

Lutwick, L.E., and A.D. Smith. 1977. Yield and composition of alfalfa and 
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fertilizers. Canadian J. Plant Sci. 57: 1077-1083. 
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Management Implications 
McElgunn, J.D., D.H. Heinrichs, and R. Ashford. 1972. Effects of initial 

Long-range studies need to be carried out to better understand 
harvest date on productivity and persistence of alfalfa and brome grass. 
Canadian J. Plant Sci. 52:801-804. 

the complex effects that fertilizer treatments and harvest schedules, Shirk. G.A.. E.M. Kessler. J.W. Bratzler. and J.B. Washko. 1968. Effects of 
as well as changing climatic patterns, have on cool-season grass- initial cutting date on the yield and nutritive value of mixed hays and 
legume mixtures. Sound management practices designed to pro- their aftermath. J. Dairy Sci. 51:1639-1643. 
duce a better forage unit could then be recommended with higher Smoliak, S., and M.R. Hanna. 1975. Productivity of alfalfa, sainfoin and 
certainty. cicer milkvetch on subirrigated land when grazed by sheep. Canadian J. 

Under the conditions of the two-year study, the alfalfa- Plant Sci. 55:415-420. 

intermediate wheatgrass mixture was the most desirable because of 
Steel, R.G.D., and J.H. Torrie. 1960. Principles and procedures of statis- 

its high yielding capability. Under normal or below normal precipi- 
tics. McGraw-Hill Book Co., New York. 481 p. 

tation conditions, the crested wheatgrass-alfalfa mixture may be a 
Stroh, James R., Albert, E. Carlton, and Wesley J. Seamands. 1972. 

more desirable selection because of the adaptability of crested 
Management of Lutana cicer milkvetch for hay, pasture, seed and con- 
servation uses. Montana State Univ. and Wyoming Univ. Soil Cons. 

wheatgrass to drier areas. Serv. Res. J. 66. 17 p. 
Yields increases justify the 45 kg/ ha-22 kg P/ha fertilizer treat- Templeton, W.C. Jr. 1976. Legume nitrogen versus fertilizer nitrogen for 

ment over the other treatments tested; however, this may not be the cool-season grasses. p. 35-54. In: Biological N fixation in forage livestock 

case in the near future with energy costs constantly increasing. systems. Amer. Sot. Agron. Special Pub. No. 28. _ 
Harvesting the cool-season grass-legume mixtures in late June will Turner, Darrel 0. 1967. Yield and botanical composition of certain grass- 

provide the highest yields. Based upon quality, a more desirable 
legume mixtures on puget clay loam. Washington Agr. Exp. Sta. Bull. 

harvest time may be in mid-June for cool-season grass-legume 
683. 7 p. 

mixtures. 
Wagner, R.E. 1954a. Influence of legume and fertilizer nitrogen on protein 
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Meadow Forage Production as Influenced by 
Fertilization in a Dry Year 
F.B. GOMM 

Abstract 

During drought years, stream flow is often insufficient to irrigate 
normally flooded native meadows. Herbage production of the 
meadow is reduced, haying operations are suspended, and the 
available forage is grazed by cattle. Fertilization of meadows in 
eastern Oregon is done in the late fall or early spring before the 
availability of irrigation water for the following growing season is 
known. This study was initiated in 1977, following a severe winter 
drought, to determine the effect of fertilizing meadows in a dry 
year. Urea fertilizer was applied at 13 rates (0 to 745 kg N/ha). 
Maximum forage production of 1,000 kg/ha occurred about mid- 
July for the check treatment. Production was not increased at 
fertilizer rates of 0 to 50 kg N/ha, but were increased up to 1,600 
kg at fertilizer rates of 95 to 745 kg N/ha. Crude protein concentra- 
tions in the forage were similar to those measured in years of 
normal rainfall. Herbage N03-N levels were considered nontoxic 
at fertilizer rates less than 540 kg N/ha. It appears that during years 
of low precipitation, with customary rates of fertilization (90-110 
kg N/ha), forage production will be increased slightly, forage 
quality will be about normal, and the danger of nitrate poisoning 
will be nil. 

The vegetation community of seasonally flooded meadows in 
eastern Oregon evolved concomittently with extended annual peri- 
ods of flooding. Meadow plants generally require that the soil be 
saturated or shallowly ponded most of the growing season. Forage 
yields are strongly influenced by the seasonal period and duration 
of flooding. Rumburg and Sawyer (1965) determined that yields 
increased as length of flooding increased except when the water 
depth was greater than 18 cm. Forage yields were influenced more 
by the length than the period of flooding. An excessive length of 
flooding increased rushes and sedges and decreased yields of 
grasses. 

During drought years such as 1977, stream flow may be suffi- 
cient to irrigate only a small part of the meadowland in eastern 
Oregon. Herbage production, for the most part, is too low to 
justify the expense of haying operations, and the limited amount of 
forage produced is grazed by cattle as they are removed from range 
when that source of forage is depleted. 

Although not specifically documented, it has been suspected 
that forage produced on meadows is further reduced by applying 
fertilizer, but the crude protein concentration may be higher than 
when it is produced under normal flooded conditions. 

The purpose of this study was to determine the effects’of apply- 
ing fertilizer to meadowlands on the yield, crude protein, and 
potential nitrate danger to livestock of forage produced in a dry 
year. 

Methods and Procedure 

Urea (46% N) was applied April 29, 1977, to native meadow- 

Author is range scientist, USDA, Agr. Res. Serv., Crops Research Lab., Utah State 
University, Logan 84322, formerly at Oregon State University, Squaw Butte, Agr. 
Exn. Sta.. Bums 97720. 

Thisarticle representscooperative investigationsofthe USDA, Agr. Res. Serv.,and 
the Agr. Exp. Sta.. Oregon State University. Tech. Pap. No. 5465 of the latter. 

Manuscript received October 24, 1980. 

lands of the Squaw Butte Experiment Station, located about 10 km 
southeast of Burns, Ore. Fertilizer at 13 rates, ranging from 0 to 
745 kg N/ha, was applied in strips 10 m wide using a tractor- 
mounted broadcaster. The design provided 10 replicated plots of 
each treatment. 

The study site, characterized as high cold desert, averages about 
30 cm precipitation annually, of which 6 cm occurs during the 
growing season. The soil, tentatively classified as Silvies series- 
Fluventic and Cumulic Haplaquolls, was developed from lacus- 
trine sediments. The vegetation was typical of wild flood meadow. 
Dominant plant species were Baltic rush (Juncus balticus Willd.), 
slender sedge (Carex praegracilis W. Boott), Nebraska sedge 
(Carex nebraskensis Dewey) with varying amounts of Nevada 
bluegrass (Poa nevadensis Vasey ex Scribn.), and beardless wildrye 
(Elymus triticoides Buck.). Average production of the native mea- 
dow is about 1.7 metric ton/ha. 

At weekly intervals, May-August 12, several whole plant sam- 
ples of the meadow forage were taken randomly from each plot. 
These samples were later analyzed for crude protein. On June 16, 
July 15, and August 12, two m* samples were harvested near the 
center of each plot. Harvests taken subsequent to June 16 were 
collected from areas not harvested previously. Samples were dried 
at 65°C for 48 hours, weighed, ground, and analyzed for total 
nitrogen (crude protein) and nitrate-N. Analyses for crude protein 
were by the standard Kjeldahl method, and analyses for NOs-N 
followed the micro-Kjedahl method of Bremner and Edwards 
(1965) as modified for plant samples by the Soil Testing Labora- 
tory of Oregon State University. 

Soil samples to 15cm depths were taken from the 0 to 385 kg 
N/ha treatments at about 2-week intervals, May 13-August 15. 
These were dried at loo0 C for 24 hours to determine soil moisture 
percentage. Air-dried samples were analyzed for NOs and N&. 
Analyses followed the micro-Kjedahl methods of Bremner and 
Edwards (1965). 

Results and Discussion 

Previous to applying fertilizer, southeastern Oregon had expe- 
rienced one of its most severe winter droughts. From October 1, 
1976, to May 1, 1977, only 2.5 cm of precipitation had occurred 
(Gomm 1979). Subsequent precipitation was 5.1 cm in May, 1.5 cm 
in June, and 0.5 cm in July. The May precipitation was not 
sufficient to provide flood water to the meadow but benefited early 
growth. Plant growth commenced with the spring moisture; how- 
ever, considerable variability occurred within plots due to micro- 
relief and uneven distribution of soil moisture. 

Soil Analyses 
As the season progressed, the soil moisture generally declined 

from 67% on May I3 to 42% on June 2 1 and 25% on August 15 
without response to fertilizer treatments. 

Soil N levels were highest as NH4 early in the season, and the 
NH4 levels generally increased as the fertilizer rates increased (Fig. 
1). By the end of May (I month after application), there were no 
significant differences among rates less than 95 kg N/ha. At rates 
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Fig. 1. Inorganic nitrogen in meadow soil at beginning, middle, andendof 
growing season as affected by fertilizer rates. 

of 145 kg N/ha and larger, the concentration of NH4 in the soil 
increased during June due to increased application rates, but the 
increase with increased rate became smaller as the season 
progressed. 

Concentrations of NCh in the soil increased slightly at rates less 
than 95 kg N/ha but became significant components of the total 
available N when applied at rates above 95 kg/ ha. After mid-June, 
the N03 fraction became the dominant source of N only at the 385 
kg N/ha rate, but by August 15, NQ was the major source of N at 
fertilizer rates above 145 kg N/ha. Apparently, much of the inor- 
ganic N was converted from NH4 to N03 as mineralization 
progressed. 

Total inorganic-N at each sampling date increased as rate of 
application increased, but it consistently declined as the season 
progressed. 

Forage Yield 
By mid-June, the unfertilized plants produced about 800 kg/ ha, 

less than one-half of the production of a normal year (Fig. 2). The 
application of fertilizer at rates of 0 to 50 kg N/ ha had no stimulat- 
ing effect on production. However, at rates of N greater than 95 
kg/ ha, yields tended to increase with increased rate of application. 

As the season progressed, yields increased until July 15, after 
which they decreased. The rate of decrease was greatest from 
applications below 350 kg N/ha. It appeared that at rates above 
490 kg N/ha, the soil moisture became depleted about mid-June, 
and production declined rapidly after July 15. 

Precipitation during May was apparently sufficient to stimulate 
growth and forage production, and the application of nitrogen 
increased the water use efficiency of the meadow plants. It has been 
observed, however, that plants fertilized with N grow most rapidly 
in the spring. Grable et al. (1966) suggested that N-fertilizer might 
significantly increase the evapotranspiration of plants in the spring 
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Fig. 2. Yield of meadow forage as affected by fertilizer rates at three 
harvest dates. 

by promoting earlier growth-especially during periods of great 
heat transfer. It has also been shown that fertilization increases the 
efficiency of water usage during plant growth (Viets 1962). Kramer 
(1969) and Viets (1962) suggested that methods which encourage 
the production of dry matter increase efficiency of water usage, but 
they may be unprofitable. It is very probable that had the rainfall in 
May been less, the meadow plants would have depleted the soil 
moisture much earlier in the season. The stimulation of growth by 
the fertilizer nitrogen could have caused the depletion to occur 
earlier as the rates of fertilization increased. Pesek et al. (1955) 
suggested that small decreases in yields can be caused by fertiliza- 
tion. Such decreases usually occur when increased fertilizer results 
in large amounts of growth early in the season. Plants literally run 
out of water, mature, and are not able to effectively utilize later 
rains as are smaller and less mature plants. 

The degree of water stress and the plant growth stage during 
which the stress occurs will variably affect net photosynthetic and 
respiration rates (Murata and Iyama 1963). The photosynthetic 
rate, however, decreases much more rapidly than respiration, 
resulting in reduced production. Generally, N applied at low to 
moderate rates increases dry matter production and carbohydrate 
reserves in roots. Nitrogen applied at high rates tends to decrease 
root reserves (Adegbola and McKell 1966). Consequently, when 
plants are stressed by lack of soil moisture, added nitrogen could 
cause reduction in herbage production. 
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Fig. 3. Crude protein concentration in meadow forage as affected by 
fertilizer rates. Treatments above 385 kg N/ha were not sampled May 13. 
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Fig. 4. Nitrate concentration in meadow forage as affected at three harvest 
dates by fertilizing in a dry year. 

The concentration of crude protein in the forage during 1977 
(Fig. 3) was no greater than would be expected in a normal year. 
Crude protein values during 1977 were similar to similar dates in 
1962 (stream flow 85% of normal) and 1 to 2% higher than those in 
1961 (stream flow 54% of normal) (Raleigh et al. 1964). Raleigh et 
al. (1964) states that differences between years are often greater 
than differences among dates. They concluded that the length, 
time, and depth of flooding, and other environmental factors affect 
the quality of meadow forage. These factors cause changes in 
species which in turn contributed to forage quality in relation to 
date of growth. Their observations are consistent with an observa- 
tion made May 27, 1977; the crude protein concentrations of 
component species were: beardless wildrye 2 1.2% Nevada blue- 
grass 17.7%, slender sedge 14.6%, Baltic rush 1 1 . l%, and Nebraska 
sedge 10.6% Conditions which would cause increased sedge or 
reduced grass would ultimately dilute the level of crude protein in 
the forage. 

At fertilizer rates usually applied on flood meadows (90-l 10 kg 
N/ha), the danger of nitrate poisoning from feeding or grazing was 
nil (Fig. 4). Although NG concentrations generally increased with 
increased fertilizer rates, the increase was minimal at rates of 0 to 
385 kg N/ha. At higher rates, significant levels of NOa accumu- 
lated. Forage samples harvested June 16 were considered unsafe 
(0.21% NOs-N) from 540 kg N/ha treatments. By August 12, none 
of the fertilizer rates resulted in toxic levels of nitrate. Fertilizer 
treatments that caused high accumulations of nitrate were also the 
treatments which depleted soil moisture early in the season as 
indicated by herbage yields (Fig. 2). It is known that environmental 
conditions which cause physiological stress can cause nitrate to 
accumulate in plant tissues (McKee 1962). Although N& did not 

accumulate to high levels in plants fertilized at the lower rates of N, 
it is quite possible they would have if the May precipitation has 
been less. 

Conclusion 

Forage production of native meadow species will be reduced 
when irrigation water is not available or withheld. The extent of 
reduced production will depend on natural precipitation, its distri- 
bution during the growing season, and the availability of soil 
nutrients. The heavy rainfall in May 1977 was probably the most 
important factor which allowed the plants to produce. Applica- 
tions of nitrogen fertilizer also contributed to plant growth and 
increased the efficiency of water use; however, the value of 
increased forage due to fertilization may not have been profitable. 

With the soil moisture available only from natural precipitation, 
the crude protein concentration in the forage was no higher than it 
had been reported for similar meadow forage by dates in a normal 
precipitation year. This does not preclude the possibility that the 
forage quality in a dry year could be higher than that grown in a 
normal year. The quality of forage is highly related to seasonal 
growth, maturity, soil nutrients, and availability of soil moisture. 

Although high rates of fertilization can cause nitrate to accumu- 
late, it is unlikely that nitrate poisoning of livestock would occur 
when the forage species of eastern Oregon meadows are fertilized 
at customary rates (90-l 10 kg N/ha). The possibility of nitrate 
accumulation, however, is increased early in the season when 
heavily fertilized plants run out of water. 
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Sheep as a Biological Control Agent for 
Tansy Ragwort 
STEVEN H. SHARROW AND WAYNE D. MOSHER 

Abstract 

Tansy ragwort (Senecio jacobueu) is a biennial weed commonly 
found on forest and pasture lands in the maritime regions of the 
Pacific Northwest. Pyrrolizidine alkaloids in tansy ragwort, when 
consumed by most types of livestock, produce progressive and 
irreversible liver damage. Sheep, however, appear immune to these 
alkaloids. To evaluate the possibility of using sheep to suppress 
tansy ragwort in cattle pastures, 100 plants were marked and their 
status followed during 1977 and 1978 in pastures grazed by cattle 
alone and in pastures grazed by both cattle and sheep. Total tansy 
ragwort mortality did not differ between pastures, However, the 
cause of mortality did differ. Mortality on the cattle-grazed pasture 
was predominately due to completion of the plant’s biennial life 
cycle (blooming and seed set), while most plant mortality on the 
sheep plus cattle pasture appeared to be the result of grazing. The 
data suggest that sheep may be used as a biological control agent to 
suppress tansy ragwort populations by reducing their ability to 
produce seed. 

Tansy ragwort (Senecio jacobaea) is a biennial or weak peren- 
nial weed which is widely distributed in the maritime climatic 
regions of northern California, western Oregon, and western 
Washington. It is estimated to occur on approximately three mil- 
lion acres of forest and rangelands in western Oregon alone (Isaac- 
son and Schrumpf 1979). A recent survey of dryland pastures in 
western Oregon (Isaacson and Schrumpf 1979) indicated that 43% 
of these pastures are currently infested. The average level of infes- 
tation is high, being approximately 1800 flowering stems per hec- 
tare. Not surprisingly, the economic impact of this infestation is 
also high. Annual economic losses in western Oregon are estimated 
to be $600,000 due to forage displacement alone (Isaacson and 
Schrumpf 1979). Perhaps more important, however, then reduced 
forage production are potential losses of livestock which may be 
poisoned when they consume tansy ragwort. Tansy, like several 
other Senecio species, contains pyrrolizidine alkaloids (Kingsbury 
1964), which when consumed are metabolized in the liver into 
active pyrrol derivatives, causing liver damage (Craig 1979). These 
alkaloids have been demonstrated to be toxic to monogastrics such 
as humans (Huxtable 1979) and rats (Shull et al. 1976), caecae 
digesters such as horses (Craig 1979), and to ruminants such as 
cattle (Craig 1979) and goats (King and Dickenson 1979). Cattle 
losses in Oregon attributed to tansy ragwort poisoning in 1971 
alone were valued at $ I .2 million (Snyder 1972). This figure would 
undoubtedly be much higher if it were not for the relatively low 
palatability of tansy ragwort to most livestock. Sheep, on the other 
hand, readily consume it and seem immune to its toxic properties. 
It is not clear if sheep possess the ability to destroy pyrrolizidine 
alkaloids in the rumen (Dick et al. 1963) or if the alkaloids are not 
activated in the liver (Shull et al. 1976). In any event, there is little 
evidence to suggest that sheep are poisoned even when large 
amounts of tansy ragwort are consumed (Craig 1978). 

Authors are assistant professor, Rangeland Resources Program, Oregon State 
University, Corvallis; and rancher, Roseburg, Ore., respectively. 

This report was submitted as Tech. Pap. No. 5692. Oregon Agr. Exp. Sta., 
Corvallis. 

*Manuscript received November 17, 1980. 

Because of the widespread distribution of tansy ragwort together 
with public concern over the use of herbicides on both public and 
private lands, recent efforts to control this species have centered on 
biological control. Two insect agents, the flea beetle (Longitarus 
jacobaea), which feeds on roots and stems, and the cinnabar moth 
(Tyria jacobaea), whose caterpillars feed principally on leaves, 
have been introduced for this purpose. Unfortunately, they have 
not as yet proven successful in reducing tansy ragwort to accepta- 
ble levels on a large scale by themselves. The purpose of this paper 
is to discuss sheep as an additional biological control agent. 

Methods 

In order to investigate the effects of sheep grazing on individual 
tansy ragwort plants, a study was established on the Mont Alto 
Ranch near Glide, Oregon, in May 1977. The site chosen was a 
moist valley bottom associated with steep hillsides which once 
supported Douglas-fir (Pseudotsuga menziesii) forest. The entire 
area was grazed by cattle each spring. Two plots, one grazed by 
cattle, the other grazed by cattle in the spring followed by sheep in 
the early summer of 1977, were sampled during 1977 and 1978. On 
each plot, steel posts were driven into the ground 30 m apart. These 
posts then served as reference points to permanently locate the 
positions of 100 tansy ragwort plants on each plot. Plants were 
subsequently relocated and identified by triangulation from the 
posts on August 8,1977, May 151978, and December 20,1978. On 
each sampling date, the number of leaves, number of flower clus- 
ters, and the general appearance of each plant were recorded. This 
information was used to place plants into seven status groups as 
follows: (1) vegetative- undefoliated rosettes, (2) reproductive 
plants with flowers present, (3) dry plants-dry, undefoliated 
rosettes, (4) stripped leaf petioles-rosettes from which all leaf 
tissue had been removed, (5) stripped flower stalks plants from 
which all leaves and flowers had been removed, (6) stubs-plants 
reduced to a leafless stub less than 3 cm long, and (7) not 
observed-no evidence of the plant was found. 

Plant mortality was ascribed to one of three sources as follows: 
(1) bloomed-plants in status 2 or 5 on August 8, 1977, not 
observed alive in 1978, (2) grazing-plants in status 4 or 6 on 
August 8, 1977, not observed alive in 1978, and (3) unknown- 
plants in status I, 3, or 7 on August 8, 1977, not observed alive in 
1978. 

Statistical comparisons between the cattle-grazed and the sheep 
and cattle-grazed plots were made using x* contingency tables 
(Steel and Torrie 1960). 

Forage utilization was accessed at the end of the grazing season 
in 1977 by a single area-wide ocular estimate for each plot on 
August 8, 1977. 

In order to evaluate the nutritional value of tansy ragwort 
plants, ten flowering plants were collected on June 28,1979. Plants 
were hand-separated into leaf, flower, and stem materials. Plant 
materials were oven dried (50’ C), ground in a Wiley mill (#60 
mesh screen) and like materials composited to form a single sam- 
ple. Duplicate sub-samples of leaf, flower, and stem tissue were 
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analyzed for protein content (N X 6.25) by the micro Kjeldhal 
procedure (A.O.A.C. 1970). In vitro digestibility was determined 
for three subsamples of each plant part by the Tilly and Terry 
( 1963) procedure. 

Results and Discussion 
Forage utilization on the cattle-grazed plot appeared to be light 

(about 20%) in 1977, while total utilization on the cattle -t sheep 
plot was quite high (about 80%). Although no animal data were 
taken, the sheep seemed to gain weight despite the heavy utiliza- 
tion. This was not surprising, as tansy ragwort during the summer 
period is generally considered to be good feed for sheep. Chemical 
analysis of flowering tansy ragwort plants collected in early 
summer 1979 (Table 1) supported this contention. Leaves and 

Table 1. Percent protein and in vitro digestibility of tansy ragwort plants 
collected June 28, 1979. 

Plant part and requirement % Protein % Digestibility 

Leaves 10.4 75 
Stems 2.6 46 
Flowers 14.5 71 
NRC (maintenance - ewes)’ 8.9 55 
NRC (growing lambs)’ 1 I.0 67 

‘Dietary nutrient requirements as listed by the National Research Council (1975). 

flowers, the most readily consumed portions of the plants, 
exceeded NRC (1975) dietary requirements for ewes both in terms 
of crude protein and percent digestibility. It is interesting to note 
that both of these plant parts also met the digestibility require- 
ments for growing lambs. In addition, the protein content of 
flowers was adequate for lambs while that of leaves was only 
slightly deficient. Stems, however, were quite fiberous and woody 
at this growth stage. Their low protein content and digestibility 
reflected this. The protein contribution made by a plant such as 
tansy ragwort to sheep diets may be especially important as utiliza- 
tion tends to occur during the summer months when other green 
feed is scarce. 

The status of tansy ragwort plants on August 8, 1977, imme- 
diately after sheep were removed is shown in Table 2. Sheep 

Table 2. Number of tansy ragwort plants per status group on August 8,1977. 

Group 

Vegetative 
Reproductive 
Dry plants 
Stripped leaf petioles 

Stripped flower stalks 
Stubs 
Not observed 

Total plants studied 

Sheep+Cattle 
Cattle-Grazed Grazed X2 

15 0 *I 
40 2 *i 

2 0 NS* 
7 0 *I 

0 3 NS* 
9 30 *I 

27 65 *I 

100 100 

‘*Cattle-grazed plot significantly different from sheep + cattle grazed plot, P<.O5. 
zNSNo significant difference, p>.OS. 

appeared to be efficient defoliators of tansy ragwort. On the cattle- 
grazed plot, 43 plants were defoliated compared to 100 plants on 
the cattle f sheep grazed plot. The intense defoliation achieved by 
sheep grazing was effective in preventing tansy ragwort fromflow- 
ering and producing seed as evidenced by only 2% of the plants 
flowering in 1977 on the sheep + cattle plot compared to 40% on 
the cattle-grazed plot. Furthermore, the two plants which were 
able to bloom on the sheep + cattle plot produced only one or two 
capitula each while blooming plants on the cattle-grazed plots 
produced dozens of capitula per plant. 

A concern frequently expressed by producers and researchers 
alike is that tansy ragwort plants may be converted from a biennial 

to a weak perennial growth habit as a result of defoliation by 
livestock. The practical effect of such a shift in growth habit would 
be to allow individual plants to persist in a pasture until either a 
year of particularly favorable climatic conditions or a reduction in 
livestock grazing pressure allowed them to bloom and to mature 
seed. If this occurred, effective control of tansy ragwort could not 
be achieved through defoliation of the plants by livestock. Fortu- 
nately, this does not appear to be the case. Reexamination of the 
same tansy ragwort plants in 1978 (Table 3), a year in which cattle 

Table 3. Number of tansy ragwort plants observed in each status group on 
August 8,1977, subsequently observed alive in May or December 1978. 

Group 
Sheep + Cattle 

Cattle-Grazed’ grazed’ 

Vegetative 8/ 15 (53%) O/O 
Reproductive 8/40 (20%) O/2 
Dry plants 2/2 (100%) O/O 
Stripped leaf petioles 7/7 (100%) O/O 
Stripped flower stalks O/O O/3 
Stubs 7/9 (78%) 19/30 (63%) 
Not observed 1 O/ 27 (37%) 13/65 (20%) 

‘August 1977/May and/ or December, 1978 

but no sheep grazing occurred, revealed that a considerable 
number of plants originally present in 1977 were not present in 
1978. Of special interest were the reproductive plants on the cattle- 
grazed plot. While 80% of these plants died following flowering in 
1977, the remaining 20% were true perennials in that they remained 
alive following seed production. In fact, three of these plants not 
only grew vigorously the next year (1978), but also flowered for a 
second time. It this occurrence of perennality is shared by other 
tansy ragwort populations, their seed-producing ability may be 
much higher than is generally recognized. 

While the total amount of mortality was similar on both cattle + 
sheep and cattle-grazed plots (Table 4), the cause of mortality was 
quite different. Mortality on the cattle-grazed plot was predomi- 

Table 4. First year of mortality of tansy ragwort plants. 

Tvne of Grazing 

Source of mortality Cattle 
Sheep i- 

Cattle X2 

Bloomed 32 2 
Grazing 2 14 
Unknown 24 52 
Total mortality 58 68 

‘*Cattle-grazed plot different from sheep + cattle plot, K.05. 
ZNSNo significant difference, m.05. 

*I 
*I 
*I 

NS* 

nately due to completion of the life cycle including both flowering 
and seed production. On the sheep i- cattle plot, however, mortal- 
ity was largely the result of grazing. This is more evident when one 
realizes that unless a stub or other grazed plant part was observed, 
mortality was attributed to “unknown causes.” Many plants were 
so completely consumed by the sheep that the location of any plant 
remains was extremely difficult. Thus, much of the “unknown” 
mortality class was likely due to sheep grazing. 

It appears, therefore, that intensive grazing by sheep can effec- 
tively reduce the ability of tansy ragwort plants to flower and 
produce seed. Reduced seed production, together with the death of 
established plants resulting from the intensive, frequent defoliation 
which occurs under close grazing, may allow reduction of tansy 
ragwort populations to acceptable levels. Furthermore, tansy rag- 
wort appears to be a relatively high quality feed for sheep, provid- 
ing protein to their diet in the summer when other herbage is dry. 
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Special Management Needs of 
A/pine Ecosystems 

edited by Douglas A. Johnson 

This publication presents six papers given at a special symposium presented at the annual 
meeting of the Society for Range Management in Casper, Wyoming, in February, 1979. Titles 
include: 

Alpine Ecosystems of Western North America 
Physiological Responses of Plants in Tundra Grazing Systems 
Range Management in the Alpine Zone 
Hydrologic Aspects Related to the Management of Alpine Areas 
Revegetation of Disturbed Alpine Rangelands 
Future Management and Research Needs in Alpine Ecosystems 

Extensive bibliographical material extends the value of the papers, which present current 
information about the mysterious world of the alpine tundra. Increased demands for food and 
fuel have created greater pressure on these fragile lands, and so current information about them 
would be of value to those responsible for their use and reclamation, environmentalists, research 
students, and individuals interested in an unusual and fascinating ecosystem. Soft-bound l 120 
pages l $4.50 postpaid. 
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Weather, Soil and 2,4-D Effects on Tallgrass 
Prairie in Oklahoma 
J. POWELL, J.F. STRITZKE, R.W. HAMMOND, AND R.D. MORRISON 

Abstract 

A study was conducted from 1971 through 1975 in a north 
central Oklahoma tallgrass prairie to determine effects of (1) differ- 
ent rates of 2,4-D on grass production in fair to good condition 
areas where forb production was low, (2) repeated applications of 
2,4-D on grass and forb production, and (3) species composition 
and range site growing conditions on grass and forb production 
responses to 2,4-D application. Five rates 2,4-D (0.00,0.28,0.56, 
0.84, and 1.68 kg/ha) were applied in 1971 to determine their 
effects on grass production where forbs had been removed manu- 
ally prior to spraying, Grass production increases equalled forb 
production decreases, regardless of whether forbs were reduced by 
24-D or hand-weeding prior to 2,4-D application. From 1972 
through 1975, the same 5 rates of 24-D were applied annually on 
four tallgrass prairie sites differing in range condition, past use, 
and soil factors. Site and annual growing conditions had more 
effect on grass production than did 2,4-D applications. There was 
no evidence of a stimulative growth effect by 2,4-D on grass 
production. All increases in grass production were accompanied 
by decreases in forb competition. 

Conflicting reports exist as to whether increases in grass produc- 
tion after spraying with 2,4-D [(2,4dichlorophenoxy) acetic acid] 
are due to reduced forb competition or a direct physiological 
growth stimulation. Most field studies base their conclusions on 
the amount of grass production increase and the amount of con- 
current forb production decrease after 2,4-D is applied to all the 
vegetation present. 

In the tallgrass prairie Elwell and McMurphy (1973) reported a 
3-fold increase in grass forage for each unit of forbs removed using 
2,4-D. Morrow and McCarty (1976) also noted that total herbage 
yield increased when forbs were killed. 

Klingman (1956), however, found no increase in total herbage 
production. He reported an increase in production of desirable 
grasses equal to the decrease in forb production. Thilenius et al. 
(1974) in an alpine area and Thilenius et al. (1975) in a subalpine 
area also reported increased grass production about equal to the 
decrease in forb production after 2,4-D was applied. 

Since the application of 2,4-D is an accepted and widespread 
range improvement practice in the tallgrass prairie, this study was 
designed to learn more about the effect of 2,4-D applications on 
grass production. Considering the possible influence of differences 
in rate of application, species composition, and growing condi- 
tions, experiments were conducted simultaneously on several dif- 
ferent sites and continued for several years. Specifically the 
research attempted to determine effects of (1) different rates of 
2,4-D on grass production in areas in fair to good condition where 
forb production was low, (2) repeated applications of 2,4-D pro- 
duction of grass and forb species, and (3) species composition and 
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Statisticg, Oklahoma State University, Stillwater 74078. 
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range site growing conditions on grass and forb production 
response to 2,4-D applications. 

Study Area 

The experiment was divided into 2 separate studies. Study I was 
conducted during the 1971 growing season in the SE%, Set 11, 
T19N, RI W, Indian Meridian. Study II was conducted from 1972 
through 1975 in the SEti, Set 4 and SE%, Set 3, T19N, RI W, 
Indian Meridian. Both study areas are within the Lake Carl Black- 
well watershed about 15 to 20 km northwest of Stillwater, Okla., in 
the tallgrass prairie. 

The climate of the area is continental with hot, humid summers 
and moderately cool, dry winters. The average number of frost-free 
days is 206 from early April to late October or early November. 
The average absolute maximum temperature is 4oOC or higher 
June through September. The average absolute minimum temper- 
ature is -2oOC or lower for December through March. 

Average annual precipitation is 820 f 250 mm with about 75% 
occurring during the growing season. The average monthly precip- 
itation ranges from about 120 mm in May to 30 mm December- 
-February. Average pan evaporation exceeds 250 mm/ma. 
June-August. Windspeeds are greatest in March (230 km/day) 
and least in August (115 km/day). The mean relative humditiy is 60 
to 70%. 

The topography is rolling with 3 to 5% slopes on the ridges and 
upland areas. The vegetation is primarily tallgrass prairie with 
Cross Timbers woodland vegetation (especially Quercus spp.) on 
shallow, coarse-textured soils. Woodland vegetation along water- 
courses in the study area is described by George and Powell (1977). 
Grassland vegetation in the area is described by Broyles (1978). 

Study I was conducted on a claypan prairie range site in low- 
good range condition on Kirkland silt loam soil (fine, mixed, 
thermic Udertic Paleustoll). The area was revegetated naturally 
after being cultivated about 35 to 40 years prior to the study. 
During the 20 years priorto these investigations, the study area was 
moderately grazed by cows and calves. 

Study II was conducted about 3 km northwest of the Study I 
area. The area for Study II was selected because of the variety of 
sites available for use. The 4 sites used in Study II are described in 
Table I. 

In general these sites represented loamy prairie and loamy bot- 
tomland range sites in fair to excellent range conditions. All sites 
had relatively low forb populations and consequently, low forb 
competition. Previous land use was varied but consistent for each 
site during the 5 to 10 years prior to the study. Species composition 
varied among the sites, but little bluestem (Schizachyrium scopa- 
rium), big bluestem (Andropogon gerardii), indiangrass (Sorghas- 
trum nutans), gramas (Bouteloua spp.), western ragweed 
(Ambrosia psilostachya), heath aster (Aster ericoides), western 
yarrow (Achilles lanulosa), Louisiana sagewort (Artemisia ludovi- 
ciana), and showy partridgepea (Cassia fasciculata) were common 
on one or more sites. 
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Table 1. Site factors of the four areas used in Study II. 

Site 
Site Factor 1 2 3 4 

Past Use Hay 
(cut late) 

Good 

U ngrazed Overgrazed by cattle Ungrazed 

Range Condition 

Topographic 
Slope Position 
Slope (%) 
Slope Length (m) 
Aspect 

Soil 
Series’ 
Solum thickness (cm) 
A horizon thickness 
Surface horizon 

Thickness (cm) 
Color 
Texture 

Chemical Analysis (O-3Ocm) 
PH 
Organic matter (%) 
Phosphorus, Extr. (ppm) 
Potassium, Extr. (ppm) 
Calcium, Extr. (ppm) 
Magnesium, Extr. (ppm) 
Sodium, Extr. (ppm) 

Excellent Fair Excellent 

Middle l/3 Lower l/3 Lower l/3 Lower l/3 
3-5 1-3 1-3 5-8 
200 200 200 100 
ESE W ssw E 

Norge Teller Teller2 Teller 
170 230 220 170 
20 50 18 36 

AP (20) 

5 yP 3*5’3 

AP( 20)3 
5 YR 413 

AP(L8) Al(36) 
5 YR 3.513.5 7.5 yr 317 

vfsl -sil 1 

6.0 6.0 6.3 6.1 
2. I 1.7 1.0 1.9 

2 2 4 2 
85 50 50 60 

490 380 560 530 
120 100 160 150 
25 25 25 25 

‘Norge-fine-silty udic paleustolls; Teller-fine-silty over sandy, mixed, mesic type hapludalfs; Konawa-fine-loamy, mixed, thermic ultic haplustalfs. 
*Teller-like gradational to Konawa-like; no mollic epipedon; subject to occasional flooding. 
3Upland overburden. 

Methods All data were subjected to analysis of variance using a spht- 
split-plot analysis (Steele and Torrie 1980). Probability levels were 
determined for differences between means per source of variation. 
Those differences found to be significant at the 0.05 level (and at 
the 0.10 level in one case) were tested using the Least Significant 
Difference for 5 or fewer treatments or the Duncan’s new multiple 
range test for 6 or more treatments (Steele and Torrie 1980). 
Computer analyses used the Statistical Analysis Systems (SAS76) 
software package by Barr and Goodnight (1976). All differences 
discussed are significant at the 0.05 level unless otherwise stated. 

Study I 
A randomized complete block design with 3 replications was 

used for Study I. Treatments were in a factorial arrangement with 5 
rates of 2,4-D application and 2 weeding treatments. Each of the 30 
plots was 3 m X 7.5 m. 

In early May, 197 1, all forbs were removed by hand from the 
weeded areas. Then a butoxypropyl ester of 2,4-D (2,4- 
dichlorophenoxy acetic acid) was applied at 0.00,0.28,0.56,0.84, 
or 1.68 kg/ ha rates to both weeded and unweeded areas. The 2,4-D 
was applied as a water emulsion with no surfactant or other 
additive by a small, portable COZ boomtype sprayer calibrated to 
deliver 233 1 /ha. 

In late August, species composition and production were deter- 
mined using the weight-estimate (Pechanec and Pickford 1937) 
and double sampling (Wilm et al. 1944) methods. The live weight of 
each species was estimated in each of 4,0.5 m* quadrats per plot. 
All live vegetation in one of the 4 quadrats was clipped at a 5-cm 
stubble height, bagged, weighed, oven-dried at 65 C and 
reweighed to determine the dry matter and estimation correction 
factors. 

Study II 
A randomized complete block design with 4 replications and 5 

rates of 2,4-D application was used for each of the 4 sites in Study 
II. No areas were hand weeded in Study II. 

The 2,4-D rates, plot size, and method of 2,4-D application were 
the same as described in Study I. Each area received the treatment 
in early May of 1972, 1973, 1974, and 1975 at about the same 
phenological state for key species. Each previous year’s old growth 
was mowed at a 5-cm stubble height in early March of the follow- 
ing year and removed from the plots. 

Methods used to determine species composition and production 
were the same as described for Study I. Sampling was done at or 
soon after peak production. 

Results and Discussion 

The first 2 years of the study, 1971 and 1972, were relatively dry, 
whereas 1973, 1974, and 1975 were relatively wet. The winter 
months of 1971 and 1972 were very dry with little or no precipita- 
tion falling during several months. Although rainfall in June and 
July, 1971, was much greater than average, only about 10 mm fell 
in August. Plant water stress was evident during vegetation sam- 
pling in late summer, 197 1. Spring and summer rainfall in 1972 was 
more uniform than that in 1971; however, accumulative rainfall in 
1972 was much below average until October. 

Rainfall amounts in 1973, 1974, and 1975 were greater than 
average primarily because of above-average rainfall in spring and 
fall months. Growing conditions were consequently much more 
favorable during the latter part of the study. 

Study I 
Forb production in unweeded areas was decreased by spraying 

with 2,4-D (Fig. 1). This was accompanied by an increase in grass 
production. However, the increase in grass production was from 10 
to 30% less than the reduction in forb production, resulting in a 
decrease in total herbage production. Hand weeding was more 
effective in reducing forb production than was 2,4-D. The 
increased grass production in the weeded plots was similar with all 
rates of 2,4-D and similar to grass production in the unweeded 
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Fig. 1. Average (4 replications) species class production (kg DMlha) for 
north central Oklahoma tallgrass prairie areas unweeded and weeded 
prior to spraying with 5 rates of 2,4-D, Study I. (LSD.05; Forbs 
(unweeded)l50kgl ha). 

plots sprayed with 2,4-D. Not only was there no direct effect on 
grass production with 2,4-D spraying, there was no observable 
difference in leaf color or other physical characteristics. 

More than half the grass production in all areas was little blue- 
stem. Little bluestem is a bunchgrass and often dominates natu- 

rally revegetated cropland. Little bluestem tends to be less 
responsive in terms of increased growth than tallgrasses when 
range improvement practices, such as fertilization, burning, and 
weed control, are applied. 

Most of the tallgrass production was indiangrass, which is not 
unusual on previously cultivated land. Tallgrass production was 
about the same in all weeded areas indicating a lack of indiangrass 
response to 2,4-D application. 

Study II 
The analysis of variance used to determine probability levels for 

site, rate, and year main effects and associated interaction effects 
on species class production is shown in Table 2. In general differen- 
ces between sites and between years had a significant influence on 
all species classes whereas rates of 2,4-D application influenced 
forbs more than grasses. 

Total herbage production on Sites 1, 2, and 4 was similar (2830 
to 2930 kg/ ha), and much greater than on Site 3 (2190 kg/ ha) (Fig. 
2). Site 3 was dominated by little bluestem, which contributed 
about 75% of the grass production (2030 kg/ha) and 68% of the 
total herbage production. On the other 3 sites little bluestem 
contributed from 25 to 40% of the grass production (2660 to 2730 
kg/ ha) 

Tallgrass production was relatively minor on Site 3, but pro- 
vided 40 to 50% of the total herbage on the other 3 sites. Indian- 
grass dominated Site 1 and Site 2. Big bluestem was most common 
on Site 4, the only site showing no signs of previous cultivation. 
Midgrasses were also most abundant on Site 4. Of these grasses, 
sideoats grama (B. curtipendula) was common only on Site 4, 
present in very small amounts on Site 3 and not found on Site 1 or 
Site 2. 

Although forb production on all sites was relatively low, forb 
production on Site 1 (270 kg/ ha) averaged about twice as much as 
on other sites (100 to 160 kg/ ha). About 30% of the forb produc- 
tion on Site 1 was from Lespedeza spp. Western ragweed and heath 
aster were present on all sites except Site 2, although these 2 species 
provided only 1 to 3% of the total herbage on any site. Showy 
partridgepea was the most common forb on Site 2, but provided 
only about 16% of the forb production and 1% of the herbage 
production. Site 2 had a heavy layer of ground litter and ungrazed 
indiangrass plants provided a closed community of tallgrasses. 

Rate Effect 
Forb production decreased as the rate of 2,4-D increased from 

0.28 to 1.68 kg/ ha (Fig. 3). There was a corresponding increase in 
grass production that equaled the decreased forb production. This 
resulted in the total herbage production being equal regardless of 
the rates of 24-D. 

Table 2. Analysis of variance used to determine probablity levels for Site, Rate and Year main effects and associated interactions in Study II. Probability 
levels are shown for 7 species classes. 

Source of variation 

Total 
Site 
Rep (Site)’ 

Rate 
Rate X Site 
Rate X Rep (Site) 

Year 
Year X Site 
Year X Rate 
Year X Site X Rate 
Year X Rep (Site) 

i- Year X Rate X 

df 

319 
3 

12A 
4 

12 
48A 

3 
9 

12 
36 

Tall 
grasses 

- 

.Ol 
- 

.99 

.Ol 
- 

.Ol 

.Ol 

.90 

.38 

Species class 
Little Mid- Other 
bluestem grasses grasses Grasses Forbs Herbage 

- - - - - - 

.Ol .Ol .Ol .Ol .Ol .Ol 
- - - - - - 

.lO .26 .15 .02 .Ol .95 

.19 .61 .89 .26 .05 .24 
- - - - - - 

.Ol .Ol .Ol .Ol .Ol .Ol 

.Ol .Ol .Ol .Ol .Ol .Ol 

.65 .64 .94 .94 .Ol .98 

.72 .99 .99 .86 .06 .93 

Rep (Site) 180A - - - - - - - 

‘Rep within Site 
A Error term 
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Fig. 2. Average (4 replications X 4 years X 5 rates)species classproduction 
(kg DM/ha) on 4 sites in the north central Oklahoma tallgrass prairie, 
1972-1975, Study II. (LSD.05: Tallgrasses- kg Jha; Little bluestem- 
kg/ha; Midgrasses- 90 kg Jha; Other Grasses- PC. 10; Forbs-80 kg Jha). 

" 0.00 0.28 0.56 0.84 
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Individual species of forbs contributed such low and inconsist- 
ent amounts of production that differences due to rate of 2,4-D 
application were not significant at the 0.05 or even 0.10 level of 
probability. Most forbs, however, showed declining trends in pro- 
duction with increased rates of 2,4-D application. Some differen- 
ces in forb species production due to rates of 2,4-D application 
were masked by Rate X Year and Rate X Site interactions. These 
will be discussed later in this paper. 

Fig. 3. Average (4 replications X 4 sites X 4 years)species classproduction 
(kg DMlha) in north central Oklahoma tallgrass prairie sprayed with 
2.4-D at 5 rates, Study II. (LSD .05: Herbage-K.95; Forbs-70 kg/ha; 
Grasses-200 kg/ha). 

Little bluestem was the only individual grass species whose 
production was affected (K.08) by different rates of 2,4-D appli- 
cation. Treated areas produced about 160 kg/ ha or 18% more little 
bluestem than untreated areas. Increased little bluestem produc- 
tion due to forb reduction by 24-D application was most consist- 
ent on Site 3 where it was dominant. 

A significant portion of the forb production in 1974 and 1975 
was from lespedeza species which are tolerant to 2,4-D. Most of the 
lesperdeza production was on Site 1 and may have resulted from an 
accidental fire which burned across Site 1 in March, 1974. Fires 
frequently increase germination of legume seed (Clewell 1966, 
Martin and Cushwa 1966). 

Year Effect 2500 
Differences in growing conditions in different years affected 

production of all 5 major species classes studied (Fig. 4). Produc- 
tion of each species class was generally lowest in 1972 (670 mm 
annual precipitation) and highest in 1973 (1210 mm precipitation). 
Much of the total precipitation in 1972 fell in October, after the 
vegetation was mature. The October and November rains allowed 
plants to replenish root reserves and provided subsoil water forthe 
1973 growing season. 

Tallgrasses appeared to respond sooner to good growing condi- 
tions than did the other grass or forb species classes. Tallgrass 
production almost doubled between 1972 and 1973. Little blue- 
stem production increased between 1972 and 1973 but did not peak 
until 1974. 

Midgrass production was lowest in 1974 and highest in 1975. 
The low rainfall in July 1974, just prior to vegetation sampling, 
probably influenced production of midgrasses. Summer growth of 
midgrasses and shortgrasses appeared to fluctuate more widely due 
to variable summer rainfall than did that of tallgrasses and little 
bluestem. 

Forb production increased on all sites each year from 1972 
through 1975 (Fig. 5). In 1972 forbs produced only 2.6% of the 
herbage. This increased to 3.5% in 1973,6.8%in 1974and 10.5%in 
1975. These areas were not grazed during the study period and 
nongrazing may have enhanced production of forbs. 

Fig. 4. Average (4 replications X 4 sites X 5 rates) species class production 
(kg DM/ha), 1972-1975, in the north central Oklahoma tallgrassprairie, 
Study II. LSD .w,: Tallgrasses- kg/ha; Little bluestem- kg/ha; 
Midgrasses- kg/ha; Other Grasses-40 kg/ha; Forbs-50 kg/ha). 
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Fig. 5. Average (4 replications X 5 rates) species class production (kg 
DMlha) on 4 sites in the north central Oklahoma tallgrass prairie, 
1972-1975, Study II. Values for the same species class followed by the 
same letter are not dtfferent at the 0.05 level of probability. 

Year X Site Effect 
Total herbage production varied widely among sites and years, 

ranging from 1670 kg/ ha on Site 3 in 1972 to 3630 kg/ ha on Site 1 
in 1975 (Fig. 5). Site 1 and Site 2 produced about the same amount 
of herbage each year. This was usually equal to that on Site 4 and 
greater than that on Site 3. However, in 1974 herbage production 
on sites 3 and 4 was relatively high. This was attributed to the high 
production of little bluestem on Site 3 and high production of big 
bluestem on Site 4. Indiangrass production on Sites 1 and 2 was 
also lower in 1974 than in 1973 or 1975. Big bluestem production 
was low and little bluestem production high on Site 4 in 1975 
compared to the production on this site in earlier years. 

Midgrass production was highest on Site 4 in 1972 and 1973 
although the average midgrass production for all sites was highest 
in 1975. Forb production increased in each succeeding year, but the 
greatest increase occurred in Site 1 in 1974 and 1975 and on Site 2 
in 1975. Apparently the fire on Site 1 in March 1974 and the large 
rainfall amounts in May, 1974 and 1975, encouraged growth of 
forbs such as lespedeza and partridgepea. 

Our results demonstrate that species production and species 
composition can vary greatly in tallgmss prairies. This capacity for 
change could be used to advantage in range improvement pro- 
grams if the species requirements for growth and responses to 
management practices were better understood. 

Rate 
0 

2 
3 
6 

kg 2,4-D/ha 
0.00 
0.28 
0.56 
0.84 
1.68 

01 236 01236 

Fig. 6. Average (4 replications X 4 sites) forb production (kg DMJha) on Fig. 1. Average (4 replications) forb production (kg DMlha) on 4 sites in 
north central Oklahoma tallgrass prairie sites, sprayed with 2,4-D at 5 the north central Oklahoma tallgrass prairie sprayed with 2.4-D at 5 
rates, 1972-l 975, Study II. Those values topped by the same letter are not rates, 1972-1975, Study II. Those values topped by the same letter are not 
different at the 0.05 level of probability. different at the 0.05 level of probability. 

Year X Rate Effect 
Average forb production decreased with increasing rates of 

2,4-D application. However, forb production increased with each 
succeeding year from 1972 through 1975. This may have resulted 
from the late winter mowing treatment reducing the dead vegeta- 
tion. In the first 3 years of treatments all rates of 2,4-D application 
caused a 60 to 80% reduction in forb production and there was very 
little difference in forb production on any area receiving 2,4-D 
(Fig. 6). 

In 1975, however, when forb production on untreated areas 
reached 600 kg/ ha, the 0.28 kg 2,4-D/ ha rate produced only a 35% 
reduction in forbs. One factor influencing the reduced effect of the 
0.28 kg/ha rate was the greater production and proportion of 
lespedeza and partridgepea in 1975. These species appear to be 
tolerant to low rates of 2,4-D application. Since most lespedeza 
species are desirable forage plants it may be possible to maintain or 
increase certain desirable for species while reducing less desirable 
species, such as western ragweed, with low levels of 2,4-D. 

Year X Site X Rate Effect 
Some of the Year X Rate differences in forb production were 

caused by the effects of site conditions on species composition. 
Other differences appear to be related more to interactions 
between growing conditions for the same species and rates of 2,4-D 
application (Fig. 7). 

Forb production on Site 1 was about the same as on other sites in 
1972 and 1973. After Site 1 was burned in March 1974 and lesped- 
eza increased greatly, forb production was greater on treated plots 
on Site 1 than on treated plots on other sites. 

In 1975 partridgepea increased greatly on Site 2. The lowest rate 
of 2,4-D application did not reduce forb production as it did on 
other sites in 1975 and other years. 

In 1975 forb production on untreated areas was greatest on Site 
3. Rainfall was greater than average in May, 1974. Rapid growth of 
forbs, such as ragweed and heath aster, on coarse-textured soil at 

Site I 2 

Rate (kgha) 
0 - 0.00 
I - 0.26 
2 - 0.56 
3 - 0.64 
6 - 1.66 

01236 01236 
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the time of 2,4-D application may have increased susceptibility to 
the low rate of 2,4-D application on this site. 

Site 3 and Site 4 forb production was dominated by ragweed and 
heath aster. Both of these species are relatively susceptible to 
2,4-D, but the degree of susceptibility to higher rates of 2,4-D 
applications was greater on Site 4 than on Site 3. Site 4 growing 
conditions (e.g., 36-cm unplowed A horizon, 1.9% organic matter 
and loam texture) appeared to be more mesic and favorable for 
growth than those (e.g., 18-cm Ap horizon, 1.0% organic matter, 
very fine sandy loam-silt loam texture) on Site 3. If the same species 
are more susceptible to 2,4-D under more favorable site conditions 
and desirable forage plants are available to take advantage of the 
reduced competition, the greatest economic return from applica- 
tions of 2,4-D will be on the most productive sites. 
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Effect of 2,4-D on Hymenoxon Concentration 
and Toxicity of Bitterweed [Hymenoxys odo- 
rata] Force-Fed to Sheep 
M.C. CALHOUN, D.N. UECKERT, C.W. LIVINGSTON, JR., AND B.J. CAMP 

Abstract 

Bitterweed (Hymenoxys odorata) growing at two locations was 
sprayed with 2,4-D (1.1 kg acid equivalent/ ha) during the spring of 
1977. Subsequently, plants were collected, dried, and stored when 
they showed definite signs of herbicide phytotoxicity (epinasty and 
turgidity). Hymenoxon concentrations were determined on the 
dried plant material and it was force-fed to penned sheep, in two 
experiments, to determine the effect of foliar spraying with 2,4-D 
on bitterweed toxicity. Bitterweed administration decreased 
voluntary feed intake and increased serum concentrations of urea 
nitrogen (UN), creatinine (C) and glutamic-oxalacetic transami- 
nase (GOT). Hymenoxon concentrations (air-dry basis) were 2.33 
f .lS% and 1.64 f .OS%, for unsprayed and 2,4-D sprayed bitter- 
weed, respectively, in Experiment 1 and 1.24 f .02% and 1.08 f 
.05%, respectively, in Experiment 2. Spraying bitterweed did not 
affect feed intake and serum levels of UN, C and GOT and there 
were not interactions between bitterweed levels and 2,4-D treat- 
ments. 

Bitterweed (Hymenoxys odorutu) poisoning of sheep is a severe 
problem in Texas (Hardy et al. 1931; Boughton and Hardy 1937; 
Rowe et al. 1973). Death losses of sheep attributed to bitterweed 
poisoning on the Edwards Plateau average 1 to 6% annually (Sulte- 
meier 1961). Numerous studies have examined practices for reduc- 
ing bitterweed toxicity problems, including use of grazing systems 
(Merrill and Schuster 1978), herbicide treatments (Ueckert et al. 
1980) and various supplemental feeds and feed additives (Rowe et 
al. 1973). The toxic principle in the bitterweed plant, hymenoxon, 
has been described in several studies (Kim et al. 1974; Kim et al. 
1975; Ivie et al. 1975). Although grazing a combination of cattle 
and sheep, use of deferred rotation grazing systems, and herbicide 
treatments have been effective in reducing bitterweed problems, 
there is not an effective means of preventing losses when sheep are 
consuming bitterweed. 

Substantial shifts in the concentrations of several plant poisons 
have been observed after herbicidal treatment. Amine salts of 
242,4,5-trichlorophenoxy)propionic acid (silvex) and (2,4,5- 
trichlorophenoxy)acetic acid (2,4,5-T) increased total alkaloids 
when applied to tall larkspur (Delphinium barbeyi Huth) (Willi- 
ams and Cronin 1963). Spring parsley leaves[Cymopruus watsonii 
(Coult and Rose) Jones] were much less phototoxic to chicks 4 
weeks after treatment with 4-amino3,5,6_trichloropicolinic acid 
(picloram) or an approximate 4 to 1 mixture of (2,4,- 
dichlorophenoxy)acetic acid (2,4-D) and picloram (Williams 
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1968). When timber milkvetch (Astrugulus miser var. oblongifo- 
Zius) was treated with esters of either 2,4,5-T or silvex the concen- 
tration of miserotoxin rapidly decreased. After 4 weeks, treated 
plants contained only one-third as much miserotoxin as the con- 
trols (Williams 1970). Recently, Leo B. Merrill(persona1 commun- 
ication) observed that spraying bitterweed with 2,4-D at 1.1 kg/ ha 
(acid equivalent) appeared to increase its palatability and sheep 
consumed the weed without apparent harm. This observation was 
made initially in 1974, when a ewe flock was allowed to intensively 
graze a bitterweed pasture 1 day after spraying with 2,4-D. It was 
estimated each ewe consumed a minimum of 45 kg of bitterweed 
during a 50 to 60 day period following spraying. 

Boughton and Hardy (1937) determined that the acute median 
lethal dose (LD50) of fresh green bitterweed seedlings growing 
during a year of normal rainfall was approximately 1.3% of a 
sheep’s body weight. The acut L&O of bitterweed growing under 
drought conditions was 0.5% of a sheep’s body weight. Rowe et al. 
(1973) reported acute LD50 values for air-dried bitterweed of 3.6 to 
8.5 g/ ka (0.36 to 0.85% of live weight). In addition, the bitterweed 
toxin has been demonstrated to be cumulative when less than the 
acute LD50 is consumed for a number of days (Rowe et al. 1973). 
* Therefore, the level of intake observed by Merrill should have 

been lethal to sheep. Merrill repeated his study in 1975 and 1976, 
with similar results. However, because of low palatability of bitter- 
weed in unsprayed plots, sheep consumed little of the unsprayed 
bitterweed and no deaths occurred among sheep grazing 
unsprayed bitterweed. The purpose of this research was to test the 
hypothesis that spraying bitterweed with 2,4-D will decrease its 
toxicity to sheep. 

Materials and Methods 

Bitterweed Collection 
Bitterweed for the first experiment was collected on the Bill 

Pfluger Ranch in south-central Tom Green County, Texas. Four 
separate plots ranging in size from .02 to .04 ha were sprayed with 
2,4-D on March 7, 1977, with a livestock sprayer. Thedimethylam- 
ine salt of 2,4-D was applied at a rate of 1.1 kg (acid equivalent)/ ha 
in a water carrier (1,403 L/ha) with 0.1% nonionic spreader and 
activator. Four days later (March 1 I), when the bitterweed showed 
definite signs of herbicide phytotoxicity (epinasty and turgidity), 
bitterweed on sprayed plots was hand clipped, and dried and stored 
as previously described (Calhoun et al. 1981). Approximately 
equal amounts were collected from each of the four plots and from 
unsprayed rangeland adjacent to the sprayed plots. 

Bitterweed for the second experiment was collected from the H 
and H Cattle Co. Ranch, in east-central Sterling County, Texas. 
The ethylhexyl ester of 2,4-D was applied with a tractor-mounted, 
small plot sprayer at 1.1 kg (a.e.)/ ha in a ( 1: 14 v/v) diesel oil-water 
emulsion carrier (140 L/ha) with 0.05% dispersant-activator- 
emulsifier. A 6 m X 92 m plot was sprayed on April 20, 1977. At 5 
days post-spraying, bitter-weed was collected from the sprayed plot 
and from an adjacent unsprayed area. The sprayed bitterweed 
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showed slight to moderate epinasty of floral parts; however, signs 
of herbicide phytotoxicity at this location were slight, compared to 
the 4-day post-spraying signs at the Pfluger Ranch. 

The bitterweed sprayed and collected from both locations were 
15 to 23 cm tall. Few bitterweed flowers were present at the Pfluger 
Ranch, but the bitterweed was in full flower at the H and H Cattle 
Co. location. 

In addition to the above, 10 individual bitterweed plants were 
harvested at random from the 2,4-D sprayed area at H and H 
Cattle Co. on May 9,1977, (19 days post-spraying) and 10 from the 
adjacent unsprayed area. Hymenoxon concentrations of the indi- 
vidual plants were measured to provide an estimate of the range in 
hymenoxon concentrations in individual plants growing on a com- 
mon site, as well as an estimate of the effects of 2,4-D on hyme- 
noxon concentrations. 

Samples of fresh bitterweed from sprayed and unsprayed plots 
were collected on March 11 (Experiment 1) and on April 25 
(Experiment 2), frozen, and later analyzed by gas-liquid chromato- 
graphy for residues of 2,4-D (Lisk 1967). Hymenoxon concentra- 
tions of the dried bitterweed were also determined (Hill et al. 1979). 

Animals and Feeding 
The procedures for handling and feeding the sheep and adminis- 

tration of bitterweed in these experiments were the same as pre- 
viously described (Calhoun et al. 1981). Lambs were individually 
restrained and fed (ad libitum) a 70% concentrate ration that was 
available from 8:00 a.m. to 4:00 p.m. each day. Lambs were then 
released for the remainder of the day for exercise and to facilitate 
observation of clinical signs of bitterweed poisoning. In the first 
experiment, 12 lambs were assigned to the unsprayed material and 
12 to the 2,4-D sprayed bitterweed. The daily bitterweed dosages 
were 0,0.066,0.132 and 0.264% of the sheep’s live weight (based on 
air-dry weight of bitterweed). Three lambs were assigned to each 
level. 

In the second experiment (bitterweed from H and H Cattle Co.), 
12 lambs were assigned to unsprayed bitterweed; however, only 
enough 2,4-D sprayed material was available to feed three sheep at 
the highest level (.264%). Three were also assigned to be controls (0 
level) for this group. The bitterweed was administered as a single 
dose (by stomach tube in a water suspension) at approximately 
8:30 a.m. each day for a IO-day period (Calhoun et al. 1981). 

Blood samples (for serum) were collected by jugular venipunc- 
ture initially and again when the majority of the lambs on the 
highest bitterweed dose showed definite signs of toxicity (on the 
6th day in the first experiment and on the 7th day in the second 
experiment). Blood serum samples were analyzed at the Texas 
Veterinary Medical Diagnostic Laboratory at College Station for 
urea nitrogen, creatinine, and glutamic-oxaclacetic transaminase 
using an automated serum analyzer. 

All lambs were weighed to the nearest 0.45 kg at the beginning 
and end of each experiment. Feed intake was recorded daily for 
each lamb. Lambs were observed for signs of bitterweed toxicosis 

at 8:30 a.m., 4:30 p.m. and 1 hr after administration of the daily 
dose of bitterweed. More frequent observations were made when 
deemed desirable as experiments progressed. Lambs that died were 
necropsied to ascertain cause of death. 

The analysis of variance for a completely random design was 
used for the statistical treatment of the data (Steel and Torrie 
1960). For both experiments, the model included 2,4-D treatment, 
bitterweed levels and the interaction between 2,4-D treatment and 
bitterweed levels. Regression analysis was used to separate the 
linear, quadratic and residual components. However, for those 
criteria not fitting a linear or quadratic response, i.e., those chang- 
ing at only the highest bitterweed level, Duncan’s multiple range 
test was used for comparison of treatment means. 

Results 
Experiment I 

Concentration of 2,4-D on the external surface of bitterweed 
plants collected at 4 days after spraying averaged 20.5 ppm. Herbi- 
cide concentration in the plant tissues was 71.2 ppm. Thus, approx- 
imately 78% of the intact 2,4-D was absorbed. Hymenoxon 
concentrations of the harvested material were 2.33 f 0.18% and 
1.64 f O.OS%, for unsprayed and sprayed bitterweed, respectively. 
The mean live weight of the 24 lambs was 29.1 f 0.9 kg. 

Administration of bitterweed, by stomach tube, as a single dose 
each morning produced an immediate but temporary reaction, 
especially at the highest dose. The sheep’s ears drooped and the 
head and neck were extended. After the third daily dose, sheep on 
the highest level appeared listless or depressed and, unless dis- 
turbed, remained lying down most of the time. Vomition of rumen 
contents was observed but was not considered to be a serious 
source of loss of the bitterweed-water suspension. By the fourth 
day sheep on the highest bitterweed level were foaming at the 
mouth, reluctant to get up and unsteady when standing. Signs of 
toxicity were similar for sheep given sprayed and unsprayed 
bitterweed. 

Six sheep administered the highest bitterweed level died, regard- 
less of herbicide treatment. The three given unsprayed bitterweed 
died on days 7, 8 and 9; whereas, those getting sprayed bitterweed 
died on days 6, 7 and 9. Post-mortem examination revealed gross 
pathological changes typical of bitterweed poisoning in each case. 
Immediate cause of death was generally aspiration penumonia. 
Sheep on the two lower bitterweed levels (0.066 and 0.132%) 
showed little effect of bitterweed. 

Administration of bitterweed decreased feed intake (K.01) 
(Table 1). The response was linear to the point where eating ceased 
(essentially no feed was eaten by sheep given the highest bitterweed 
dose). Feeding bitterweed sprayed with 2,4-D did not affect feed 
intake, compared to that of animals fed unsprayed bitterweed, and 
there was no interaction between bitterweed level and 2,4-D treat- 
ment relative to feed intake (Table 1). When the feed intake data 
for sheep fed sprayed and unsprayed bitterweed was combined, the 

Table 1. Effect of spraying with 2,4-D on voluntary feed intake and serum concentrations of urea nitrogen, creatinine, and glutamic-oxalacetic 
transaminase of lambs force-fed harvested, air-dry bitterweed (Hymenoxys odorata). (Experiment 1) 

Criterion 

Unsprayed bitterweed % of live weight’ 2,4-D sprayed bitterweed % of live weight* 

0 .066 .132 .264 0 .066 .I32 .264 S.D. 

Feed intake, kg/ day* 
Urea nitrogen, mg/dl 
Urea nitrogen, logomg/dl 
Creatinine, mg/ dl 
Creatinine, logo(mg/dlolO*) 
Glutamic-oxalacetic transaminase, 

NJ/ 1 
Glutamic-oxalacetic transaminase, 

lorz,0IU/ 1 

I .26’3 0.94b 0.26” 0.0 1” 1.46’ l.lob’ 0.20” 0.0 1” .25 
16.0 12.2 19.6 53.9 14.8 17.4 25.9 70.6 

l.lYb 1.08” 1 .28sb 1.73’ 1.16”b 1 .22ab 1.41b 1.78’ .15 
0.71 .65 0.86 1.76 0.54 0.84 0.97 3.12 
1.85” 1.81” 1.93” 2.23b” 1.71” 1.92” 1 .98”b 2.38’ .I6 

177.0 105.0 148.0 454.0 115.0 118.0 126.0 687.0 

2.22” 2.02” 2.17” 2.62b 2.05” 2.07” 2.09” 2.73b .19 

‘Air-dry basis 
*Averaged for the 4-day period days two through five. 
‘Means on the same line with differing superscripts are significantly different at the PC.05 level. 
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Table 2. Effect of spraying with 2,4-D on voluntary feed intake and serum concentrations of urea nitrogen, creatinine, and glutamic-oxalacetic trans- 
aminase of lambs force-fed harvested, air-dry bitterweed (Hymenoxys odoruta). (Experiment 2) 

Criterion 0 

Unsprayed bitterweed % of live weight’ 

.066 .I32 .264 

2,4-D sprayed bitterweed 
% of live weight 

0 .264 S.D. 

Feed intake, kg/ day2 
Urea nitrogen, mg/ dl 
Urea nitrogen, loglomg/ dl 
Creatinine, mg/ dl 
Creatinine, logo(mg/dl*l02) 
Glutamic-oxalacetic transaminase, 

IV/ 1 
Glutamic-oxalacetic transaminase, 

logoIU/ 1 

1.21’ 3 1 .o 1” o.52b 0.21” 1.22 0.10” .20 
16.7 15.9 21.5 43.0 12.6 27.0 

1 .22”b 1 .2Vb 1 .33”b 1.58’ 1.10” 1 .41bC .14 
0.83 0.78 1.02 3.08 0.8 1 1.54 
1.92” 1.89” 2.0Pb 2.34b 1.91” 2.1 lab .22 

163.0 113.0 296.0 382.0 120.0 438.00 

2.20ab 2.05” 2.36”b 2.51b 2.07” 2.61b .23 

‘Air-dry basis 
*Averaged for the 4-day period days two through five. 
JMeans on the same line with differing superscripts are significantly different at the PC.05 level. 

equation for the relationship between voluntary feed intake in 
kg/day averaged for the 4-day period (days 2 thru 5) (Y) and 
bitterweed dose as a percentage of live weight (air-dry basis) (X) 
was Y= 1.43 - 8.52X (r2 = .75, K.01). Feed intake ceased at a 
calculated bitterweed dose of 0.17% of live weight. 

Serum concentrations of urea nitrogen, creatinine, and 
glutamic-oxalacetic transaminase were elevated at the highest bit- 
terweed dose (K.05) (Table 1). Spraying bitterweed with 2,4-D 
had no effect on concentrations of these serum constituents, and 
there were no interactions between bitterweed level and 2,4-D. 

urea nitrogen, creatinine, and glutamic-oxalacetic transaminase 
(K.05) (Table 2). Spraying with 2,4-D did not affect concentra- 
tions of these serum constituents and there were no interactions 
between bitterweed level and 2,4-D treatments. 

Variation in Hymenoxon 
Hymenoxon content of individual unsprayed bitterweed plants 

collected on May 9 in the second experiment averaged 1.2 1 f .07% 
(Table 3). The 10 plants sprayed with 2,4-D averaged .65 f .07% 
hymenoxon-a significant reduction compared to that of 
unsprayed plants. 

Experiment 2 
The calculated absorption of 2,4-D was 5 1% for the bitterweed 

sprayed on April 20 and collected on April 25 in the second 
experiment. The hymenoxon level of the unsprayed bitterweed 
plants was 1.24 f .02%; whereas, sprayed bitterweed measured 
1.08 f .05%. The 18 lambs used for this feeding trial weighed 28.6 
f .7 kg. 

Discussion and Conclusion 

Signs of bitterweed toxicity were less dramatic than were 
observed in the first experiment and none of the sheep died. There 
were no observable differences between lambs given unsprayed 
and 2,4-D sprayed bitterweed. Ingestion of bitterweed decreased 
voluntary feed intake (Table 2). Spraying bitterweed did not affect 
feed intake and there was no interaction between bitterweed level 
and 2,4-D treatment. The relationship between voluntary feed 
intake (kg/day) averaged for the 4-day period (days 2 thru 5) (Y) 
and bitterweed level as a percentage of live weight (X) was Y = 1.20 

- 4.08X (r2 = .86, K.01). 

There was considerable variation in hymenoxon content of bit- 
terweed both within and among locations. Unsprayed individual 
plants in full flower in the second experiment varied from .71 to 
1.47% hymenoxon (air-dry basis). Unsprayed bitterweed in the 
vegetative stage collected in the first experiment contained 2.33% 
hymenoxon. The factors which influence toxicity of bitterweed are 
not completely understood; but, an increase in plant maturity and 
moisture stress have been reported to make the plant more toxic to 
sheep (Boughton and Hardy 1937). However, in this study plants in 
earlier phenological stages were more toxic to sheep than bitter- 
weed in later phenological stages. These data strongly suggest real 
differences in the toxicity of bitterweed plant populations at differ- 
ent locations. 

Bitterweed at the highest level increased serum concentrations of 

Table 3. Hymenoxon concentration ($6) of individual bitterweed plants 
and effect of 2,4-D on hymenoxon concentrations.’ 

Unsprayed 2,4-D Sprayed 
Sample (%) (%) 

1 1.23 0.68 
2 0.93 0.92 
3 1.19 0.37 
4 1.35 0.68 
5 1.33 1.05 
6 1.27 0.61 
7 0.71 0.55 
8 1.43 0.69 
9 1.17 0.49 

10 1.47 0.45 

Avg. 1.212 0.65 
S.E.M. 0.073 0.066 

IHymenoxon concentrations are expressed on an air-dry basis. 
*Difference between means is significant (X.01). 

It is evident from this research that spraying with 2,4-D can 
significantly reduce the hymenoxon content of bitterweed. The 
reduction in hymenoxon would help explain field observations of 
reduced potential for poisoning after spraying. However, addi- 
tional research is required to resolve the difference observed in this 
study between chemically determined hymenoxon levels and 
actual toxicity of the material when harvested and force-fed to 
sheep under controlled experimental conditions. 

Previous experience (Calhoun et al. 1981), as well as the dose 
response relationships observed in this study, suggest that volun- 
tary feed intake should have been higher when 2,4-D-sprayed 
bitterweed was administered. There is no apparent explanation for 
this not occurring. However, hymenoxon is not the only toxic 
compound that has been isolated from bitterweed. The chemistry 
and interrelationships of the sesquiterpene lactones is complex 
(Herz 1973) and the effect of 2,4-D on the plant metabolism of 
these compounds is unknown. 
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Columbia Ground 
Forest Openings in 
RON LAMBETH AND M. HIRONAKA 

Abstract 

Columbia ground squirrels were studied in natural alpine forest 
openings. Three sites were selected having the same potential but 
presently with different vegetation due to differing levels of past 
domestic sheep use. Ground squirrel population was least in the 
light-use area and increased with vegetation change induced by 
increased sheep use. Juveniles were most plentiful in the medium- 
use site and least in the heavy-use area. Up to a point, ground 
squirrel population increased with plant retrogression. With con- 
tinued retrogression the community became less suitable to sup 
port a healthy population because of less preferred forage species. 
Lupinus sericeus was the most preferred forb. Other species 
included Achilles millefolium and Descurania richardsonii, spe- 
cies not generally preferred by sheep. The discussion of sheep- 
ground squirrel relative impacts also considers metabolic 
requirement, grazing. period and animal density of both grazers. 

Natural forest openings in the subalpine zone provide the bulk of 
the forage on domestic sheep summer range in central Idaho. In 
these openings Columbia ground squirrels (Citehs cohmbianus) 
are readily observed as they forage and sit up near burrow entran- 
ces, quietly observing their surroundings and darting into the 
safety of the burrow when alarmed by unfamiliar sound or move- 
ment. The foraging activity is confined to daylight hours during the 
growing season. Depending on locality, these animals hibernate 
for 7 or 8 months (Shaw 1926). The adult ground squirrel weighs 
about a pound (450 g), with males outweighing females. 

Observations suggest that the Columbia ground squirrel com- 
petes for the same forage utilized by domestic sheep on the summer 
range. Other studies have indicated that ground squirrel popula- 
tions increase with livestock grazing primarily because changes in 
composition and structure of the vegetation provide greater visibil- 
ity for the small animal (Smith 1940, Howard and Childs 1959). 

Because of the importance of the subalpine forest openings for 
domestic sheep grazing and the association of these openings to the 
Columbia ground squirrel, it is important that the interrelation- 
ships are better understood. The purpose of this study was to 
determine the diet of the Columbia ground squirrel, its effect(s) on 
plant communities and population response in relation to domestic 
sheep grazing. 

Area of Study 

The study was conducted in the Idaho batholith portion of the 
Payette National Forest in central Idaho. This batholith is the 
largest granitic intrusion in the United States and occupies nearly 
16,000 square miles. The terrain is extremely rugged, with uplifting 
and faulting and mountain glaciation determining the land con- 
tour. Long, steep-flanked ridges with occasional peaks character- 
ize this mountainous area. Elevational extremes range from 550 m 
(1800 ft) MSL to peaks of 2725 m (9000 ft) MSL (Thompson 1973). 

R. Lambeth is presently with the Bureau of Land Management, Grand Junction, 
Colorado. 
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Squirrel in Subalpine 
Central Idaho 

Annual precipitation, mostly in the form of snow, ranges from 
635 mm to more than 1400 mm (25 to 55 in.). Sporadic, high 
intensity, short duration summer thunderstorms are moderately 
frequent. The growing season is less than 60 days at 1800 m (6000 
ft), while frost may occur any night during the summer. 

The short growing season, the coarse plant material and youth- 
fulness of the geomorphology have restricted soil development. 
Entisols and Inceptisols dominate. 

The extreme climatic and elevational gradients are responsible 
for the numerous vegetational zones in the Idaho batholith. At the 
lower elevations, true Palouse bunchgrass occurs. With increasing 
elevation, the vegetational series encountered are ponderosa pine, 
Douglas-fir, grand fir, Engelmann spruce-fir, and the subalpine 
fir-whitebark pine (Daubenmire 1970, Evans and Tisdale 1972, 
Steele et al. 1975). Eighty percent of the batholith is coniferous 
forest. The subalpine fir-whitebark pine zone is relatively small in 
total area yet is of primary importance for sheep summer range. 
Applicability of research findings to other areas of the batholith 
was a prime consideration in selection of study area. 

Methods 

The study was conducted in forest openings associated with the 
subalpine fir-whitebark pine series at about the 2275 m (7500 ft) 
MSL. Three openings were selected on the basis of known sheep 
grazing histories, i.e., lightly used, heavily used bedding ground 
and a moderately utilized opening. The historic use was not mea- 
sured, but was determined through communication with U.S. 
Forest Service personnel. In the year of study there was no grazing 
by sheep. The medium and heavy-use areas generally had been 
grazed every year and the light-use area one year in two. All three 
sites were in the same grazing allotment. All sites were southerly 
exposed with slopes ranging from 12 to 38% and with similar 
granitic parent material. The original vegetation was thus judged 
to be essentially the same for the three sites. 

At each site, two contiguous 50 X 50 m (165 X 165 ft) plots were 
delineated. One of the two plots was randomly selected for inten- 
sive vegetation sampling. The other was used for live trapping of 
ground squirrels. 

Vegetation Sampling 
Vegetation was sampled for foliage cover by species as deter- 

mined by a vertical IO-point frame (Goodall 1952) with 50 random 
placements at each of the three sites. Sampling was done in July at 
the peak flowering of the most species. Yield was determined by 
individual species in ten .lOm* (.96 ft2) randomly located plots. 
Yield is reported as oven-dried (7OOC). 

Ground Squirrel Sampling 
Columbia ground squirrel population data were gathered from 

10 X 10 X 40 cm (4 X 4 X 16 in.) live traps placed in a grid pattern of 
3 across the plot by 4 down, making 12 traps per plot. Traps were 
operated for a 24-hour period before removal to another site. The 
same site was resampled every third day. The traps were checked 
twice daily, noon and sunset. All capture points were mapped. 
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Captured squirrels were removed to a handling cone, sexed, 
weighed, marked with black hair dye on adults and 5% picric acid 
solution on juveniles(young of the year), and then released. Recap- 
tured animals were weighed and, if needed, the markings were 
refreshed before release. Fecal pellets in traps were collected and 
salted for preservation. Fecal samples of adults were composited 
daily by site; those of juveniles constituted a separate sample. At 
the end of the population sampling, ten individuals were sacrificed 
for stomach and colon content comparison. This was to test the 
reliability of the microscopic fecal analysis that was to be made 
later. The trapping period was from July 17 to August 21 and again 
on September 7. Reference plant material for microscopic fecal 
analysis was collected. 

Dietary Analysis 
The microscopic technique of diet analysis is well known 

(Brusven and Mulkern 1960, Storr 1961, Sanders et al. 1980). 
Microscopic slides were prepared from identified reference plants 
in the manner described by Cavender and Hansen (1970). 

The Wiley mill was used to grind fecal and stomach samples to 
be analyzed. Reference plant materials were also ground in the 
Wiley mill to make them of uniform particle size with that in the 
fecal and stomach samples. From this material 8 mgaliquants were 
taken for quantitative reference slides. For each of these reference 
plant species there was a known weight of material spread over a 
standard area the size of the cover of glass. Quantitative reference 
slides were made separately for the floral and leaf parts of most 
species. 

The type of epidermal tissue fragment selected as diagnostic for 
each species appeared on the respective quantitative reference 
slides in the frequency range of 45-75 percent of the observed 
microscope tields. Frequencies were converted to density values 
expected under random conditions according to Fracker and Bri- 
schle ( 1944). The relationship between density and weight is linear 
(Sparks and Malechek 1968). By knowing the microscope field 
frequencies of those diagnostic fragments on the reference slides, 
where the quantity of each species is equal, relative percentages of 
these species occurring in the fecal samples could be estimated 
within 80% of their actual values. 

Results 

Vegetation 
The three sites in which ground squirrel populations were 

sampled previously supported the same climax vegetation but the 
vegetation of each had been modified to different degrees by past 
sheep use. The vegetational data were analyzed to establish the 
relationship between successional stages in vegetation and ground 
squirrel populations. 

As determined by Kulcynski’s Similarity Index (Oosting 1956) 
the forest openings that were lightly and medially utilized were 
vegetationally 50% similar to each other, whereas they were only 8 
and 1670, respectively, similar to the heavily used area. The 
medially utilized area possessed the greatest species richness, but 
the lightly grazed area had the greatest dominance diversity using 
the Shannon Index (Clifford and Stevenson 1975). Shaffi and 
Yarranton (1973) imply that species evenness is more closely corre- 
lated with plant succession than was species richness. Figure 1 
illustrates the nature of the dominance diversity index of the three 
areas. Most the plant cover was provided by a few species. On the 
heavily utilized area, western needlegrass (Stipa occidentalis) made 
up 62% of the plant cover. Elk sedge (Carexgeyerii) was the most 
abundant species on the medially utilized area, occupying 36% of 
the plant cover. On the lightly grazed area, wandering daisy (Eri- 
geron peregrinus) had the greatest cover at 14%. The high domi- 
nance diversity index indicates that dominance was shared by 
several species on the lightly utilized area. 

Margalef (1958) declared that indices of diversity in biotic com- 
munities increase toward the climax state. He added that when “the 
final tendencies are predominant” the indices will diminish. Con- 
sidering plant composition, the least similarity existed between the 

Lightly Used 

36 species 
H - 3.95 
358 k!j/ho 

<I 

:,: : 
‘; 7 

I:‘: 

Medially Used 

-10 2498 <I 

39 species 
Ii = 319 
389 kg/ha 

Heavily Used 

- : 
::. 34 Sp.Cle‘ 
b’.’ Ii = 2.35 
.:.:: 369 kg/ho 
., 

Cl 4-10 24-46 
l-3 I l-23 49-97 l-3 I l-23 4997 l-3 II-23 49-97 

Cover 1%) class Intervals Cover P/J class mtervols Cover (%I close intervals 

Fig. 1. Number of species present in different cover classes (increasing by 
Log:), total yield and Shannon- Weaver Diversity Index (IY) of 3 subal- 
pine forest opening communities with dlyferent past levels of domestic 
sheep use. The number of grass and grasslike species are given in the 
stippled area of the columns; the number forbs are presented in the 
unstippled area. 

lightly grazed and the heavily grazed sites, placing them at 
extremes to each other. Following the descending diversity indices 
for the plant communities, the three sites move down the succes- 
sional gradient from the lightly grazed to the medially grazed to the 
heavily grazed field. All three sites appear well below the point of 
predominant “final tendencies.” The pathway back to climax 
would be expected to lead the lower series through the stages 
resembling the present condition of the lightly grazed area with 
removal of the grazing stress. 

Herbage production was similar at all three areas. This lack of 
correlation between herbage yield and degree of disturbance is not 
unusual, however. Klemmedson and Smith (1964) reported cheat- 
grass (Bromus tectorum) may outyield native species in years with 
favorable conditions. Mule’s ear (Wyethia amplexicaulis) is a spe- 
cies that has increased in some areas with cattle grazing. In the 
Targhee National Forest in Idaho, control of the species resulted in 
significantly less total herbage but increases considerably the usa- 

Table 1. Population characteristics of Columbia ground squirrels on three 
sites (l/r hectare) distinguished by the historic intensity of grazing by 
domestic sheep. July 1743eptember 7, 1975. 

Site 

Parameter 
Light 
use 

Medial Heavy 
use use 

Population indices 
Lincoln index’ 
Field Count Index2 
Burrow Density 50 meters sq 
Mean distance between capture 
points) 

14.7 22.5 25.0 
none seen 16 16 

2 4 5 
24mf9.8 22mf2.7 15mf9.3 

Other populations characters 
Percent juvenile 
Percent female 
Mean weight (g), males 
Mean weight (g), females 
Average adult rate of weight gains 

7.7 33.3 0.04 
42.1 79.3 40.6 
461 474 468 
361 416 467 

2.67g/day 3.03g/day I .78g/day 

‘See Giles (1969). 
2Ratio of animals seen over those to be marked X total known to be marked. 
-‘The distance individual animals were recaptured from the previous points of capture. 
4None were captured; 2 were seen Sept. 7. 
5Based on average weight differences of recaptured animals during period of study. 
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ble forage and improved range condition (Mueggler and Blaisdell 
1951). 

Ground Squirrel Population 
Ninety-seven squirrels were trapped on the three sites. A males 

to females ratio of 53:47 among adults and 5050 among juveniles 
were found. This suggests that the inferences from the trapping 
data do not have a sex bias in that a 50:50 ratio is expected. The 
mean adult weight was 45 1 g f 18 (P.95). Females averaged 90 
percent of the mean male weight. Table 1 provides a summary of 
population data for the ground squirrels of the three areas. The 
four population estimate indicators show that the medially and 
heavily grazed sites supported larger populations of ground squir- 
rel than the lightly used area. 

The Lincoln index (Giles 1969) has a weakness in that if captured 
animals become “trap shy” the index tends to overestimate the 
population. Underestimates result when the animals become “trap 
happy”(Balph 1968). However, in comparing relative populations 
among sites, the Lincoln index is highly satisfactory because 
opposing behavior is not likely to prevail in animals in a localized 
area. 

The field count index used the known number of marked indi- 
viduals to derive an estimate of population based upon the ratio of 
total observed over those that were marked. This technique 
reduced the bias associated with retrapping techniques, but 
required more manpower. No animal was observed during the 
visual sampling periods on the lightly grazed site, and the general 
impression was that fewer ground squirrels were actually present as 
compared to the other two areas. 

The density of ground squirrel burrow holes and mounds were 
counted in a I X 50-m transect and yielded supportive evidence 
that the lightly grazed site contained the lowest populationand the 
medially and heavily grazed had considerably more activity. 

Futhermore, the mean-distance-between-capture-points tech- 
nique also supported the results of the other methods. The mean 
distance between capture points of ground squirrels caught more 
than once was greatest on the lightly grazed site and least on the 
heavily grazed site. As animals increase in population density, the 
foraging distance of each individual is likely to decrease. The 
indications from all data sources are that Columbia ground squir- 
rels have increased with increased levels of sheep grazing. 

Sex Ratio 
Sex ratio may be an indicator of animal productivity. The 

medially grazed area would appear to be the most productive 
because it had the highest percentage of females and juveniles 
present. On the heavily grazed site, the unsuccessful capture of 
juveniles (two were seen but not captured) suggested that the 
females were barren or experiencing delayed pregnancies. The 
latter explanation was discounted because observations continued 
through early September. Although the adult population was high 
on the heavily utilized area, the low number of juveniles was 
suggestive that the habitat was marginal for reproduction. 

Rate of Gain 
Daily gain of individual ground squirrels was learned by divid- 

ing the number of days between capture time and recapture time 
into the change in weight between capture and recapture. The 
average daily gain of adults was lowest in the heavily grazed area. A 
daily gain of 1.78g/day for adults in the heavily utilized area was 
calculated as compared to 3.03g/ day and 2.67g/ day in the medially 
and lightly grazed areas, respectively. The more advanced age of 
the population (more than 2 years old) in the heavily grazed area is 
likely the reason for the low daily gain (Shaw 1945). 

The data suggest that the optimum habitat for subalpine Colum- 
bia ground squirrel is more closely allied with medially grazed 
range than either lightly or heavily utilized range. 

Table 2. Relative Preference Index (RPI)’ of plant species as indicated in the diets of Columbia ground squirrels on three subalpine sites under different 
levels of grazing by sheep, central Idaho batholith, July 17-September 7, 1975. 

Species’ 

Grasses & grass-likes 
Bromus carinatus 
Carex spp. 
Carex geyeri 
Melica bulbosa 
Poa pratensis 
Stipa occidentalis 

Preferred 
portions 

lvs, fr 
fr 
fr 
lvs, fr 
lvs, fr 
fr 

Lightly used . Medially used Heavily used 

$?Jc cover RPI % cover RPI % cover RPI 

17.2 1.29 43.6 0.41 70.8 0.32 
0.0 - 1.2 0.25 1.1 3.09 
0.0 - 0.0 - 6.7 0.79 

10.9 1 .oo 36.0 0.33 0.4 0.00 
5.3 1.83 1.2 0.75 0.0 - 
1.1 0.00 < 0.4 0.00 0.4 - 

< 0.3 ? 4.0 1.15 62.5 0.10 

Forbs 
Achilles millefolium 
Antennaria microphylla 
Arenaria congesta 
Balsamorhiza sagittata 
Cryptantha torreyana 
Descurainia richardsonii 
Erigeron foliosus 
E. subtrinervis 
Fragaria virginiana 
Gayophytum humile 
Hieracium albertinum 
Linanthastrum nuttallii 
Lupinus sericeus 
Monolepsis nutalliana 
Penstemon spp. 
Phlox pulvinata 
Polygonurn douglasii 
Ranunculus uncinatus 

Ivs 

flS 

lvs 

lvs, fls, fr 
lvs, fls 
lvs, fls 

flS 

lbs, fls 

lvs, fls 

flS 

flS 

flS 

0.7 
< 0.3 

<0.3 
6.7 
0.0 

< 0.3 
7.7 
3.9 
1.1 

< 0.3 
2.1 
0.0 
8.8 
0.0 
8.4 
1.1 

< 0.3 
0.0 

82.8 
2.29 

>I.67 
>2.33 

0.24 
- 

0.00 
0.92 
1 .oo 
0.00 

>9.00 
3.00 
- 

4.18 
- 

0.00 
8.09 

- 

0.94 
4.5 

< 0.4 
4.5 
0.0 
0.0 

< 0.4 
8.5 

< 0.4 
0.0 

< 0.4 
2.0 

< 0.4 
11.7 
0.0 
2.8 
6.5 

< 0.4 
0.0 

56.4 
0.60 

fO.75 
0.49 
- 
- 

f0.25 
0.14 

>5.25 
- 

>9.00 
1.10 

>0.02 
4.57 
- 

0.50 
1.28 
1.75 
- 

1.46 29.2 
4.5 4.07 
0.7 2.71 
1.5 1.80 
0.0 - 
5.6 0.14 
3.0 4.23 
0.0 - 
0.0 - 
2.2 0.27 
0.4 0.06 
0.0 - 

0.4 0.05 
0.0 - 
0.4 0.50 
3.4 0.26 
2.6 3.00 
0.4 1.50 
1.9 0.58 

,RP, =% of the diet adapted from Van Dyne and Heady (1965). 
YO of total plant cover 

F$ecies are not included which do not appear in the diet or percent cover III sulkent quantities on at least one site for RPI to be computed. 
3Relative percent plant cover. 
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Dietary Habits 
Forty-three plant species were identified in the diet of Columbia 

ground squirrel during July 17 through September 7, the period of 
maximum activity. The term spanned a period from 2 weeks prior 
to emergence of juvenile squirrels to the autumn curing of the 
vegetation. Nineteen of the 43 species contributed 1% or more to 
the ground squirrel diet. The coefficient of variation of each species 
contributing to the diet was substantial and averaged 112% as 
compared to 75% reported by Hubbard and Hansen (1976). Their 
sample was composed of a composite of at least 50 subsamples, 
whereas in the study 5 fecal subsamples were composited into a 
sample. 

The preference of plant species by ground squirrels is suggested 
by the relative preference index (RPI), which is expressed as the 
ratio between the percent in the diet (as determined by fecal analy- 
sis) in relation to the percent it is present in the community. Values 
greater than 1.0 are indicative of positive animal preference. One 
needs to be aware that the RPI value can be misleading as there 
may be considerable sampling error in the diet and vegetation 
analysis. Furthermore, the magnitude of the value might be 
affected by how much as well as what else is present in the com- 
munity. However, if the RPI value is consistently higher or lower 
than 1.0, it does provide a basis for a statement of animal 
preference. 

Forage availability was sampled once near the middle of the 
trapping period. During this period ground squirrels selected forbs 
in greater percentages than were present in the medially and heav- 
ily grazed areas (RPI = 1.46 and 2.65 respectively) (Table 2). Forbs 
predominated in the diet on the lightly grazed area also, but the 
grasses were taken in slight excess of percentage available. Because 
forbs are highly preferred by sheep, the reported observations of 
higher Columbia ground squirrel populations on grazed areas 
appear contradictory from a dietary standpoint. 

Silky lupine (Lupinussericeus) was the most heavily used species 
and constituted 29% of the diet. Sedges were almost as important 
as grasses, 9 and 12% respectively. Only the floral part of the sedges 
was taken, however. 

Similarity of diet with plant availability was highest in the 
medially grazed area where animal fecundity and weight gains per 
day were highest. Yarrow (Achilles millefolium) had equal cover 
values on the medially and heavily used areas, yet was distinctly 
preferred on the latter area. Silky lupine was lacking on the latter 
area, however. Ballhead sandwort (Arenaria congesta) and moun- 
tain brome (Bromus carinatus) also had higher RPI’s on the heav- 
ily grazed area. These plants appear to be secondary in palatability 
to silky lupine. In the same way, several species that the animals 
selected on the lightly grazed site were of lower preference on the 
medially grazed site. These were western hawkweed (Hieracium 
albertinum) and cushion phlox (Phlox pulvinata). Elk sedge 
(Carex geyeri) was consumed according to its abundance on site. 
At the other extreme, Erigeron peregrinus composed 14.0 and 
5.3% of the cover on the lightly and medially grazed sites, respec- 
tively, but did not occur in the diet of any ground squirrel. 

Discussion 
This study indicates that the Columbia ground squirrel popula- 

tions respond more directly to changes in forage quality than to 
changes in vegetation structure brought about by sheep grazing. It 
is reasonable to assume that the lightest grazed areas would retain 
the highest composition of palatable species to sheep. All three 
study areas had approximately the same plant productivities, yet 
the lowest ground squirrel population was on the area of historic 
light use by sheep. This suggests that the dietary habits of sheep and 
these ground squirrels do not coincide. 

The taller, though less dense, vegetation on the lightly grazed site 
does raise questions. Was the population of ground squirrels in fact 
high, but capture rates low due to the difficulty in visually attract- 
ing the squirrels to traps (Balph 1968)? A low population for the 
site was accepted, because all four population indices agree, includ- 

ing the burrow density count, which was unaffected by vegetation 
height. Was the population lowest here due to the visual advan- 
tages to predators? Forage quality is given more importance, 
because Columbia ground squirrels were also frequently found in 
the timber where the understory included a variety of palatable 
herb species, and vision was far more obscured than any of the 
study sites. Average ground squirrel weight was lowest on the site 
of light sheep use. Diet and site floristics were less similar and 
likewise animal weight gains were less on the lightly grazed site 
than on the medium use site. Thus, up to a point, forage quality for 
the ground squirrel apparently is improved with sheep grazing. 

With the mean weight of 45 1 g from this study, one can calculate 
the approximate animal equivalence of Columbia ground squirrel 
to sheep. A l-pound ground squirrel requires more calories per 
unit of body weight than would a 150-pound sheep. Based on 
McNab’s (1963) equation, 70w0.75, 42 adult Columbia ground 
squirrels would be equivalent to one 150-pound sheep. Assuming 
that a sheep remains in an area for 3 days and a Columbia ground 
squirrel forages in the same area for 120 days, .95 ground squirrel is 
able to utilize the amount of forage in one season that sheep would 
in 3 days. Essentially this means that under realistic grazing periods 
on the home range of a ground squirrel, one squirrel is equivalent 
to one sheep in the amount of forage removed. 

The Columbia ground squirrel to sheep equivalence calculated 
in this study is less than one half of that reported by Shaw (1920) 
and Stoddart et al. (1975). Shaw estimated that 96 Columbia 
ground squirrels equal one sheep. In Shaw’s study daily consump- 
tion averaged 17.5 percent of their body weight. Body weight in the 
present study averaged about 450 g, which would compute to a 
consumption rate of about 80/gday. With his figures, an equival- 
ence of 30-40 Columbia ground squirrels to one sheep would be 
more realistic. 

Differences in dietary habits of sheep and ground squirrel would 
lessen the apparent competition for forage. The ground squirrel’s 
preference for silky lupine is interesting. This lupine is responsible 
for congenital deformities known as “crooked calf disease”and is a 
major plant toxic to sheep (James and Johnson 1976). In addition 
to silky lupine, Descurania richardsonii and Achilles millefolium 
were preferred by ground squirrels and not by sheep, whereas 
Polygonum phytolacceafolium appeared to be avoided by both. 
Phlox pulvinata was one species that was preferred by both anim- 
als (Garechana 1979). 

It is concluded that sheep grazing has increased ground squirrel 
numbers in the Idaho batholith. On subalpine meadows where 
ground squirrels are numerous, the squirrels become an influence 
as important as sheep upon the plant community. However, the 
somewhat complementary nature of sheep and ground squirrel 
diets may retard or even prevent the ecological retrogression of the 
pasture as long as the productivity of the land adequately exceeds 
utilization by all plant consumers. 
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Flushing Ewes 
Pastures 
D.L. TART AND S.H. SHARROW 

Abstract 

on Chemically Cured Hill 

A study was conducted to evaluate the use of chemically cured 
pasture as a flushing feed for ewes in western Oregon. In 1976 
paraquat (0.28 kg/ha) was used to chemically cure hill pasture 
forage when perennial ryegrass (Loliumperenne L.) and tall fescue 
(Festuca arundinacea Schreb.) were in early anthesis. Crossbred 
ewes grazed the pastures from 17 days after the start of mating. 
Forage available during the breeding season had a higher protein 
content (K.50) on paraquat-treated than on untreated pasture. 
Paraquat treatment had no effect, however on forage dry matter 
digestibility (P<.O5). Chemical curing greatly reduced herbage 
yield, probably due to increased shattering and decomposition 
losses. Summer rainfall may have intensified the latter problem. 
Using chemically cured forage as flushing feed did not improve ewe 
live weight gains or lambing performance over untreated forage. 
Therefore, flushing ewes on chemically cured pasture appears to 
have little potential in areas, such as western Oregon, where 
summer rainfall is likely to occur. 

The production cycle of many western Oregon sheep operations 
requires that ewes be bred during the summer dry forage period, 
when nonirrigated pastures are lowest in nutritional value (Hed- 
rick 1957). Since high quality pasture is generally not available for 
flushing ewes, supplemental feeds are often provided during the 
breeding season. Rapid desiccation of green forage by quick-acting 
herbicides, such as paraquat, has been observed to preserve the 
nutritive quality of treated forage, thus improving the nutrient 
content of the dry forage available during the summer in Mediter- 
ranean environments (Sneva 1967, Arnold et al. 1970, Kay 1970, 
Kay and Tore11 1970, Arnold and Barret 1974). Such chemically 
cured forage has been suggested as a possible low-cost alternative 
to hay, grain, or other supplemental feeds (Arnold et al. 1970, 
Barret et al. 1973a). The purpose of this study was to evaluate the 
quantity and quality of forage on offer and the performance of 
ewes bred on chemically-cured hill pastures in western Oregon. 

Study Area and Methods 

This investigation was conducted on pastures located in the 
foothills of the Coast Range near Corvallis, Oregon. Elevation is 
approximately 90 m. The climate is a mild, subcoastal type with 
moist winters and mild, dry summers. Annual precipitation is 102 
cm. Soils were Bashaw series (Typic Pelloxerets; S.C.S., 1975). 
Dominant forage species were perennial ryegrass (Lolium perenne 
L.), tall fescue (Festuca arundinacea Schreb.), and subclover (Tri- 

folium subterraneum L.). 
A 3-ha pasture was treated with 0.28 kg/ ha of paraquat on June 

3, 1976. Both perennial ryegrass and tall fescue were in early 
anthesis at the time of spraying. Paraquat application was made 
using a carrier volume of 468 1 /ha of water with X-77, a surfactant, 
added at 0.05% by volume. Adjacent, untreated, 3-hectare pasture 

At the time of research, authors were research assistant and assistant professor, 
Rangeland Resources Program, Oregon State University, Corvallis 9733 1. 
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served as a control. Both pastures were sampled to determine 
forage quantity and quality before sheep were turned in (August 
29, midway through the grazing period (September 8), and 
immediately after the grazing period (October 4). On each 
sampling date, twenty 0.1 m* plots were harvested from each 
pasture. Herbage samples were sorted into dry herbage and 
regrowth, then oven-dried at 50” C for 48 hours and weighed. 
Samples were then ground to pass a 40-mesh screen. Crude protein 
and dry matter digestibility of herbage samples was evaluated 
using micro-Kjeldahl (A.O.A.C. 1965) and in vitro rumen 
fermentation (Daugherty 1979) procedures, respectively. Forage 
data were analyzed by analysis of variance (split plot over time) 
procedures (Steel and Torrie 1960). 

In a completely randomized design, 37 yearling crossbred ewes 
and 48 ewe lambs were stratified by age and assigned to the 
pastures. Ewes were split between the paraquat-treated and control 
pastures so that each was stocked with 14.2 ewes/ ha. Flushing 
(grazing) began on August 27, 1976, and continued for 34 days. 
Each group had access to water and trace-mineralized salt but 
received no other supplemental feed. Rams were introduced into 
each group halfway through the flushing period. After the flushing 
period the groups were pooled on the unsprayed pasture, and the 
rams were left with the ewes another 17 days. Ewes were weighed at 
approximately weekly intervals throughout the flushing period. 

Live weight change and lambing performance of ewes were 
analyzed using analysis of variance and Chi-square contingency 
tables, respectively (Steel and Torrie 1960). 

Results and Discussion 

Herbage yield was lower (K.05) on the paraquat-treated than 
on the control pasture (Table 1). Field observations indicated that 
paraquat made plants brittle, resulting in considerable shattering 
losses. Arnold and Barrett (1974, 1978) also noted brittleness in 
paraquat-treated herbage. However, chemical curing does not 
always increase susceptibility to shattering (Kay and Tore11 1970, 
Sneva and Gomm 1979). This effect may vary with plant species, 
phenology, and application rate. In this study, the treated herbage 
was beaten down by wind and rain and tended to retain moisture. 
Total herbage yield on the treated pasture declined by 3 1% during 
the 2 months prior to the grazing period, during which time 6.3 cm 
of rainfall was recorded. Since the forage lost was not visible as 
litter, much of the decline was apparently due to either decomposi- 
tion or removal of shattered material by wind. Sneva (1967) and 

Table 1. Effect of paraquat treatment on berbage yield (kg/ha) in 1976. 

Total herbage Regrowth 

Time Control Treated Control Treated 

23 days post-treatment 4045 
Pre-grazing 4407’ 2783b 1125” 425b 
Mid-grazing 3542” 1 388b 829” 165b 
Post-grazing 26528 1215b 423” lo2b 

i’,bMeans in the same row with unlike superscripts differ significantly (K.05). 
Comparisons are not intended between total herbage and regrowth. 
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Table 2. Effect of paraquat treatment on crude protein content and in vitro dry matter disappearance of forage. 

Percent crude protein Percent in vitro dry matter disappearance 

Mature herbage Regrowth Mature herbage Regrowth 

Time Date Control Treated Control Treated Control Treated Control Treated 

Pre-grazing 8125 4.6”’ 8.2b 7.4” 10.9” 23” 19” 44* 41* 

Mid-grazing 918 4.9 7.4b 6.3” 9.5” 23” 16” 41” 38” 

Post-grazing IO/4 3.8” 6Sb 8.1” 1 2.3b 20” I 5” 47” 44” 

laebMeans in the same row with unlike superscripts differ significantly (X.05). Comparisons are not intended between mature herbage and regrowth. 

Pullman and Allden (1971) reported similar losses. Greater 
regrowth on the control pasture after the time of application also 
contributed to the large differences in total pre-grazing herbage 
yields (Table 1). 

The protein content of the chemically cured (mature) forage was 
higher (ZY.05) than the control throughout the grazbg period 
(Table 2). This difference probably resulted in part from the dessi- 
cation of forage at a phenologically earlier stage on paraquat- 
treated pastures and in part from a higher clover content of 
herbage present on paraquat-treated pasture. Mature herbage on 
the control pasture was 6.9% clover, while that on the treated 
pastures averaged 18.3% clover (based on ocular estimates for 
mature herbage samples). Pre-grazing protein yields of the treated 
control pastures were similar, however (286 and 274 kg protein/ ha 
for control and treated pastures, respectively; p<.O5), indicating 
that higher protein content tended to compensate for the lower dry 
matter yield of the paraquat-treated pasture. Kay and Tore11 ( 1970) 
observed similar results. In other studies, however, chemical curing 
increased protein yield even though herbage yield was greatly 
reduced (Arnold et al. 1970, Sneva 1973). 

Paraquat treatment had no effect (D.05) on in vitro dry matter 
digestibility (Table 3). This result is consistent with those of other 
workers who have also noted little influence of paraquat treatment 
on dry matter digestibility for a variety of pasture types (Wallace et 
al. 1966, Romberg et al. 1969, Pullman and Allden 1971, Arnold 
and Barrett 1974). The dry matter digestibility values obtained in 
this study appeared to be somewhat low, possibly because of the 
one-stage digestion procedure used. 

The number of lambs born per ewe and the number of ewes 
bearing lambs did not differ (D.05) between experimental groups 
(Table 3). From the animal performance data reported here, it 
appears unlikely that a flushing response (significant increase in 
percent lamb crop as a result of an elevated plain of nutrition at 
breeding) occurred in either group of ewes. 

Live weight gains on both the paraquat-treated and control 
pastures were low (Table 3). Animal performance on the control 
pasture was probably limited by percent crude protein content of 
the forage on offer which was below NRC (1975) requirements 
(9.5% crude protein) for yearling ewes and ewe lambs throughout 
the grazing period (Table 2). The paraquat-treated pasture, on the 

Table 3. Effect of paraquat treatment on the performance of ewes. 

Item 

Yearlings Ewes Lambs 

Control Treated Control Treated 

Initial weight (kg/ewe) 
Final weight (kg/ ewe) 
Average daily gain 

(kg/ewe/ day) 
No. of ewes 
No. of dry ewes 
No. of single births 
No. of multiple births 
% ewes bearing during 

first 17 days of 
lambing 

Lambs born per ewe 
present (%) 

Lambs born per ewe 
bearing (%) 

48.08’ 48.0“ 
52.4” 52.1” 

0.13” 0.12” 0” 0" 
19 18 24 24 
0 0 9 9 
5 10 9 11 

14 8 6 4 

79” 

168” 144” 

168” 144” 

82” 

41.3” 
41.3” 

39b 

92” 

1478 

40.3” 
40.2” 

40bb 

79b 

136” 

leSbMeans in the same row with unlike superscripts differ significantly (K.05). 
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other hand, had regrowth which was adequate in percent crude 
protein (Table 2), but relatively little forage dry matter on offer 
(Table 1). It is proposed, therefore, that while animal performance 
on the two pastures was similar (P>.OS), the factors limiting 
animal performance were quite different: crude protein intake on 
the control pasture vs. digestible dry matter intake on the 
paraquat-treated pasture. 

Management Implications 
Under the summer climatic conditions experienced in this study, 

the use of chemically cured pasture as flushing feed did not 
improve ewe live weight gains or lambing performance. The 
increase in protein content produced by paraquat treatment 
appeared to have been offset by yield losses, probably due to 
shattering and decomposition. Therefore, chemical curing appears 
to have little potential in areas with maritime climates where 
summer rainfall is likely to occur, such as western Oregon, western 
Washington, and coastal northern California. In addition, the 
relatively poor performance of ewes on both paraquat-treated and 
control pastures indicates that flushing responses should not be 
expected on similar pastures unless supplemental feed is provided. 
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Effects of Monoterpenoid Exposure on Abil- 
ity of Rumen Inocula to Digest a Set of 
Forages 
JORDAN C. PEDERSON AND BRUCE L. WELCH 

Abstract 

Nagy et al. (1964) using in vitro techniques found that the 
monoterpenoids (essential or volatile oils) of big sagebrush (Arte- 
misia tridentata) suppressed the growth of mule deer rumen 
microorganisms, decreased the rate of cellulose digestion and the 
production of gas and volatile fatty acids by the microorganisms. 
Oh et al. (I 967, 1968) found that the monoterpenoid hydrocarbons 
(the monoterpenes) of Douglas-fir needles actually enhanced in 
vitro microbial fermentation in sheep and deer inoculum. Sesqui- 
terpenes were also found to be stimulatory. Microbial fermenta- 
tion, however, was suppressed in the presence of the oxygenated 
monoterpenoids (alcohols, esters, aldehydes) of Douglas-fir (Oh et 
al. 1967, 1968; Longhurst et al. 1969). After a review of the litera- 
ture, Welch and McArthur (1979) concluded that the results of in 
vitro and in vivo digestibility trials of big sagebrush did not support 
the contention that monoterpenoids suppressed digestion in mule 
deer. It was suggested by Nagy et al. (1964), Welch and McArthur 
(1979), and Van Soest (1981) that microorganisms in the rumen 
may be able to adapt to big sagebrush monoterpenoids. Observa- 
tions made by Oh et al. (1967) support the adaptation idea. They 
found that citonellal (aldehyde), an oxygenated monoterpenoid, 
inhibited rumen microorganisms from sheep and deer that had no 
access to Douglas-fir needles (a monoterpenoid source), but pro- 
duced no effect upon rumen microorganisms from deer that had 
access to Douglas-fir. 

Rumen inoculum collected from wild mule deer on summer, fall, 
winter, and spring ranges in central Utah was equally effective in 

If adaptation is important, the inoculum with unadapted rumen 

digesting alfalfa hay, orchardgrass hay, big sagebrush, curlleaf 
microorganisms should digest big sagebrush forage less readily 

mahogany, antelope bitterbrush, and hips of sweetbrier rose. 
than inoculum with adapted microorganisms. Therefore, we 
undertook this study to test the hypothesis that rumen inoculum 

Alfalfa hay was the forage most easily digested. Inocula from deer 
that had not been exposed to big sagebrush and juniper monoter- 

collected from mule deer not consuming big sagebrush (summer 

penoids (essential oils) digested all test forages, including big sage- 
range) would digest significantly less dry matter of winter samples 
of big sagebrush forage than inoculum collected from mule deer 

brush equally as well as inoculum from deer that had been exposed consuming big sagebrush (winter range). 
to big sagebrush monoterpenoids. We concluded that rumen 
microorganisms do not have to adjust to the presence of the Materials and Methods 
monoterpenoids or other dietary changes. During 1979-1980, we collected rumen inoculum from 13 wild 

mule deer at seven points in time: July 18, September 7, October 
29, December 3, January 14, February 25, and April 17. Two mule 
deer were sacrificed for each time period, with the exception of 
October 29 when one deer was taken. Deer were obtained from 
native ranges in central Utah. The method we used to collect rumen 
inoculum was described by Nagy et al. (1964). 

The collections of rumen inocula were tested against four native 
forages and two dry roughages collected from one site in central 
Utah and at one point in time. Native forages included the current 
year’s growth of big sagebrush, curlleaf mahogany (Cercocarpus 
ledifolius), antelope bitterbrush (Purshia tridentata), and the hips 
from sweetbrier rose (Rosa eglanteria). These forages were col- 
lected during midwinter and ground with a motorized steel mortar 
and pestle to a fine powder in liquid nitrogen (Welch and Pederson 
1982). During the early spring of 1979, samples of alfalfa (Medi- 
cage sativa) and orchardgrass (Dactylis glomerata) were collected, 
dried, and ground in a Wiley mill (1 mm). All forages were stored in 
a freezer (-35” C). 

Welch and Pederson (1982) through in vitro means, found big 
sagebrush to be a highly digestible browse for wintering mule deer. 
They collected rumen inoculum from wild mule deer that had been 
feeding on big sagebrush for about 3 weeks. This was to ensure that 
the rumen microorganisms had fully adapted to the presence of big 
sagebrush monoterpenoids. Although that study (Welch and Ped- 
erson 1982) demonstrated that rumen inoculum readily digested 
big sagebrush, it did not furnish evidence concerning the ability of 
rumen microorganisms to adapt to the presence of 
monoterpenoids. 

We used the in vitro digestion procedure outlined by Pearson 
( 1970), except that 1 .O g of fresh tissue was used for the four native 
forages. The dry matter content was determined for all forage 
samples digested. Rumen inoculum for each deer was tested separ- 
ately. Burbank et al. (1979) reported that the pH of the buffer- 
rumen inoculum can significantly affect the digestive ability of the 
inoculum. We found that the pH of the rumen fluid collected from 
the 13 deer varied from 6.5 to 6.8, therefore, the pH of the buffer- 
rumen inoculum was adjusted to a pH of 6.8. 

Data were expressed as percent of digestible dry matter. Percen- 
tages were transformed (arcsin) for statistical analysis. Analysis of 
variance for a completely randomized design was used to evaluate 
differences in treatment effects. Treatment effects were measured 
by the ability of the various inoculum sources to digest each forage. 
Hartley’s range test was used to compare inoculum collection 
dates-the treatment means (Snedecor and Cochran 1967). 

Authors are regional game manager, Utah State Division of Wildlife Resources, 
Rumen contents of all 13 deer were saved to determine the 

Springville, 84663; principal research plant physiologist, Intermountain Forest and amount of big sagebrush and Utah juniper (Juniperus osteos- 
Range Exp. Sta., Shrub Sciences, Laboratory, Provo, Utah 84601. 

The authors extend thanks to the Utah Division of Wildlife Resources personnel 
perma) in the diet (Cluff et al. 1982). 

who gave so freely of their time and talent: Harold Blackburn, Kevin Cherry, Dale 
Gurley, Norman Hancock, Robert Hasenyager, Rodney John, Leonard Newlin, and Results 
Ken Tuttle.. 

Manuscrrpt received January 7, 198 I. Amount of big sagebrush and juniper in the diet of the mule deer 
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Table 1. Percent of big sagebrush and juniper in the diets of wild mule deer 
collected during 1979-1980. Two deer per date, except for October. 

Forage 

Date 
July Sept. Oct. Dec. Jan. Feb. Apr. 

18 7 29 3 14 25 17 

Big sagebrush 0 0 <O.l <O.l 26.0 1.0 <O.l 
0 0 - 23.8 38.5 7.0 2.6 

Juniper 0 0 00 7.0 89.4 70.5 
0 0 - 4.1 27.7 50.9 44.3 

is presented in Table I. Consumption of big sagebrush and juniper 
increased from zero during the summer months to an upper range 
of about 90% of the diet during the winter months. 

The results of our seven in vitro digestibility trials are summar- 
ized in Table 2. There were no significant differences (P=O.Ol) in 
the digestive effectiveness of the mule deer rumen inocula collected 
at seven points in time. 

Rumen inocula collected in July and September, that is, inocula 
not exposed to big sagebrush or juniper monoterpenoids, digested 
big sagebrush’ (64 to 70% digested dry matter) as well as inoculum 
collected in December and January that had been exposed to 
monoterpenoids (67 to 69% digested dry matter.) 

Alfalfa was the most digestible, 72%, of the six forages tested, 
followed by big sagebrush and orchardgrass at 67% and 66%, 
respectively. Our results and those of Smith (1952) showed alfalfa 
hay to be a highly digestible deer food. This would suggest that 
alfalfa hay could be used as a winter feeding supplement for short 
periods during severe winters (Urness 1980). Rose hips, curlleaf, 
and bitterbrush were the least digestible at 5370, 42%, and 18% 
respectively. These results agree closely with a study by Welch and 
Pederson ( 1982). 

Discussion 

Our results indicate that rumen inocula not exposed to big 
sagebrush or juniper monoterpenoids can digest big sagebrush as 
well as rumen inocula exposed to the monoterpenoids. Rumen 
inocula obtained from mule deer (Jan. and Feb.) consuming high 
levels (62%) of monoterpenoid-containing plants digested all six 
forages as well as rumen inocula obtained from mule deer consum- 
ing plants devoid of monoterpenoids. Pearson (1970) also reported 
a lack of significant difference in the digestive ability of rumen 
inocula collected from members of the same ruminant species 
consuming different diets. 

There are two schools of thought concerning big sagebrush and 
digestibility. One school believes that the monoterpenoids of big 
sagebrush cause digestive problems in wintering mule deer when 
big sagebrush exceeds 20 to 30% of the diet (Nagy et al. 1964, Nagy 
and Tengerdy 1968, Dietz and Nagy 1976, Nagy and Regelin 1977, 
Wallmo et al. 1977). The other school believes that wintering mule 
deer will, through two or three mechanisms, eliminate significant 
interaction among the monoterpenoids and the rumen microorga- 
nisms (Welch and McArthur 1979, Van Soest 1981, Welch and 
Pederson 1982, Cluff et al. 1982, White et al. 1982). Also, evidence 
that rumen microorganisms might be able to adapt to the presence 
of oxygenated monoterpenoids has been reported by Oh et al. 
(1967). Tabular data presented by Nagy and Tengerdy (1968) 
suggest some degree of adaptation (see Welch and McArthur 1979, 
Van Soest 1981). 

As pointed out by Welch and McArthur (1979), neither in vitro 
nor in vivo digestibility trials of big sagebrush support the conten- 
tion that monoterpenoids suppress the digestion of forage by mule 
deer. Wallmo et al. (1977) states that caution must be used in 
interpreting some of the in vitro trials because some of the prepara- 
tory methods used could have resulted in large losses of 

IIt should be noted that the total monoterpenoid content of the big sagebrush sample 
was 2.1% of the dry matter, 

Table 2. The ability of wild mule deer rumen inocula collected at seven 
points in time to digest a set of forages. Data expressed as % of dry matter 
digested. 

Forage 
July Sept. Oct. Dec. Jan. Feb. Apr. 
18 7 29 3 14 25 7 Mean 

Alfalfa 74’ 74 71 72 71 70 70 74 73 - 72 73 73 70 72 

Big sagebrush 70 65 65 68 69 68 
64 66 - 68 67 

:9’ 
68 67 

Orchardgrass 74 73 66 67 66 62 64 66 68 66 - 67 62 61 72 

Rose hips 56 45 
62 

:: 
50 53 

Curlleaf 
mahogany 46 39 41 43 42 40 

39 39 - 42 40 
t: 

53 42 

Bitterbrush 17 18 19 16 14 - ;k! 18 20 16 18 :: I8 

‘Two deer were taken for each date, with theexception of October. when only one deer 
was taken. 

monoterpenoids. 
The major evidence that big sagebrush monoterpenoids could 

suppress digestion in mule deer comes from in vitro studies (Nagy 
et al. 1964, Nagy and Tengerdy 1968). Our main concern is that 
concentrations of monoterpenoids used in some of those studies 
were four to eight times higher than those found in big sagebrush 
tissues (Welch and McArthur 198 1). Nagy et al. (1964) prepared 
their substrates by adding 0.1 gm and 0.2 gm of essential oils 
(monoterpenoids) to 1 gm of oil-less big sagebrush dry matter. This 
would result in a concentration (9.1 and 16.7%) of monoterpenoids 
four to eight times greater than that found in big sagebrush (Welch 
and McArthur 198 1). The apparatus used in the Nagy et al. ( 1964) 
experiment was a closed system which does not allow for escape of 
the monoterpenoids. Loss of monoterpenoids from the rumen 
through mastication, eructation, rumination, or absorption was 
found by Cluff et al. (1982) to be substantial (also see White et al. 
1982). Cluff et al. (1982) found a reduction of 80% of the monoter- 
penoids in the forages consumed (see Van Soest 1981). 

Another point that concerns us is that pouring the essential oils 
(monoterpenoids) into the culture exposes the microorganisms to 
the full concentration of the monoterpenoids, whereas, in the 
rumen the exposure is less concentrated because a portion of the 
monoterpenoids are trapped inside the coarse pieces of big sage- 
brush. The trapped monoterpenoids are not released to interact 
with rumen microorganisms until after further grinding, and 
further grinding through mastication may result in loss of mono- 
terpenoids (White et al. 1982). In other words, the procedures used 
to demonstrate possible suppression of digestion by monoterpe- 
noids were conducted under severe conditions-conditions proba- 
bly not encountered by mule deer on winter ranges. To this point, 
Carpenter et al. (1979) found in their grazing study that wintering 
mule deer started gaining weight at the peak of big sagebrush 
consumption (see Welch and Pederson 1982). 

In addition, Tueller’s (1979) study lends support to the idea that 
high levels (35% or more) of big sagebrush in the diet of mule deer 
does not adversely affect digestion. He reported that the diet of 
mule deer wintering (12/ 66,3/ 66,12/ 67) in the Fox Mountain area 
of Nevada contained 69% big sagebrush. whereas, the diet of mule 
deer wintering ( 12/ 66, 3/ 66, 12167) in the White Rock area con- 
tained only 28%. While the amount of big sagebrush in the diet of 
the deer from the two areas differ by a factor of 2.5, the amount of 
tail fat (an indicator of body condition) was almost the same 
between the two deer herds (32.4% for Fox Mountain deer and 
29.1% for White Rock deer). The values listed are means of the 
three sampling dates. Mule deer with a tail fat of 30% is considered 
to be in good physical condition. It should be reiterated that 69% 
big sagebrush in the diet of Fox Mountain deer is well above the 
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level considered safe by some workers (Nagy et al. 1964, Wallmo et 
al. 1977, Carpenter et al. 1979). 

The Tueller (1979) and Carpenter et al. (1979) reports support 
the idea that big sagebrush does not, under range conditions, cause 
adverse effects on wintering mule deer. 
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Alkaloid Affects in Vitro Dry Matter Digesti- 
bility of Festuccz and Bromus Species 
MERLE L. FAIRBOURN 

Abstract 

A field evaluation study was made on eight pasture grass species, 
‘Latar’ orchardgrass (Dactyl& glomerata L.), ‘Fawn’ tall fescue 
(Festuca arundinacea Schreb.), ‘Manchar’ bromegrass (Bromus 
inermus Leyss.), ‘Regar’ bromegrass (B. biebersteinii Roem and 
Schult.), ‘Garrison’ creeping foxtail (Afopecurus arundinacea 
Poir.), ‘Meadow’ foxtail (A. pratensis L.), ‘Luna’ pubescent 
wheatgrass [Agropyron trichophorum (Link) Richt.], and 
‘Greenar’ intermediate wheatgrass [A. intermedium (Host) 
Beauv.]. Three harvests of each species were analyzed for in vitro 
dry matter digestibility (IVDMD) for 1975,1976, and 1977. Fawn 
tall fescue and Manchar bromegrass had severely depressed 
IVDMD values in the second harvest of 1976 and both species and 
Regar bromegrass had low values for the third harvest of that year. 
The forages were analyzed for perloline alkaloid by a thin layer 
chrometography method and the depressed IVDMD values were 
found in the replicate samples containing perloline. The alkaloid 
could be toxic to livestock. 

Dry matter digestibility is an important measure of forage 
quality which can be determined by in vitro and in vivo methods. 
The alkaloid perloline has been found to inhibit in vitro dry matter 
digestibility (IVDMD) in several studies of species of Festuca and 
Lolium (Bush et al. 1970, Gentry et al. 1969, Jeffreys 1964). In this 
research on irrigated forages, inhibited IVDMD and alkaloid 
concentrations were observed not only in Festuca, but also in 
Bromus species. On western rangelands, these grasses are generally 
grown on relatively small areas under irrigation and are frequently 
used as supplemental pasture for beef cattle (Nichols 1975). 

Methods 

The eight grass species studied were ‘Latar’ orchardgrass 
(Dactylis glomerata L.), ‘Fawn’ tall fescue (Festuca arundinacea 
Schreb.), ‘Manchar’ bromegrass (Bromus inermus Leyss.), ‘Regar’ 
bromegrass (B. bierbersteinii Roem and Schult.), ‘Garrison’creep- 
ing foxtail (Alopecurus arundinacea Poir.), ‘Meadow’ foxtail 
(A. pratensis L.), ‘Luna’ pubescent wheatgrass [Agropyron 
trichophorum (Link) Richt.], and ‘Greenar’ intermediate 
wheatgrass [A. intermedium (Host) Beauv.]. These irrigated 
forages were established in the field at Cheyenne, Wyo., in the 
spring of 1974 as part of a large evaluation trial in 2.4 X 4.8 m plots. 
Two centimeters of water were applied to the grasses every 3 or 4 
days. Each species was replicated twice. Ammonium nitrate was 
applied to the grasses each year near May 1 and July 1 at the rate of 
76 kg N/ha.- Harvests were made each year when the grass was at 
boot or heading stage on the first crop and when regrowth was 20 
to 30 cm tall on succeeding crops. Forage from each plot area was 
clipped, weighed, and subsampled. The subsample of green forage 
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was placed in a drying oven within 1 hour after harvest and dryed at 
65O C to determine dry matter production. The forage IVDMD for 
each of three harvests per year during 1975 thru 1977 was 
determined by a modified Tilly and Terry (Tilly and Terry 1963) 
method. The alkaloid concentration in the 1976 harvests were 
determined by a thin layer chromatography (TLC) method as 
follows: 

A l-gram sample of dried and ground plant material was 
mixed with 0.3 g of sodium bicarbonate and 2 ml of water in a 
small beaker. The mixture was stirred with a glass rod for 2 
minutes. Ten ml of a CHCh/ MeOH (9: 1) solution was added 
to the mixture and stirred with a magnetic stirrer for 30 
minutes. The mixture was then filtered and the filtrate was 
evaporated in vacua to a volume of 1 ml. The alkaloids were 
separated from other plant material by a silica gelTLC. Forty 
microliter aliquots were spotted and developed with the upper 
phase of a mixture of butanollacetic acid/water (4: 1:5). An 
iodoplatinic acid solution, used for visulization of spots, 
consisted of a mixture of 10 ml of a 5% platinum chloride, 5 ml 
of cont. HCl, and 240 ml of a 2% KI solution. 

Results and Discussion 

Festuca and Bromus species had significantly inhibited IVDM D 
in the second and third harvests of 1976 compared with other 
species in the study. While all grass species showed depressed 
IVDMD values for the first harvest of 1975, this was probably 
caused by the fiber content of the more mature forage compared 
with the re-growth of succeeding harvests of that year. During the 
study, severe inhibition of IVDMD did not occurr in Latar 
orchardgrass, Garrison creeping foxtail, Meadow foxtail, Luna 
pubescent wheatgrass, and Greenar intermediate wheatgrass. 
Therefore, IVDMD values were shown in Table 1 for a 
representative noninhibited species, Latar orchardgrass, and three 
inhibited species, Fawn tall fescue, Manchar brome, and Regar 
brome. The alkaloid analysis was done on the 1976 harvests of 
these four grasses. All of the 1976 samples with inhibited IVDMD 
showed perloline (Table 2) except for the second harvest of 
Manchar brome which contained only a trace of alkaloid that was 
not identifiable. This may have been due to a breakdown with time 
in the perloline alkaloid within the forage samples. Gentry et al. 
(1969) found much higher perloline concentrations in pasture for- 
age than in 2-year old hay samples. The alkaloid analyses of this 
study were made 3 years after the IVDMD had been determined. 
Although Fawn tall fescue contained several unidentified 
alkaloids, inhibition of IVDMD in this species appeared to be only 
related to samples with identifiable perloline. 

Perloline synthesis in plants has been shown to be associated 
with N fertilization and radiant energy (Noller and Rhykerd 1974). 
Since fertilization was made at the same time and rate each year, 
perloline buildup in tall fescue and bromegrass in 1976 was 
probably caused by differences in temperatures as compared with 
those in 1975 or 1977. The temperatures during the 1976 growing 
season were generally higher than those for 1975 or 1977 (Dept. of 
Commerce 1975-77). 
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Table 1. In Vitro dry matter digestibility of four grass species at three harvests per year during 1975, 1976, and 1977 at Cheyenne, Wyo.1. 

Species I 
Latar orchardgrass 58.2a 
Fawn tall fescue 51.2b 
Manchar bromegrass 54.2ab 
Regar bromegrass 59.5a 

1975 Harvests 
2 3 

62.5a 64.5a 
61.0a 65.2a 
61.7a 62.5a 
60.5a 68.0a 

1 
67.5a 
62.2a 
66.2a 
61.7a 

1976 Harvest 
2 3 I 

60.0a 66.5a - 
41.5c 33.7b 58.0a 
48.2b 40.0b 63.la 
63.0a 35.0b 65.3a 

I977 Harvest 
2 3 

- 65.5b 
62.9a 66.4b 
65.5a 75.9a 
60.0a 73.5a 

‘Within a column values followed by the same letter are not significantly different at the 5% level of probability according to Duncan’s multiple range test. 

Table 2. Alkaloids1 in four grass species at three harvests in 1976. 

Species Rep. Rr 

1st Harvest 
Relative Spot 
amounts color Rr 

2nd Harvest 3rd Harvest 
Relative Spot Relative Spot 
amounts color Rf amounts color 

Latar orchardgrass 1 -2 - 

Latar orchardgrass 2 - - 
Fawn tall fescue 1 0.12 ++ 

0.17 +++ 
0.26 + 

Fawn tall fescue 2 0.11 ++ 
0.16 +++ 
0.26 + 

Manchar bromegrass 1 - - 
Manchar bromegrass 2 - - 
Regar bromegrass 1 - - 
Regar bromegrass 2 - - 

- - - - 
Blue 0.10 ++ Blue 
Brown 0.15 +++ Brown 
Blue 0.24 + Blue 
Blue 0.09 ++ Blue 
Brown 0.15 ++++ Brown 
Blue 0.23 ++ Blue 
- trace not identifiable 
- trace not identifiable 
- - - - 

- - 
0.10 ++ 
0.15 trace 
0.24 +++ 
0.11 ++ 
0.15 trace 
0.23 +++ 
0.15 + 
3.15 trace 
0.15 + 
0.15 trace 

- 
- 
Blue 
Brown 
Blue 
Blue 
Brown 
Blue 
Brown 
Brown 
Brown 
Brown 

‘Known perloline samples showed an Rr value of 0. I5 with a brown spot. 
*-means none present. 

The inhibition IVDMD associated with the presence of perloline Jeffreys, J.A.D. 1964. The alkaloids of perennial ryegrass (Loliumperenee 
in bromegrass species is unusual. These species can generally be L.), Part I Perloline. J. Chem. Sot. 4505-45 12. 
depended upon for high quality forage. The observation reported Nichols, J.T. 1975. Using complementary forage crops with rangeland. 

here indicates that perloline syntheses in bromegrass, as well as Proceedings: The range beef cow a symposium on production IV. 

fescues, can occur when summer temperatures are high. Livestock December 15-l 7, Denver, Colorado, p 65-7 1. 

producers and agronomists need to be aware of this possibility. 
Noller, C.H., and C.L. Rhykerd. 1974. Relationship of nitrogen 

fertilization and chemical composition of forage to animal health and 
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Effect of Atrazine, Fertilizer, and 2,4-D on 
Winter Grazing Preferences of Beef Cows on 
Northcentral Oklahoma Tallgrass Prairie 
R.L. BAKER AND JEFF POWELL 

Abstract 

A good condition, tallgrass prairie experimental area was 
treated with selected combinations of atrazine, 2,4-D, and NPK 
fertilizer in spring 1975 and 1976. Crude protein contents in 
November herbage ranged from 3.401, to 6.3% in treated samples. 
Untreated herbage contained 5.0% crude protein. Nonlactating 
beef cows were allowed to graze freely on the area during 
December, 1976. Utilization of herbage ranged from 43% to 87%. 
Utilization was greatest on NPK areas (82%), 3.4 kg atrazine + NP 
areas @SO/O), and 3.4 kg atrazine -I- NPK areas (87%). Decreaser 
species comprised a larger percentage of the total production on 
atrazine i- NP, atrazine -I- NPK, and 2,4-D -I- NPK areas than on 
fertilizer-only areas. Tallgrass prairie treated with atrazine and 
fertilizer or 2,4-D and fertilizer was preferred by beef cows as 
winter forage over untreated herbage. There was a 15% increase in 
herbage utilization for every 1% increase in crude protein in the 
herbage in December. 

Herbicides and fertilizers are effective forage improvement tools 
when combined with a sound management plan. However, 
ranchers are often forced to supply a supplemental protein source 
to maintain animals and effectively use available forage when 
grazing an area in winter (Shepherd and Hughes 1970). 

The ideal winter forage should supply proper protein and energy 
needs. Various combinations of fertilizers and herbicides increase 
forage quality and production during the growing season (Duncan 
and Hylton 1970, Kay and Tore11 1970, Houston and van der Sluijs 
1975). However, after plant maturity, crude protein content is at or 
below animal maintenance levels (Baker et al. 1980). 

Little quantitative data has been published relating animal pref- 
erence for fertilized and herbicide-treated areas, but these chemi- 
cals can influence livestock preference (Green et al. 1958, Smith 
and Lang 1958, Shaw and Dodd 1979). Plant hormone metabolism 
is influenced by triazine herbicides, and growth stimulations affect 
the entire morphological structure of the plant (Ebert 1976). These 
effects on plant morphology and physiology plus other environ- 
mental influences (Laycock and Price 1970) may influence animal 
preference for forages during the winter. 

The objective of this study was to determine differences in cattle 
utilization of mature tallgrass prairie and relate utilization to 
differences in crude protein and herbage production created by 
previous herbicide and fertilizer treatments. 

Study Area 

The study area was 2.25 ha of loamy upland rangeland, 11 km 
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north of Stillwater, Okla. Elevation is about 280 m. Stillwater has a 
continental climate with average absolute monthly maximum 
temperatures exceeding 40° C from June through September, and 
average absolute monthly minimum temperatures below -20” C 
from December through March. Annual precipitation averages 
820 f 250 mm and its distribution during the 210-day growing 
season is 2 1% (April-May), 28% (June-August), and 17% 
(September-October). The land slope is 2 to 6% and soils are 
predominately fine-loamy, mixed, thermic, Udic Argiustolls (Gray 
and Galloway 1959). The range site is good condition loamy prairie 
previously used as a native hay meadow or moderately grazed by 
cows and calves. The major plants in the study area included 
Schizachyrium scoparium, Sorghastrum nutans, Panicum virga- 
turn, Andropogon gerardi, Panicum scribnerianum, Ambrosiapsi- 
lostachya, and Carex spp. 

Methods 

This experiment was part of a larger study designed to measure 
forage quality and production changes after application of atra- 
zine, 2,4-D, and N(33-O-O), P(O45-0) and K(O-0-60) fertilizers. In 
1975 a randomized block experimental design with three replica- 
tions of 15 treatments was used (Table 1). All standing vegetation 
was mowed to a IO-cm stubble height in March, 1976, and left on 
the plot as ground litter. A split-plot design was superimposed on 
the randomized block design in 1976. One-half of each 12 X 15 m 
plot received the same treatment as in I975 (retreated areas), while 
the other half remained untreated to measure residual effects 
(residual areas). 

Fertilizer (N, P, K) was broadcast May 10 at the rate of 67-45-45 
kg/ ha respectively. Foliar sprays of 1.1 and 3.4 kg a.i./ ha atrazine 

Table 1. Treatment codes, treatments, and month of application for the 15 
treatments. 

Treatment code 

U 
N 
NP 
NPK 
DNPK 
A61 
A71 
A63 
A73 
AN 
ANP 
ANPK 
ADNPK 

Treatment and month of application 

Untreated or control. 
674-O 
67454, June. 
674545, June. 
0.8 kg 2,4-D/ha plus 674545, June. 
1.1 kg atrazine/ ha, June. 
1.1 kg atrazine/ ha, July. 
3.4 kg atrazine/ ha, June. 
3.4 kg atrazine/ ha, July. 
3.4 kg atrazine/ ha plus 67-O-0, June 
3.4 kg atrazine/ ha plus 67-454, June. 
3.4 kg atrazine/ ha plus 67-4545, June. 
3.4 kg atrazine/ ha, 0.8 kg 2,4-D/ ha plus 67-45-45, 

June 
D6 0.8 kg 2,4-D/ ha, June. 
D7 0.8 kg 2,4-D/ ha, July. 

167 kg N/ha - 0 kg PzO~/ ha - 0 kg Kz O/ha. 
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(Z-chloro-4-(ethylamino)-6_(isopropylamino)-s-triazine) and 0.8 
kg xi./ ha 2,4-D, ((2.4dichlorophenoxy) acetic acid) were applied 
on June 4 or July 8. 

Standing herbage biomass was estimated for each species in 
early November, 1976, using the modified weight-estimate 
(Pechanec and Pickford 1937) and double sampling methods 
(Wilm et al. 1944). Clipped samples were analyzed for nitrogen by 
the macro-Kjeldahl procedure (AOAC 1970). The area was 
ungrazed between March, 1975, and December, 1976. 

Fifteen nonlactating beef cows freely grazed the experimental 
area for I8 days in December(Fig. I). Cows were fed 0.9 kg/ head/ 
day of 41% protein range cubes in unused areas of the enclosure. 
After the cows were removed, the residual herbage was deter- 
mined. The difference in standing herbage before and aftergrazing 
was considered to he utilization (National Academy of Sciences 
1962). 

Statistically significant differences among treatments for pro- 
duction, grazing residue, crude protein content and utilization 
were tested using analysis of varianceand least significantdifferen- 
ces (Steel and Torrie 1980). The results are shown in the figure 
captions. 

o Crude Protein 
0 Grazed (Utilizatiin) 
EI Residue - 5.0 

z 
-4.o- 

.c 
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Results and Discussion 

Rainfall from May through October, 1976, was 47% of the 
average with no month receiving above average rainfall amounts. 
The previous summer (1975) was also dry and no recharge of 
subsoil water occurred during the 1975-76 winter. Herbage was 
under water stress for much of the 1976 growing season. 

Herbage production on residual areas (treated 1975, untreated 
1976) in November varied from 2600 to 4300 kg/ha (Fig. 2). 
Untreated areas produced 2600 kg/ ha while theaveragefor treated 
areas was 3350 kg/ ha. Herbage production on residual areas was 
influenced by 1975 treatments, either directly or from changes in 
species present (Baker et al. 1980). 

Standing litter remaining after grazing on residual areas varied 
from 1000 to 2200 kg/ ha with an average of 1500 kg/ha (Fig. 2). 
Thefourareas with the most herbage heforegmzingwereNPK,N, 
ANPK, ANP, and all of these areas had less thanaverage residue 
remaining after grazing. On these four areas tallgrass (Andro- 
pogon gerardi, Panicum virgatum, Sorghastrum muons) plus 
Schizochyrium scoparium production was 63% (N), 71% (NPK), 
and 72% (ANP, ANPK) of total herbage production. The amount 
of residue remaining after grazing varied less among areas than did 
total herbage present before grazing. Utilization ranged from 38% 
to 72% and averaged 54% for all I5 treatments. No areas were 
grazed excessively. The area receiving the greatest degree of utiliza- 
tion (72%) had a grazing residue of 1200 kg/ha. 

The crude protein content of herbage on residual areas ranged 
from 3.3% to 4.9% with an average of4.1% (Fig. 2). Crude protein 
content of untreated herbage was 4.4%. All crude protein values 
were well below the protein level needed for maintenance of a 
mature beef cow. 

Areas retreated in 1976 produced 2600 to 5200 kg/ha herbage 
(Fig. 3). Untreated areas produced only 2600 kg/ha, while the 
treated areas averaged 3750 kg/ha. All areas, except N-only, with 
above average production had received a combination offertilizers 
or fertilizer and herbicide. Tallgrass plus Schizachyrium scope- 
rium production on the four treatments producing the most her- 
bage was 62% (ANP), 70% (NPK), 77% (ANPK), and 81% 
(DNPK) of total herbage production. 

The average grazing residue on retreated areas was I200 kg/ha. 
Most treated areas with above average herbage production also 
had below average grazing residue. Utilization ranged from 43% to 
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Fig. 4. Crude protein (%) and herbage utilization (%) relationships for 
1975 treated (residual) herbage and 1976 retreated herbage. 

4.0 5.9 

CRUDE PROTEIN (%) 

87% and averaged 66% on treated areas and 55% on untreated 
areas. Utilization on retreated areas averaged much greater than 
on residual areas. 

The average crude protein content of herbage on all areas 
retreated in 1976 was 4.7% (Fig. 3), only slightly higher than on 
residual areas. All areas with above average herbage production 
also had herbage with above average protein content. All treat- 
ments with herbicide plus fertilizer, except AN, produced herbage 
with higher protein content than the average, while herbage on 
areas treated with only herbicide had below-average protein 
content. 

Utilization increased as the protein content of the dormant 
herbage increased. For each 1% increase in crude protein content 
in the herbage there was a corresponding 15% increase in herbage 
utilization (Fig. 4). The simple linear correlation coefficient 
between crude protein content and utilization was 0.79 (K.01) 
using all 30 plots. There was no significant differences in regression 
equations for crude protein content and utilization on retreated 
and residual areas. 

There was a 1200 kg/ ha range between the smallest and largest 
residue figures for both retreated and residual herbage. A compari- 
son of herbage utilization with crude protein and herbage produc- 
tion shows that cows removed nearly three times as much herbage 
from ANP areas as from untreated areas. Increasing herbage 
production did not decrease the crude protein content or utilizat- 
ion of cured herbage as has often been found with 2,4-D and 
fertilizer studies (Black and Wight 1979). 

Conclusions 

The addition of atrazine or 2,4-D with NP or NPK fertilizer in 
the spring provided a higher protein winter forage. Beef cows 

preferred the mature, tallgrass herbage with higher protein con- 
tents even though protein differences were small. These results are 
also evident in herbage treated only during the previous year. 

Further study is necessary to determine longterm effects of 
repeated treatments of atrazine on tallgrass species’ growth and 
quality, how treated herbage is affected by weather conditions, and 
the influence on preference by grazing animals. Our results indicate 
the proper application of atrazine and fertilizer may be used to 
influence grazing distribution when lightly grazed areas are fertil- 
ized for winter grazing. 
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Winter Diets of Mule Deer in Relation to Bit- 
terbrush Abundance 
GALEN C. BURRELL 

Abstract 

During the winters of 1974-1975 and 19751976 food habits of 
the Entiat mule deer (Odocoileus hemionus hemionus) herd were 
quantified in sites with high, medium and low antelope bitterbrush 
(Purshia tridentata) abundance. Using a microscopic technique, 27 
plant species were identified in fecal samples. Bitterbrush, buck- 
wheat (Eriogonum spp.), arrowleaf balsamroot (Babamorhiza 
sagittata) and lupine (Lupinus spp.) combined made up 87oJo-93% 
of the diet in the three sites. Bitterbrush use was heavy in sites 
where it was available; however, as its availability declined, buck- 
wheat replaced it in the herd’s diet. In the site with a low bitterbrush 
abundance lupine also replaced bitterbrush in the herd’s diet. 
Balsamroot use remained relatively constant in all sites during 
both winters. Changes in bitterbrush abundance significantly 
affected the diet of the mule deer herd; however, these changes were 
net thought to adversely affect the winter survival of the deer herd. 

Antelope bitterbrush (Purshia tridentata) is the most abundant 
shrub found in the Entiat mule deer (Odocoileus hemionus hemio- 
nus) herd’s winter range, located in eastern Washington. Within 
the Entiat winter range a reduction in the amount of available 
bitterbrush has occurred due to fire, decadence, and lack of regen- 
eration (Davis et al. 1970). This reduction in bitterbrush abun- 
dance has been thought to be a factor in the decline of the Entiat 
mule deer herd (Gjertson 1973) though no food habits studies have 
been conducted. The purpose of this study was to quantify the 
effect of bitterbrush abundance on the winter diet of the Entiat 
mule deer herd by examining the food habits of deer in sites with 
high, medium, and low bitterbrush abundance. 

In other areas where bitterbrush occurs it has been found to be 
heavily eaten by mule deer in fall and winter (Cliff 1939, Edwards 
1942, Hoskins and Dalke 1955, Leach 1956, Wilkins 1957, Richens 
1967). Heavy use has been correlated with a high nutrient content 
of bitterbrush leaders (Smith and Gaufin 1950, Smith and Hub- 
bard 1954, Bissell et al. 1955, Dietz et al. 1962). Thus it appears that 
a decline in bitterbrush abundance may have a major impact on the 
winter diet of the Entiat mule deer herd. 

Study Area and Specific Study Sites 

The Entiat mule deer herd inhabits that part of Washington 
from the Columbia River west to the Cascade Crest and from the 
Wenatchee River north to Lake Chelan. Most deer in this herd 
summer high in the Cascade Mountains and winter at lower elev- 
tions along the Columbia River, a distance of approximately 70 
km. Their winter range extends south along the Columbia River 
from Lake Chelan to the Wenatchee River. The terrain is 
extremely rugged with sharp ridges and narrow valleys. Elevations 
range from 215 m along the Columbia River to 1200 m at the 
highest winter area. 
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Vegetation in the winter range varies from the Purshia 
tridentata-Agropyron spicatum steppe association to the Pinus 
ponderosa-Purshia tridentata association at higher elevations 
(Franklin and Dyrness 1973). Common plants include: cheatgrass 
(Bromus tectorum), bluebunch wheatgrass (Agropyron spicatum), 
Sandberg bluegrass (Poa oldivae), buckwheat (Eriogonum spp.), 
arrowleaf balsamroot (Balsamorhiza sagittata), Oregongrape 
(Berberis repens), lupine (Lupinus spp.), bitterbrush, sagebrushes 
(Artemisia spp.), and ponderosa pine (Pinus ponderosa). 

Mule deer food habits were studied in three sites, approximately 
9 km apart, within the critical winter range (Fig. 1). (The critical 
winter range is defined as the wintering area at the lowest limits of 
the winter range on south-facing slopes.) The three sites differed in 

STUDY AREA 

J - Study site 
k-1 

Fig. 1. Map showing the location of the three specific study sites. 
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bitterbrush abundance with the bitterbrush site having a high 
density of bitterbrush plants throughout the area, the bitterbrush- 
burn site having a high density of bitterbrush plants over one-half 
of its area while the other half had only a few remnant bitterbrush 
plants, and the burn site where only a few remnant bitterbrush 
plants remained after a fire in 1958 (Davis et al. 1970). The three 
sites were similar in aspect, elevation, and plant species composi- 
tion. Mule deer movement was assumed to be negligible to nonex- 
istant between areas due to the distance between sites, the 
ruggedness of the terrain and from reports by Gruel1 and Papez 
(1963) and Zeigler (1978) who found that mule deer move little 
while on the winter range. 

The winter (December-February) mean monthly temperature 
and precipitation from Wenatchee, Washington, is - 1. lo C and 2.8 
cm (U.S. Dept. of Commerce 1974, 1975, 1976). During the winter 
of 1974-1975 the average precipitation (3.1 cm) and temperature 
(0.5OC) were normal, while the 1975-1976 winter was mild with 
below normal precipitation (2.4 cm) and above normal tempera- 
ture (1.3” C). 

Methods 

The winter diet of the Entiat mule deer herd was determined by 
microscopic analyses of composited fecal samples. A composited 
fecal sample consisted of two pellets from each of at least 50 
different pellet groups. Monthly fecal samples were collected from 
December-March 1974-1975 from the bitterbrush and 
bitterbrush-burn sites. In 1975- 1976, samples were collected from 
December-March in the bitterbrush and burn sites and from 
January-March in the bitterbrush-burn site. 

Plant fragments in feces were identified and quantified as des- 
cribed by Sparks and Malechek (1968). Twenty slides per sample 
with a total of 20 fields per slide were examined under a binocular 
microscope at 100X for recognizable plant fragments. Studies by 
Todd and Hansen (1973), Hansen et al. (1973), Anthony and Smith 
(1974), and Dearden et al. (1975) report that the percentage of the 
classified plant fragments appears to approximate the percentage 
relative dry weights of food categories in the diet. 

Bitterbrush availability was measured from November-March 
during the 1975-1976 winter in the bitterbrush site. Ten randomly 
selected plants were marked on south-facing slopes. Fifty current 
leaders on each plant, less than 2 m from the ground, were mea- 
sured each month and their average length determined. By multi- 
plying the percent used each month by the amount available from 
the preceeding month a monthly bitterbrush availability was calcu- 
lated. 

Bitterbrush preference was measured throughout the winter of 
1975-1976 in the bitterbrush site by a selectivity index(Ivlev 1961). 
The formula for the index is: 

ri -pi = E 

ri +pi 

where ri is the proportion of item in the diet,pi equals the propor- 
tion of the item in the environment and E is the selectivity index. 
Positively selected species are sought out in the environment, while 
negatively selected species are not. 

Results and Discussion 

The bulk of the mule deer winter diet in the study area was made 
up of four plants-bitterbrush, buckwheat, balsamroot, and 
lupine-though some 23 other species were eaten in smaller 
amounts. These four plants made up 90% of the diet in the bitter- 
brush site, 87% in the bitterbrush-burn site, and 93% in the burn 
site. Use of these four plants varied with time and between sites. 

In the bitterbrush site in 1974-1975 bitterbrush use was heavy, 
averaging 70% until March when it dropped to 17%. As bitterbrush 
use declined the use of buckwheat increased to 48% in March. In 
1975-1976 bitterbrush use was heavy throughout the winter though 
use dropped slightly from an average of 86% for the first three 
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Fig. 2. Major trends of use of the most heavily utilizedplanr species in the 
bitterbrush, bitterbrush-burn and burn sites during the winters of 1974- 
1975 and 19751976. 

months to 69% in March. As bitterbrush use declined, buckwheat 
use increased from an average of 4% for the first 3 months to 12% in 
March. Balsamroot use averaged 8% for 1974-1975 and 6% for 
1975-1976. 

In the bitterbrush-burn site in 1974-1975, bitterbrush use aver- 
aged 77% for December and January. Then use dropped to 29% 
and 16% for February and March, respectively. As bitterbrush use 
declined the use of buckwheat increased from an average of 2% in 
December and January to an average of 48% for February and 
March. In 1975-1976 bitterbrush use was 70% in January, 52% in 
February and 9% in March. For the same period, buckwheat use 
was 7%, 16%, and 44%. Balsamroot use averaged 10% for 
1974-1975 and 22% for 1975-1976. 

In the burn site the heaviest eaten plants were buckwheat, 42%, 
and lupine, 26%, with buckwheat use increasing and lupine use 
decreasing from the beginning to end of winter. Bitterbrush use 
dropped from 9.4% in December to 1% in March. Balsamroot use 
averaged 19% for the entire winter with little monthly variation. 

The most obvious trend during the study was the decline in 
bitterbrush use between sites and as winter progressed within sites. 
There were two probable reasons for a decline in bitterbrush use: 
decreased preference or decreased availability. 

A study of bitterbrush preference in the bitterbrush site in 
1975-1976 showed that annual bitterbrush leaders were highly 
preferred by mule deer. Bitterbrush selectivity indexes were: i-0.54, 
+0.57, i-0.59, and i-0.59, for December, January, February, and 
March, respectively. The high positive selectivity index values 
indicate that bitterbrush was highly sought out in the environment 
by mule deer. Therefore, decreased use of annual bitterbrush lead- 
ers was not related to declining preference. 

Instead, decreased use of bitterbrush and the subsequent 
increase in buckwheat use appeared to be directly related to bitter- 
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brush availability. Evidence for this was that bitterbrush made up 
69% of the total diet in the bitterbrush site, 47% in the bitterbrush- 
burn site and only 6% in the burn site. Also, bitterbrush use 
declined in all areas as winter progressed, which suggests that its 
availability also declined since its preference did not. Leach (1956), 
Wilkins (1957), and Richens (1967) also reported that declines in 
bitterbrush use were caused by a decline in its availability. 

Changes m the diet of the Entiat mule deer herd due to changes 
in bitterbrush abundance were significant. Since bitterbrush is high 
in nutritional quality it could be assumed that declines in bitter- 
brush would adversely affect the winter survival of the deer herd. 
This would be the case if buckwheat and other forage species did 
not adequately replace it in the herd’s diet. However, mule deer do 
successfully winter on ranges without bitterbrush (Burrell 1977) 
which suggests that buckwheat and other forage species do ade- 
quately replace bitterbrush in the herd’s diet. 
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Tiller Defoliation in a 
Grazing Regime 
D.D. BRISKE AND J.W. STUTH 

Abstract 

An investigation defining the intensity and frequency of tiller 
defoliation in brownseed paspalum (Paqalum ~licatdurn), a 
native perennial, bunchgrass, was conducted with yearling steers in 
a moderate and heavy grazing regime. Tillers were marked with 
alternately colored loops of plastic-coated wire so that an individ- 
ual tiller could be located on successive sampling dates. Tiller 
height was reduced 50% within 7 days in the heavy grazing regime. 
The percentage of leaves defoliated per tiller was 63, 78 and 82 
following 4, 7, and 11 days of grazing, respectively, Tillers in the 
heavy grazing regime were uniformly regrazed at approximately 3 
to 4 day intervals. A significant reduction in tiller height did not 
occur in the moderate grazing regime until after 18 days of grazing 
and tiller height was reduced only 46% at the end of the 33-day 
grazing trial. The percentage of leaves defoliated per tiller was 5,9 
and 26 following 11,21, and 33 days of grazing, respectively. By the 
end of the moderate grazing trial 82% of the tillers were grazed at 
least once, 31% at least twice and 10% at least three times. The 
nonuniform frequency of tiller defoliation and wide range of tiller 
heights at the end of the moderate grazing trial resulted in an 
inefficient harvest of available tillers. 

Most rangeland grazing systems have been of an extensive 
nature, thereby, limiting the-need and interest for research on 
defoliation patterns. However, with the advent of short duration 
grazing in the United States (Savory and Parsons 1980), it has 
become apparent that our understanding of grazing dynamics 
must increase in order to evaluate and utilize-this approach to 
grazing management. This necessitates collection of information 
on the pattern of defoliation by livestock for evaluating plant - _ 
responses to defoliation, in both actual and simulated grazing 
situations. 

Several authors have previously noted that while the importance 
of understanding growth patterns is emphasized, often no-mention 
is made of investigating patterns of defoliation (Barnes 1972, Gam- 
mon and Roberts 1978c, Spedding 1965). Thus, there is often no 
method for making meaningful comparisohs of plant responses to 
defoliation among various grazing systems; nor, are there any 
criteria for determining realistic defoliation patterns when con- 
ducting simulated grazing studies. 

Gammon and Roberts (1978b) compared a continuous grazing 
system and a simulated six-pasture rotation system and found that 
the pattern of defoliation was similar for most species during most 
seasons. However, they did observe that differences occurred in 
height of grazing among veld types, among species, among species 
within veld types and among seasons. Frequent light defoliation 
was rare, the more frequently grazed tillers tended to be the more 
severely defoliated ones. Both frequency and severity of defoliation 
increased with an increase in stocking rate (Hodgson and Olleren- 
shaw 1969). 

Investigations simulating grazing by clipping at uniform arbi- 
trarily chosen stubble heights are probably not representative of 
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Moderate and Heavy 

livestock grazing in most situations. Gammon and Roberts (1978b) 
observed that height of grazing was characteristic of individual 
species rather than of veld types. Tillers with the greatest height 
and green leaf lengths were utilized to the greatest extent (Gammon 
and Roberts 1978b, Greenwood and Arnold 1968, Hodgson and 
Ollerenshaw 1969). In addition, expanding and mature leaves were 
defoliated more frequently than were old leaves (Hodgson 1966, 
Morris 1969). 

Several detailed studies on pattern of defoliation have been 
conducted with sheep grazing forage grasses (Greenwood and 
Arnold 1968, Hodgson and Ollerenshaw 1969, Hodgson 1966, 
Morris 1969) and one with sheep grazing native range (Hodgkin- 
son 1980). However, we are aware of only one study on pattern of 
defoliation (Gammon and Roberts 1978a, 1978b, 1978~) of native 
grass species grazed by cattle. Therefore, an investigation utilizing 
brownseed paspalum (Paspalum plicatulum), a native, perennial, 
bunchgrass, was conducted with yearling steers to determine the 
intensity and frequency of defoliation in a moderate and heavy 
grazing regime. Individual tillers were utilized as the major unit of 
investigation and forage availability to the animal was estimated to 
evaluate grazing regimes. 

Study Area and Methods 
The study area was located on the Texas A&M University Range 

Research Area, 3 km southwest of College Station in the Post Oak 
(Quercus steflata) Savannah region of east-central Texas. Mean 
annual precipitation for the study site is 98.8 cm with a predomi- 
nant spring and fall distribution pattern. Both pastures were 
located on a Tabor sandy loam soil. The site was previously 
described in detail by Britton et al. (1978). 

Two 1 S-ha pastures were selected to monitor the pattern of tiller 
defoliation. Pasture one (heavily grazed) was essentially a grass- 
land community on which most woody species had been killed with 
tebuthiuron (N-[5-( 1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]- 
N,Ni-dimethylurea) 3 years prior to the study. Dominant herbace- 
ous vegetation consisted of little bluestem (Schizachyrium 
scoparium) and brownseed paspalum. Each species comprised 
22% of the herbaceous composition of the stand by weight. Pasture 
two (moderately grazed) was a woodland Savannah with an over- 
story dominated by post oak and yaupon (Ilex vomitoria). Little 
bluestem and brownseed paspalum dominated the herbaceous 
layer of the community with 34 and 17% of the composition by 
weight, respectively. The remainder of the herbaceous standing 
crop consisted of a forb and vine component. 

Standing crop before and after grazing was determined by the 
cage difference method (NAS-NRC 1962). Ten sets of t&paired 
0.25 m* plots were located at random, one caged for herbage 
accumulation, one immediately clipped to ground level for stand- 
ing crop with the remaining plot clipped at the end of each grazing 
trial for residual standing crop. Herbage allowance, weights of 
herbage per unit weight of live animal, and net herbage accumula- 
tion, change in aboveground herbage weight between successive 
measurements, were calculated according to the procedures des- 
cribed by Hodgson (1979). Herbage allowance was calculated to 
provide an index of herbage availability to herbage demand by the 
animal. 
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The procedures utilized for marking and relocating individual 
tillers were similar to that of Gammon and Roberts (1978a). In the 
heavily stocked pasture, grazed April 5 through 17,1979, three belt 
transects (I l-l 5 m X 0.3 m) of 100 tillers each were uniformly 
distributed within the pasture. In the moderately stocked pasture, 
grazed June 1 through July 3, 1979, six belt transects (6-9 m X 0.3 
m) of 50 tillers each were uniformly located within a second pas- 
ture. Six transects were utilized in the second pasture because 
brownseed paspalum occurred in less uniform stands. Tillers were 
selected on the basis of uniform heights ranging from 15 to 25 cm 
and 30 to 45 cm at the time of the heavy and moderate grazing 
trials, respectively. Tillers were marked at 10 to 15 cm intervals 
along the transects with 3 cm lengths of 14 gauge plastic-coated 
copper wire formed into a loop at the time it was attached to the 
base of the tiller. The wire loops were alternately colored so that an 
individual tiller could be located and data recorded on successive 
sampling dates. To aid in detection of a regrazing event, previously 
defoliated leaf blade tips were marked with a narrow band of red 
fingernail polish. Gammon and Roberts (1978a) indicated that 
marking in this manner did not influence animal selectivity during 
grazing. 

Following installation of the belt transects, initial marking and 
data recording on sample tillers, Hereford X Brahman steers with 
an average weight of 186 and 231 kg were turned into pastures one 
and two, respectively. In the heavy grazing trial, stocking the 
1.5-ha pasture with eight steers for 11 days resulted in an average 
herbage allowance of 3.7 kg DM l 100 kg BW l d-‘. In the 
moderate grazing trial, stocking the 1.5-ha pasture with four steers 
for 33 days resulted in an average herbage allowance of 6.5 kg DM l 
100 kg BW-’ . d-i. Allison and Kothmann (1979) indicated that 
restrictions to animal intake may occur at a herbage allowance of 
less than 4.4 kg DM l 100 kg B W’ l d-‘. Therefore, the first grazing 
trial represented the lower limit of herbage allowance for short 
duration grazing strategies, indeed a heavy grazing regime, while 
the second grazing trial represented a more moderate grazing 
regime. 

The following data were recorded twice weekly for each sample 
tiller: whether defoliated or not; tiller height (from soil surface to 
highest outstretched leaf tip); total number of leaves; and number 
of defoliated leaves. Increments of tiller removal were calculated 
by summing reductions in tiller height between sampling dates. 

Statistical analysis consisted of analysis of variance and Dun- 
can’s mean separation tests. The variance of expected probabilities 
of the percent frequency of grazed and ungrazed tillers were com- 
pared by date. Each belt transect was considered a separate sam- 
pling unit. 

Results and Discussion 

Heavy Grazing Regime 
Standing crops before and after the 1 lday heavy grazing trial 

were 393 kg* ha-’ and 400 kg. ha-‘, respectively. The similar values 
for standing crop are indicative of the rapid rates of net herbage 
accumulation, 57 kg l hd’d l -l, that occurred during this period. 
Approximately 60% of the total herbage was comprised of unpal- 
atable ironweed (Veronia spp.) and was omitted from herbage 
allowance calculations. 

Tiller height was rapidly reduced throughout the grazing trial 
from an initial height of 20 cm to a minimum height of 8 cm at the 
end of the 11 -day trial (Fig. la). At this level of herbage allowance, 
it took only 7 days of grazing to reduce tiller height 50%. At the end 
of the trial 76% of the tillers ranged between 0 and 10 cm in height 
indicating uniform grazing (data not shown). 

The increment of tiller removed between sampling dates 
decreased during the grazing trial (Fig. la). An average of 7 cm was 
removed per tiller between the initial two sampling dates while only 
2 cm was removed between the two final sampling dates. At the end 
of the 1 l-day grazing trial an average of 14 cm had been removed 
per tiller. 

Since brownseed paspalum made up only 22% of the herbaceous 
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Fig. 1. Heavy grazing regime. (a). Tiller height and increment of tiller 
removed following 0, 4, 7, and 11 days of grazing. (b). Number of leaves 
per tiller and number of leaves defoliatedper tillerfollowing 0,4, 7, and 
11 days of grazing. Means associated with the same letter are not signifi- 
cant at the 0.05 level. 

vegetation, this decrease in increment of tiller removed may have 
resulted because animals switched to an alternative forage as tiller 
height and forage availability declined. A decrease in the increment 
of tiller height removed first became apparent between sampling 
dates 2 and 3, which correspond to tiller heights of 13 and 10 cm, 
respectively. Tayler (1966) observed that performance of 2-year- 
old steers declined when the height of herbage residue reached 13.5 
cm overvall, or 9.8 cm in the grazed areas. There may be a strong 
relationship between available forage and tiller height within mor- 
phologically similar groups of species as suggested by Allden and 
Whittaker (1970). They found rate of intake more closely related to 
tiller height than to dry matter yield per unit area. 

Both number of leaves and number of leaves defoliated per tiller 
increased significantly throughout the grazing trial (Fig. I b). While 
the average number of leaves per tiller increased from 3 to 4, 
approximately 63, 78, and 82% of the total number of leaves per 
tiller were defoliated following 4, 7, and 11 days of grazing, 
respectively. 

Frequency of defoliation was high and occurred uniformly 
among tillers (Fig. 2). After only 4 days of grazing 89% of the tillers 
were defoliated at least once. After 7 days of grazing, 89% of the 
tillers were grazed at least twice and 8% at least once. Following 11 
days of grazing, 89% of the tillers were grazed at least three times, 
9% grazed at least twice, and 2% at least once. Thus, at this level of 
herbage allowance, tillers were regrazed at approximately 3 to 
4-day intervals. 

The high frequency of defoliation illustrates the need for very 
short grazing periods when high stocking densities are combined 
with low herbage allowances in short duration grazing strategies. 
The high intensity of defoliation combined with the high frequency 
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Fig. 2. Percentage of tillers &foliated 0 to 3 times following 4, 7, and 11 
days of grazing in a heavy grazing regime. Significant differences 
occurred between grazed and ungrazed tillers at all samplings dates 
(PCO.05). 
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of defoliation resulted in efficient utilization of available tillers but 
would probably be detrimental to key forage grasses after several 
grazing periods because of rapid utilization of regrowth. In fact, 
rates of regrowth may be a major consideration for determining 
length of grazing periods in short duration grazing strategies. 

Moderate Grazing Regime 
Standing crops before and after the 33day moderate grazing 

trial were 923 kg l ha-’ and ,485 kg l ha-‘, respectively. Net herbage 
accumulation was approximately 12 kg l ha-’ l d-’ during this 
period. 

Initial tiller height was 42 cm and a significant reduction in 
average height did not occur until after 18 days of grazing (Fig. 3a). 
Growth rate exceeded defoliation resulting in an increase in aver- 
age tiller height during the first 11 days of the grazing trial. How- 
ever, after 11 days of grazing, tiller height decreased in a linear 

1oc 

80 

Fig. 3. Moderate grazing regime. (a). Tiller height and increment of tiller 
removedfollowing 0, 7, 11, 14, 18,21, 25,28and33 daysofgrazing. (b). 
Number of leaves per tiller and number of leaves defoliated per tiller 

,following 0, 7, 11, 14, 18, 21, 25, 28 and 33 days of grazing. Means 
associated with the same letter are not significant at the 0.05 level. 

fashion for the remaining 22 days.Tiller height was only reduced 
46%. to 19 cm, at the end of the 33-day grazing trial. At the end of 
the trial 26,39, and 16% of the tillers ranged between 0 to 10, 10 to 
20, and 20 to 30 cm in height, respectively, indicating nonuniform 
grazing (data not shown). 

The increment of tiller removed between sampling dates 
increased during the grazing trial (Fig. 3a). Approximately 2,4 and 
7 cm was removed per tiller between sampling dates 2 and 3,5, and 
6, and 8 and 9, respectively. The increment removed per tiller 

DEFOLIATION EVENTS 0 I 012 0 123 01234 012345 0123456 01234567 012345678 

DAYS OF GRAZING 7 11 14 18 21 25 28 33 

Fig. 4. Percentage of tillers defoliated 0 to 8 timesfollowing0, 7, 11.14, 18, 
21, 2.5, 28 and 33 days of grazing in a moderate grazing regime. Signifi- 

cant differences occurred between grazed and ungrazed tillers at all 
sampling dates (P<O.O5). 
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midway through the trial was 13 cm with 32 cm having been 
removed by the end of the grazing trial. 

Maximum leaf number per tiller was 4 and gradually decreased 
to 3 by the end of the trial (Fig. 3b). Maximum leaf number 
defoliated per tiller was only 0.8, which occurred after 25 days of 
grazing. The percentage of leaves defoliated per tiller was $9 and 
26 following 11, 21 and 33 days of grazing, respectively. 

Frequency of defoliation was also indicative of a moderate 
grazing regime (Fig. 4). The percentage of ungrazed tillers 
decreased only slowly from 98 after 7 days of grazing to 19 at 
termination of the 33day trial. There was a concurrent increase in 
the number of tillers grazed once, twice and three times. The 
percentage of tillers grazed at least once was 2 after 7 days and 
increased to a maximum of 44 following 25 days of grazing. Tillers 
grazed at least twice were first observed after 14 days and increased 
to a maximum of 3 1% following 33 days. Tillers grazed at least 
three times were first observed after 18 days and attained a maxi- 
mum of 10% following 33 days. Tillers grazed in excess of three 
times occurred after 2 I days but were so few that no distinct pattern 
could be formulated. The nonuniform frequency of tiller defolia- 
tion and the wide range of tiller heights at the end of the trial are 
evidence that this type of defoliation may lead to “spot grazing*’ 
resulting in an inefficient harvest of available tillers. 

Conclusion 
A large percentage of the leaves and tillers within a pasture 

remained ungrazed or were only lightly grazed even at relatively 
high stock densities. These leaves and tillers were less likely to be 
subsequently grazed as leaf senescence, culm elongation and inflo- 
rescence emergence progressed to a greater extent than in pre- 
viously grazed plants. Consequently, a portion of the tillers within 
a pasture remained ungrazed and a portion were grazed frequently 
and intensively resulting in an inefficient harvest of available tillers 
and a potential delay or reduction in the productivity of those 
tillers severely grazed. 

High stock densities increased the percentage of leaves and tillers 
grazed but simultaneously created the potential for excessive fre- 
quency and intensity of tiller defoliation throughout the pasture. 
Additional research is required to further quantify the relationship 
between frequency and intensity of tiller defoliation, in relation to 
the percentage of tillers grazed, to optimize tiller utilization on a 
sustained yield basis. Moreover, this type of information is a 
prerequisite to more realistic simulated defoliation investigations 
and will facilitate the comparison of plant responses to defoliation 
among various grazing systems. 

Literature Cited 
Allden, W.G., and L.A. Whittaker. 1970. The determinants of herbage 

intake by grazing sheep: The interrelationship of factors influencing 
herbage intake and availability. Aust. J. Agr. Res. 21:755-766. 

Allison, C.D., and M.M. Kothmann. 1979. Effect of level of stocking 
pressure on forage intake and diet quality of range cattle. Proc. West. 
Sec. Amer. Sot. Animal Sci. 30: 174-178. 

Barnes, D.L. 1972. Defoliation effects on perennial grasses-continuing 
confusion. Proc. Grassld. Sot. South Afr. 7:138-145. 

Britton, C.M., J.D. Dodd, and A.T. Weichert. 1978. Net aerial primary 
production of an Andropogon-Puspalum grassland ecosystem. J. Range 
Manage. 31:381-386. 

Gammon, D.M., and B.R. Roberts. 1978a. Patterns of defoliation during 
continuous and rotational grazing of the Matopos Sandveld of Rhode- 
sia. I. Selectivity of grazing. Rhod. J. Agr. Res. 16:117-131. 

Gammon, D.M., and B.R. Roberts. 1978b. Patterns of defoliation during 
continuous and rotational grazing of the Matopos Standveld of Rhode- 
sia. 2. Severity of defoliation. Rhod. J. Agr. Res. 16:133-145. 

Gammon, D.M., and B.R. Roberts. 1978~. Patterns of defoliation during 
continuous and rotational grazing of the Matopos Sandyeld of Rhode- 
sia. 3. Frequency of defoliation. Rhod. J. Agr. Res. 16: 147-164. 

Greenwood, E.A.N., and G.W. Amold.1968. The quantity and frequency 
of removal of herbage from an emerging annual grass sward by sheep in 
set-stocked system of grazing. J. Br. Grassld. Sot. 23:144-148. 

Hodgkinson, K.C. 1980. Frequency and extent of defoliation of herbaceous 
plants by sheep in a foothill range community in northern Utah. J. Range 
Manage. 33: 164-169. 

Hodgson, J., and J.H. Ollerenshaw. 1969. The frequency and severity of 
defoliation of individual tillers in set-stocked swards. J. Br. Grassld. Sot. 
24~226-234. 

Hodgson, J. 1966. The frequency of defoliation of individual tillers in a 
set-stocked sward. J. Br. Grassld. Sot. 21:258-263. 

Hodgson, J. 1979. Nomenclature and definitions in grazing studies. Grass 
and Forage Sci. 34:l I-18. 

Morris, R.M. 1969. The pattern of grazing in continuously grazed swards. 
J. Br. Grassld. Sot. 24:65-70. 

NAS-NRC. 1962. Basic problems and techniques in range research. Public- 
tion No. 890. Washington, D.C. 342 p. 

Savory, A., and S. Parsons. 1980. The Savory grazing method. p. 2 15-221. 
In: Beef Cattle Science Handbook, M.E. Ensminger (ed.), Vol. 17. 

Spedding. C.R.W. 1965. The physiological basis of grazing management. J. 
Br. Grassld. Sot. 20:7-14. 

Tayler, J.C. 1966. Relationships between the herbage consumption or 
carcass energy increment of grazing beef cattle and the quantity of 
herbage on offer. Proc. 10th Internat. Grassld. Congr., Helsinki, p. 
463470. 

JOURNAL OF RANGE MANAGEMENT S(4), July 1982 



Copper Supplementation of Young Cattle 
Grazing Improved Meadow Pastures in 
Southeastern Oregon 
F.B. GOMM, P.H.WESWIG, AND R.J. RALEIGH 

Abstract 

Yearling cattle grazing improved, tall fescue-legume, meadow 
pastures showed signs of copper deficiency. Copper supplemented 
as injected Cuprin or as CuSOd-salt mix reduced the copper 
deficiency as expressed by blood plasma analyses and animal 
gains. Yearlings receiving Cu gained 0.10-0.31 kg/hd/day more 
than the checks. The methods of supplying the Cu were equally 
effective, but injections raised large lumps on some animals. The 
interrelationship of Cu and MO and their relative concentrations in 
forage are important considerations in livestock nutrition. The 
forages grown on meadow soils in southeastern Oregon can cause 
signs that are associated with Cu deficiency in cattle. The sedges 
and rushes, dominant species in flood meadows, are less likely than 
grasses and legumes to cause Cu deficiencies because of favorable 
Cu/Mo ratios. Of the species tested, tall fescue and white clover 
were most likely to cause deficiencies because of their relatively 
high concentrations of MO. 

For maximum livestock production, the diet must support a rate 
of gain that equals the animals’ inherent potential. Yearlings that 
have the genetic potential for an average daily gain (ADG) of 1.5 
may gain less if growth is limited by nutritional or management 
deficiencies. In that situation, operators who are satisfied with 0.5 
kg ADG, may not realize that the forage is deficient or toxic in one 
or more nutrient elements. They may not recognize that under 
otherwise good management, low ADG is one of several signs that 
are related to unbalanced levels of nutrient elements. 

Relatively small amounts of certain elements, essential to animal 
health, often satisfy the requirement and increase production. 
Chemical analysis only of forage for individual elements, however, 
does not always detect the problem since forage availability and the 
ratio of two interacting elements may be more significant than the 
total concentration of either element alone. Copper (Cu) and 
molybdenum (MO) are two such elements. Cattle grazing forages 
with MO concentrations greater than 2 ppm may exhibit Cu defi- 
ciency symptoms (molybdenosis) and respond to Cu supplementa- 
tion. Young animals are usually more susceptible than adults, and 
cattle are more susceptible than sheep. Common signs of molybde- 
nosis include faded hair coat, diarrhea, and low gains. Prolonged 
Cu deficiencies cause impaired reproduction, poorly coordinated 
muscular movement, skeletal abnormalities, and anemia (Dolla- 
hite et al. 1972). 

In 1970-71, yearling cattle grazing newly developed improved 
meadow pastures in southeastern Oregon showed symptoms of Cu 
deficiency, including bleached hair, diarrhea, and 0.5 kg ADG. 
Heifers injected with copper glycinate gained 0.09 kg/day more 
than those that received no Cu. 
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Utah State University. Logan, Utah 84322, formerly at Oregon State University. 
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In the present study, conducted from 1972 to 1976, we deter- 
mined the comparative effects of supplementing Cu, Zinc (Zn) and 
trace mineral mixtures on gains of yearling cattle grazing improved 
meadow pastures. 

Study Area and Procedures 

. Pastures were located on a flood meadow plain of the Squaw 
Butte Exp. Sta., Section 5 winter headquarters, about IO km 
southeast of Burns, Ore. Improved pastures, developed from pre- 
viously wild-flood meadows, were planted to mixtures of tall 
fescue (Festuca arundinacea Schreb.), Fawn variety and alfalfa 
(Me&ago sativa L.), Vernal variety; and tall fescue and white 
clover (Trifolium repens L.), Ladino variety. The soil, tentatively 
classified as Silvies series, Fluventic and Cumulic Haplaquoll, was 
developed from lacustrine sediments related to an old lake bed and 
alluvium deposits. The organic matter content of the soil was 
relatively high, as much as 17% in the upper 30-cm profile, and the 
pH ranged from 7.3 to 8.7. In its natural state, the site was a 
wetland meadow subjected to seasonal flooding and high water 
table. 

In 1972, 6 yearling heifers were assigned to each of 4 mineral 
supplement treatments and each of the 2 pasture mixtures. Supple- 
ment treatments were: (1) salt, (2) copper sulfate (CuSOd) with salt, 
(3) zinc oxide (Zn&) and CuSO4 with salt. and (4) trace minerals 
with salt. Bonemeal was also available free choice separate from 
the supplement. Mineral supplements, which were mixed with the 
salt and provided free choice, were calculated to provide salt intake 
at 20 g/hd/day, CuSO4 at 1 g/day (5%), and Zr& at 100 mgiday 
(0.05%). Trace minerals were mixed with salt to provide I 
g/ hd/ day (5%). Trace minerals by percent of mix were: Zn 29.6. Fe 
9.8, Mn 8.0, Cu 3.0, S 3.0, I 0.18. Co 0.06. and Ca 3 to 5. 

In 1973, 16 yearling heifers grazing tall fescue-alfalfa pastures 
received CuSO4 in their salt; and 16 received no Cu. In each group, 
however, 8 heifers were injected at the beginning of the season with 
2 cc of Cuprin per animal. In 1974, 12 yearling heifers on each of 2 
pasture mixtures (tall fescue-alfalfa and tall fescue-clover) and 2 
rotational grazing systems (7 days grazing in 28 days and 14 days 
grazing in 28 days) received Cu in their salt, and 12 received no Cu. 
In 1972, 1973, and 1974. blood samples for 6 to 8 animals in each of 
the independent variable groups were analyzed for plasma Cu and 
whole blood Zn concentrations. Blood samples were taken at the 
beginning of and at 28-day intervals throughout the grazing sea- 
son. The blood samples were analyzed by the Department of 
Agriculture Chemistry, Oregon State University. 

All cattle used in the experiment were yearling replacement 
heifers of the Squaw Butte Experiment Station. They were weighed 
at the beginning and end of the grazing season after overnight 
shrinking from feed and water. During the grazing season they 
were weighed at 28-day intervals without overnight shrinkage. 

Forage samples taken from pastures and from selected alfalfa, 
grass, and meadow plants were analyzed for Cu. MO. Mn ,Zn. P, 
Ca, Mg, K, and Co (Gomm, F.B. unpublished data). Analyses for 
plant zinc, manganese, potassium, calcium, and magnesium were 
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Table 1. Beef gains from improved meadow pastures as affected mineral supplements, 19721. 

Mineral supplements 
Animals/ ha 

(no.) 

Average initial 
weight 

(kg) 

Total 
gain/ ha 

(kg) 

Average 
beef gain 

(kg) 

Average daily 
gain 
(kg) 

Check* 
Copper 
Copper-zinc 
Trace minerals’ 

7.4 
7.4 
8.6 
8.6 

Check? 7.4 
Copper 7.4 
Copper-zinc 8.6 
Trace minerals’ 8.6 

Tall fescue-alfalfa pastures 
213 625 
208 744 
198 820 
213 807 

Tall fescue-white clover pastures 
212 597 
212 676 
201 816 
224 796 

. 
84 

100 
95 
94 

81 0.74a 
91 0.83b 
95 0.86b 
93 0.84b 

0.76a4 
0.91b 
0.86b 
0.85b 

IAll pastures were graled by yearlings for I I2 days. 
‘Check treatment received salt and bonemeal ad libitum. 
“Trace minerals bv oercent of mix were Zn 29.6. Fe 9.8. Mn 8.0, Cu 3.0, S 3.0, I 0.18, CO 0.06. and Ca 3 to 5. 
JADE values foll&ed by different letters are significantly different at K.05. 

made on HClOd-HN03 digests by atomic absorption spectropho- 
tometry (Perkin-Elmer Model 306) at standard instrument settings 
found in the 1971 Perkin-Elmer Manual, Analytical Methods of 
Absorption.’ Phosphorus concentrations were calorimetrically 
determined from HC104-HN03 digests using ammonium vanadate- 
molybdate color forming reagent. Total N was determined using a 
modified micro-Kjeldahl procedure. Copper concentrations were 
determined by the standard flame method of atomic absorption 
spectrophotometry. Molybdenum and cobalt concentrations were 
determined by atomic absorption with the Perkin-Elmer Model 
306 in conjunction with a Perkin-Elmer HGA70 Heated Graphite 
Atomizer. 

Animal Gains 
Results and Discussion 

In 1972. the response to dietary supplements was positive (Table 
1). Animals in all Cu supplemented groups gained 0.10 to 0.15 
kg/ hd/day more than the controls. The addition of Zn gave no 
additional increase in ADG. 

In 1973, animals receiving Cu averaged 0.19 kg/ hd/ day more 
than those that received no Cu (Table 2). The method of supplying 
the Cu did not significantly affect ADG. In some animals, how- 
ever, large lumps developed in the area of the injection. 

In 1974, (data not shown) the yearling heifers that received the 
Cu supplement continued to gain 0.1 to 0.2 kg/ hd/ day more than 
those that received only salt. 

Blood Copper 
Analysis af blood samples showed no consistent trend for Zn 

‘Mention of a trademark does not constitute an endorsement of the product to the 
exclusion of other products that may be suitable. 

levels with a range of 2.5 to 9.1 ppm, except that in 1974, Zn levels 
generally decrease’d as the season advanced (Table 3). During the 
first month on pasture, however, blood-Cu decreased markedly in 
animals that received no Cu. The Cu level continued to decline in 
the second month but at a slower rate until it leveled at 0.21 to 0.24 
ppm. The blood-Cu level in animals that received Cu increased to 
0.8 ppm by early June, 1973, and remained near that level through 
the season (Table 3). The blood-Cu level also increased with Cu 
supplementation in 1974 but not as markedly as it did in 1973. The 
normal blood plasma level of Cu should be about 1.0 ppm. 

Forage Nutrients 
Analyses of forage from the meadow pastures indicated not 

major mineral problem other than Cu and Mo(unpublisheddata). 
All forages appeared to be borderline or slightly deficient in meet- 
ing the animal’s requirement for Cu. MO apparently was within the 
normal range in the grasses, but was high in the legumes. In forage 
samples from other sites in southeastern Oregon, Cu was deficient 
in grass and meadow hays (Table 4). The Cu concentrations in 
alfalfa were within the recommended allowance for cattle, but the 
MO levels were high. In sedges, the MO levels were relatively low. 
For diagnostic criteria in forages, Lesperance (1967) suggested use 
of the followng levels of Cu and MO: 

Cu ppm Mo ppm 
Copper deficient 0. I-5.0 0. I-5.0 
Normal 5-15 t-5 
Molybdenum toxic 5-8 5-50 

The CU/ MO ratio apparently is as important as elemental levels 
and should be greater than 2 (Clawson et al. 1972, Dye and O’hara 
1959, Mylrea 1958, Miltimore et al, 1973). When the ratio is less 
than 2, regardless of the Cu concentration, molybdenosis Is proba- 

Table 2. Summary of beef gains from improved tall fescue-alfalfa pastures as affected by grazing schedule and mineral supplements, 1973. 

Mineral supplements 
Animals/ ha 

(no.) 

Average initial 
weight 
(kg.1 

Total 
gain/ ha 

(kg) 

Average 
beef gain 

(kg) 

Average 
daily gain 

(kg) 

Pastures grazed for 7 days with 21 days recovery 
Check’ 8 216 639 
Copper in salt 8 177 731 
Copper injected 8 215 688 
Copper in salt and injected 8 217 785 

Pastures grazed for 14 days with 14 days recovery 
Check’ 8 216 751 
Copper in salt 8 215 953 
Copper injected 8 219 1,027 
Copper in salt and injected 8 197 912 

‘Check treatment received salt and bonemeal ad libitum. 
ZADG values followed by different lettters are significantly different at K.05. 

80 0.73a2 
91 0.83b 
86 0.78ab 
98 0.89b 

94 0.85b 
119 I .OSc 
128 1.16~ 
114 1.04c 
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Table 3. Copper and zinc levels in blood from animals grazing irrigated pastures. 

Mineral treatment 418 613 7129 8/12 8122 

Plasma copper level 
Check: 

1973 
1974 

Copper sulfate with salt: 
1973 
1974’ 

0.75 0.39 0.24 0.26 - 0.2 I 
0.72 0.58 0.56 0.44 0.33 0.24 

0.77 0.8 I 0.73 I .oo - 0.88 
0.66 0.61 0.71 0.79 0.75 0.74 

Whole blood zinc level 

Check: 
1973 

I974 
Copper sulfate with salt 

1973 
1974’ 

4.0 5.6 3.2 9.1 - 4.2 
5.4 4.2 3.9 3.1 3.2 2.5 

3.9 5.4 2.8 8.0 - 3.9 
5.5 4.0 4.2 3.1 3.3 2.6 

‘Salt was mixed with bonemeal until June 15; after June I5 bonemeal was fed ad libirum free of salt. 

ble. Nutritive CU requirements for cattle appear to be about 0.05 g 
per day. Beeson (1965) suggested that feed should contain 10 ppm 
of Cu when the MO content is 1 ppm. According to the National 
Research Council (1970) beef cattle requirements for Cu are met 
with rations containing 4-7 ppm when the levels of MO and SO4 are 
low; in areas where the MO level is high, the Cu requirement may be 
2-3 times as great. Dollahite et al. (1972) suggested that the ideal 
Cu/Mo ratio is 6:l and that a ratio of less than 1:2 always causes 
Cu deficiencies. When the MO concentration is as much as 10 ppm, 
even normal Cu levels may not prevent trouble. 

The exact role of MO in lowering the biochemical availability of 

Cu in animals is not known. The formation of lingren, a MO-Cu 
complex, during metabolic processes, however, has been suggested 
as a mechanism that impairs Cu availability (Dowdy and Matrone 
1968). For the purpose of this report, it is sufficient that MO levels 
as LOW as 2.0 ppm in forage antagonize Cu metabolism and cause 
illness (Pope 1971 and Dollahite et al. 1972). 

Average concentrations of Cu and MO in various forage species 
from the study site showed that the grasses were Cu deficient 
(Table 5). The legumes, sedges, and rushes were higher in Cu than 
the grasses, but the legumes, especially white clover, also were high 
in MO. MO concentrations in the sedges and rushes were relatively 

Table 4. Average elemental concentrations in forages harvested for hay in southeastern Oregon, 1946-1970. 

Forage type 
Location 
samples N 

% ppm 
P Ca Mg Mn Fe co cu MO 

Alfalfa hay 1st cutting 5 2.4 0.25 I .22 0.29 42 101 0.22 8.0 4.4 

Alfalfa hay 2nd cutting 4 2.4 0.23 1.21 0.25 30 311 0.19 8.7 8.0 

Alfalfa hay 3rd cutting 
Alfalfa chop: 
1 st cutting 
2nd cutting 
Grass hay 
Meadow hay 
Sedge hay 
Rusty sedge 

3 2.7 0.22 2.02 - - 220 0.1 I 9.1 9.2 

1 1.8 0.22 1.00 
1 1.9 0.20 1.03 
5 1.1 0.12 0.77 
3 I.1 0.12 0.72 
4 I .4 0.17 0.93 
3 I .6 0.18 0.23 

585 0.29 6.0 - 
625 0.37 6.3 - 
70 0.04 4.5 2.8 
81 0.05 2.3 2.7 
96 0.07 3.3 - 
117 0.15 5.2 2.1 

- - 
- 214 
- 206 
- 240 

Table 5. Concentration and occurrence of copper and molybdenum in some forage species grown on high organic meadow soils. 

Elemental concentrations in herbage 

Forage species 
Samples 
tested Mean 

Copper ppm Molybdenum ppm Cu/ MO 
Range SE Mean Range SE Mean 

Tall fescue 30 2.6 0.2-6.7 1.7 2.8 0.4-9.2 1.9 0.9 
Intermediate wheatgrass IO 3.3 0.9-8.0 2.5 2.0 0.5-3.2 1 .o 1.6 
Beardless wildrye 15 4.3 0.6-6.0 1.8 3.0 1.1-7.3 I .9 1.4 
Smooth bromegrass 5 3.9 2.5-7.0 1.6 3.7 0.8-7.9 2.5 1.1 
Alfalfa 66 8.7 3.0-I 8.0 2.1 10.2 3.9-15.0 4.0 0.8 
White clover 6 5.6 5.0-10.4 0.5 22.4 15.8-37.5 5.8 0.2 
Sainfoin 3 5.2 4.4-14.4 0.6 14.5 12.0-17.2 2.1 0.3 
Sedges 20 4.9 2.0-9.2 2.1 2.3 0.7-4.7 1.2 2.2 
Rushes 5 5.3 3.0-7.4 1.9 1.4 0.9-I .7 0.3 3.8 

‘Mention of a trademark does not constitute an endorsement of the product to the exclusion of other products that may be suitable. 
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low. Consequently, The Cu/ MO ratios were less than 2 in grasses 
and legumes and greater than 2 in sedges and rushes. 

At the beginning of the grazing season (Table 3), the blood level 
of Cu was subnormal, indicating that Cu level in the winter feed 
(meadow hay) did not meet the nutritive requirement. Because 
meadow hay contains a large percentage of sedges and rushes, 
however, the low level of MO could have kept the Cu/ MO ratio 
greater than 2 and moderated the severity of the Cu deficiency 
associated with the meadow hay. 

The subsequent grazing of tall fescue-alfalfa and tall fescue- 
clover pastures with unfavorable Cu/ MO ratios apparently further 
decreased the blood-Cu levels. As a result of the low blood-Cu, 
animals showed signs of Cu deficiency, including low ADG, diar- 
rhea, and faded hair color. 

Conclusions 

Dietary Cu and MO, which are essential to animals, are antago- 
nists, and proportions as well as amounts should be controlled. 
When the Cu/Mo ratio is below 2, signs of molybdenosis may 
appear. Because signs of Cu deficiency and molybdenosis are 
almost identical and each condition can be successfully prevented 
and treated with Cu supplementation, molybdenosis is essentially a 
manifestation of Cu deficiency (Dollahite et al. 1972). 

Copper deficiencies are widely distributed throughout the west- 
ern United States. Areas of high MO are located in parts of 
Washington, Oregon, California, Idaho, Nevada, Montana, 
Wyoming, and Colorado (Kubota 1975). Problem areas are asso- 
ciated with wet flood plains and alluvial fans. Copper deficiencies 
are most common in areas where forage is grown on soils of high 
pH that are high in organic matter. Such conditions exist in old 
lake beds and areas that are repeatedly flooded. 

Supplemental Cu was administered as effectively to cattle in 
dietary mineral mixtures as by injection. Mineral mixtures, how- 
ever, might be preferable because injection raised objectionable 
lumps. Regardless of the method used, Cu supplements alleviated 
the signs of Cu deficiency and increased beef production from the 
improved meadow pastures. 

Pastures could be fertilized with CuSO4 at 5-10 kg/ha but at 

present direct treatment of the animal appears to be more practical. 
Animals that are grazing deficient pastures could either be injected 
with 2 ml copper glycinate every 3 to 6 months (Clawson et al. 
1972) or fed the following supplement, developed by Fisher et al. 
(1976) that supplies 1 g CuSO4 per head with a daily consumption of 
0.07 kg: ground barley, 25 kg; salt, 15 kg; bonemeal, 10 kg/ and 
finely ground CuSO4, 0.6 kg. 
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Effect of Calf Crop on Net Income of a Nev- 
ada Range Cattle Operation 

. 

L.A. TORELL, C.F. SPETH, AND C.T.K. CHING 

Abstract 

This paper examines the effects of calf crop percentages on net 
income. Calf crop is defined as the ratio of the number of calves 
born to the number of mature cows and first-calf heifers. Net 
income is gross cattle sales less operating costs. The results show 
that high calf crops are not necessarily the most feasible in an 
economic sense. Rather, ranchers should consider the added costs 
of achieving a higher calf crop percentage and compare them to the 
associated added sales. The higher level calf crop is economically 
feasible only if added sales are greater than or equal to added costs. 

A major problem with Western range cattle operations is low 
reproductive performance or calf crop - ratio of the number of 
calves born to the number of mature cows and first-calf heifers. In 
this definition of calf crop, it is assumed that culled cows have been 
exactly replaced by breeding age heifers. This definition is consist- 
ent with the way calf crop is normally reported on ranches. Gener- 
ally, ranchers view total number of calves born relative to the 
average herd size. Herd size is normally thought of in terms of 
number of mature cows. In a stable situation, a certain percent of 
mature cows are culled and replaced by heifers. The equations of 
the model described below are formulated to account for exact 
replacement of culled cows. Following this definition, calf crop in 
Northeastern Nevada is generally accepted as being about 70%. 
Rogers and Helming (1967) and Mitchell and Garrett (1977) both 
report calf crop percentages of this approximate magnitude. 

Many factors can influence calf crop such as management prac- 
tices, condition of the breeding herd, stocking rates, and nutrition. 
Several of these factors such as condition of the breeding herd and 
stocking rates are closely related to variations in nutrition. Unfor- 
tunately, all factors and their degree of influence on calf crop are 
not generally known. A notable exception is the nutritional influ- 
ence on calf crop reported by Wiltbank and others (1962, 1964) in 
mature cows and by Dunn and others (1969) in 2-year old heifers. 

Given the paucity of basic data on factors influencing calf crop 
and the relative availability of nutritional influences, this study 
focuses upon the economic effect of various calf crop percentages 
as influenced by nutritional level. Effect in this instance is mea- 
sured by net income of a typical Northeastern Nevada cow yearling 
operation. Net income as used in this paper is defined as gross sales 
minus the cost of operating the ranch. 

Procedure 

Linear programming (LP) is used to estimate the effect of var- 
ious levels of calf crop on net revenue. Beneke and Winterboer 
(1973) describe the LP technique. In addition, the technique is 
often used by range management researchers. See, for example, 
Woodworth (1973), D’Aquino (1974) Bartlett et al. (1974), Leis- 
tritz and Qualey (1975), Bottoms and Bartlett ( 1975), and Hewlett 
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professor, Animal Science Division, University of Nevada, Reno; and professor, 
Department of Agricultural and Resource Economics. University of Hawaii. 
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and Workman (1978). 
The specific LP model developed by Ching and others (1977) 

describes the resources and activities of a typical Elko County, 
Nev., ranch. The resources and activities of the model ranch are 
described in Tables 1 and 2. This particular LP model incorporates 
linear equations to depict the seasonal flow of herbage quantity 
and quality throughout the production year. Seasonal total digesti- 
ble nutrients (TDN) requirements for the various livestock classes 
are considered explicitly. 

Table 1. Resource levels of medium size ranch, northeastern Nevada. 

Resource Level 
Alfalfa hay land 78 Acres 
Grass hay land 250 Acres 
Irrigated pasture land 1,035 AUMS 
Deeded range land 123 AUMS 
BLM range land 1.500 AUMS 
FS range land 900 AUMS 

- 

In this application, linear programming is used to allocate 
resources (e.g., alfalfa hay lands, grass hay lands, and various 
classes of grazing lands) among various activities (e.g., feeding 
various classes of cattle) to maximize the objective function of net 
income. In mathematical notation, the linear programming model 
is stated as: n 

Ma%imize R = lscjxj 

Subject to is aijX&, +1,2 ,..., VI 

Xj3O,j=1,2,...fl 

where, 
R = net income 
Cj = cost or return associated with an activity, Xj 
xj = level of activity j 
bi = amount of resource i available 
aij = amount of resource i required to produce one unit of 
activity, Xj 

n = number of activities 
m = number of constraints 

Research presented by Wiltbank and others (1962) was utilized 
to determine the effect of various calf crops, as influenced by the 
level of nutrition, on the net income of a typical Nevada cow- 
yearling operation (Table 3). Consider, for example, the feeding 
regimen corresponding to a high-low energy level. In such a situa- 
tion each cow must receive no less than 4.1 kg of TDN/ day before 
calving and no less than 3.6 kg of TDN/ day after calving to yield a 
77% calf crop. Equations describing these relationships make up a 
part of restrictions or constraints in the LP model. Similar equa- 
tions were formulated for the other TDN levels (high-high, low- 
high, and low-low). LP model results show the maximum net 
income obtainable from the four combinations of energy intake 
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Table 2. Description and costs (prices) associated with the Cost and returns activities for the model ranch. 

Cost activities 

Alfalfa hay production 
Grass hay production 
Irrigated pasture grazing 
Deeded range grazing 
BLM grazing 

FS grazing 

Aftermath 
Buy alfalfa 
Buy grass hay 
Buy protein supplement 
Raise cow 
Raise yearling 
Raise bull 

Activity description Cost/ unit’ ($) 

Growing and harvesting 1 hectare of alfalfa hay 234.501 ha 
Growing and harvesting 1 hectare of grass hay 54.001 ha 
Use of 1 AUM of irrigated pasture land 13SO/AUM 
Use of 1 AUM of owned private range 3.501 AUM 
Use of 1 AUM of BLM range for grazing (includes the grazing 6.54/AUM 

fee) 
Use of 1 AUM of Forest Service range for grazing (includes 6.601 AUM 

the grazing fee) 
Aftermath grazing .OO AUM* 
Purchase of 1 kg of alfalfa hay .077/kg 
Purchase of 1 kg of grass hay .066/kg 
Purchase of 1 kg of protein supplement 
Raising a cow for breeding purposes 

.143/kg 
8 .OO/ cow3 

Raising a yearling for sale 
Raising a bull for breeding purposes 

.OO/ head4 

.OO/ head4 

Return activities Activity description Price/ kgs($) 

Sell cows 
Sell bulls 

The gross income from selling 1 kg of cull cows .54/kg 
The gross income from selling 1 kg of cull bull 

Sell yearlings 
.75/kg 

The gross income from selling 1 kg of yearling production l.O6/kg 

‘These figures represent per unit operating cost to a Nevada rancher for 1978. 
2No cost was associated with this activity since it is primarily a residual product of hay production. 
-‘Includes miscellaneous expenses of raising a cow such as veterinary expenses, cattle handling, etc. 
4No cost was charged to this activity. The cost of raising a cow ($8.OO/cow) includes veterinary expenses, cattle handling, etc., for all livestock classes. 
5These figures represent per unit returns to the rancher at the average price received during the first 6 months of 1978 in Nevada, (USDA, 1978). 

and calf crop. Consistent with the studies by Wiltbank and others 
(1962, 1964), only the influence of energy levels on calf crop was 
considered. No attempt is made to include other nutritional 
dimensions. 

Table 3. Pregnancy rate1 for various energy levels. 

The source of production and cost parameters utilized in the 
linear programming mode1 was a survey conducted by Mitchell 
and others (1977) to identify the characteristics of the range cattle 
industry in Northeastern Nevada for 1972. The prices paid by 
farmers index (USDA, 1978) was utilized to adjust cost activities to 
the 1978 price level where applicable. A brief description of the 
major activities and their associated per-unit cost or return are 
listed in Table 2. 

It should be re-emphasized that there is limited data available on 
factors influencing calf crop. And, nutritional data and their influ- 
ence on calf crop were the only data that the authors were able to 
find to use in the study. Accordingly, it is critical that thedata used 
is consistent with the range operation studied in this analysis. 

Proportion 
Pre-calving Post-calving of cows 
TDN TDN diagnosed 
intake/ day intake/ day pregnant 
(kg) (kg) Designation (%) 

4.1 7.3 High-High* 95 
4.1 3.6 High-Low 77 
2.0 7.3 Low-High 95 
2.0 3.6 Low-Low 20 

‘Presented by Wiltbank and others (1962). 
2Approximates the requirements for mature cows given by the National Research 
Council. 

Research by Wiltbank and others (1962) was conducted under 
feedlot conditions where each cow was fed varying amounts of 
alfalfa, corn, beet pulp, and soybean meal so that the desired TDN 
levels oefore and after calving could be achieved. The TDN level on 
a typical Northeastern Nevada range has been shown by Connor 
and others (1963) to average 61% which corresponds closely to the 
63% TDN level fed to the low post-calving energy group of cows in 
the experiments by Wiltbank and others (1962). The validity of the 
results of this study depends upon the comparability of thedata by 
Wiltbank and others (1962) and the conditions found on North- 
eastern Nevada range operations. Based on TDN levels fed, the 
authors believe the data to be sufficiently comparable to permit 
analysis. 

be made from the results of this paper is that there is sharp 
distinction between physical and economic efficiency. As shown in 
Table 4, 95% calf crops are achieved with the high-high and the 
low-high feeding regimens. However, because of the higher feed 
cost involved, the high-high feeding rate yields a net income less 
than that of the low-high feeding rate. In terms of net income, the 
high-low feeding rate would be preferable to the high-high feeding 
rate since net income is higher even though the calf crop is only 
77%. Thus, while a higher calf crop is normally preferable to a 
lower calf crop, producers should consider the added cost and 
return of achieving a higher calf crop. The higher calf crop is 
economically feasible only if the added returns are at least equal to 
the added cost. 

At the low-low energy levels, calf crop would be at the 20% level. 
At this level of calf crop, the number of cows raised would decrease 

Results and Discussion 

Utilizing linear programming and data from Wiltbank and oth- 
ers (1962) net incomes associated with alternative pre-calving and 
post-calving feeding rates were estimated (Table 4). When low-low 
energy levels are fed, net income and calf crop are at their lowest 
point. ‘If energy levels are increased in either the pre-calving or 
post-calving period, or both, calf crop and net income increase. Net 
income is at a maximum with the low-high feeding regimen. 

Initially one might think that securing a maximum calf crop 
would be the objective of any rancher. However, a major point to 

Table 4. Effect of alternative energy levels on net revenues. 

Designation 

High-high 
High-Low 
Low-High 
Low-Low 

Calf Crop (%) 

95 
77 
95 
20 

Cows Raised Net Revenue 
(Head) (V 

178 21,627 
198 25,389 
225 25,767 

0 0 
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to 0 and net income would also decline to 0.1 Practically, at this 
level of calf crop, it would not be economically feasible to remain in 
business. Again, the marginal principle prevails. The added return 
associated with remaining in the cow business at a 20% calf crop 
does not justify the added cost. In this instance, added returns and 
added costs are viewed in terms of the total operation; and , if the 
rancher were to remain in business (with the same cow herd size as 
the high-low feeding regimen, 198 head), total cost of operation 
(variable cost) is $14,699. Total returns are $10,528 (including 
culled cow and bull sales). Clearly, the rancher would be better off 
not producing any calves since this would result in a return of 
-$4,171. 

The results of this study are not conclusive in the sense of 
recommending a specific calf crop percentage towards which all 
producers should strive. Feed availabilities and feed costs during 
the pre-calving and post-calving periods will largely determine the 
economically “optimal” calf crop. The only conclusive point to be 
made is that a higher calf crop is not necessarily better in an 
economic sense than a lower calf crop. The decision of which calf 
crop is better can only be weighed in specific situations when added 
costs are compared to added returns. 

The authors recognize that there are a number of limitations to 
this analysis. For example, calving percentage was considered the 
major variable in the analysis. Yet, the authors are aware that other 
factors would also vary with energy intake and influence net 
income such as selling weight, death loss, and early or late concep- 
tion. Further, the data on calf crops as related to alternative 
feeding regimens are limited in relating to only four levels. The 
authors would have preferred data that included more calf crop 
levels as they relate to feed intake under range conditions. Removal 
of these limitations are suggested for future research on a problem 
critical to the Western range cattle industry. 

‘Recall that net income includes only operating or “variable”costs. If fixed costs were 
part of the net income definition, the figures reported in Table 5 would be smaller in 
magnitude. And, for the 20% calf crop (and possibly for other calf crop percentages), 
net income would be negative. 
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Long-term Plant Establishment on Mined 
Lands in Southeastern Montana 
JERRY L. HOLECHEK, EDWARD J. DEPUIT, JOE COENENBERG, AND RAUL VALDEZ 

Abstract 
Research was conducted on strip mined lands at Colstrip, Mon., 

over a &year period to evaluate germination, survival and cover 
characteristics of fairway crested wheatgrass (Agropyron crista- 
turn), critana thickspike wheatgrass (Agropgron dasystachyum), 
ranger alfalfa (Medicago sativa), and fourwing saltbush (Atrij~lex 
canescens). All 4 species showed good initial establishment and 
long-term survival/growth even though subjected to 2 consecutive 
years of drought when growing season precipitation was less than 
50% of the mean. Nitrogen and phosphorus fertilizer application 
after emergence had no effect on initial or long-term survival of any 
species. However plant canopy and litter cover were increased for 
all species except fourwing saltbush by fertilizer application. There 
was little invasion of native species into the study area. Critana 
thickspike wheatgrass is a native species that appears well suited 
for seeding mixtures on mined lands in the study area. However, 
because of aggressiveness, the use of fairway crested wheatgrass is 
not recommended in mixtures from which a diversity of native 
species is the vegetation goal. 

In recent years reclamation of lands altered by coal strip mining 
in the Northern Great Plains has become a major concern. Fertili- 
zation and plant species suitability are 2 subject areas of great 
importance. Critana thickspike wheatgrass (Agropyron dasysta- 
chyum) fairway crested wheatgrass (Agropyron cristatum), ranger 
alfalfa (Medicago sativa), and fourwing saltbush (Atriplex canes- 
tens) have shown good initial establishment when planted in 
mixtures and as monocultures on strip mine spoils at Colstrip, 
Mon. (Holechek 1980; Holechek et al. 1981; Holechek 1982; 
Depuit and Coenenberg 1979; Depuit et al 1978; Sindelar et al. 
1974). Critana thickspike wheatgrass and fourwing saltbush are 
species native to the Colstrip area. However, the long-term 
persistence and vigor of these 4 species has not been evaluated. The 
primary objective of this study was to determine the survival and 
vigor of the 4 previously-mentioned species over a 6-year period 
when fertilized and when not fertilized with nitrogen and 
phosphorus. A secondary objective was to study the invasion rate 
of species from the surrounding area into the experimental units. 

Methods 
In late winter of 1975, 24 experimental units, 9 X 10 m, were 

established on strip mines spoils at Colstrip, Mon., that had been 
previously graded, ripped and topsoiled., A randomized block 
experimental design was used with three blocks of 8 treatments (4 
species X 2 fertilizer levels). Four-wing saltbush, critana thickspike 
wheatgrass, ranger alfalfa, and fairway crested wheatgrass were 
randomly assigned to each block. Experimental units were seeded 
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on the basis of pure live seed per square meter(PLS) in April 4. All 
seed used in the study had been recently tested for germination. 
Fourwing saltbush seed was dewinged. Crested wheatgrass, thick- 
spike wheatgrass, and ranger alfalfa were broadcast seeded at 538 
PLS per square meter. The relatively heavy seeding rate was used 
to compensate for the uneven depth of broadcast seeding (Vallen- 
tine 1971). Fourwing saltbush was seeded at a reduced rate (108 
PLS/ m2) to lower intraspecific competition. Seeds were incorpo- 
rated into the soil material by a cultipacker. Nitrogen and phos- 
phorus fertilizer was randomly applied to one half the 
experimental units seeded to each species immediately after emer- 
gence. The rates of application were 37 kg/ ha of elemental nitrogen 
and 94 kg/ ha of phosphorus (P205). 

Plant density data were collected June 8, 1975, August 15, 1975, 
and July 9, 1980, using 20 X 20 cm square quadrats. At least 16 
randomly placed frames were read on each experimental unit on 
each sampling date. Plant canopy and litter cover were estimated 
using the methods of Daubenmire (1970) on August 17, 1975, and 
July 10, 1980. At least 14, 20 X 50-cm frames were measured on 
each experimental unit on each sampling date. The standard t-test 
was used to compare differences between fertilizer treatments for 
each species. Analysis of variance was used to compare cover and 
density differences between species. Newman-Keuls test was used 
to rank treatment means where appropriate. The procedures of 
Steel and Torrie (1960) were used in all statistical tests. 

The average chemical composition of soil samples from the 
study area at Colstrip is given in Table 1. Approximately, 20 cm of 
topsoil with a sandy loam texture was applied over the raw spoils. 
The topsoil exhibited low (approx. 0.5%) organic matter, and was 
deficient in nitrogen and phosphorus. The pH averaged 8.5. The 
spoils material beneath the topsoil was variable in texture, and had 
less than 0.2% organic matter. The pH was between 8.2 and 8.4 and 
deficiencies in nitrogen and phosphorus were evident. 

The mean annual precipitation for the Colstrip area is 40.1 cm 
(Depuit and Coenenberg 1979). Theannual precipitation totals for 
the years of 1975 through 1979 at Colstrip were 44.37,40.77,39.06, 
57.76 and 22.3 cm, respectively. Conditions were very favorable for 
plant growth in 1976 because spring precipitation was 140% of the 
mean. Both 1979 and 1980 were years of severe spring drought. 
Precipitation totals during the growing seasons in 1979 and 1980 
were 35 and 49% of the mean, respectively. 

Results and Discussion 
Plant density results from 1975 and 1980 are presented Table 2. 

There was no significant difference (m.05) between fertilized and 
unfertilized experimental units for any species on any sampling 
date. Other investigators have also reported little effect of nitrogen 
and phosphorus on grass, legume, or shrub densities on mined 
lands in the region (Farmer et al. 1974; Depuit and Coenenberg 
1979; Holechek 1980; Holechek et al. 1981). Plant density of all 
species showed drastic decreases between 1975 and 1980. Much of 
this decrease may be attributed to the severe drought conditions 
that existed during the 1979 and 1980 growing seasons. However 
intra-specific competition probably also accounts for a certain 
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Table 1. Average chemical composition of soil samples from the study area at Colstrip, Montana.1 

No. of 
samples PJ-J 

NOs-N PO‘I-P 
(ppm) (ppm) 

K Ca Mg Na E.C. 
(ppm) (meq/ IOOg) (meql IOOg) (meq, IOOg) (mmhos/cm) 

Depth 
(O-20 cm) (topsoil) 
(21-60 cm) (spoil) 
(6 I -90 cm)(spoil) 
(91-120 cm) (spoil) 

3 8.50 2.20 .60 54.17 29.36 2.18 .I3 .4 I 
3 8.35 5.27 .53 56.67 21.20 2.21 .I3 .75 
3 8.23 3.86 .45 55.83 19.78 2.32 .I3 .80 
3 8.23 4.52 .47 56.67 19.87 2.12 .I3 .80 

‘Soil samples were collected on November 17, 1974. prior to treatment application. 

Table 2. Plant density of seeded species in 1975 and 1980. 

Species 
Plant/m* 

June 8, 1975 

Fertilized 
plants/m* 

August 15, 1975 

Unfertilized 
plants/m* 

August 15, 1975 

Fertilized 
plants/m* 

July 9, 1980 

Unfertilized 
plants/ 2 

July 9, 1980 

Critana thickspike wheatgrass 312 244 254 88 82 
Fairway crested wheatgrass 259 212 208 65 60 
Ranger alfalfa 257 220 234 34 37 
Fourwing saltbush 48 42 46 12 8 

amount of this decrease. This is because as the more vigorous 
individuals develop in a seeding they tend to exclude the weaker 
plants until the population comes into balance with the physical 
resources(Donald 1951,1954; Harperet al. 1961; Yodaet al. 1963). 

Emergence and initial survival values of all four species were 
much higher than those for long-term survival (Table 3). As pre- 
viously mentioned, this is attributed to intraspecific competition 
and the severe drought in 1979 and 1980. 

Cover data also provide a useful appraisal of species establish- 
ment because tt shows soil stabilization effectiveness and plant 
vigor. Plant cover data collected in 1975 and 1980 are presented in 
Table 4. Canopy cover for all species was significantly (K.05) 
higher on fertilized compared to unfertilized plots in 1980. How- 
ever fertilizer application had no significant (D.05) effect on 
canopy cover of any species during the first growing season. All 
species except fourwing saltbush had a significantly higher (p< .05) 
canopy cover in 1980 than 1975. The relatively poor canopy cover 
of fourwing saltbush in 1980 is attributed to severe cold during the 
winter of 1978 which caused much top growth winter-kill of this 

species in the Colstrip vicinity (Depuit et al. 1980). Ranger alfalfa 
had significantly more (P<.O5) canopy and litter cover than crested 
and thickspike wheatgrass in 1980 when data were pooled across 
fertilizer treatments. However there was no significant difference 
(D.05) between the two wheatgrasses. These data suggest that 
ranger alfalfa is a legume species well suited to conditions on mined 
lands at Colstrip. Holechek et al. (1981) reported good long term 
establishment of this species at Colstrip. Considering the climatic 
conditions of the past 2 years, the persistence and vigor of fairway 
crested wheatgrass, critana thickspike wheatgrass and fourwing 
saltbush indicate they are also well suited to conditions Colstrip. 

The density of invading species on seeded plots in 1975 and 1980 
is shown in Table 5 while Table 6 presents data on composition of 
density of invading species in 1980. The relatively high densities of 
invading species on fourwing saltbush plots is probably due to its 
low density and vigor compared to other species, which would tend 
to reduce competitive pressure on invading species. Densities of 
invading species did not differ significantly (P>.O5) between fertil- 
ized and unfertilized treatments when data were pooled across 

Table 3. Plant germination and survival of seeded species pooled across fertilizer treatments in 1975 and 1980. 

Species’* 

TO survival Tc survival a/c survival 
between June 8, 1975 and between August 15, 1975 between June 8. 1975 and 

Yc emergence August 15, 1975 and July 9, 1980 July 9. 1980 

Critana thickspike wheatgrass 
Fairway crested wheatgrass 
Ranger alfalfa 
Fourwing saltbush 

58” 80” 34” 27” 
48b 81” 3oab 24” 
48b 88” I Sb 14b 
44b 93” 23b 21” 

‘All statistical comparisons are valid only within column. 
*Treatments with different letters are significantly different (PC.05) using New-Keuls Test. 

Table 4. Plant cover in 1975 and 1980. 

Canopy cover 1975 Canopy cover 1980 

Species123 F U F U 

Critana thickspike wheatgrass 21” 15* 30” 2ob 
Fairway crested wheatgrass 16’ IO8 37” 23b 
Ranger alfalfa 17” 20” 43” 28b 
Fourwing saltbush 6” 4” IO” 2b 

IStatistical comparisons are valid only across columns within years for each parameter. 
*Treatments with different letters are significantly different (PC.05) using Newman-Keuls Test. 
3Litter cover includes invading species, 

Litter cover 1980 

F U 

40” 5b 
408 13b 
75” 23b 
35” 5b 
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Table 5. Density of invading species on seeded plots in 1975 and 1980 
pooled across fertilization treatments. 

Invading Invading 
plants/ rn2l plants/ rn2l Difference2 

Seed species Aug. IS, 1975July 19, 1980 (1975-1980) 

Fairway crested wheatgrass 23” 2’ -21* 
Critana thickspike wheatgrass I 7” Y -12* 
Ranger alfalfa 16’ 17b + 1 
Fourwing saltbush 29a 27a -2 

‘Values with different letters are significantly different (K.05) using Newman-Keuls 
Test. 

?Differences significant at PC.05 using the standard r-test. 

species in either 1975 or 1980. 
Crested and thickspike wheatgrass were the primary seeded 

species invading plots seeded to other species in 1980. Differentia- 
tion between these two species in 1980 was difficult in some cases 
because drought had retarded phenological development. How- 
ever, on the basis of those plants that could be identified, crested 
wheatgrass comprised at least 75% of the invading wheatgrass 
density on plots seeded to other species. This species appears to be 
very aggressive on mined lands at Colstrip on the basis of this and 
other studies (Depuit et al. 1977, Depuit et al. 1978, Depuit and 
Coenenberg 1979). 

Ranger alfalfa demonstrated little invasion into other plots. 
Research conducted at Colstrip and other locations in Montana 
has shown this species to be relatively nonaggressive (Ditterline et 
al. 1976, Depuit et al. 1978, Holechek et al. 198 1). 

No fourwing saltbush plants were encountered on plots where it 
was not seeded. Although this species has shown good initial 
establishment on mined lands at Colstrip, it has not reproduced 
itself where seeded or invaded surrounding areas even when both 
sexes of this dioecous species were seeded. This may be a limitation 
to its long-term persistence in mine spoils revegetation. 

Lincoln smooth brome (Bromus inermis) and lutana cicer milk- 
vetch (Astragalus cicer) were the primary nonseeded, perennial 
species that invaded the study. These two species were seeded in a 
mixture that was used to stabilize the area around the study. This 
mixture is described by Depuit and Coenenberg (1979). Smooth 
brome appears to be a relatively aggressive species on mined lands 
at Colstrip (Depuit et al. 1978). Cicer milkvetch, in contrast, has 
shown moderate aggressiveness (Meyn et al. 1,976, Holechek et al. 
1982). 

In 1975 the dominant invading species on the study in both 
density and cover was Russian thistle (Salsola kali) followed by 
annual bromes (Bromus tectorum and japonicus) and annual sun- 
flower (Helianthus annuus). These weedy pioneer species were 
nearly absent from the study in 1980 probably because of the 
drought and intraspecific competition from seeded and nonseeded 
perennial species. 

Less than 0.5 native nonseeded, perennial plants/ m2 occurred on 
the study in 1980 when data were pooled across species and fertil- 
izer treatments. Native perennial species occurring on the study in 

trace amounts included western wheatgrass (Agropyron smithii), 
green needlegrass (Stipa viridula), needle-and-thread grass (Stipa 
comata), Indian ricegrass (Oryzopsis hymenoides), and soapweed 
yucca (Yucca glauca). All these species except soapweed yucca 
were seeded in the mixture used to stabilize the surrounding area. 
Native rangeland dominated by needle-and-thread grass, prairie 
sandreed grass (Calamovilfa longifolia), blue grama (Bouteloua 
gracilis), western wheatgrass (Agropyron smithii), prairie june- 
grass (Koeleria cristata), little bluestem (Schizachyrium scopa- 
rium), soapweed yucca, and silver sagebrush (Artemisia cana) 
existed approximately 70 m south of the study and 100 m north of 
the study. However, with the exception of soapweed yucca, only 
native perennial species seeded in the area surrounding the study 
occurred on the study plots. Therefore it appears that invasion of 
perennial species from the surrounding native rangeland was 
almost nonexistent during the first five years following seeding. 

Conclusions 

The following conclusions may be drawn for mine spoils in the 
Colstrip area based on the results from this study. They may 
necessarily have to be modified if applied to sites in the same region 
with differing conditions. 

1) All four species (fairway crested wheatgrass, critana 
thickspike wheatgrass, ranger alfalfa, fourwing saltbush) are 
adapted for mined land revegetation at Colstrip. 
2) An initial light rate of nitrogen and phosphorus fertilizer 
application can be used to improve the canopy cover and 
subsequent soil stabilization effectiveness of fairway crested 
wheatgrass, critana thickspike wheatgrass, ranger alfalfa, and 
fourwing saltbush on mined land at Colstrip. 
3) The application of an initial light rate of nitrogen and 
phosphorus fertilizer had no effect on short or long term plant 
survival of the four species under investigation. 
4) Fairway crested wheatgrass is a highly aggressive species 
on mined land at Colstrip on the basis of this and other 
research. 
5) Critana thickspike wheatgrass is a native species well 
suited for use in seeding mixtures at Colstrip because .of 
germination, survival, persistence, and soil stabilization 
characteristics. 
6) Ranger alfalfa appears well suited to grass-legume mix- 
tures at Colstrip because it establishes well but lacks 
aggressiveness. 
7) Very little invasion of native species from outside the study 
occurred during the 5 years after seeding even though a seed 
source was available. This suggests that natural succession 
may be very slow on mined lands in the Colstrip area. 
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The Impact of Grazing Systems on the Mag- 
nitude and Stability of Ranch Income in the 
Rolling Plains of Texas 
R.E. WHITSON, R.K. HEITSCHMIDT, M.M. KOTHMANN, AND G.K. LUNDGREN 

Abstract 

Results of a 1961-1974 grazing system study on the Texas 
Experimental Ranch in the Rolling Plains were used to evaluate 
annual net income stability characteristics for a cow-calf opera- 
tion. A linear programming risk analysis model was utilized to 
select optimal combinations of grazing systems which minimized 
annual negative net income fluctuations. Greatest annual net 
incomes, expressed in 1979 dollars, were obtained from heavier 
stocked, continuously grazed systems which received winter feed. 
For the 1961-1974 period, annual net income stability was not 
increased by selecting combination of grazing systems. However, 
when only the last 5 years were included in the analysis, the stability 
of annual net income was improved by selecting a combination of 
grazing systems. Supplemental winter feeding did not have a signif- 
icant effect on annual net incomes. However, under heavier stock- 
ing rates the standard deviation of annual net income was 
approximately doubled when cows did not receive supplemental 
winter feed. Annual income and income variability was determined 
to have increased during the last 5 years of the study, relative to the 
total study period. It is hypothesized that a portion of this 
increased variability at the heavier rates of stocking is the result of 
changes in the composition of vegetation. The general increase in 
variability across all systems indicates that ranch operators may 
need to consider alternatives for risk management as well as man- 
agement for profits. 

Ranch operators have long strived to become more efficient in 
the management of their ranch resources. This effort has been 
made in order to increase economic returns and reduce economic 
risks associated with ranching. Risks in the ranching industry are 
as a result of the nature of livestock market, weather, diseases, 
prices paid for inputs, the use of credit, and government regulation. 
In the Rolling Plains of Texas, and in the Great Plains in general, 
the need to reduce adverse economic impacts of fluctuating forage 
supplies has resulted in considerable research efforts by public 
institutions and agencies. A major goal of range research is to 
identify alternatives to more efficient harvest forage from range- 
land and to increase forage quantity and quality for use by domes- 
tic livestock. The major purpose of this study was to evaluate net 
returns and the annual stability of these net returns from five 
grazing management systems in the Rolling Plains of Texas from 
1961 to 1974 (Fig. 1). 

In developing a ranch management plan, it is assumed that net 
income levels and net income stability (risk) associated with var- 
ious production strategies for increasing net income are of concern 
to ranch operators (Markowitz 1959). Agricultural firm managers 
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Fig. 1. Study area, economic evaluation of grazing systems in the Texas 
Rolling Plains, 1961-1974. 

typically resort to minimizing or reducing risk by diversification, 
maintaining flexibility in their operations, and holding reserves of 
credit or cash (Hopkin et al. 1973). 

Traditionally, economic stability has not been included in eco- 
nomic analysis of grazing systems. Economic emphasis has been 
placed on the identification of net income potential of alternative 
grazing systems (Kothmann et al. 1971, Merrill et al. 1975, Rear- 
don and Whitson 1980). While this approach is not incorrect, it 
inherently implies that the ranch operator is primarily concerned 
with a single objective, maximization of profits. 

Kothmann et al. (1970) determined that average return to man- 
agement and capital to be I .39 times greater per hectare for heavily 
stocked, year-long continuous grazing than from a four-pasture, 
deferred-rotation system at the Texas Experimental Ranch in the 
Rolling Plains of Texas. For moderate stocking rates, the four- 
pasture system produced 1.26 times greater average net returns per 
hectare than a continuous, yearlong grazing system. Since average 
annual rainfall was generally above the long-term average during 
the 8 years of the study, the authors hypothesized that stocking 
rates were generally insufficient to be representative of the 
intended grazing treatments. Further, it could be expected that in 
“typical” rainfall periods the economic advantage of the heavier 
stocking rates would be lost. Variability of annual income was not 
included in the economic analysis (Kothmann et al. 1970). 

Whitson (1975) evaluated alternative grazing management sys- 
tems in combination with other livestock production/ marketing 
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Table 1. Average annual gross sales, production costs, and net returns ($/ha) for five grazing systems on the Texas Rolling Plains, 1961-1974. 

Grazing systems Variable 
Actual production costs 

Fixed Total 
Actual net’ 

returns 

Net returns* 
expressed in 
1979 dollars _ _ 

Supplemental feed 
Heavy, continuous 
Moderate, continuous 
Moderate, 4-pasture 

No supplemental feed 
Heavy, continuous 
Moderate. continuous 

20.75 4.35 3.26 7.61 
14.06 2.87 2.22 5.09 
15.64 2.89 2.33 5.22 

19.81 3.93 3.2 I 7.14 
13.95 2.52 2.20 4.72 

13.14 28.53~ 
8.97 19.17d 

10.42 22.45d 

12.67 27.22~ 
9.23 19.83d 

‘Annual net returns to land and management. 
*The wholesale price index was utilized to express the time series in 1979 dollars. Means followed by the same letter are not significantly (.05) different. 

alternatives for risk-return characteristics of a ranch firm in the 
Rolling Plains of Texas. Alternative ranch organizations were 
identified which produced annual gross margins ranging from 
$21.09/ha to $38.08/ha. Standard deviation of these respective 
mean net incomes ranged from $1.70/ ha to $23.41 /ha. Grazing 
systems, for the period 1969-1973, were determined to produce 
different mean incomes which had differing income stability char- 
acteristics. A moderately stocked four-pasture, deferred-rotation 
system (Merrill 1954) produced the most stable net income. How- 
ever, continuous, yearlong grazing at a heavier rate of stocking 
produced the greatest average annual income, especially when 
weaned calves were retained for further weight gain. The study 
indicated ranch operators could be “optimally” organized and not 
have the same ranch plan, depending upon risk-return preferences. 

ing, repairs, gas, oil lubricants, and interest on annual operating 
capital were estimated from annual livestock budgets and available 
statistical series (USDA 1978, USDA 1980, Texas Agricultural 
Extension Service 1980). These budgets were adjusted for actual 
costs and input quantities when data were available. Annual varia- 
ble costs, not available from historical records were adjusted to a 
specific year by utilizing the index, “Prices paid by farmers” 
(USDA 1975, USDA 1979). 

Economic analysis of grazing systems in the Edwards Plateau 
region of Texas indicated that for similar rates of stocking, two- 
and four-pasture rotation systems produced highest average net 
returns as well as the most stable returns over a 7-year study period. 
Stability of these systems was attributed to availability of a forage 
reserve, greater plant vigor, and multiple use of forage by sheep 
and cattle (Huss and Allen 1969). 

Annual fixed costs associated with each grazing system included 
an opportunity cost on the annual capital invested (annual salvage 
value) in the breeding herd, in facilities and equipment, and annual 
depreciation. All cows and equipment were assumed to be debt 
free. The opportunity cost of capital which varied as a result of 
economic conditions was estimated to be 2% less than the cost of 
borrowed capital from an agricultural lending institutions(USDA 
1980). Annual net returns to land and management were calculated 
by subtracting variable and specified fixed costs from gross live- 
stock sales. In order to eliminate the impact of inflation over time, 
the annual net returns were converted to 1979 dollars using a 
wholesale price index (US Dep. Commerce 1979). 

Preliminary economic studies of grazing systems in the Rio 
Grande Plains of Texas indicate that a short duration system (one 
herd, six pastures) produced the largest average net income/ hec- 
tare when contrasted to yearlong continuous or a four-pasture, 
deferred-rotation system (Reardon and Whitson 1980). The four- 
pasture system was economically superior to the yearlong system, 
but the analysis did not include stability characteristics. 

The number of producing cow units associated with each grazing 
system was adjusted to account for replacement animals, horses, 
and bulls when they were not with the herd.1 For the study, it was 
estimated that one mature cow plus requirements for replacement 
females, bulls, and horses, amounted to 15.6 AU M/year. 

Procedures 
Annual costs and returns were budgeted for five alternative 

grazing systems which were evaluated on the Texas Experimental 
Ranch near Throckmorton, Texas, for the period 1961 through 
1974. A sixth treatment, a four-pasture deferred-rotation system 
without supplemental feed was initiated in 1970. The grazing sys- 
tems included moderate (MC) and heavy yearlong continuous 
(HC) grazing (with (S) and without supplemental winter feeding) 
and a moderately stocked four-pasture deferred-rotation system 
with supplemental winter feeding (M4PS). A moderately stocked 
four-pasture system without winter feeding was initiated in 1970 
(M4P). A cow-calf operation was used for all systems with weaned 
calves being sold in the fall. Percent calf crop, weaning weights and 
annual stocking rates were those encountered during the study as 
reported by Heitschmidt et al. (1980). Minor adjustments in stock- 
ing rates within any given year were considered in this analysis by 
assessing a feed cost (hay) for cows which were removed for 
relatively short time periods (6 months or less) from any given 
treatment. Annual net returns to land and management were esti- 
mated for 1961 through 1974. 

For a given average net income level, minimum income variabil- 
ity was determined by use of a linear programming (LP), risk- 
return model described by Hazel1 ( 197 1). The model was specified 
to minimized total negative deviations (MOTAD) from average 
net income associated with each grazing system. positive devia- 
tions in income were assumed to cause fewer economic problems 
than negative deviations for ranch operators in the Rolling Plains. 
The use of the MOTAD model further implied the negative devia- 
tions of annual net income represented a reasonable estimate of 
risk; i.e., stability of income. 

The principal advantage of the use of a risk-return model was 
that given the results of the analysis, the opportunity existed to 
incorporate variability of income as well as the magnitude of net 
income associated with a given strategy (Whitson 1975). 

Results and Discussion 
Economic responses-1961-1974 

Gross livestock sales (%/ha) included the influence of the live- 
stock price cycle as well as beef cattle production associated with 
five alternative grazing systems in the Rolling Plains (Heitschmidt 
et al. 1980). Actual annual gross sales, production costs, and net 
returns/ ha are illustrated-for each grazing system in Figures 2, 3, 
and 4, respectively. 

Except for 1974, actual gross sales/ ha increased at a relatively 
Annual market prices for each year of the study (USDA 1974), 

were utilized to determine the value of cull cows, weaned heifers, 
weaned steers, and culled replacement heifers produced from each 
grazing system. Annual variable costs, for winter supplemental 
feed, medicine, salt and minerals, transportation, labor, market- 

‘Replacement females were not actually maintained on the Experimental Ranch, but 
were available as required from off station sources. Thus, in order to more nearly 
WprOXimate “typical” ranching operations replacement breeding stock, horses, and 
the portion of the year that bulls were not included with the herd were included in the 
ranch inventory to reflect total forage requirements associated with each grazing 
systems. 
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Fig. 2. Actual gross sales ($/ha) from alternative grazing systems on the 
Texas Experimental Ranch, 1961-1974. 

consistent rate across all systems from year to year other than the 
heavily stocked, continuously grazed system, which received no 
supplemental winter feed (Fig. 2). Actual total production costs/ ha 
were also relatively consistent from year to year with costs gener- 
ally increasing over time for all systems. The major exception to 
this finding was the HC system, which began to experience greater 
annual fluctuations in 1968 when compared to other systems (Fig. 
3). 

Actual net returns/ha tended to increase over time but with 
relatively larger annual fluctuations than were observed with gross 
sales and costs (Fig. 4). Year to year variability became more 
apparent when net returns were expressed in 1979 dollars, elimi- 
nating the impact of inflation (Fig 5). However, considerable net 
income variability was present in all grazing systems evaluated in 
this study. The variability in annual net income ranking among 
systems, was primarily the result of annual variability in livestock 
performance since livestock sales prices were relatively constant 
across systems for any given year (Fig. 5). 

There was considerably more economic instability for the period 
1970 through 1974 when net income was expressed in 1979 dollars. 
For example, annual net returns from the HC system ranged from 
approximately $7.00/ha to $58.00/ha from 1970 through 1974. 
For the period 1961 through 1969, the HC system ranged from 
$18.00/ha to $36.00/ha (Fig. 5). 

Relative positions among the grazing systems varied from year 
to year relative to average annual gross sales, costs and net returns 
for actual and 1979 dollars (Table 1). The heavier stocked systems 
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Fig. 3. Actual total costs ($/ha) from alternative grazing systems on the 
Texas Experimental Ranch, 1961-1974. 
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Fig. 4. Actual net returns ($ Jha) from alternative grazing systems on the 
Texas Experimental Ranch, 1961-1974. 

produced significantly greater w.05) average net income than 
moderately stocked systems. The four-pasture system was interme- 
diate to the continuously grazed, heavy and moderately stocked 
systems but was not statistically different when compared to the 
moderate systems (Table 1). 

Supplemental winter feed reduced profits when moderate stock- 
ing rates were compared. Supplemental feed increased net returns 
4.8% (1979 dollars) when heavier stocking rates were compared. 
Thus, supplemental winter feed increased in value as available 
forage was reduced/animal unit at the heavier rate of stocking 
(Table 1). 

The greatest average net return/ ha (1979 dollars) was $28.53/ha. 
This return was produced by the heavier stocked continuously 
grazed herd which received supplemental feed during each winter 
(HCS). The HCS grazing system produced 49% more net return 
than the continuously grazed moderately stocked herd which 
received supplemental winter feed (MCS), and 27% more than the 
moderately stocked, four-pasture system receiving supplemental 
feed (M4PS). The M4PS produced 17% greater annual, net return- 
s/ ha (1979 dollars) than a similar yearlong system (Table 1). When 
the M4PS and the MCS systems were compared, the M4PS pro- 
duced greater net income in all years (Figure 5). 

The HC system produced greater annual net returns than the 
MC systems. Thus, the economic advantage of heavy stocking was 
reduced if supplemental winter feed was not provided (Table 1). 

The heavier stocked systems also required 45% to 50% more 

1661 ‘62 ‘63 ‘64 ‘65 ‘BB ‘67 ‘W ‘69 ‘70 ‘71 ‘72 ‘73 ‘74 

Fig. 5. Net returns ($ Jha, 1979dollars)from alternativegrazing systems on 
the Texas Experimental Ranch, 1961-1974. 
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Table 2. Average annual gross sales, production costs, and net returns (S/ha) for six grazing systems on the Texas Rolling Plains, 1970-74. 

Net returns* 
Actual gross Actual production costs Actual net’ expressed in 

Grazing systems sales Variable Fixed Total returns 1979 dollars 

Supplemental feed 
Heavy, continuous 26.82 5.85 4.67 10.52 16.30 30.85~ 
Moderate, continuous 20.55 4.15 3.41 7.56 12.99 24.72~ 
Moderate, 4-pasture 22.06 4.03 3.48 7.5 1 14.55 27.79~ 

No supplemental feed 
Heavy, continuous 26.49 5.34 4.77 10.11 16.38 30.4lc 
Moderate, continuous 19.12 3.56 3.3 1 6.87 12.25 23.07~ 
Moderate, 4-pasture 20.50 3.56 3.48 7.04 13.46 25.44~ 

tAnnua1 net returns to land and management. 
2The wholesale price index was utilized to express the time series in 1979 dollars. Means followed by same letter are not significantly (.05) different. 

annual production costs than moderately stocked systems (Table 
1). This could indicate the need for ranch operators to increase 
their use of risk management alternatives because, traditionally, 
ranch operators have depended upon unused credit capacity to 
survive economically during adverse economic conditions. 

Economic Responses-1970-1974 
In an effort to determine whether economic advantages asso- 

ciated with heavier stocking rates were being maintained over time, 
results of the last five years of the 14-year period were evaluated. 
Generally, the heavier stocking rates continued to produce the 
greatest net returns/ ha; however, differences became relatively 
smaller (Table 2). For example, during the 1961 through 1974 
period, the HCS grazing system produced 27% more net returns 
(1979 dollars)/ ha than the M4PS system. For the period, 1970 
through 1974, this relative economic advantage had shifted from 
27% to an I 1% advantage over the HCS system (Table 2). 

Supplemental winter feeding was marginally profitable for all 
systems during the last 5 years of the study(Table 2). Average gross 
sales were approximately the same for continuously grazed, heav- 
ily stocked systems. Gross sales were also very similar for continu- 
ously grazed, moderately stocked systems (Table 2). 

No statistical differences between average annual net incomes 
were identified (p1.05) between systems during 1970-1974; where- 
as, the heavier stocked systems were significantly higher than all 
other systems for the period from 1961-1974. Thus, differences 
between systems were statistically more difficult to identify (fewer 
observations and greater variability during the period are possible 
explanations). The fact that there were fewer significant differences 
between systems is supported by noting that the HCS system 
produced 11% more net income than the M4PS during 1970-1974 
but 27% during 1961-1974. Further, the HC system produced 32% 
more net income than the MC system in 1970-I 974 and 37% more 

income during 1961-1974. The four-pasture system produced 
approximately 11% more net income during 1970-1974 when com- 
pared to moderate, continuous grazing systems. When compared 
to the period 1961-I 974 the difference was 17% (Table 2). Net 
incomes/ ha (1979 dollars) averaged $3SO/ha greater during 1970- 
1974 (Table 2) than during 1961-1974 for comparable systems 
(Table 1). It is interesting to note that the heavier stocked systems 
increased approximately 10% but the moderately stocked systems 
increased approximately 22%. Thus, economic differences 
between grazing systems appear to have become less over time. 

Income Stability-1961-1974 
When all five grazing systems were included in the risk-return 

analysis, the NCS grazing system was optimal. There was not a net 
income stability advantage from combining grazing systems(Table 
3). Given the annual variability associated with the HCS system, 
expected average income would not be lower than $25.34/ha at the 
Q&.05) level (Table 3). 

None of the moderately stocked systems contributed to net 
income stability over the lbyear period when all grazing systems 
were included in the model. This indicates little, if any negative 
covariance relationship(s) existed between heavier and moderately 
stocked systems during 1961-1974. There was no net income stabil- 
ity advantage in combining systems, 

When the heavier stocking rates were eliminated from the 
model, net income fluctuations were minimized with a combina- 
tion of moderate, continuous without supplemental feed (MC) and 
the M4PS. At lower annual net income levels($21.00/ha) the ratio 
of the two systems was approximately 1: 1 for minimizing risk. As 
income levels were increased, the MC system was replaced by a 
M4PS (Table 3). However, an individual would bejustified, from a 
net income stability standpoint, to utilize only the M4PS, Ranch 
plan 4, because expected annual net income as well as the lower 

Table 3. Annual net income stability characteristics (%/ha) associated with alternative grazing systems, (1979 dollars), 1961-1974, Texas Rolling Plains. 

Optimal grazing’ Expected net Standard deviation* Lower net income boundary Confidence Level 
Ranch plan system(s) income of net income 80% 90% 95% 

Heavy and moderate stocking 
1 HCS-100%3 28.53 6.74 26.96 26.10 25.34 

Moderate stocking only 
1 MC-47% 21.23 7.03 19.60 18.69 17.90 

M4PS-53% 
2 MC-32% 21.62 7.35 19.91 18.97 18.14 

M4PS-68% 
3 MC-17% 22.00 7.68 20.21 19.23 18.37 

M4PS-83% 

4 M4PS-100% 22.45 8.15 20.56 19.51 18.59 

‘Grazing systems are defined as follows: H=heavy. M=moderate. Gcontinuous, 4P=four pasture and S=supplemental winter feed. 
2This estimate is based on a mean absolute deviation. 
rpercentage of a given ranch in a given grazing system or systems. 
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Table 4. Annual net income stability characteristics ($/ha) of utilizing supplemental feed in the Texas Rolling Plains, (1979 dollars), 1961-1974. 

Grazing system’ 

HCS 
HC 

MCS 
MC 

Expected net Standard deviation of2 Lower net income boundary Confidence Level 
income net income 80% 90% 95% 

28.53 6.74 26.96 26.10 25.34 
27.22 12.14 24.40 22.84 2 I .47 

19.17 7.53 17.42 16.45 15.61 
19.83 6.94 18.24 17.36 16.59 

IGraTing systems are defined as follows: H=heavy, Mzmoderate. C=continuous and Ssuppiemental winter feed. 

?This estimate is based on a mean absolute deviation. 

limit of annual net income increased for all three confidence levels 
when shifting from Ranch plan 1 to 4 (Table 3). 

The impact that supplemental winter feed had upon the optimal 
solution(s) is more identified in Table 4. As discussed earlier, 
supplemental feeding was marginally profitable for heavier stock- 
ing rates, but was not profitable for moderate rates. However, for 
heavier stocking rates, the standard deviation of annual net income 
was nearly doubled when supplemental feed was eliminated. Thus, 
for a 95% confidence level, average net income could be $3.87/ha 
lower because of the increased variability. This indicates that 
producers who stock heavy would potentially benefit from using 
supplemental winter feed even if profits were not increased signifi- 
cantly. There were no apparent net income stability benefits of 
using supplemental feed when moderate stocking rates were util- 
ized (Table 4). 

Income Stability, 1970-1974 
In order to test whether the relationships identified over the 14 

year period remained relatively constant, a similar analysis was 
conducted over the last 5 years of the study. When all grazing 
systems were available, it was determined the HCS was not in the 
optimal solution as determined in the previous analysis (Table 5). 
Apparently, negative covariance relationships were present 
between MCS, MC, and HC systems at lower annual net income 
levels (less than %25.OO/ha) and between HCS and M4PS systems 
at greater than $27.OO/ha (Table 5). 

Expected net incomes ranged from $23.95/ha, Ranch plan 1 to 
$30.85/ha, Ranch plan 6. However, the standard deviation of net 
income ranged from $9.281 ha to $lS.SS/ha. Ranch plan 1 was 
composed primarily of a MC (53% of the ranch) and a MCS (45% 
of the ranch) system. Ranch plan 6 was composed entirely of the 
HCS system (Table 5). 

Using an 80% level of confidence a producer would be economi- 

tally justified in the selection of Ranch plan 6. However, when 90% 
or 95% confidence levels were utilized, a ranch operator would be 
justified in selecting up to Ranch plan 4. Beyond Ranch plan 4, an 
operator would have to decide whether or not the lower net income 
potential associated with Ranch plan 5 or 6 would be acceptable, 
given each plan’s expected net income (Table 5). An interesting 
finding was that when compared to the 16year period, heavier 
stocking rates had become less stable and/or the moderate stock- 
ing rates had become relatively more stable, indicating the impor- 
tance of long term grazing studies in the evaluation of net income 
stability characteristics. 

When heavier stocking rates were eliminated from theanalysis it 
was determined that a combination of MC and MCS systems 
resulted in the most stable net income estimates for lower net 
income levels and at higher net income levels the MCS was 
replaced by the M4PS system (Table 6). However, a producer 
would be economically justified in selecting the M4PS system over 
all other moderate grazing systems evaluated, Ranch plan 4 (Table 
6). 

Supplemental winter feed had a positive impact on the optimal 
Ranch plans presented in Tables 5 and 6. In order to more fully 
evaluate the economic impacts of winter feed during 1970-3974, 
relevant comparisons are illustrated in Table 7. As in the previous 
14 years of the study, supplemental feed had little, ifany impact on 
average net income. However, when heavier stocking rates were 
used, standard deviation in net income increased from $15.55/ha 
to $28.95/ha, indicating that the economic value of supplemental 
feed was annual net income stabilization (Table 7). This stabilizing 
effect was less for moderate continuous systems but was more 
pronounced in the four-pasture systems. The significance that 
supplemental feed had upon the lower net income boundary, using 
a 95% confidence interval, could mean that expected net gross 

Table 5. Annual net income stability characteristics ($/ha) associated with five grazing systems, 1970-1974 (1979 dollars), Texas Rolling Plains. 

Ranch plan 

I 

2 

Optimal grazing’ 
system(s) 

HC-2%3 
MC-53% 
MCS-45% 
HC-14% 
MC-4% 
MCS-82% 

Expected net 
income 

23.93 

25.47 

Standard deviation* 
net income 

9.28 

9.93 

Lower net income boundary Confidence Level 

80% 90% 95% 

20.02 17.57 15.08 

21.29 18.66 16.00 

3 HC-14% 
MCS-37% 
M4PW9% 

27.02 10.71 22.5 I 19.68 16.81 

4 HC-8% 
HCS-18% 
M4PS-74% 

28.56 I 1.58 23.69 20.62 17.52 

5 HCS-76% 30.10 13.88 24.26 20.58 
M4PS-24% 

6 HCS-100% 30.85 15.55 24.3 I 20.19 

‘Grazing systems are defined as follows: H=heavy, M=moderate, Gcontinuous, 4P=four pasture and S=supplemental winter feed. 
2This estimate is based on a mean absolute deviation. 
3Percentage of a given ranch in a given grazing system or systems. 

16.87 

16.02 
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Table 6. Annual net income stability characteristics (S/ ha) associated with moderately stocked grazing systems, 1970-1974 (1979 dollars), Texas Rolling 
Plains. 

Optimal grazing’ Expected net Standard deviation? Lower net income boundary Confidence Level 

Ranch plan system(s) income of net income 80% 90% 95% 

I MC-59%3 23.93 9.29 20.02 17.56 15.07 
MCS-36% 
M4PS-5% 

2 M C49% 25.47 10.06 21.24 18.57 15.88 
M4PS-5 I % 

3 MC-16% 27.02 10.84 22.17 19.59 16.68 
M4PS-84% 

4 M4PS-100% 27.79 I I .23 23.06 20.09 17.08 

IGrazing systems are defined as follows: H=heavy, M=moderate. C=continuous, 4P=four pasture and S=supplemental winter feed. 
?This estimate is based on a mean absolute deviation. 
‘Percentage of a given ranch in a given grazing system or systems. 

incomes could be as low as $2.8 l/ ha for a HC system compared to 
$16.02/ha for a HCS system. It was determined that supplement 
feed was also important when four-pasture systems were utilized 
(Table 7). 

To summarize the risk analysis for 197 1-1974, it was evident that 
considerably more net income variability was present in all systems 
when compared to 1961-1974. This resulted primarily because of 
the greater variability in livestock prices and production costs. 
Other important findings were that: (1) the HCS system did not 
maintain its annual net income stability advantage; (2) the M4PS 
had increased in relative economic potential; and (3) the use of 
winter supplemental feed had become important for increasing 
annual net income stability, especially for heavier stocking rates. 
Each of these findings may in part be related to the long-term 
effects of heavy continuous grazing on forage reserves and forage 
production. 

In most grasslands as grazing intensity increases over long peri- 
ods of time, the more productive tall and midgrasses are replaced 
by less productive shortgrasses. Kothmann et al. (1978) reported 
this general trend at the Texas Experimental Ranch where the two 
dominant midgrasses, Texas wintergrass (Stipa leucotricha) and 
sideoats grama (Bouteloua curtipendula), have decreased in fre- 
quency in the HC pastures while buffalograss (Buchloe dacty- 
loides) and common curlymesquite (Hilaria belangeri), both 
shortgrasses, have increased. However, this change was gradual 
and thus the effect was not particularly evident during the first 8 
years of the study. In fact, this change was probably even slower 
during the first 8 years of the study than would be expected because 
of the many years of above average annual rainfall. 

Rates of stocking were also greater from 1970 through 1974 than 
previous years (Heitschmidt et al. 1980) and total annual rainfall 
more erratic (Kothmann et al. 1978). Thus, with the reduced forage 
production resulting from less productive species, greater rates of 
stocking and more variable rainfall patterns, the HC systems began 
to display less economic advantages than previously, particularly 
when winter supplement was not fed. It follows then, that occa- 
sional “busts” may become more frequent in the HC systems in 

future years than through the end of the current study. 
This hypothesis was tested in 1975, although unfortunately no 

livestock production records were maintained because of required 
herd changeovers in all systems (Heitschmidt et al. 1980). But 
because of a rather severe summer and fall drought in 1975,62% 
reduction in the size of the HC herd was required for a 6-month 
period from October through March. Similarly, the HCS herd was 
reduced 30% while no reductions were required in any of the 
moderately stocked systems. No reductions in rate of stocking have 
been required in any system since 1975. 

These required reductions in rates of stocking in 1975 simply 
emphasize that under heavy rates of stocking occasional “busts” 
will occur and these will likely occur more frequently at heavy rates 
of stocking than at moderate rates of stocking. It is doubtful that 
the total absence of “bust years” from 1961 through 1974 is typical 
of what a ranchman might expect in this region during the next ! 5 
years. 

Conclusions 

Analysis of data from the Texas Experimental Ranch in the 
Rolling Plains indicate that for the period 1961-1974, continuous, 
year-long grazing at heavier stocking rates, using supplemental 
winter feed, produced 27Yc more net income/ha than the “next 
best” alternative, a moderately stocked, four-pasture system. Dur- 
ing the last 5 years of the study, the heavier, continuous system, 
using supplemental winter feed, produced 11% greater net income- 
/ ha than the “next best”alternative, the moderately stocked, four- 
pasture system using supplemental feed. This finding indicated 
that the moderately stocked, four-pasture system was becoming 
relatively more important as a producer of net income over time. 

The use of supplemental winter feed was more profitable when 
heavier stocking rates were used. However, at best, it was deter- 
mined to be marginally profitable. The real value of supplemental 
winter feed was as an annual net income stabilizer, especially so, 
when stocking rates were higher. At heavier rates, the standard 

Table 7. Annual net income (.$/ha) stability characteristics (1979 dollars) of utilizing supplemental feed in the Texas Rolling Plains, 1970-1974. 

Grazing system’ 
Expected net Standard deviation of 

income net income2 
Lower net income boundary Confidence Level 

80% 90% 95% 

HCS 30.85 15.55 24.3 I 20.19 16.02 
HC 30.41 28.95 18.23 10.56 2.81 

MCS 24.72 9.70 20.64 18.07 15.47 
MC 23.07 IO.98 18.45 15.54 12.60 

M4PS 27.79 11.23 23.06 20.09 17.08 
M4P 25.44 18.75 17.55 12.59 7.56 

‘Grazing systems are defined as follows: H=heavy, M=. C=continuous and S=supplemental winter feed. 
IThis estimate is based on a mean absolute deviation. 
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deviation of net income was approximately doubled when supple- 
mental feed was not provided. 

For the period 1961-1974, annual net income stability was max- 
imized by using supplemental winter feed with a heavier stocked, 
continuous, year-long grazing system. No other combinations of 
the five grazing systems provided any additional annual net income 
stability value. When the heavier stocking rates were eliminated 
from the analysis, there was a net income stability effect by com- 
bining a four-pasture system, with supplemental feed with a con- 
tinuous, yearlong system,without winter feed. 

When the period 1970-1974 was evaluated, the heavier stocked, 
continuous system with supplemental feed was determined to have 
lost its net income stabilizing potential. The heavier stocked system 
was replaced, at less than maximum income levels, by moderate 
stocking, continuous, and four-pasture combinations. This indi- 
cated that the moderate, four-pasture system was apparently 
becoming relatively more important as a net income stabilizer the 
longer the grazing systems were evaluated. This finding is sup- 
ported by Kothmann, et al. (1978). who reported significant 
decreases in the climax vegetation over time as a result of heavier 
grazing on the Texas Experimental Ranch. 

Ranch operators in the Rolling Plains may need to adopt more 
risk management techniques to counter the increasing economic 
instability of recent times caused by varying livestock prices, as 
well as relatively rapid increases in production costs. Further study 
will be required to evaluate risk management and alternative net 
income producing strategies. For example, the maintenance of 
weaned animals in a vertical integration program, adoption of 
alternative credit management options or adoption of other mar- 
keting alternatives, such as the futures market or forward contract, 
may be possible alternatives. 

It is evident that optimal ranch organizations may vary. Varia- 
bility may be explained by observing differences in risk-return 
situations and individual preferences. Risk analysis may have con- 
siderable potential as part of a “traditional” profit maximizing 
economic analysis, provided adequate data exists. 
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Factors Affecting Budbreak in Honey Mes- 
quite in West Texas 
J.P. GOEN AND B.E. DAHL 

Abstract 

Budbreak in honey mesquite in west Texas rarely occurs prior to 
the last spring frost. We monitored many trees from 1970 to 1980 
attempting to better correlate mesquite mortality from herbicides 
to growth stage. In doing so, we found clues to the probable 
conditions triggering budbreak. Budbreak was closely correlated 
to daily minimum winter temperatures but totally unrelated to 
winter maximum, mean, or soil temperatures. Our data showed 
that the higher the number of consecutive days with minimums 
below -1°C during January 15 to February 14, the earlier spring 
budbreak would occur. Once chilling requirements were met, date 
of budburst then became a function of relatively warmer daily 
minimum temperatures from February 15 to March 15. Being able 
to predict budbreak (from equations developed herein) as early as 
February 15 and/or March 15 should give ranchers and herbicide 
applicators 4 to 6 weeks lead time in planning mesquite control 
programs. 

West Texas notoriously has spring “cold spells” sufficiently 
severe to freeze foliage and the young fruit of trees that have leafed 
out and blossomed from late winterbr early spring warm periods. 
Particularly vulnerable are exotic fruit trees, such as peach (Prunus 
persica) and apricot (Prunus armeniaca). Honey mesquite (Proso- 
pis glandulosa var. glandulosa), the major endemic woody plant in 
the area, seemingly oblivious to even prolonged warm weather in 
February and early March, usually waits until danger of freezing 
weather is past, then it leafs out. Some believe that once honey 
mesquite breaks bud, the danger no longer exists for a late spring 
frost. 

From 1970 to 1973, we monitored many honey mesquite trees 
attempting to better correlate their response to herbicides. In doing 
so, we found clues to the probable conditions triggering budbreak 
(Goen 1975). 

For more than 50 years, observers have reported that trees and 
shrubs of cold climates kept continuously warm during the winter 
start growth much later in the spring than those subjected to a 
period of chilling (Coville 1920). Chandler et al. ( 1937) also noticed 
that warm winters delayed budbreak of most deciduous trees, and 
trees or shrubs growing in shade had their chilling requirement 
satisfied better than those growing in the sun. Further, budbreak 
started on shaded parts of the same tree earlier than on those parts 
exposed to the sun all day. McGee (1976) also noticed this effect of 
shade on budbreak of young oak trees (Quercus sp.). Others have 
noted that floral emergence was not always advanced by high 
temperatures, but the reverse was often the case. In fact, Ashby 
(1962) noted that unchilled basswood plants (Tibia sp.) did not 
break buds until late summer. 

If winter conditions trigger physiological processes in mesquite 
that predispose it to budbreak, then it should be possible to predict 
approximate date of budbreak by monitoring locally collected 
weather data. Information on timing of budbreak as early as 
mid-February or mid-March would be of value to many agricultu- 
ralists, especially ranchers and herbicide applicators, as it would 
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give them 4 to 6-weeks lead time in planning mesquite control 
programs. 

Methods and Procedures 

Trees monitored during 1970-73 in this study were about 5 km 
south of Grassland, Texas, in Lynn County on the Post- 
Montgomery Estate Ranch. The ranch is transitional from the 
southern short grass plains of the Llano Estacado to the Red 
rolling plains of Texas. The topography is level to undulating with 
rock outcroppings and it has swales, depressions, and draws drain- 
ing to the rolling plains below the caprock escarpment. 

Twenty-five trees were tagged for observation on seven sites. 
Bottom and upland sites as well as northern, southern, and easterly 
exposures were selected for contrast. Also, sites studied included 
sandy, loamy, and clayey soils. This study was initiated to explore 
variations in phenological development of honey mesquite as influ- 
enced by various environmental situations. Soil temperature was 
measured weekly with mercury filled glass laboratory thermome- 
ters inserted into the soil at 15-cm intervals to a depth of 60 cm. Air 
temperatures were obtained from local weather bureau records. 
Supplemental measurements in the Lubbock area during 1975-76 
(Fick 1978) and 1978,1979, and 1980 provided similar information 
relative to mesquite budbreak. 

We assumed that the triggering mechanism for budbreak would 
necessarily precede the visual evidence; therefore, we attempted to 
correlate soil temperature, maximum, minimum, and mean air 
temperatures for various periods with budbreak. Budbreak was 
quantified by counting the number of days from January 1 to 
visual evidence of leaf emergence. 

Results and Discussion 

Budbreak in honey mesquite never occurred during this study 
prior to March 1. Whereas many other tree species such as Chinese 
elm (Ulmus pumila) and fruit trees experienced budbreak during 
“warm spells” prior to this date. 

Table 1. Days to mesquite budbreak as influenced by patterns of daily 
minimum air temperatures from January 15 to March 15 from 1970 to 
1980. 

Year Y’ x1* x23 

1970 106 7 21 
1971 99 15 13 
1972 77 22 22 
1973 122 4 20 
1975 125 6 13 
1976 105 8 23 
1978 95 16 14 
1979 106 8 21 
1980 106 9 18 

‘Number of days from January I until mesquite budbreak. 
*Number of consecutive days between January IS and February 14 with daily mini- 
mum temperatures less than -1°C. 
‘Number of days from February I5 to March I5 with daily minimum temperatures 
- 1” C or greater. 
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According to Glerum (1973) as cited in Rehfeldt (1979) winter 
dormancy of most north temperate trees cannot be broken until 
chilling requirements have been satisfied. Levitt (1972) indicated 
that cold hardiness generally is a response to minimum tempera- 
tures. Also, from their literature search, Campbell and Sugano 
(1975) reported that all conifers tested have definite chilling 
requirements for bud release. Our first attempt to find a reason 
why mesquite usually remains dormant long after ornamental trees 
have leafed out was simply to correlate the length of time required 
for dormancy release to weather bureau temperature records. 
Maximum and mean air temperatures during this period were 
unrelated to bud burst as correlation coefficients (r) were only 0.29 
and 0.22, respectively. Also, soil temperature was not well corre- 
lated with bud emergence (rz0.21). However, the correlation of 
budbreak with minimum air temperature was 0.95. Consequently, 
our efforts to predict budbreak from environmental data have 
stressed winter and early spring minimum air temperature records. 

The earliest west Texas mesquite budburst in recent history 
occurred on March 17, 1972, and the latest occurred on May 2, 
1973, and May 5, 1975, a full 6-weeks later than budbreak in 1972. 
The winter of 1972 was relatively mild with many warm days, 
however, the period from mid-January to mid-February had 22 
consecutive days with minimum temperatures below -1OC. No 
other year in the past 15 had such a long string of low minimum 
temperatures. Characteristically minimums below -1” C occur for 
one to several days then they warm to -lo C or higher for one to 
several days. In 1973 and 1975 from January 15 to February 15, no 
more than 4 to 6 consecutive days of minimums below -I” C 
occurred and budbreak was much delayed. Erez et al. (1979) found 
that frequent high temperature influxes following short periods of 
chilling resulted in prolonged dormancy of peach. They emphas- 
ized that the length of the chilling period and the frequency of high 
temperature occurrences were highly important. 

Campbell and Sugano (1975) found that budburst in Douglas-fir 
(Pseudotsuga menziesii) depended on chilling, photoperiod, and 
flushing temperature. One study showed that days to seedling 
budbreak could be shortened considerably either by reducing chil- 
ling temperatures from 7.2 to 4.4O C or by lengthening the chilling 
period from 11 to 44 days. They noted that once chilling require- 
ments were met, date of budburst became a function of spring 
temperature. Our data also suggest that if sufficient chilling has 
occurred to induce budburst, the actual date of of budburst can be 
influenced by the spring temperature regimes. For example, in 
1972 with chilling requirements amply met with 22 consecutive 
“chilling days” prior to February 15, this period was followed by 13 
consecutive days of minimums with -lo C or above, and budbreak 
occurred on March 17 (Table 1). However, 19 such “warm days”in 
1973 failed to result in budbreak before May because chilling 
requirements were not met during January and February. 

To be useful, prediction criteria should be readily available and 
simply applied. In our study with 9 years of data, we were able to 
show that 85% of the variation in date of mesquite budbreak was 
accounted for by the number of uninterrupted cold days from 
January 15 through February 14. Daily minimums are easily 
obtained from local newspapers, radio, or from backyard ther- 
mometers. Thus, on February 15 with this one value-maximum 
number of consecutive days with minimums less than -lo C-one 
can use the equations Y= 128.3-2.25X1 and obtain a good estimate 
of budbreak (Y=number of days from January 1 to expected 
budbreak and Xrmaximum consecutive days with minimum tem- 
peratues less than 1 lo C). 

To increase prediction accuracy, also include the number of days 
from February 15 to March 15 with minimum daily temperatures 

Fig. 1. Influence of length of chilling treatment prior to February 1.5, and 
temperature regimesfrom February 1.5 to March 14 on date of mesquite 
budbreak. 

of -lo C or above (Fig. 1). The prediction equation then becomes 
Y=150.1-2.33X1-1.14X2. In tis case, Xznumber of days with min- 
imum temperatures -lo C or higher from February 15 to March 15. 
These two variables apparently account for 96% of the variation in 
date of mesquite budbreak (Rz0.96). Thus, our data shows that a 
long period of consistently low daily minimum temperatures dur- 
ing the winter provides mesquite chilling requirements allowing for 
early budbreak. Once the chilling requirement is met relatively 
warm minimum daily temperatures can hasten budbreak 
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Increase Forage Production - 

Plant PERMA-PEL 
Range & Pasture Mixes 

Depend on Ramsey Seed - long 
a leader in range improvement 

programs -for special mixes of 
clovers, sub-clovers, and selected 

grasses that can substantially 
increase forage production and 

feed value. Coupled with a sound, 
well-planned fertilization and 

grazing management plan, these 
special mixes can extend your 

grazing season while providing 
greater carrying capacity. 

Besides providing higher production than 
resident grasses, the clovers in PERMA-PEL 
mixes offer these additional advantages: 

Tolerate heavy grazing; 
Provide ample forage during cool winter 
months; 
Produce abundant spring feed with quick 
recovery after grazing; 
Provide reliable seed production for long 
stand life; 
Provide excellent palatability; 
Grow compatibly with native clovers and 
range grasses. 

Introduce your range improvement program 
to Rhizo-Kate* and Nutri-Kate* seed 
coatings. Rhizo-Kote and Nutri-Kote provide 
a controlled germination zone to aid in seed- 
ling establishment of clovers and grasses. 
In addition, Rhizo-Kote provides optimum 
rhizobiaviability for root nodulation. 

To start your range improve- 

Q 

ment program today, see your 
seed dealer for PERMA-PEL 

R 

range mixes. 

For a free brochure on range 
improvement, write: 

RAMSEY SEED CO. 
P.O. Box 352, Manteca, CA 95336 (209) 823-1721 

*Registered Service Mark of Celanese Corporation 
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Special PERMA-PEL Mixes for 
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For increased carrying capacity . . . Highest quality 
forage.. . greatest rangeland profits, Ramsey 
provides 3 special range seed mixes for specific 
rainfall and soil condition areas - plus additional 
custom mixes on order for specific growing 
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TECHNICAL NOTES 

Effects of a Nematode on Biomass and Density of Silverleaf 
Nightshade 

The effect on density and biomass from inoculating rangeland 
populations of silverleaf nightshade artificially with dried 
nematode-infested plant material are reported. F.E. NORTHAM AND C.C. ORR 

Abstract 

Infective fourth stage larvae of the silverleaf nightshade (Nothanguina 
phyflobia Thorne) were broadcast on rangeland populations of silverleaf 
nightshade (Solunum elueagnifolium Cav.) as a biological control for the 
weed. Plots were inoculated with nematode-infested dried leaves in April 
and August of 1977 at two southern High Plains shortgrass prairie loca- 
tions. One site had been denuded of vegetation 2 years previously. While the 
August inoculation failed, the April inoculation was successful at both 
locations: 41% of the plants at the denuded site and 20% of the plants at the 
shortgrass site became infected with nematodes. At the disturbed site, a 
difference from the control of 23% in the foliar biomass and a 42% in the 
plant density of silverleaf nightshade were attributable to nematode injury. 
Nematode infection was not observed on any other plant species. 

Silverleaf nightshade (Solanum elaeangifolium Cav.) is an 
aggressive perennial invader plant for disturbed land in the 
southwestern U.S., including Texas (Orr et al. 1975), Arizona 
(Parker 1972), and California (Goeden 1971). Since its accidental 
introduction in Australia around 1900, it has threatened to become 
a serious problem in Australian wheat and grazing industries (Leys 
and Cuthbertson 1977). Abundant seed production and a spread- 
ing woody rootstock with large food reserves and high reproduc- 
tive capability promote the effectiveness of silverleaf nightshade as 
a colonizer. Areas were vegetation is periodically denuded-fire 
guards, ranch roads, pipeline cuts, roadside ditches, construction 
sites, livestock feeding/ watering areas and cultivated fields- 
become habitats for extensive silverleaf nightshade populations. 
The economic impact of silverleaf nightshade is increased by the 
presence of glycoalkaloids toxic to cattle and sheep. Buck et al. 
(1960) reported that concentrations of silverleaf nightshade in 
livestock rations as low as 0.01% of body weight can be lethal. 

Orr et al. (1975) suggested a foliar nematode parasite, (Nothan- 
guina phyllobia Thorne), for the biological control of silverleaf 
nightshade. The nematode causes hypertrophy and hyperplasia of 
leaf and’stem tissues, resulting in large galls (Orr et al. 1975); each 
gall contains thousands of infective nematode larvae. As galls dry, 
larvae become quiescent and survive anhydrobiotically until mois- 

, ture revives them (Robinson et al. 1978). When free moisture is 
available, larvae climb silverleaf nightshade plants, initiate new 
galls in young tissue, mature, and reproduce. Nematodes overwin- 
ter in both the soil and galled plant material. The host range of the 
nematode is restricted to silverleaf nightshade with limited infec- 
tions observed in closely related nightshade species. 
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Materials and Methods 

Nematode inoculum was prepared from galled silverleaf night- 
shade leaves collected from naturally infected plants in August of 
1976. Leaves were air-dried, crushed, passed through a 2.4-mm 
sieve, and stored at room temperature. Extraction of nematode 
from this inoculum with water showed it to contain 24,000 infective 
larvae/g. 

Plots were established in a 2.2-ha (5-acre) area in Lubbock 
County, Texas, containing two contrasting habitats. One habitat 
was southern High Plains shortgrass prairie in which the brush had 
been mechanically removed 20 years previously; grasses and peren- 
nial forbs covered more than 60% of the soil surface. This area will 
be referred to as the shortgrass site. The second habitat was short- 
grass prairie which had been bladed bare of vegetation in 1975, and 
by May of 1977 less than 25% of the soil surface_ was revegetated. 
1 his area will be referred to as the disturbed site. The soil of both 
habitats was an Amarillo fine sandy loam. Eight 3 X 3-m (lo-ft) 
plots were selected randomly at each site. Four plots (two at each 
site) were inoculated in April of 1977 by hand-broadcasting each 
plot with 32 g inoculum (8 larvae/cmz); four more plots were 
inoculated in August of 1977 at the same rate. Each inoculated plot 
was paired with an untreated control. 

Plant density and the number of galled plants were recorded 
monthly from May to September during 1977 and 1978. In August 
of each year, the volume (calculated from the height X width) of all 
silverleaf nightshade in each plot was measured; the heights and 
widths of 178 plants in 1977 and 200 plants in 1978 growing outside 
the test plots were also measured. These plants were clipped at 
ground level, dried for 24 h at 105’ C, and weighed. Linear regres- 
sion analyses (Snedecor and Cochran 1967) of various plant height 
and width combinations, with oven-dry weight yielded a relation- 
ship (at P <O.O 1) for each year. The foliar biomass (dry weight) of 
test plants was estimated by this procedure. 

Results 

Establishment of Infection 
Foliar galls on silverleaf nightshade were first observed in the 

April-inoculated plots 40 days after inoculation; 41% of the plants 
in the disturbed area and 20% of the plants in the shortgrass area 
were infected by nematodes (Table 1). The August inoculation 
produced no galls in either area. In 1978, 47% of the inoculated 
plants in the disturbed area and 9% of the inoculated plants in the 
shortgrass area still had nematode galls. No galls were observed 
either year in the control plots. 

Foliar Biomass 
In 1978, foliar biomass at the disturbed site was greatly reduced 

due, in part, to less favorable rainfall. Biomass decreased by 90% in 
the inoculated plots and by 67% in the controls. The 23Vcdifference 
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Table 1. Density, foliar biomass and galled plants of S&num &ea&foli~m at two prairie sites in 1977 and 1978 as influenced by inoculation in April 
1977 with Nothanguina phyllobia. 

Location 

D.S.’ 
Inoculated 

D.S. 
Control 

s.s.2 
Inoculated 

S.S. 
Control 

1977 

5.6 

3.4 

1.7 

1.7 

Plant density Foliar biomass 
(plants/m*) (gi m*) % of plants galled 

1978 Reduction 1977 I978 Reduction 1977 I978 

1.9 66% 54.5 5.6 90% 41 47 

2.6 24% 14.9 4.9 67% 0 0 

6.4 none 4.0 II.2 none 20 9 

2.9 none 7.1 8.3 none 0 0 

1D.S. = Disturbed Site 
Y5.S. = Shortgrass Site 

in biomass reduction was attributed to nematodes and was signifi- 
cant at P = 0.05. Foliar biomass in the shortgrass area increased in 
1978 (Table 1). 

Plant Density 
The number of silverleaf nightshade plants in the inoculated 

plots of the disturbed area was noticeably reduced the second 
season after inoculation. The number of plants in the inoculated 
plots was reduced from 5.6/ m2 in 1977 to 1.9/ m2 in 1978, a reduc- 
tion of 66%. Plant density in the control plots was reduced from 
3.4/m2 in 1977 to 2.6 in 1978, a reduction of 24%. The 42% 
difference between inoculated and control plots was attributable to 
nematodes (significant at P = 0.05) (Table 1). 

Discussion 

The establishment of N. phyllobiu infections in rangeland popu- 
lations of silverleaf nightshade was influenced by season and habi- 
tat. The August inoculations were applied while the upper 15 cm (6 
in.) of soil were dry and little dew or effective rainfall occurred. 
Since nematode larvae required a film of moisture for movement 
on foliar surfaces (Robinson et al. 1978) the aridity of the environ- 
ment at that time is probably responsible for the failure of nema- 
tode infection. The successful April inoculations were applied 
when spring rainfall and heavy dews created moisture conditions 
favorable for the nematodes to invade silverleaf nightshade tissue. 

In the shortgrass site only 20% of plants became galled com- 
pared to the 4 1% at the disturbed site. This result may be explaina- 
ble in terms of plant surface area. Robinson et al. (1979) reported 
that N. phyllobiu larvae will climb numerous plant species indis- 
criminately. At the shortgrass site, silverleaf nightshade consti- 
tuted <SO% of the total foliar biomass, while at the disturbed site it 
comprised more than 80%. The probability then, of nematodes 

ascending non-host species should have been greater in the short- 
grass plots, thereby diluting the number of larvae effectively availa- 
ble for infecting silverleaf nightshade. 

The success of colonization by the nematode and the deleterious 
effects on the density and foliar biomass of silverleaf nightshade 
agree with the results obtained on cropland by Orr et al. ( 1975) and 
Robinson et al. (1978). They reported successful infestation of 
silverleaf nightshade after hand-broadcasting of nematode infested 
plant material. The reductions in plant density (ca. 50%) and foliar 
biomass (20-80s) were similar to the observed results on disturbed 
rangeland. These results show IV. phyllobiu to be valuable biologi- 
cal control for silverleaf nightshade in disturbed rangeland. 
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Transient Depredation of Early Spring Range; Spotted Cut- 
worms [Amathes c-nigrum (L.)] as a Possible Cause 
JOHN L. LAUNCHBAUGH AND CLENTON E. OWENSBY 

Abstract 

Destructive feeding by insects delayed early spring development of native 
shortgrass range nearly 2 months. Although the perennial grasses and most 
forbs recovered, growth of several plant species was prevented completely 
for one growing season. Evidence indicated spotted cutworm [Am&es 
c-r&rum (L.)] larvae may have been responsible. 

Spring greenup of west-central Kansas native range usually 
begins in April. Plant development is well advanced by May 1, so it 
is highly unusual to find small-to-large areas with little or no green 
plant tissue at that time and for the condition to persist 1 to 2 
months after surrounding vegetation has made normal growth. 
Nevertheless a half section range unit’ containing over 40 ha with 
practically no new plant growth was observed initially in mid May, 
1975, the first time the area was checked after cattle were removed 
the previous fall. Adjacent to the large area were scattered spots up 
to 4 m in diameter which contained no visible green plants. Those 
eventually gave way to uninterrupted, actively growing vegetation. 
The late-developing vegetation was predominately shortgrass on a 
clay upland range site similar to that described by Launchbaugh 
(1967). 

Description of Problem 
The dominating feature of the affected vegetation was carry- 

over slate gray plant residue from the past growing season with 
occasional green clones of stunted western wheatgrass [Agropyron 
smithii Rydb.]. The stark appearance of the residual weathered 
vegetation was heightened by contrasting, uniformly green, 20- to 
30-cm tall Japanese brome [Bromus juponicus Thunb.] and west- 
ern wheatgrass in the surrounding, normally developing vegeta- 
tion. Furthermore, there were no gradual transitions from affected 
to normal vegetation; all boundaries were abrupt and sharply 
defined. The few western wheatgrass clones were the only obvious 
living plants in a matrix of dormant, carry-over buffalograss 
[Buchloe dactyloides (Nutt.) Engelm.] and blue grama [Bouteloua 
gracilis (H.B.K.) Lag. ex Steud.] from the previous year, but tiller 
numbers and heights were markedly reduced compared with sim- 
ilar western wheatgrass clones in unaffected vegetation. Scattered 
representatives of other plants hidden by old residue showed var- 
ious degrees of damage ranging from none to complete. Ball cacti 
[Mamillaria vivipara (Nutt.) Haw. and Neobesseya missouriensis 
(Sweet) B. & R.] and scarlet globemallow [Sphaeralcea coccinea 
(Pursh) Rydb.] apparently were undamaged. Otherwise, Japanese 
brome, little barley [Hordeurn pusillum Nutt.], western ragweed 
[Ambrosia psilostachyu DC.], and Louisiana sagewort [Artemisia 
ludoviciuna Nutt.] were absent; slimflower scurfpea [Psoralea 
tenuzjlora Pursh] and purple poppymallow [Callirhoe involucrata 
(T. & G.) Gray] were stunted, apparently from growing point 
removal. Common pricklypear [Opuntia humzjksa Raf.] also 
appeared damaged to the extent no newly developing pads were 
found on plants in affected sites compared with normally develop- 
ing ones on plants in the unaffected area. Warm-season perennial 
grasses, buffalograss, blue grama, and red and purple threeawn 

. [Aristidu longiseta Steud. and A. purpurea Nutt.] had no visible 
new growth until about June 1, 1975. Here and there, sheared leaf 
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tips of those plants had extended only 2 to 3 mm above the soil 
during the last week of May; clearly all had been cut off near the 
plant crowns earlier in the spring. 

Although nearly all new spring growth was eliminated or inhi- 
bited, the cause was not readily apparent. Similar conditions were 
not known to have occurred there or on surrounding ranges before; 
nor had anyone observed or heard of smaller affected places in the 
vicinity which would have indicated a gradual buildup of a causa- 
tive agent. The isolation of plant damage to sharply defined areas 
plus the lack of more conclusive signs pointed to concentrated 
activity by forms confined to the sites for a continuous period of 
time, e.g., insect larvae. Destructive feeding had to have occurred 
from late winter to late April, 1975, for the process to have abated 
before mid May, 1975. Thus, the earliness of feeding, closeness of 
cropping, short duration of activity, and wide variety of plants 
involved required a transitory, nonspecific herbivore. Although 
the most destructive feeding activity occurred earlier in the year, 
intensive searches in late May and early June, 1975, ultimately 
netted spotted cutworm [Amathes c-nigrum (L.)] larvae restricted 
to affected places; one of several species that could greatly reduce 
living plant cover then quickly disappear. 

Plant foliar cover of the affected areas was only about 1% of 
normal on May 15, 1975; but, it increased to an estimated 80% of 
normal by August 15, 1975. Perennial plant basal cover, however, 
was less than 5% of normal in affected areas all summer. The large 
reductions in basal cover were conducive to temporary increases of 
weedy summer annuals that usually occur in only trace amounts in 
native range. There were scattered plants of buffalobur nightshade 
[Solanum rostraturn Dunal] and pigweeds [Amaranthus spp.] 
along with large amounts of common witchgrass [Panicum cupil- 
lure L.], which dominated the summer aspect of the affected areas 
until becoming overtopped by slimflower scurfpea in July. Species 
composition and basal cover gradually returned to normal by the 
end of the 1977 growing season, more than 2 years after thedamage 
was done. 

Discussion 

A number of surface-feeding army cutworms and related forms 
are known to occur throughout the central Great Plains. Generally 
they are native to those grasslands. It was only after large acreages 
were converted to cultivated crop production that any were recog- 
nized as being economically important, and then only on cultivated 
crops (Whelan 1935, Walkden 1950, Painter et al. 1954). No men- 
tion has been made of outbreaks restricted to native grassland. 
Spotted cufworms, because they are general feeders and will 
assume an army-like habit, could have come from an unusually 
large fall hatch concentrated in the affected vegetation, passed the 
winter as partly grown larvae, done the observed damage, then 
pupated and moved on as adult moths without leaving more 
noticeable evidence than their feeding effects. Larvae of that spe- 
cies reportedly cannot survive midsummer heat in Kansas 
(Walkden 1950). Although identification of the destructive agent is 
by necessity conjectural, there were no suggestions of other insect, 
rodent, or rabbit activities in the form of diggings, droppings, 
access holes, pupal skins, or observable high population densities 
of animals on the move to account for the uniformly close removal 
of living vegetation in the affected areas. The type of damage and 
late-season regrowth of most perennial grasses precluded white 
grubs [Cyclocephalu spp. and Phyllophugu spp.] or other root 
feeders from being responsible for the damage. Also, there were no 
signs of sod webworms [Crambus spp.]. Except for livestock graz- 
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ing there were no indications of additional plant-tissue removal 
within or around the affected areas from late May, 1975, to the 
1981 growing season. That and the lack of a gradual population 
buildup over several seasons clearly indicates the sudden appear- 
ance of a localized, evanescent “grazer.” 

Sporadic destruction of vegetation by transient pests has been 
known throughout history. In this century, there have been numer- 
ous popularized citings of grasshopper plagues related primarily to 
prolonged, severe drought. In addition, there have been outbreaks 
of other insects attacking native ranges, apparently for more subtle 
reasons. Examples include damage by black grass bugs [Labops 
spp. and Irbisiu spp.] in Utah (Hawes et al. 1973), localized destruc- 
tion by range caterpillars [Hemileum oliviae Cockerell] in New 
Mexico and Colorado (Watts and Everett 1976) heavy infestations 
of sod webworms over large areas in South Dakota (Kantack 
1975), and sod webworm-cutworm combinations, also on South 
Dakota ranges2. 

Unpredictable destruction of native vegetation, particularly by 
unknown agents, evokes anxiety that such events may become 
commonplace rather than pass on, perhaps never to be repeated in 
the same locality. An unprecedented outbreak increases concern 
over introduced exotics or modification in feeding habits of indi- 
genous forms. Native range vegetation has undergone an incredi- 
bly long selection process in becoming adapted to the stresses of the 
environment, including interacting influences of large and small 
grazers, sucking insects, fungi, and disease organisms. One would 

2Personai communication, 1976. F.R. Gartner, South Dakota State University(P.0.. 
Rapid City, South Dakota 57701). 

not expect, therefore, that normally benign users of range plants 
would suddenly become destructive, unless their potential in that 
respect were realized by the elimination of population-control 
factors or genetic changes in the feeders. In any case, such events 
are rare, generally ignored unless vast areas are involved or may be 
erroneously attributed to known pests. 
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Acute Toxicity of Mixtures of Range Management Herbi- 
cides to Cutthroat Trout 
DANIEL F. WOODWARD 

Abstract 

Six different paired mixtures of dicamba, picloram, 2,4-D butyl ester, 
2,4-D isooctyl ester, and 2,4-D propylene glycol butyl ether ester were 
tested with cutthroat trout (Salmo clarki). Except for 2,4-D isooctyl ester, 
the LCSO’s resulting from mixtures of 2,4-D esters and picloram were lower 
than LCSO’s of those herbicides tested individually. Dicamba and 2,4-D 
isooctyl ester were the least toxic individually and mixtures of dicamba or 
2,4-D isooctyl ester with the other herbicides tested did not result in 
increased toxicity. Our results reflect the importance of using combination 
exposures in determining the biological significance of the simultaneous 
occurrence of more than one herbicide in surface waters. 

Inasmuch as the application of herbicides is currently the most 
popular and effective method used by range managers to control 
weeds, there is a need to determine the effect of these herbicides on 
stream organisms. Woodward (1979) described the potentially 
adverse effects of one important herbicide, picloram (Tordon), to 
cutthroat trout (Salmo clarki) under simulated field conditions. 
One of the recommendations developed from this research was 
that, in areas where picloram is applied, alternate herbicides 
should be used next to aquatic environments. This recommenda- 
tion could result in simultaneous applications of more than one 
herbicide and create a potential for the simultaneous entry of more 
than one herbicide into an aquatic habitat. Therefore, the effects of 
combinations of range management chemicals on a fishery should 
be evaluated. 

The author is U.S. Fish and Wildlife Service, Columbia National Fisheries 
Research Laboratory, Field Research Laboratory-Jackson, P.O. Box 1089, Jackson, 
Wyo. 83001. 

Manuscript received February 6, 1981. 

JOURNAL OF RANGE MANAGEMENT 35(4), July 1982 

Materials and Methods 

Cutthroat trout were selected for this study because they are 
native sportfish in intermountain rangeland streams. Fingerlings 
(0.4 to 0.8 g) were obtained from the Jackson (Wyoming) National 
Fish Hatchery and maintained according to the procedures of 
Brauhn and Schoettger (1975). Technical grade dicamba (88%) 
was obtained from Velsicol Chemical Corporation. The other 
herbicides were obtained in their technical form from Dow Chemi- 
cal Company: 2,4-D BE (98.4% ester and 78.5% acid equivalent), 
2,4-D IOE (99.6% ester and 66.1% acid equivalient), 2,4-D PGBEE 
(100% ester and 61.7% acid equivalent), picloram (90%). Test 
concentrations were based on active ingredient and stock solutions 
were prepared in acetone or water within 1 week of exposure. 

Toxicity of single herbicides was tested according to the Com- 
mittee on Methods for Toxicity Tests with Aquatic Organisms 
(1975). Toxicity tests of herbicide mixtures were performed as a 
single herbicide exposure, except that two herbicides were simul- 
taneously added to the test container in a I:1 ratio of their 96-h 
LCSO’s. For example, if the 96-h LCSO’s of herbicides A and B were 
10 and 20 units individually, then the mixture test concentrations 
of A and B were prepared in a 1:2 ratio. Herbicides having LCSO’s 
greater than 50 mg/l were tested in all mixtures at concentrations 
of 50 mg/ 1. Herbicides with LCSO’s greater than 50 mg/ 1 were not 
tested with each other because herbicide concentrations greater 
than 50 mg/l are rare in natural streams and solubility problems 
would develop with some herbicides when testing at concentra- 
tions greater than 50 mg/l. Since formulations of 2,4-D are not 
normally applied in combination with each other, mixtures of 
different esters of 2,4-D were not tested. The Litchfield and Wil- 
coxon (1949) method was used to determine 96-h LCSO’s for each 
herbicide in a mixture and for each herbicide tested singly, and to 
compare differences between two LCSOs. 
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ing there were no indications of additional plant-tissue removal 
within or around the affected areas from late May, 1975, to the 
1981 growing season. That and the lack of a gradual population 
buildup over several seasons clearly indicates the sudden appear- 
ance of a localized, evanescent “grazer.” 

Sporadic destruction of vegetation by transient pests has been 
known throughout history. In this century, there have been numer- 
ous popularized citings of grasshopper plagues related primarily to 
prolonged, severe drought. In addition, there have been outbreaks 
of other insects attacking native ranges, apparently for more subtle 
reasons. Examples include damage by black grass bugs [Labops 
spp. and Zrbisiu spp.] in Utah (Hawes et al. 1973), localized destruc- 
tion by range caterpillars [Hemileuca oliviue Cockerell] in New 
Mexico and Colorado(Wattsand Everett 1976), heavy infestations 
of sod webworms over large areas in South Dakota (Kantack 
1975), and sod webworm-cutworm combinations, also on South 
Dakota range+. 

Unpredictable destruction of native vegetation, particularly by 
unknown agents, evokes anxiety that such events may become 
commonplace rather than pass on, perhaps never to be repeated in 
the same locality. An unprecedented outbreak increases concern 
over introduced exotics or modification in feeding habits of indi- 
genous forms. Native range vegetation has undergone an incredi- 
bly long selection process in becoming adapted to the stresses of the 
environment, including interacting influences of large and small 
grazers, sucking insects, fungi, and disease organisms. One would 

*Personal communication, 1976. F.R. Gartner, South Dakota State University(P.0.. 
Rapid City, South Dakota 57701). 

not expect, therefore, that normally benign users of range plants 
would suddenly become destructive, unless their potential in that 
respect were realized by the elimination of population-control 
factors or genetic changes in the feeders. In any case, such events 
are rare, generally ignored unless vast areas are involved or may be 
erroneously attributed to known pests. 
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2,4-D isooctyl ester, and 2,4-D propylene @ycol butyl ether ester were 
tested with cutthroat trout (Salmo clarki). Except for 2,4-D isooctyl ester, 
the LCSO’s resulting from mixtures of 2,4-D esters and picloram were lower 
than LCSO’s of those herbicides tested individually. Dicamba and 2,4-D 
isooctyl ester were the least toxic individually and mixtures of dicamba or 
2,4-D isooctyl eater with the other herbicides tested did not result in 
increased toxicity. Our results reflect the importance of using combination 
exposures in determining the biological significance of the simultaneous 
occurrence of more than one herbieide in surface waters. 

Inasmuch as the application of herbicides is currently the most 
popular and effective method used by range managers to control 
weeds, there is a need to determine the effect of these herbicides on 
stream organisms. Woodward (1979) described the potentially 
adverse effects of one important herbicide, picloram (Tordon), to 
cutthroat trout (Salmo clarki) under simulated field conditions. 
One of the recommendations developed from this research was 
that, in areas where picloram is applied, alternate herbicides 
should be used next to aquatic environments. This recommenda- 
tion could result in simultaneous applications of more than one 
herbicide and create a potential for the simultaneous entry of more 
than one herbicide into an aquatic habitat. Therefore, the effects of 
combinations of range management chemicals on a fishery should 
be evaluated. 
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Materials and Methods 

Cutthroat trout were selected for this study because they are 
native sportfish in intermountain rangeland streams. Fingerlings 
(0.4 to 0.8 g) were obtained from the Jackson(Wyoming) National 
Fish Hatchery and maintained according to the procedures of 
Brauhn and Schoettger (1975). Technical grade dicamba (88%) 
was obtained from Velsicol Chemical Corporation. The other 
herbicides were obtained in their technical form from Dow Chemi- 
cal Company: 2,4-D BE (98.4% ester and 78.5% acid equivalent), 
2,4-D IOE (99.6sesterand 66.1% acid equivalient), 2,4-D PGBEE 
(100% ester and 61.7% acid equivalent), picloram (90%). Test 
concentrations were based on active ingredient and stock solutions 
were prepared in acetone or water within 1 week of exposure. 

Toxicity of single herbicides was tested according to the Com- 
mittee on Methods for Toxicity Tests with Aquatic Organisms 
(1975). Toxicity tests of herbicide mixtures were performed as a 
single herbicide exposure, except that two herbicides were simul- 
taneously added to the test container in a 1:l ratio of their 96-h 
LCSO’s. For example, if the 96-h LCSO’s of herbicides A and B were 
10 and 20 units individually, then the mixture test concentrations 
of A and B were prepared in a I:2 ratio. Herbicides having LCSO’s 
greater than 50 mg/l were tested in all mixtures at concentrations 
of 50 mg/ 1. Herbicides with LCSO’s greater than 50 mg/ 1 were not 
tested with each other because herbicide concentrations greater 
than 50 mg/ I are rare in natural streams and solubility problems 
would develop with some herbicides when testing at concentra- 
tions greater than 50 mg/l. Since formulations of 2,4-D are not 
normally applied in combination with each other, mixtures of 
different esters of 2,4-D were not tested. The Litchfield and Wil- 
coxon (1949) method was used to determine 96-h LCSO’s for each 
herbicide in a mixture and for each herbicide tested singly. and to 
compare differences between two LCSOs. 
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Table 1. Acute toxicity (%-LC50) of selected herbicides, individually and 
in paired mixtures, to cutthroat trout. 

LC50 and (in parenthesis) 95% confidence inter- 
val (mgi 1) 

Herbicide mixturea Individually In combination 

2,4-D BE 0.78 0.50 
(0.664.92) (0.43-0.58) 

and 
Picloram 

(3Z.3) (2.:::.9) 

2,4-D PGBEE 0.77 0.40 
(0.62-0.96) (0.32-0.50) 

and 
Picloram 

(3.Z.3) (I .Z5) 

2,4-D IOE >50 >50 
and 

Picloram 
(3.::.8) (2.iLi.7) 

2,4-D BE 0.78 0.78 
(0.67-0.91) (0.67-0.9 I) 

and 
Dicamba >50 >50 
2.4-D PGBEE 0.79 

(0.67-0.93) (0.8Yl.2) 
and 

Dicamba >50 >50 

Dicamba >50 >50 
and 

Picloram 
(3.::.8) (3.::04.8) 

‘Esters of 2,4-D: BE, butyl ester; IOE, isooctyl ester, PGBEE. propylene glycol butyl 
ester. 

Results and Discussion 

The LCSO’s of 2,4-D BE and 2,4-D PGBEE to cutthroat trout 
were similar, 0.78 and 0.77 mg/l (Table 1); in combination with 
picloram toxicities of both esters increased significantly (p10.05). 
Similarly, the toxicity of picloram increased. Marking and Daw- 
son (1975), working with fish toxicants, found individualcontami- 
nants in a mixture are lethal at lower concentrations than singly 
because of the combined toxicity of each component in the mix- 
ture. My findings indicate that 2,4-D BE and 2,4-D PGBEE would 
have a greater adverse affect on a cutthroat fishery when used 
simultaneously with picloram than when they are used alone. 
Similarly, picloram would be a greater hazard to cutthroat trout 
when it is used with either 2,4-D BE or 2,4-D PGBEE than when it 

is used alone. 
In the 2,4-D IOE and picloram mixture test the LCSO of the 

2,4-D IOE did not decrease below 50 mg/l and the toxicity of the 
picloram did not change significantly (DO.05). Also, the LC50 of 
dicamba was greater than 50 mg/l, whether alone or in combina- 
tion with 2,4-D BE, 2,4-D PGBEE, or picloram. A concentration 
of 50 mg/ 1 dicamba did not significantly(P>0.05) alter the toxicity 
of 2,4-D BE, 2.4-D PGBEE, or picloram. 1 hus 2,4-D IOE and 
dicamba do not appear to pose a threat to the cutthroat fisheries, 
nor would combined application of dicamba or 2,4-D IOE with the 
other herbicides tested increase toxicity. 

W oodward ( 1979) and Woodward and Mayer ( 1978) recom- 
mended that buffer zones be maintained between aquatic habitats 
and areas where 2,4-D BE, 2,4-D PGBEE or picloram areapplied. 
When control of vegetation is necessary in such buffer zones, 
dicamba and 2,4-D IOE would be the preferred herbicide from the 
standpoint of protecting the aquatic resource. 

Predictions of biological effects based on water concentration 
and tests of individual herbicides may be eroneous when mixtures 
of herbicides are applied, or when different herbicides are applied 
on different parts of the same watershed. Resource managers 
should be aware that the toxicity of a herbicide in a mixture can 
differ from its individual toxicity. When the potential for mixtures 
of herbicides exists, the concentration of all herbicides should be 
determined; biological hazard can be predicted only from studies 
involving combination exposures. 
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Frequency Sampling for Microscopic Analysis of Botanical 
Compositions 
MARK K. JOHNSON 

Abstract 

There is confusion in the literature as to the underlying basis for 
quantifying botanical mixtures microhistologically. The relationship 
between particle density and frequency of occurrence is useful for 
estimating numbers of individuals contained in a large number of sampling 
units. Applied studies do not adequately report the mathematical rationale 
behind estimation procedures. This paper explains why certain sampling 
and quantification procedures are useful when applied to microscope 
analysis of herbivore diet samples. 

Recently, Havstad and Donart (1978) published a paper 
discussing-certain assumptions of the microhistological technique 
for diet analysis. They said that acceptance of underlying 
assumptions was important for utilizing the technique. However, 
before any method can be utilized correctly, investigators should 
understand the assumptions. The papers of Sparks and Malechek 
(1968), Cavender and Hansen (1970) and Havstad and Donart 
(1978) all explain certain practical aspects of quantifying diets 
using a microscope technique but none of the papers contains a 
complete description of the mathematical basis for the sampling 
procedure. While investigators have described variations of the 
microhistological technique and reported components of error, no 
one has yet provided a detailed treatment of the mathematical 
relationshipsinvolved when frequency sampling is employed as the 
quantification procedure. Presumably this was neglected because 
the procedure is relatively easy to understand for persons with a 
great deal of mathematical training. This note is intended as a 
clarification and is directed towards persons without the 
background needed for deriving these relationships by themselves. 

Sparks and Malechek (1968) validated the frequency sampling 
method reported by Fracker and Brischle (1944) for use with a 
microscope technique for identifying plant taxa (Baumgartner and 
Martin 1939). Their method treated each microscope field as a 
sampling unit and certain assumptions were made: (1) 
Microfragments of plants were randomly distributed on 
microscope slides, (2) Microfragments from different plant taxa 
were the same average size, (3) Dry weight bulk densities of differ- 
ent plant taxa were the same. Assumptions 1 and 2 are valid since 
the distribution and average number of fragments per microscope 
field is controlled in slide making. 

The relationship between frequency of occurrence and the 
number of individuals per observation (particle density) has great 
value for improvement of sampling efficiency. Application allows 
the replacement of exhaustive enumeration of individuals with a 
much quicker determination of presence or absence within quad- 
rats. This results in a large savings of time and effort for a given 
sample size. Conversely, for a given amount of time and effort, a 
much larger number of samples can be inspected. 

In order to explain the relationship between particle density and 
frequency of occurrence, we must examine the occupancy of cells 
by randomly assigned objects. The argument is based on a finite 
number of plant fragments of any species distributed at random 
over k microscope fields. If an individual is randomly located in 
one of k microscope fields so that each cell is equally likely to be 
assigned the object, the probability of occurrence (p) of the object 
in any specific field is 1 /k. The corresponding probability of non- 
occurrence is given by l-l / k. Furthermore, if n such objects are 

Author is associate professor, School of Forestry and Wildlife Management, 
Louisiana State University, Baton Rouge 70803. 
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independently, randomly assigned, the probability that none occur 
in the specified field is ( I-1 / kp. 

Now consider the random variable xi, which is an indicator of 
occupancy of the fh field: xi = 1 if field i is occupied and xi = 0 if 
field i is not. Then y = C xi is a random variable specifying the 
number of occupied fields. The average number of occupied fields 
is given by the expected value of y. 

Efyj = E&G} (1) 
i=l 

= iE(xij 
i=l (2) 

By definition of expected value 

E{xij = 1 l p{xi = 1) + 0 l d~i = 01 

= 1 - (1 - l/k)“, 
therefore, 

(3) 

(4) 

= k (l- (1 - l/knr]. (6) 
These relationships hold if objects are randomly distributed among 
fields. Since the placement of plant fragments on a microscope 
slide is under technician control, the assumption of randomness 
can be met for microhistological studies. 

The relationship between frequency and particle density is estab- 
lished by applying the formula lim (1 - I / k)k (Mood et al. 
1974:531). The form of equation 4 may be rewritten as 

E(y) = k (1 - (1 - l/k)“] (7) 
= k { 1 - { 1 - l/ k)k]n’k) (8) 
N k (1 _ e-“lk) (9) 

for large values of k. Let the average frequency of occurrence of 
objects in fields be defined as F = E(y/ k) = E{ 1 /k l C xi] = E 1%). 
Then the following relationship yields: 

F=EZ (10) 

= 1 _ eenik (11) 

=I -leed. (12) 
The value d = n/k is particle density. Equation 12 is the standard 
form of the frequency-density relationship. 

Finally, if m different types of objects are randomly distributed 
in the fields, each type has a specific frequency-density relationship 
and the densities may be standardized by ri = di/ l m 

c. 
i=l 

i= 1 ,...,m, to yield relative densities. For example, we may count 
the presence or absence of several different taxa in a microscope 
analysis. Since proper mixing and spreading of microfragments 
assures randomness and independence of particle distributions, 
separate estimates for each taxon density may be obtained and 
relative particle densities calculated. 

In practical applications one seeks to estimate the average parti- 
cle density, which is unknown and not easily estimated. This is 
done by estimating average frequency of occurrence, which is also 
unknown but more easily estimable, and then converting fre- 
quency to density using relationship 12. It should be noted that 
mean frequency of occurrence values (2) are in fact random varia- 
bles subject to sampling variability. It follows that the estimate of d 
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is only as good as the estimate of F (x). 
The relative precision of the density estimator d is also depend- 

ent on the average frequency (Curtis and McIntosh 1950). As 
average frequency increases, relative precision increases up to an 
optimum. Precision decreases for larger values of F, so that the 
estimator d has extremely large variance for F = I. This result 
imposes constraints on the maximum particle density which is 
allowable in microscope studies. Conversely, low particle densities 
of rare taxa, which result when microscope slides are made to avoid 
high particle densities for abundant taxa, require intensive sam- 
pling to yield precise estimates of these particle densities. 
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RANGELAND by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and 
HYD ~0 LOGY Richard F. Hadley 

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond to questions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on the rapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
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Bill me (plus postage and handling) 

Check enclosed (Kendall/Hunt pays shipping and handling) 

Charge my credit account: 0 Visa 17 Master card 

Account No. MC Bank # 

m I 

Exp. Date _ Signature 
(required for all charges) 

-- I would like to have one examination copy, free for thirty days. If I decide to keep it, I will be 
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BOOK REVIEWS 

Land Use in America. By Richard H. Jackson. 1981. John 
Wiley and Sons, Inc., One Wiley Drive, Somerset, New 
Jersey 08873. 226 p. $29.95. 
The development era of the 1950’s and early 1960’s followed by 

the preservation era of the mid 1960’s through the 1970’s gave rise 
to the considerable national interest in land use planning. It was no 
longer solely a topic of urban administration as highly mobile 
Americans became aware of land use patterns of rural and wild 
lands. In response to the needs recognized during the 50’sand 60’s, 
we have developed federal, state, and local means to plan for the 
future and to regulate current use of land. Some of these were old 
methods of land use planning and regulation which were reapplied 
or applied in new areas, and some were new methods developed for 
the time. Additionally, in response to our perceived need for land 
use planning we actively researched it, taught it, and wrote about it. 

During the 1970’s, numerous books were written about specific 
activities and topics in land use planning. William Reilly’s, The Use 
of Land: A Citizen’s Policy Guide to Urban Growth and the 
Natural Resources Defense Council’s Land Use Controls In The 
United States are notable examples. Now at the beginning of the 
1980’s, we have a book which tries to put it all together regarding 
use of America’s land and how we regulate that use. 

This present book is broad in its attempt and limited in its 
success. Its major failings are superficiality, considerable redun- 
dancy, and occasional errors of fact. For example, seldom are 
topics examined in any depth. Land use regulation tools such as 
zoning, are discussed throughout the book, often with information 
repeated, and the relationship between the National Environmen- 
tal Policy Act (NEPA) and the Environmental Protect Agency 
(EPA) is misstated. Nonetheless, there are some real pluses for the 
book. While it does not give a very complete view of the actual uses 
of America’s land, issues such as the preservation of prime agricul- 
tural land are well reviewed. It is also a good primer on land use 
controls. Finally, while most land use books focus on planning in 
populated regions, such as the east and west coasts, this book 
draws on several examples from the oasis settled Rocky Mountain 
states. These examples give it a more western flavor and one to 
which many westerners could relate. 

The book gives an overview of land use planning and if an 
overview is needed, it is satisfactory. Covered are a discussion of 
the extent of the Nation’s land resources, factors affecting the use 
of land, land use controls, institutions involved in land use decision 
making, and contemporary topics such as urban sprawl and prime 
agricultural land. These topics are packaged into ten chapters 
which conclude with a discussion of land use planning needs for the 
future. In summary, they overview the situation. That is okay, but 
if you are looking for a more detailed treatment of the subject, you 
need to look elsewhere.-Perry J. Brown, Corvallis, Oregon. 

Water in Desert Ecosystems. Edited by Daniel D. Evans and 
John L. Thames. 198 1. Dowden, Hutchinson and Ross, 
Inc. 523 Sarah St., Stroudsburg, Pennsylvania 18360.280 
p. $35.00. 
This book is a contribution from the International Biological 

Program sponsored by the National Academy of Sciences with 
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support from the National Science Foundation. It is volume 11 in a 
series of books directed toward an understanding of major ecologi- 
cal or human systems. 

The book consists of 13 contributions covering a wide collection 
of information on water in relation to desert ecosystems. Subjects 
covered include: discussions of desert ecosystems in general; mor- 
phological and physiological characteristics of plants, climatic 
features and soils; modeling soil-water-plant-atmosphere condi- 
tions; flow of water and energy; water as a factor in biology of 
North American desert plants; potential evapotranspiration; 
actual evapotranspiration; precipitation; modeling desert soil- 
water systems and modeling desert runoff and desert hydrologic 
systems. 

Readers of the Journal of Range Management will find the 
articles falling into two general categories, those of interest to the 
general range manager and those very technical treatments of 
interest to range scientists. The introductory chapter on “Desert 
Systems” and the final chapter on “Desert Hydrologic Systems” 
are easily readable and informative for the general reader. The 
remaining chapters vary from easily understandable to the highly 
technical. 

This book provides general information as an aid to a better 
understanding of water relations under desert conditions. Its chief 
value is as a technical reference book for those interested in range 
research, not from the standpoint of direct application, but rather 
as background information on subjects in which the general range 
scientist has limited expertise. 

There is much of interest to range managers in Chapter 4, 
“Morphological and Physiological Characteristics of Desert 
Plants,*’ and Chapter 7, “Water as a factor in the Biology of 
Northern American Desert Plants.‘* In this chapter, the authors 
provide information on the relative water requirements of desert 
plants. Also, the authors give the familiar name in parenthesis 
where changes have been made, for example: Ceretoides (Eurotia) 
lanata. 

There are a few errors, such as referring to the Mohave desert 
communities as Larria artemisia associations (p. 8) and the identi- 
fication of agave as yucca (figure 4-9 p. 72). Also, there are a few 
obvious spelling errors probably chargeable to the printer. 

As an overall appraisal, every serious researcher should have 
access to this book, and it provides limited reading for persons with 
a general interest in ecology and range management.-William G. 
McGinnies, Tucson, Arizona. 

Environmental Systems Optimization. By Douglas A. 
Haith. 1982. John Wiley & Sons, Inc., One Wiley Drive, 
Somerset, New Jersey 08873. 306 p. $28.95. 
The book is intended to expose students and practitioners to 

applications of systems analysis and mathematical methods to 
environmental management problems. Professor Haith’s 
approach is interesting in that he introduces topics with examples 
and then develops the mathematics of mathematical modeling or 
optimization methods. He succeeds in communicating his material 
to varying degrees. 

The first chapter is an introductioh to systems analysis and 
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benefit/cost analysis. While explaining that systems analysis is 
nothing more than applying logic and that the approach can be 
used in a qualitative manner, he states “Quantification does not 
eliminate subjectivity, but it discourages vagueness.” Such impor- 
tant statements occur throughout his book and should be highligh- 
ted, as some of these philosophies only becomeapparent to the user 
of such systems after a prolonged period of experience. 

The remainder of the text is divided into two parts. The first 
consists of two chapters and develops the application of systems 
analysis in modeling environmental problems. Chapter 3 presents 
a complex example concerning municipal waste water treatment 
and is difficult to follow. Haith points out that it is “an example of 
the level of detail required in solving real-world problems.” The 
second part (7 chapters) discusses optimization methods including 
Lagrange multiplers, sequential search algorithms (only one is 
discussed), linear programming, separable programming, trans- 
portation models, and dynamic programming models. 

The organization of the optimization methods is a bit unusual, 
as most tests start with simple problems of linear form and develop 
to the complex. The author’s method of introducing optimization 
with Lagrangian multipliers may discourage the less determined. 
His explanation of linear programming is also a bit unorthodox, 
but generally well-done. However, the less than thorough reader 
would believe that one must solve two linear programming models 
in order to perform sensitivity analysis. 

The latter chapters are clearer and contain good explanations of 
transportation assignment models. Dynamic programming is par- 
ticularly clear and well-done. In addition, time, discounting, and 
inflation are briefly discussed; a dynamic programming model is 
developed for a land reclamation example. 

The title, Environmental Systems Optimization, would imply to 
most range managers that the subject is general environmental 
management including resource management. However, the 
majority of applications are concerned with environmental qual- 
ity, especially water quality; most of Professor Haith’s experience 
is in this area. Examples dealing with water quality are much more 
realistic, while those on land allocation and rehabilitation are more 
simplistic. He does alleviate the problem somewhat by providing 
brief technical explanations of the environmental quality related 
examples. 

While the author has used this book as a text for an upper 
division course in agricultural engineering and environmental 
engineering, most undergraduates in range science and other natu- 
ral resource fields do not have the background in mathematics to 
use such a text. However, the book should serve as a good refer- 
ence, or in some cases a text, for a graduate course in optimization 
methods and natural resource management problems. Exercises 
are provided at the end of each capter that should challenge the 
graduate student and often the professor.-E. T. Bartlett, Fort 
Collins, Colorado. 

Veld and Pasture Management in South Africa. Edited by 
N.M. Tainton. 1981. Shuter and Shooter (Pty) Ltd., 
Gray’s Inn, 230 Church Street, Pietermaritzburg, South 
Africa 3201, in association with Univeristy of Natal Press, 
Pietermaritzburg. (U.S. Distribution: Lawrence Verry, 
Inc., P.O. Box 98, Mystic, Conn. 06355). 481 p. R39.00 
(S.A. RAND), U.S. $75.00. 
This book is most suitable as an intermediate text in Pasture 

Science for college students in South Africa. The text is organized 
by sections dealing with ecological principles, pasture establish- 
ment, growth, defoliation, animal factors, and management princi- 
ples. The book’s title is misleading. It implies complete coverage of 

South Africa, but the emphasis is on the humid eastern region of 
Natal. The editor should have enriched the text with opinions and 
expertise of pasture scientists from the more arid west. There is 
duplication of topics in different chapters, which could have been 
avoided if some chapters were combined and authorship shared. 
All twenty-three chapters are written individually. The cover is 
colorful, hard and durable. The type is neat with very few errors. A 
few color figures enhance the text, but it is poorly bound. 

The text begins with a section on ecology including an excellent 
chapter on plant communities. The introductory chapter on plant 
succession is weak for its intended purpose, “...to provide some 
ecological background to the management principles discussed in 
later chapters. ” Statements are made without citation of support- 
ing literature, and some ecological theories are taken as fact with- 
out explanation. The frequently discussed theory, that under light 
grazing the undesirable species . . . “become less competitive and/ or 
die if they are not defoliated...“, is not supported by citations of 
conclusive research. Range managers beyond the borders of South 
Africa have much to gain from the oustanding, practical, yet 
ecologically founded method of range condition and trend assess- 
ment which is described. 

The “Intensification of Grassland Production” is a lengthy and 
poorly organized section, but is complete in its coverage of fertili- 
zation, oversowing, pasture establishment, and species selection. 
The discussion on forage quality is short, to the point and practical; 
much of which is applicable worldwide. The excellent section on 
“Growth and Defoliation of Veld and Pasture Plants and Swards” 
provides complete coverage on the physiological response of plants 
to defoliation, with an especially good discussion on tillers. This 
section should have been located at the beginning of the text. The 
authors must be commended for relating the physiological 
response of plants to the various management practices described 
throughout the text. The chapter on “The Animal Factor” is 
presented in a far more technical language than the rest of the 
book. The author does well describing interspecies mixes and the 
impact the animal has upon ecosystems, but does not discuss the 
animal’s requirements. The section on “Principles of Grassland 
Management” begins with the definition of terms describing vege- 
tation management. These terms are used from the beginning of 
the text, but are not defined until page 315. The grazing systems, 
stocking rate models, and resting and burning practices are innova- 
tive and may be practical for rangeland outside South Africa. The 
“Application of Grassland Management Principles” is mostly a 
rehash of previously presented information, but more specific to 
broadly defined vegetation types. There is an excellent discussion 
on the proper mix of browsers with grazers including the calcula- 
tion of browsing capacity from bush density on Savanna. The last 
section, “Application of Grassland Management Principles to 
Sown Pastures”, is complete and well written. 

This book will serve as a very useful reference text for the 
professional Pasture and Range Scientists in Southern Africa. It is 
the most appropriate book for use in intermediate courses on 
Pasture and Range Management in South Africa, but should be 
supplemented with other literature to broaden the student’s pers- 
pective and exposure to different opinions. It summarizes the 
research findings and current philosophies of the eastern region of 
South Africa. It is not a suitable text for courses outside Southern 
Africa. A few chapters are most suitable as reference material, 
particularly those dealing with growth and defoliation, veld condi- 
tion, and principles in grassland management. I enjoyed the read- 
ing and gained from the South African philosophies of range or 
“veld” management.-James A. Tiedeman, Maseru, Lesotho, 
South Africa. 

Editor’s Note: North American Range Plants by Stubbendieck, Hatch, and 
Kjar, 1981 (JRM 35(3):406, 1982) is no longer published by Natural 
Resources Enterprises. It is now published by the University of Nebraska 
Press, 901 North 17th St., Lincoln, Nebraska 68688. 464 p. Paper-$13.95, 
Cloth-$24.95. 1982, 2nd Ed. 
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