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Leafy Spurge Control and Improved Forage Produc- 
tion with Herbicides 
R. G. LYM AND C. G. MESSERSMITH 

Abstract 

An experiment to evaluate 59 long-term leafy spurge (Euphorbia 
es& L.) management alternatives with resulting forage produc- 
tion was established at 4 sites in North Dakota in 1980. The 
herbicides applied included 24-D [(2,4_dicblorophenoxy)acetic 
acid], dicamha (3,6-dichloro-2-metboxybenzoic acid), and piclo- 
ram (4amino-3,5,6-trichloro-2-pyridinecarboxylic acid). Picloram 
was applied as the liquid spray, granules or using a roller or 
pipe-wick reduced volume applicator. All original treatmentsapp- 
lied in 1980 reduced leafy spurge density 65% or more but required 
retreatments in 1981 and 1982 to maintain good control. Picloram 
sprayed at 2.2 kg/ha followed by a herbicide retreatment provided 
the best leafy spurge control at 84% after 3 years, but resulted in 
only intermediate annual forage production. Picloram roller app- 
lied provided 84% initial leafy spurge control and increased forage 
production an average of 28%, but control declined rapidly with- 
out retreatment. Picloram pipe-wick applied gave poor leafy 
spurge control and no increase in forage production. The most cost 
effective treatments for both leafy spurge control and high forage 
production were annual applications of picloram at 0.28 kg/ha or 
picloram plus 24-D at 0.28 plus 1.1. kg/ha. These treatments 
increased annual forage production by 64 and 71$, respectively, 
and reduced leafy spurge production by 96% compared to the 
untreated control. Annual application of 2,4-D did not reduce the 
leafy spurge density but did control the top growth long enough to 
allow increased forage production. Several long-term management 
alternatives provide a choice for leafy spurge control depending on 
geographical location, neighboring vegetation, and economic 
considerations. 

Leafy spurge (Euphorbiu esulu L.) infests over 320,000 ha in 
North Dakota causing an estimated total annual loss of nearly I3 
million dollars (Messersmith and Lym 1983). Loss of hay and beef 
cattle production is estimated at 7 million dollars annually and is 
due to reduced forage production from leafy spurge competition 
and cattle avoiding grazing in leafy spurge infested areas. Leafy 
spurge contains a toxic substance that causes scours and weakness 
in cattle and may result in death (Selleck et al. 1962). 

Control of perennial weeds in pasture and rangeland with herbi- 
cides often increases forage production. Elwell (1964) found that 
applications of 2,4,5-T [(2,4,5trichlorophenoxy)acetic acid], sil- 
vex [2-(2,4,5trichlorophenoxy)propanoic acid], or 2,4-D [(2,4- 
dichlorophenoxy)acetic acid] at rates which provided at least 50% 
oak brush (Quercus spp.) control increased production of native 
grasses an average of 2,362 kg/ ha in Oklahoma. In Arizona, native 
perennial grasses produced nearly 3 times more herbage per hec- 
tare than the control 1 year following treatment with 2,4,5-T at 0.84 
kg/ ha to control velvet mesquite [Prosopisj~lzj7oru var. velutina 
(Woot.) Sarge.] (Cable and Tschirley 1961). Five years following 
treatment with 2,4,5-T at 4.8 kg/ ha for brush control in Missouri, 
total herbage yield was 12,300 kg/ ha greater than control areas 
(Ehrenreich and Crosby 1960). In North Dakota, forage produc- 
tion was increased 23% following annual application of 2,4-D at 

Authors are assistant professor and professor of Agronomy, North Dakota State 
University. Fargo 58105. 

This article is published with the approval ofthe Director. Agricultural Experiment 
StatIon. North Dakota State University. as Journal Article No. 1399. Cooperative 
investigation by North Dakota Agr. Exp. Sta. and the U.S. Dep. Agr., Agr., Res. Serv. 
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1.1 kg/ha to control broadleaf weeds in rangeland (Mitich 1965). 
However, increased forage production is not always large or 

rapid following herbicide application in rangeland. Robertson 
(1969) found that crested wheatgrass (Agropyron desertorum 
Roemer and Schultes) production was less than the check I year 
following 2,4-D application for big sagebrush (Artemisia triden- 
tutu Nutt.) control and no significant increase occurred until the 
third year after treatment. Prickly pear (Opunriu polyucunthu 
Haw.) removal did not increase blue grama [Boutelouu grucilis 
(H.B.K.) Lag. ex. Steud] yield but made forage available to cattle 
(Bement 1968). Yields of perennial grass were not increased until at 
least 30% control of mesquite [Prosopis julifroru (Swartz) DC.] 
was maintained over several years in New Mexico (Herbel et al. 
1983). However, once control is achieved, increased forage produc- 
tion can last as long as 20 years (Cable 1976). 

Herbicides generally used for leafy spurge control include 
dicamba (3,6dichloro-2-methoxybenzoic acid), picloram (4-amino- 
3,5,6-trichloro-2-pyridinecarboxylic acid) and 2,4-D. The high 
rates of dicamba and picloram needed for long term leafy spurge 
control make these herbicides uneconomical for large areas in 
pasture and rangeland, and 2,4-D provides only short term control 
of shoots (Lym and Messersmith 1983). 

Herbicide treatments that provide satisfactory leafy spurge con- 
trol when applied either with low volume applicators or sprayed 
annually at below maximum use rates would be economical alter- 
natives to high rate treatments and also would reduce the ecologi- 
cal risk associated with herbicide residues in the environment. The 
purpose of this study was to evaluate leafy spurge management 
alternatives with herbicides for leafy spurge control and forage 
production. Herbicides were evaluated as singular or repetitive 
treatments either spray applied or with reduced volume applicators. 

Materials and Methods 

An experiment to evaluate long term leafy spurge management 
alternatives with herbicides and resulting forage production was 
established at 4 sites in North Dakota in 1980. The sites included a 
bluegrass pasture near Sheldon, an exclosure area on the Sheyenne 
National Grasslands near McLeod, and 2 sites on a federal game 
management area near Valley City. The main population of grasses 
was several bluegrasses (Pou spp.) with occasional crested wheat- 
grass, western wheatgrass (Agropyron smithii Rydb.), smooth 
brome (Bromus inermis Leyss.), and big bluestem (Andropogon 
gerurdii Vitman). All sites had at least an 80% ground cover of leafy 
spurge and were sparsely infested with other perennial plants like 
western snowberry (Symphoricurpos occident&s Hook.) and 
Arkansas rose (Rosa arkansana Porter). 

The herbicides included 2,4-D dimethylamine, dicamba, piclo- 
ram liquid (2s). picloram 2% a.e. granules (2G), and picloram 2s 
applied using a roller or pipe-wick reduced volume applicator. The 
conventional sprayed treatments were applied using a tractor- 
mounted sprayer delivering 75 L/ha water at 240 kPa. A granular 
applicator was used to apply the picloram 2G formulation. The 
primary component of the roller applicator was a 20 cm diameter 
pipe covered with a 1.2 cm thick carpet (Messersmith and Lym 
1985). The carpet was uniformly treated with herbicide applied 
through a plastic pipe located above the roller. The roller rotated 
counter-clockwise at approximately 50 rpm, and the ground speed 
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of the applicator was 4.8 km/h. The pipe-wick consisted of 2 
parallel wick bars 2. I m long and 0.3 m apart, each constructed 
from 1.9 cm PVC pipe with 0.3-cm holes drilled every 5 cm and 
covered with polyfoam and canvas (50% cotton-50% polyester) 
(Messersmith and Lym 198la). Liquid in a storage tank flowed 
into the wicks as the canvas contacted plant stems with flow rate 
dependent on weed density. The roller and pipe-wick applicator 
height was adjusted to treat the top one-half of the tallest leafy 
spurge stems. Solution concentration on the roller was picloram at 
30 gae/ L; this is the same solution concentration as picloram at 2.2 
kg/ha sprayed at 75 L/ha. The solution concentration was 
increased for the pipe-wick applicator to picloram at 60 g ae/ L, 
since the pipe-wick applied about half the total volume per hectare 
as the roller applicator. The roller and wick generally apply SOand 
75%, respectively, less picloram than spray treatments of 2.2 kg/ ha 
in 80% or greater cover of leafy spurge (Lym and Messersmith 
1980). The additive in the roller and pipe-wick treatments was an 
oil concentrate (83% paraffin based petroleum oil + 15% emulsi- 
fier) at 5% (v/v). 

The experiment was established in June 1980 with 2 replications 
at each of the 4 sites. The design was a split plot with a factorial 
arrangement of treatments. The whole plots treated in June 1980 
were 4.6 by 46 m and consisted of 10 initial alternatives ranging 
from no treatment to comparatively inexpensive treatments of 
%lO/ ha to expensive herbicide treatments of $16O/ha or more 
(Table 1). The IO initial treatments applied to the whole plots 
included an untreated control, 2.4-D at 2.2 kg/ ha, picloram 2G 
and 2s at I. 1 and 2.2 kg/ ha, and roller and pipe-wick application 
of picloram alone and picloram plus 5% oil concentrate. Each 
whole plot was divided into six 2.3 by 15.3-m subplots in June 
I98 1, and retreatment alternatives were randomly applied within 
each whole plot. The six follow-up treatments included no 
retreatment, 2,4-D at I.1 kg/ha, dicamba at I.1 and 2.2 kg/ ha, 
picloram 2s at 0.28 kg/ ha, and picloram 2s plus 2,4-Dat 0.28 plus 
1.1 kg/ha. The retreatments ranged in cost from $5 to $50/ha/yr 
for 2,4-D and dicamba at 2.2 kg/ha, respectively. Each subplot 
received an identical retreatment in June of 1982 and 1983. Leafy 
spurge control was evaluated between June 10 and 25 in 1981, 
1982, and 1983, and was based on visual estimates of percent leafy 
spurge density reduction as compared to the untreated control with 
0% being no change in the number of stems and 100% being 
complete absence of leafy spurge stems. Retreatments were applied 
immediately after leafy spurge control evaluations had been made 
each year. 

Forage yield was determined in July 1981, 1982, and 1983 by 
harvesting 0.9 by 6 m in each plot with a rotary mower. Three 0.2 
by 0.3-m samples also were taken by hand along each harvested 
strip and separated into forage and leafy spurge components so 
percent leafy spurge and forage weight in the mowed sample could 
be calculated. The samples were oven dried at 60 “C and are 
reported with a 12% moisture content. The entire plot was mowed 
after harvest each year to remove dead leafy spurge stems and other 
plant material for improved forage measurement and maintenance 
of plot uniformity. The data for leafy spurge control and forage 
production were analyzed using the general linear models proce- 
dure (Stat. Anal. Syst. 1982). 

Results and Discussion 

Leafy Spurge Control 
Whole plots were treated in 1980 and visually evaluated 12 

months after treatment before any retreatments were applied in 
1981. The first evaluation (June 198 I) represented the leafy spurge 
control obtained on the whole plots with the initial treatment 
(Table 2). Picloram 2G at 2.2 kg/ ha, picloram 2s at 1.1 and 2.2 
kg/ ha, or picloram roller-applied at 30 g/L provided excellent 
leafy spurge control from 84 to 99% I2 months after application. 
Picloram 2G at I. 1 kg/ ha, picloram pipe-wick applied at 60 g/ L 
with and without oil concentrate, and picloram roller applied at 30 
g/L with oil concentrate provided leafy spurge control from 69 to 
76%. The 2,4-D at 2.2 kg/ ha provided only 25% leafy spurge 
control I year after application. Leafy spurge control from the 
sprayed and granular treatments was consistent with the 20-year 
averages from these herbicides (Lym and Messersmith 1985) 
although the 1980 growing season was very dry, which often results 
in poor herbicide absorption and translocation. The experimental 
sites received below normal precipitation in 1980, ranging from 
-6.27 cm at Valley City to I I .46 cm at Sheldon (Table 3). Leafy 
spurge grew under dry conditions much of the growing season and 
was 30 to 45 cm shorter than normal. 

The initial 1980 treatments were evaluated in 1982 and 1983 as 
subplots without a herbicide retreatment (Table 2). Picloram 2s at 
2.2 kg/ ha maintained 75 and 76% leafy spurge control in I982 and 
1983, respectively, but all other 1980 single treatments declined to 
58 and 4 1% control or less in 1982 and 1983, respectively. The rapid 
decline was not typical, especially for picloram at 2.2 kg/ ha, which 
generally maintains leafy spurge control at 85% or better for 18 to 
24 months in North Dakota (Lym and Messersmith 1983). The 

Table 1. Herbicide cost for 10 original herbicide treatments applied in 1980 and five annual retreatments applied in 1981 through 1983 in 1984 dollars. 

198 I to 1983 herbicide and rate (kg/ ha)/annual cost’ 

1980 2 2,4-D 
Application Sol’n 1.1 

Treatment Method Rate cont. Cost” (SW yr) 

‘W:“’ &Lo”) (.%/ha) 
2.4-D Sprayed 10 25 
Picloram 2G Broadcast I.1 160 175 
Picloram 2G Broadcast 2.2 

.;;’ 
320 335 

Picloram 2s Sprayed I.1 100 115 
Picloram 2S Sprayed 2.2 30 200 210 
Picloram Roller . 30 100 115 
Picloram + 5% 
oil conc.b Roller . 30 loo 115 

Picloram Pipe-wick . 60 50 65 
Picloram+S% 

oil cont. Pipe-wick . 60 50 65 
Control . . . . 0 15 

Dicamba 
I.1 

($25/yr) 

85 
235 
395 
175 
270 
175 

175 
125 

125 
75 

Dicamba Picloram Picloram + 2,4-D 
2.2 0.28 0.28 + 1.1 

WO/ yr) (W/yr) ($301 yr) 

(total’ $/ha) 
160 85 10 
310 235 250 
470 395 410 
250 175 190 
350 275 290 
250 175 190 

250 175 190 
200 125 140 

200 125 140 
150 75 90 

‘Costs do not include application costs which vary depending on location and equipment used. Estimated herbicide cost: 2.4-D = $51 kg ai. picloram 2s = $lOO/kg ai, picloram 
2%G = $16O/kg ai. dicamba = $25/kg ai. 
b83% paraflin based petroleum oil + IS% emulsifier. 
Total cost of 1980 treatment plus 3 annual retreatments. 
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Table 2. Leafy spurge control from 10 original herbicide treatments spray, roller or pipe-wick applied in June 1980 and five annual retreatments in June 
1981 and 1982 averaged over four locations in North Dakota. 

Treatment 

1980 

Application 
method Rate 

Solfi 
cont. 

Treated 
in 1980 

only 

I98 I and 1982 herbicide and rate (kg/ ha) 

Picloram Retreat- 
2.4-D Dicamba Dicamba Picloram +2,4-D ment 

I.1 I.1 2.2 0.28 0.28+ I. I mean 

Evaluated June 198 I 

LSD 

2,4-D 

(0.05) 

Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 

oil cont.’ Roller 
Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control 

LSD (0.05) j&O L‘ij 

Evaluated June 1982 
2.4-D Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 
oil cont. Roller 

Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control . . . . . 
Mean 

LSD (0.05) ;&j $;‘1’9** = 4; 

Evaluated June 1983 
2.4-D Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 

oil cont. Roller 
Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control . . . 
Mean . . . 

(kg/ha) w L) 

2.2 60 
I.1 . 
2.2 
I. I ‘;5’ 
2.2 30 
. 30 

30 
60 

60 
. 

2.2 60 
I.1 . . . . 
2.2 

. I.1 i5’ 
2.2 30 

. 30 

. . 30 26 24 24 28 36 41 31 
60 IO II 9 9 23 21 15 

60 
. . 

198O’X’l981 = I;; ‘. 

2.2 60 
I.1 . 
2.2 
I.1 .i5’ 
2.2 30 

30 

4 14 34 25 59 65 39 
IO I7 9 44 59 75 41 
41 52 65 60 69 74 64 
39 53 50 72 52 66 59 
76 84 87 89 87 83 86 
31 20 31 44 63 60 44 

30 21 31 34 53 63 71 50 
60 5 8 17 43 49 55 35 

8 17 

1980=9; 1981 & l982=7; 1980X(1981 & 1982)=22; 

24 33 74 61 
0 IO IO 36 22 38 

24 31 37 50 60 65 

. 60 
. . 

. . . . . . 

(Percent control)b 

25 
76 . . 
98 . . 
97 . 
99 . 
84 . . 

. 

. . 

. 

. 
. 

. 
. . 

. 
. . 
. 
. 

. . 

. . 

. . 
. 

. 

. . . 

. . 
. 

70 . 
69 . . 

. 

. 

71 
0 . 

. . 

. . 
. . 

I IO 8 9 26 28 I6 
14 I8 I4 29 35 35 26 
58 54 60 57 69 67 61 
43 39 42 51 46 52 46 
75 84 16 91 93 80 85 
28 20 27 24 31 45 29 

I3 II 24 28 46 34 29 
0 3 2 6 I5 20 9 

27 28 29 34 42 43 9 

42 
23 

‘83% paraffin based petroleum oil + 15% emulsifier. 
bEvaluations were 12 months after treatment and immediately prior to the retreatment applied for the year. 

picloram 2s formulation provided an average of 23 and 32% better 
leafy spurge control than the 2G formulation at 24 and 36 months 
following application, respectively. Picloram 2s and 2G generally 
provide similar leafy spurge control in North Dakota but the dry 
conditions of 1980 may have resulted in inadequate activation of 
the granules for leafy spurge control. Also, the dry conditions 
reduced plant vigor and probably caused poor absorption and 
translocation of foliarly applied picloram. The leafy spurge top- 
growth was too short for good contact with the roller or pipe-wick 
applicators, resulting in poor long-term control. Leafy spurge 
control is enhanced when most of the topgrowth is treated as 
compared to treating only the upper half of most stems (Messer- 
smith and Lym 1985). 

Both retreatments in 198 1 that included picloram at 0.28 kg/ ha 
and dicamba at 2.2 kg/ ha increased leafy spurge control compared 

Table 3. Total precipitation and departure from normal at four experi- 
mental sites from 1980 to 1983. 

Year 

Site and precipitation” 

McLeod Sheldon Valley Cityb 

Received Deuart. Received Deoart. Received Deoart. 

(cm) 
1980 43.26 -6.43 38.38 -I 1.46 43.16 -6.27 
1981 58.24 +8.6 I 59.20 + 9.31 44.98 -4.46 
1982 51.46 +I.78 51.30 + 1.47 45.38 -4.04 
I983 46.25 -2.64 43.56 - 6.27 44.65 -2.10 

‘Seventy-five percent of the annual precipitation occurs during the growing season 
bApril !o September). 
Two snes were located near Valley City. 
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to no retreatment when evaluated in 1982 (Table 2). The retreat- 
ments did not maintain control at the 1981 level except 2 retreat- 
ments following picloram 2s at 2.2 kg/ ha which maintained 92 and 
93% control, respectively, compared to picloram 2s alone, which 
provided 75% leafy spurge control. Leafy spurge control with 
picloram roller-applied at 30 g/L in 1980 declined from 84% in 
1981 to 28% in 1982. Leafy spurge control with picloram applied at 
60 g/L in a pipe-wick with and without oil concentrate, declined 
from 69 and 71% control in 1981, respectively, to 13 and 10% 
control, respectively, in 1982. None of the retreatments maintained 
leafy spurge control higher than 46% with any roller or pipe-wick 
applied original treatment. Additives with picloram roller or pipe- 
wick applied did not improve leafy spurge control. Retreatment 
with 2,4-D or dicamba at I. 1 kg/ ha did not improve leafy spurge 
control regardless of the original 1980 treatments. 

In general, leafy spurge control from the retreatments improved 
in 1983 compared to 1982 (Table 2). The enhanced control proba- 
bly was due both to the improved growing conditions during 1982, 
which increased the susceptibility of leafy spurge to herbicide 
injury, and to a gradual loss of vigor in the leafy spurge plant 
following 3 years of annual treatment. Picloram 2s at 2.2 kg/ ha 
was the only 1980 initial treatment without retreatment to main- 
tain satisfactory (76%) leafy spurge control by 1983, and control 
was increased to 86% when averaged across the 5 herbicide 
retreatments. Leafy spurge control from picloram 2s at 1. I kg/ ha 
applied in 1980 had declined to 39% in 1983, but control was 
increased to 72 and 66% with retreatments of dicamba at 2.2 kg/ ha 
or picloram plus 2,4-D at 0.28 plus I. I kg/ ha, respectively. Piclo- 
ram 2G at 2.2 kg/ ha without retreatment provided only 41% leafy 
spurge control in 1983, but control was 64% averaged over the 5 
retreatments. Picloram 2G at 1.1 kg/ ha applied in 1980 provided 
only 10% leafy spurge control in 1983 but control increased to 75% 
with 2 annual retreatments of picloram plus 2,4-D at 0.28 plus I. 1 
kg/ ha. 

Picloram roller or pipe-wick applied and 2,4-D at 2.2 kg/ ha in 
1980 provided 21% or less leafy spurge control in 1983 (Table 2). 

Annual retreatment of picloram at 0.28 kg/ha or picloram plus 
2,4-D at 0.28 plus I. I kg/ ha over the roller and pipe-wick treat- 
ments gave an average of 62% leafy spurge control. Thus even with 
an annual retreatment, the roller and pipe-wick treatments did not 
provide long-term satisfactory leafy spurge control. 

Dicamba at 2.2 kg/ ha, picloram at 0.28 kg/ ha, and picloram 
plus 2,4-D at 0.28 plus I. 1 kg/ ha provided 34, 42, and 43% leafy 
spurge control, respectively, in 1982 and 50, 60, and 65%, respec- 
tively, in 1983 when averaged across all original 1980 treatments 
(Table 2). Dicamba or 2,4-D each at 1.1 kg/ ha were less effective 
than the other retreatments, because leafy spurge top growth was 
prevented for only 1 to 2 months. 

The best leafy spurge control after 3 years was 83 to 89% from 
picloram 2s at 2.2 kg/ha followed by any retreatment. The best 
leafy spurge control in plots treated with picloram in a reduced 
volume applicator was from roller application at 30 g/L with 
annual retreatments of picloram plus 2,4-D at 0.28 plus I. 1 kg/ ha 
at 7 1% and pipe-wick application at 60 g/L with oil concentrate 
followed by annual retreatments of picloram at 0.28 kg/ ha at 74%. 
The roller applicator applied 60% less herbicide than the sprayer 
applicator when using similar application conditions (Messersmith 
and Lym 1985) so the initial treatment with a reduced volume 
applicator may result in an economic advantage even though the 
leafy spurge control was less than from a sprayed or granular 
treatment. 

Forage Production 
Forage and leafy spurge production was consistent by location 

and year and were combined for discussion. Forage production 
increased for 27 of the 59 herbicide treatments and leafy spurge 
production was decreased by all treatments compared to an aver- 
age of I,3 14 and 1,490 kg/ ha, respectively, for the untreated con- 
trol (Table 4). It was expected that leafy spurge production would 
be low because harvest was 3 to 4 weeks after herbicide application 
each year. Even when herbicides were applied only in 1980, all 
treatments reduced leafy spurge production compared to the 
untreated control. 

Table 4. Mean forage and leafy spurge production following leafy spurge control with 10 original herbicide treatments applied in June 1980 and five 
annual retreatments applied in June 1981 through 1983 at four sites in North Dakota. 

Treatment 

1981 to 1983 herbicide and rate (kg/ha) 

Picloram 
No 2,4-D Dicamba Dicamba Picloram + 2,4-D 

1980 retreatment I.1 I.1 2.2 0.28 0.28 + 1.1 Mean 
Application 

method 
Sol’n For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy 

Rate cont. age spurge age spurge age spurge age spurge age spurge age spurge age spurge Total 

(kg/ha) (g/L) (kg/ha) 
2,4-D Sprayed 2.2 60 1867 662 1999 102 1624 234 1970 216 2156 105 1648 130 1877 242 2119 
Picloram 2G Broadcast I.1 1814 

: : :: 1683 
465 1878 78 1591 333 1689 135 1810 79 2037 59 1803 192 1995 

Picloram 2G Broadcast 2.2 I91 2134 91 2177 73 1716 70 1829 72 1613 59 1859 93 1952 
Picloram 2S Sprayed I.1 I5 1904 92 1493 59 2093 74 1821 59 1577 59 2194 59 1847 67 1914 
Picloram 2S Sprayed 2.2 30 1601 61 1663 59 1587 59 1709 59 1749 59 1822 59 1689 59 1748 
Picloram Roller . . 30 1942 370 2047 100 1928 113 1851 109 2222 94 1823 62 1969 I41 2110 
Picloram+S% 

oil conc.b Roller 
: : : 

30 1832 263 1664 86 1724 164 1646 137 1717 63 1441 59 1671 129 1780 
Picloram Pipe-wick 60 1447 446 1976 76 1798 203 1660 158 1906 100 1666 59 1742 174 1916 
Picloram+S% 

oil cont. Pipe-wick . . 60 1313 270 1739 59 1644 148 1666 120 1400 59 1478 59 1540 II9 1659 
Control . . . . . . . . 1314 1490 1771 218 1702 603 1707 403 2150 58 2247 58 1815 472 2287 

Mean . . . . . . . . . . 1672 431 1836 93 1789 200 1744 147 1852 75 1797 60 
Leafy 

Forage spurge Total 

LSD (0.05) 1980 = 196 
1981 to 1983 q  ISI 

5”3 206 

1980 X (1981 to 1983) = 475 165 

~Total = Forage plus leafy spurge production. 
83% paraffin based petroleum oil + 15% emulsifier. 
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Total dry matter production for all 1980 picloram treatments 
was reduced compared to the control except roller application 
without a surfactant (Table 4). The reduction was due mainly to 
leafy spurge control but some treatments also reduced grass pro- 
duction. Total dry matter production was lowest for picloram 2s at 
2.2 kg/ ha, and picloram roller and pipe-wick applied both with an 
oil concentrate. These treatments probably caused the greatest 
retention of picloram on grass leaves, which apparently resulted in 
grass injury; the forage production averaged 1,633 kg/ ha for these 
treatments compared to 1,844 kg/ ha for the other five 1980 piclo- 
ram treatments. Thus, all 1980 picloram treatments resulted in 
greater forage production than the untreated control, but grass 
injury prevented increases as large as for some other treatments. 

Leafy spurge control does not have to be long-term to provide 
increased forage production. Five treatments applied in 1980 with 
no retreatment had an increase in forage production of 500 kg/ ha 
or more than the untreated control. Even a single treatment of 
2,4-D at 2.2 kg/ ha resulted in an increased forage yield despite the 
highest leafy spurge production among treated areas. The 4 treat- 
ments that did not significantly increase forage production, i.e., 
both picloram at 2.2 kg/ ha and both pipe-wick treatments, appar- 
ently can be attributed to grass injury since they had less leafy 
spurge production than the 2,4-D treatment. These results suggest 
that an irregular herbicide application program involving treat- 
ment at 2- or 3-year intervals should result in improved forage 
production even though the reduction of leafy spurge density will 
be low; however, the herbicide treatment must not cause grass 
injury. 

The annual retreatments reduced leafy spurge yield when com- 
pared to subplots receiving only 1980 treatments, except for the 
three 1980 treatments that provided the best leafy spurge control 
when applied alone, namely picloram 2G at 2.2 kg/ ha and 2s at I. 1 
and 2.2 kg/ ha (Table 4). Picloram at 0.28 kg/ ha and picloram plus 
2,4-D at 0.28 plus 1.1 kg/ ha resulted in 2 of the highest forage 
yields and lowest leafy spurge yields when applied as annual treat- 
ments even with no 1980 treatment. These treatments provided 22 
and 38 leafy spurge control, respectively, in 1983 (Table 2), but 
averaged about 2200 kg/ ha forage production (Table 4). Thus a 
program that gradually reduces a leafy spurge infestation with an 
annual application of a relatively inexpensive herbicide combina- 
tion can be most cost effective for forage production and weed 
control than a single expensive treatment (Table 1). 

Dicamba at 1.1 and 2.2 kg/ ha applied as annual retreatments 
alone resulted in 1,702 and 1,707 kg/ ha of forage and 603 and 403 
kg/ ha of leafy spurge, respectively (Table 4). The 2.4-D at 1.1 
kg/ ha resulted in I,77 1 and 2 18 kg/ ha of forage and leafy spurge, 
respectively and is more economical than either dicamba treatment 
(Table 1), so it usually would be the preferred retreatment. Some 
grass species such as smooth brome are more susceptible to 
dicamba than bluegrass (McCarty and Scifres 1968, Morton et al. 
1967, Vanden Born 1965) and may produce less forage after 
dicamba application than this study estimated. Dicamba is metab- 
olized rapidly by bluegrass (Broadhurst et al. 1966) which may 
minimize injury to this species. 

Herbicide treatments that provided the best leafy spurge control 
did not necessarily provide the highest forage production. Piclo- 
ram 2s at 2.2 kg/ha which maintained 76 to 89% leafy spurge 
control (Table 2) was not among the highest yielding treatments 
(Table 4). Picloram roller-applied at 30 g/L alone and with 
retreatments provided only moderate leafy spurge control (Table 
2), but was among the highest yielding of the 59 herbicide treat- 
ment combinations (Table 4). The dry conditions of 1980 may have 
increased plant susceptibility to picloram (Arnold and Santelmann 
1966), resulting in reduced forage production. Picloram roller- 
applied mostly contacted leafy spurge topgrowth, so injury that 
would affect forage production was minimized. 

Application of 2,4-D at 2.2 kg/ ha in 1980 and at 1.1 kg/ha 
annually thereafter provided one of the highest annual forage 

productions of any treatment at 1,999 kg/ ha (Table 4), despite 
consistently poor leafy spurge control (Table 2). The 2,4-D applied 
to leafy spurge controls the topgrowth but has minimal control of 
the root system, so leafy spurge reinfests in 2 to 3 months to 
densities equal to or higher than the original stand (Bybee 1979, 
Messersmith and Lym 198lb). However, 2,4-D applied in June 
reduced leafy spurge competition long enough to allow increased 
forage production. 

Picloram pipe-wick applied at 60 g/ L generally gave slight or no 
increase in forage production compared to the control regardless 
of the retreatment (Table 4). Pipe-wick treatments also were 
among the lowest in leafy spurge control, so they are not desirable 
for long-term leafy spurge management. 

Higher grass density was observed in the untreated control plots 
than in the leafy spurge infested areas adjacent to the experiment as 
the experiment progressed. Thus the increase in forage production 
due to herbicide treatment may have been underestimated. The 
entire experiment was mowed immediately after harvest to provide 
a uniform cutting across all plots and to remove all plant material 
to facilitate the next year’s harvest. Perhaps mowing alone allowed 
the grass to better compete with leafy spurge. 

Several long-term management alternatives provide a choice of 
herbicide, application method, duration of acceptable control, and 
forage production in leafy spurge infested areas. If leafy spurge is in 
an area that can be treated annually with relatively low application 
costs, then picloram at 0.28 kg/ ha or picloram plus 2,4-D at 0.28 
plus 1.1 kg/ ha should be the most cost effective treatments when 
considering both leafy spurge control and forage production. The 
leafy spurge stand can be reduced gradually (Lym and Messer- 
smith 1983) while the forage production is maximized. If leafy 
spurge is located in terrain where annual application is very expen- 
sive than picloram at 2.2 kg/ ha could be used to provide long-term 
leafy spurge control. Although 2,4-D is a more economical herbi- 
cide than picloram, annual 2,4-D applications will cause minimal 
reduction of the original infestation but should reduce spreading. 
The roller applicator is practical only in areas of even terrain such 
as abandoned crop fields or roadsides. 
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Controlling Shrubs in the Arid Southwest with Tebu- 
thiuron 
CARLTON H. HERBEL, HOWARD L. MORTON, AND ROBERT P. GIBBENS 

Abstract 

Various rates of tebuthiuron pellets were aerially applied on 
rangelands in the Southwest to determine effects on noxious 
shrubs. Creosotebush (Larrea tridentata) and tarbush (Flourensia 
cernua) shrubs were controlled with 0.4 and 0.3 kg active ingre- 
dient (a.i.)/ha, respectively, of tebuthiuron pellets. About 1.1 kg 
a.i./ha of tebuthiuron pellets controlled honey mesquite (Prosopis 
glandulosa) growing on loamy sands or sandy loams. About 0.6 
and 0.5 kg a.i./ha of tebuthiuron pellets controlled whitethorn 
acacia (Acacia constricta) and desert zinnia (Zinnia pumila), 
respectively. Higher rates of tebuthiuron are needed to control 
those shrubs on deep, fine textured soils than on shallow, coarse 
textured soils. 

Woody plants have rapidly invaded new areas in the Southwest 
(Buffington and Herbel 1965, York and Dick-Peddie 1969). Some 
woody plants are responsible for reduced forage production and 
have other adverse effects on livestock operations (Herbel et al. 
1983). Dense stands have harmful effects on the environment 
because of accelerated wind or water erosion in arid areas (Gould 
1982). It is estimated that mesquite (Proso@ spp. L.) occurs on 
37.7 mil ha, creosotebush (Larrea tridenrara [DC.] Cov.) on 18.8 
mil ha, and tarbush (Flourensiu cernua DC.) occurs on 5.4 mil ha 
in the U.S. (Platt 1959). Various methods have been used to reduce 
the density and distribution of these plants (e.g., Fisher et al. 1959, 
Herbel and Gould 1970, Martin 1975, and Scifres 1977). 

Tebuthiuron m-(5{ 1, I dimethylethyl~l,3,4-thiadiazol-2-yl)-N,N’di- 
methylurea] is effective for chemical control of many woody 
plants. In Texas, it killed 80, 70, and 8670, respectively, of live oak 
(Quercus virginiana Mill.), whitebrush (Aloysiu lycioides Cham.), 
and sand shinnery oak (Q. havurdii Rydb.) at I. 1 kg active ingre- 
dient (a.;.)/ ha; and 45 and 60% of Macartney rose (Rosa brucreatu 
Wendl.) and blackbrush acacia (Acacia rigidulu Benth.), respec- 
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tively, at 2.2 kg a.i./ ha (Meyer and Bovey 1979, 1980a, and 1980b; 
and Jacoby and Meadors 1982). 

Meyer and Bovey (1979) reported 95, 50, and 85% of honey 
mesquite (Prosopis glundufosu Torr.) plants killed on a clay loam 
site in south central Texas with subsurface applications of the 
wettable powder of tebuthiuron at 9 kg a.i./ ha applied April 1973, 
April and December 1974, respectively. Jacoby et al. (1982) 
reported creosotebush kills of 86 and 91% with applications of 0.5 
and 0.7 kg a.i./ ha of tebuthiuron on gravelly loams in the eastern 
portion of the Trans-Pecos area in Texas. Tarbush kills of 68 and 
95% were obtained with the use of 0.5 and 0.8 kg a.i./ha of 
tebuthiuron on silty clay loams in the western part of the Edwards 
Plateau in Texas (Ueckert et al. 1982). Morton et al. (1978) 
reported that pelleted tebuthiuron treatments applied to a sandy 
loam soil in southern Arizona at rates of 0.56, 1.12, and 2.24 kg 
a.i./ha killed 77, 97, and 99% of creosotebush and 78, 100, and 
100% of velvet mesquite (P. velurinu Wooton) plants, respectively. 

This study determined effects of various rates of tebuthiuron on 
honey mesquite, cresotebush, tarbush, and other associated woody 
plants. 

Methods and Materials 

Six range areas were treated with tebuthiuron in southern New 
Mexico and Arizona. A major part of the study was conducted on 2 
sites on the Jornada Experimental Range, 35 km north of Las 
Cruces, N. Mex. Annual rainfall at the Jornada Headquarters 
averages 230 mm and the elevation is 1,260 m. One of the areas 
treated was a sandy range site dominated by mesquite. The soil is 
an Onite-Pintura complex (Bullock and Neher 1980). Onite is a 
coarse-loamy, mixed, thermic Typic Haplargid, and Pintura is a 
loamy, mixed, thermic Typic Torripsamment. The second treated 
area was a loamy range site dominated by creosotebush and tar- 
bush. The soil is a Berino-Dona Ana association. They are both 
fine-loamy, mixed, thermic Typic Haplargids. 

Tebuthiuron pellets were aerially applied on 5-ha plots at var- 
ious rates on each of the sites for4 years, 1977-80 (see Tables I and 
2 for actual rates). Applications were made in early summer each 
year. At treatment, mesquite leaves were mature and beans were 
ripening. Creosotebush was fruiting, while tarbush was in the leaf 
stage. Each plot was 62 X 800 m with an untreated area 12 m wide 
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Table 1. Mortality of honey mesquite 28 months after application of 
pelleted tebuthiuron on a sandy site on the Jornada Experimental 
Range.’ 

Rate2 

kg/ha 
0.31 

0.48 

Year applied 

1980 

1977 

Dead plants 

% 

5P 

23’ 

0.58 1978 55” 

1.02 1977 60b 

1.03 1980 64b 

1.27 1980 77= 

1.49 1978 74= 

I .49 1979 95d 

I .68 1977 93d 

2.16 1979 98d 

2.24 1978 81’ 

2.96 1979 99d 

‘All trials were with pellets containing 20% active ingredient. 
*Active ingredient. 
‘Means followed by the same letter are not significantly different (K.05). 

between treatments. Treatments were applied with a Piper Pawnee 
“C” equipped with a Transland spreader and a slotted metering 
plate in the herbicide hopper. The plane flew at a height of 15 m and 
the swath width was 12.4 m. The equipment was calibrated with 
pelleted formulation of tebuthiuron available that year. The flow 
rates of various formulations dirfered. Thus, the same application 
rates from year to year were not always achieved. Beginning and 
ending weights determined amounts of tebuthiuron applied to each 
plot. Pellet counts and vegetation responses showed that uniform 
applications occurred across the plot. Plots were evaluated 28 
months after application by counting dead plants. Six to 19, IOO- 
plant groups were counted on each plot, depending on plant 
density. 

Another study site was on the Goodsite Ranch, 30 km north of 
Deming, N. Mex. The elevation is 1,280 m and annual average 
rainfall is 230 mm; however, during the 3 years of the study, rainfall 
was below average with only 520 mm falling from the time of 
treatment on June 17,198O until final evaluation on Ma! 16,1983. 
Soil on the site is an Upton sandy loam, mixed Typic Haplargid. 
Creosotebush was the dominant shrub and broom snakeweed 

Table 2. Mortality of creosotebush and tarbush with broadcast aerial 
applications of pelleted tebuthiuron on the Jorneda Experimental 
Range. 

Year Percent active Dead 
applied ingredient Rater creosotebush tarbush 

1977 20 

20 

20 

1978 20 

20 

20 

1979 20 

20 

20 

1980 10 

10 

10 

20 

k/ha 
0.20 

0.56 

1.28 

0.29 

0.38 

1.34 

0.57 

1.14 

3.28 

0.28 

0.62 

1.14 

0.34 

7% dead- 76” 

95”’ 98b 

91d 9gb 

37= 

88d 

98” - 

93d” loo3 

97” 100 

99f 100 

80’ - 

76’ 
96” 1 

75’ 

- 

IActive ingredient. 
2Means followed by the same letter within a column are not significantly different 
(K.05). 
‘Estimated only (small numbers of tarbush plants in the plots treated in 1979). 

(Xanthocephalum sarothrae [Pursh] Shinners) was abundant. 
Numerous pricklypear cactus (Opuntia spp. Mill.) and an occa- 
sional soaptree yucca (Yucca eIata Engelm.) were present. Tebu- 
thiuron pellets containing 20% a.i. were applied to 8-ha plots at 
0.3 1, 0.93, and 1.25 kg a.i./ ha with a Piper Pawnee “C” aircraft. 
Plots were evaluated for brush kill 35 momhs after application. 

Three more sites were in Cochise County, Ariz. Two were in the 
San Pedro Valley on the Little Boquillas Ranch. One site near 
Fairbanks was dominated by creosotebush and whitethorn acacia 
(A,acia constricta Gray). Tarbush, mariola (Parthenium incanum 
H. B. K.), and desert zinnia (Zinnia acerosa [DC.] Gray) were also 
present at lower densities. Soils at this site are shallow, well- 
drained, nearly to moderately steep, medium textured over a lime- 
cemented hardpan of the Kimbrough-Cave Association (Rich- 
mond 1971). Kimbrough is a loamy, mixed, thermic shallow 
Petrocalcic Calciustoll. Cave is a loamy, mixed, thermic shallow 
Typic Paleorthid. 

The second site, near Hereford, was dominated by whitethorn 
acacia with desert zinnia, broom snakeweed, honey mesquite, and 
burro!\eed (Haplopappus tenuisectus [Greene] Blake) present. 
Soils at this site are deep, well-drained, nearly level to hilly, fine- 
textured, of the White-House-Tubac-Forrest Association. White 
House and Forrest are fine, mixed, thermic Ustollic Haplargids, 
and Tubac is a fine, mixed, thermic Typic Paleargid. The eleva- 
tions are 1,220 and 1,300 m at the Fairbanks and Hereford sites, 
respectively. 

The third site on the Cook Ranch is about 10 km east of 
Douglas-Bisbee International Airport at an elevation of about 
1,375 m. Creosotebush, whitethorn acacia, and honey mesquite 
were the most abundant woody plants on the site, with tarbush, 
mariola, desert zinnia, broom snakeweed, skunkbush (Rhus trifo- 
bata Nutt.), and ocotillo (Fouquieria spfendens Engelm.) less 
abundant. Soils at the Cook Ranch study al ea are shallow, well- 
drained sandy loams on the upper shjpes and ridges belonging to 
the Kimbrough-Cave Association and the Comoro-Anthony- 
Grabe Association in the bottomland portions. Comoro and 
Grabe are coarse-loamy, mixed, thermic Cumulic Haplustolls, and 
Anthony is a coarse-loamy, mixed (calcareous), thermic Typic 
Torrifluvent. All 3 sites are in the Southeastern Arizona Basin and 
Range Resoure area and the Chihuahuan semidesert grassland 
environmental zone. 

Tebuthiuron pellets containing 20% a.i. were applied on June 19, 
1978, at Fairbanks and Hereford with a Thrush Commander 
equipped with a Transland spreader and slotted metering plate in 
the hopper. Treatments at Douglas were applied with a Piper 
Pawnee “C” on July 21, 1978. Rates of application at Fairbanks 
were 0.24, 0.64, and 1.25 kg a.i./ ha. At Hereford they were 0.55, 
I. 10, and 1.65 kg a.i./ ha; and at Douglas they were 0.28, 1.12, and 
2.22 kg a.i./ ha. Plots at the Hereford and Douglas sites were 8.0 ha 
and those at Fairbanks were 4.7 ha. Plots were evaluated 39 
months after application by \!etermining dead plants within each 
plot. Percentages of dead plants were subjected to analyses of 
variance, and means evaluated using Duncan’s multiple range test 
(P<O.O5) on all tests. We used variability within plots f$lr our 
statistical comparisons because limited amounts of herbicide pre- 
vented replications. 

Results and Discussion 

On the Jornada sandy site, except the 0.48 kg a.i./ha rate, all 
treatments killed 55% or more of the honey mesquite (Table 1). 
Areas treated in 1977 and 1978 were dominated by mesquite sand 
dunes with occasional broom snakeweed. We observed that rates 
of 1.49 kg/ ha or higher of tebuthiuron inhibited the growth and 
development of mesa dropseed (Sporobolus ji’exuosus [Thurb.] 
Rydb.) that normally increases when mesquite is controlled on 
sandy range sites (Herbel et al. 1983). Plots treated in 1979 and 
1980 had a scattered stand of mesquite, some on dunes, but inter- 
mingled with mesa dropseed. Observations indicated that estab- 

392 JOURNAL OF RANGE MANAGEMENT 38(5), September 1988 



lished mesa dropseed in the 1979 and 1980 plots was not affected by 
tebuthiuron, but higher rates killed the seedlings. Sandy soils 
dominated the area but one end of the 1980 plots occurred on a 
owland site with heavier soils where only 3% of the mesquite was 

killed. Counts obtained from this area were not included in the 
data shown in Table I. Lowland areas or sites with heavier soils 
ap~>arently need more tcbuthiuron than was used to obtain satis- 
factory kills. 

Table 2 shows the creosotebush and tarbush kill using tebuthiu- 
ron on the Jornada. Tebuthiuron killed over 60% of the target 
species, except for the application of 0.29 kg/ ha in 1978. Observa- 
tions showed a large increase in the basal cover of the residual 
stands of bush muhly (Muhlenbergiu porteri Scribn.), tobosa 
(Hi/at% mutica [Buck].] Benth.), and mesa dropseed on the areas 
treated with tebuthiuron, compared to adjacent untreated areas. 

On the Goodsite Ranch, the 0.3 I kg/ ha rate of tebuthiuron did 
not control creosotebush, but the 0.93 and I .25 kg/ ha rates both 
gave effective control (Table 3). The 0.3 I kg/ ha rate of tebuthiuron 

Table 3. Mortality of creosotebush and associated species with broadcast 
aerial application of pelleted tebuthiuron on the Goodsite Ranch, Dem- 
ing, New Mexico. 

the high mortality at Fairbanks was the shallowness and coarse 
texture of the soils. The 0.55 kg/ ha rate killed 64% of whitethorn 
acacia plants at Hereford, compared to 9 I and 93% at the 0.27 and 
0.64 kg/ ha rates at Fairbanks (Table 4). The 0.55 kg/ ha rate killed 
88% of zinnia plants; whereas, all rates killed all desert zinnia at 
Fairbanks. Increased stands of bush muhly, spike dropseed (Spo- 
robolus contractus A. Hitchc.), and threeawns (Aristida spp. L.) 
were observed on all the treated plots at the Fairbanks site. Broom 
snakeweed control was not as high at Hereford as at the Goodsite 
Ranch, with the 0.55 and I. IO kg/ ha rates killing 69 and 65% of the 
broom snakeweed plants, respectively, at Hereford. However, the 
0.93 and 1.25 kg/ha rates killed all broom snakeweed plants at 
Goodsite. At Hereford, tebuthiuron treatments were less effective 
in killing burroweed and honey mesquite than broom snakeweed. 
Observations indicated an increase in the cover of bush muhly and 
plains bristlegrass with all treatments at the Hereford site. 

At Douglas (Table 5) the 0.28 kg/ ha rate was not as effective in 
controlling creosotebush as the 0.27 kg/ ha rate at Fairbanks. or 

Table 5. Mortality of shrubs with broadcast aerial applications of pelleted 
tebuthiuron on the Cook Ranch, Dougbm, Arizona.1 

Plant species 

Creosotebush 
Broom snakeweed 
Cactus 

Rate of application’ 
0.31 kg/ha 0.93 kg/ ha 1.25 kg/ha 

% dead 
2* 82b 91” 

35” 100b 100b 
0 0 0 

1 Active ingredient. 
‘Means followed by the same letter within a row are not significantly different 
(K.05). 

killed 35% of the broom snakeweed plants and the 2 higher rates 
killed al! of them. The minimum rate for effective control of broom 
snakeweed at this site was not determined because of the large 
differerlce between the 2 lowest rates (0.31 and 0.93 kg/ ha); how- 
ever, it is probably near the 0.6 kg a.i./ha rate found to give 
effective control on the Southern High Plains (Sosebee et al. 1979). 
Observations indicated increased size and vigor of bush muhly and 
plains bristlegrass (Setaria macrostachya H.B.K.) on plots treated 
at the 2 high rates. Both desert holly (Pereziu nana Gray) and 
Russian thistle (Sulsolu kali L.) plants were abundant on the plot 
treated with tebuthiuron at 0.93 kg/ ha, and they were present but 
not abundant on plots treated at the 0.3 I and I .25 kg/ ha rates. The 
lower rate did not effectively control woody plants which were 
competing with these plants for moisture, and the higher rate was 
phytotoxic to these species. 

Excellent control of all species was obtained with all rates of 
tebuthiuron at the Fairbanks site (Table 4). One possible reason for 

Table 4. Mortality of shrubs with broadcast aerial applications of pelleted 
tebuthiuron on the Little Boquillas Ranch, Cochise County, Arizona.’ 

Plant speciea 

Fairbanks site Hereford site 
Application rate (kg/ha)2 

0.27 0.64 1.25 0.55 I.10 1.65 

Creosotebush 
Whitethorn acacia 
Tarbush 
Mariola 
Desert zinnia 
Broom snakeweed 
Burroweed 
Honey mesquite 

% dead 
7S9 81” 100” - - 
91b 93b 100b 64” 9Sb Gb 
87’ 90” 100” - - 

100” 100” 100” - - 100” 
100” 100” 100” 88” 100” 100” 

69” 65” 95b 
54” 62” 90b 
38” 71b 69b 

‘Applied June 19, 1978, evaluated September 1981. 
IActive ingredient. 
‘Means followed by the same letter within a row are not significantly different 
(P‘c.05). 

Plant species 

Creosotebush 
Whitethorn acacia 
Honey mesquite 
Tarbush 
Mariola 
Desert zinnia 
Broom snakeweed 
Skunkbush 
Ocotillo 

Rate of tebuthiuron (kg/ ha)* 

0.28 1.12 2.22 

o/c dead 
4283 100b 100b 
54” 96b 9Sb 
25” 36” 65b 
78” 100b I OOb 

9* 100b 100b 
32” 100b 1 OOb 
18” 86b IOOb 
50” 100b 100b 
60’ 100b 100b 

‘Applied July 21. 1978; evaluated September 15. 1981. 
*Active ingredient. 
‘Means followed by the same letter within a row are not significantly different 
(K.05). 

the 0.20 and 0.28 kg/ ha rates at the Jornada. Also, the 0.28 kg/ ha 
rate was less effective in controlling whitethorn acacia at Douglas 
than at Fairbanks, but was comparable to the results at Hereford. 
Higher rates, I. I2 and 2.22 kg/ ha, gave nearly complete kills of 
whitethorn acacia at Douglas. Observations indicated an increased 
stand of bush muhly and gramas (Bouteloua spp. Lag.) on all plots 
at Douglas. 

Tebuthiuron was not as effective in killing honey mesquite at 
comparable rates at the Douglas site as at the Jornada or Hereford 
sites. This occurred because most honey mesquite plants are grow- 
ing on the bottomland portions of the Douglas plots which have 
deeper, finer-textured soils. 

Tarbush was susceptible to tebuthiuron and good control was 
obtained at all rates at all sites. Desert zinnia was not effectively 
controlled by the 0.28 kg/ ha rate of tebuthiuron, but higher rates 
gave excellent control. Skunkbush and ocotillo plants were highly 
susceptible to tebuthiuron at all rates. 

From these data in the arid Southwest, we obtained satisfactory 
control of woody species under the following conditions and rates 
of tebuthiuron pellets: 

I. Honey mesquite growing on loamy sands to sandy loams, 
about I .0-I .2 hg a.;./ ha; 

2. (‘reosotebush growing on sandy loams to loams, about 0.4 
kg a.i./ ha. 

3. Tarbush growing on loams, about 0.3 kg a.i./ha. 
4. Broom snakeweed growing on sandy loams to loams about 

0.6 kga.i./ ha. (to insure adequate distribution, pellets with IOY0a.i. 
may be superior to pellets with 20% a.i.). 

5. Whitethorn acacia growing on sandy loams to loams, about 
0.6 kg a.i./ ha. 

6. Mariola growing on sandy loams. about 0.3 kg a.i./ ha; on 
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loams, about 1.0 kg a.i./ ha. 
7. Desert zinnia growing on sandy loams to loams, about 0.5 

kg a.i./ ha. 
8. Skunkbush growing on loams, about 0.6 kg a.i./ ha. 
9. Ocotillo growing on loams, about 0.3 kg a.i./ ha. 

10. Burrowed growing on sandy loams, about 1.0 kg a.i./ ha. 
Tebuthiuron proved to be highly effective for control of creo- 

sotebush, whitethorn acacia, tarbush, broom snakeweed, and 
honey mesquite at several locations in the arid Southwest. Tebu- 
thiuron had little effect on cactus. Soil type strongly influenced the 
degree of control obtained. Higher rates of tebuthiuron were 
needed to control woody plants on deep, fine textured soils than on 
shallow, coarse textured soils. Observations indicated a substantial 
increase of herbaceous plants on some plots. Future trials should 
measure this response. 
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Coming Publication of the Society for Range Management 

Range Research: Basic Problems and Techniques 
edited by C. Wayne Cook and James Stubbendieck 

This major revision of an earlier publication of the National Academy of Science presents steps in research 
planning, evaluation of results, and methods and procedures in range research, including sampling tech- 
niques and experimental design. Inventorying and evaluating habitat factors are dealt with in a detailed 
manner, including measurement of vegetation cover, biomass, nutrient content, diversity, vertical structure, 
and biomass. Methods of studying vegetation, roots, herbage and browse utilization, livestock management 
in research, and research in rangeland hydrology and rangeland economics are discussed in this book of 
nearly 400 pages. 

Illustrations, an index, and excellent lists of citations reflecting current developments make the hard- 
bound book outstanding as a text and life-long reference book. 

The book is scheduled for mid-January completion and will be available from the Society for Range 
Management, Denver, Colorado 
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The Influence of Several Range Improvements on 
Estimated Carrying Capacity and Potential Beef 
Production 
TONY SVEJCAR AND MARTIN VAVRA 

Abstract 

A simple calculation is proposed for estimating carrying capac- 
ity of range sites based on seasonal forage quality and standing 
crop. The model estimates animal unit days a pasture can support. 
Potential beef production of a particular site was estimated by 
multiplying animal unit days by average daily gain as indicated 
from forage quality. Improved and unimproved portions of 4 plant 
communities (grassland, mixed conifer, lodgepole pine, and moist 
meadow) were compared for carrying capacity and potential beef 
production. Improvement generally resulted in large increases in 
both carrying capacity and potential beef production; however, 
only in the case of the grassland did range improvement extend the 
period during which weight gains could be expected. Calculations 
indicate that energy generally became limiting before crude pro- 
tein. Forage quality was insufficient to maintain weight gains of 
growing animals after mid-summer. Advantages and limitations of 
the calculations are discussed. 

Livestock production from rangelands could be increased if 
management was more closely coupled to seasonal changes in 
forage quality (Vavra and Raleigh 1976). Extending the period 
during which adequate nutrients are available to livestock has been 
accomplished by using seeded pastures to complement native 
range (Currie 1969, Smoliak and Slen 1974) and by grazing 
diverse vegetation types during the periods they are most likely to 
provide adequate nutrition (Valentine 1967). However, determin- 
ing the optimum period of use for individual pastures may be 
difficult when many plant communities and/or range improve- 
ments are involved. 

A model of seasonal carrying capacity and potential animal 
production on various sites would help a manager in formulating a 
livestock management plan. Carrying capacity models based on 
nutritional requirements have been used to evaluate wildlife habi- 
tat (Wallmo et al. 1977, Mautz 1978, Hobbs et al. 1982). Hilken 
( 1984) used a carrying capacity model to help evaluate competition 
between livestock and big game. The objective of the present study 
was to assess the impact of several range improvements on poten- 
tial livestock carrying capacity and weight gain. We used a simple 
model, a data base consisting of seasonal curves of standing crop 
and forage quality of important forages species, and NRC (1970) 
nutritional requirements in our calculations. 

Study Sites 

Materials and Methods 

The study sites, which represented 4 plant communities, were 
located in Grant County, Ore. Plant community types were: (I) 
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moist meadow, (2) bunchgrass grassland on deep soil, gentle 
slopes, (3) lodgepole pine (Pinus contorta Dougl.)-pinegrass (Cula- 
magrostis rubescens Buckl.)-huckleberry (Vaccinium scoparium 
Leiberg), and (4) mixed conifer-pinegrass-ash soils (Hall 1973). A 
portion of each study site had been improved. The improvements 
were as follows: (1) the moist meadow had been seeded to interme- 
diate wheatgrass (Agropyron intermedium (Host.) Beauv.), timo- 
thy (Phleum pratense L.) and smooth brome (Bromus inermis 
Leyss.) about 15 years prior to sampling; (2) the grassland had been 
seeded to intermediate wheatgrass and alfalfa (Medicago sutiva L.) 
3 years prior to sampling; (3) the lodgepole pine site had been 
thinned 14 years prior to sampling, but had not been seeded; and 
(4) the mixed conifer site had been commercially logged and seeded 
to timothy and orchardgrass (Dactylis glomerata L.) 2 years prior 
to our first sampling. Primary forage species on the unimproved 
portion of each plant community were: (I) the moist meadow was 
dominated by cinquefoil (Potentilfu sp.) and wyethia ( Wyethiu 
amplexicaulis Nutt.); (2) the grassland was mostly bluebunch 
wheatgrass (Agropyron spicutum (Pursh.) Scribn & Smith) and 
Idaho fescue (Festuca iduhoensis Elmer), but Sandberg’s bluegrass 
(Pea sandbergii Vasey) and junegrass (Koeleriu cristota Pers.) were 
also present; (3) the lodgepole pine understory was principally 
pinegrass (also the case on the thinned site); and (4) the mixed 
conifer understory was dominated by pinegrass and snowberry 
(Symphoricarpus albus (L.) Blake). A more detailed description of 
study sites can be found in Svejcar and Vavra (1985). 

Data Base 

During the growing seasons of 1980 and 1981 we estimated 
standing crop and forage quality of primary forage species (those 
we thought would amount to at least 10% of the standing crop) on 
the improved and unimproved portions of each plant community. 
A double sampling technique (Pechanec and Pickford 1937) was 
used to determine standing crop. On each sampling date in all 
treatments sixty 0.25-m* plots were estimated and every fifth plot 
was clipped to ground level, oven dried for 72 h at 65 “C and 
weighed. Sites were sampled monthly (the third week of each 
month) during the period they are generally grazed. Sampling 
periods were as follows for the study sites: grassland-April to 
July; mixed conifer and lodgepole pine-June to September; and 
moist meadow-July to September. 

Forage quality samples for individual species were also collected 
on each of the sampling dates. The primary forage species were 
clipped to about 50% utilization, oven dried, and ground in a Wiley 
Mill to pass through a 2-mm screen. Samples were analyzed for 70 
crude protein (CP) using a macro-Kjeldahl technique (AOAC 
1970) and in vitro dry matter digestibility (IVDM D) using a modi- 
fied Tilley and Terry (1963) technique. 

Model Development 
We chose 300-kg growing heifers as the class of livestock upon 

which to base nutrient requirements and daily intake. Values for 
nutrient requirement and daily intake were obtained from NRC 
(1970) tables. The model used to calculate heifer unit d:rys (HUD) 



Table 1. Peak forage standing crop for each study site during the two study hectare based on quantity and quality of available forage on a 
years. particular sampling date. 

Peak Forage Standing Crop (Kg/ Ha)’ 

Study site 1980 1981 

Grassland 
Unimproved 766 f 53 541 f 41 
Improved 2773 f 187 1675 f 85 

Moist Meadow 
Unimproved 314 f 31 462 f 48 
lmproved 1412 f 103 1264f 90 

Mixed Conifer 
Unimproved 408 * 29 251 f 18 
Improved 2680 f 461 1566 * 148 

Lodgepole Pine 
Unimproved 1161t 12 89 f 10 
Improved 170 * 14 208 f 21 

‘Values are mean f standard error. 

Potential beef production of a pasture was calculated by multi- 
plying carrying capacity (HUD per hectare) and average daily gain 
(ADG). Values of ADG were also obtained from NRC (1970) 
tables for 300-kg growing heifers. Average daily gain is dependent 
on nutrient levels in the forage. In many cases nutrients were below 
minimum requirements for weight gains; in such cases we calcu- 
lated carrying capacity and noted that weight gains would not be 
expected. 

Results 

of grazing available from a pasture was similar in form to that used 
by Hobjls (1982): 

HUD = 3=, (AFi X NCi) 

DIXNR 
where n = number of primary forage species, AFi = forage available 
from species i, NCi = nutrient content of species i, Dl = daily intake 
of a 300 kg growing heifer, and NR = nutrient requirement of a 300 
kg growing heifer. We assumed 50% of the standing crop of pri- 
mary forage species was available. Carrying capacity was calcu- 
lated on the basis of both CP and metabolizable energy (ME). 
Conversion of IVDMD to ME was necessary because energy is 
expressed on an ME basis in NRC (1970) tables. We converted 
IVDMD to digestible energy (DE) with the formula of Rittenhouse 
et al. (197 1): DE (Meal/ kg) = .038 (Yc IVDMD) + 0.18, and DE was 
converted to ME using the relationship provided by NRC (1970): 
ME (Meal/ kg) = DE (Meal/ kg) X .82. Calculations were made for 
improved and unimproved portions of all communities on all 
sampling dates. Thus, the model provided an estimate of HUD per 

The range improvements increased forage standing crop on all 
communities during both years (Table 1). On the 2 nonforested 
sites (grassland and moist meadow), the seeding of introduced 
species increased standing crop about 3-fold. On the mixed conifer 
site, thinning of the overstory and seeding introduced species 
increased standing crop over 6-fold, whereas thinning a:one on the 
lodgepole pine site resuted in about a l-fold increase over the 
2-year period. The influence ofthe improvements on forage quality 
was less obvious. Adding a legume had the greatest impact, partic- 
ularly in terms of CP (Table 2). The 2 improved forested sites 
tended to have lower CP levels than their unimproved counter- 
parts. It should be noted that sampling dates were not constant 
across communities. This is one of the reasons for the high CP 
levels recorded for all species on the grassland site. In all cases 
forage quality was highest on the first sampling date, and lowest on 
the last sampling date. Seasonal curves of forage quality were 
consistent among years on each site (Sv-Jcar and Vavra 1985). 

On the grassland site ME became limiting before CP on both 
improved and unimproved sites in 1980 (Table 3). In 1981 this was 
also the case for the unimproved site, but on the improved site 
neither nutrient reached limiting levels during the sampling period. 
Carrying capacity and potential beef production were generally 
lower if calculated on an ME basis. The improved site had carrying 
capacities 2 to 4 times higher than the unimproved site. Nutrient 
deficiencies should limit weight gains on the unimproved site after 
May, whereas forage quality on the improved site should 

Table 2. Relative contribution of individual species to peak forage standing crop on each study site, and range in % crude protein (CP) and in vitro dry 
matter digestibility (IVDMD) for each species. Values are from two study years. 

Grassland 
% Contribution To 
Peak Standing Crop CP 

Range of: 

IVDMD 

Unimproved 

Improved 

bluebunch wheatgrass 
Idaho fescue 
Sandberg’s bluegrass 
junegrass 
intermediate wheatgrass 
alfalfa 

Moist Meadow 

32 
43 
17 
8 

56 
44 

Unimproved 

Improved 

cinquefoil 
wyethia 
intermediate wheatgrass 
timothy 
smooth brome 

Mixed Conifer 

71 
29 
21 
56 
23 

18.3 - 6.0 68.6 - 46.5 
19.8 - 4.5 69.1 - 43.7 
17.9 - 2.3 74.9 - 38. I 
20.5 - 3.9 73.4 - 38.9 
20.8 - 6.5 77.9 - 51.9 
35.7 - 15.8 77.1 - 64.0 

11.3 - 5.5 66.7 - 54.4 
11.1- 6.0 83.3 - 74.3 
10.0 - 3.2 74.6 - 48.9 
8.7 - 2.3 74.7 - 47.4 

11.9 - 2.4 76.3 - 50.5 

Unimproved 

Improved 

pinegrass 
snowberry 
timothy 
orchardgrass 

Lodgepole Pine 

46 15.6 - 7.2 63.5 - 48.8 
54 16.5 - 6.5 65.3 - 54.7 
51 12.0 - 3.1 72.5 - 46.9 
49 13.9 - 4.9 72.0 - 49.2 

Unimproved pinegrass 100 18.3 - 7.2 66.2 - 49.7 
Improved pinegrass 100 15.3 - 4.9 63.9 - 46.6 
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Table 3. Estimated heifer unit days (HUD) and beef production (Kg BEEF) per hectare for 300 kg heifers on improved and unimproved grassland sites. 
Values were calculated on the basis of metabolisable energy (ME) or crude protein (CP) available in forage on the given dates.’ 

Date 

April 
Unimproved 
Improved 

May 

I980 1981 

ME (Meal/ kg) cp (%) ME (Meal/kg) cp (%) 
HUD Kg BEEF HUD Kg BEEF HUD Kg BEEF HUD Kg Beef 

7 5 I2 9 7 5 10 8 
19 I4 34 26 IO 7 22 I6 

Unimproved 
Improved 

June 
Unimproved 
Improved 

July 
Unimproved 
Improved 

35 I7 
143 108 

81 No Gain 
I65 124 

63 No Gain 
288 No Gain 

35 I8 
229 172 

63 16 
232 I74 

60 No Gain 
I79 90 

14 II 16 12 
34 26 53 40 

59 No Gain 33 I7 
I05 79 I64 123 

46 No Gain 59 No Gain 
105 53 120 90 

~Anexplanationofcalculationsapoearsin themethodssection.CalculationsofpotentiaIcarryingcapacityand beefproductionassumea pa,tureisgrazedonlyduringagiven 
month; thus months cannot be added to estimate total seasonal potential. 

.~llow weight gains for I to 2 months longer. 
In the mixed conifer community ME became limiting before CP, 

the exception was the improved site in 1980 when both nutrients 
became limiting s multaneously (Table 4). The unimproved site 
maintained CP levels adequate for weight gains for 1 additional 
month relative to the improved site during both years; however, 
energy was limiting after June on both sites. The carrying capacity 
of the improved site was 2 to IO times greater than that of the 
unimproved site. On the lodgepole pine site ME became limiting 
before CP (Table 5). On the basis of ME, yearling heifers would be 
expected to gain weight during June of both years on the unim- 
proved site. No weight gains were expected after June on either 
site. However, on the basis of CP, weight gains could be expected 
for about 2 months longer. The improved lodgepole pine site could 
potentially support more animals than the unimproved site on all 
sampling dates. The treatment differences in carrying capacity 
were more evident during 198 1 than 1980. 

Growing heifers would be expected to gain weight only during 
the first grazing period (July) on either of the moist meadow 
treatments (Table 6). Carrying capacity of the improved site was 2 
to 5 times higher during the period forage was available. The forbs 
on the unimproved site senesced durin mid to late summer of both 

years and after senescence provided essentially no forage. There- 
fore, the improved site could carry animals longer than the unim- 
proved site, but late summer weight gains would not be expected. 

Discussion 

Some Uses and Limitations of the Model 
Calculation of range carrying capacity has generally been based 

on the animal unit month (AUM) concept. The official definition 
of an AUM is the amount of forage a 453-kg (I ,000 lb) cow 
consumes in a month based on a daily consumption rate of I 1.8 kg 
(26 lb) (Range Term Glossary Committee 1974). This value is 
independent of forage quantity and does not account for the effects 
of forage quality on intake. The proposed model, which takes into 
account both quantity and quality of forage, should more accu- 
rately predict carrying capacity than AUM estimates based solely 
on standing crop. 

The NRC tables are useful in determining if a site is potentially 
deficient in a given nutrient. The combination of carrying capacity 
and ADG per animal provides an estimate of site beef production 
potential. The model could easily be expanded to include several 
classes of livestock and thus indicate which sites are most apt to 
meet the requirements of a particular class. 

Table 4. Estimated heifer unit days (HUD) and beef production (Kg BEEF) per hectare for 300 kg heifers on improved and unimproved mixed conifer 
sites. Values were calculated on the basis of metabolixable energy (ME) or crude protein (CP) available in forage on the given dates.’ 

Date 

June 
Unimproved 
Improved 

July 
Unimproved 
Improved 

August 
Unimproved 
Improved 

September 
Unimproved 
Improved 

1980 1981 

ME (Meal/kg) cp (%) ME (Meal/kg) cp (%) 

HUD Kg BEEF HUD Kg BEEF HUD Kg BEEF HUD Kg Beef 

8 4 8 6 I7 9 I3 9 
41 31 44 22 30 23 34 26 

21 No Gain 12 9 21 No Gain I3 IO 
220 No Gain 232 No Gain 103 No Gain 84 21 

41 No Gain 25 I3 26 No Gain 17 8 
261 No Gain 231 58 I44 No Gain 144 No Gain 

38 No Gain 43 No Gain 26 No Gain 27 No Gain 
241 No Gain 153 No Gain 142 No Gain 101 No Gain 

‘Anexplanation ofcalculationsappears in the methodssection. Calculations of potentialcarryingcapacityand becfproductionas\umea pasture isgrazed onlyduringagiven 
month, thus months cannot be added to estimate total seasonal potential. 
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Table 5. Estimated heifer unit days (HUD) and beef production (Kg BEEF) per hectare for 300 kg heifers on improved and unimproved lodgepole pine 
sites. Values were calculated on the bash of metabolizable energy (ME) or crude protein (CP) available in forage on the given dates.* 

Date 1980 1981 

ME (Meal/ kg) CP (%) ME (Meal/ kg) cp (%) 
HUD Kn BEEF HUD KP BEEF HUD Kg BEEF HUD Kp; Beef 

June 
Unimproved 3 I 3 3 3 I 4 3 
Improved 6 3 8 6 17 No Gain 13 IO 

July 
Unimproved 5 No Gain 6 4 8 No Gain 5 4 
Improved 8 No Gain 9 7 20 No Gain 13 10 

August 
Unimproved 10 No Gain 8 4 9 No Gain 6 3 
Improved 16 No Gain 14 4 19 No Gain 25 No Gain 

September. 
Unimproved II No Gain I2 No Gain 8 No Gain II No Gain 
Improved I5 No Gain 12 No Gain 18 No Gain 16 No Gain 

1 An explanation of calculations appears in the methods section. Calculations of potential carrying capacity and beef production assume a pasture is grazed only during a given 
month, thus months cannot be added to estimate total seasonal potential. 

Table 6. Estimated heifer unit days (HUD) and beef production (Kg BEEF) per hectare for 300 kg heifers on improved and unimproved moist meadows 
sites. Values were calculated on the basis of metaboliuble energy (ME) or crude protein (CP) available in forage on the given dates.’ 

Date 1980 1981 

ME (Meal/ kg) CP (%) ME (Meal/ kg) CP (%t) 

HUD Kg BEEF HUD Kg BEEF HUD Kg BEEF HUD Kg Beef 

July 
Unimproved 17 13 18 13 27 21 29 15 
Improved 66 49 68 34 63 47 88 22 

August 
Unimproved 31 No Gain 49 No Gain No available forage 
Improved 154 No Gain 93 No Gain 135 No Gain 101 No Gain 

September 
Unimproved No available forage No available forage 
Improved 130 No Gain 55 No Gain 117 No Gain 61 No Gain 

‘An explanation of calculations appears in the methods section. Calculations of potential carrying capacity and beef production assume a pasture is grazed only during a given 
month, thus months cannot be added to estimate total seasonal potential. 

The model can be applied to range improvements by allowing an 
estimate of the proper mix of improved and unimproved range in a 
particular grazing scheme. Improved pastures are often used dur- 
ing specific periods, which led Evans (1982) to suggest that “as the 
area of improved pasture is increased stocking rates need to be 
increased to fully utilize them, which puts greater grazing pressure 
on the unimproved pasture at other times”. 

The data base we used for estimating carrying capacity and 
potential beef production contained several potential inadequa- 
cies. Measurements of seasonal trend in forage quantity and qual- 
ity were made only on major forage species; however, in diverse 
communities there may be periods when minor species make 
important contributions to diet quality (Holechek et al. 1982, a,b). 
We also assumed uniform 50% utilization of the major forage 
species. Certainly grazing pattern and diet selection are seldom 
uniform and can be influenced by such factors as species associa- 
tions, grazing system, topography, climate, etc. Animal diets tend 
to be higher in nutrients than the range as a whole (Arnold 198 1). 
These factors suggest our calculations are conservative and actual 
weight gains might occur during periods they were not predicted. 

Animal requirements printed in NRC tables are geared toward 
confinement fed rather than free-ranging animals. There have been 

many technical problems in obtaining accurate intake values for 
grazing animals (Cordova et al. 1978). At present NRC tables 
represent the most complete set of animal requirement values 
available and should suffice for calculating relative differences 
between range sites and/ or improvement practices. Holechek et al. 
(1981) reported that the relationship between actual amount of 
nutrients consumed and NRC requirements reflected levels of 
ADG measured on free-ranging yearling heifers. 

Estimated Carrying Capacity and Beef Production 
Range improvements can be used to increase carrying capacity 

and/or fill critical gaps in forage supply. Often one of the major 
problems encountered in improving pasture systems is the seasonal 
nature of forage production (Reid and Jung 1982). As Evans ( 1982) 
has indicated, improved pastures will be most useful when they can 
alleviate nuritional stress during periods critical to animal produc- 
tion. Our calculations show that r.mge improvement increased 
carrying capacity on all sampling dates in all 4 plant communities. 
However, calculation of potential weight gain of yearling heifers 
suggests only in the case of the improved grassland was there a 
consistent increase in the period during which heifers would be 
expected to gain weight (Tables 3-6). 
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The nature of the range improvement and the species involved 
can influence the relationship between seasonal forage production 
and forage quality. Alfalfa was responsible for extending the nutri- 
tionally adequate period on the improved grassland (Svejcar and 
Vavra 1985). White and Wight (1981) also found that dryland 
alfalfa maintained relatively high digestibility late in the growing 
season. On forested sites it has been well documented that over- 
story removal can increase production of forage (Young 1965, 
McConnell and Smith 1970, Dodd et al. 1972. Stuthand Winward 
1976). However, thinning did not extend the period during which 
we calculated weight gains. In fact, during 1 of the 2 study years, 
thinning reduced pinegrass forage quality on the lodgepole pine 
site (Svejcar and Vavra 1985). Thinning increases light levels and 
temperature in the understory. which may accelerate phenology of 
some species. Snow was present about 2 weeks longer on the 
unthinned relative to the thinned lodgepole pine site. On the mixed 
conifer site there were species differences to consider as well. 
McLean and Clark (1980) suggest that orchardgrass and timothy 
develop and mature faster than pinegrass. 

Late summer nutritional deficiencies in pastures are common in 
regions where summer drought is a normal part of the climatic 
region. In a review of animal production from Mediterranean-type 
pastures. Allden (1982) stated that livestock gain weight during 
spring and lose weight during summer regardless of stocking rate 
or pasture type. Areas with a Mediterranean climate tend to be 
hotter and have a longer period of summer drought than the 
Pacific Northwest. but some of the pasture problems are similar. A 
comparison among the communities we sampled indicates the 
importance of meadows for filling the late summer gap in nutri- 
tionally adequate forage. On the forb-dominated unimproved 
meadow, forage senesced and became unavailable soon after mid- 
summer. It should be noted that the meadow was not in good range 
condition (Hall 1973). The improved meadow site was capable of 
carrying livestock after mid-summer, but calculations indicate 
tveight gains would not be expected. Extending the period during 
which meadows are nutritionally adequate would help considera- 
bly in completing the summer forage cycle in this region. In gen- 
eral, research aimed at filling the late summer gap in forage quality 
is warranted. 
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Seed Predation, Seedling Emergence, and Rhizome 
Characteristics of American Licorice 
A. BOE AND R. WYNIA 

Abstract 

American licorice (Glycyrrhisa Iepidota Pursh) is a widespread 
native legume that may have potential forage or soil conservation 
uses. Seed predation, seedling emergence, and rhizome production 
were studied in 41 populations of G. lepidota from North and 
South Dakota. Seed predation by the beetle Acanthoscelides fra- 
terculus (Horn) reduced viable seed production by 7 to 71%. Seed- 
ling emergence in the greenhouse and stand establishment in the 
field varied considerably among populations. Overall mean field 
emergence was 41%. Five South Dakota populations exhibited 
lethal chlorophyll deficient seedlings. Rhizome numbers of year- 
old spaced-plants ranged from 3 to 32, with a mean of 13.3. Mean 
number of nodes/rhizome was 7.5. This study indicated that stands 
of G. lepidota could be established from seed and individual plants 
could spread rapidly by rhizomes. However, heavy seed predation 
by bruchid beetles and lack of inflorescence production in culti- 
vated nurseries could seriously limit viable seed production. 

American licorice (Glycyrrhiza lepidota Pursh) is a native per- 
ennial legume common to disturbed areas, draws, woods, and 
depressions in prairies over much of temperate North America 
(Duke I98 1). It is utilized by livestock in the Great Plains (Weaver 
1954, Johnson and Nichols 1982) and produces highly digestible 
forage (Fransen and Boe 198 1). It has been recognized for its soil 
binding capabilities (Allen and Allen 198 1, Duke I98 I), has a wide 
ecologic amplitude (Duke 1981), and has exhibited vigorous 
growth on mine spoil material at Dickinson, N. Dak. (Whitman 
1979). Janzen (1969) reported that seed beetles prey on numerous 
wild and cultivated legumes and Baker (1895) observed heavy 
infestations by Acanthoscelidesfraterculus (Horn) on G. lepidota 
near Ft. Collins, Colo. 

Native legumes offer tremendous potential for enhancing the 
productivity of pastures and rangelands where introduced species 
are not adapted or desired (Davis 1982). Williams and Davis (1982) 
identified several Astragalus species free from toxic components 
and suggested they were a reservoir from which useful cultivars 
could be developed. The widespread occurrence of G. lepidota in 
North America suggests genetic variability within that species for 
seed production, stand establishment, forage production, and soil 
conservation characteristics. Before any native legume can be 
accurately evaluated for cultivated forage or soil conservation 
purposes, efficient methods of propagation must be identified. 
Studies on sexual and vegetative reproduction characteristics of 
native legumes should provide critical information for those inter- 
ested in propagating selected populations for potential cultivar 
development. Our objectives were to evaluate populations of G. 
lepidota from the Dakotas for: (1) seed predation by seed beetles, 
(2) seedling emergence, and (3) rhizome production. 

Materials and Methods 

Bulk pod collections were obtained from 41 different popula- 
tions in North and South Dakota in April 1980 or August 1981 
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Fig. 1. Approximate geographical location of 41 populations of Cilycyr- 
rhiza lepidota collected in North and South Dakota in 1980 or 1981. 

(Fig. 1). Populations in North Dakota were all within 100 m of 
U.S. Hwys 52 or 281. South Dakota populations were not neces- 
sarily limited to areas easily accessible from a major roadway. Pods 
were carefully threshed in bulk on a rubber threshing board. Two 
random 50-seed samples from the bulk pod collections of each of 
37 populations were examined for presence of immature seed 
beetles. This was done by pressing the point of a dissecting needle 
against the pericarp. Pericarps of seeds containing beetles were 
easily punctured. Five random 5O+minfested+eed samples were obtained 
from each of 18 South Dakota populations for determination of 
seed weights. 

In November 1983, 200 random pods saved for individual pod 
analysis from population 20 were examined for the following: (1) 
total number of seeds, (2) number of beetle-destroyed seeds, and 
(3) number of noninfested seeds. The pods had been stored at room 
temperature in heavy paper envelopes since collection and adult 
beetles had emerged prior to examination. 

In July 1980, 150 2-month old seedlings (15 plants from each of 
10 South Dakota populations) were transplanted from the green- 
house to a spaced-plant nursery at Brookings, S. Dak. Interplant 
spacing was 100 cm. In July 198 1,23 plants representing 9 popula- 
tions were excavated and the following data were obtained for 
each: (1) rhizomes/plant, (2) rhizome lengths, (3) branches/ rhi- 
zome, and (4) nodes/ rhizome. 
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In November 1981, I I populations were planted in the green- 
house in a 20-replicate randomized complete block design. In each 
replication, 5 seeds/population were planted in 5.0-cm peat potsat 
a depth of 1.3 cm in a steam-sterilized 3: I soil:sand mixture. 
Emergence was noted at I4 days after planting. Seedling abnormal- 
ities and mortality were observed through 30 days after planting. 

In June 1982,22 populations were planted in the field at Brook- 
ings in a 3-replicate randomized complete block design. In each 
replicate, 50 seeds/ population were planted equidistant at a depth 
of 2.5 cm in a 0.9 m row. lnterrow spacing was 0.9 m. Seedling 
emergence and abnormality data were collected 14days after plant- 
ing. In September 1982, vigor notes (scale was from 7 = most 
vigorous (full stand, lateral shoots from rhizomes) to I q  least 
L igorous (less than 5 shoots, no lateral spread)) were taken for each 
row. 

All seeds used in greenhouse and field plantings were scarified 
for I5 seconds in a Forsberg laboratory scarifier just prior to 
planting. Previous germination studies had indicated a high per- 
icntage of hard seeds for this species (Boe and Wynia, unpublished 
data, Plant Science Department, SDSU). 

Results and Discussion 

Seed Predation 
In the study of bulk pod collections from 37 populations, imma- 

ture bruchid beetles, identified as Acanrhoscelides fratercufus 
(Horn). were found in every population. The highest (7 I + 7%) and 
lowest (7 f 5%) mean infestations were found in collections from 
Esmond, N. Dak. (population 7), and Brookings, S. Dak. (popula- 
tion 28) in 1980, respectively. The overall mean infestation of 74 
50-seed samples was 4 I f 2%. These data indicate that seed beetles 
have the capacity to drastically reduce viable seed production in G. 
lepidota over a wide geographic area in the Northern Great Plains 
and concur with observations made by Baker (1895) in Colorado. 

In the analysis of individual pods from population 20, a total of 
480 seeds (X = 2.4 seeds/ pod) was obtained from a 200-pod sample. 
Thirty percent of the seeds from population 20 were beetle- 
destroyed (pericarp with emergence hole was all that remained); 
4870 appeared normal (pericarp was hard, glossy, and intact); and 
22% wer abnormal (pericarp was dull and easily crushed to expose 
discolored and diminutive cotyledons). Forty pods contained 2 or 
3 beetle-destroyed seeds, 57 pods contained I beetle-destroyed 
seed, and 103 pods contained no beetle-destroyed seeds. Rogers 
and Garrison (1975) found considerable seed destruction by Acnn- 
thoscelides coNusus(Fall) in seed pods of Amorphafruticosa I.. in 
Texas. Johnson (1981) pointed out that seeds from legumes with 
indehiscent pods retained on the stem were more susceptible to 
seed beetle (family Bruchidae) predation than those from dehiscent 
pods. Pods of G. lepidota are indehiscent and remain on the woody 
stems long after seed maturity. We have observed mature pods in 
the spring still attached to culms produced the previous growing 
season. 

Seed Weight 
Mean 50-seed weights from I8 South Dakota populations 

ranged from 300 f I4 to 470 f IO mg. Janzen (1969) pointed out 
that bruchid beetles feed on the seeds of a large majority of legume 
species with medium-sized hard seeds. Center and Johnson (1974) 
reported that many wild herbaceous legumes produce seeds too 
small for bruchids to complete their life cycle; however some 
bruchid species circumvent this problem by feeding on several 
seeds. The correlation coefficient between mean 50-seed weight 
and percent infestation was not significant, indicating that smaller 
seed within G. lepidota did not deter damage from seed beetle 
predation. 

Rhizome Characteristics 
Rhizome characteristics of 23 spaced-plams from 9 populations 

arc presented in Table I. Rhizome number ranged from 32 to 3 for 
individual plants from populations 22 and 24, respectively. The 
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Table 1. Means for rhizome characteristics of 23 spaced-plants from nine 
different populations one year after establishment in a field nursery at 
Brookings, SD. 

Number 
Popu- of Rhizome Branches Nodes 

Rhizome 
length 

lation plants number rhizome rhizome cm 

21 3 4.7 f 0.3’ 1.9 f 0.7’ 13.1 f 1.5’ 59.0 + 7.8’ 
22 3 20.0 + 6.9 1.5 f 0.4 9.0 + 0.6 43.0 f 3.0 
24 3 9.7 It 3.5 0.2 f 0.2 9.8 It 0.8 35.3 f 3.0 
25 2 16.0 k 4.0 0.8 f 0.3 12.0 * 1.1 45.0 f 4.8 
27 2 14.5 * 4.5 1.3 f 0.5 13.6 f 1.3 48.3 f 4.8 
31 2 12.5 f 4.5 1.4 f 0.6 7.6 f I.1 42.5 + 6.5 
39 3 21.0 f 3.8 1.1 f 0.3 9.0 f 0.5 43.5 f 2.8 
40 2 8.5 f I.5 1.2 + 0.5 12.4 f 1.3 47.3 k 5.8 
41 3 12.0 f 5.7 1.3 It 0.5 Il.3 f 0.7 42.8 f 3.0 

‘Standard error of mean. 

longest rhizome (162.5 cm) was obtained from a plant from popu- 
lation 31. Most rhizomes had only I or 2 branches, but averaged 
greater than 7.5 nodes. In July 1982, it was no longer possible to 
identify individual spaced-plants in the nursery, as extensive shoot 
production had occurred from nodes on rhizomes that had spread 
into interplant spaces. These data indicate that G. lepidota eco- 
types from South Dakota have tr mendous vegetative reproduc- 
tion potential and add quantification to observations of Allen and 
Allen (1981) and Duke (1981) regarding its soil-binding capabili- 
ties. Whitman (1979) reported that G. lepidota showed exception- 
ally vigorous growth on mine spoil material at Dickinson, N. Dak., 
and was one of the best native forbs he evaluated for providing 
dense cover on that substrate. Since it is a legume, G. lepidota may 
have potential for utilization as a stabilizer of disturbed soils, 
particularly those that are low in available nitrogen. 

Seedling Emergence 
Considerable variation was found among populations for 

greenhouse and field emergence (Table 2). Percent emergence in 

Table 2. Mean percent emergence, percent chlorophyll deficient seedlings, 
and vigor ratings in greenhouse and field studies of G. lepidoia. 

Popu- 
lation 

Greenhouse Field 

Chlorophyll Chlorophyll 
deficient deficient 

Emergence seedlings Emergence seedlings Vigor 

11 
I3 
I5 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
35 
36 
38 
39 
41 

47 f 4.4’ 0 
7 f 2.7 0 

97 f 1.6 4 

45 * 4.9 

71 f 4.1 
82 f 5.3 
81 f 8.5 

I4 f 4.8 
0 

60 f 8.2 
79 k 4.2 

0 

57 * i.81 0 
64 f 9.9 0 
58 f 9.5 0 
71 f 5.9 0 
20 f 14.6 0 
19 f 10.6 0 
71 f 21.5 10 

4 f 2.0 0 
34 f 20.3 0 
26 f 3.1 5 

7* I.8 0 
48 f 10.3 0 
73 f 10.4 0 
65 f 3.7 0 
60 k 6.9 0 
42 f 19.0 0 
55 It 14.4 0 
I6 f 9.2 4 
I I f 9.4 0 
0 0 

37 f 4.4 0 
53 k 26.7 I8 

2.3 f 0.3’ 
4.3 * 0.3 
5.3 f 0.7 
4.3 f 0.3 
2.7 f 1.2 
2.7 f 1.2 
3.3 + 0.9 
1.7 f 0.3 
2.7 + 1.2 
2.7 f 0.3 
1.3 f 0.3 
3.0 f 0.6 
5.7 i 0.9 
6.7 + 0.3 
4.3 f 0.3 
4.3 + I.5 
2.7 f 0.3 
2.3 f 0.9 
1.7 + 0.3 

4.0 f 0.6 
4.0 f I.5 

‘Standard error of mean. 
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the greenhouse range from 0 to 97%, while field emergence ranged 
from 0 to 73% with an overall mean of 41%. The linear correlation 
coefficient between greenhouse and field emergence was 0.90 
(KO.01). Whitman (1979) found the germinability of field- 
collected G. lepidota seeds to be among the highest of 30 native 
forb species from North Dakota, but he also noted that germina- 
tion varied considerably between years of seed collection. Popula- 
tions 22 and 41 exhibited rapid and uniform germination and field 
emergence after scarification, but produced chlorophyll deficient 
seedlings (cotyledons were pale yellow to nearly white) in both 
greenhouse and field plantings. Population 41 exhibited 14 and 
18% chlorophyll deficient seedlings in greenhouse and field plant- 
ings, respectively, and 26% seedling mortality in steam-sterilized 
soil in the greenhouse. Seedlings with chlorotic cotyledons did not 
produce leaves above the cotyledons and were generally dead 
within IO days after emergence. Total chlorophyll (chlorophyll a 
and b) of the deficient seedlings from population 41 were reported 
earlier (Wynia et al. 198 I), and were highly significantly (KO.01) 
less than those of normal seedlings from the same population. 
Seedling mortality due to chlorophyll deficiency appears to have, 
along with seed beetle predation, the potential to limit the number 
of individuals produced from sexual reproduction in native 
populations. 

Vigor ratings of 0.9 m rows approximately 1 year after planting 
ranged from 1.3 to 6.7 (Table 2) indicating that stands could be 
successfully established from seed collection from native popula- 
tions. Several populations produced culms taller than 75 cm, but 
very few seed pods were set in 1982. Whitman (1979) reported that 
G. lepidota plants established by seeding and transplanting on 
mine spoil material at Dickinson, N. Dak., did not flower over a 
2-year observation period. Individual rows of the most aggressive 
populations (15, 28, and 29) were hard to distinguish in 1982, as 
numerous shoots had been produced from rhizomes that had 
spread into interrow spacings. Several researchers (Abrahamson 
1975, Holler and Abrahamson 1977, Williams 1975) have indicated 
that vegetative reproduction should be favored as a means of low 
risk, local spread when intraspecific or interspecific competition is 
low. When population density becomes high, sexual reproduction 
should be favored as a means of dispersal to new, more favorable 
environments. Since our nurseries and field plots were kept free of 
other plant species, the tremendous vegetation reproduction and 
paucity of sexual reproductive structures we observed may repres- 
ent allocation of reproductive resources to opportunistic utiliza- 
tion of immediate microhabitats. 

Conclusions 

Data obtained from this study may prove useful to researchers 
involved in the initial germplasm collection and propagation of 
native legumes which have potential for domesticated forage, soil 
conservation, or other uses. Although small field plots of several G. 
lepidota ecotypes were easily established from seed collected in 
nature, seed predation by A. fraterculus and sparse inflorescence 
production in cultivated nurseries would have to be overcome 
before reliable seed supplies could be obtained for forage or soil 
conservation evaluation plantings. Glycyrrhiza glubru L., the 
source of licorice extract, is propagated commercially by rhizome 
and crown pieces because establishment from seed is difficult. 
Since G. lepidota also produces abundant rhizomes, this method 
may offer an alternative to establishing evaluation plots from seed. 
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Productivity of Russian Wildrye and Crested Wheat- 
grass and Their Effect on Prairie Soils 
S. SMOLIAK AND J.F. DORMAAR 

Abstract 

Crested wheatgrass (Agropyron cristotum (L.) Gaertn.) and 
Russian wildrye (Efymus junceus Fisch.) are used extensively as 
seeded pastures in the Prairie Provinces of Canada. Rangeland 
plowed in 1954 was planted to the 2 grasses in 1955. Herbage was 
harvested over a 25-year period, root weights were determined in 
1977, and soil samples were obtained in 1965 and 1978 from the 2 
seeded pastures and from adjacent native rangeland from each of 3 
replicates. Forage production from the seeded pastures was great- 
est 4 years after seeding. Averaged over all years, crested wheat- 
grass yielded 113% more and Russian wildrye yielded 47% more 
forage than did native rangeland. Total root weight in the surface 
l5-cm layer of soil was greater on the native rangeland pasture than 
on the seeded pastures. Soils from native range pastures generally 
contained more organic carbon, less sodium, and had lower pH 
and sodium adsorption ratios than the soils from Russian wildrye 
pastures seeded 10 and 23 years before the soils were sampled. The 
organic C and pH’s of the soils obtained from crested wheatgrass 
pastures decreased during the 23-year period while those of soils 
from the native range did not change. 

About 18 million ha of rangeland and 2.5 million ha of seeded 
pastures are utilized by the beef industry in the Prairie Provinces of 
Canada. It is estimated that about I million ha of crested wheat- 
grass (Agropyron cristatum (L.) Gaertn.) and 100,000 ha of Rus- 
sian wildrye (Elymus junceus Fisch.) contribute to the forage 
supply for livestock production. Stands of the 2 introduced for- 
ages, when used to complement native range in spring and fall, 
have doubled livestock gains per hectare primarily by permitting 
increased stocking rates (Smoliak 1968, Smoliak and Slen 1974). 

The loss of organic matter and N from soils in the Northern 
Great Plains through long-term wheat cropping has been docu- 
mented. Such cropping over a 34-year period resulted in a loss of 
35% of the N and 41% of the organic matter that was present in the 
original prairie soil, but conversion of the cropland to seeded 
pasture resulted in the reduction of the rate of loss of N and organic 
matter (Norum et al. 1957). Crested wheatgrass has been used to 
provide a permanent type of pasture and to improve the carrying 
capacity of grazing lands (Smoliak et al. 1967, Looman and Hein- 
richs 1973, Dormaar et al. 1978) on much of the abandoned, 
cultivated land. Early studies (Lehane and Staple 1943) showed 
that in addition to reducing soil erosion and increasing the grazing 
capacity of abandoned fields, crested wheatgrass improved the 
chemical and physical properties of the soil as compared to culti- 
vated soil. In a comparison of 40- to 49-year-old stands of crested 
wheatgrass with native range soils, Dormaar et al. (1978) showed 
that pH and bulk densities were higher on crested wheatgrass soils 
while water-stable aggregates were higher on native range soils. 
The greater root mass allowed for increased energy flow into the 
native range soil system compared with the crested wheatgrass soil 
system. As the crested wheatgrass stands in these studies resulted 
from seeding into cropland that produced several crops of cereals, 
it is very likely that the changes of some soil characteristics could 
have occurred during the cropping period although the data were 
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compared with native range soils. 
Russian wildrye also appears to be capable of providing a long- 

term,pasture with good productivity under grazing (Smoliak and 
Johnston 1980). However, the influence of Russian wildrye on 
prairie soils has not been determined. Therefore, this study was 
initiated to assess the changes in characteristics related to soil 
organic matter and the productivity of established stands of crested 
wheatgrass and Russian wildrye sown in 1955 on newly plowed 
native range. 

Materials and Methods 

The study was conducted at the Agriculture Canada Research 
Substation near Manyberries, Alberta. The vegetation of the study 
site is typical of the Stipa-Bouteloua faciation of the Mixed Prairie 
Association (Coupland 1961). The Orthic Brown Chernozemic 
(Aridic Ustochrept) soil is of a medium texture. Portions of native 
rangeland in the study area were plowed to a IO- to l2-cm depth to 
kill the native vegetation and summer-fallowed in 1954 to accom- 
modate seeding of introduced grasses for a sheep grazing trial 
(Smoliak 1968). In the spring of 1955, the prepared areas were 
sown to crested wheatgrass (9.3 ha) and to Russian wildrye (10.9 
ha) at 9 kg/ ha seeding rate in 15-cm row spacings. The study had 3 
replicates. Adjacent areas of 20 ha of virgin rangeland in each of 
the 3 replicates completed the grazing fields. The fields were grazed 
by yearling ewes from 1957 through 1966 (Smoliak 1968) and by 
yearling steers from 1967 through 1972 (Smoliak and Slen 1974). 
After the grazing study was terminated, all cross fences were 
removed and the whole area was grazed by cows and calves from 
1973 through 1980. None of the fields was fertilized. 

Herbage was harvested from IO caged 0.89-m? areas in each 
pasture at the end of each grazing season from 1956 to 1980. All 
herbage was clipped near ground level with a hand-held power 
mower. The point-quadrat method was used to estimate the per- 
centage ground cover which was reported previously (Smoliak 
1968, Smoliak and Slen 1974). Root weights were determined from 
5 soil plugs taken at random in each replicate in each pasture type. 
Plugs were 10.4 cm in diameter and I5 cm deep and were obtained 
with a golf-cup hole cutter in September 1977. The plugs were 
washed on a screen and the separated roots were dried at 100°C for 
24 hours. Ash content of the roots was determined after ignition at 
700°C for 4 hours. Root weights are reported on an ash-free, 
oven-dry basis for the I5-cm depth. 

Composite samples were obtained from the top IO cm of soil in 
July 1965 and September 1978 from each replicate and pasture 
type and air-dried. The roots were screened out, after which the soil 
was ground to pass a l-mm screen. 

Total organic carbon (C) of the root samples was determined by 
dry combustion at 9OO’C for 15 minutes with the evolved COe 
collected and weighed, total nitrogen (N) was determined using a 
macrokjeldahl procedure, and solvent-extractable C was obtained 
by extraction in a Soxhlet apparatus for 72 hours with a mixture of 
ethanol-benzene (I: I). Lignin was determined as described by 
Deriaz (1961). Methoxyl groups were determined by a modified 
Zeisel technique (Tech. Assoc. of the Pulp and Paper Industry 
1945). Calorific values on five bulked samples from each pasture 
were obtained by combustion in a Parr 1241 adiabatic oxygen 
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Table 1. Precipitation and dry matter production on three pasture types, Manyberries, Alberta. 

Year 

Precipitation (mm) 

April to 
July Annual 

Native 
range 

Dry matter production (kg/ha) 

Crested Russian 
wheatgrass wildrye 

1956 208 
1957 II2 
1958 128 
1959 I48 
1960 137 
1961 78 
1962 167 
1963 146 
1964 159 
1965 419 
1966 I55 
1967 I78 
1968 126 
1969 100 
1970 219 
1971 I57 
1972 126 
1973 98 
1974 215 
1975 295 
1976 175 
1977 II4 

365 
350 
334 
307 
285 
215 
287 
266 
384 
600 
345 
430 
320 
243 
352 
316 
334 
219 
382 
572 
300 
286 

480 zt 104 
706 Ifr 178 
664 f 152 
529 f 120 
446 * 106 
272 I!= 78 
286 f 72 
314 f 74 
299 f 63 
547 f 151 
338 f 79 
516 f 129 
574 -I 147 
319 f 93 
238 f 71 
245 * 62 
I78 zt 43 
188 f 51 
476 f 127 
593 f I35 
439 * 107 
274 zt 71 

426 f 93 
843 f 209 

1,361 f 240 
1,448 zt 279 

702 f 149 
564 f I40 
784 f I31 
786 f 179 
804 * 202 

1,137 + 251 
904 f 237 

1,226 f 217 
916 f 168 
761 & 133 
863 f 234 
700 f 184 
610 f 134 
522 f 149 
824 f 197 

1,295 f 262 
1,158 f 214 

520 f 145 

235 f 61 
790 * I54 
966 * I88 

1,020 + 216 
649 f I71 
490 f I01 
530 f II0 
527 It I31 
454 f 119 

1,030 f 296 
788 f 94 
726 f 109 
682 & 164 
588 * 120 
475 + 104 
424 f 86 
399 f 95 
261 f 34 
544 f 102 
758 f 142 
690 * I56 
358 + 66 

1978 220 513 493 f I21 762 f 87 610 f 139 
1979 I68 343 421 & 104 1,088 + 248 508 f 78 
1980 162 334 416 f 98 785 f I86 523 f 107 
Mean 

-25 years 168 347 410 872 601 
-52 years I64 324 

bomb calorimeter. All values are expressed on a dry, ash-free basis. 
Total organic C of the soil samples was determined by dry 

combustion at 900°C for 15 minutes with the evolved CO2 col- 
lected and weighed, while total N was determined using a macro- 
kjeldhl procedure. Soil pH was measured in 0.01 M CaCla. Since 
Russian wildrye is a useful grass on saline soils, it was deemed 
useful for future reference to obtain baseline data of several 
parameters indicative of saline soils, such as pH, electrical conduc- 
tivity (EC), sodium adsorption ratio (SAR), and the water soluble 
Na, Ca,and Mgcontents(U.S. Sal. Lab. Staff 1954, Rhodes 1982). 

An analysis of variance test with years as a split plot was used to 
determine if any significant differences existed between the year 
means. Duncan’s multiple range test at the 0.05% level was used to 
determine significant differences among the 3 pasture types. 

Results and Discussion 
Dry matter production of the native range and the 2 seeded 

pastures was measured over a 25year period (Table 1). Crested 
wheatgrass pastures produced an average of about 113% more 
forage than did the native range pastures, while Russian wildrye 
pastures produced about 47% more. Although the peak forage 
production of crested wheatgrass was reached 4 years after seeding, 
both seeded pastures responded to seasonal precipitation as did the 
native range. Mean precipitation during the 25-year period was 
greater than the long-term averages. The higher production of 
herbage on seeded pastures, as compared to native range pastures, 
could be a result of a greater release of N. Coupland (1973) has 
suggested that the loosening of the soil and its greater exposure to 
sunlight increases the rate of decomposition of organic matter and 
this consequently increases the supply of N. 

Total root weight in the surface 15-cm layer of soil was greater 
on the native range pasture than on the seeded pastures (Table 2). 
The greater root weight also resulted in a higher kCal/ mz of the 
native range soil. There were no differences in the total C content 

Table 2. Characteristics of root material of native range, crested wheat- 
grass and and Russian wildrye sod. 

Crested Russian 
Characteristic measured Native wheatgrass wildrye 

Total C (%) 49.8ar 49.7a 47.la 
Total N (%) 2.3b 2.7a 2.2b 
Solvent extractable C (% of 

total C) l6.0b 23.3a I7.4b 
Lignin (%) 16.4a I6.0a 13.2b 
OCHs (meq/g of O.M.) 3.0b 3.4a 2.9b 
Calorific value (Cal/g) 4866b 5019a 4585~ 
Root weight to 15-cm depth 

(gl m2) I472a I l50b I165b 
kCal/m2 716Oa 5771b 5340b 

1 Means within rows followed by the same letterare not significantly different (KO.05) 
according to Duncan’s multiple range test. 

but the crested wheatgrass roots contained more total N, solvent- 
extractable C, and methoxyl group, and had a higher calorific 
value than the roots of the native range or Russian wildrye. The 
roots of native range and crested wheatgrass contained more lignin 
than those of the Russian wildrye. 

Soil from the Russian wildrye pastures contained less organic C 
in 1965 and 1978, less total N in 1978, and had a lower pH in 1978 
than the native range soils (Table 3). Soil from the crested wheat- 
grass pastures contained less organic C and had a lower pH in 1978 
than did the native range soils. 

The soils from the Russian wildrye pastures also had higher 
SAR values and contained more water extractable Na than did the 
soils from the native range and crested wheatgrass pastures (Table 
3). From 1965 to 1978 the values for EC, SAR, and water soluble 
Na, and Ca + Mgdecreased in all pastures. These variables are used 
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Table 3. Some characteristics of soil from native range, crested wbeatgrass 
and Russian wildrye pastures (average of 3 samples). 

Characteristic measured Native 
Crested Russian 

wheatgrass wildrye 

Total organic C (%) 
1965 
1978 

Total N (%) 
1965 
I978 

C/N ratio 
1965 
1978 

pH CaClz 
1965 
1978 

EC (dS/ m) 
1965 
1978 

SAR 
1965 
1978 

Na (meq/liter) 
1965 
1978 

Ca + Mg (Meq/liter) 
1965 
1978 

1 .40a1 I .36a I .27b 
I .42a I .26b l.21b 

0.14a 0.14a 0.13a 
0.14a 0.13a 0.12b 

lO.Oa 
10. la 

6.8a 6.7a 6.6a 
6.8a 6.6b 6.2c** 

I .03a 0.86a 1.19a 
0.47a** 0.39a** 0.43a** 

0.60b 0.51b 0.83a 
0.29b 0.36b 0.47a 

1.3b I.Ob 2.0a 
0.4b** 0.5b** 0.6a** 

9.4a 8.3a 10.2a 
4.0a** 3 3a** 2.9a** 

9.7a 
9.7a 

9.8a 
lO.la 

‘Means within rows followed by the same letter are not significantly different (X0.05) 
according to Duncan’s multiple range test. 
**Significantly different (KO.01) from value in 1965. 

to measure soil salinity but the change during the 13 years is 
thought to be in response to the differences in precipitation during 
the 2 sampling years. Bowman et al. (1984) have shown that 
changes in Na concentrations in soils supporting Russian wildrye 
were related to moisture availability. 

The results of this study show that, like crested wheatgrass, 
Russian wildrye is adapted to the study area. The root weight of 
Russian wildrye in the top 15 cm of soil was similar to that of 
crested wheatgrass. There was some invasion by native grasses into 
the Russian wildrye pastures, but none into the crested wheatgrass 
pastures. 

The Russian wildrye root material had a lower lignin content 
than either the native range or crested wheatgrass root material 
and lower root weight/ rnz than the native range sod. It is likely that 
the lower lignin content of the Russian wildrye root material 
allowed for a faster turnover initially. In fact, it may have even 

primed the native organic matter in the process. Plowing of the soil 
would have accelerated the breakdown of the organic matter as 
well. However, as the organic matter level came to a new equili- 
brium, soil-nutrient cycling would be lower than in crested wheat- 
grass sod. In 10 years, Russian wildrye reduced (KO.05) the 
amount of organic C in the soil and, in 23 years, the amount of total 
N. Reduced amounts of organic C were observed in soils on the 
crested wheatgrass sites after 23 years. Thus, while both introduced 
grass species did deplete soil nutrients, the reduction was not as 
great as that reported under cereal cropping (Lehane and Staple 
1943). Although the nutritional requirements of the 2 introduced 
grasses were not determined, it may well be that they are greater 
than those of native rangeland grasses, which have evolved on soils 
with low nutrient levels, and that additional nutrients could be 
provided through the application of fertilizers. 
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Seasonal Nitrogen Translocation in Big Bluestem 
During Drought Conditions 
D.C. HAYES 

Abstract 

This study, conducted during a severe drought in 1980, assesses 
the effects of burned and unburned treatments in tallgrass prairie 
on nitrogen content of big bluestem, AndropogongerardiiVitman. 
Seasonal total nitrogen and amino-nitrogen translocations in big 
bluestem in the tallgrass prairie were studied on burned and 
unburned treatments within Konza Prairie Research Natural 
Area, Manhattan, Kans. Leaf total nitrogen dropped from .71% in 
June 1980 to .21% in November with no significant difference 
between treatments. Rhizome total nitrogen was significantly dif- 
ferent between treatments with a June to November increase of 
.46% to .86% in unburned and .41% to .82% in burned treatments. 
Roots averaged 72% of rhizome total nitrogen, indicating that 
roots are also used as storage organs for nitrogen. Comparisons 
with other studies conducted in 1980 and 1971-1972 indicate that 
drought stress may reduce the total nitrogen content of big blues- 
tern. In April 1980, emerging leaves on the unburned plots were 
significantly higher in amino acid concentration than those on the 
burned plots. Although leaf amino acid concentration was con- 
stant after July, the percent of total nitrogen as amino acids 
increased 3 to 4 fold from mid-August to October. Rhizome amino 
acid concentration was significantly higher on the unburned than 
on burned plots. The September 1980 increase in leaf amino acid 
concentration and percent of total nitrogen as amino acids indi- 
cate\ a breakdown of protein in aboveground tissue. The concur- 
rent increase in rhizome amino acid concentration and percent of 
total nitrogen as amino acids supports the concept of fall transloca- 
tion of nitrogen to the belowground parts which serve as storage 
organs. 

Fall translocation of nitrogen from foliage to storage organs has 
been suggested as the explanation for nitrogen losses from living 
aboveground material of grasses during late summer (Weinmann 
1940, 1942, 1948; Clark 1977, 1981). Pate( 1971), Perry and Moser 
(1974), and Trlica and Singh (1979) discussed the possibility of 
nitrogen movement out of senescing plant parts and into storage 
organs for use in the spring. Amino acids are hypothesized to be the 
form of late season nitrogen movement (Weinmann 1942). Total 
amino acids decrease in leaves and increase in stems of grasses and 
trees as the amino acids move out of the senescing plant parts 
(Koretskaya and Zholkevich 1966, Trlica and Singh 1979, Chapin 
and Kedrowski 1983). Concurrently, the total nitrogen content in 
leaves decreases as the total nitrogen levels in stems, rhizomes and 
roots increases. The storage of nitrogen in perennial plant parts 
may be in the form of amino acids (Weinmann 1942, Perry and 
Moser 1974) or as protein (Thimann et al. 1974, Chapin and 
Kedrowski 1983). 

Internal conservation of nitrogen could be critical for survival in 
a nitrogen limited system (Pate 1971, Switzer and Nelson 1972, 
Woodmansee et al. 1978). As Bormann et al. (1977) stated, fall 
translocation would maintain a mobile pool of nitrogen unaffected 
by outside losses and serve to guard against short-term shortages in 
soil nitrogen availability. Trlica and Singh (1979) projected that 
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with internal nitrogen recycling the plant would be protected from 
reduced availability of soil nitrogen under drought conditions. 

Some reported estimates of internal nitrogen conservation in 
grasses are 75% for Moliniu (Morton 1977); 33% (Clark 1977) and 
25% (Woodmansee et al. 1978) for the shortgrass prairie; and 18% 
(McKendrick et al. 1975) and 40% (Adams 1982) for big bluestem 
in the tallgrass prairie. These estimates describe an important 
system of nitrogen conservation in perennial grasses; however, 
Clark (1977) and Woodmansee et al. (1978) state that these values 
are only assumptions of fall translocation and the mechanisms for 
nitrogen losses from living aboveground plant material have not 
been established. 

The objective of this study was to follow the movement of total 
nitrogen in leaves, rhizomes, and roots of big bluestem, Andro- 
pogon gerurdii Vitman, a dominant grass of the tallgrass prairie. 
Specific attention was given to the fall decrease in leaf total nitro- 
gen and concurrent increase in rhizome total nitrogen which has 
been hypothesized to be fall translocation of nitrogen to the peren- 
nial plant parts for storage. In this paper fall translocation is used 
to refer to the movement of nitrogen from the annual to the 
perennial parts during senescence. This may be a method for 
internal conservation of nitrogen to reduce losses and maintain a 
reliable nitrogen supply for the plant. Amino acid levels in the 
various plant parts were measured to test the hypothesis that 
nitrogen is transported to the storage organs as amino acids. 
Burned and unburned treatments were followed to assess the effect 
of burning on total nitrogen and amino acid content in grasses. 

Study Site and Methods 

The study was conducted at Konza Prairie Research Natural 
Area (KPRNA), 12 km south of Manhattan, Kans. Two sites were 
used, referred to as north and south sites, respectively. The north 
site is on Reading silt loam, a fine mixed, mesic Typic’Argiudoll, 
formed in alluvial sediments. The south site is on Tully silty clay 
loam, a fine mixed mesic Pachic Argiustoll, formed in colluvial and 
alluvial sediments. 

In April 1980, eight 5 X 2-m plots were set up at each site 
providing 4 replicates of burned and unburned treatments. At the 
north site burned and unburned treatments were paired, with I plot 
randomly selected to be burned and its paired plot left unburned. 
The north site, and thus the unburned treatment, was last burned in 
1978. The south site design conformed to a previously designed 
KPRNA management plan, which had been in effect for 8 years. 
Plots were established on opposite sides of the 3-m fireguard 
between an area burned that spring (annually burned) and one 
burned 1 year earlier (a 2-year burn) referred to hereafter as burned 
and unburned, respectively. Statistical analysis at the end of 1980 
indicated no significant difference in plant total nitrogen between 
sites for each treatment. The north site was abandoned in I98 I due 
to logistical \roblems and the replicates on the south site increased 
to 8 for each treatment to reduce variance for leaf total nitrogen. 

On the average, 75% of the yearly precipitation comes from 
April through September, the big bluestem growing period. In 
1980, only 46% of the average for this period was received. In 
McKendrick’s (1975) study of big bluestem on a nearby area, the 
leaves gained weight until mid-September and began to turn 
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reddish brown, a sign of senescence, in early October. In this study, 
growth appeared to have stopped in mid-June 1980 and browning 
of mature leaf tips was observed in mid-July, indicating early 
senescence. This drought was taken into account in interpreting the 
results of this study. In 1981, 107% of the average precipitation 
from April to September was received. 

Field Sampling 
A soil core (30 cm dia by 20 cm deep) with roots and plant tops 

intact was collected from each plot at approximately 2-week inter- 
valsfrom 19May 1980to2November 1980and4Apri11981 to 18 
June 1981. The cores were chosen to contain a majority of big 
bluestem. Soil samples from O-IO cm and IO-20 cm depths were 
also collected for gravimetric soil moisture determinations. The 
soil cores with intact plants were soaked in cold water for I hour 
before washing the soil from the roots and rhizomes by spraying 
water from a garden hose. Only belowground parts attached to a 
live big bluestem leaf or a recently dead leaf (that year) were 
retained. After washing, the samples were frozen until further 
processing. Total elapsed time from field sampling to freezing was 
4 hours. 

The samples were thawed and separated into 3 categories: (I) 
leaves, (2) crowns and rhizomes, and (3) roots. Due to the drought, 
stems and seedheads did not develop on the study plots and very 
few were observed anywhere on KPRNA in 1980. The samples 
were dried at 60°C to a constant weight, ground to 40 mesh in a 
Wiley mill, and stored in the dark in air-tight bottles. 

Analytical Procedure 
Plant total nitrogen was analyzed by the standard micro- 

Kjeldahl procedure (Bremner 1960) using a Pro-Pak catalyst and 
an Aminco distillation apparatus, then titrated with weak sulfuric 
acid. Random samples of each tissue type over several dates were 
run on a Technicon autoanalyzer, and a U.S. Bureau of Standards 
orchard leaves standard was used to assess the accuracy of the 
micro-Kjeldahl method and to correct for incomplete recovery of 
nitrogen. Data are expressed on a dry matter basis. 

Samples of 0.25 g oven-dry tissue for the amino acid analysis 
were extracted by incubating overnight in a water bath shaker at 65 
C in 25 ml of 80% ethanol. The solution was filtered, dried to a 
powder with a roto-evaporator and rehydrated to standard volume 
with glass double distilled deionized water. Test analysis deter- 
mined that extraneous compounds such as organic sugars, etc., did 
not interfere with the Yemm and Cocking (1955) ninhydrin reac- 
tion for total amino acids; therefore a resin column purification 
was not needed (Hayes 1982). The method detects glutamine and 
asparagine but not tryptophan. Glycine was used for a standard 
curve and all chemicals were fresh for each assay run. Data are 
reported as pg amino N l g-’ oven dry plant tissue for amino acid 
concentrations. Percent of total nitrogen as amino acids was calcu- 
latcd by dividing total amino acid concentrations by total nitrogen 
concentrations. Percent of total nitrogen as amino acids shall be 
referred to as percent amino acids throughout. (Only leaf and 
rhizome samples collected during the first 2 weeks of each month 
were analyzed). 

A two-way analysis of variance for site-time, treatment-time, 
and site-treatment and interactions using SAS procedures was run 
on all 1980 data. Two-way analysis of variance for treatment-time 
and the interactions was run on 1981 data. Due to no statistical 
difference between sites for any parameters, data presented graphi- 
cally for 1980 are an average of both sites. All statistical differences 
reported are significant at the p<O.O5 level. 

Results 

Total Nitrogen 
The leaf total nitrogen concentration peaked in May (1.64%). 

declined rapidly until July (0.60%) and decreased slowly through- 
out the summer and fall (Fig. I). Rhizome total nitrogen concen- 
tration declined slightly through June but subsequently increased 
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Fig. 1. Total nitrogen content in big bluesrem leaves on burned and 
unburned treatments. Thefirst datapoint in April 1981 is standing dead 
leaves from the previous year S production. 

to an average October high of 0.94% (Fig. 2). The root and rhizome 
total nitrogen patterns were markedly similar with concentrations 
of total nitrogen in roots averaging 72% (57% to 95%) of that in 
rhizomes (Fig. 2). Both root and rhizome total nitrogen concentra- 
tion were significantly lower in the burned than in the unburned 

Rhizomes In Unburned Plots 

Rhizomes in Burned Plclr 

Root, In Unbur 

w JWE JUIY AUQ. Sepl 0~1. Nov. April MOY .bne 

1980 1981 

Fig. 2. Total nitrogen content in big bluestem rhizomes and roots in 
burned and unburned treatmems. 

treatment. Leaf total nitrogen was not significantly different 
between treatments. 

The soil moisture at the IO to 20-cm soil depth was significantly 
lower in burned plots than in unburned with a low in August 1980 
of 11% and 15.4%. respectively. The soil moisture in the O-IO cm 
soil depth was erratic due to light rainfalls and evaporation to the 
IOcm depth. Burned plots were significantly lower in soil moisture 
at the 0- IOcm depth between rain events. Rainfall events increased 
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soil moisture levels slightly in September and dramatically in 
October of 1980. Soil moisture remained relatively high (37%) 
through June 1981 (Fig. 3). 

35.c 

f 
f 25.C 

P 
$i 2o.c 

z 
:: k 15.0 
IL 

IO - 20 cm Soil Depth 

Unburned Plots. 

Fig. 3. Soil moisture ar IO-20 cm soil depth in burned and unburned 
treatments. 

Amino Acids 
Rhizome amino acid concentration in August 1980 was signifi- 

cantly higher in unburned than in burned plots (Fig. 4). The sharp 
decline of rhizome amino acid concentration coincided with the 
end of the drought in Se’ptember. The subsequent increase in both 
treatments was during the period of high precipitation. Rhizome 
amino acid levels increased only slightly over the winter but rhi- 
zome amino acids as a percentage of total nitrogen significantly 
increased over the winter of 1980- 198 1 (Fig. 4). 

Leaf amino acid concentration was not significantly different 
between treatments and changed little after June 1980. However, 
the leaf amino acids as a percentage of total nitrogen increased 
slowly throughout the growing season with a dramatic increase in 
late August and September 1980. 

Nitrogen Conservation 
The percentage of nitrogen conserved by fall translocation can- 

not be obtained from concentrations without also having measures 
of total production. Aboveground biomass was obtained in this 
study, but root and rhizome production were not. Adams made his 
original data on above- and belowground production of big blue- 
stem available from a 1980-1981 study in Osage County, Okla- 
homa (Adams 1982). Assuming that the ratio of above- to below- 
ground biomass was the same in the 2 studies, concentrations were 
converted to amounts per unit area, which allowed the following 
percentage calculations to be made. 

Clark (1977) and Woodmansee et al. (1978) express fall translo- 
cation in aboveground tissue as the percent of nitrogen exported 
from leaves during the latter part of the growing season. By this 
method, this study estimates 58% of the nitrogen in big bluestem 
leaves exported during senescence. This calculation does not con- 
sider the addition of inorganic nitrogen from precipitation, or 
leaching and volatilization losses. The leaves of dominant tall- 
grasses act as a nitrogen sink for inorganic nitrogen from precipita- 
tion while leaves were growing, but leaching losses of organic 
nitrogen occur during senescence (T.R. Seastedt, KSU, personal 
communication). 

McKendrick (1975) estimated nitrogen conservation by the 

6.0 
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Fig. 4. Percent of total nitrogen andamino acids and totalfree amino acid 
concentrations in big bluesrem leaves and rhizomes in burned and 
unburned treatments. 

export of nitrogen from big bluestem rhizomes or roots during 
spring growth. In 1980,46% and 58% of the nitrogen in rhizomes 
and roots, respectively, was estimated to be exported in the first 
half of the growing season. This calculation does not exclude 
nitrogen uptake from the soil entering rapidly growing rhizomes 
and roots, nor does it include the nitrogen losses from root exu- 
dates. Because the above methods measure only part of the several 
processes involved, the above calculations are only a tirst approx- 
imation for the tallgrass prairie. 

Discussion 

The findings of this study support the concept of internal con- 
servation of nitrogen within big bluestem. The rhizome and root 
total nitrogen increased slightly prior to spring leaf growth, the 
period Nooden (1980) believes root uptake of soil nitrogen is the 
greatest. During the period of rapid stem and leaf growth (June), 
rhizome and root nitrogen reserves were depleted as would be 
expected due to translocation to growing tissue. In June leaf amino 
acid amounts declined as leaf total nitrogen concentrations 
increased due to rapid synthesis of amino acids into proteins. 
During senescence the percent of total leaf nitrogen as amino acids, 
hereafter referred to as percent amino acids, increased as total 
nitrogen concentrations declined. 

Nitrogen absorbed by roots would be converted into amino 
acids while storage proteins were broken down for translocation to 
the leaves as described by Beevers (1976). Water stress can cause a 
decrease in spring translocation and protein synthesis (Beevers 
1976, Nooden 1980). thus amino acids would accumulate in the 
rhizomes. Rhizome amino acid concentration and percent amino 
acids increased during the first half of the growing season (Fig. 4). 

After July leaf percent amino acids increased as protein was 
broken down into amino acids. As Weinmann (1942) suggests leaf 
amino acid concentrations remained constant as total nitrogen 
declined due to rapid fall translocation of amino acids to perennial 
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organs for storage. The marked similarity in total nitrogen patterns 
of rhizomes and roots (Fig. 2) strongly indicates that big bluestem 
roots play an important role in nitrogen storage and conservation. 
Fall translocation is also indicated by the increase in rhizome 
amino acid concentration. Rhizome and root total nitrogen 
reached a peak in mid-October when 80% of the aboveground 
parts had died. Nitrogen in storage organs can be stored as a water 
soluble compound (Weinmann 1942, Perry and Moser 1974) or as 
protein (Thimann et al. 1974, Chapin and Kedrowski 1983). The 
decrease in percent amino acid in rhizomes in conjunction with the 
increase in root and rhizome total nitrogen would indicate storage 
as protein. 

In early April 198 1, the rhizome amino acid levels increased 
dramatically, suggesting remobilization of stored nitrogen from 
protein into amino acid (Beevers 1976, Chapin and Kedrowski 
1983). The May-June decline in rhizome amino acid concentration 
and rhizome total nitrogen indicates that translocation of nitrogen 
out of the rhizome to the leaves is greater than rhizome nitrogen 
uptake from the soil. The leaf total nitrogen concentration 
decreases rapidly with cell maturity as cell walls thicken and cellu- 
lose “dilutes” the plant nitrogen. Leaf amino acid concentrations 
also decrease as amino acids are converted into protein (Beevers 
1976). 

Leaf total nitrogen was similar for both the burned and 
unburned treatments (Fig. I). Leaf percent amino acids increased 
dramatically in late summer as leaf total nitrogen was declining. 
The earlier increase on burned plots of leaf percent as amino acids 
may indicate earlier senescence than on unburned plots. 

The unburned treatment had overall significantly higher total 
nitrogen concentrations in belowground components than burned 
(Fig. 2). Rhizome amino acid concentrations and percent amino 
acids were higher in the unburned plots than in the burned plots in 
both summer 1980 and spring 198 1. In this study, soil moisture 
values were significantly lower in the burned plots, implying that 
the plants in the burned plots were more stressed due to greater 
cvapotranspiration than in the unburned plots. Thus the decreased 
amino acid concentration on burned plots was unexpected since 
others report that amino acid levels increased in water stressed 
plants (Barnett and Naylor 1966, Thimann et al. 1974, Beevers 
1976). The plants in burned plots seem to have decreased their 
production and initiated early senescence due to water stress. 
Russell (1973) suggests that as the upper soil layers dry out, the rate 
of nitrogen mineralization decreases with a corresponding decrease 
in available soil nitrogen. Garwood and Williams (1967) reported 
that nitrogen fertilization of lower soil depths during a drought 
increased grass production aboveground. Hake et al. (1984) sug- 
gests that big bluestem draws on its deep root system to avoid 
dehydration. The plants on burned plots may have shifted their 
root activity to lower soil depths to reach enough moisture to 
function at a low level. However, soil water below 5 m is low in 
nitrogen so the plants may not have had an adequate nitrogen 
supply. The plants on unburned plots had enough water and 
nitrogen at upper soil depths to continue functioning. 

McKendrick’s (1975) nitrogen values for big bluestem rhizomes 
on a similar site in the Flint Hills during 197 I were significantly 
higher than those of this study. Adams’( 1982) Osage data collected 
in 1980 and 1981 are not significantly higher than those of this 
study. Although Adams did not find a significant difference 
between nitrogen concentrations in 1980 and 198 1, his 1980 values 
(during a drought) were generally lower than those obtained in 
1981 (a wet year). Adams’ big bluestem September leaf nitrogen 
concentration was 0.32% compared to 0.80% reported by Risser 
and Parton (1982). The 1980 peak leaf nitrogen concentration 
( I .300/c) in May was lower than the 2.00% reported for 1971 and 
1972 by Risser and Parton (1982). Thus Adams’ work and the 
overall findings of this study show reduced nitrogen concentration 
during a drought. 

Mineralization and movement of soil nitrogen decreases under 

drought conditions (Russell 1973). It is possible that root uptake of 
nitrogen in this study was reduced in early summer 1980, thus 
lowering the overall nitrogen content of the plant as suggested by 
McKendrick (1975). Root uptake of minerals decreases during the 
reproductive stage according to Nooden (1980), so plants may have 
been unable to respond to the rains in September and October 
1980. Another interpretation is that the lower nitrogen concentra- 
tion in drought years may result from leaves being partially senes- 
cent through the summer. 

Drought stress may increase nitrogen conservation efficiency. 
McKendrick (1975) found only 18% efficiency in spring transport 
of nitrogen from rhizomes to leaves while Adams (1982) and this 
study found 35% and 46%, respectively. Adams found a 50% 
export of nitrogen from leaves in 1980 compared to 36% in I98 1. 
This study estimated 58% export of leaf nitrogen during senescence 
in 1980. Risser and Parton (1982) suggested a 36% reduction in leaf 
nitrogen during a senescence (0.8 g l me2 retranslocated vs. 2.27 
g l mm2 left in leaves in August). A higher efficiency of nitrogen 
conservation would indicate a response to drought conditions. 
Gosz (1981) hypothesized that a greater amount of nitrogen is 
recycled in nitrogen-stressed systems than for the same species in a 
nitrogen rich system. However, Chapin and Kedrowski (1983) 
concluded that taiga trees on low nitrogen sites do not have 
increased nitrogen fall translocation over those trees in high nitro- 
gen sites. 

We know of no other field studies of amino acid nitrogen dynam- 
ics in grasses on the Central United States grasslands. The total 
nitrogen and amino acid findings of this study strongly support the 
concept of fall translocation of nitrogen to storage organs for reuse 
the next year. Results also show that storage occurs in roots as well 
as in rhizomes. Burning during a drought year was found to lower 
the nitrogen concentration of roots and rhizomes but not of leaves 
of big bluestem. A higher efficiency of nitrogen conservation than 
previously reported was found in above- and belowground parts. 
Additional study will be necessary to ascertain whether this higher 
efficiency is a result of the drought conditions or a normal trait of 
the Flint Hills tallgrass prairie. 

Appreciation is extended to Drs. Lloyd Hulbert for supervising 
the research, Gary Paulsen for help with the chemical analysis and 
T.R. Seastedt for reviewing the manuscript. Thanks are extended 
to D.E. Adams for use of his unpublished data. This work was 
partially funded by NSF Grant 7922203. Contribution No. 84-27 I- 
J, Kansas Agricultural Experiment Station, Kansas State Univer- 
sity, Manhattan, KS. 

Literature Cited 

Adams, D.E. 1982. Nutrient and biomass allocation strategies for five grass 
species in an Oklahoma tallgrass prairie. Ph.D. Dissertation. Univ. 
Oklahqjma, Norman, Oklahoma. 

Barnett, N.M., and A.W. Naylor. 1966. Amino acid and protein metabo- 
lism in bermuda grass during water stress. Plant Physiol. 41: 1222-1230. 

Beevers, L. 1976. Nitrogen metabolism in plants. American Elsevier. New 
York. 

Bormann, F.H., G.E. Likens, and J.M. Mellilo. 1977. Nitrogen budget for 
anaggrading northern hardwood forest ecosystem. Science 196:98 l-983. 

Bremner, J.M. 1960. Determination of nitrogen in soil by the Kjeldhal 
method. J. Agr. Sci. 55:l I-33. 

Chapin, F.S., III, and R. Kedrowski. 1983. Seasonal changes in nitrogen 
and phosphorus fractionsand autumn fall translocation inevergreenand 
deciduous taiga trees. Ecology 64:376-391. 

Clark, F.E. 1977. Internal Cycling of 15N in shortgrass prairie. Ecology 
58:1322-1333. 

Clark, F.E. 1981. The nitrogen cycle. viewed with poetic license. p. 13-26. 
In: F.E. Clark and T. Rosswall (eds.) Terrestrial nitrogen cycles. Ecol. 
Bull. Stockholm. 

Garwood, E.A., and T.E. Williams. 1967. Growth. water use and nutrient 
uptake from the subsoil of grass swards. J. Agr. Sci. 69:125-130. 

Gosz, J.R. 1981. Nitrogen Cycling in coniferous ecosystems. p. 405-426. In: 
F.E. Clark and T. Rosswall (eds.) Terrestrial nitrogen cycles. Ecol. Bull. 
Stockholm. 

Hake, DR., J. Powell, J.K. McPherson, P.L. Claypool, and G.L. Dunn. 
1984. water stress of tallgrass prairie plants in Central Oklahoma. J. 
Range Manage. 37:147-151. 

JOURNAL OF RANGE MANAGEMENT 38(5), September 1985 409 



Hayes, Deborah Childs. 1982. Seasonal nitrogen translocation in big blue- 
stem. Andropogon germ&i Vitman, in Kansas during a drought year. 
M.S. Thesis. Kansas State Univ., Manhattan. 

Koretskaya, R.F., and V.N. Zholkevich. 1966. Restoration of proteins 
after wilting. Soviet Plant Phytiol. 6:873-879. 

McKendrick, J.D., C.E. Owensby, and R.M. Hyde. 1975. Big bluestem and 
indiangrass vegetative reproduction and annual reserve carbohydrate 
and nitrogen cycles. Agro-ecosystems 2:75-93. 

Morton, A.J. 1977. Mineral pathways in a molinierum in autumn and 
winter. J. Ecol. 65:993-999. 

Nooden, L.D. 1980. Senescence in the whole plant. p. 2 19-258. In: Kenneth 
V. Thimann (ed.) Senescence in plants. CRC Press, Inc. Boca Raton, 
Florida. 

Pate, J.S. 1971. Movement of nitrogenous solutes in plants. Nitrogen- I5 in 
soil-plant studies. Proceed. IAEA, Vienna. 

Perry, L.J., Jr., and L.E. Moser. 1974. Carbohydrate and organic nitrogen 
concentrations within range grass parts at maturity. J. Range Manage. 
271276-278. 

Risser, P.G., and W.J. Parton. 1982. Ecosystem analysis of the tallgrass 
prairie: nitrogen cycle. Ecology 63: 1342-I 35 I. 

Russell, E.W. 1973. Soil conditions and plant growth. 10th ed. Longman 
Group LTD. London. 

Switzer, G.L.,and L.E. Nelson. 1972. Nutrient accumulation and cycling in 
loblolly pine (pinus tat-da L.) Planatation ecosystem: the first twenty 
years. Soil Sci. Sot. Amer. Proc. 36:143-147. 

Thimann, K.V., R.R. Tetlcy, and T. Van Thann. 1974. The metabolism of 
oat leaves during senesence. Plant Physiol. 54:895-862. 

Trlica, M.J., and J.S. Singh. 1979. Arid land ecosystems: structure, func- 
tioningand management. Vol. I. ed. R.A. Perryand D.W. Goodall. Intl. 
Biological Programme 16. Cambridge Univ. Press, Great Britian. 

Weinmann, H. 1940. Seasonal chemical changes in the roots of some South 
African highveld grasses. J. South African Bot. 6: I3 t-145. 

Weinmann, H. 1942. On the autumna! remigration of nitrogen and phos- 
phorus in Truchypogon plumosus. J. of South African Bot. 8: 179-196. 

Weinmann, H. 1948. Underground development and reserves of grasses, a 
review. J. Brit. Grassland Sot. 3:115-140. 

Woodmansee, R.G., J.L. Dodd, R.A. Bowman, F.E. Clark, and C.E. 
Dickinson. 1978. Nitrogen budget of a shortgrass prairie ecosystem. 
Oecologia 341363-376. 

Yemm, E.W., and E.C. Cocking. 1955. The determination of amino acids 
with ninhydrin. Analyst 80:209-213. 



Green Needlegrass and Blue Grama 
in Controlled Environments 
TIMOTHY E. FULBRIGHT, A.M. WILSON, AND EDWARD F. REDENTE 

Abstract 

Green needlegrass [St@ viridula Trin.] and blue grama [Boute- 
louu gracilis (H.B.K.) Lag.] possess the Ca and Cd photosynthetic 
pathways, respectively. Objectives of this study were to compare 
growth analysis traits of green needlegrass and blue grama and to 
determine the effects of 2 temperature regimes on seedling growth 
characteristics of both species. Seedlings of 2 accessions each of 
green needlegrass and blue grama were grown in growth chambers 
under 200 C day-150 C night (20-15’ C) and 25” C day-200 C night 
(25-200 C) temperature regimes (with a 15hr photoperiod). Begin- 
ning 2 weeks after planting, seedlings were harvested twice a week 
for 3 weeks. Growth analysis traits were calculated with data 
obtained from each harvest using exponential regression equa- 
tions. Net assimilation rates of blue grama were higher than those 
of green needlegrass at both temperatures. Seedling growth of blue 
grama was more rapid at 25-20” than at 20-15’ C, while seedling 
growth of green needlegrass did not differ between temperatures. 
Blue grama seedlings exhibited higher relative growth rates than 
green needlegrass seedlings at 25-200 C but not at 20-15’ C. Green 
needlegrass accessions differed for relative growth rates at 25- 
20” C, which indicated the possibility of selecting for rapid seedling 
growth. 
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Seedling Growth 

Amount of leaf area present and net assimilation rate (NAR) 
govern the rate of seedling growth. Growth analysis provides a 
means of determining the relative importance of leaf area and net 
assimilation rate in seedling growth rates (Patterson et al. 1978). 

Potter and Jones (1977) found plant growth to be more closely 
correlated with leaf area partitioning coefficient (LAP) than with 
NAR. LAP indicates that extent of partitioning of daily assimila- 
tion into new leaf area. Relative leaf area expansion rate (K.) is the 
product of NAR and LAP. Various investigators have reported 
high correlations between relative leaf area expansion rates and 
growth (Potter and Jones 1977, Patterson et al. 1978, Townsend 
and Wilson 1981). 

Green needlegrass (Stipa viridulu Trin.) possesses the Cs photo- 
synthetic pathway (Wailer and Lewis 1979). Blue grama [Boufe- 
louagrucilis (H.B.K.) Lag.], a common associate of green needle- 
grass throughout much of its range, possesses the Cd pathway. 
Growth rates of blue grama and green needlegrass would be 
expected to differ because of the physiological dissimilarities 
between the 2 species. Objectives of this study were to use growth 
analysis traits to (I) explain differences in seedling growth rates 
between blue grama and green needlegrass and (2) determine the 
influence of temperature on seedling growth of each species. 
Growth analysis can be used in screening plant materials for traits 
that enhance seedling vigor (Townsend and Wilson 1978,198l). A 
third objective of the study was to determine the influence of 
accession on seedling growth of each species. 
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Materials and Methods 

Seeds of Lodorm and accession SD-93 green needlegrass were 
obtained from the USDA Soil Conservation Service Plant Mate- 
rials Center at Bismarck, N. Dak. Lodorm is a variety of green 
needlegrass with reduced seed dormancy (Larson and Carter 
1970). Blue grama accessions were PM-K-1482 and PM-K-1483. 
Accession PM-K-1482 is a synthetic blend of 6 blue grama acces- 
sions that originated in Nebraska and northern Kansas. Accession 
PM-K-1483 is a synthetic blend of 12 blue grama accessions from 
southern Kansas and northwestern Texas. 

Table 1. Definitions and units of measurement of traits wed to describe 
seedling growth of 2 accessions each of green needlegrass and blue 
grenu. 

Trait Definition2 Units 

Net assimilation rate (NAR)J 

Leaf area partitioning coefficient 
(LAP)’ 

Seeds were planted in plastic pots (15 cm diameter by 15 cm 
deep) filled with autoclaved sandy loam soil. Thirty seeds were 
placed in each pot and covered with 2 mm of soil. Soil in each pot 
was watered to approximately field capacity. Seeds were then 
covered with a 2cm layer of dry soil. 

Relative leaf area expansion rate (K.) 

Relative growth rate (K,) 

The experiment was conducted in 2 sequential phases: (1) a 
14day emergence and initial seedling growth phase and (2) a 
2 Iday temperature treatment phase. In the first phase pots were 
placed in a growth chamber at a 20-15°C temperature regime with 
a 1%hr photoperiod. Photosynthetic photon flux density (PPFD) 
was 400 PE Mm2 s-l. Pots were subirrigated to retain the dry surface 
layer of soil. Soil below the dry layer was maintained at about field 
capacity. 

Relative rate of shoot development 
(KS) 

dW/dt 
A 

dA/dt 
dW/dt 
dA/dt 

A 
dW/dt 

W 

dS/dt 

Relative rate of root development 
(Kr) 

s 
dR/dt 

s 

mg day-’ 
cm2 

cm2 day-’ 
mg day-’ 
cm2 day-’ 

cm2 
mg day“ 

mg 
No. shoots day-’ 

No. shoots 
No. roots day-’ 

No. shoots 

In the second phase of the experiment, pots were removed from 
the first growth chamber and seedlings were thinned to the 5 largest 
in each pot. A layer of gravel was placed on the soil surface of each 
pot to reduce evaporation. Pots were then placed in 1 of 2 growth 
chambers adjusted for temperature regimes of 20-15’C and 25- 
20°C. PPFD was 450 /IE Mm2 s-* during the 15-hr photoperiod. 
Pots were surface irrigated when necessary during the second 
phase of the experiment to maintain the soil at field capacity. 

‘Adapted from Townsend and Wilson (1981). 
*The following abbreviations WC’ ’ :.*:‘I’ : . ,-. ,:-I, . i SF !- I U ,,.,.1. !’ c ,’ 1:’ 
area(A),numberofshoots(prin.~ . s .I .I I,:. . F u .\. I:::‘:\” . hI-. W. ,I .- 
ofchangeinseedlingweight(dW .. #I:, , o~~i- -c:, mli .-.~‘,I.:,. :\ :I. , ,- 
of change in the number of sho . . ‘b , II*’ 1 .., ,: ’ I I, :,.‘,,” ‘: _..’ , 
(dR/dt). 
‘LAPand NAR wereestimated on the fifth harvest date( 14daysafterthe beginning of 
temperature treatments). 

were calculated to examine relationships between seedling growth 
traits. All differences were significant at the 0.05 level of probabil- 
ity unless otherwise stated. 

Results 

Seedlings were harvested immediately before the temperature 
treatment phase and then twice a week for 3 weeks. A total of 7 
harvests were made. All data were based on averages of the 5 
seedlings in each pot. Each harvest consisted of first counting tillers 
then excising excerted leaf blades. Leaf blade area was measured 
with an automatic leaf area meter having a sensitivity of 0.1 mm. 
Soil was removed from each pot, placed on a screen, and carefully 
washed from seedling roots with a fine spray of water. Seedlings 
were then taken to the laboratory and placed on moist blotter 
paper. Seminal and adventitious roots were excised with a razor 
blade and counted. Leaf blades, roots, and other seedling parts 
were oven-dried at 60°C for 24 hours and then weighed. 

Leaf Blade Area and Total Seedling Weight 

Data obtained from the 7 harvests were used to calculate the 
following seedling growth traits: net assimilation rate (NAR), leaf 
area partitioning coefficient (LAP), relative leaf area expansion 
rate (K.), relative growth rate (K,), relative rate of shoot develop- 
ment (K.), and relative rate of root development per shoot (Kr). 
Definitions and units of measurement for each growth trait are 
given in Table I. 

Green needlegrass seedlings developed greater leaf blade area 
than blue grama seedlings under the 20-15OC temperature regime 
(Table 2). Leaf blade area of green needlegrass seedlings did not 
differ between temperature treatments while that of blue grama 
was greater under the warmer temperature regime than under the 
cooler regime. Lodorm green needlegrass seedlings had greater leaf 
blade area than SD-93 green needlegrass seedlings under both 
temperature regimes. Seedlings of accession PM-K-1483 blue 
grama developed greater leaf blade area than PM-K-1482 blue 
grama seedlings under the 25-20°C temperature regime but not 
under the 20-l 5’C regime. 

Seedling growth traits were calculated using exponential regres- 

sion equations described by Potter and Jones (1977) of the form: 

w=wgV 

where W is total seedling weight (mg) at any given time, W, is initial 
seedling weight (mg). K, is relative growth rate, and t is time 
(days). The value oft in calculations of NAR and LAP was 14 since 
LAP and NAR were estimated 14 days after the start of the 2 
temperature treatments. Values for each seedling growth trait were 
calculated for each temperature regime, accession, and replication 
to allow statistical comparisons. 

Leaf blade area of green needlegrass seedlings was more than 
double that of blue grama seedlings on the first harvest date (Table 
2). Leaf blade area on the first harvest date was highly correlated 
(r=0.81, p<O.Of) with caryopsis weight. Weight of Lodorm and 
SD-93 green needlegrass caryopses averaged 1.2 and 1.5 mg, 
respectively, compared to 0.4 mg for caryopses of the blue grama 
accessions. Differences in leaf blade area between species were 
probably associated with differences in caryopsis weight. Town- 
send and Wilson (198 1) found that seed weight of cicer milkvetch 
[Asrrugulus cicer L.] was positively associated with initial leaf area 
and initial seedling weight, but net assimilation rate, leaf area 
partitioning coefficient, relative leaf area expansion rate, and rela- 
tive growth rate were entirely independent of seed weight. 

A randomized complete-block design with a factorial arrange- 
ment of treatments was used in the experiment. Factors were 
temperature regimes, accessions, and harvest dates. Five replica- 
tions were conducted sequentially over time and data were ana- 
lyzed by analysis of variance and polynomial regression. Simple 
correlation coefficients (r) and linear regression coefficients (b) 

Total weight of green needlegrass seedlings was 28% higher than 
that of blue grama seedlings on the final harvest date under the 
20-15°C temperature regime, but total weight of green needlegrass 
seedlings was 32% lower than that of blue grama seedlings at 
25-20°C on the final harvest date (Table 2). Total weight of green 
neediegrass seedlings did not differ between temperature treat- 
ments, while blue grama seedlings developed greater total weight at 
25-20°C than at 20-15’C. Lodorm green needlegrass seedlings 
accumulated more dry matter than SD-93 seedlings. Seedlings of 
accession PM-K-1483 blue grama developed greater total seedling 
weight than PM-K-1482 blue grama seedlings under the 25-20°C 
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Table 2. Leaf blade area (cm*) and total seedling weight (mg) of 2 accessions each of green needlegrassand blue grama grown under 2 different temperature 
regimes. 

Species 

Green needlegrass 

Leaf blade area’ Total seedling weight’ 
Accession and days (cm? (m8) 

after planting 20-15°C 2520°C 20-15°C 2520°C 

Lodorm 
I4 1.7 1.5 I8 I6 
I8 2.3 3.0 24 28 
21 5.1 5.9 51 60 
25 8.5 II.2 99 II8 
28 16.9 17.7 180 220 
32 23.1 26.8 326 374 
35 35.7 34.5 501 533 

x * 95% 13.3 It 1.2 14.4 f 1.2 I71 f 24 193 f 24 
Confidence interval 

SD-93 
I4 I.2 1.7 15 I9 
18 2.4 2.9 28 31 
21 4.6 5.3 51 58 
25 8.7 9.1 97 109 
28 14.9 15.0 180 187 
32 19.6 20.9 257 284 

Blue Grama 

35 
x f 95% 

Confidence interval 
PM-K-1482 

I4 
I8 
21 
25 
28 
32 
35 

x * 95% 
Confidence Interval 

PM-K-1483 
I4 
18 
21 
25 
28 
32 
35 

x * 95Yc 
Confidence Interval 

29.9 31.6 409 462 
11.6 zt 1.2 12.4 Jt 1.2 148 f 24 164 zt 24 

0.6 0.5 I5 I3 
0.9 1.4 24 29 
1.6 2.8 39 54 
3.7 7.3 80 127 
6.3 II.8 128 216 
9.4 20.8 200 378 

16.9 31.5 349 691 
5.6 ok I.2 10.9 f 1.2 119f24 215 f 24 

0.5 0.6 I3 I6 
I.1 1.5 25 31 
2.3 3.4 47 62 
3.7 7.9 77 136 
6.9 13.6 I41 237 

Il.5 26.3 239 463 
18.0 35.0 362 774 
6.3 f 1.2 12.6 f 1.2 129 zt 24 246 f 24 

‘Analysis of variance indicated significant (p<O.OS) main effects for temperatures, accessions, and planting dates. In addition, all 2-way and 3-way interactions were significant 
@<O.OS). The pooled confidence interval is appropriate for differences between treatment combinations but not for identifying significantly different main effects and 
interaction means. 

temperature regime but not under the 20-15’C regime. 

Net Assimilation Rate (NAR) and Leaf Area 
Partitioning Coefficient (LAP) 

Blue grama seedlings exhibited higher values for NAR than did 
green needlegrass seedlings (Table 3). NAR values were higher at 
252O“C than at 20-15°C. NAR did not differ betweengreen needle- 
grass accessions or between blue grama accessions. 

Green needlegrass seedlings had higher values for LAP than blue 
grama seedlings at both temperatures (Fig. 1). There was an inter- 
action of accession with temperature for LAP. LAP of green 
needlegrass seedlings tended to be lower at 2520°C, while LAP of 
blue grama seedlings tended to be higher at 2520°C than at 
20- 15’C. No difference in LAP existed between green needlegrass 
accessions or between blue grama accessions. 

Relative Leaf Area Expansion Rate (K.) and 
Relative Growth Rate (K,) 

Blue grama seedlings had higher values for K, than green nee- 
dlegrass seedlings at 2520°C but not at 20-15’C (Fig. 2). K, of 

green needlegrass seedlings did not differ between temperatures. 
Blue grama seedlings had 17% higher values for K, under the the 
25-20°C temperature regime than under the 20-15’C regime. NO 

difference existed between green needlegrass accessions or between 
blue grama accessions for K,. 

K, of blue grama seedlings exceeded that of green needlegrass 
seedlings at 25-20°C (Fig. 3). Blue grama and green needlegrass 
had similar values for K, at 20-l 5’C. K, of green needlegrass did 
not differ between temperature treatments. Blue grama seedlings 
had higher values for K, under the 25-20°C temperature regime 
than under the 20-15’C regime. Lodorm green needlegrass seed- 
lings exhibited higher values for K, than SD-93 green needlegrass 
seedlings at 25-20° C but not at 20-l 5OC. There was no difference in 
K, between blue grama accessions. 

Differences in growth rates between green needlegrass and blue 
grama seedlings can be explained by the relationship between K, 
and K,. K, was more highly correlated with K, than with NAR for 
all accessions except SD-93 green needlegrass (Table 4). There was 
no significant correlation between K,and LAP. Thus, bluegrama 
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Table 3. Net assimilation rate (NAR), relative rate of shoot development 
(KS), and relative rate of root development per shoot (K,) of 2 accessions 
each of green needlegrass and blue grama grown under 2 temperature 
regimes. 

Temtxrature and 

a22 

021 

0.20 

Seedling growth trait’,2,“,4 
0.19 I 

95% Confldencr Inlwr~l 
I 

Specks accekon 

20-15°C 
Cirern needlegrass Lodorm 

SD-93 
Blue grama PM-K-1482 

PM-K-1483 

25-20” c 
Green needlcgrass Lodorm 

SD-93 
Blue grama PM-K-1482 

PM-K-1483 

95% Confidence 
Interval 

NAR KS K, 

2.04 0.06 0.27 
1.98 0.06 0.33 
3.30 0.08 0.1 I 
3.28 0.09 0.10 

2.19 0.07 0.31 
1.98 0.07 0.34 
3.76 0.09 0. I3 
3.56 0.10 0.13 

x f 0.34 x f 0.01 x f 0.03 

- 2 0.16 - 

. i 0.17 - 

0” 
u 

“E 

0.16- 

z 0.15 - 

x? 

0.14 - 

T T T T 

‘Valws ot R? lor equations used to calculate there traits lor each rcplicatlon ranged 
lrom 0.83 to 0 99. 
:Interactions 01 trmperaturc treatmcnt~ with ~cwwons were not sigmflcant @X.05) 
lor NAR. K,. and K,. Main cftrcts ot tempcraturc and accession were argmficant 
@<O.OS) for NAl$ K.. and K,. 
‘NAP I” rng day cm? K, in no 01 shoots day ’ no. of shoots: K, I” no. of roots 
day no. of shoots. 
JThr pooled confidence mtenal 15 appropriate lor dlflrrrncer between treatment 
combinatmnr but not for identif>mg sqniltcantly diftcrent Mann elfcctr and intcrac- 

Lodorm SO-93 PM-K- PM-N- Lodorm SO¶3 PM-K- PM-K- 
1462 1463 1462 1493 

t I 1 
20-15 25-20 

I 

tion means. TEMPERATURE ( *C ) 
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95% bnfidenu Intwvol T 

1462 1463 1462 1463 
I 

EO- IS 
4 k 

25-20 
i 

TEMPERATURE (OC ) 

Fig. 1. Temperarure&ws on Ieafarmpartitioningcoqfficient (LAP)oJZ 
accessions each of green needlegrass and blue grama. The interaction of 
accession and temperature was significant (p<O.OS). The main effect of 
temperature was not significant (p>O.OS). and the main eJJect yfaccrs- 
sion was significant (p<O.O5). The pooled coqfidence intervals are 
appropriatefor differences between treatment combinations but notfor 
identifjing .signtficantl_v dtjyerent main <ffiets and interaction means. 

JOURNAL OF RANGE MANAGEMENT 38(5), September 1985 

Fig. 2. Temperature <fjkcts on relative leqf’area expansion rate (Ka) qf2 
auessions each of green needlegrass and blue grama. The interaction qf 
ac,cession and temperature was sign[ficant (p<O.O5). Main effects qf 
temperature and accession were also significant (p<O.O5). The pooled 
uwtfidence interval ts appropriate ,for differences bet ween treatment 
combinations hut not.for ident$ying .sign[ficantly dtfferent main effects 
and inrerac~trun means. 

seedlings had higher K, values than green needlegrass at 25-20°C 
because K, values of blue grama were higher than those of green 
needlegrass seedlings (Table 3). K, values of the 2 species were 
similar under the 20-I 5°C temperature regimes because K, values 
did not differ. 

Differences between species in the effect of temperature on 
growth rates can also be explained by the relationship between K, 
and K,. K, of green needlegrass seedlings did not differ between 
temperature treatments because K, did not differ between temper- 
atures (Table 3). Blue grama had a higher K, at 25-20°C than at 
20-15°C because K, was highest at 25-20°C. 

The higher K, of Lodorm green needlegrass seedlings in com- 
parison to SD-93 green needlegrass seedlings may have resulted in 
part from the greater leaf blade area of Lodorm. Also, K-and NAR 
of Lodorm tended to be higher than that of SD-93, although 
neither trait differed significantly between the 2 accessions. Blue 
grama accessions did not exhibit differences in K, because they did 
not differ in K,, LAP, or NAR. 

Relative Rate of Shoot Development (K,) and Relative 
Rate of Root Development Per Shoot (K,) 

Blue grama seedlings exhibited a higher K, than green needle- 
grass seedlings (Table 3). Blue grama seedlings had an average of 
I .2 tillers on the first harvest date, when seedlings were 2 weeks old. 
Green needlegrass seedlings did not develop tillers until the third 
harvest date, when seedlings were 3 weeks old. Blue grama seed- 
lings had an average of 15.6 tillers on the final harvest date at 
25-2O”C, compared to 2.6 for green needlegrass. K, was more rapid 
at 2520°C than at 20-15°C and did not differ between accessions 
lor either species. 

Green needlegrass seedlings had higher values for K, than did 
blue grama seedlings under both temperature treatments (Table 3). 
The higher values of K, for green needlegrass possibly resulted 
irom the greater sire of green needlcgrass shoots and deeper 
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Fig. 3. Temperature effects on relative growrh rate (Kw) of 2 accessions 

each of green needlegrass and blue grama. The interaction of accession 
and temperature was signzficant (pCO.05). Main effecrs of temperature 
and accession were also signtficanr (p<O.OS). The pooled confidence 
intervals are appropriate for differences between treatment combina- 
tions but not for identifying signzficanrly different main effects and 
inreracrion means. 

placement of the coleoptilar node, from which the adventitious 
roots develop, in the soil. Although K, of green needlegrass was 
higher than that of blue grama, blue grama seedlings developed a 
greater total number of adventitious roots than green needlegrass 
seedlings because blue grama seedlings developed a greater total 
number of shoots than green needlegrass seedlings. Blue grama 
seedlings had an average of 22.4 adventitious roots per seedling on 
the final harvest date at 2520°C compared to 12.9 for green 
needlegrass seedlings. K, was more rapid at 2520°C than at 20- 
15°C. SD-93 green needlegrass seedlings had higher values for K, 
than did Lodorm seedlings. Blue grama accessions did not differ in 
Kr. Discussion 

Growth rate differences between blue grama and green needle- 
grass would probably have been more pronounced at higher light 
intensities than those used in this study. The light intensity in the 
temperature treatment phase of the experiment was less than 25% 
of full sunlight. Green needlegrass was probably near light satura- 
tion, while blue grama was much below its light saturation level. 
Photosynthesis of most Ca species is saturated at intensities of 25% 

Table 4. Simple correlation coefficients (T) and linear regression coeffi- 
cients (b) for the relationship between relativk growth rate (K,) and net 
assimilation rate (NAR), leaf area partitioning coefficient (LAP), and 
relative leaf area expansion rate (K.) of 2 accessions each of green 
needlegrass and blue gmma. 

The highest NAR for green needlegrass and blue grama seed- 
lings recorded under the conditions of this study was 2.2 and 3.8 mg 
dry matter cm-‘day-‘, respectively. The higher NAR of blue grama 
reflects the greater photosynthetic capacity of plants that photo- 
synthesize by the Ca pathway. Field studies by Wilson and Briske 
(1979) yielded lower NAR measurements than those recorded for 
plants grown in growth chambers in the present study. ‘They 
reported rates of 2.6 to 3.0 mg biomass cm-‘days’ during the early 
summer for blue grama seedlings harvested from seeded stands at 
the Central Plains Experimental Range in northeastern Colorado. 

Green needlegrass has been used extensively in the northern 
Great Plains in range seeding mixtures and in mined-land reclama- 
tion plantings (Thornburg 1982). Differences in relative growth 
rate and relative rate of root development per shoot between green 
needlegrass accessions indicate the possibility of selecting green 
needlegrass for rapid seedling growth and rapid root development. 
Slow growth during the seedling stage is one of the primary reasons 
for difficulty in grass establishment in semiarid regions (Vallentine 
1980). Development of varieties with rapid seedling growth and 
root development in addition to low seed dormancy would 
enhance the value of green needlegrass for use in reseeding of 
deteriorated rangeland and in revegetation of strip mined and 
other drastically disturbed lands. 
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of full sunlight, while photosynthesis of Cb species is generally not 
saturated at 100% of full sunlight (Moore 1977). 

Potter and Jones (1977) reported that K, was highly correlated 
with LAP for 7 of the 9 species they studied and that a low 
correlation between K,and NAR existed for 5 species. NAR was a 
more important factor than LAP in growth of green needlegrass 
and blue grama seedlings under the conditions of our study. Potter 

and Jones (1977) found that temperature differences affected K, 
and LAP but for 4 of the species they studied had little effect on 
NAR. Our results were interpreted to show that NAR was affected 
by temperature differences. especially for blue grama. 

Results of this study were in agreement with results of other 
studies (Potter and Jones, 1977. Patterson et al. 1978, Townsend 
and Wilson 1981) in which high correlations between seedling 
growth and K, were found. K, appeared to be the major growth 
trait related to differences in growth rates between Lodorm green 
needlegrass and blue grama seedlings. The importance of K, in 
seedling growth is supported by Townsend and Wilson (198 I) who 
found that although NAR was significantly correlated with growth 
of cicer milkvetch seedlings, it tended to affect growth indirectly 
through its effect on K,. 



Effects of Selected Seed Treatment on Germination 
Rates of Five Range Plants 
LARRYE C. WEAVER AND GILBERT L. JORDAN 

Abstract 

Effects of various treatments on germination rates were deter- 
mined for Lebmann lovegrass (Eragrostis lehmunniuna Nees), 
‘Cochise’ lovegrass (Eragrostis lehmanniana Nees X Eragrostis 
tricophoru Coss & Dur), Boer lovegrass (Erugrostis curvulu var. 
conferta Nees), blue panicgrass (Panicurn untidotule Retz.) and 
four-wing saltbush (A triplex canescens (Pursh) Nutt.) seeds. Rates 
were approximations of time to 50% germination, and seed treat- 
ments included applications of potassium nitrate, ammonium 
nitrate, gibberellic acid, and heat desiccation. Germination rates 
could be increased, but treatment effects were not uniform between 
seed lots within a species or among species. Desiccation at 70” C for 
24 hours was particularly effective in increasing germination rates 
of Boer and Lehmann lovegrass seeds. Increased rates of germina- 
tion of certain species might aid in establishment of range seedings 
made under limited moisture conditions of the Southwest. 

A relatively high rate of germination is believed to be a key 
characteristic of various plants adapted for seeding semiarid envi- 
ronments, promoting germination during ephemeral moisture 
periods (Jordan 1981). Germination rates have not been relevant 
or of major concern in most germination research and generally 
not considered as a measure of seed quality for semiarid seedings. 
Consequently, quantitative data are scarce, and standard proce- 
dures do not exist to characterize germination rates among species, 
seed treatments, or to compare among reports in the literature. 

Germination rates of a seed can be changed due to temperature 
and daylength environments of the parent plant (Gutterman 1972, 
Koller 1972, and Harrington 1972). Gibberellicacid (GA) has been 
found to increase rates of germination (Hartmann and Kester 
1968). No plant contains all of the 37 known gibberellins (Lang 
1970) but all plants contain at least one of them (Sosebee 1977). 
Hence, the exogenous application of different gibberellins often 
results in different responses of individual species. Ammonium and 
potassium nitrates are often inhibitory to the germination process 
except in low concentrations where they have been found to pro- 
mote germination of many species (Koller 1972), Macguire 1972, 
Hartmann and Kester 1968). Effects of nitrates on germination 
rates have not been reported. Germination characteristics, includ- 
ing rates, of many species have been changed by heat desiccation at 
temperatures ranging from 60 to 80 C (Keller 1972, Haferkamp 
and Jordan 1977, Maun 1977, and Stone and Juhren 1951). 

A better understanding of germination rates may clarify some of 
the variable reponses observed in range seedings. A study was 
conducted to (1) determine germination rates of 5 species com- 
monly used for revegetation of semiarid rangelands in Arizona and 
(2) determine if selected seed treatments could change germination 
rates sufficiently to affect range seeding results. 

The selected species were Lehmann lovegrass (Erugrostis Zeh- 
manniuna Ness), ‘Cochise’lovegrass (Erugrosris lehmanniuna Nees 
X Erugrosris tricophoru Coss 8~ Dur), Boer lovegrass (Erugrostis 
curvulu var. confertu Nees), blue panicgrass (Panicum antidorule 
Retz.) and four-wing saltbush (Atriplex cunescens (Pursh) Nutt.). 

Authors are range specialist, Lesotho, Africa; and professor. range management. 
School of Renewable Natural Resources, University of Arizona, Tucson 85721. 
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Methods and Materials 

Plant Materials 
The species selected had good drought tolerance and persistance 

but they differed widely in ease of establishment in range seedings 
in Arizona. All accessions used in this study had a high level of seed 
uniformity compared with most native range plants and were 
produced under uniform controlled cultural conditions. Seed lots 
selected were typical of seed used for range seedings. To evaluate 
possible variation within a species, 2 accessions and 2 seed lots of 
Lehmann lovegrass were used. 

Seed was provided by the Soil Conservation Service, USDA, 
Plant Materials Center in Tucson, Arizona. Accession A-130 of 
blue panicgrass was harvested as Lot 6060 in October 1978. Acces- 
sion NM-155 of four-wing saltbush was harvested as Lot 6017 in 
April 1977. Lot 4934 of Accession A-84 of Boer lovegrass was 
harvested in October 1970, and ‘Cochise’ lovegrass was harvested 
as Lot 6200 in September 1980. Two Accessions, A-68 and L-19, of 
Lehmann lovegrass were studied. Accession A-68 was the com- 
mercially available seed utilized for seeding efforts in the South- 
west. The 2 lots of A-68 were Lot 6092 harvested July 1979 having a 
germination of 54% and Lot 6101 harvested October 1979 having a 
germination of 96%. Both lots were harvested from the same field. 
Accession L-19 was developed as a cold-tolerant variety but had 
not been released for commercial production. No Lot number was 
assigned to Accession L-19 but the date of harvest was 1967. 

Methods 

The large number of seeds involved required division of the 
study into two experiments. The first experiment studied the 
effects of gibberellic acid (GA& potassium nitrate (KNOa), and 
ammonium nitrate (HNbNOs) solutions on germination rates. 
Gibberellic acid was applied in solution concentrations of 0.014, 
0.14, 1.4 and 2.8 millimolar. Potassium and ammonium nitrates 
each were applied at concentrations of 0.02, 0.04, and 0.08, and 
0.16 molar. The second experiment involved desiccation of seeds 
with heat prior to germination. Disiccation was accomplished by 
drying seed at 70°C for 24 hours in a forced-draft oven. 

Prior to germination, seeds were run through a seed blower to 
remove lower density seeds and trashy materials. Three loo-seed 
samples (replications) were counted for each of the accession- 
treatment combinations, and samples were stored in small vials 
until initiation of the experiment. All germination experiments 
were conducted in a Cleland Germinator at a constant temperature 
of 20°C. Light was not controlled but was permitted to enter the 
plexiglass door of the germinator. Quality and intensity of light 
received in the germinator was not measured. Light source was 
from typical flourescent lighting of the laboratory and daylight 
through the laboratory windows. 

Germination tests were conducted on Whatman No. 3 filter 
paper enclosed in 100 by 22 mm petri dishes. For all species, except 
four-wing saltbush, filter papers were initially wetted with 2.5 ml of 
germination solutions of nitrates or GA. Four-wing saltbush seed 
(dewinged) required 3.5 ml of solution for the initial wetting 
because of its larger size and greater absorption. The nitrate and 
GA solutions for the initial wetting of saltbush were proportion- 
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ately more dilute to compensate for the larger volume required. 
Tap water in the same quantities was used for initial wetting and 
rewetting of the controls and heat-treated seed. Distilled water was 
used in making chemical solutions and for subsequent rewetting to 
maintain integrity of the solutions. The loo-seed samples were then 
sprinkled from storage vials on to surfaces of wet filter paper. 

Germination counts were recorded at 24, 36, 48, 60, 72, 84, 96, 
108, 120, 144, 168, 192, and 216 hours. Germinated seeds were 
removed from the petri dishes as they were counted. Germination 
was defined in this study as the point at which the radicle became 
visible, about I mm or more in length. Germination rates were 
determined according to the following equation: (Gulliver and 
Heydecker 1972). 

CRC-k x 100 
Z(Hxn) 

where 
CRC = Coefficient of Rate of Germination 
n q  The number of seeds germinating at hour (H) of reading. 
H = The number of the hour, counted from the hour of sowing. 

The values obtained for CRG can be used to compare germination 
rates among species or changes in rate due to different treatments. 
The larger the CRG, the higher the rate of germination. The CRG 
is equivalent to the reciprocal of the Mean Time to Germination 
(MTG) in hours multiplied by 100, an approximation of the time 
when 50% of germinable seeds have germinated. For brevity in this 
paper, rate will be used instead of CRG. 

The experiments were set up in a completely randomized design. 
Analysis of variance was conducted to determine if significant 
differences existed within a species due to treatments. Least Signif- 
icant Difference (LSD) tests were conducted at the 0.05 and 0.01 
level of significance. 

Results and Discussion 

Mean germination rates for each accession and treatment are 
presented in Table I. Germination profiles have been presented to 
illustrate relative, typical differences among species and treatments 
(Figs. I, 2 and 3). 

Lots 6101 and 6092 of A-68 Lehmann lovegrass showed wide 
differences in germination rates which were I .7 I and I .39 for the 
controls, respectively. Rates for 610 I treated with KNOs increased 
with 0.02 M and decreased with 0.16 M. Rates for 6092 were 
decreased with KNOs of 0.04 M or greater. The difference in 
response between these two lots was believed due to their different 
seasons of harvest. Similarly with NHdNOa, rates of Lot 6101 were 
improved with concentrations from 0.02 to 0.08 M but were 
depressed by 0. I6 M. Lot 6092 was not affected by low concentra- 
tions, but rates were depressed by 0.08 M or greater (Table I). 

Treatment with GA at concentrations up to 2.8 mM increased 
germination rates of Lot 6101. Lot 6092 was not affected by GA. 
Gutterman (1972) reported seeds produced under shorter day 
lengths have higher germination rates, which he correlated with 
higher GA concentrations in the seeds. The more responsive Lot 
6101 was produced under shorter daylengths than Lot 6092. 

Heat desiccation caused highly significant (P= 0.0 I) increases in 
germination rates of Lots 6101 and 6092. Compared with the 
controls, the time to 50% germination occurred one day earlier 
(Fig. I). 

Germination rates ofaccession L-19 of Lehmann lovegrass were 
not affected by any treatments except for the depression of rates 
caused by 0.08 and 0. I6 M KNOB and 0. I6 m NH4NOs (Table I, 
Fig. 2). Although L-19 was closely related to accession A-68, it was 
distinctly different by it lack of response to heat desiccation. 

‘Cochise’ lovegrass had the highest germination rate for the 
control of any accession in this study with an MTG of 42 hours 
(Fig. 2). No treatment improved rates but all nitrate concentrations 
and GA at 2.8 mM severely depressed rates (Table I). 

The germination rate of the control for blue panicgrass, A-I 30 
was not improved by any treatment. Concentrations of nitrates 
above 0.08 M were slightly to strongly inhibitory to rates (Table I, 
Fig. 2). 

Boer lovegrass, A-84, was the slowest germinating accession in 
this study with a rate of 0.85 for the control, an MTG of I I8 hours. 
Highly significant (eO.01) increases of rate were attained with 
heat-treated seed or GA solutions above 1.4 mM. Time of 50% 
germination was achieved 30 to 46 hours earlier. Nitrates were 

Table 1. Effect of various seed treatments on germination rates of selected species. Data are the reciproal of the time in hours to 50% germination, 
multiplied by 100. 

Treatments 
Control 

GA 
0.014 mM 
0.14 mM 
1.4 mM 
2.8 mM 

Erle Erie 
6101 6092 
1.71 I.39 

I .87* 1.47 
l.87* I.41 
I.81 1.34 
1.87* 1.36 

Erie 
L-19 

1.47 

1.49 
I .52 
1.58 
I.58 

Species 
Erie 

‘Cochise’ 

2.37 

2.49 
2.41 
2.23 
2.17** 

Ercu 
A-84 

0.85 

0.92 
0.94 
I .07** 
1.13** 

Paan 
A-130 

1.13 

I.17 
1.17 
I.10 
I.15 

Atca 
NM-155 

I .os 

I.15 
I .22* 
I .07 
1.03 

KNOs 
0.02 M 
0.04 M 
0.08 M 
0.16 M 

I.972 I .35 1.36 2.16** 0.89 I.10 1.12 
I.83 I .20** 1.33 2.10** 0.89 1.06 I .09 
I .73 I .20** 1.14;; I .75** 0.85 0.94* 0.94 

I .46*’ 1.06** 0.81** 1.15’2 0.71 0.71** I .03 

NHdNOs 
0.02 M 2.02** 1.49 1.45 
0.04 M I .80 1.44 1.45 
0.08 M 1.93** 1.31* 1.35 
0.16 M 1.38; I .06** 0.92** 

Heated seed 3.08** 2.59** I .59 

*Significant at 0.05 level; **significant at 0.01 level. 
Underscored values indicate significant depression of rates at indicated levels of significance. 

2.05** 0.97 1.00 1.16 
1.81** 0.96 I .06 I .05 
I .66** 0.9 I I .05 1.11 
0.84** 0.76 0.74** 0.94 

2.36 1.38:’ 1.05 I .04 
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Fig. 1. Comparison of germination responses of heat-treated seed to non- 
treatedcontrolseedqf2seed lots, 6101 and6092. of Lehmann lovegrass. 
accession A-68. 
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Fig. 2. Typical germination profiles from non-treated seed of Lehmann 
lovegrass, accession L-19, ‘Cochise’lovegrass and bluepanicgrass, acces- 
sion A-130. 
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Fig. 3. Germination response of Boer lovegrass. accession A-84, to heat- 
treated seed (above) and four-wing saltbush seed to GA 0. J4m M, 
(below). Both are compared IO non-treated control seed. 

without effect including the depression of rates exhibited by other 
accessions at higher nitrate concentrations (Table I, Fig. 3). 

The only treatment affecting the germination rate of four-wing 
saltbush was GA at 0.14 mM, which gave an increase in rate (Table 
I, Fig. 3). 

The most important aspect of our study was that germination 
rates could be changed significantly by several factors, but differ- 
ent species or even different seed lots of the same species can be 
very specific in their response. Data indicated (Table I) that treat- 
ments favorably increasing the germination rate of one seed lot 
may not be effective or may be inhibitory for another seed lot of the 
same accession or related accession. Lehmann lovegrass seed Lots 
6092 and 6101 also varied in germination rates apparently due to 
different seasons of harvest. If subsequent research supports the 
premise that high germination rates aid in range seeding, seeds 
harvested under conditions which increase germination rates 
might qualify for premium prices. A standardized system of 
expressing germination rates of each seed lot, along with the pure, 
live seed index, would give additional information pertaining to 
the seed quality for range seeding. 

Heat desiccation produced the greatest change in germination 
rates of Boer lovegrass and Lots 6101 and 6092 of Lehmann 
lovegrass (Table I). In fact, Lot 6092 responded favorably only to 
the heat treatment. In contrast to other treatments, there were no 
inhibitory effects from the heat treatment used on theaccessions in 
this study. Development of methods and field plantings are needed 
to validate the use of heat-treated seeds for range seedings. 
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Summer precipitation in Arizona is highly variable in distribu- 
tion in time and amount. Sufficient soil moisture for germination is 
attained much more frequently, for example, for 40-hour periods 
than for IOO-hour periods. Wright and Streetman (1960) stated 
that grass species used for range seedings in the semiarid Southwest 
must be able to establish rapidly in response to these short periods 
of intermittent moisture. 

Ease of establishment of certain accessions in this study has been 
corroborated by Martin (1984). Listed in order of increasing mean 
time to germination, these accessions were ‘Cochise’lovegrass, 42 
hours; Lehmann lovegrass, 58 hours; blue panicgrass, 88 hours; 
and Boer lovegrass, 118 hours. It is suggested that germination 
rates be given greater consideration to support the suitability of 
plants selected for seeding specific range sites. 

Literature Cited 
Gulliver, R.L., and W. Heydecker. 1972. Establishment of seedlings in a 

changeable environment. p. 433-462. In: W. Heydecker (ed.) Seed Ecol- 
ogy. Penn State Univ. Park and London. 

Guttermnn, Y. 1972. Differences in the progeny due to daylength and 
hormone treatment of the mother plant. p. 59-80. In: W. Heydecker (ed.) 
Seed Ecology. Penn State Univ. Press, Univ. Park and London. 

Hnferkamp, M.R.,and G.L. Jordan. 1977. The effect of selected presowing 
seed treatments on germination of Lehmann lovegrass seeds. J. Range 
Manage. 30:151-153. 

Hnrrington, J.F. 1972. Problems of seed storage. p. 251-263. In: W. Hey- 
decker (ed.) Seed Ecology. Penn State Univ. Press, Univ. Park and 
London. 

Hartmann, H.T., and D.E. Kester. 1968. Plant propagation principles and 
practices. Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 

Jordan, G.L. 1981. Range seeding and brush management on Arizona 
rangelands. Coop. Ext. Ser., Agr. Exp. Sta. Bull. T81121. Univ. Arizona, 
Tucson, Arizona. 

Keller, D. 1972. Environmental control of seed germination. p. 2-102. In: 
T.T. Kozlowski (ed.) Seed Biology. Vol. II. Germination Control, 
Metabolism, and Pathology. Academic Press, New York and London. 

Lang, A. 1970. Gibberellins: structure and metabolism. Annu. Rev. Plant 
Physiol. 21:537-570. 

Maguire, J.D. 1972. Physiological disorders in germinating seeds induced 
by the environment. p. 289-310. In: W. Heydecker (ed.) Seed Ecology. 
Penn State Univ. Press, Univ. Park and London. 

Martin, M.H. 1984. Establishment of range grasses on various seedbeds at 
four (Lorrea rridenratu)sites in Chihuahua, Mexicoand Arizona, U.S.A. 
M.S. Thesis, Univ. Arizona, Tucson. 

Mauri,, M.A. 1977. Response of seeds to dry heat. Can. J. Plant Sci. 
57:305-307. 

Sosebee, R.E. 1977. Plant growth regulators. p. 185-215. In: R.E. Sosebee 
(ed.) Rangeland Plant Physiology. Society for Range Management. 
Denver, Colo. 

Stone, E.C., and G. Juhren. 1951. The effect of fire on the germination of 
Rhus ovata. (Wars.) Amer. J. Bot. 38:368. 

Wright, N., and L.J. Streetman. 1960. Grass improvement for the South- 
west relative to drought evaluation. Arizona Agr. Exp. Sta. Tech. Bull. 
143. Tucson, Arizona. 



Sheep Losses to Predators on a California Range, 
1973-1983 
JERRY H. SCRIVNER, WALTER E. HOWARD, ALFRED H. MURPHY, AND JOHN R. HAYS 

Abstract 

Predation at the University of California Hopland Field Station 
was evaluated for an ll-year period beginning in 1973. Of those 
lambs placed on range, an average of 2.7% were killed each year by 
predators. An average of 1.5% of the ewes were killed. When the 
number of missing animals which were killed was estimated, the 
average annual predation rate for lambs and ewes killed was 10.4 
and 3.8%, respectively. For all known ewe and lamb deaths, respec- 
tively, 45% and 26% were caused by predators, 14% and 28% died 
from causes other than predation, and 41% and 46% died from 
unknown causes. Of those sheep killed by predators, 89% were 
killed by coyotes (Canis &runs), 8% by dogs. and 1% each by black 
bear (Ursus americanus), mountain lion (Feiis concolor), and 
golden eagle (Aquila chrysaetos). More sheep were killed by 
coyotes from October to March than from April to September and 
the annual number of sheep killed by coyotes and dogs has 
increased since the beginning of the study. Not including the value 
of missing animals which were killed, the present value of livestock 
killed by predators was estimated to be S62,364. 

Numerous studies have documented sheep losses to predators 
(see U.S. Fish and Wildlife Service 1978). Most studies discuss 
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livestock losses occurring during a few years. While short-term 
studies provide useful information, conclusions based on such 
research must be made with caution because factors such as preda- 
tor density, environmental conditions, and availability of alternate 
prey vary annually and may influence predation. 

Generally, conclusions regarding livestock losses to predators 
are more reliable when long-term data are used; however, such 
data are rare. The purpose of this study was to evaluate livestock 
and economic losses to predators for a I l-year period beginning in 
1973 for a. sheep operation in the northern coastal area of 
California. 

Study Area and Methods 

Data for the study were gathered at the University of California 
Hopland Field Station. The station was established in 1951 to 
provide a location where data could be gathered on how rangeland 
should be managed to increase production of feed for livestock and 
the importance of rangeland to wildlife, for recreation, and as 
watershed. Murphy and Heady (1983) provide.a detailed descrip- 
tion of the area. 

The station is comprised of 2,168 ha ranging in elevation from 
about 150 to 915 m. There are 32 sheep-fenced pastures totaling 
1,870 ha, 12 deer-proof fenced pastures totaling about 100 ha, 3 
livestock-free areas (established in 1957) totaling 190 ha, and 8 ha 
of irrigated pastures. 
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Fig. 1. The total number of lambs and ewes known IO have been killed by coyoresfrom 1973-1983 ai rhe University of California Hopland Field Srarion. 

The Field Station typically has mild, rainy winters and hot dry records, and records of individual ewes and lambs were used as a 
summers. Annual rainfall averages about 90 cm/year. Tempera- source of data regarding animal deaths. 
ture averages approximately 21°C in the summer and 8°C in the For each animal, the following data were compiled: (I) animal 
winter. The vegetation is almost equally divided into 4 cover types: identification number, (2) date animal died, (3) cause ofdeath, and 
grass, woodland grass, dense woodland, and chaparral. (4) location of death. Losses were classified as: (I) those caused by 

Some predation studies have been criticized because they rely on predators, (2) those not caused by predators. (3) those found dead 
loss data provided by ranchers who allegedly exaggerate losses to but for which the cause of death was unknown. Deaths caused by 
predators (Armentrout 1980). In this study, sheep were managed predators were established from tooth-puncture wounds. wounds 
by University employees and therefore losses attributed to preda- in skin and bones, hemorrhage around tooth marks. and tracks at 
tors were thought to be unbiased. Although the Field Station has kill sites. Between year comparisons of sheep losses to predators 
kept livestock records since it. was established, records pertaining were made using Spearman Rank Correlation (Gibbons 1976). The 
to losses to predators were most reliable beginning in 1973 when a Spearman coefficient was considered statistically significant when 
shepherd was employed who systematically recorded loss data. KO.05. 
The same shepherd was responsible for gathering loss data 
throughout the study. The shepherd’s daily journal, grazing 

Table 1. Sheep losses to various causes at the University of California Hopland Field Station, 1973-1983. 

No. of lambs known No. of ewes known 
dead by causes1 dead by causes* Causes of predation by species 

Predator Other Unknown Predator Other Unknown Coyote Dog Eagle Lion Bear 

1983 28 14 53 20 26 37 32 IO 0 0 6 
1982 70 3 76 II 12 43 76 4 I 0 0 
1981 71 I4 30 63 61 52 III 20 3 0 0 
1980 26 6 I7 41 39 46 66 I 0 0 0 
1979 60 22 41 30 35 70 87 3 0 0 0 
1978 21 9 32 35 24 43 49 6 I 0 0 
1977 66 3 23 22 24 42 85 3 0 0 0 
1976 60 15 19 32 31 48 76 11 0 5 0 
1975 10 23 31 27 32 40 36 I 0 0 0 
1974 I1 I6 30 20 34 75 28 3 0 0 0 
1973 9 6 38 II 25 65 19 I 0 0 0 
Total 432 131 390 312 343 561 665 63 5 5 6 
x 39 I2 35 28 31 51 60 6 0.5 0.5 0.6 
SD 26 7 I7 I5 12 13 29 6 0.9 1.5 1.8 

‘Does not include lambs which died in barn. 
%cludes “yearlings”(78 predator kills. 20 other. and 32 unknown). 
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Results and Discussion 

Livestock Losses 
During the 1 l-year period for which data were analyzed, the 

Field Station had an average of 1,425 (SD=131) mature ewes. 
Generally, sheep were managed as they would be on a private sheep 
operation. Breeding usually began in July. Lambing began in 
November but most lambs were born from late December to 
mid-January. Lambs were born in the barn and held in individual 
pens with ewes for 1 to 2 days prior to placement on range. An 
average of 1,422 (SD= 120) lambs were placed on range each year. 
Sheep were usually checked daily but were not accompanied by a 
herder. 

Lambs were usually inventoried in March, weaned in May, and 
then either sold or retained as replacements. An average of 447 
(SD=97) lambs were retained as replacements. Lambs were classi- 
fied as “yearlings” beginning in October. Of those lambs placed on 
range, an average of 2.7% (SD=1.7%) were killed each year by 
predators. This percentage does not include lambs classified as 
yearlings and then killed. Based on the number of mature ewes 
present on the station July 1 of each year, an average of 1.5% 
(SD=l.O%) of the mature ewes were killed. After reviewing the 
literature regarding livestock losses to predators, the U.S. Fish and 
Wildlife (1978) concluded that in the western states, the average 
loss to coyotes was from 4 to 8% of the lambs and 1 to 2.5% of the 
ewes over the period 1972 to 1978. 

For all known lamb and ewe deaths, respectively, 45% and 26% 
were killed by predators, 14% and 28% died from causes other than 
predation, and 4 I % and 46% died from unknown causes (Table I). 
Gee et al. ( 1977) estimated that for all known lamb and ewe deaths 
in California, 47% to the lambs and 33% of the ewes were killed by 
predators, 33% of the lambs and 52% of the ewes died from other 
known causes, and 19% of the lambs and 14% of the ewes died from 
unknown causes. Gee’s data regarding lamb losses were based on 
the number of lambs born and not just those placed on range. 
Whereas the percentage of lamb and ewe deaths due to predators in 
the above study was similar to that found in this study, Gee et al. 
( 1977) reported a greater percentage of deaths due to known causes 
other than predation and a smaller percentage of deaths due to 
unknown causes. 

The loss nercentages in this studv are underestimates because 
they do not’include kissing animals which were killed. Based on 
Field Station annual reports, a total of I,65 I ewes and 2,658 lambs 
were missing from 1973 to 1983. Taylor et al. (1978) estimated the 
number of undiscovered predation kills by assuming that the car- 
casses found represented a random sample of the total number of 
sheep lost. The proportion of predator kills among those carcasses 
found, therefore, should be the same as among the undiscovered 
missing animals. 

Applying the above logic, 1,196 of the missing lambs and 355 of 
the missing ewes may have been killed by predators. For lambs, 
this was estimated by multiplying the percentage of lambs known 
killed (45%) by the number of missing lambs (2,658). The number 
of missing ewes which were killed was estimated by subtracting 
yearling losses to all causes (Table 1, footnote 2) from total ewe 
losses to determine the percentage of mature ewes killed (21.5%) 
and then multiplying his percentage by the number of missing 
mature ewes (I,65 I). Based on the number of lambs and ewes 
known and estimated to have been killed, an average of 10.4% of 
the lambs and 3.8% of the ewes were killed each year. 

About 89% of the known predator kills were caused by coyotes. 
Three-year running averages of sheep losses to coyotes were calcu- 
lated to moderate annual fluctuations. Based on these running 
averages, there was a statistically significant increase in the number 
of coyote kills occurring at the Hopland Field Station since 1973 
(R=0.8 17). This increase has occurred despite the employment of a 
predator-control specialist. 

Several factors probably accounted for the increase in sheep 
losses to coyotes. In the past, the Field Station was surrounded on 

3 sides by ranchers who managed sheep. All of these producers 
eventually abandoned sheep production. This not only resulted in 
less effort in predator control but also probably concentrated 
predation on the Field Station sheep. Nielsen (1977) found that in 5 
western states, more high-loss (8% or more docked lambs killed by 
predators) than low-loss (O-3% of docked lambs killed by preda- 
tors) sheep producers had no other producers within 16 km. Low- 
loss producers consistently tended to operate in areas of relatively 
high concentration of sheep. 

Generally, station personnel and ranchers in the area report that 
coyotes are more numerous than they were in the past. The increase 
in coyote numbers may be due in part to the ban on toxicants in 
1972. Until that time, personnel at the Hopland Field Station set 
out horsemeat laced with strychnine for predator control. 

Coyotes killed more sheep from October to March than from 
April to September (Fig. 1). Lambs were killed more often than 
ewes and most lambs were killed during the first 3 months of age. 
Beginning in July, predation on ewes was increasingly evident. 
This was due to at least 2 reasons. First, most lambs were sold in 
June and therefore fewer lambs were available to predators. 
Second, in October, lambs were classified as yearlings and animal 
deaths in this age grouped were included with adult sheep losses. 
Lambs killed in December were part of the following years lamb 
crop. Thus, when lambs were available, coyotes preyed more on 
them than on ewes, but after lambs were either sold or grew to 
maturity, coyote predation on adult sheep increased. 

About 8% of the known predation losses was due to dogs (Table 
I). Based on 3-year running averages, there was a statistically 
significant (R=0.648) increase in the number of sheep killed by dogs 
since 1973. Dogs caught preying on sheep were usually shot. Few 
dogs in the area are feral; most had been abandoned or belonged to 
nearby residents. The increase in dog predation was probably 
related in part to an increase in the local human population and a 
lack of enforcement of dog-leash laws. A greater public awareness 
of the damage dogs can cause and stricter enforcement of county 
dog laws would probably reduce livestock losses to dogs. 

Finally, 3% of the sheep losses to predators was due to black 
bear, mountain lion, and golden eagles (Table 1). While bear and 
lion are uncommon, eagles are regularly seen and periodically nest 
on the Field Station. 

Economic Losses 
Nesse et al. (1976), Gee et al. (1977), Taylor et al. (1978). and 

others have discussed the economic impact predation has on sheep 

Table 2. Present value of sheep known to have been killed at the University 
of California Hoplend Field Station, 1973-1983. 

Year 

1983 
1982 

No. lambs Price/ Present No. ewes Price/ Present 
killed lamb ($) value ($)I killed ewe ($) value (.$)I 

28 80 2,240 20 60 1,200 
70 75 5.618 II nn 7n6 

‘__ 1981 71 85 6,910 63 60 4,328 
I980 26 85 2,707 41 60 3.014 
1979 60 85 6,686 30 60 2,360 
1978 21 85 2,504 35 60 2,946 
1977 66 75 7,430 22 50 1,651 
1976 60 50 4,818 32 35 I.799 
1975 10 45 773 27 30 1,392 
1974 II 45 910 20 30 1,103 
1973 9 35 620 II 30 649 
Total 

value 41,216 21,148 

’ Present v,a~~‘~~~~~k,~~l~d~~~ rice/ animal)( I .07)"; where ( I .07)" = (I + 7% interest rate 
per year) 

enterprises. Scrivner and Conner (1984) identified factors often 
overlooked when estimating the cost of predation on livestock. At 
the Hopland Field Station, the most significant cost resulting from 
predation is the loss of income from animals which are killed. 

The present value of livestock known to have been killed by 
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predators from 1973 to 1983 was estimated to be $62,364 (Table 2). 
The total present value of Field Station income (based on a 7% 
interest rate) from the sale of sheep and wool was $600,800. Thus, 
the value of livestock killed by predators, amounted to 10% of the 
income received through the sale of sheep and sheep products. This 
estimate of the economic losses to predators is conservative since it 
does not include the value of missing animals which were killed by 
predators. Also, the value of sheep killed is based on their market 
value. Additionally, in this case, nearly all sheep were used in 
various research projects and when sheep were killed data were 
lost. Finally, economic estimates for ewe losses do not include the 
value of future lamb crop potential. 
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Video Imagery: A New Remote Sensing Tool for 
Range Management 
J.H. EVERITT AND P.R. NIXON 

A multi-video system th8t provides immedirteiy useful narrow- 
band bl8ck-8nd-white inmgery within the vbribie to neclr-infrared 
iight (0.40 to l.lO-Mm waveb8nd) region of the electromagnetic 
spectrum was ev8iu8tcd 8s 8 remote sensing tool to 8sseaa sever81 
ecological nnplurd ground conditions in southern Tex8s. The 
system provided im8gery to detect nuny VUi8bieS including: the 
presence of weeds, hwvy gr8zing, fertiiized gmmi8nd, burned 
8re8s, 8nd gopher 8nd 8nt mounds. Cert8in rurrowb8nd filters 
provided better discriminrtion unong vegemtion ti1811 others. For 
ex8mpie, 8 red n8rrowb8nd filter provided tbe best imrgery to 
distinguish between fertilized l d nonfertilized bermud8gnss 
[Cynodon diwtylon (L.) Pen.]. Thcsc results demonstrated th8t 
nrrrowb8nd multi-video imrgery could assist in raseshg some 
ecoiogic8i ground conditions of rmngehds. 

Rangelands are often so large and inaccessible that photography 
or other imagery is necessary to determine their characteristics and 
extent. The value of remote sensing for rangeland assessment has 
been well established. Several investigators have shown that range- 
lands can be classified, mapped, and monitored with both aerial 
photography (Johnson 1969, Poulton 1970, Driscoll and Coleman 
1974, Gausman et al. 1977-a, Everitt et al. 1980, Tueller 1982) and 
satellite imagery (Seevers et al. 1973, Everitt et al. 1979, McGraw 
and Tueller 1983). 

Recently, video recording systems have been used as remote 
sensing tools because they provide immediately useful imagery. 
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Several investigators have demonstrated the use of video imagery 
for agricultural assessment (Edwards 1982, Manzer and Cooper 
1982, Escobar et al. 1983, Nixon et al. 1984). 

Nixon et al. (1985) recently reported the use of a multi-video 
system that provided narrowband imagery at selected wavelengths 
within the visible to near-infrared [0.40- to I. IO-pm waveband 
(WB)] energy region. This system provided acceptable imagery 
showing that certain wavebands were more effective in discerning 
vegetative stresses or crop species differences than other wave- 
bands. Our objective was to show that this video system may be a 
useful remote sensing tool to assess selected rangeland resource 
characteristics. 

Materials and Methods 

The video system consisted of 4 black-and white Sony’ AVC- 
3450 video cameras, each with a Sony SLO-340 cassette recorder. 
One of the 4 video cameras was modified with an RCA Ultricon 
(TM) 4875/U camera tube to give a sensitivity to light from the 
0.30-to I. IO-pm WB. The other cameras were sensitive to light that 
ranged from the 0.40- to 0.70~l.tm WB. Visible and near-infrared 
narrowband filters were used on the camera lens, thus giving the 
video camera system the capability to record selected segments 
within the visible (0.40- to 0.75~pm WB) to near-infrared (0.75- to 
1.10~pm WB) light region. The camera lens focal length was 50 
mm. Imagery was taken between 1200 and 1400 hr under sunny 
conditions. 

Video recordings were obtained from 4 different rangeland areas 
in southern Texas: (I) a native rangeland site infested with the 
weedy species woolly stemodia [Sterno&z romenrosa (Mill.) 
Greenm. and Thomps.*] near Encino, Texas; (2) a heavily grazed 

‘Trade names are included for the benefit of the reader and do not imply an endorsc- 
ment of ora preference for the product listed by the U.S. Department of Agriculture. 
‘Plant names are according to Correll and Johnston (1970). 
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native rangeland site near Raymondville. Texas; (3) a fertilized 
(168 kg N/ ha) improved range seeded to bermudagrass [Cynodon 
doqlon (L.) Pas.] near Weslaco, Texas; and (4) a burned native ,,’ 
rang&and near Armstrong. Texas. The bermudagrass was fcrtil- 
ized 3 weeks before the imagery was obtained. imagery of the 
rangeland “car Encino was taken at an altitude of 1,050 musing ,, 
blue (0.42. to 0.45.@m WB), green (0.50. to 0.53.pm WB), red 
(0.64. to 0.6:.@m WB), and infrared (IR) (0.85. to 0.89.$rn WB) 
narrowband filters. Video imagery obtained near Raymondville 
and Wcslaco was taken at an altitude of 1,500 m. The imagery E 

.;p;ls : 
‘, ,‘.’ ,, 

obtained near Raymondville was taken with blue. yellow green- 
yellow-orange (0.54. to 0.62-,x,, WB), red, and IR narrowband 
filters, whereas imagery obtained near We&co was taken with 
yellow (0.56. to 0.59.wm WB), yellow green-yellow-orange, red, 
and IR narrowband filters. Video imagery obtained near Arm- 
strongwas taken atanaltitudeof3,OOO m usinggree”,yellowgreen 
(0.53.to0.56.@m WB),yellow,and IR narrowband filters. Various 
narrowband filters were used to acquire the video imagery to assess 
their influence on images of selected scenes. images shown here 
\vcre photographed fro”, the TV screens. 

Ground data were taken at each study site at the time imagery 
was obtained. Plant canopy light reflectance measurements were 
made at the Encino. Weslaco, and Armstrong sites using an Exo- 
tech Model 20 spectroradiometer (Learner et al., 1973). Canopy 

/i ,,,, /, “f/i 

light meas~rcmcnts were taken on 5 plant canopxs for each of 4 
i 

:, i 
species or mixtures of species at the Encino site: woolly stemodia, 
honey mesquite (Prosopis glondulosa Torr.), live oak (Quercus I;,.;&,: /,,,,,; ,,,i& ii!’ “’ ,.,, ‘*“* ” “’ 

‘, ‘34: :;,; $,,, 
“:&+ ‘,;\i 

I,;!:“.,, JJ ,J,u ,,e M!“IY::I,,, ,,~ ,.A 
virginiana Mill.), and mixed herbaceous vegetation. Canopy light 
mcas~rcments wre also made on 5 plant canopies for each of 3 

Fig. 1. Blad-and~nhiiP w&u rrna~e o/rhr ronjiciand M.i,/i I~OOii, tiPl?zO- 

categories of herbaceousvegetation at the Armstrong site: burned, 
d,a ne0r ez<i”“, 7-exor, oh,oinrd hilh [he hiue norrwhondfiiier. The 
orro~pornrciorhrchoracr~nsrrc uhiroh-gro,irna~~ol~oo,il. rirmudia. 

dormant, and green herbaceous vegetation. Ten canopy measure- 
ments were made randomly for both fertilized and nonfertilized 
bermudagrass at the Weslaco site. Reflected radiation was mea- 
sured over the 0.45. to 0.90-pm WB with a sensor that had a 
15.degree field-of-view (0.5 mz). Reflectance measurements were 
made at 3.0 m above each plant canopy under clear conditions 
between I100 and 1430 hr. Total chlorophyll concentration was 
determined on both fertilized and nonfertilized bermudagrass. 
Leaf sample composites were randomly collected from each of IO 
fwtilixd and IO unfertilized bermudagrass plants. Total chloro- 
phyll was determined according to Horwitr (1965). Herbaceous 
biomass was measured for both heavily and lightly grazed areas at 
the Raymondville site. Biomasswasmeasurcd byclippingall vege- 
tation at ground level within IO randomly selected 50. by 50.cm 
quadrats on each area 

Student’s r-test was used to test differences between canopy 
reflectancesand bct\~cenleafchlorophyllconcentrationsforfertil- 
ixd and nonfcrtilized bermudagrass, and to evaluate biomass 
production differences between heavily and lightly grazed areas. 
Canopy reflectance data for the 4 species or mixtures of species at 
the Encino site, and the 3 types of herbaceous vegetation at the 
Armstrong site were subjected to the analysis of variance, and 
Duncan’s multiple range test was used to evaluate differences 
among means for each site (Steel and Torric 1960). 

Results and Discussion 

The blue narrowband video image of the rangeland with woolly 
srrmodia illustrates the characteristic whitish-gray image ofwoolly 
stcmodla in contrast to the darker gray tone of other herbaceous 
vegetation and the almost black tone of live oak trees (Fig. I). The 
small white spots were pocket gopher (Ceomyspersonarus True) 
mounds. The leaves and stems of woolly stemodia were covered 
wth a dense white pubescence (hairs) which gave it a conspicuous 
whitish-gray appearance on the image. Plant canopy light reilec- 

WB) reflectance did not differ from that of honey mesquite and 
mixed herbacrous species. The high visible light reflectance of 
woolly stemodia was attributed to it\ dense white hairs (Gausman 
et al. 1977-b). The blue narrowband filter resulted in the most 
distinct image for discriminating woolly stcmodia from other 
“rgetatlon. 

The image of the heavily grazed native rangeland that was 
acquired using a yellow green-yellow-orange narrowband filter 
shows the characteristic light gray of heavily grazed vegetation 
(Fig. 2). The dark gray in the upper right part and at the bottom of 
the imagewere lightly grazed areas. The black areaadjacentto the 

tance measurements made over the 0.45- to 0.90~pm WB showed 
that woolly stemodia had significantly higher (p = 0.01) reflectance Fig. 2. B/o<&and-iihrre w&w imuxe 0, rhr hezwlrprozed r0n*eiondoreu 

in the visible WB (0.45- to 0.75.pm WB) than the other associated flea” Ra~wnundvr,,e, Te 1a, oh,ained l< i,h ihr wlkav g??Pn~wll”w- 

species or mixtures of species, but its near-IR (0.75. to 0.90.@rn 
oronce norronhond ,Y,,PI. The r?r,ow pain,., iu rhe churanrrisrrc ,ighr 
grayimoyr"flhe hro"rl,~groz~d "e&worlon. 
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lightly grazed area in the lower left part of the image and scattered 
throughout the area was huisache [Acacin/amesiano (L.) Willd.]. 
The biomass on the lightly grazed areas (3,460 kg/ ha) was signifi- 
cantly higher (p=O.Ol) than that on the heavily grad areas (620 
kg/ ha). The heavily graxd areas were dominated by longtom 
(Paspalum lividurn Trin.), a highly palatable grass. The lightly 
grazed areas were dominated by less palatable species. The yellow 
green-yellow-orange narrowband filter gave the most distinct 
image of this site, but the image obtained using the red filter was 
also good. 

bermudagrass range. The light streaks were areas where the fertil- 
,LCT \ras unevenly applied. The white spots were caused by harves- 
ter ant (Pogonomyrmex borborus F. Smith) mounds and the dark 
area in the upper right corner is a stand of mixed brush. Two days 
after fertilization, the area received 4 cm of rain which apparently 
activated the fertilizer and subsequent plant growth. The chloro- 
phyll concentration of the fertilized grass (4.9 mgjg) was signiii- 
cantly higher(p=0.0l)thanthatoitheuniertilizedgrass(2.0mg/g). 
The red narrowband filter used to obtain this image corresponds 
approximately to the chlorophyll absorption peak of plant leaves 
(Gausman 1983). Consequently, the dark gray image of the iertil- 
ired grass (highest chlorophyll concentration) indicated that more 
red light was absorbed, ~rless,vas reflected. Conversely, the lighter 
gray image ofthe nonfertilized grass (lower chlorophyll concentra- 
tion) indicated that less red light was absorbed, or more was 
reflected. 

The darker green fertilized grass had significantly lower (p=O.Ol) 
visible reflectance(0.45-to0.~5-~m WB)thandid thelightergreen 
nonfertilized grass (Fig. 4). However, the fertilized grass had signif- 
icantly higher (~‘0.0 I) near-IR (0.75. to 0.90-pm WB) reflectance 
than did the nonicrtilixd grass. The higher near-1R reflectance of 
the fertilized grass was probably caused by its greater biomass, 
since vegetation biomass and near IR-reflectance are positively 
linearly correlated until a stable reflectance is reached (Myers and 
Allen 1968, Wiegand et al. 1974). Although biomass measurements 
were not taken. the fertilized grass was taller and had greater leaf 
cover than did the noniertilixd grass. 

The red narrowband filter gave the best overall image of the 
fertilized area. This is substantiated in Figure 4 where the greatest 
difference in visible reflectance between the fertilized and noniertil- 
ired grass occurred at the 0.65.pm wavelength. 

The IR video image of the burned rang&and clearly illustrates 
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the extent of the burn (Fig. 5). Green herbaceous vegetation has a 
whitish image, ahereas areas dominated by dormant herbaceous 
vegetation have a gray tone. Plant canopy light rellectance mea- 
surements showed that the burned vegetation had lower reflec- 
tance than the dormant and green vegetation over the entire 0.45.to 

0.90 +II WB, but the greatest difference occurred in the near-IR 
(0.75. to 0.90~wrn WB) region. The black ash from the burned 
vegetation apparently absorbed a high percentage of the incident 
light, resulting in extremely low near-IR reflectance. 

Data presented in this study showed that the multi-video system 
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could be used to detect a variety of selected ecological ground 
conditions on south Texas rangelands. Although video imagery 
does not have as sharp a resolution as photographic film, it can 
provide users with immediately useful information. Airborne 
video imagery should be particularly useful in applications requir- 
ing rapid turnaround time such as assessing rangeland burns and 
flooding. 
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Comparison of the Reference Unit Method and Dimen- 
sional Analysis Methods for Two Large Shrubby Spe- 
cies in the Caatinga Woodlands 
ROBERT D. KIRMSE AND BRIEN E. NORTON 

Abstract 

The reference unit technique was compared with the dimen- 
sional analysis approach for estimating large shrub foliige biomass 
in Northeast Brazil. The techniques were tested on coppicing 
jurema (Mhosa acutistipula Benth.) and pau branco (Auxemma 
oncocalyx [Fr. Alem.] Taub.). Both methods provided good esti- 
mates of foliage weight. The coeffkients of determination for the 
reference unit approach ranged from .890 to .985. The P values 
obtained in applying the dimensional analysis method were .937 
and .948. Improvements in estimates with the reference unit 
method were obtained when (1) a branch unit of 19% of total plant 
foliage was used versus a unit of only 7%, (2) the branch unit 
resembled the appearance of the branching of the plant being 
estimated, and (3) estimations of 3 judges were averaged. 

Total foliage production on shrubs and trees is one of the most 
difficult parameters to measure or estimate on native rangelands. 
The woody material and variable growth form renders most tradi- 
tional sampling methods, largely derived for agronomic condi- 
tions, impractical for shrubs. As a consequence, vegetation sam- 
pling technique manuals ha,ve made only passing reference to or 
given insignificant information on biomass estimation of shrub 
foliage or current growth (Brown 1954, NAS 1962, Newbold 1967, 
Pieper 1973, t’Mannetje 1978). Efficient estimations of browse 
availability are required for research on brush control and grazing 
animal diet studies. 

Shrub measurement techniques used in other semiarid areas of 
the world were examined with the prospect of adapting a suitable 
method for the caatinga species. The criteria for selection were that 
the method be nondestructive, time efficient, and relatively precise. 
Traditional ‘clip-and-weigh’ methods (e.g., Whittaker 1961) were 
eliminated from consideration because of the labor and cost 
required (Gimingham and Miller 1968, Rutherford 1979), and 
because the associated research design did not permit destructive 
sampling. The twig count method of Shafer (1963) and methods 
relating foliage weight to the dimensions of individual branches 
(Whittaker 1962, Ovington et al. 1963, Provenza and Urness 1981) 
were considered inappropriate because of the high density of cop- 
picing branches sprouting from the stumps of the test species. 

Two sampling techniques were selected for testing on large 
shrubs of Northeast Brazil. The first of these employs the principle 
of matching standards against samples (Hutchinson et al. 1972, 
Andrew et al. 1979), such as estimating the number of multiples of 
the reference unit (e.g., leafy branch) present in the entire plant. 
This technique was tested by Andrew et al. (1981) on 2 small 
Australian shrubs (Atriplex vesicaria Heward ex Benth. and Mai- 
reana sedifolia F. Muell.) and compared favorably with other 
techniques for estimating shrub biomass. The second technique, 
dimensional analysis, requires establishing a relationship between 
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easily obtained plant dimensions and foliage weight. A number of 
studies have shown that canopy volume is highly correlated with 
foliage weight (Cook 1960, Ludwig et al. 1975, Uresk et al. 1977, 
Lyon 1968, Kelley and Walker 1976, Bryant and Kothmann 1979, 
Guy 1981). 

Study Area and Methods 

The study area was located in Ceara State of Northeast Brazil 
(3.Y south latitude, 41° west longitude), much of which is domi- 
nated by semiarid tropical woodland, called the caatinga (Pfister et 
al. 1983). The test plants werejurema (Mimosa acutistipula Benth.) 
and pau branco (Auxemma oncocalyx [Fr. Alem.] Taub.), 2 com- 
mon and widely distributed species. Morphological characteris- 
tics, habitat preferences and management values of these 2 species 
are described by Kirmse et al. (1983). Jurema is a thorny, small 
evergreen leguminous tree and pau branco is a deciduous tree; both 
readily coppice after being cut near ground level and develop a 
shrubby growth form. Fifteen coppicing jurema and pau branco 
plants were selected over a range of sizes. They graded in height 
from .45 to 2.00 m for jurema and .55 to 1.70 m for pau branco and 
represented the range of sizes available for goat browsing. The 
jurema plants had been cut 2 years previously; the pau branco 
plants were first year resprouts. The field data were collected in 
May, 1980, during the latter part of the rainy season. 

Reference Unit Technique 
The technique was tested by 3 observers (judges), 1 of which had 

2 years previous experience sampling sagebrush (Artemisia triden- 
tata Nutt.) biomass with the reference unit method. Prior to the 
beginning of the trial the experienced judge trained the inexpe- 
rienced observers. This training involved estimating and verifying 
foliage biomass of 3 jurema shrubs of different sizes and was 
completed in 2 hours. 

Jurema 
The reference unit method was easily adapted to jurema because 

the growth form of a resprouted plant provided clearly distinguish- 
able branches (Fig. 1). The procedure involved 3 steps: 

I) Representative branches, selected from plants not being 
tested, provided the reference units. The leafy growth on the 
branch comprised the reference unit per se. Andrew et al. 
(1979) suggested that the preferred size of the reference unit be 
IO-20% of the foliage weight of the average sample plant. 
Three branches (units) were used for jurema in this study. The 
smallest weighed 36 g (dry weight of foliage) and represented 
7% of the average foliage weight of the 15 test plants. Two 
larger branches, each representing about 19% of the average 
plant, were also used for estimating jurema. Of these larger 
units, one had compacted branching and dense foliage typical 
of the test plants and the other had more dispersed foliage. For 
convenience, these 3 reference units will be referred to as small, 
large-compacted, and large-dispersed. 

2) The number of times the foliage of the reference unit was 
replicated in the test plant was counted. Only the leaves were 
considered in the biomass estimations. The estimations were 
conducted in early morning in order to avoid any bias asso- 
ciated with wilting and curling of the leaves on these reference 
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Fig. 1. The inverted conicalgrowth habit of a coppicing jurema (Mimosa 
acutistipula). The branch to the right represents a rypical unit usedfor 
rhe reference unir merhod. 

units. Each judge independently estimated the 15 jurema plants 
with the 3 different units. The reference unit counts were not 
shared among judges during the sampling period. 
3. The leaves from the reference unit were stripped and dried at 
105” C for 24 hours and weighed. The total dry leaf biomass of 
each jurema plant was estimated by multiplying the number of 
units counted for a plant by the weight of the dry foliage in the 
reference unit. Actual foliage weight on each of the 15 test plants 
was obtained by stripping all the leaves and determining dry 
weight. 

Pau branco 
The reference unit approach described forjurema was not suita- 

ble for pau branco because of its compact, dense, and unsegmented 
growth form (Fig. 2) and therefore an entire plant was used instead 

- 1.35m 

-1.0 

-.5 

.i 1.0 ’ 
1.2m 

Fig. 2. The cylindricalgrowth habit of a coppicingpau branco (Auxemma 
oncocalyx). 

of a branch. Otherwise the procedure for estimating pau branco 
foliage biomass was similar to the procedures described forjurema. 
The reference plant was 1 m high and growing roughly in the center 

The test of regression coefficients for the estimation of jurema 
showed no significant difference in slopes or intercepts among the 3 
judges Q00.05) but there was a significant difference in the estima- 
tion using the 3 different reference unit sizes (Table I). This indi- 
cated that it would be possible to combine regression equations 
rather than to fit one for each judge. The equations presented, 
therefore, are for combined individual estimations for each unit 
size (n = 45). Another component of the analysis included an 
averaging of the estimations of the 3 judges for each unit size (n = I5 
for each unit size). Averaging estimations resulted in an increase in 
their r-2 values of about 4% over the individual estimations. 
Although all 3 reference branches provided reasonably good esti- 
mations (t-2 ranging from .927 to ,985) the larger units resulted in 

of the group of test plants. The 15 test plants ranged from 4 to 19 m 
distance from the reference plant, and all were within visible range. 
Eachjudge independently estimated the foliage of the I5 test plants 
as a multiple or a fraction of the reference plant. Estimated weight 
per pau branco plant was calculated by multiplying the dry weight 
of leaves on the reference plant by the multiple or fraction esti- 
mated for the test plant. 

The above procedures provide biomass data on an individual 
plant basis only. Standing crop per unit area can be determined by 
estimating the multiples of the reference unit within a sample plot 
or by calculations that incorporate estimates of plant density. 
These reference unit estimates were compared with the actual 
weights in the analysis described below. 

Dimensional Analysis 
The 3 judges worked together to obtain dimensional measure- 

ments of the 30 test plants. Two diameters (the longest and that 
perpendicular to the longest) and the foliage height were measured 
for each plant. 

Canopy volume was calculated using these dimensional mea- 
surements. Jurema plants that resprout after cutting develop an 
inverted conical growth habit (Fig. 1) similar to Larrea tridentata 

Vail. (Ludwig et al. 1975). The jurema canopy volume was calcu- 
lated as: 

where: 
canopy volume = l/3 nr? h 

r = radius as l/2 the average of the 2 diameters 

h = height 

The shape of the pau branco canopy is cylindrical (Fig. 2). so 
volume was calculated using the formula: 

where: 
canopy volume = nr* h 

r = radius as I/2 the average of the 2 diameters 

h = height 

Statistical Analysis 
The relationship between theactual weight (dependent variable) 

and the estimated weight (independent variable) for the reference 
unit estimation, and the actual weight and the canopy volume 
(independent variable) for the dimensional analysis were estab- 
lished using simple linear regressions. Differences in the intercepts 
and slopes were tested on the regression equations for the 3 judges 
and, for jurema, the 3 unit sizes, to determine if pooling of data 
points were possible. Multiple regression techniques were used to 
determine the effects ofjudges, unit size (forjurema), and distance 
from the unit (in the case of the reference plant method for pau 
branco). The suitability of the regression models was inferred from 
graphic display of the data. If curvilinearity was apparent, log 
transformations and polynomial models were used to obtain the 
best fit. The preferred equations were selected on the basis of the 
coefficient of determination (r2) and a plot of the residuals was used 
to examine the consistency of error terms (Neter and Wasserman 
1974). 

Results and Discussion 
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Table 1. Prediction equ8tions (Y = 8ctu8l weight in gnms, X = estimrted 
weight in grams, V = unopy volume in cma), coefficients of determination 
(rz), st8nd8rd error of. the estim8te (S y*x), coefficients of v8ri8tion 
(C.V.), 8nd number of mmples (N) for the reference unit 8nd dimension81 
8rulysi.v methods of estim8ting junnu (ikfimosa twutist3puh~) bionuss. 

Regression equation’ r* Sy*x C.V. N 

Reference Unit 
small unit2 

Pooled data over 
judges’ Y=-33.2+1.54(X) .927 I42 27 45 

Averaged data over 
judges4 Y=-59 +1.61(X) .970 95 18 15 

large-compact unit2 
Pooled data over 
judges Y= 488+.851(x) .954 II2 22 45 

Averaged data over 
judges Y= 33.8+.878(X) ,985 68 I3 I5 

large-dispersed unit2 
Pooled data over 
judges Y= 23.7+.971(X) .938 130 25 45 

Averaged data over 
judges Y= 2.3+1.01(X) ,979 80 I5 I5 

Dimensional Analysis 
Y= 38.5+0.000359(V) ,948 126 24 I5 

‘None of the y intercepts are significantly different from zero (p>o.Ol). 
*Significantly different at KO.05). 
JCombin,ed individual data for the three judges. 
‘Estimations by the three judges averaged for each plant. 

higher r* values, and the large-compacted branch gave the highest 
values. This supports the idea that there is an advantage to select- 
ing a unit with an appearance closely resembling the foliage of the 
shrubs being estimated. 

Similar to jurema, the individual estimations of the judges for 
pau branco biomass could be combined into one regression equa- 
tion (Table 2). The regression analysis showed the plant to unit 

T8ble 2. Prediction equ8tions (Y = 8ctu8l weight in gr8ms, X = estim8ted 
weight in gnms, V q  c8nopy volume in cm’), coefficients of determin8- 
tions (r2), st8nd8rd error of the estinmte (Sy-x), coefficients of v8ri8tion 
(C.V.), 8nd number of cumples (N) for the reference plant 8nd dimen- 
sion8l8tulysis methods of estinuting p8u bmnco (Auxemma oncoca&) 

Regression equation’ rr Sy*x C.V. N 

Reference Unit 
Pooled data over judges2 

linear Y=-829+.704(X) .890 213 27 45 
quadratic Y=-l31+1.2qx)- .933 I68 21 45 

.00168(X2) 
Averaged data over judges) 

linear Y= 35.7+.751(x) .949 I51 I9 I5 
quadratic Y=-169+1.24(X)- .977 107 I3 I5 

.OOO 174(X2) 
Dimensional analysis 

Y= 95.7+.ooO886(V) ,937 I61 20 I5 

‘None of the y intercepts are significantly different from zero (PX.05). 
*Combined individual data of the three judges. 
‘Estimations by the three judges averaged for each plant. 

ratio (P:U is the weight of the foliage of the test plant relative to the 
weight of the foliage of the reference plant) had a significant 
positive effect on the error of estimation (p q  0.008). Examination 
of the residuals showed that more precise estimates were obtained 
where the P:U was close to unity. There was a tendency to underes- 
timate foliage biomass with higher P:U ratios. These results dem- 
onstrate the importance of selecting a reference plant similar in size 
to the average plant being estimated. 

The distance of the reference plant from the plants being esti- 
mated had no significant effect on the error of estimation @X.05). 
For this study all plants were located within a convenient viewing 

distance from the reference plant (<I9 m). As with the reference 
unit method, a slight increase in the coefficient of determination 
was obtained by fitting a regression equation to the averaged 
values of the 3 judges. 

Measuring plant dimensions required about the same amount of 
time in this study as sampling with a reference unit (about 1.5 min 
per plant per person). The critical aspect of methodological effi- 
ciency, however, is the development of regressions to correct for 
personal bias in the case of the reference unit technique and to 
correlate dimensions with biomass in dimensional analysis. For the 
latter method, a specific regression is required for each species, and 
possibly for different age classes and for different seasons within a 
species to account for changes in foliage density. The bias of 
estimation in the reference unit method is a function of the per- 
sonal characteristics of the estimator, and a regression developed 
to correct it could be applied to a group of species with similar 
foliage appearance. The generality of the bias for an individual 
estimator has not been tested by the authors but emerges as a 
hypothesis on the basis of experience with several dozen students 
learning the reference unit method. Given that this approach 
requires fewer regressions for field application than dimensional 
analysis, to achieve the same level of accuracy, the authors propose 
that the most efficient procedure for biomass estimation would be 
the reference unit method. 
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Use of Power Curves to Monitor Range Trend 
WILLIAM C. TANKE AND CHARLES D. BONHAM 

Abstract 

Type I and Type II errors and the power of the test when testing 
the null hypothesis of static range trend are discussed. The conse- 
quences associated with Type I and Type II errors are judged to be 
similar and therefore the probability of committing a Type I or 
Type II error should be equal. As an example, the current range 
trend monitoring program for the Moose Camp Allotment on 
USDA Forest Service land in southwestern Montana is capable of 
detecting a change in range condition of one condition class 83% of 
the time when the probability of Type I error is set at .17 (Prob[- 
Type I Error] = Prob [Type II Error] q  .17). Doubling the sample 
size would increase the ability to detect a condition class change to 
95% when the probability of Type I error is set at .05 (Prob[Type I 
Error] q  Prob[Type II Error] q  .05). 

A goal of range management is to promote increased carrying 
capacity while maintaining the health and stability of the range 
ecosystem. On an existing grazing unit where an initial estimate of 
available carrying capacity is established, some method to deter- 
mine the desirability of this stocking level is usually undertaken. 
This may be done by personal impressions from range inspections 
or through some formal data gathering procedure which assesses 
the impacts associated with a particular stocking level. 

On public lands, range condition and trend measurements are 
the accepted method for monitoring the impacts associated with 
livestock grazing (Public Rangeland Improvement Act 1978, 
USDA Forest Service 1981), where the current species composi- 
tion indicates range condition, and changes in condition over time 
indicate range trend. 

In any range ecosystem there exists a certain amount of variabil- 
ity in range condition in space. This is due to the well-known 
concept of natural variability in biological systems (Vogl 1976). 
The practical importance of variability in space is that range condi- 
tion will differ at different locations and therefore, a single mea- 
surement may not give a good indication of the overall condition 
for the management unit. One way to account for this variation is 
through repeated measures at different locations. 

If an assumption is made concerning the distributional relation- 
ship of range condition, it then becomes possible to estimate mean 
range condition for a management unit and, by use of parametric 
statistical hypothesis testing procedures, to determine if any signif- 
icant changes have occurred in mean range condition over time. In 
other words, statistical analyses allow the range manager to deter- 
mine, with a certain degree of confidence, if range trend is upward, 
downward, or static. 

Because of the variability inherent in range ecosystems, it is not 
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feasible to determine mean range condition with absolute certainty 
since this would entail a sample size large enough to include the 
whole population (i.e., inferential statistics would not be required 
since the sample would be equal to the population). Limited 
resources do not allow a sample size of this magnitude and, as a 
consequence, errors in the determination of range condition and 
trend are always possible. Management decisions which are made 
based on the erroneous determination of range trend can have 
serious consequences both economically as well as environmen- 
tally. For example, if errors cause the manager to believe trend is 
upward when it is actually static or downward, a decision to 
increase stocking may be made and, as a consequence, deteriora- 
tion in the system may begin or accelerate. 

Statistical methodology provides the manager with a means to 
estimate the probability of making an error. There are 2 kinds of 
errors associated with the testing of the null hypothesis (HO: static 
trend) against the alternate hypothesis (HI: nonstatic trend): Type I 
error occurs when the null hypothesis is rejected but is actually 
true, and Type 11 errors occurs when the null hypothesis is not 
rejected but is actually false (Huntsberger and Leaverton 1970) 
(Table I). 

Mention of the existence of Type 11 errors is surprisingly absent 
in recent natural resource literature. The absence of any discussion 
on Type I1 errors may mean that many of those involved in natural 
resource management and research are oblivious to the possibility 
of committing these errors and that a discussion of them may be of 
value. The purpose of this paper is to introduce the concepts of 
Type 11 error and power of the test, and illustrate their usefulness in 
evaluating the monitoring program for range trend on a specific 
U.S. Forest Service range allotment. While this paper focuses on 
the evaluation of a range condition and trend monitoring program, 
the concepts presented are applicable to all natural resource deci- 
sion makers who utilize hypothesis testing procedures. Knowledge 
of Type 11 errors should help those who utilize hypothesis tests to 
better understand the benefits and limitations inherent in their use. 

Statistical Errors and Power of the Test 

The probability of committing a Type I error is equal to the 
significance level or size of the test (Mood et al. 1974). Controlling 
Type 1 errors is routine and is the basis for choosing the signifi- 
cance level. On the other hand, the probability of committing Type 
II errors is rarely considered, except indirectly, by following the 
accepted procedure of formulating the 2 hypotheses in such a way 
that Type I errors are most important (Neyman 1942, Cohen 1977). 
In many natural resource problems this is not an acceptable solu- 
tion because both Type I and Type II errors are important. Con- 
sider the following example. 
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Table 1. Errors associated with the testing of the null hypothesis of static trend (HO: Trend static). 

L .ypothesis Test 

Do Not Reject Ho 

Rcjecl Ho 

True State of Nature 

Trend Static Trend Not Static 

Type I I error- 
No error Erroneously maintain stocking 

Type I error- 
Erroneously change stocking No error 

Formulate the 2 hypotheses: 
HO: Trend is static 

tI1: Trend is not static 

A Type 1 error (reject HO when actually true) occurs when the 
manager decides the trend is not static when in fact it is. If the 
implied trend is upward, the manager may erroneously decide to 
increase stocking and a deterioration in the ecosystem may occur. 
Conversely, if the implied trend is downward the manager may 
erroneously decide to decrease stocking and thereby incur an eco- 
nomic loss. A Type II error (do not reject HO when actually false) 
can result in similar consequences. If the manager decides the trend 
is static, then no adjustments to stocking are indicated. If the trend 
is actually downward, this lack of action may cause the downward 
trend to accelerate. Conversely, if an upward trend goes unde- 
tected, economic losses may occur. These results are summarized 
in Table 2. 

Table 2 shows that an erroneous decision may result in serious 
negative consequences, particularly in the long term. Furthermore, 
because the consequences associated with Type I and Type II 
errors are similar, we may judge that the probability of committing 
these 2 types of errors should be equal. Procedures for developing 
hypothesis tests with equal probability of Type I and Type 11 errors 
will be examined in this paper. Similar procedures may be followed 
when it is judged the probability of Type I and Type I1 errors 
should not be equal; this judgment should be based on an analysis 
of the consequences of Type 1 and Type 11 errors as was done here. 

Accurate estimates of range condition and trend are necessary in 
order to effectively utilize the productive potential of the land. It is 
important to be able to detect any change in condition which is 
large enough to signal ineffective management. When testing the 
null hypothesis of no change in range condition ( HO: trend static), a 
Type 11 error (do not reject Ho when HO is false) is, in essence, the 

inability to detect a change in range condition (nonstatic trend) 
when in fact a change has occurred. Type II errors associated with 
this hypothesis may result in incorrect decisions, and consequently, 
inefficient management. Conversely, the ability to detect a change 
in condition enables the manager to adjust stocking levels as 
required, and efficiently utilize the forage resource. 

In statistical terminology, the probability of detecting a change 
in range condition (reject HO when HO false) is referred to as the 
power of the test. Power (r) is a probability defined as follows: 

r = Power q  Prob[Reject HO when HO False] 
q  Prob[Detecting a condition change] 
=I Prob[Typr II Error] 

Associated with any hypothesis test is a power curve (n(0)). The 
power curve associated with the test of the null hypothesis of static 
range trend gives the probability of detecting a change in range 
condition (0) of a given magnitude. As would be expected, as 19, the 
magnitude of the range condition change increases, so does the 
probability of detecting that change, i.e., the magnitude of range 
trend (0) and power (JT) are directly related. 

Methods 

Data for this study came from U.S. Forest Service range condi- 
tion transects for the Moose Camp range allotment of the Deer- 
lodge National ForeSt. This allotment is located in southwestern 
Montana approximately IO miles south of Butte, Montana. The 
data consist ofa linear transformation of the numeric composition 
ratings from 6 permanent range condition transects. Each transect 
consists of a relocatable IOO-foot linear sampling unit from which. 
at l-foot intervals, the nearest plant species is recorded. The com- 
position score, which is used by the Forest Service as a part of their 
overall range condition rating, is a numeric value (X) from I to I5 

Table 2. Consequences associated with various erroneous decisions resulting from Type I and Type 11 error when testing the null hypothesis of static trend. 

Type I Error-A nonstatic trend is falsely assumed. 
-Reject HO when true. 

Belief about range trend: 

True state of nature: 

Management decision: 

Consequences: 

Short-term 

Long-term 

Type II Error-A static range trend is falsely assumed. 

-Do not Reject HO when false. 

Belief about range trend: 

True state of nature: 

Management decision: 

Consequences: 

Short-term 

Long-term 

Trend up 
Trend static 

Increase stocking 

Decrease in condition 

Decreased forage production 

Trend static 

Trend down 

Maintain stocking 

Further decrease in condition 

Decreased forage production 

Trend down 

Trend static 

Decrease stocking 

Loss in AUMs 

implications to ranch stability 

Trend static 

Trend up 

Maintain stocking 

Loss in AUMs 

Implications to ranch stability 
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and is based on the percentage of desirable, intermediate, and 
undesirable species tallied for a transect (USDA Forest Service 
1975). 

The numeric composition rating was resealed, by the formula Y 
= 100(X - I)/ 14, to lie between 0 and 100. This resealed value (Y) 
will be referred to as the range condition for a transect. The 6 
transects for which range condition values were derived are 
grouped into 3 range condition clusters, with each cluster contain- 
ing 2 transects located in close proximity to one another. The null 
hypothesis of no change in range condition was tested for each of 
the 3 clusters, using a paired t-test, and a pooled variance estimate 
(5) (Steele and Torrie 1975). Use of a pooled variance estimate is 
based on the assumption that the variance associated with each of 
the 3 clusters is equal. The degrees of freedom (df) associated with 
both this variance estimate and the r-test for which this estimate is 
utilized is: 

df q  3(n - I) 
0 10 20 30 40 50 

Change in Range Condition 
where. n = the number of transects in each cluster (n q  2 for the 
current monitoring program). 

Associated with each hypothesis test is a power curve which is a 

Fig. 1. Power of the test versus change in range condition for selected 
sign$‘cance levels, with n q  2. 

function of: the chosen significance level (o), the “population” 
variance, the sample size(n), and the deviation of range trend from 
zero(e), i.e., the magnitude of range trend. The pooled estimate of 
the variance (SE) was used for the population variance in all 3 
clusters. Power curves were developed for various values of the 
other 3 variables ((u, n, 0) using a computer program developed by 
the senior author. These curves were used to investigate the proba- 
bility of detecting a range condition change for the current and 
alternate monitoring programs. A more detailed discussion of the 
development of the power curves used in this paper may be found 
in Tanke (1984). The text by Cohen (1977) provides a thorough 
discussion and numerous tables useful for calculating power curves 
for many of the tests (r-test, ANOVA, chi-square) commonly used 
in range science. 

Results and Discussion 

Significance Level and Power 
The typical methodology used when applying statistical hypo- 

thesis testing techniques is to choose a small significance level ((Y q  
Prob[Type I Error]) to control for Type I errors while giving little 
or no consideration to errors of the second kind (Lehmann 1958). 
This practice is objectionable whenever the consequences asso- 
ciated with Type II errors are important. One problem with blindly 
selecting a small significance level is that reducing the significance 
level and the probability of Type 1 error simultaneously increases 
the size of Type II error (Neyman et al. 1935, Sokal and Rohlf 
1969). 

Figure I shows a series of power curves for the current monitor- 
ing program (3 clusters with each cluster containing 2 transects). 
Each curve is associated with a particular significance level and 
gives the probability (rr) of detecting a change in condition of a 
given magnitude (6). These curves may be used to examine the 
relationship between the significance level (Q), the magnitude of 
range trend (0) and the power of the test (rr). Because a two-tailed 
test was used, changes in condition associated with an upward or 
downward trend have identical power when their magnitude is the 
same. For example. for an upward or downward trend of magni- 
tude 20 power is equal to .80 when (Y = .l5. Because it is the 
magnitude and not the direction of range trend that is important in 
determining power, only the right half of the symmetrical power 
curves are shown in Figure I and in figures to follow. 

tion, has selected a significance level of 0.05. Figure I ‘indicates 
there is less than a 50% chance this test will detect a change in 
condition equivalent to one condition class. Furthermore, if a 0.0 I 
significance level had been selected, a condition class change would 
be detected only 15% of the time. The consequence of these low 
power values is: a potential loss of AUM’s if an upward trend goes 
undetected, or a further decrease in range condition if a downward 
trend goes undetected (Table 2). 

This analysis clarifies why a significance level should not be 
selected without first considering the power of the test. Further- 
more, it shows that the choice of a smaller significance level does 
not necessarily result in a better testing procedure. While reduction 
of the significance level decreases the probabilty of a Type I error, it 
also simultaneously increases the probability of a Type 11 error. A 
better method for selection of the significance level is based on the 
consequences of Type I and Type II errors. Previous discussion 
indicated that, because of the similar consequences associated with 
Type 1 and Type II errors (Table 2) the “optimal” testing proce- 
dure should have an equal probability of committing Type 1 and 
Type II errors. Therefore, for a condition change of 20 the desired 
significance level (a) is approximately 0. I7 (Fig. I). For this signifi- 
cance level the probability of Type I error (cr=O. 17) is equal to the 
probability of Type II error (p=l-0.83=0.17). 

From a manager’s standpoint, a power curve may be thought of 
as illustrating the relative value, or importance, associated with the 
ability to detect a given magnitude of trend. A manager who can 
quantify this relationship may use this information to assist in 
selecting a testing procedure. For example, assume the manager 
feels it is: 

I. Crucial to be able to detect a change in range condition of 30 
and above. 

2. Only 75% as important to detect a range condition change of 
20. 

3. Only 30% as important to detect a range condition change of 
10. 

4. Of no importance to detect a condition change of 5 and 
below. 
The manager has thus defined 4 points on an “idealized” power 
curve: 

Consider, as a reference point, a change in range condition of 20. 
This magnitude of change is equivalent to a change of one qualita- 
tive condition class, where range condition classes are defined as 
follows: excellent (8l-IOO), good (61-80) fair (4l-60), poor 
(21-40) very poor (I-20). Assume the manager is interested in 
testing the null hypothesis of static trend and, following conven- 

9 n- 

30 I .oo 
20 0.75 
IO 0.30 
5 0.00 

Figure I shows this idcalizcd curve (labelcd“‘idealized”) superim- 
posed on the actual powtx curves. The actual curve which comes 
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closest to matching the idealized curve is associated with a signifi- 
cance level of 0.10. The selection of a significance level of 0.10 
represents another possible choice of (Y for the current monitoring 
program. 

Sample Size and Power 
When the sample size is fixed, it may not be possible to lower 

probabilities of Type I and Type 11 errors to acceptable limits. With 
the current monitoring program, and assuming an approach which 
balances the probabilities of Type I and Type II errors, the man- 
ager can expect to commit an error in 10 to 20% of the hypothesis 
tests performed. If this is not acceptable, increasing the sample size 
should be considered. An increase in the number of transects 
makes it possible to simultaneously lower the probability of com- 
mitting both types of error. 

Figure 2 shows a series of power curves for testing the null 
hypothesis of static trend when the significance level is equal to 
0.05. Each curve is associated with a different sample size(n) equal 
to the number of transects in each of the 3 clusters. This graph may 
be used to investigate the effect of sample size (n) on power of the 
test (rr) for different magnitudes of range trend (0). For example, 
consider a change in range condition of 20. There is a substantial 
increase in power when the sample size is increased from the 
present 2 transects per cluster to 3 transects per cluster. Smaller 
increases in power occur up to n ~6, thus substantial improvement 
in the ability to monitor range trend may be obtained through 
modest increases in sample size. 

,’ 

0 10 20 30 40 50 

Change in Range Condition 
Fig. 2. Power of the test versus change in range condition for selected 

samples sizes, with a = 0.05. 

The idealized power curve, previously discussed, may be used to 
assist in selecting the sample size in the same way it was used to 
assist in selecting the significance level. This is illustrated in Figure 
2 which shows that, for a significance level of 0.05. the actual power 
curve which comes closest to matching the manager’s idealized 
curve is for a sample size of 3. 

Conclusions 

Statistical power analysis provides the range manager with a 
useful set of analytical tools. These tools can assist in the develop- 
ment of a range condition monitoring program and associated 
hypothesis testing procedures. They can also be used to investigate 
present and past monitoring programs to judge their validity and 
usefulness. The technique is not limited to the study of monitoring 
problems but can be applied to any decision-making environment 
where hypothesis testing is utilized. 

The value of statistical power analysis is not confined to the 
manager. It is perhaps of more importance to the researcher who 
uses statistical techniques to guide and justify research. It is the 
results of this research, more than the results of hypothesis tests, 
upon which the manager typically relies when making manage- 
ment decisions. 

Introduction of the concepts of statistical errors into natural 
resource publications should be beneficial to both managers and 
researchers alike. A working knowledge of these concepts should 
result in research proposals and management decisions which are 
both more valid and more effective. 
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Browse Quality 
Soils in Florida 
JOHN M. WOOD AND GEORGE W. 

Abstract 

Response to Forest Fertilization and 

TANNER 

Spring leaves of red maple (Acer rubrum) and inkberry (Ilex 
glabra) from slash pine (Pinus elliottii) plantations fertilized with 
diammonium phosphate 4 to 9 years prior to collection were higher 
in phosphorus(P) than leaves from an unfertilized plantation. The 
nitrogen (N) content of inkberry leaves also was higher in spring. 
During the summer, in vitro organic matter digestibility (IVOMD) 
was higher in both species and P was higher in inkberry on fertil- 
ized plantations. However, any residual effect of fertilization on 
nutrient concentrations was overshadowed by a decrease in P and 
N and an increase in calcium (Ca) in the summer. The effect of soil 
series on nutrient values was negligible, with the exception of Ca, 
which was higher on a somewhat poorly drained Dunbar soil series 
than on a poorly drained Bladen soil series. Nutritive value of both 
browse plants was limited by low IVOMD and P concentrations, 
which never attained maintenance levels required by white-tailed 
deer (Odocoileus virginianus). 

Use of fertilizer amendments in Southeastern forest stands is an 
increasingly common management practice. Additions of nitrogen 
(N) and phosphorus (P), particularly on poorly drained flatwoods 
soils, significantly increases growth and wood yield when applied 
in slash pine (Pinus elliottii) plantations early in the rotation 
(Pritchett and Smith 1975). In general, the nutritivevalue of many 
plant species increases, at least temporarily, following fertilization 
(Albrecht 1944, Mitchell 1955, Foote and Jacobs 1966, Basiie 1970, 
Abel1 and Gilbert 1974, Goetz 1975). However, the degree of 
influence often varies with physiography, climate, soils (Beeson 
1955, Lazar and Beeson 1956, Hundley 1959, Thacker and Beeson 
1958, Kilmer et al. 1960, Thorsland 1966), and the overstory and 
understory species in question. 

Follett et al. (1981: 148) suggest that at least 1.6 million ha of 
forest in the Southeast would respond to fertilization. Opportuni- 
ties for enhancement of wildlife resources in conjunction with 
timber management may be increasing with the acreage of fertil- 
ized pine plantations. The purpose of this study was to determine 
the influence of fertilization and soil series in slash pine plantations 
on the nutritive value of common browse plants used by white- 
tailed deer (Odocoileus virginianus). 

Materials and Methods 

The study area included six IO to 25-ha, bedded (disced and 
mounded), slash pine plantations distributed within the north- 
western portion of the Apalachicola National Forest, Liberty 
County, Florida (Wood 1982:8). The region is characterized by 
cool winters and hot, humid summers with average daily tempera- 
tures between 10” and 27O C, and average rainfall of 149 cm/yr 
(National Oceanic and Atmospheric Administration 1980). All 
trees were planted on the beds in I97 1 at an initial stocking density 
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of 1,500 trees/ ha. One plantation had never been fertilized, 1 was 
fertilized in 1972 with 225 kg/ ha diammonium phosphate (18-2 1% 
N, 20-23% P, pH 8.0) and 4 were fertilized in 197551976 with 
diammonium phosphate at the same application rate. All planta- 
tions occurred on a poorly drained Bladen soil (clayey, mixed, 
thermic family of Typic Ochraquults) and/or a somewhat poorly 
drained Dunbar soil (clayey, kaolinitic, thermic family of Aeric 
Paleaquults). Both are Ultisols and characteristic of flatwoods in 
northern Florida with a pH less than 4.5. Under such acidic condi- 
tions, soluble iron (Fe) and aluminum (Al) particles may react with 
phosphate ions to form insoluble P compounds, which are not 
readily available for uptake by some plants (Ballard and Pritchett 
1974). 

The experimental design was a nested analysis of variance, test- 
ing the effect of fertilization on in vitro organic matter digestibility 
(IVOMD), calcium (Ca), P, and N in the foliage of red maple (Acer 
rubrum)and inkberry (Ilexglabra)plantsgrowing naturally in the 
understory of the pine plantations. The variable nested within 
fertilization treatments was soil series. Analysis of unbalanced data 
was executed with the general linear model (GLM) procedure in 
the Statistical Analysis System (SAS Institute 1982). Significant 
(lYO.05) differences between fertilization treatment means were 
determined with the Turkey-Kramer studentized range test for 
unequal ceil sizes (SAS Institute 1982:172). The results of the 
Student’s t-test between regression coefficients (SAS Institute 
1982: 180) were used to determine significant (KO.05) differences 
between soil series means within fertilization treatments. 

Leaves from the same randomly selected red maple and inkberry 
plants were collected within each soil series-fertilization experi- 
mental unit in each plantation in August 1980 (summer) and in 
April 1981 (spring). Ten samples were replicated each season 
within most experimental units. A minimum of 7 individual plants 
was sampled when not enough plants were growing on the site. We 
collected leaves that were produced in 2 different growing seasons 
to reduce the effect that harvesting might have on nutritive value. 
Differences (X0.05) between seasons and species were analyzed 
separately from the effects of fertilization and soil series and were 
based on the Student’s t-test. 

Inkberry and red maple were chosen over the other plants nor- 
mally eaten by deer because they were the only white-tailed deer 
forage (Harlow 1961, Harlow and Jones 1965, Blair and Brunett 
1980) common enough in these plantations for sampling purposes. 
Foliage within reach of foraging deer (less than 1.5 m above the 
ground) was stripped by hand from each plant and bagged separ- 
ately. We attempted to collect only current year’s growth, which 
we determined was the leaves on green, terminal portions of ink- 
berry twigs (an evergreen species) and any of the leaves of red 
maple (a deciduous species). Foliar samples were placed in a cooler 
and covered with dry ice until reaching the laboratory. They were 
transferred directly to a drying oven for at least 48 hours at 60°C, 
then ground through a l-mm sieve in a Wiley mill and stored in 
air-tight, Whirl-Pak bags. The petioles of red maple leaves were 
removed before grinding and not used in the experiments to reduce 
this potential source of variability in nutritive value (Hacker and 
Minson I98 1). 

Foliar IVOMD was determined with rumen fluid obtained from 
a fistulated steer fed grass hay and supplemented daily with a 
ration of soybean meal, salt, fluorinated phosphate, and vitamin 
A. A highly significant correlation between cow in vitro and deer in 
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Table 1. Seasonal and specific differences in browse quality in ten-year-old slash pine plantations, Apalachicola National Forest, Florida. The in vitro 
organic matter digestibility (IVOMD), calcium (Ca), phosphorus (P), and nitrogen (N) means represent percentages on a dry matter basis. 

Species 

- Red Maple 

lnkberry 

-x 
SE 
n 

x 
SE 
n 

IVOMD 

39.3 
0.4 

100 

29.4 
0.3 
97 

Summer 1980 
Ca P 

0.431 0.070 
0.016 0.002 
100 100 

0.452 0.05 I 
0.009 0.001 

97 97 

N IVOMD 

1.31 39. I 
0.02 0.4 
100 99 

I .06 36.6 
0.01 0.4 

97 97 

Spring I98 I 

Ca P 

0.243 0.110 
0.008 0.003 

99 99 

0.204 0.137 
0.006 0.002 

97 97 

N 

1.72 
0.02 

99 

1.74 
0.02 

97 

vivo digestibility values was reported by Palmer et al. (1976). The nutritional levels of IVOMD (Ammann et al. 1973:200) or P 
IVOMD procedure followed was the two-stage Tilley and Terry 
( 1963) method, revised by Moore and Mott (1974). Nitrogen con- 

(Magruder et al. 1957, Ullrey et al. 1975). Browse comprised 43% 
of the volume of 5 15 rumen samples collected in late fall and winter 

centrations were determined in 0.25-g samples by a micro-Kjeldahl 
procedure (Bremner 1965) revised by Nelson and Sommers (1973). 

in Florida (Harlow and Jones 1965:97). Of the I59 species of 
genera identified, only 78 were browse (Harlow and Jones 1965:83- 

Additionally, 0.50-g samples were ashed for 4 hours at 500’ C and 96). To meet nutritional requirements, white-tailed deer select a 
dissolved in dilute HCI, which allowed Ca to be determined by variable diet that includes forbs and grasses (Halls 1978, Thill 
atomic absorption (Mitchell and Rhue 1979) and P by the Murphy 
and Riley (1962) ascorbic acid method. 

1984), fruits (Short and Epps 1976), and fungi (Miller and Halls 
1969, Thill 1984). 

Results and Discussion Soil Series 

Season and Species 
For both red maple and inkberry, N and P concentrations were 

lower (X0.01) and Ca concentrations were higher (KO.01) in 
August than in April (Table 1). The structural function of Ca in cell 
membranes may explain the higher Ca concentrations of both 
species during the summer. This function immobilizes Ca in inter- 
cellular space and in phloem, unlike P and N, which readily leach 
from senescent leaves (Fitter and Hay 1981:76). 

Digestibility of inkberry foliage was higher (KO.05) on the 
Bladen series than on the Dunbar series in the spring (Table 2). 
Only I .O cm of rainfall was recorded in the vicinity of the study site 
during April 198 1 (Tanner and Terry 1982). Inkberry plants grow- 
ing on the better-drained Dunbar soil may have experienced some 
degree of water stress, causing an abatement of the rapid spring 
growth of succulent leaf tissue. 

Digestibility of red maple was not significantly different between 
summer and spring, but IVOMD of inkberry was lower (KO.01) 
in summer. The spring-to-summer decline in IVOMD of inkberry’s 
foliage presumable was due to the cutinization and lignification 
suggested by morphological changes (i.e., increased thickness, ri- 
gidity, and a waxy buildup on the epidermis). Red maple foliage 
did not exhibit such morphological changes. 

Foliar concentrations of Ca and P tended to be higher on the 
Dunbar series, though not all differences were significant. The 
increased solubility of Fe and Al ions in low pH soils may cause 
inhibition of Ca uptake and retention of soil Pas oxides of Fe and 
Al (Fitter and Hay 198 I :205). Ballard and Fiske11 ( 1974) found the 
highest P retention of 42 soil types in a Bladen soil. 

Soil series had no significant effect on N concentrations ofeither 
species in either season. 

Phosphorus concentrations of inkberry foliage were higher 
(IYO.01) than red maple in the spring, but lower in the summer. 
lnkberry flowers and fruits in summer, while red maple does so 
early in the spring. Many of the inkberry plants selected for this 
study were observed to be in flower or fruit, but no evidence of 
flowering or seed production was observed on any of the red maple 
plants. Translocation of P into actively growing tissue (Reader 
1978) may explain the lower concentrations of inkberry in summer. 

Fertilization 

Browse is considered the staple forage type over most white- 
tailed deer range due to its year-round availability. However, 
neither of the browse plants that were studied provided adequate 

In the spring, P concentrations of both species, and N concentra- 
tions of inkberry, responded to fertilizer that had been applied up 
to 9 years previously (Table 3). No response of red maple to 
fertilization, particularly during the summer, may be related to a 
dilution effect (Duncan and Hylton 1970), wherein the additional 
N and P afforded the fertilized plants were used for increased 
growth. Leaching also may have been a factor. 

Only P concentrations of inkberry bro’wse responded to the 
residual effect of fertilization during the summer. Perhaps this 
occurred because the leaves of this evergreen species take several 
years to mature as opposed to the deciduous, red maple. Under- 

Table 2. Comparison of browse quality on two soil series within slash pine plantations fertilized in 1976. 

- 
Season Species Soil series n IVOMD Ca P N 

Summer 1980 Red Maple Bladen 
Dunbar 

lnkberry Bladen 
Dunbar 

Spring 1981 Red Maple Bladen 
Dunbar 

lnkberry Bladen 
Dunbar 

‘Significantly higher (KO.05) than on other soil series based on the Student’s t-test. 

% 
36 40.2 0.365 0.066 I.31 
39 39.2 0.446* 0.076* 1.30 
30 30.4 0.401 0.054 1.03 
39 29.6 0.46 I * 0.052 I .05 

35 38.4 0.207 0.111 1.68 
39 39.5 0.253* 0.120 1.74 
30 37.4* 0.192 0.139 1.73 
39 34.9 0.203 0.144 1.77 
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Table 3. Browse quality response to the residual effect of fertilization. 

Year plantatation 
Season Species fertilized n IVOMD Ca P N 

% 
Summer 1980 Red Maple None I9 36.3 b’ 0.536 e 0.070 e 1.36a 

1972 8 42.6 a 0.413 e 0.054 e I.16 b 
I976 73 39.7 a 0.407 e 0.071 e I.31 a 

Spring 198 I 

lnkberry 

Red Maple 

None 20 
1972 IO 
1976 67 

None I9 
1972 8 
1976 72 

27.8 b 0.51 I e 0.042 b 1.08 a 
27.6 b 0.454 e 0.054 a 1.08 a 
30.0 a 0.435 e 0.053 a I.04 a 

38.4 a 0.279 e 0.088 b l.79a 
41.3 a 0.284 e 0.103 ab I.66 a 
39.0 a 0.232 e 0.116a 1.71 a 

lnkberry None 20 
1972 IO 
1976 67 

39.3 e 0.223 a 0.1 I4 b 1.62 b 
34.9 e 0.213 a 0.146a 1.86 a 
36.0 e 0.198 a 0.141 a 1.76 a 

1 Fertilizer treatment means at the species-seasonal level followed by the same letter are not significantly different (EXI.05) based on the Tukey-Kramer studentixd range test for 
unequalcellsizes. Testsofcombinationsfollowed by the letter”e”were made withexperimentalerror(i.e., the meansquareerror of soils wirhinfertilization treatments)as the 
divisor for F. 

story species adapted to infertile sites grow slowly and, therefore, 
may tend to accumulate nutrients of limited availability over time 
(Chapin 1980). Evergreen shrubs, particularly, are adapted to P- 
deficient soils (Loveless 1961, 1962, Beadle 1966, Monk 1966). 

Ballard, R., and W.L. Pritchett. 1974. Phosphorus retention in Coastal 
Plain forest soils: II. Significance to forest fertilization. Soil Sci. Sot. 
Amer. Proc. 38:363-366. 

Calcium concentrations appeared to be lower in the fertilized 
treatments during the summer, but the differences were not signifi- 
cant because the experimental error (i.e., the mean squared error of 
soil series nested within fertilization) was high. Fertilization also 
increased IVOMD of both species during the summer. An 
increased period of growth and succulence that lasted into the 
summer also would account for the lower Ca and higher IVOMD 
percentages. 

Basile, J.V. 1970. Fertilizing to improve elk winter range in Montana. U.S. 
Forest Serv. Res. Note INT-I 13. 

Beadle, N.C.W. 1966. Soil phosphate and its role in molding segments of 
the Australian flora and vegetation. with special reference to xero- 
morphy and sclerophylly. Ecology 47:992-1007. 

Beeson, K.C. 1955. Nutrient element content of native forages in relation to 
location and land forms in the South Carolina coastal plain. Soil Sci. 
80:2l I-220. 

Conclusions 

The daily Ca intake requirement for body maintenance of white- 
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Dietary Overlap Among Axis, Fallow, and Black- 
tailed Deer and-cattle 
HENRY W. ELLIOTT III AND REGINALD H. BARRETT 

Abstract 

Seasonal diets of native Columbian black-tailed deer (Odocoi- 
leus hemionus columbianus) and exotic axis deer (Axis axis axis), 
fallow deer (Dama dama dama), and cattle (Bos taurus) on Point 
Reyes National Seashore were determined by microhistological 
technique to assess their dietary overlap. Throughout the year 
black-tailed deer ate mostly forbs, axis deer and fallow deer ate 
mostly grasses and forbs, and cattle ate mostly grasses. Only a few 
plant species comprised most of their diets. Percent composition of 
food species was not related to their preference indexes. Diets of 
axis and fallow deer overlapped more with each other and cattle 
than with black-tailed deer except during the summer when the 
dietary overlap among all species was similar at a lower level. 
Comparison of seasonal diets of deer with this and other studies 
indicated that food consumption of deer was not limited to particu- 
lar food classes. 
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Exotic ungulates introduced into favorable habitats may erupt 
in numbers, deplete their food resources, and then crash (Scheffer 
195 1, Klein 1968, Caughley 1970). At Point Reyes National Sea- 
shore, as a result of an introduction of 2 species of exotic deer 
during the 1940’s and early 1950’s (Wehausen and Elliott 1982) and 
the continuation of commercial beef and dairy operations, 4 ungu- 
lates now coexist in the Seashore’s pastoral zone: cattle (Bos tau- 
rus); Indian axis deer (Axis axis axis), European fallow deer 
(Damu dumu dumu); and native Columbian black-tailed deer 
(Odocoileus hemionus columbiunus). 

Previous studies at Point Reyes National Seashore (Elliott 1973, 
Wehausen 1973) suggested that these deer and cattle have similar 
diets, and that unlimited growth of the exotic deer population 
could have significant negative effects on the nutrition of all resi- 
dent ungulates, particularly in the fall when the amount of the 
forage and its nutritional value are low. Since the National Park 
Service was shooting the exotic deer within the pastoral zone to 
maintain their density at 1973 levels and knowledge of the ecologi- 
cal relationships between these species and their habitat was 
limited, this project was undertaken to provide information on 
which to base management decisions. 
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Many studies have indicated that competitive effects between 
sympatric ungulate species involved the use of food (Anthony and 
Smith 1977, Sinclair 1977, Mackie 1978, McCullough 1980, Kas- 
worm et al. 1984). Therefore, to investigate the likelihood of com- 
petition among deer and between deer and cattle at their current 
densities on Point Reyes Peninsula, the botanical composition of 
their diets, their preference for these food species, and their dietary 
overlaps were assessed. 

The Study Area 
Point Reyes National Seashore includes 259 km2 (100 mi2) of 

Point Reyes Peninsula in Marin County, California, 32 km (20 mi) 
northwest of San Francisco. Ranch lands of 81 km2 (31 mi2) 
comprise the pastoral zone of the Seashore. 

Black-tailed deer are present throughout the study area. Axis 
and fallow deer range east and northeast of Drakes Ester0 
(Wehausen and Elliott 1982). 

Climax vegetation near the coast is a mosaic of northern coastal 
scrub and coastal prairie (Elliott and Wehausen 1974). Bishop pine 
forest and northern coastal scrub are dominant farther inland 
(Grams et al. 1977). Much of the pastoral zone has been cleared 
and seeded to pasture species which are maintained by periodic 
burning, plowing, and reseeding. 

Most of the rain falling on the study area occurs in winter with 
some rain in fall and spring. Summer moisture is derived from 
advection fog that condenses on plants and drips to the ground. 
The average annual rainfall at Point Reyes Lighthouse was 45.7 cm 
(18.0 in) in 1942 (U.S. Weather Bureau 1942). A total of 69.0 cm 
(29.9 in) of rain fell at the Murphy Ranch in the pastoral zone 
between 1 September 1979 and 31 August 1980. The t&al rainfall 
at the nearby Bear Valley ranger station was 24% less during 
1978-79 than during 1979-80. Mean January temperature at the 
Lighthouse. was 9.8OC (49.6OF); mean July temperature was 
12.1°C (53.7OF) (U.S. Weather Bureau 1942). 

Methods 
Dietary Composition 

During April 1979 thru March 1980 esophageal, rumen, and 
fecal samples were taken monthly from 6 steers (3 Hereford and 3 
Hereford-Angus crosses) which had both esophageal and rumen 
fistulas (Van Dyne and Tore11 1964, Holechek et al. 1982). On a 
sampling day the steers were gathered at dawn, fitted with esopha- 
geal collection bags that had screened bottoms to remove saliva, 
and released together to graze for 1 hour. Samples were taken from 
the esophagus, rumen, and colon (feces) on 5 days each month 
within 10 days and preserved in stock formalin. Equal amounts of 
the 30 samples from each of the esophagus, rumen, and colon were 
pooled by month. The steers grazed on a 5.6-ha (14-acre) pasture 
with a vegetal composition judged to be typical of the pastoral 
zone. A mixture of 20% sodium chloride, 20% monosodium phos- 
phate, and 60% sodium bicarbonate was available on demand to 
compensate for electrolytes lost from saliva dripping from around 
the esophageal cannula. Availability of forage species was sampled 
monthly with a step-point transect of approximately 300 points 
a’cross the pasture (Evans and Love 1957). 

Dietary samples of axis and fallow deer were taken from rumens 
of deer shot during 7 months from October 1977 through Sep- 
tember 1978. Black-tailed deer dietary samples were collected from 
rumens of deer shot in 12-different months between May 1977 and 
October 1980. All rumen samples were oven dried at 60°C (140°F), 
ground thru a Wiley mill with a screen of l-mm mesh, and pooled 
by month with a minimum of 5 subsamples of equal volume from 
different deer. 

The dietary samples were analyzed for relative plant species 
density using a microhistological method (Sparks and Malechek 
1968). A sample was ground through a l-mm screen, bleached, 
stained with hematoxlinand safranin, and mounted on microscope 
slides with a gum arabic-Karo syrup medium (Truman et al. 1983). 

Twenty fixed locations on each slide were viewed thrua compound 
microscope at 100 power. In each of the 100 fields the occurrences 
of identifiable plant species were noted. The frequency of each 
species was converted into relative density as an estimate of the 
percent composition by dry weight. Species names followed How- 
ell (1970). 

If consistent differehces in food species or classes between collec- 
tion sites at the esophagus, rumen, and colon had occurred, then 
the relative composition of deer rumen samples could have been 
corrected to that of the esophageal samples (Dearden et al. 1975). 
However, linear regression analysis of esophageal, rumen, and 
fecal samples on each other by food classes (grass, forb, browse) 
found in the steer diet during I2 months had very low coefficients 
of determination (Table I). Botanical composition of rumen and 

Table 1. Linear regression of steer food classes by pooled esophageal, 
rumen, and fecal samples collected monthly (N=12). 

Food class 
Regression b ‘a +X100 SD 

Grass: 
Esophageal on rumen -0.20 93.0 2.7 11.8 
Esophageal on fecal -0.08 85.0 1.0 11.9 
Rumen on fecal 0.40 41.6 33.1 8.1 

Forb: 
Esophageal on rumen 0.36 10.8 3.9 8.7 
Esophageal on fecal 0.37 10.3 7.1 8.5 
Rumen on fecal 0.35 8.6 20.5 4.4 

Browse: 
Esophageal on rumen -0.08 4.4 2.4 5.1 
Esophageal on fecal -0.01 5.1 6. I 5.0 
Rumen on fecal 0.61 0.9 67.3 5.4 

b = regression coefficient, a = Y intercept, r 1 = coefficient of determination, SD = 
standard deviation of the estimate about the regression line. 

corresponding fecal samples of 4 black-tailed deer collected in 
September 1978 were also analyzed for differences in composition 
between collection sites. Only 50% of the 12 plant species analyzed 
had linear regression equations with coefficients of determination 
greater than 75% (Table 2). Therefore, unweighted, percent com- 
position of plant species from rumen samples were used as the best 
approximation of deer diets. Unweighted values from esophageal 
samples were used to represent cattle diets. 

Table 2. Linear regression of dietary composition of black-tailed deer by 
food class and by food species of rumen on fecal collection sites. Four 
deer were sampled in September 1978. 

Species b a r*xlOO SD 

Grass: 0.0 4.6 
Danlhonia califomica 0.1 0.2 
Festuca dertonensis 0.5 0.1 
Holcus lanalus 0.2 0.1 

Forb: 
Achilles borealis 
Hypocheris radicata 
Plantago lanceolata 

3.0 
0. I 

Browse: 
Co&s California 

0.0 
1.3 

2.2 
0.0 

-190.0 
0.7 
1.1 

13.3 

6.7 
0.0 

0.1 0.9 
22.5 0.4 
31.7 0.2 

4.8 0.5 

14.2 16.4 
2.6 1.8 

88.7 0.2 
77.7 13.6 

41.8 20.2 
100.0 0.0 

Lo&era hhpidula 0.2 0.0 27.4 5.8 
Mvrica californica 0.4 -0. I 99.6 0.1 
Riamnus californica 0.7 0.3 80.8 0.8 
Rubus ursinus 9.2 6.5 89.7 11.3 
Vaccinium ovaturn 0.0 0.1 11.1 0.2 

b = regression coefficient, a = Y intercept. 2 r = coefficient of determination, SD = 
standard deviation of the estimate about the regression line. 
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Dietary Overlap 
A dietary overlap index recommended by Abrams (1980) to 

assess the relative amount of food species eaten in common by each 
pair of ungulate species was calculated as follows$yin Ai, Bi) 
where Ai and Bi are the percentages of plant species 1 eaten by 
ungulates A and Band n is the total number of plant species in both 
ungulate diets. 

Dietary Preference 
The preference of a food species for deer and cattle was calcu- 

lated by subtracting the proportion of the species available in the 
environment from the proportion of the species in the diet (Strauss 
1979). This index has values that range from I to I. Species with 
flues greater than 0 are preferred. Species with values less than 0 
arc avoided. Species with values near 0 are consumed without 
regard to choice. Preference indexes were calculated from steers 
I’or 12 months using estimates ofdletary composition and monthly. 
step-point samples. Preference indexes were calculated for deer for 
3 months (January, May. and September) using estimates of their 
dietary composition and the average of the estimates of botanical 
co\er on 3 sites in the pastoral zone (Elliott 1983). Only species 
comprising over 27; of the diet or the environment were conai- 
dercd. 

Results 

Dietary Composition and Preference 
Comparisons of the monthly diets of the 4 ungulates by food 

class (Fig. 1) show that: (1) The diets of axis and fallow deer 

El Unknown n Forb 

m Browse m Gross 

May July Sept OCi Jon May July Sepf 

Axis Deer Fallow Deer 

a 

25 

OCt JOtl APT July Sept 

Black- tailed Deer 

OCf Jan APT July Sept 

Steers (esophageal) 

Fig. 1. Percent composition of the ntonrh!,, dir1 qf black-railed deer, axis 
dwr, fallow deer, and carrle on Point ReJae.5 Penitwula. Deer and steer 
~IPIJ are based on ana!,,.si.v of pooled rumm and esophgeal samples, 
respec~ri~~el,~~. 

consisted of more grass in the fall, winter, and spring than in the 
summer when they ate more forbs than grass. However. their 
annual diet consisted of more grass than did that of black-tailed 
deer. (2) Black-tailed deer ate a majority of forbs throughout the 
year and they ate more forbs and browse than did the exotic deer or 
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steers. (3) Steers ate a majority of grass throughout the year and a 
higher percentage of grass than did native or exotic deer. 

A review of the diets of these 4 ungulates reveals that only a feu 
plant spccics comprised the bulk of the diets (Elliott 1983). Thcsc 
plant species did not always have positive preference indexes 
because they were also abundant in the environment. 

Agrostis spp. were heavily used grasses by exotic deer in the 
winter and spring but they had a prcfcrencc index near 0. 

Bromus spp., introduced annual and biennial grasses, wcrc used 
by steers and exotic deer throughout the year and by black-tailed 
deer in February and March. They comprised over 50yC of the steer 
diet from December through February. They were preferred by 
steers, axis deer, and fallow deer during the winter growing season. 

Festuca dertonensis Aschers. & Graebn., an introduced annual 
grass, comprised about 10% of the diet of the 4 ungulates through- 
out most of the year. Howcvcr. it had a near 0 preference index in 
January and a negative preference index in May and September. 

Danthonia calijornica Boland., a native perennial grass, com- 
prised more than I8 ?i of the steer diet lrom August through 
November and was pretcrrcd in September when most ofthe other 
grasses and forbs had died. The exotic deer consumed significant 
amounts of D. cakfornica throughout the year and preferred it in 
January. 

Holcus lanatus L.. an introduced perennial grass. was used b> 
steers primarily during the summer months when the annual 
grasses and forbs had died. 

Loliumperenne L., an introduced perennial, was the staple grass 
in the steer diet. Its greatest use by steers occurred from March 
through September when it was most abundant. The exotic deer 
consumed L. perenne during the fall when they gleaned its green 
basal leaves. 

Erodium spp. and Geranium dissecturn I_. were important. 
introduced. annual forbs in the black-tailed deer diet during the 
winter and spring and had near 0 preference indexes except for a 
positive preference index for G. dissectum in May. 

H.bjpochoeris radicata L.., an introdued. prostrate. pcrrnnial 
forb, was consumed by black-tailed deer in modcrate amounts 
nearly every month and had a positive prcferencc index in January 
and May. 

Lotus corniculatus L.. an introduced perennial legume, was 
catcn by fallow deer during all months and comprised as much as 
24% of the diet in the dry month of September when it was highlq 
preferred. 

Plantago lanceolata L.. an introduced perennial. was the staple 
forb in the monthly diet of all 4 ungulate species. It was abundant 
in the environment and was highly preferred by black-tailed deer 
during January and September. 

Trifolium spp., introduced and native annual forbs, were in the 
steer diet from November through January and April through 
June. 

Ranunculus calijornicus Benth., a native annual forb, was 
important in the black-tailed deer diet during February and 
March. 

Rumex Acetosella L., an introduced annual forb, was promi- 
nent in the exotic deer diets during most of the 7 months sampled. 

Pteridium aquilinum var. puhescens Underw. and Poli,stichum 
munitum Presl. are native ferns that were consumed by black- 
tailed deer in November and December. 

Rubus w-sinus C. & S., a native vine, was the most prominent 
browse in the diet of black-tailed deer. Steers consumed some R. 
ursinus during the summer months. 

Salix spp., native willows, wcrc heavily used during November. 
and were used slightly in most other months by black-tailed deer. 

Dietary Overlap 
The monthly, dietary. overlap indexes lor the 6 possible compar- 

isons among the 4 ungulates (Fig. 2) show that: (I) Axis and fallow 
deer had the greatest and most constant dietary overlap through- 
out the year. (2) Black-tailed deer diets overlapped with axis deer as 
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Fig. 2. Dietary overlap between the 6 possible paired comparisons of 
black-tailed deer, axis deer, fallow deer. and steers by food class (grass, 
forb, browse) and by food species on Point Reyes Peninsula. 

much as with fallow deer. The overlap was highest in the summer 
and lowest in the fall and winter. (3) Black-tailed deer and steers 
had the lowest dietary overlap. (4) The overlaps of the steer diet 
with the diets of both axis and fallow deer were similar throughout 
the year. 

Discussion 

Estimation of the botanical composition of the deer diet from 
partially digested rumen samples is difficult. Plant species have 
different amounts of indigestible lignin which form the identifiable 
features of their cuticles. Consequently, after digestion in the 
rumen some plant species will register a higher composition than 
before digestion (Vavra et al. 1978, Gaare et a. 1977, Mclnnis et al. 
1983). Because the percent composition of a species is dependent 
on the amount of all other species in the sample, differential 
digestibility of food species causes the percent composition of 
rumen and fecal samples to vary depending on the species eaten. 
Steer diets determined from esophageal, rumen, and fecal samples 
were different (Fig. 3). However, diet comparisons by food classes 
resulted in a greater similarity between sites of sample collection 
because fewer categories were being compared. Also, Dearden et 
al. (1975) found that the inaccuracies inherent in the microhistolog- 
ical technique did not alter the relative importance of species in 
rumen samples from the relative importance of species known to be 
in the actual diet. 

Seasonal food habits by food class (grass, forb, browse) from 
many studies of ungulates were plotted on triangular-coordinate 
grids by Van Dyne et al. (1980). We have used their technique and 
data for black-tailed deer taken from studies in Mendocino 
County, California (Longhurst et al. 1979) and added data for 
seasonal food classes of black-tailed, axis, and fallow deer and 
cattle from Point Reyes Peninsula and axis and fallow deer else- 
where (Fig. 4). Van Dyne et al. ( 1980:299) explain: “To read these 
triangle-coordinate graphs you should realize that the magnitude 
of the variable (food class) increases the further you go away from 

P 4 
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U By Food Cbrr 
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Fig. 3. Similarity of the estimates of the steer diet on Point Reyes Peninsula 
derived from esophageal, rumen. and fecal samples using the dietary 
overlap index. The diets are compared byfood class (grass, forb, browse) 
and by food species. 
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Fig. 4. Diet byfood class of black-tailed deer, axis deer, fallow deer, and 
cattle at the indicated locations. See textfor method of interpreting the 
triangular-coordinate pbts. 

the axis on which the name occurs. Each component ranges from 0 
to 100%. A point on any margin means that value is 0% for the 
component labelled on the side of the graph.” 

The spread of points for the 3 deer species on the triangular- 

438 JOURNAL OF RANGE MANAGEMENT 38(5), September 1985 



Table 3. Percentage of native and exotic plant species on summer pastures 
and consumed by native and exotic ungulates as calculated from aver- 
ages of monthly esophageal values for steers and rumen values for deer 
(Elliott 1983). 

Summer Black-tailed Axis Fallow 
Origin Pastures Deer’ Steer’ Deer’ Deer? 

Native 13.5 41.5 14.9 26. I 22.9 
Exotic 82.6 53. I 74.8 51.5 61.4 

Unknown 3.9 5.3 10.2 22.4 15.7 

INative species. 
Emtic species. 

coordinate plots (Fig. 4) implies that no single species specialized 
on a particular class of forage. Each deer species ate what was 
available and palatable. The varied diets of black-tailed deer, other 
than on Point Reyes Peninsula, were all from different vegetal 
types within the same general area. The axis deer in Hawaii were 
from low and high elevations on 2 different islands. These data 
were yearly averages that were placed in the spring triangle because 
of the availability ofgreen vegetation. The English fallow deer data 
came from an area where forests are interspersed with open 
meadows. 

Although food habits at different locations varied greatly, axis 
and fallow deer tended to eat more grass and less browse than 
black-tailed deer (Fig. 4). Both axis and fallow deer have spatulate, 
first incisors in contrast to the more narrow, first incisors of 
black-tailed deer. The wide, cutting edge of the axis and fallow deer 
first incisors, similar to the incisors of cattle, may be an adaptation 
to grazing. A study of axis deer food habits in the scrub oak habitat 
of Texas (not included in the triangular coordinate plots because 
the data had been pooled for 2 different vegetal types) found that 
grass comprised the majority of the axis deer diet at all seasons 
except for fall of a year when acorns were abundant and readily 
eaten (Smith 1977). 

An extensive survey of the seasonal food habits of cattle by Van 
Dyne et al. (1980) found a trend not much different from the 
seasonal diets of steers at Point Reyes. Cattle on Point Reyes 
Peninsula and elsewhere tended to eat more grass and less forbs 
and browse at all seasons than axis, fallow, and black-tailed deer. 

Anatomical differences between cattle and deer have been used 
to explain their differences in food habits. Cattle have a larger body 
size, ratio of ruminoreticular volume to metabolic body weight, 
and mouth size than deer. This permits cattle to still consume large 
quantities of grasses during seasons when grasses have low nutri- 
tional value, while deer tend to choose selectively less abundant 
forbs and browse parts which have higher nutritional value (Han- 
ley and Hanley 1982). 

Secondary compounds in plants that have evolved to deter 
herbivory would also be expected to affect dietary composition 
(Longhurst et al. 1968, Freeland and Janzen 1974, Nagy and 
Regelin 1975). However, native food species were more prominent 
in the native black-tailed deer diet than in either the exotic deer or 
cattle diets on Point Reyes Peninsula, even though exotic plant 
species in the grassland during the summer had a much higher 
percent composition than native plant species (Table 3). 
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Cattle Diets in a Ponderosa Pine Forest in the North- 
ern Black Hills 
DANIEL W. URESK AND WAYNE W. PAINTNER 

Abstract 

A cattle diet study was conducted in the northern Black Hills of 
South Dakota and Wyoming. Forty-eight plants were identified in 
cattle fecal material. Grasses in the feces averaged 549& forbs 17%, 
and shrubs-trees 28% over the grazing season. Sedges (Curex spp.) 
and wheatgrass (Agropyron spp.) were the most abundant plants 
found in the feces throughout the season. Bur oak (Quercus 
macrocarpa), ponderosa pine (Pinus ponderosa), and Oregon 
grape (Berberis repens) were common in the diet. Shrubs and trees 
made up 37% of the diet in September. Similarities and rank order 
correlations of diets with available forage were low in August, 
indicating that cattle were selectively grazing. 

The Black Hills of western South Dakota and eastern Wyoming 
support forest cover with an associated understory that is an 
important food source to herbivores (Pase and Hurd 1957, Pase 
1958, Severson and Boldt 1977). Cattle graze the area during the 
summer. However, data on cattle food habits are limited, and 
information is needed foreffective long-term management, partic- 
ularly forage allocation for cattle grazing. 

Study Area and Methods 

The Black Hills are dominated by ponderosa pine (Pinusponde- 
rosa). In addition, white spruce (Piceaglauca), paper birch (Betula 
papyrifera), quaking aspen (Populus tremuloides), and bur oak 
(Quercus macrocarpa)are found in varying amounts (Boldt et al. 
1983). Mean annual precipitation for the Black Hills is 76 cm with 
most of the precipitation falling from April through July. 

The study area was the northern Black Hills ranging from Spear- 
fish, S. Dak., west to Beulah, Wyo. Vegetation, including trees of 
the study area, was heterogeneous. Trees in the forest were not low 
growing except for bur oak, which in several areas was shrub-like. 
Understory shrub species included Oregon grape (Eerberis repens), 
common chokecherry (Prunus virginiana), Saskatoon serviceberry 
(Amelanchier alnifolia), snowberry (Symphoricarpos albus), and 
bur oak (Thilenius 1972). Common grass species were roughleaf 
ricegrass (Oryzopsis asperifolia), timber oatgrass (Danthonia 
intermedia), and Kentucky bluegrass (Poapratensis). Understory 
forage production and composition has been reported by Pase and 
Hurd (1957), Pase (1958), and Severson and Boldt (1977). 

Ten representative sampling areas were selected within larger 
range sites in the northern Black Hillsduring 1978, which included 
drainages of Dougout Gulch ( 1,377 ha), Sand Creek (2,137 ha), Big 
Hill (2,714 ha), Knight Spring (932 ha), E.F. Higgins (I, 134 ha), 
Boundary Spring (1,418 ha), and Thompson Spring (729 ha). 
These areas made up the potential range for the cattle; however, the 
total area was not fully used by cattle because of topography and 
lack of available water. It is estimated that 30% of the pasture area 
receives more than 60% of the cattle grazing (Senft et al. 1983). 
Daily movements of cattle on wooded areas range from 3.2 km to 
8.7 km (Bjugstad and Dalrymple 1968). 

Cattle feces were collected at all 10 areas weekly, from June 
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through September (14 periods). Five fresh fecal samples were 
collected by walking transects at random, based on direction of the 
watch dials at time of sampling from north (12:00), on each area. 
Each sample was air dried, then was ground through a Wiley mill 
fitted with a I-mm screen, and was thoroughly mixed. One slide 
was made of each fecal sample. Twenty fields were examined for 
each slide at 100X, for a total of 100 fields per site per week. All 
procedures followed Sparks and Malechek (1968) and Rogers and 
Uresk (1974). A total of 700 fecal samples were analyzed by the 
microscopic technique. 

Understory vegetation (<2m tall) at each area was measured for 
canopy cover during August, near peak plant production, along 
two 30-m line transects. Transects were established in areas of high 
cattle concentration on each area. All transects were established in 
each of the IO areas which represented the major vegetation used 
by cattle. Canopy cover by plant species was estimated by visual 
examination of 30 (2 X 5 dm, O.lm2) quadrats, systematically 
spaced at I-m intervals along each line transect (Daubenmire 
1959). Canopy cpver values were summarized by transect and site. 
Canopy cover values are used as a suitable index of herbage 
production for most plant species (Payne 1974) as related to cattle 
diets. Plant names follow Nickerson et al. (1976). 

Dietary and canopy cover values were averaged monthly by site 
for statistical analyses. Kulczynski’s Similarity Index (Oosting 
1956) and Spearman’s rank order correlation (rs) (Siegel 1956) 
compared August cattle diets and plant canopy cover to determine 
degree of association. A paired T-test was used for comparisons 
between species in diets with canopy cover. Changes in individual 
plant species and categories of monthly diets were analyzed using 
one-factor analysis of variance (Nie et al. 1975). The F-protected 
LSD was used to perform pairwise comparisons among months 
(Carmer and Swanson 1973). When variances were homogeneous 
according to the Bartlett-Box F test, pooled variance estimates 
were used for multiple variances. When the arcsin [Sqrt (Y)] trans- 
formation did not correct for heterogeneous variances, Dunnett’s 
T3 method for nonhomogeneous variances was applied (Dunnett 
1980). 

Results 

Botanical compositiov of the cattle diets averaged over the 
grazing season showed that grasses (54%) were the major food 
items, followed by shrubs-trees (28%), and forbs (17%). Grasses 
were relatively consistent in the monthly cattle diets, ranging from 
51% to 57% (Table I). Sedges (Carex spp.), wheatgrass (Agro- 
pyron spp.), and timber oatgrass were the most abundant plants 
grazed by cattle throughout the grazing season. Needle grasses 
(Stipa spp.) were greatest in the cattle diets in September. Shrubs 
and trees were a greater portion of the cattle diets as the grazing 
season progressed, increasing from 19% in June to 37% by Sep- 
tember; but, these differences were not significant (P<O. IO). Bur 
oak was found in the cattle diets throughout the season, averaging 
12%. Ponderosa pine and Oregon grape were greater ins the diets 
later in the season. Forbs in the diets were greatest in June-(29%); 
however. by September, forbs made up 6% of the diet. White clover 
(Trifolium repens) was the most abundant forb grazed in the early 
part of the grazing season (14%). However, it declined in impor- 
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Table 1. Average monthly diets (96 f SE) of cattle by plant species in the northern Black Hills. 

Category 

Grasses and grasslikes 
Agropyron spp. 
Agrostis spp. 
Andropogon gerardii 
Bromus inermis 
Carex spp. 
Danthonia inrermedia 
Muhlenbergia racemosa 
Oryzopsis spp. 
Poa pralensis 
Sorgastnrm nutans 
Stipa spp. 
Equisetium spp. 
Other spp.* 

Total 

June 

14.7 f 4.1 
0.9 f 0.4 
1.3 f 1.3 

f 0.8ab1 3.2 
10.8 f 3.0 
6.9 f 1.6 
3.2 f 0.9 
I .2 f 0.5” 
3.3 f 1.4 
0.0 
3.4 f 1.6’ 
0.0 
2.1 

51.0 f 7.2 

July 

5.3 f 1.3 
3.2 f 0.9 
7.7 f 2.8 
3.7 f 0.8’ 
9.3 f 1.5 
7.9 f 1.6 
4.6 f 1.2 
2.7 f 0.9b 
4.3 f 1.2 
2.2 f I.1 
3.4 f 0.7. 
0.7 f 0.4 
1.8 

56.8 f 5. I 

August 

6.6 f 1.6 
1.8 f0.7 
4.6 f 2.5 
4.6 f 0.9’ 
8.2 f 1.1 
9.0 f 1.9 
4.4 f 1.8 
0.6 f 0.2’ 
5.0 f I.1 
0.2 f 0.1 
7.1 f 1.5’ 
0.0 
0.7 

52.8 f 5.9 

September 

8.6 f 1.2 
2.3 f 0.5 
0.9 f 0.5 
1.7 f 0.5b 

II.3 f 2.2 
6.6 f 0.9 
1.7 f 0.8 
0.5 f 0.2’ 
3.2 f 0.9 
0.2 f 0.2 

15.9 f l.4b 
1.4f0.2 
2.9 

56.2 f 3.3 

Forbs 
Composite spp. 
Erigeron spp. 
Potentilla spp. 
Trlyolium repens 
Verbascus rhapsus 
Vicia spp. 
Other spp. 
Unknowns 

Total 28.9 f 5.5 

Shrubs and Trees 
Barben’s repens 
Rubus strigosus 
Pinus ponderosa 
Quercus macrocarpa 
Other spp. 

0.0. 
0.0 
4.5 f 0.9” 

13.2 f 5.4 
1.0 

3.9 f 1.2. 
1.6 f 0.7 
1.1 f 0.4 

14.0 f 3.9. 
0.8 f 0.3 
2.0 f 0.9’ 
2.6 
2.9 

1.8 f 0.5b 
0.2 f 0.2 
1.0 f 0.3 
8.0 f 1.7” 
0.4 f 0. I 
0.3 f O.lb 
1.9 
5.3 

1.7 f 0.6b 
0.4 f 0.2 
1.9 f 0.5 
2.6 f 0.9b 
1.0 f 0.5 
0.3 f 0.2b 
0.7 
4.6 

1.0 f 0.3b 
0.3 f 0.1 
I.5 f 0.3 
0.2 f O.lb 
I.5 f 0.5 
O.Ob 
0.2 
1.7 

18.9 f l.8ab 

3.5 f l.3”b 
2.8 f I.7 
6.7 f 0.8*b 
8.7 f 1.9 
2.0 

14.3 f 2.2” 

6.1 f 2.2” 
1.6 f 2.0 
8.7 f I.lh 

12.2 f 3.0 
I.8 

6.4 f 1.0’ 

9.7 f 2.3’ 
3.2 f 1.2 
9.4 f 1.0’ 

12.4 f 2.0 
2.3 

Total 18.7 f 5.9 24.0 f 3.2 30.6 f 4.2 37.0 f 3.4 

‘Means for each plant (TOW) followed by the same letter superscript were not significantly different ((I = 0.10). Plants without superscripts were not different amont months ((I = 
0. IO). All values are relative density. 
*Plants occurring at 1% or less in diets among all dates. Grasses and grasslikes: Bourelouo gracihs, Calamagrosris spp., Elymus viflosus, Juncus spp., Koeleria crisrata, Phleum 
pratensis: Forbs: Achilles miIl~i/olium. Astragalus spp., Eriogonum spp., Leguminosae family spp., L.esquerella spp., Lupinuspusillus. Melilotus officinalis, Valeriana sp 
Shrubs and Trees: Artemisia haioviciana, Ceanorhus SPD.. Juniperus spp., Prunus virginiana, Rhus glabra. Rosa spp., Sheperdia canadensis, Symphoricarpos spp., Popu P 

.; 
us 

tremuloides. Salk spp. 
. . _ ._ 

tance as the season progressed. A total of 48 plants were identified 
in the fecal material. 

amounts that they are available. Low similarities indicate that 
cattle select plants for consumption. Spearman’s rank order corre- 
lation coefficients were significant (EO. 10) for grass and grasslike 
plants (0.60) and for all plants (0.3 I). However, forb (0.49)and the 
shrub-tree categories (0. I I) were not significant. These lower rank 
order coefficients indicate that the rank order of plants in the diets 
was different than the rank order of forage species on the range. 
This also indicates that cattle select certain forage over others. 

Plant composition on the study area was made up of I35 species. 
Grasses eaten by cattle in August made up 16% of the canopy 
cover. forbs 14%, and shrubs-trees 20% (Table 2). Understory 
grasses, forbs, and shrub-trees eaten by cattle were relatively minor 
in canopy cover. Kentucky bluegrass and timber oatgrass had 6% 
and 5% canopy cover, respectively. Important forbs included white 
clover and miscellaneous legumes while shrubs included snow- 
berry and Oregon grape. 

Differences between plants found in the August diet and canopy 
cover were significant (p<O. 10) among 9 grass and grasslike spe- 
cies (Table 2). These included wheatgrasses, bentgrasses (Agrostis 
spp.), big bluestem (Andropogon gerurdii), smooth brome (Bro- 
rnus inermis). sedges, wildrye (Elymus villosus), green muhly 
(Muhlenbergia racemosa). Kentucky bluegrass, and needlegrasses. 
Cinquefoil (Porentillu spp.) a forb showed a greater portion in the 
diet than of the canopy cover (X0.10). The woody species- 
chokeberry, snowberry, ponderosa pine, and bur oak-also dif- 
fered between proportion of the diet and canopy cover estimates 
(P<O. IO), indicating a significant selection or avoidance for a plant 
species. 

When August cattle diets were compared with canopy cover of 
forage, similarities averaged 26% for grasses and 35% for shrub- 
tree categories. Forbs had a 46% similarity. The overall similarity 
of cattle diet with forage abundance was 35%. A high similarity 
indicates that the cattle are consuming plants in the same relative 

Discussion 

Sedges, wheatgrasses, and timber oatgrass were major grass and 
grasslike species in cattle diets. These plants can be designated as 
key species for long-term range management practices such as 
grazing intensity and maintenance of forage plants. Kentucky 
bluegrass made up 4% of the diet, but was consumed in lesser 
amounts than available (6% canopy cover). This indicates that 
Kentucky bluegrass is not a highly preferred species when other 
forage plants are available. 

Forbs were greatest in the cattle diets early in the season (29%), 
then declined as the season progressed. This same trend has been 
reported by other investigators in Oregon (Holechek et al. 1982a, 
1982b). As forbs decreased in the diet, shrub-tree use increased at 
the end of the grazing season to 37% of the total diet. Shrub use was 
greatest when grasses and forbs were mature and dying. Holechek 
et al. (1982b) and Roath and Krueger (1982) observed a similar 
trend with browse making up 47% of the cattle diet when green 
grass was not available. Bur oak, snowberry, and Oregon grape 
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Table 2. Augurt cattle dkts (%) and canopy cover ($) by plant species in 
the northern Black HiBs. 

Grasses and grasslikes Diet’ Cover’ 

Category 
AgropVron spp. 6.6 0.1. 
Agrostis spp. 1.8 0.1* 
Andropogon gerardii 4.6 0* 
Bromus inermis 4.6 0.5. 
Carex spp. 8.2 1.2* 
Lknthonia intermedia 9.0 5.2 
Elymus villosus 0.5 .I* 
Juncus spp. 0.1 0 
Koeleria cristata 0.1 0 
Muhlenbergk racemosa 4.4 08 
Oryropsis spp. 0.6 2.4 
Poa pratensis 5.0 6.1* 
Sorgastrm nutans 0.2 0 
Stipa spp. 1.1 0.1* 

Total 52.8 15.8 
Forbs 

Asrragalus spp. 0.2 0.1 
Composite 1.7 2.6 
fiigeron spp. 0.4 0.3 
Biogonum spp. 0.1 0 
Leguminosae spp. 0.8 
Lupinur rusillus 0.7 E 
Poreniillcr spp. 1.9 0:2* 
Trvolium repens 2.6 3.1 
Verbascum rhapsus 1.0 0 
Vicia spp. 0.3 0.6 
Unknown -- 

Total 9.7 13.4 
Shrubs and Trees 

Barberik repens 6.1 4.7 
Prunus virginiana 0.3 0.6. 
Rhus giabra 0.2 .l 
Rosa SQQ. 0.2 1.4 
Rubus strigosus 1.6 .l 
Shepherdia canadensis 0.6 1.7 
Symphoricarpos spp. 0.2 9.2’ 
Pinus ponderosa 8.7 0.82 
Quercus macrocarpa 12.2 1.5* 
Salix SQQ. 0.5 0 

Total 30.6 19.9 

*Diet different from cover 81 PCO.10. Unknowns not included. 
‘Pooled across sites. Diet values are relative density. 

were the major shrub-tree species found in the cattle diets of this 
study. 

This study indicates that cattle in the Black Hills do not consume 
plants in the same relative amounts as they occur on the range, 
which supports what Uresk and Rickard ( 1976) and Holechek et al. 
(1982a, 1982b) found. Knowledge of dietary selection and seasonal 
changes of forage species consumed can help managers improve 
grazing management practices. The data presented here on cattle 
diets, in combination with data on deer diets (Schneeweis et al. 
I972), may help to improve allocation of forage, decrease competi- 
tion between cattle and deer, and maintain maximum use of forage 
species with sustained yields. 
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Cattle Diets on Shortgrass Ranges with Different 
Amounts of Fourwing Saltbush 
M.C. SHOOP, RICHARD C. CLARK, W.A. LAYCOCK, AND RICHARD M. HANSEN 

Abstract 

Inadequate data have existed concerning cattle preferences for 
fourwing saltbush [A&&h canescens (Pursh) Nutt.] on ranges 
where it is dominant, and concerning composition of cattle diets on 
the central shortgrass plains. In this study, food habits of cattle 
were estimated from fecal analyses on winter and summer pastures 
contalnlng either abundant or sparse fourwing s&bush (s&bush). 
The abundant saltbush was on overflow and/or sandy phtlns range 
sites; sparse saltbush was on loamy plains range sites. Saltbush was 
a major con&&tent of cattle dleb where abundant. The proportion 
of saltbush in winter diets peaked during March (55%) and 
declined during April. Saltbush was absent from summer diets 
during July, peaked during August (42%), and declined abruptly 
during September. Where abundant, saltbush was also the primary 
con&u@ of the forb-shrub_component of diets during both 
winter (X=72%) and summer (X=44%). Deleting saltbush from the 
dafa, cattle foods consumed on pastures with sparse and abundant 
saltbush were correlated (0.84) during summer, but were not corre- 
lated (0.25) during winter. Relative to species frquencies in pas- 
tures, cattle diets on loamy plains range sites (sparse saltbush) 
contained notably larger portions of sedges (Carex spp. L.), goose- 
foots (Chenopodium spp. L.), and fringed sagewort (Artemisio 
frigid0 WiUd.), during winter and goosefoots and scarlet globemal- 
low [Sphaeralcea coccinea (Nutt.) Rydb.] during summer, than 
diets on sandy plains and overflow sites (abundant saltbush). Salt- 
bush is a preferred and valuable forage for cattle on the central 
shortgrass plains, and it should be managed to maintain or 
improves its productivity. 

Fourwing saltbush [Atriplex canexens (Pursh) Nutt.] is one of 
the most widely distributed, highly palatable, and nutritious 
browse species in the western United States (Bidwell and Wooten 
1925, Plummer et al. 1966, Pieper and Donart 1978). However, 
little quantitative data exist pertaining to cattle diets in areas where 
fourwing saltbush (saltbush) is abundant. Cattle dietary habits are 
complex, and are affected primarily by relative availability and 
palatability of foods. Traditionally, cattle have been classified as 
general grazers, primarily ingesting grasses while utilizing forbs 
and browse only occasionally or in stress situations (Cook et al. 
1967, Lesperance et al. 1970, Allison et al. 1977). A number of 
cattle dietary studies have emphasized the importance and poten- 
tial of certain forb and browse species as cattle foods (Cully 1937, 
Herbel and Nelson 1966, Thetford et. al. 1971, Rosiere et al. 1975, 
Vavra et al. 1977). 

Saltbush provides relatively large amounts of essential nutrients, 
including protein, phosphorus, calcium, and carotene, even during 
winter months (Bidwell and Wooten 1925, Watkins 1943, Cook 
and Harris 1968, Pieper et al. 1959, Sims and Taylor 1973, Cor- 
dova and Wallace 1975, Cook et al. 1977). The digestibility of 
saltbush often compares favorably with that of grasses, forbs, and 
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other shrubs (Pieper et al. 1959, Cook and Harris 1968, Sims and 
Taylor 1973, Cordova and Wallace 1975), but its digestibility 
during dormancy may not compare well with that of grasses under 
some situations (Sims and Taylor 1973). 

On ranges where abundant, saltbush should ameliorate forage 
shortages, e.g., during droughts and snow covers (Foster et al. 
1921, Plummer et al. 1966, Pieper and Donart 1978). By adding 
species diversity, saltbush should improve the quality of cattle diets 
(Herbel and Nelson 1966, Plummer et al. 1966, Cook and Harris 
1968, Pieper and Donart 1978). 

Saltbush has other noteworthy attributes. It provides a micro- 
environment where other species can produce more herbage and 
protein and can become established and survive more successfully 
than in its absence (Monsen 1980, Rumbaugh et al. 1982, Laycock 
and Shoop unpublished data). Fairchild and Brotherson (1980) 
reported greater levels of some minerals beneath saltbush plants 
than between them. Saltbush has been reported as a secondary or 
facultative selenium accumulator (Fleming 1920), and perhaps it 
could accumulate toxic levels of selenium from depths below roots 
of associated species (Foster et al. 1921). 

Data are lacking or inadequate for cattle dietary preferences on 
shortgrass range in the Central Plains relative to winter-use, sandy 
plains or overflow range sites, summerlong grazing, or moderately 
grazed pastures. The most comprehensive of the earlier studies 
reported esophageal and fecal data collected during June through 
August of 2 years and December of 1 year from heavily and lightly 
grazed summer pastures at the Central Plains Experimental Range 
(CPER) (Rice and Vavra 1970, Vavra et al. 1977, Vavra et al. 
1978). These studies were conducted in pastures primarily on a 
loamy plains site, but that included a small, plains swale site that 
produced considerable western wheatgrass (See Table 1 for Latin 
names of species). Kautz and Van Dyne (1978) used the foregoing 
studies and a limited amount of associated data to report mean 
percentage consumption of each species detected in diet samples. 
Hansen and Gold (1977) reported mean seasonal dietary composi- 
tion of a limited number of species at CPER as determined from 
fecal samples collected intermittently from various range sites, 
some of which included revegetated abandoned cropland. Quinton 
(1972) reported 2 years of data for 6 plant species and categories on 
2 pastures on a loamy plains range site near Akron, Colo. 

The primary objective of this study was to determine the impor- 
tance of saltbush relative to other forages in the diets of cattle on 
winter and summer pastures on the central shortgrass plains. A 
secondary objective was to help characterize cattle diets on the 
shortgrass range of northcentral Colorado, especially for winter 
pastures and summer pastures on sandy plains range sites. 

Methods 

This study was conducted about 15 km northeast of Nunn, 
Colo., on the CPER where saltbush is abundant on overflow and 
sandy plains range sites, but is sparse or nonexistent on loamy 
range sites (Hyder et al. 1966). Blue grama is the dominant grass. 
Other important species on the sites are listed in Table 1. 

During the 1976-77 forage year, April through September pre- 
cipitation was 96% of the long-term average of 25.0 cm; October 
through April precipitation was 90% of the long-term average of 
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Table 1. Species frequency in pastures and species composition in cattle feces collected during five periods of 1976-77 from continuously grazed winter 
pastures with abundant and sparse fourwing saltbush. 

Pasture and common 
plant name Latin plant name 

Composition of feces during--l 

I l-22 12-7 I-20 3-l 3-3 I 
Frequency of plants to 

in pasture* 12-7 I’;0 :;I 4:;7 Average 

SALTBUSH (on sandy plains/overflow sites) 

Fourwing saltbush 
Fringed sagewort 
Small soapweed 
Blue grama 

Common buffalograss 
Indian ricegrass 

Needleandthread 
Red threeawn 
Ring muhly 

Sand dropseed 
Western wheatgrass 
Sedge species4 
Goosefoot species5 
Scarlet globemallow 
All others 

Awiplex canescens (Pursh) Nutt. 
Arremisiafrigida Willd. 
Yucca glauca Nutt. 
Bouteloua gracilis (H.B.K.) Lag. 

ex Griffiths 
Buchloe dacryloides (Nutt.) Engelm. 
Oryzopsis hymenoides (Roem. & J.A. 

Schultes) Ricker ex Piper 
Stipa comafa Trin. & Rupr. 
Aristida longiseta Steud. 
Muhlenbergia rorreyi (Kunth) A. 

Hitchc. ex Bush 
Sporobolus cryprandrus (Torr.) Gray 
Agropyron smirhii Rydb. 
Carex L. 
Chenopodium L. 
Sphaeralcea coccinea (Nutt.) Rydb. 

HERB (on loamy plains site) 

Fourwing saltbush 
Fringed sagewort 
Small soapweed 
Blue grama 
Common buffalograss 
Indian ricegrass 
Needleandthread 
Red threeawn 
Ring muhly 
Sand dropseed 
Western wheatgrass 
Sedge species4 
Goosefoot species5 
Scarlet globemallow 
All others 

19.3 f 4.1 
II.5 * 7.1 

+3 
68.7 f 5.6 

I3 31 25 
I 
I 

II 

55 
I3 

20 15 6 

30 32 
24 7 
II 2 
1 II 

0.1 f 0.2 
0.3 f 0.3 

+ 
+ 

I + 
+ 

2.0 f 1.9 
1.7 + 1.7 
0.6 f 0.8 

I 
+ 
3 

2 

3 

2 
I I 

6.8 f 4.2 II 
21.3 f 6.1 29 

31 f9 I9 
79f I5 I 

21.8 + 7.2 I 
2 I 

3 
29 
14 

4 
8 

I7 

25 
22 

8 
I 
3 

II 
6 
I 
I 
2 
I 

I 
2 

II 
I9 
II 

I 
2 
I 

+ 0.1 + 0.1 
1.2 f 1.0 

66.0: 5.9 
5.1 zt I.8 
0.1 * 0.2 
0.3 * 0.4 
9.4 * 4.4 

12.2; 6.8 
5.2 f 3.4 
43 f II 
I6 f 5 

40.8 f 4.8 
2 

5 

I+5 
+ 
+ 
2 

+ 
I 
9 
2 

48 
20 

I 
I 

5 
I 

I 
8 

22 
4 
6 

1 
II 
32 

4 

2 
I 
1 
5 

25 
16 
24 
I9 

I 
I 

3 
5 

39 
2 

26 
2 
5 
3 

2 
1 

I7 

23 
8 
9 
2 
4 
2 

2 
I6 

I 

8 
4 

I4 

2 

3 
6 
7 
7 

+ 
I 
I 
7 
3 

24 
7 

22 
8 
3 
I 

‘Columns may not add to 100% because of rounding of numbers. Averages are weighted according to days in periods. 
2Frequencies (%) of other noteworthy species in saltbush and herb pastures, respectively. were: broom snakeweed [Gutierreria sarothrae (Push) Britton and Rusby. also 
Xanfhocephdum sorothrae] 0.3.3.8; rubber rabbitbrush [Chrysofhamnus n~useosus (Pallas ex Push) Britton] 0.8, I. I; spreading wildbuckwheat (Eriogonum effusum Nutt.) 
7.8. 2.8; bottlebrush squirreltail [Sikmion hystrix (Nutt.) J.G. Smith] 0.3. 0.9; common russianthistle (S&o/a pestifer A. Nels.) 9.8, 6.8; and plains prxklypear (Gpunria 
pol.wcmho Haw.) 20.1, 25.5. 
i+=present at <O.S%: or present but not encountered in frequency survey. 
4Approximate composite frequency for threadleaf sedge (Carexfi/c&Iiu Nut.) and needleleaf sedge [C. stenophyllo Wahlenb. ssp. eIeochoris(L.H. Bailey) H&en. sometimes 
reported from this location as sun sedge (C. heliophila Mackenz.)]. 
‘Approximate composite frequency for lambsquarter goosefoot (Chenopodium album L.), little goosefoot [C. incanum S. Wats.) A. Heller]. and narrowleaf goosefoot [C. 
leprophyllum (Moq.) Nutt. ex S. Wats.). 

8.4 cm; and snowfall was typically sparse until late winter. Precipi- 
tation during the summer of 1977 was 84% of average with August 
and September having only 2470 of the average precipitation. 
Annual forbs were abundant both years. 

Diets of cattle on pastures with different amounts of saltbush 
were compared. Concomitantly, diets on different range sites were 
also compared. Separate trials were conducted on seasonal pas- 
tures grazed winterlong and summerlong. Each pasture contained 
64 ha and was stocked to leave a herbage residue of about 340 
kg/ ha at the end of the grazing season. Bement (1969) found this 
residue level sustained optimum cattle gains and herbage production. 

The winter and summer trials were each conducted on 2 pas- 
tures. In each trial, saltbush was abundant on one pasture (saltbush 
pasture) and sparse on the other (herb pasture, Tables 1 and 2). 

Each winter pasture had about 520 kg of grass per hectare and an 
undetermined amount of forbs and browse at the start of grazing. 

Yearling heifers (initially 18 to 20 months of age) were introduced 
in November 1976 and remained until the end of April 1977. The 
saltbush pasture (located on sandy plains and overflow range sites) 
was stocked with 10 heifers, and the herb pasture (located on a 
loamy plains range site) was stocked with 8 heifers on the basis of 
grass inventories and estimated amount of feed available from 
forbs and shrubs. The leaves of saltbush had been freeze-killed, and 
about 30 to 40% of the fruit had been shed by the time the cattle 
entered the pastures. Herbage residue when the cattle were 
removed from the pastures was about 350 kg/ ha. 

In the summer trial, yearling cattle (initially 13 to I5 months of 
age) were introduced in June 1977 and remained until October 
1977. The saltbush pasture (sandy plains) was stocked with 12 
head, and the herb pasture (loamy plains) was stocked with 9 head. 
Summerlong forage production was not measured. In mid- 
October, herbage residue was estimated to be 320 and 305 kg/ ha on 
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the 2 respective pastures. The amounts of herbage residue and 
cattle gains both indicated slightly heavier than moderate grazing 
intensities (Bement 1969). 

Consumption of plant species by cattle was estimated by fecal 
analyses. Fecal samples of approximately 2 g were collected at 
intervals of 4 to 6 weeks from 20 cattle defecations chosen ran- 
domly from a site near the water tank in each pasture. Sample sites 
were cleaned of all cattle feces following each collection. Fecal 
samples within each sample period and pasture were cornposited. 

Plant species in feces were identified and quantified microscopi- 
cally using procedures described by Sparks and Malechek (1968). 
Five slides were made of each cornposited sample, and 20 micro- 
scopic fields were examined per slide for a total of 100 microscopic 
fields per pasture for each sampling period. Identification of plant 
fragments was carried out by R.C. Clark (who had 4 years of 
experience identifying species fragments, high accuracy quantify- 
ing species in mixtures of known composition, and experience with 
especially difficult-to-identify species). Independent identification 
of species on randomly selected slides by an experienced observer 
did not differ from those made for the study (m.05). 

The percentage of classified plant species fragments in feces has 
been widely used to quantify herbivore diets even though the dry 
weight fractions of certain plant species may be slightly over- or 
under-estimated by the fecal analysis technique (Hansen et al. 
1973, Takatsuki 1978, McInnis et al. 1983, Johnson et al. 1983). 
The age of feces when sampled (from 0 to 6 weeks of age) also may 
have influenced estimates of diet composition in this study. A study 
by B.E. Dahl (personal communication) indicated that cattle feces 
1 or 2 days old showed a greater proportion of easily digested 
species than feces 2 to 3 weeks old. Thus, it is probable that 
percentage composition of some species in this study, especially 
forbs, was under-estimated and that of other species, especially 
grasses, was over-estimated. 

Orders of abundance of food items in cattle feces were compared 
by using Spearman’s rank correlation coefficient (RHO). Correla- 
tion of ranks was assumed to estimate the between-pasture degree 
of similarity (+ value) or dissimilarity (- value) of the plant species 
in the cattle feces. Probability levels were assumed to be significant 
at the 0.05 level of confidence. 

Abundance of plant species in pastures was obtained by fre- 
quency sampling (Hyder et al. 1966) during late July to serve as an 
index of the quantity of each species available to cattle. Plant 
frequencies are usable indices of forage availability primarily 
within a species or among species with similar forms and patterns 
of growth. In each pasture, 25 macroplots were established in a 
restricted random fashion so that each 2.6 ha contained a macro- 
plot. Each macroplot was a sampling unit and consisted of three 
23-m transect lines spaced at 5-m intervals. Each transect line had 
25 quadrats spaced at 91-cm intervals. Quadrats for blue grama 
were 5. l-cm squares nested within the 40.6-cm squares used for all 
other species. 

Latin plant names used were usually those listed by the USDA- 
SCS (1982). Range sites used were the drier phases of these des- 
cribed by the USDA-SC& Colorado (1975-1983). Soil informa- 
tion, which is too extensive to include here, is available from M.C. 
Shoop. 

Results and Discussion 

Winter Trial 
Six plant species comprised 90% of the diet of cattle on the 

winter saltbush pasture on the sandy plains/ overflow sites (Table 
1). Saltbush was the major forage selected. The other 5 major plant 
species (XZ5%) in the diet, in ranked order, were: western wheat- 
grass, sand dropseed, sedges, blue grama, and fringed sagewort. 

Eight forages accounted for an average of 88% of the species 
selected by cattle on the winter herb pasture on the loamy plains 
site (Table 1). The 8 major forages, in ranked order, were: sand 
dropseed, sedges, goosefoots (primarily narrowleaf goosefoot), 
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western wheatgrass, red threeawn, blue grama, small soapweed, 
and fringed sagewort. 

The orders of abundance of cattle foods in the diets from the 2 
winter pastures were not correlated (RHO=+O. 10). The correlation 
coefficient (RHO=+0.25) increased only slightly when saltbush was 
deleted from the data. These low diet correlations were caused by 
the differences in species abundance and species eaten. The coeffi- 
cient of community similarity (Spatz 1970) between pastures (cal- 
culated for the frequencies of those species in the diets except 
saltbush) was only 39%. Cattle in the 2 pastures ate different 
amounts of fringed sagewort, small soapweed, sedges, and goose- 
foots, relative to the frequencies of each species in the pasture. 

Summer Trial 
Seven forage taxa comprised 84% of the diets of cattle on the 

summer saltbush pasture on the sandy plains site (Table 2). These 
were, in ranked order: sand dropseed, western wheatgrass, salt- 
bush, blue grama, goosefoots, sedges, and scarlet globemallow. 
Saltbush was moderately abundant in the pasture (8% frequency), 
although it was less abundant than in the comparable winter 
pasture. 

Six forage taxa accounted for 82% of the summer cattle diets 
from the herb pasture on the loamy plains sites. These were, in 
ranked order: blue grama, sand dropseed, goosefoots, sedges, scar- 
let globemallow, and western wheatgrass. 

The orders of abundance of cattle foods in the diets from the 2 
summer pastures were not correlated (RHO=+0.51). However, 
when the saltbush data were deleted, the diets were correlated 
(RHO=+0.84), indicating that cattle were selecting similar foods in 
both pastures independently of the presence of saltbush. The latter 
diet correlation was surprisingly high considering that the coeffi- 
cient of community similarity was only 38% for the species in the 
diet other than saltbush, and considering that although the winter 
pastures had a similar coefficient of community similarity (39%), 
their diets were not correlated. Cattle in the herb pasture ate more 
red threeawn, western wheatgrass, goosefoots, and scarlet globe- 
mallow and less sedges than cattle in the saltbush pasture, relative 
to the plant frequencies. 

Both Trials 
Saltbush was a major component of cattle diets (x-23%) on 

both winter and summer saltbush pastures. It was consistently a 
major food during winter.months, reaching peak consumption 
during March when it comprised 55% of the diet, and declining in 
early spring to near its seasonal average of 32% (Table 1). Percen- 
tage composition of saltbush in diets varied greatly during summer 
months, most notably falling to none during July, peaking 
abruptly during August (42%), and falling abruptly during Sep- 
tember (13%) (Table 2). The authors found no other data concern- 
ing within-season time of cattle grazing of saltbush on range where 
it was dominant. On pinyon-juniper range in New Mexico, where it 
was sparse, it appeared in diets in January, April, June, and 
October (Thetford et al. 1971). Pfister et al. (1984) indicated that 
on year-long shortgrass range in New Mexico having a small 
amount of fourwing saltbush, consumption of saltbush peaked at 
near 23% of the diet in late June, but became a minor dietary 
constituent later in the summer. 

Fringed sagewort was an important food during winter, but of 
minor importance during summer. Cattle on winter pastures ate 
sagewort primarily during March and April. Consumption of 
sagewort increased as more preferred species became less available, 
a trend in forage selection observed in several other studies of 
species preferences (Doran 1943, Springfield and Reynolds 195 1, 
Pieper et al. 1959). Cattle may have eaten more sagewort than 
normal during March and April, especially on the loamy plains 
site, when snow depth was about 18, 2, 4, 1, and 13 cm from 5 
separate snowfalls. Reppert (1960) reported increased consump- 
tion of sand sagebrush (Artemisia jZifoIia Torr.) when snow 
covered short vegetation. Rice and Vavra (1970) observed 21% 
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Table 2. Species frequency in pastures and species composition in cattle feces collected during four periods of 1977 from continuously grazed summer 
pastures with abundant and sparse fourwing saltbush. 

Comoosition of feces durine--l 

Pasture ald 
plant species 

Frequency of plants 
in pasture 

6-3 

6:;9 

6-29 

z 

8-4 8-30 

8’90 MYlo Average 

SALTBUSH (on sandv olains site) 

Fourwing saltbush 
Fringed sagewort 
Small soapweed 
Blue grama 
Common buffalograss 
Indian ricegrass 
Needleandthread 
Red threeawn 
Ring muhly 
Sand dropseed 
Western wheatgrass 
Sedge species 
Goosefoot species 

7.8 f 2.6 7 42 I3 I4 
2.0 f 3.4 2 I I 

+I I 4 I I 
54.5 f 3.8 26 I7 IO 7 I4 

0.3 f 0.4 
0.5 f 0.9 
3.0 f 2.7 
8.8 f 5.9 
0.5 f 0.9 

18.8 f 4.2 
24.8 f 3.5 

6 f 4’ 
90 * 153 

2 5 
I I 
3 I 
2 5 
I 3 
8 40 
5 8 
6 4 

5 

2 
2 

I 3 
I I 

2 2 
I 5 4 
I I 2 

IO II 20 
8 26 I5 
6 I 6 

IO 22 IO 
Scarlet globemallow 64.8 + 8.5 6 5 5 4 5 
All others 4 2 3 3 2 

HERB (on loamy plains site) 

Fourwing saltbush 0.1 + 0.2 I 3 2 I 
Fringed sagewort 17.3 f 4.0 I 5 I I 2 
Small soapweed I I 
Blue grama 62.9 k 6.4 25 I9 20 12 I: 
Common buffalograss I.1 f 1.0 2 I 5 3 3 
Indian ricegrass 

0.4 1 0.4 
I 7 I 2 

Needleandthread 2 1 6 3 
Red threeawn 1.3 f 0.9 2 I I 3 2 
Ring muhly 0.2 f 0.2 I 9 3 
Sand dropseed 10.7 f 4.6 IO 24 I8 I6 I7 
Western wheatgrass 0.8 f 0.6 21 6 2 I 7 
Sedge species 28 f II) 22 IO II 8 I2 
Goosefood species 26 f 93 5 I8 39 I7 
Scarlet globemallow 51.7 f 5.0 I3 II I3 7 II 
All others 4 5 I 2 

‘Columns may not add to 100% because of rounding of numbers. Averages are weighted according to days in periods. 
*+=<0.5%: or present but not encountered in frequency survey. 
3Approximate average for 2 sedges or 3 goosefoots. 
4Frequencies (%) of selected other species in saltbush and herb pastures, respectively. were broom snakeweed 0.8.0.3; rubber rabbitbrush 0.3,O. 1: spreading wildbuckwheat 29.0, 
6.2; bottlebrush squirreltail 0.5,O.l: common russianthistle 10.0, 6.2: and plains pricklypear 50.8, 33.2. 

sagewort in dietary samples collected during December from a 
lightly grazed summer pasture, but the cattle may not have been 
completely adapted to the pasture. Summer consumption of sage- 
wort peaked at low levels during July. Vavra et al. (1977) reported 
greater consumption of sagewort on nearby herb pastures (loamy 
plains) during August than during June or July, and a June 
through August consumption similar to that on the loamy plains 
site in this study (Table 3). Klipple and Costello (1960) reported 
only 15% utilization of sagewort on summer pastures at CPER 
where blue grama utilization was 63% Small amounts of sagewort 
appear to be an asset on shortgratis range, especially on loamy 
plains sites and on winter range. 

position on shortgrass range. 
Plains pricklypear was eaten sparingly only during early winter. 

Maximum consumption was on the saltbush pasture during 
December-January (1.2% of the diet). Kautz and Van Dyne (1978) 
are the only researchers for the area to have reported plains prick- 
lypear in diets (O.lo/$, although cattle have been observed to eat it 
when moisture made the spines lax at the base (Hyder et al. 1975). 

Consumption of small soapweed was appreciable during April, 
especially on the loamy plains site (Table 2). Also, consumption of 
soapweed was notable during August on the sandy plains site, 
where it was relatively more abundant, because of the inclusion of a 
small, break site in the pasture, than on the loamy plains site (Table 
2). Although relatively abundant in a few small areas, soapweed 
overall had a low frequency on the pastures. Thus, cattle showed a 
pronounced preference for small soapweed during late winter and 
August. Cattle on many ranges have ingested leaves of soapweed 
species during late winter and inflorescences during summer (Rep- 
pert 1960, Herbel and Nelson 1966, Rosiere et al. 1975). In small 
quantities, soapweed is a desirable component of the species corn 

Although available in appreciable amounts, broom snakeweed, 
rubber rabbitbrush, and speading wildbuckwheat were never pre- 
sent in diets in significant amounts (UT0 in any sample). Vavra et 
al. (1977) reported that spreading wildbuckwheat constituted 
about 8% of diets during July and August on CPER loamy range, 
where it was more abundant than in this study area and where 1 of 
the 2 pastures was heavily grazed. Kautz and Van Dyne (1978) 
reported diets on CPER containing nearly 2% broom snakeweed 
and about 0.5% rubber rabbitbrush. Klipple and Costello (1960) 
found that utilization of broom snakeweed and rubber rabbitbrush 
on summer range rose sharply to about 20% when utilization of 
blue grama reached 46% and 56% respectively for the 2 shrubs. 

Compared to their frequencies in the pastures, large quantities of 
sand dropseed and small quantities of blue grama were consumed 
(Tables 1 and 2). However, the amount of a species selected by 
livestock is sometimes greatly disproportionate to the amounts of 
it available (Heady and Tore11 1959). Also, frequency is only a 
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Table 3. Proportions of species in diets observed in various studies with yearling cattle grazing on the Central Plains Experimental Range during three 
periods.’ 

Plant species 

June through August December* December through March 

Vavra Hanson Rice & Hansen 
This et al. & Gold This Vavra This & Gold 
study 1977 1977 study 1970 study 1977 

Fringed sagewort 
Spreading wildbuckwheat 
Total shrubs 
Blue grama 
Common buffalograss 
Needleandthread 
Red threeawn 
Sand dropseed 
Western wheatgrass 
Sedge species 

Total, above graminoids 
Total, all graminoids 

Scarlet globemallow 
Total forbs 
Total forbs-shrubs 

5 
21 

2 

I8 
9 

I4 
66 
75 
12 
20 
25 

2 
5 

38 
2 
4 
4 

<I 
8 
93 

65 
65 
I3 

35 

<I 
I2 5 
3 I 
3 I 

IO 25 27 13 
23 16 8 43 
25 24 
76 73 

79 
II I 

21 
21 

21 

52 

I6 
71 
74 

2 
4 

26 

5 

8 
7 12 

<I I 
I 4 
5 

24 15 
72 88 
79 

3 2 
13 
21 

1 Each study was conducted primarily on a loamy plains range site, but the study of Hansen and Gold (1977) also included data from other nonspecified sites. Categories of data 
may not add lo stated sums because of rounding of data. Where amount of a summary category was not indicated, it was not ascertainable from the report. 
?Data were for oeriod 12-7 lo l-20. Data of Rice and Vavra (1970) was from a nasture that had been lightly summer grazed since 1939. 
‘Needleleaf sedge. only. 

, 

general indicator of species availability. In this study, consumption 
of blue grama on the loamy range site during June through Sep- 
tember was about 45% lower than that reported by Vavra et al. 
(1977), but it was 75% greater than that reported by Hansen and 
Gold (1977) (Table 3). Hansen and Gold (1977) also found about 
70% more blue grama consumption during winter than occurred in 
this study. Relative to amounts of sand dropseed observed in diets 
of this study, Vavra et al. (1977) rported much less consumption 
during June through August (X<l%); and Hansen and Gold 
(1977) reported about one-half as much consumption during 
summer and winter (Table 3). More research is needed to under- 
stand the relative amounts of blue grama and sand dropseed con- 
sumed by cattle on these ranges and the situations that influence 
the relative proportion of the 2 species. 

Red threeawn provided food primarily during late winter on the 
loamy plains site, where it was relatively abundant. Data were not 
collected during May, when red threeawn made its early growth 
and should have been least coarse. Its pattern of consumption was 
similar to that of sagewort: It probably was consumed primarily 
when more preferred forages were scarce, and it may have provided 
cattle on the loamy plains site with forage during March and April 
following snows. Most red threeawn herbage remains ungrazed at 
the end of the forage year on shortgrass range (Klipple and Cos- 
tello 1960, Hyder et al. 1975). Thus, shortgrass range should be 
managed to minimize the amount of threeawn in the species com- 
position (Hyder et al. 1975). 

Results from this and other studies in the area confirm that 
western wheatgrass is a preferred cattle forage, especially during 
spring and fall when it makes most of its growth (Quinton 1972, 
Hansen and Gold 1977, Vavra et al. 1977, Kautz and Van Dyne 
1978). Ranges well adapted to western wheatgrass usually should 
be managed to maintain productive stands. However, in the drier 
half of the shortgrass plains, where little spring and fall precipita- 
tion is received, western wheatgrass is usually adapted and produc- 
tive only on soils with high permeability or where moisture is 
received from other areas or sources (Hyder et al. 1966, Hyder et al. 
1975). 

The sedges were important in winter and summer diets, espe- 
cially on loamy plains sites where they were more abundant than 
on sandy plains/ overflow sites. They were eaten primarily during 
the November-December period when the cattle first entered the 
pastures, after which consumption declined until April, then 
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increased appreciably. Consumption of sedges generally declined 
summer-long from the peak consumption during June. Sedges are 
a preferred species during early spring when they provide forage 
before other species have edible new growth (Hansen and Gold 
1977; Shoop, unpublished data). More sedges were consumed on 
loamy plains during June through August in this study than Vavra 
et al. (1977) found at CPER; sedge consumption was about 60% 
less than Hansen and Gold (1977) reported for nonspecified sites 
on CPER (Table 3). Sedges, in moderate stands, are valuable 
forages on shortgrass range, but Hyder et al. (1975) reported that 
needleleaf sedge was nonresponsive to nitrogen fertilizer or to 
month of repeated heavy grazing. 

The goosefoots (about 90% narrowleaf goosefoot) were a sur- 
prisingly large component of cattle diets. Hyder et al. (1975) 
reported May and June to be about the only months when cattle 
could be forced to graze narrowleaf goosefoot when different 
pastures were heavily grazed during each of the 12 months. Streeter 
et al. (1968) reported that Chenopodium prutericolu (apparently 
narrowleaf goosefoot, USDA-SCS 1982) constituted over 30% of 
esophageal samples collected from sandy range in western Nebraska 
during June and early July, about 47% at the end of July, and 
about 15% during late August. In comparison, this study found 
goosefoots in fecal samples rising progressively on both pastures 
from about 0% during June to about 30% during September. The 
goosefoots were one of the 3 most eaten species on the loamy range 
site during early winter. 

Scarlet globemallow was a minor component of winter diets as 
Rice and Vavra (1970) and Hansen and Gold (1977) found on other 
pastures at CPER. During summer, it consistently was one of the 5 
most prevalent species in diets on the loamy plains site; it was a 
minor species in diets on the sandy plains site at all times. Average 
consumptions of scarlet globemallow during June through August 
on loamy plains were similar to that observed nearby by Vavra et 
al. (1977). The latter authors reported nearly twice as much of it in 
diets during July as during June and August; in this study con- 
sumption of scarlet globemallow was rather static during those 
months. Research on methods to increase production of scarlet 
globemallow seems warranted (Hyder et al. 1975). 

Common russianthistle has been considered a desirable forage at 
CPER, especially during late summer and fall after grasses have 
matured (Klipple and Costello 1960, Hyder et al. 1975). Conse- 
quently, we were surprised that russianthistle constituted less than 



2% of the diets during all sampling periods. These conflicting 
results may indicate that consumption of russianthistle varies 
among years and seasons. Possibly russianthistle was not detected 
in diets because of an artifact of the technique used, although the 
relatively low digestibly of russianthistle would seem to ensure its 
presence in the feces if consumed (Cave et al. 1936, Vavra et al. 
1978, Vavra and Holechek 1980, McInnis et al. 1983, Johnson et a. 
1983). Rosiere et al. (1975) reported that russianthistle was not 
always identified in esophageal samples even though it was being 
grazed during the general sampling period. 

dance of the species. In this study, saltbush, fringed sagewort, and 
small soapweed each provided appreciable portions of diets; 
rubber rabbitbrush and spreading wildbuckwheat never contrib- 
uted to diets. Others also have reported that some shrubs furnish 
appreciable amounts of food while others furnished little or none 
(Herbel and Nelson 1966, Cook and Harris 1968, Lesperance et al. 
1970, Thetford et al. 1971). 

In both winter and summer pastures, graminoids constituted the 
bulk of diets during early months of the grazing season. As the 
season advanced, and the more preferred graminoids were increas- 
ingly utilized, cattle more readily ingested such shrubs, forbs, and 
less preferred grasses, as fringed sagewort, goosefoots (during 
summer), and red threeawn (Tables 2 and 3). Others have also 
noted that cattle increase consumption of less preferred species as 
more preferred species become increasingly scarce (Doran 1943, 
Springfield and Reynolds 1951, Pieper et al. 1959). Nevertheless 
the appreciable consumptions of saltbush on sandy plains/ over- 
flow sites during both winter and summer, and of goosefoots on the 
loamy plains during early winter, indicated that these species were 
relatively preferred at those times. Saltbush was more preferred 
than goosefoots throughout winter because cattle on the sandy 
plains/overflow sites never ate an appreciable amount of goose- 
foots, whereas, cattle on loamy plains sites did. 

Despite lack of agreement among researchers about cattle pefer- 
ence for blue grama on the central shortgrass plains, all data 
indicate blue grama provides a sizeable portion of diets. It is 
especially well adapted to the climate of the central shortgrass 
plains (Hyder et al. 1975), probably more so than any other impor- 
tant grass. Consequently, blue grama should be a major species for 
composition goals of management and for mixtures of native seed 
used to revegetate land. 

Western wheatgrass is a species highly preferred by cattle. It is 
best adapted to the same sites as saltbush, and also to wetter sites, 
and should be managed for optimum production of those sites. 
Sedges are a valuable adjunct to shortgrass range species, espe- 
cially on loamy plains range sites. Small soapweed, fringed sage- 
wort, and goosefoots contributed to cattle diets during some peri- 
ods; small amounts of these species in pastures are desirable. Red 
threeawn is not a preferred species for cattle and should’be man- 
aged against, especially on summer pastures. 
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Evaluation of Fecal Indices to Predict Cattle Diet 
Quality 
HELEN WOFFORD, JERRY L. HOLECHEK, M.L. GALYEAN, JOE D. WALLACE, AND MANUEL CARDENAS 

Abstract 

A study involving 6 feeds of widely varying chemical properties 
fed to 6 steers in a Latin square design was conducted to evaluate 
the potential of fecal chemical characteristics for predicting rumi- 
nant nutritional status. Forage intake, diet in vivo digestibility %, 
and diet nitrogen % were used as dependent variables and fecal 
nitrogen %, nucleic acid %, nonfiber bound nitrogen %, ether 
extract %, neutral detergent fiber %, acid detergent fiber %, acid 
detergent lignin I, water soluble material %, and acid/pepsin 
disappearance % were used as independent variables in regression 
equations. Forage intake and diet in vivo digestibility could not be 
accurately predicted from any single variable or combination of 
independent variables. Fecal acid/pepsin 
disappearance was the independent variable most highly correlated 
with forage intake (I = .63) and diet in vivo digestibility (r = .33). 
Diet nitrogen % was highly correlated with fecal nitrogen % (r = 
.81) and fecal acid pepsin disappearance % (r = .%3). Combined 
data from this and other studies give a generalized regression 
equation that shows potential for detecting nitrogen deficiencies in 
steer diets from fecal N % (organic matter basis) when steer diets 
contain low levels of soluble phenolics. When steer fecal nitrogen 
% drops below 1.71, dietary nitrogen deficiencies should be 
suspected. 

Determining the intake and diet nutritive quality of grazing 
ruminants remains one of the most difficult aspects of range nutri- 
tion. Typically, nutrition of ruminants grazing rangelands is com- 
plicated by diverse plant communities, changing topography and 
large seasonal and yearly variations in quantity and quality of 
available forage. 

Selectivity of grazing ruminants greatly complicates the ability 
to obtain samples of grazed forage (Theurer et al. 1976). Therefore 
clipping or agronomic techniques are inadequate (Hardison et al. 
1954). The development and use of the esophageal fistula has 
greatly improved the ability of scientists to obtain representative 
diet samples. However, the labor and expense associated with 
esophageal fistula sampling is quite high. Likewise, estimates of 
total fecal output via collection bags for forage intake estimation 
also requires large labor inputs. Although much effort has been 
dedicated to external indicators, total fecal collection still appears 
to be the method of choice for estimating forage intake (Cordova et 
al. 1978). 

Nutritional research concerning grazing ruminants and the abil- 
ity to monitor trends in nutritional status of range animals have 
been limited by the high labor demand and relatively low precision 
of current methodology (Holechek et al. 1982b, Holloway et al. 
1981). Development of techniques which would allow quick and 
easy sampling could be beneficial to researchers, public land man- 
agers and livestock producers. Holechek et al. (1982 a,b) reviewed 
literature indicating that some fecal chemical characteristics may 
have potential for predicting ruminant diet quality, forage intake, 
and performance. 
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Several studies show total fecal nitrogen concentration is asso- 
ciated with various measures of ruminant nutritional status. Gates 
and Hudson (1981) accounted for 85% of the variation in daily 
weight gains of elk with total fecal nitrogen concentration. On 
mountain range in Oregon, Holechek et al. (1982b) accounted for 
48% of the variation in weight gains of heifers with total nitrogen 
concentration. On semidesert rangeland in Australia, Squires and 
Siebert (1983) explained 68% of the variation in daily weight gains 
by cattle with total fecal nitrogen concentration. After reviewing 
several studies relating total fecal nitrogen concentration to forage 
intake, Cordova et al. (1978) concluded that forage intake could 
not be predicted from fecal nitrogen using a general equation. 
Holechek et al. (1982) found fecal nitrogen was associated with 
both forage intake and digestibility of cattle on mountain range in 
Oregon. However the associations were not high enough for pre- 
dictive reliability. 

Concentrations of microbial matter in the ruminant feces 
increases as the quality of the diet improves (Mason 1969). 
Researches by Virtanen (1966) and Mason (1969) show that nearly 
all the nitrogen in ruminant feces is of microbial origin and very 
little is from the feed. Total fecal nitrogen concentration, and 
acid/ pepsin disappearance all provide measures of microbial mat- 
ter in the feces. 

A major problem with the use of total fecal nitrogen concentra- 
tion to evaluate range ruminant nutritional status is that many 
range forage species, particularly forbs and shrubs, contain high 
levels of soluble phenolic compounds with protein complexing 
capabilities that elevate fecal nitrogen concentrations relative to 
those in the diet (Mould and Robbins 1981, Sidahmed et al. 1981). 
Fecal nucleic acid concentration, nonfiber bound nitrogen concen- 
tration and acid/pepsin disappearance may provide better mea- 
sures of rumen microbial activity and may be better related to 
forage intake and digestibility than total fecal nitrogen concentra- 
tion, particularly when the diet contains high levels of soluble 
phenolic compounds; however, this has not been studied. 

Therefore the objective of this study was to evaluate usefulness 
of fecal chemical characteristics such as total nitrogen concentra- 
tion, non-fiber bound nitrogen concentration, acid/pepsin disap- 
pearance, nucleic acid concentration and others as predictors of 
forage intake, forage digestibility and forage nitrogen concentra- 
tion of cattle. 

Methods 

This study was conducted during the spring and summer of 1982 
on the farm lot of the New Mexico State University campus. Six 
different hays representing 2 forage classes (3 grasses and 3 non- 
grasses) were fed to the 6 steers in a Latin square design. All 6 hays 
were fed in each 15day trial and randomized within rows and 
columns. The hays used were alfalfa (Medicago sativa), Eski sain- 
foin (Onobrychis viciaefolia). kochia (Kochia scoparia), millet 
(Panicum miliaceum). timothy (Phleumpratense), and silver blue- 
stem (Bothriochloa saccharoides) prairie hay. Steers were confined 
to individual pens. Hays were chopped to a 2-4 cm particle size to 
avoid selective feeding. 

Intake was determined by the conventional hand-fed method 
described by Schneider and Flatt (1975). For each trial, feed was on 
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Table 1. Chemical composidon and nutritive cbmwtcristics of 6 feeds pooled across 6 steers. 

Alfalfa Sainfoin Koch& Millet Timothy Bluestem 

Chemical’ 
Crude protein % 
N % 
Neutral detergent N % 
Acid detergent N Yc 
Cell soluble N % 
Ether extract % 
Neutral detergent fiber % 
Acid detergent fiber yc 
Acid detergent lignin % 
Hemicellulose % 
Cellulose % 
Tannin* 
Phenoli& 

Nutritivcl 

20.25 21.25 8.94 13.06 7.78 6.50 
3.24 3.38 1.43 2.09 I .26 1.04 
0.32 0.97 0.45 0.46 0.49 0.55 
0.20 0.61 0.19 0.14 0.13 0.22 
2.92 2.41 8.98 1.63 0.77 0.49 
I .98 1.94 1.62 2.01 2.22 2.19 

44.39 52.26 68.10 68.73 70.17 77.92 
35.16 47.03 43.4 1 40.75 40.46 47.46 

7.53 9.30 6.80 3.18 5.32 6.24 
9.23 5.25 24.69 27.98 29.7 I 30.46 

27.63 37.73 36.61 37.57 35.14 41.22 
0.13 0.86 0.08 0.12 0.19 0.39 
8.14 28.94 18.55 13.13 17.92 35.15 

Intake (% BW) 2.74 2.32 1.18 2.55 2.23 1.21 
Intake, digestible organic matter 1.89 1.62 0.70 1.84 1.54 0.73 

(% BW) 
Intake, crude protein (% BW) 0.55 0.49 0.11 0.33 0.17 0.08 
In vivo digestibility % 69.00 70.00 59.00 72.00 69.00 60.00 

‘All data are on an organic matter basis. 
*Tannins are expressed as mg/. I g sample (catechin equivalents). 
lPhenolics are expressed as mg/g sample. 

offer free choice throughout the day, and intake was evaluated for 
each steer daily for 5 days after a IO-day adjustment period. All 
intake data were expressed as organic matter intake as a percentage 
of body weight (BW). Samples of the feed and feces for each animal 
were collected during the 5 days of intake measurement for each 
trial. 

After collection, feed and fecal samples were dried at 500 C. Both 
feed and fecal samples were ground through a l-mm mesh screen in 
a Wiley laboratory mill and dry matter and ash content were 
determined by Association of Official Chemists (1980) methods. 
Feed samples were analyzed for Kjeldahl nitrogen and ether 
extract (Association of Official Chemists 1980) and neutral deter- 
gent fiber, acid detergent fiber, and acid detergent lignin (Goering 
and Van Soest 1970). Nitrogen concentrations in the neutral deter- 

gent fiber and acid detergent fiber residues were determined using 
the Kjeldahl procedure (Association of Official Chemists 1980). 
Nucleic acid concentrations in the feces were determined using the 
procedure of Zinn and Owens (1982). Procedures of Price et al. 
(1978) and the Folin-Denis Method (Association of Official Chem- 
ists 1980), respectively, were used to determine total tannin and 
phenolic concentrations in the feed and feces. Percentage acid/- 
pepsin disappearance from the feces was determined by using the 
second stage of the Tilley and Terry (1963) in vitro digestion 
method. Fecal samples were incubated with acid/pepsin solution 
for 48 hours in a water bath at 32” C. Because pepsin hydrolyzes 
protein, it was used as a measure of microbial matter in the feces. 
Chemical and nutritive analyses for the 6 feeds and feces pooled 
across the 6 steers are shown in Tables 1 and 2, respectively. 

Table 2. Chemical composition and nutritive chancteristics of the feces of 6 feeds pooled across 6 steers. 

Alfalfa Sainfoin Kochia Millet Timothv Bluestem 

Chemical’ 

N% 2.28 3.97 2.10 2.41 1.81 1.75 
NDFN% 0.87 2.03 0.51 0.59 0.62 0.55 
ADFN% 0.77 1.61 0.51 0.54 0.56 0.61 
Non-fiber bound N %* 1.41 1.94 1.59 1.82 1.19 1.20 
Neutral detergent fiber % 75.25 89.12 92.44 73.03 73.43 84.95 
Acid detergent fiber % 60.69 75.37 69.94 52.21 54.75 66.38 
Acid detergent lignin Yc 20.12 39.43 18.85 14.63 16.65 18.46 
Cellulose % 40.57 35.94 51.09 37.58 38.10 47.92 
Hemicellulose % 14.56 13.74 22.49 20.82 22.84 18.58 
Nucleic acids % 0.48 0.72 0.34 0.52 0.41 0.29 
Ether extract % 2.09 2.13 1.78 2.14 2.39 2.58 
Tannin3 0.35 0.30 0.19 0.28 0.27 0.22 
Phenolics4 10.26 10.42 11.87 20.96 20.22 18.44 

Nutritive’ 
Acid pepsin solubles yc 28.00 25.00 20.08 25.00 18.00 18.00 
Water soluble material o/n 14.00 13.00 12.00 15.00 12.00 13.00 

‘All data are on an organic matter basis. 
*Non-fiber bound nitrogen = Total nitrogen % - Neutral detergent fiber nitrogen %. 
‘Tannins are expressed as mg/. I g sample (catechin equivalents). 
‘Phenolics are expressed as mg/g sample. 
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Intake and in vivo digestibility % of the feed and nitrogen TO, 
acid/pepsin disappearance 70, fiber YO and fiber nitrogen TO of the 
feed and feces were analyzed using a Latin square analysis of 
variance (Steel and Torrie 1960). Relationships between diet and 
fecal nutritive characteristics were determined using linear regres- 
sion and correlation procedures (Neter and Wasserman 1974). All 
relationships were evaluated both excluding and including animal 
variation. Dependent variables in regression equations were intake 
(organic matter, % body weight), digestible organic matter intake 
(OM, % BW), diet in vivo organic matter digestibility % and diet 
nitrogen Yo. More details on experimental procedures are provided 
in Wofford (1983). 

fiber provided the best estimate of forage intake when stepwise 
procedures were used to obtain the best multiple regression equa- 
tion. However, we consider this model to have low predictive value 
based on the coefficient of determination (RJ = .70) and standard 
error of the estimate (Sy ax = .38). Holloway et al. (1981) also 
reported fecal chemical characteristics had low potential for pre- 
dicting forage intake of steers. Their best multiple regression equa- 
tion had a coefficient of determination of .69 and used fecal nitro- 
gen, ether extract and neutral detergent fiber concentrations as 
independent variables. 

Results and Discussion 

Intake and Digestible Organic Matter Intake 

Although feed differences were highly significant (K.001) for 
intake, steer and trial effects were not significant (m.05). Our 
study is consistent with Holloway et al. (198 1) who found, when 
cattle weights were taken into account, animal variation was no 
longer an important influence on intake. 

Fecal acid/pepsin disappearance was the independent variable Intake and digestible organic matter intake were highly asso- 
most highly correlated with forage intake (r = +.63, n = 32). How- ciated (r = .98). Therefore, any discussion would be redundant with 
ever, we consider the standard error of the estimate (Sy l x = 0.59) of that for intake. Correlations between digestible organic matter 
the regression equation too high for predictive accuracy. intake and fecal nutritive characteristics are given in Table 3. 

Digestibility Fecal nitrogen was poorly correlated with forage intake (r = .43, 
n = 32). Cordova et al. (1978) reviewed several studies which are 
inconsistent in regard to the value of fecal nitrogen concentration 
as an indicator of intake. Table 1 shows sainfoin has much higher 
tannin levels than the other forbs. Tannins were bred into sainfoin 
because of their anti-bloat qualities (Reid et al. 1974, Ulyatt et al. 
1976). McLeod (1974) classified tannins as belonging to a group of 
secondary plant compounds called soluble phenolics, which have 
enzyme and protein binding capabilities. Fecal nitrogen concentra- 
tions of goats were elevated by diets with high levels of tannins 
when compared to those with low tannin levels in 2 different 
studies (Nastis and Malechek 1981, Sidahmed et al. 1981). Hole- 
chek et al. (1982a) speculated that using nonfiber bound rather 
than total nitrogen concentration in the feces may reduce phenolic 
(tannin) problems. However, in our study, fecal nonfiber bound 
nitrogen (total nitrogen $$o - neutral detergent fiber nitrogen Yo) 
concentration had a lower association with intake than total nitro- 
gen (Table 3). Sainfoin, in our study, had a much higher fecal fiber 
bound nitrogen concentration (NDF N) than the other 5 species 
(Table 2). Our study indicates both total fecal nitrogen and fecal 
nonfiber bound nitrogen are unsuitable predictors of forage intake 
for ruminant diets of diverse chemical properties. However, fecal 
fiber bound nitrogen levels above 1% may indicate tannin or 
phenolic problems. Diet and fecal concentrations of tannins and 
soluble phenolics were not correlated (r = .17, r = .08, respectively). 
Therefore, we concluded that the fecal analyses we used for tannins 
and soluble phenolics cannot be used to detect elevated tannin and 
soluble phenolic concentrations in the diet. 

Diet in vivo digestibility was poorly correlated with all fecal 
nutritive characteristics (Table 3). None of the correlations were 
high enough to indicate predictive value. 

Holechek et al. (1982b) reviewed studies evaluating the relation- 
ship between diet digestibility and fecal nitrogen concentration. 
Their review shows considerable difference in this association 
between studies. Our data show fecal nitrogen concentration is not 
a good indicator of digestibility when ruminants are consuming 
forages of highly dissimilar chemical properties. The soluble phe- 
nolic/ tannin problem previously discussed can elevate fecal nitro- 
gen concentration in relation to digestibility (Sidahmed et al. 198 1, 
Nastis and Malechek 198 1). 

Multiple regression equations to predict digestibility from fecal 
nutritive characteristics did not greatly improve coefficients of 
determination compared to simple linear regressions. It appears 
that reliable prediction of forage digestibility using the fecal nutri- 
tive characteristics evaluated in this study is not possible when 
forages have widely varying chemical properties. 

Trial but not steer effects were significant (K.05) for digestibil- 
ity. Digestibility values for trials l-6 were 70, 72, 68, 64, and 62, 
respectively. The decline in digestibility during the period of study 
is attributed to environment, confinement, and handling stress on 
the animals. 

Fecal acid/ pepsin disappearance and fecal neutral detergent 

Diet Versus Fecal Nitrogen Concentration 
Fecal acid/ pepsin disappearance and fecal nitrogen concentra- 

tion showed the highest correlations (r = .82, n = 32; r = .81, n = 32, 
respectively) with diet nitrogen concentration. The present study 

Table 3. Coefficients of simple correlation between diet and fecal nutritive and chemical characteristics for 6 feeds fed to 6 steers. 

Data Pooled Across Steers (n = 6) Data Includes Steer Variation (n = 33) 

Intake, Intake, 
digestible Diet digestible Diet 
organic in vivo digestible in vivo 

Intake matter digestibility Diet Intake organic digestibility Diet 
(OM, % BW) (OM, % BW) % N% (OM, % BW) (OM. % BW) % N% 

Fecal nutritive characteristics 

N% +.38 +.39 +.45 +.78 +.43 +.46 +.39 +.81 
Non-fiber bound N %I +.32 +.34 +.4 I +.61 +.5 1 +.51 +.28 +.42 
Neutral detergent fiber % -.70 -.71 -.68 -.03 -.55 -.51 -.20 -.Ol 
Acid detergent fiber % -.46 -.47 -.47 +.27 -.37 -.32 m.06 +.I8 
Acid detergent lignin % +.14 +.I4 +.20 +.66 +.2 I +.26 +.26 +.53 
Ether extract % -.06 -.90 +.04 -.36 
Acid pepsin solubles Yc +.76 -.04 +.62 +.91 +.63 +.6 I +.33 +.83 
Water soluble material % +.60 +.62 +.57 +.44 _ _ 
Nucleic acids % +.68 +.69 +.75 +.84 +.55 +.58 +.39 +.61 

‘Non-fiber bound N % = Total nitrogen % - Neutral detergent fiber nitrogen %. 
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Table 4. Regression coefficients for equations predicting diet nitrogen % 
using fecal nitrogen. 

Forest range 

a b 

-0.28 

r2 n 

0.86 

by\ 

l’wscnt Study (cattle) 

0.78 

Pooled across steers 

24 

(All treatments) 

0.29 

-0.25 0.98 0.61 6 0.01 
Pooled across steers 

(w/o sainfoin and alfalfa) -1.46 1.45 

Grassland 

0.97 

range 

4 

-0.26 

0.03 

Other Research 

0.82 

Mubanga (1983) 

0.88 

-1.72 

24 

2.08 

0.23 

0.52 7 0.73 
Mule deer -2.99 2.70 0.79 4 0.10 

Raymond (1948) sheep -0.14 0.80 - 
Fels et al. (1959) sheep 0.66 0.83 0.86 - - 
Wallace (1969) sheep -0.98 1.68 0.99 4 - 
Cordova (1977) cattle: 

Fertilized range -0.55 1.40 0.64 7 - 
Unfertilized range -0.55 1.22 0.66 7 - 
Fertilized and unfertilized range -1.06 1.53 0.69 14 - 

Bredon et al. (1963) cattle -1.04 1.62 0.92 13 - 
Hinnant (1979) cows 0.11 0.79 0.88 4 - 
Hinnant (1979) steers 0.09 0.66 0.90 4 - 
Holechek et al. I 1982a) cattle: 

x Presmt SW& 
l Arthun (1981) 
@ n1nlllYlt (1979) 

. 

Y 

. 

x 

X 

( x @” 
a 

a l 

. 

x 

t::;,: ;;:;;,;;:;, 
1.0x 2.0x 3.02 4.0x 

Fro1 NItrow X 

Fig. 1. Diet nitrogen % (OM basis) versusfecol nitrogen 70 (OMbasislfor 
steers. 

Forest and grassland range 
Arthun (1981) steers 
Robbins et al. (I 975)’ deer 
Mould and Robbins (198 I)2 elk 
Arman et al. (1975) 

Batch I 

-0.27 0.84 0.83 48 0.26 
-1.35 1.78 0.62 4 - 
-3.43 2.78 0.57 7 - 

0.08 0.49 0.97 I I - 

Eland 
Hartebeest 
Thomson’s gazelle 
Duiker 
Sheep 

Batch 2 

-3.73 3.13 0.94 5 - 
-4.58 3.93 0.98 5 - 
-5.77 3.32 0.96 5 - 
-6.39 3.53 0.96 5 - 
-3.34 2.30 0.90 5 - 

Sheep -5.36 2.98 0.94 5 - 
Boran Zebus -3.61 2.27 0.88 5 - 
Friesians -2.54 1.87 0.90 5 - 

‘Forages were dominated by browse high in soluble phenolic content. 
?Forages high in soluble phenolic content were omitted from the regression 

and other research summarized in Table 4 are consistent in show- 
ing fecal nitrogen concentration can provide a reasonable indica- 
tion of trends in ruminant diet nitrogen concentration provided the 
diet does not contain high levels of soluble phenolics. 

Pooling data across steers did not improve the correlation 
between diet nitrogen and fecal nitrogen concentration (r = .8 1, n = 
32; r = .78, n q  6). However, grasses showed a higher correlation 
between diet and fecal nitrogen concentrations (r q  .91, n = 3) than 
nongrasses (r = .8 1, n q  3) (Table 4). This response was attributed to 
sainfoin, which had a higher percentage of fiber bound nitrogen in 
the feces relative to the feed than the other forages (Tables 1 and 2). 

Careful review of the studies relating dietary to fecal nitrogen 
concentrations shows the best associations occur when diet nitro- 
gen concentrations are not over 2.4%. Data for steers from Hin- 
nant (1979), Arthun et al. (198 l), and the present study, in Figure 1 
displav this relationshio. The regression equation for all 3 studies 
combLed using only dietary nitrogen concentrations of 2.4% or 
below is: 

loped from Hinnant (1969), Arthun et al. (1981) and the present 
study, a fecal nitrogen concentration of 1.65% would give a diet 
nitrogen concentration of 1.06% (6.64% CP). Research by Milford 
and Minson (1964) shows forage intake by ruminants drops precip- 
itously if dietary crude protein concentration falls below 7%. The 
National Research Council (1976) indicate that dry, mature, preg- 
nant cows need about 6.5% crude protein in the diet for mainte- 
nance. It appears that the equation we have developed using data 
from Hinnant (1979), Arthun et al. (1981), and the present study 
may have some utility for detecting crude protein deficiencies in 
grazing steer diets providing the diet contains low levels of soluble 
phenolics/tannins. When fecal NDF-N concentrations exceed 
l.OO%, diet nitrogen predictions from our equation appear unreli- 
able. When tannin levels exceed 0.050 mg/g and/ or phenolic levels 
exceed 20.0 mg/g in forage or diet samples, elevated nitrogen levels 
in fecal samples should be suspected. We advocate more study with 
a wider variety of forages before the equation we have developed is 
applied. 

Both trial and steer effects were significant (K.05) for fecal 
nitrogen concentration and fecal acid/ pepsin disappearance. We 
attribute this to both changing environmental conditions (higher 
temperatures during the last 3 trials) and increased stress on the 
steers due to confinement and handling as the study progressed. It 
does appear that environmental and animal physiological status 
can influence fecal nitrogen concentration or acid/pepsin disap- 
pearance. Data from Cordova (1977) indicates nitrogen fertiliza- 
tion of a pasture can also alter regression equations. Hinnant 
(1979) found cows had lower fecal nitrogen values than steers. This 
is explained by nitrogen excretion in the milk and fetus. The 
equation of Hinnant (1979) may have usefulness for detecting 
nitrogen deficiencies in cows (Table 4). 

Summary and Conclusions 
The following conclusions are drawn from this study: 
1. Generalized equations based on the fecal chemical character- 

Y q  -.706 + 1.072 X istics we evaluated cannot be used to predict forage intake and diet 
r2 = .96 n=9 sy l x = .07 digestibility when ruminants are consuming diets of widely varying 

We consider this equation to have potential predictive capability chemical properties. 

based on the standard error of the estimate. 
2. Fecal nitrogen % has utility for detecting crude protein de& 

Allden and Jennings (1969) have suggested that crude protein ciencies in cattle diets if their diets contain low levels of soluble 

deficiencies occur in the grazing ruminant diet when fecal nitrogen phenolic compounds. Protein deficiencies in steer diets should be 

concentration falls below 1.65%. Based on the equation we deve- suspected when fecal nitrogen 70 (OM basis) drops below 1.795. 
When fecal NDF-N concentrations exceed l.OO%, a soluble phe- 
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nolic problem should be suspected. 
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N, P, and K Fertilization of Tall Fescue (Festuca 
arundinacea Schreb.) Overseeded Range in Eastern 
Oklahoma 
R.L. MITCHELL, A.L. EWING, AND W.E. MCMURPHY 

Abstract 

A native hay meadow in northeastern Oklahoma was over- 
seeded with tall fescue (Fesrucu uru&inucea Scbreb.) and fertilized 
for 6 years with N in August and February to encourage tall fescue 
growth in late fall and early sprbtg, thus extending the green forage 
season. The effect of P and K fertilizer on forage yield and plant 
nutrient concentration was determined. Cool-season N fertilixa- 
tion (112 kg/ha) nearly doubled tall fescue yield and increased 
forage nitrogen concentration without altering warm-season grass 
production. Additions of P (l&29 kg/ha) and K (28,112 kg/ha) 
increased cool-season forage yield marginally and increased fertil- 
izer N recovery but bad no desirable effect on forage N, P, and K 
content. Tall grass deereaser species were dominant at the end of 
the study. Available soil P increased with P fertilization and avail- 
able soil K increased with K fertilization. 

Native grassland and tame pastures dominated by warm-season 
perennial grasses are sometimes overseeded with a cool season 
grass such as tall fescue (Festuca arundinaceu Schreb.) to extend 
the green forage season. In the eastern one-third of Oklahoma, 
where rainfall conditions are favorable, spring forage production 
has been greatly increased after overseeding. With adequate mois- 
ture, tall fescue also produces forage in the fall which can be used 
for winter grazing, thus extending the green feed season into both 
spring and winter. However, adequate forage production by tall 
fescue depends on application of fertilizers, particularly nitrogen 
(Hallock et al. 1973, Fuller et al. 1971, Wilkinson and Mays 1979). 
Timing of fertilization is critical since companion warm-season 
species use available water and nutrients in summer. 

Many studies have been conducted on the monoculture of tall 
fescue and the optimal rate of annual N application appears to be 
around 224 kg/ha (Alexander and McCloud 1962; Balasko 1977; 
Hallock et al. 19651973; Hojjati et al. 1977). In eastern Oklahoma, 
where poor quality of range forage from November to May is a 
problem, optimum yield from fall growth of tall fescue occurs with 
approximately 67 kg N/ha (Fuller et al. 1971) and will provide 
winter forage for about 25 cows/ ha. Additional N application of 45 
kg/ ha in January insures adequate spring growth to maintain the 
same stocking rate through May (Rommann and McMurphy, 
1979). It is possible to produce more spring forage with greater N 
application, but the limiting factor for determining stocking rate 
for tall fescue is winter forage availability. Therefore, in eastern 
Oklahoma the optimal rate of annual N application is around 112 
kg/ ha. 

Maximal N use efficiency depends on adequate soil P and K 
(Fuller et al. 1971) and fertilizer studies on tall fescue, perennial 
ryegrass (Lolium perenne L.), and orchardgrass (Dactylis glome- 
rutu L.) indicate that added N fertilizer increases P and K uptake 
(Mortensen et al. 1964, Duel1 1965, Hunt 1973, 1974). Dry matter 
yields are usually higher after additions of P and K than yields with 
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N fertilization alone (Duel1 1960, Mortensen et al. 1964, Ludwick 
and Rumburg 1976). 

Previous studies (Elder and Murphy 1958, Huffine and Elder 
1960, Gay and Dwyer 1964) on fertilizer application to eastern 
Oklahoma rangelands have shown marginal benefits in terms of 
warm-season forage production. Furthermore, increases in unde- 
sirable forbs and annual grasses often resulted from fertilization of 
native grass. 

Because many eastern Oklahoma soils are low in available P and 
K, this study was designed to apply N fertilizer at a rate to achieve 
optimal and uniform winter and spring tall fescue yield (112 
kg/ ha/ hr); and then to vary application of P and K so that we 
might determine the effects of fertilizer P and K on the yield and 
quality of forage produced by N fertilized native hay meadow 
overseeded with tall fescue. 

Materials and Methods 

Field plots were established during February, 1975, in a native 
tallgrass hay meadow overseeded with tall fescue near Wynona, 
Okla. Big bluestem (Andropogon gerurdii), Indiangrass (Sorghas- 
trum nutans), and little bluestem (Schizachyr+m scoparium) 
made up more than 60% of the foliar cover at the end of the study. 
Soil was a Wynona silty clay loam (fine-silty, mixed, thermic 
Cumulic Haplaquolls) which tested deficient in P and K. 

Nitrogen was applied at an annual rate of 112 kg/ ha as ammo- 
nium nitrate (34-O-O) on 36 plots, each measuring 3X6 m. The N 
was applied twice a year, 45 kg/ ha in February and 67 kg/ ha in 
August, for 6 years (1975-80). Phosphorous and K treatments were 
applied in a 3X3 factorial arrangement with 4 replications in a 
randomized block. Three levels of P (0, 15, and 29 kg/ha) and 3 
levels of K (0, 28, 112) were evaluated using concentrated super- 
phosphate (0-46-O) and muriate of potash (O-0-60) as sources. The 
P and K were applied in February and August, 1975, and thereafter 
in August every year. Four check plots (3X6 m) with no added N, 
P, or K were included. 

Herbage yield was estimated by mowing a 1 X6-m quadrat at 50 
mm height in each of the plots, after which all the plots were 
mowed and the forage removed. Herbage was clipped annually in 
late May or early June to estimate tall fescue yield (oven-dried) and 
in August to estimate yield (oven-dried) of native grasses. Fall yield 
of tall fescue was estimated in 1975 and 1977 with a December 
harvest. Dried herbage samples were evaluated for N (Kjeldahl), P 
(perchloric acid digestion-ammonium vanadate) and K (atomic 
absorption spectrophotometer) content. 

Soil samples (O-15 cm depth) were taken from each plot at the 
beginning and conclusion of the study. Available P was extracted 
with the Bray-PI extractant using a 20:1 solution to soil ratio. 
Exchangeable K was determined on an atomic absorption spectro- 
photometer. Soil pH was determined on a 1: 1 soil to water paste. 

Analysis of variance was performed on the data as collected by 
year and as pooled over years. Treatment means were compared 
using Fisher’s Protected Least Significant Difference method as 
outlined by Chew (1977). In a separate analysis of variance the data 
from check plots were omitted to test for main effects of P and K 
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Table 1. Mean herbage yield and nutrient concentration of spring harvested tall fescue (197580) and August harvested native grasses (1975-1979) 
following, N, P and K fertilizer treatments. 

N 

0 

112 
112 
I12 

II2 
II2 
II2 

I12 
112 
112 

Fertilizer rate (kg/ ha) Tall Fescue Native Grasses 
P K Yield 

(kg/ ha) (?!I (4 (?El 
Yield 

(kg/ ba) (4 (4 (4 

0 0 16OOal I .30 a 0.15 c 1.26 a 2400 a 1.03 a 0.12c 0.80 a 

0 0 3000 b . 1.54c 0.13 b 1.21 a 2600 a 1.14a 0.10 ab 0.79 a 
0 28 2900 b 1.48 bc 0.11 a 1.26 a 2700 a l.O? a 0.09 a 0.79 a 
0 I12 3300 bc 1.54 c 0.12 ab 1.63 c 2600 a 1.08 a 0.11 bc 1.17 c 

15 0 3700 d 1.33 ab 0.16cd 1.21 a 2500 a 1.11 a 0.14 d 0.80 a 
IS 28 3500 cd 1.38 ab 0.17 cd 1.37 b 2300 a 1.18a 0.14d 0.92 b 
15 II2 3900 de 1.43 b 0.18d 1.69 c 2700 a 1.13 a 0. I4 d 1.09 c 

29 0 3600 cd 1.40 b 0.20 e 1.+0-a 2600 a -+ 1.14a 0.83 a 0.16e 
29 28 3900 de 1.36 ab 0.20 e 1.23 a 2500 a 1.10a 0.18 f 0.85 ab 
29 112 4200 e 1.37 ab 0.21 e 1.68 c 2700 a l.18a 0.17 ef I.10 c 

‘Means in a column followed by the same letter are not significantly different (K.05). 

and the PK interaction. Differences were considered significant at 
P-Co.05. 

Nutrient Concentration-Tall Fescue 

Results 

Dry Matter Yield 
Nitrogen fertilization at an annual rate of 112 kg/ ha increased 

spring yield of tall fescue from an average of 1,600 kg/ ha to 3,000 
kg/ ha (Table I). Average yield was further increased by P and K 
fertilization, the highest rates of P and K resulting in the highest 
yields (Table 1). Analysis of variance detected no significant PK 
interaction during any of the 6 years but the main effects of P and K 
fertilization pooled over years were significantly different between 
the 0, 15, and 29 kg/ ha P rates and between the 0 and 112 kg/ ha 
rates of K. Phosphorous fertilization increased spring yields of tall 
fescue starting in 1976 and increased yields each year through 1980. 
Herbage yield was increased by K fertilization in only 2 years, 1977 
and 1978. 

Nitrogen fertilization significantly increased plant nitrogen con- 
tent from 1.3 to 1.5% (Table 1). The nitrogen concentration of 
fertilized herbage was significantly lower in plots with P additions 
than in plots without added P. Nitrogen concentration was unaf- 
fected by added K, and no significant PK interactions were 
detected in any of the 6 years. Phosphorous concentration was 
significantly higher with each increment of P fertilization, and K 
concentration was significantly higher with increasing K fertiliza- 
tion. 

Nutrient Concentration-Native Grasses 
Nitrogen fertilization did not increase N content of the native 

grass herbage, nor were there any significant P or K interactions 
with N. Compared to the control, herbage P concentration was 
significantly higher with each increment of P fertilization. 

Fertilizer N Recovery 
Dry matter yields of the native grasses on check plots varied 

annually from a low of 1,600 kg/ ha in 1977 to 3,700 kg/ ha in 1979. 
None of the fertilizer treatments significantly increased native 
grass herbage production (Table 1). 

Fall herbage production by tall fescue was not dependable. In 
December, 1975 and 1977, after more than average rainfall in 
August-September, standing crop was sufficient to harvest (Table 
2). Nitrogen fertilization had a significant effect in 1977 when yield 
increased from 1,400 kg/ ha to 2,500 kg/ ha. P and K treatments 
had no significant effects on herbage production in either 1975 or 
1977. 

Recovery of fertilizer N is a function yield and N concentration. 
Thus, the native grass which had no differences in yield or N 
concentration had no significant differences due to treatments in N 
recovery (data not shown). Recovery of N fertilizer by tall fescue 
was increased by P and K fertilization with the highest rates of P 
and K resulting in greatest recovery (Table 3). Maximum recovery 
of N was 4 1 y0 by tall fescue forage and 47% by all forage harvested 
(tall fescue plus native grass). The total quantity of N fertilizer 
applied during the study was 605 kg/ ha. 

Table 3. Recovery of fertilizer N (605 kg/ha) by tall fescue and all forage 
(1975-1980).’ 

Table 2. Tall fescue herbage yield harvested in December, 1975 and 1977, 
following N, P and K fertilizer treatments. 

Fertilizer Rate (kg/ ha) December Yield (kg/ ha) 

N P K 1975 1977 

0 0 0 500 a2 14OOa 

112’ 0 0 IOOOa 2500 b 
I12 0 28 9OOa 2300 b 
I12 0 112 800 a 3000 c 

I12 15 0 IOOOa 2800 bc 
I12 15 28 700 a 2600 bc 
II2 15 I12 800 a 2900 bc 

I12 29 0 800 a 3400 c 
II2 29 28 IOOOa 3000 bc 
I12 29 II2 IOOOa 3100 c 

IN fertilization was 67 kg/ha in August and 45 kg/ha in February. 
‘Means in a column followed by the same letter are not significantly different 
(KO.05). 

Fertilizer Rate (kg/ ha) % Recovery 

P K Tall fescue All forage 

0 0 29 ab* 33 ab 
0 28 26 a 30 a 
0 I12 35 cd 39 cd 

15 0 32 bc 35 bc 
15 28 29 ab 31 ab 
15 112 38 de 43 de 

29 0 34 cd 38 cd 
29 0 34 cd 39 cd 
29 112 41 e 47 e 

,% N recovery = N(kg/ha) in fert. forage N(kg/ ha) in unfert. forage x 100 
N (k/ha) fertilizer applied 

‘Means followed by the same letter are not significantly different (PCO.05). 
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Soil Tests immobilizing it for plant uptake. 
Mean soil pH was 5.7 at the beginning and end of the study, and 

was unaffected by any fertilizer treatment. Nitrogen fertilizer had 
no measurable effect on available soil P or soil K. Annual applica- 
tion of P fertilizer resulted in a significant increase in available soil 
P (Table 4) but had no effect on pH or available soil K. Applica- 
tions of K fertilizer resulted in a significant increase in available soil 
K but had no effect on pH or available soil P. 

This tall fescue-native grass system was evaluated using mowing 
to determine forage yield and further evaluation with grazing 
should proceed with caution. The high palatability of native tall 
grass species in May would probably insure heavy grazing use of 
the native grasses. It is expected that summer deferment may be 
quite important to preservation of native grass vigor and stand 
maintenance. 

Table 4. Mean soil test values (kg/ha) from O-15 cm depth at the beginning 
(Feb. 1975) and end (Nov. 1980) of the study. 

Literature Cited 

Annual 
Fertilizer rate 

(kg/ ha) 
Feb. 
1975 

Nov. 
1980 

Alexander, C.W., and D.E. McCloud. 1962. Influence of time and rate of 
nitrogen application on production and botanical composition of for- 
ages.-Agroi. J. 54521-522. 

Bahtsko. J.A. 1977. Effects of N. P. and K fertilization on yield and aualitv 
of tall’fescue forage in winter: &on. J. 69:425-428. _ _ _ 

Black, A.L., and JR. Wi8ht. 1979. Range fertilization: Nitrogen and 
phosphorus uptake and recovery over time. J. Range Manage. 32:349-353. 

Chew, Victor. 1977. Comparisons among treatment means in an analysis of 
variance. USDA Tech. Bull. No. ARS/ H/6 (available from the author). 

Drawe, D.L., and T.W. Box. 1969. High rates of nitrogen fertilization 
influence Coastal Prairie range. J. Range Manage. 22:32-36. 

Due& R.W. 1960. Utilization of fertilizer by six pasture grasses. Agron. J. 
52277-299. 

OP 
15 P 
29 P 

OK 
28 K 

112 K 

Available Soil P 
II a1 22 a 
10a 33 b 
II a 60 c 

Available Soil K 
217 a 174a 
217a 216 b 
220 a 283 c 

‘Means in a column within an element (P or K) followed by the same letter are not 
significantly different (FYO.05). 

Discussion 
Application of N fertilization in August and February, which 

coincides with the growth cycle of tall fescue, nearly doubled 
cool-season herbage yield. The N fertilizer was apparently utilized 
by tall fescue with no residual for native grass summer production 
because the added N had no effect on August native grass yield nor 
its crude protein content. Phosphorus, at a moderate application 
rate (15 kg/ ha), enhanced tall fescue yield by about 20% in this 
situation where N was added, but soil tested P-deficient. Increases 
in yield attributable to K were minimal at all treatment levels. 

While grazing animals may select a higher quality diet than we 
were able to sample, bulk forage quality was not improved by 
additions of P and K. Regardless of soil amendments and increases 
in P and K concentrations associated with treatment additions of P 
and K, the sampled forage was always deficient in P and sufficient 
in K when compared to NRC dietary standards for a lactating beef 
cow. Nitrogen fertilization alone resulted in the largest improve- 
ment in forage nutrient content. Phosphorus and K fertilization 
diminished N concentration from that achieved by N fertilization 
alone, possibly a dilution effect caused by greater forage produc- 
tion with the same amount of available N. 

Tall fescue production in fall was an unreliable forage resource. 
The long-term mean August-September precipitation for the area 
is 15.7 cm. Fall yield was measurable only in the 2 years when 
precipitation during August-September was greater than average. 

The recovery of N fertilizer in this study (41 or 47%) was less than 
expected. A tall fescue monoculture in Oklahoma recovered at 
least 60% of the N applied at rates up to 358 kg N/ha (Elder and 
Tucker 1964). Whitehead (1970) reported that cool-season grasses 
normally have 55 to 70% recovery of N fertilizer depending on 
management and species. However, recovery of N fertilizer by a 
native hay meadow in Oklahoma averaged only 33% (McMurphy 
1970), and other native grass studies in the Southern Great Plains 
have experienced lower recovery rates (Drawe and Box 1969, 
Harper 1967). Authors of previous studies have explained lower 
than expected N recovery to be a result of N incorporation into 
roots rather than shoots (Black and Wight 1979, Power 1972). 
Another possible explanation in tall grass prairie is that a high root 
turnover rate [life expectancy of 4 years (Kucera et al. 1967)] makes 
available a high C:N (carbon:nitrogen) ratio food source for soil 
microorganisms. Soil microorganisms may utilize fertilizer N, thus 
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Site Variation in Forage Qualities of Mountain Ma- 
hogany and Serviceberry 
ROLAND c. KUFELD, MARILYN L. STEVENS, AND DAVID c. BOWDEN 

Abstract 

Nutrient and fiber content and in vitro digestible dry matter 
(IVDDM) were measured in mountain mahogany (Cercocwpus 
montanus) and serviceberry (Amelanchier obrflolk) samples col- 
lected during January from 8 geographic areas distributed through- 
out the western half of Colorado. Coefficients of variation (CV) in 
dry matter content, cell content, crude protein, soluble carbohy- 
drate, cell walls, holocellulose and IVDDM were 10% or less for 
both species. Winter variation in these parameters appears to be 
small enough to permit using a constant value for them in calculat- 
ing winter nutritional status of big game rangelands. 

Effective management of big game range requires knowledge of 
the nutritional value of important forage plants during the critical 
winter period. Forage species which comprise winter big game 
diets must be adequate in nutrient content to meet minimum 
animal requirements. 

Current procedures for evaluating nutritional status of winter 
rangelands involves chemical analysis of each forage species or of 
diet mixes to determine nutrient content (Wallmo et al. 1977, 
Hobbs et al. 1982). These analyses are time consuming and expen- 
sive. If several winter ranges were being evaluated, the time and 
cost of a detailed analysis of each plant species on each range could 
be prohibitive. Costs of evaluating a number of ranges could be 
reduced if variation among plants of the species was small enough 
to permit application of suitably selected constants to reflect winter 
nutrient content, fiber content, and digestiblity of a species regard- 
less of where collected. Sampling forage quality of individual 
species on each rangeland area of interest would then not be 
necessary. For management purposes, it may be adequate to 
determine whether the composite nutrient level for an area of 
rangeland (average nutrient levels for each forage species on an 
area combined and weighted by their percent herbage composi- 
tion) exceeds some minimum value rather than to measure actual 
composite nutrient levels. 

In a previous study (Kufeld et al. 1981), samples of gambel oak 
(Quercusgambellii)and big sagebrush (Artemisia tridentata)were 
collected during January from 9 geographic areas distributed 
throughout the western half of Colorado. These species had coeffi- 
cients of variation (CV) among areas that were less than 10% for 
dry matter content, in vitro digestible dry matter (IVDDM), and 
most cell and cell wall components. 

The objective of this study was to determine variation in nutrient 
content and digestiblity of mountain mahogany (Cercocarpus 
montanus)and serviceberry (Amelanchier alnifolia)growing under 
widely diversified conditions and in different geographic locations 
within western Colorado. 

Materials and Methods 
Our sampling system was designed to encompass the range of 

environmental site factors existing within mountain mahogany 
and serviceberry habitat in western Colorado. The design maxim- 
ized distances and elevation levels between plant collection loca- 
tions and included samples from the major vegetation types in 
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which each species occurs in Colorado. The objective was to 
encounter as much geographic variation in nutrient and fiber and 
content and digestiblity as possible within each plant species. 

During January, 1979, samples of mountain mahogany and 
serviceberry were collected from 8 widely distributed geographic 
areas throughout the western half of Colorado. The 8 areas where 
mountain mahogany samples were collected were not always the 
same as the areas where serviceberry samples were collected. For 
each species, the 8 areas represented 2 major vegetation types as 
described by Costello (1954). Mountain mahogany samples were 
collected from 4 geographic areas where mountain mahogany was 
the dominant vegetation, and from 4 areas where pinyon-juniper 
(Anus edulis-Juniperus osteosperma) was dominant. Four areas 
where serviceberry samples were collected represented the gambel 
oak-serviceberry type and 4 areas represented the pinyon-juniper 
type. 

A single sample (70-100 g, green weight) of each species was 
collected at each of 5 sites within each geographic area. Each 
sample was a composite from 15 to 30 plants growing on a site. The 
5 collection sites within each geographic area were distributed 
throughout the area and separated by distances of at least 8 km (5 
mi) and often 32 to 48 km (20 to 30 mi). Collection sites were 
diversified elevationally and in steepness of slope and aspect. 

Plant collections consisted of current annual growth stems; leaf 
remnants were excluded. A portion of each sample was air dried, 
then oven dried, ground, and analyzed for the following: dry 
matter; total cell contents, including crude protein (Kjeldahl N X 
6.25) ether extract, soluble ash, and soluble carbohydrate (Associ- 
ation of Official Agricultural Chemists 1965); total cell walls 
including acid insoluble ash, lignin, hemicellulose, cellulose, holo- 
cellulose (Fonnesbeck and Harris 1970a, 1970b, 1971). The 
remaining portion of each sample was used to determine IVDDM 
using Pearson’s (1970) modification of the method described by 
Tilley and Terry (1963). Inoculum was from a Holstein cow main- 
tained on native grass hay. Data were analyzed by analysis of 
variance with geographic areas nested within vegetation types. 

Results and Discussion 

Most nutrient and fiber components in both mountain maho- 
gany and serviceberry differed (x.05) among vegetation types, 
among geographic areas, and among areas within vegetation types. 
Even though differences occurred which are statistically signifi- 
cant, the degree of variation as reflected by CV among the 8 area 
means (Tables 1 and 2) was relatively small. Thus, data reflect 
relatively little mid-winter variation from one locality to another in 
content of most nutrients and fiber components in both species. 
The CV in dry matter content, cell content, crude protein, soluble 
carbohydrate, cell walls, and holocellulose were all less than 10% 
for both shrub species. 

The CV among area means for IVDDM was 3.8% for mountain 
mahogany and 10.0% for serviceberry (Tables 1 and 2). If, for 
example, yield of digestible forage during winter was being mea- 
sured on several parcels of western Colorado rangelands, use of 
mean or median IVDDM values of 29.790 and 29.4%, respectively, 
for mountain mahogany and 30.1% or 31.090, respectively, for 
serviceberry should provide a relatively accurate estimate of 
IVDDM for those species. 

Minimum values for the range of each mean (Tables 1 and 2) 
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Table 1. Percent nutrient content in mountain mahogany collected during January 8 from 8 geographic areas distributed throughout western Colorado.1 

Nutrient 

Dry matter content 

Crude protein 
Soluble carbohydrate 
Ether extract 
Soluble ash 
Total Cell Contents 

Lignin 
Hemicellulose 
Cellulose 
Holocellulose 
Insoluble ash 
Total Cell Walls 

In vitro digestible dry matter 
(IVDDM) 

Mean 

66.4 

6.4 
33.2 

4. I 
2.3 

46.0 

19.2 
8.2 

26.4 
34.7 

0.2 
54.0 

29.7 

Standard 
deviation (SD) 

1.2 

0.4 
3.1 
1.4 
0.3 
2.3 

2.4 
1.7 
3.3 
2.8 
0.2 
2.3 

I.1 

8 Geographic area means 

Coefficient of 
variation (CV) 

(%I) Minimum 

1.8 64.3 
Cell Contents’ 

6.6 5.9 
9.3 27.5 

33.7 2.2 
14.3 I.9 
5.1 42.3 

Cell Walls’ 
12.2 15.9 
20.4 5.9 
12.4 20.2 
8.1 28.9 

91.2 0.0 
4.3 50. I 

Digestibility’ 

3.8 28.8 

Range2 

Maximum 

68.0 

7.1 
36.7 

6.3 
2.8 

49.9 

23.1 
II.0 
30.2 
38.3 

0.5 
57.7 

32.4 

Median 

66.6 

6.4 
32.9 

4.4 
2.3 

45.2 

18.9 
8.4 

26.9 
35.2 

0.2 
54.8 

29.4 

‘Data are based on collections of 5 samples from widely separated locations within each of 8 geographic areas throughout western Colorado. 
‘Minimum and maximum range valuesalso represent the 95% confidence interval for the median ofarea means ascalculated using proceduresdescribed by Dixon and Massey 
( 1969) p. 349. 
Walues are based on 100% dry matter. 

Table 2. Percent nutrient content in serviceberry collected during January from 8 geographic areas distributed throughout western Colorado.’ 

8 Geographic area means 

Coefficient of 
Standard variation (CV) Range’ 

Nutrient Mean deviation (SD) (%) Minimum Maximum Median 

Dry matter content 61.9 I.1 1.8 60.5 63.9 61.7 
Cell Contents’ 

Crude protein 6.2 0.6 9.5 5.0 6.7 6.4 
Soluble carbohydrate 29.8 2.4 7.9 26.2 32.9 29.9 
Ether extract 2.5 0.7 27.0 1.6 3.5 2.6 
Soluble ash 1.8 0.4 21.9 1.3 2.4 1.6 
Total Cell Contents 40.3 2.2 5.5 36.3 43.3 40.5 

Cell Walls3 
Lignin 18.9 2.0 10.5 16.7 22.8 18.7 
Hemicellulose 8.2 2.0 24.3 6.5 Il.4 7.2 
Cellulose 32.5 4.7 14.4 24.4 38.3 33.2 
Holocellulose 40.7 3.6 8.9 35.0 44.8 40.9 
Insoluble ash 0.5 0.2 37.4 0. I 0.7 0.5 
Total Cell Walls 59.8 2.2 3.7 56.7 63.7 59.7 

Digestibility’ 
In vitro digestible dry matter 

(IVDDM) 30. I 3.0 IO.0 26.7 35.3 31.0 

‘Data are based on collections of 5 samples from widely separated locations within each of 8 geographic anxs throughout western Colorado. 
SMinimumand maximum range valuesalso retwesent the 95%,cconfidence interval forthomcdian ofarea mcansascalculatcd usingproceduresdescribed by Dixonand Massey 
(1969) p. 349. 
‘Values are based on IOOY‘dry matter. 

represent one-sided, nonparametric, lower tolerance limits for dry 
matter, nutrient, and fiber components and digestiblity for each 
species (Dixon and Massey 1968, p. 348). These can be used to 
reflect the proportion of ranges (or areas) with plant nutrient, fiber 
or digestiblity levels above the smallest mean area value at a given 
level of confidence. For example, these values might be used as 
follows: using 8 area samples means (based on 5 samples per area) 
which range from 28.8% to 32.4% IVDDM for mountain maho- 
gany (Table 1) one can be 95% sure that at least 70% of the 
geographic mean IVDDM values encountered in mountain maho- 
gany in Colorado, during January, would exceed the minimum 

value of 28.8%. By using the minimum value, one could be reason- 
ably sure the estimate of IVDDM is conservative. 

The relatively small degree of variation among locations in 
nutrient, fiber content and IVDDM in mountain mahogany and 
serviceberry during winter is consistent with that found in gambel 
oak and big sagebrush (Kufeld et al. 1981). Variation in nutrient 
and fiber content and 1VDDM appears to be small enough to 
permit application of mean or medium values for all 4 species with 
sufficient accuracy to estimate available nutrients on rangelands 
for management purposes. One-sided nonparametric tolerance 
levels (Dixon and Massey 1969. p. 348) can be employed to ensure 
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that estimates of nutrient and fiber production and digestiblity 
based on such data are conservative. 

Data presented herein reflect spatial but not temporal variation. 
We suggest that use of a constant value to estimate nutrient quality 
of additional range plants also incorporate data reflecting year-to- 
year variation. 
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Long-term Residual Effects of Nitrogen Fertilization 
on western Wheatgrass 
LARRY M. WHITE 

Abstract 

Nitrogen (N) fertilization can be an effective way of increasing 
forage production. The question is how much does N fertilization 
increase forage yield of western wheatgrass (Agropyron mnithti) 
when there is not a shift in species composition as occurs when N is 
applied to a native range site. The objectives of this research were 
to determine the residual effects of a single application of (1) 6 
geometric rates of N and phosphorus (P) on forage yield, in vitro 
dry matter digestibility (IVDMD), crude protein (CP), and phos- 
phorus (P) concentration (cone) of western wheatgrass grown near 
Sidney, Mont. during a lO-year period. Ammonium nitrate was 
applied at 0,40,80,160,320, and 640 kg N/ha in March 1973 and 
triple super phosphate at 45 kg P/ha on split plots during August 
1975. A single application of N increased forage yield by 0.0, 0.0, 
0.95, 0.35,0.0, 1.16, 0.52, and 1.41 kg/ha per kg of N applied the 
lst, 2nd, 3rd, 4th, Sth, 6th, 7th, and 10th year sampled, respec- 
tively, regardless of N rate. Nitrogen fertilization increased the 
accumulative forage (IYO.01) and CP (X0.01) yield over the 8 
harvest-years by 4.35 and 0.87 kg/ha per kg of N applied. Nitrogen 
fertilization increased the average forage IVDMD by 0.1 percen- 
tage units (KO.05) and decreased P cone by 0.03 percentage units 
per 100 kg N/ha applied (KO.01). Application of 45 kg P/ha in 
1975 increased the P cone of the forage an average of 0.04 percen- 
tage units each year, increased forage yield only the 10th year by 
150 kg/ha, and had no effect on IVDMD or CP. This study also 
showed that long-term observations are necessary to measure the 
residual effects of fertilization. 

Nitrogen(N) fertilization can effectively increase forage produc- 
tion in the northern Great Plains. Annual applications of 35 to 55 
kg N/ha have doubled forage production of native range plant 
communities (Wight 1976). Read (1969), Wight and Black (1979) 
and Power (1981) found that a single application of N to native 
range in the Northern Great Plains increased forage yields for 4 to 6 
years. However, they did not know what proportion of the forage 
increase was due to residual N per se or to a shift in species 
composition. Nitrogen fertilization has generally increased the 
composition of cool-season species such as western wheatgrass 
(Agropyron smithii) and decreased warm-season species such as 
blue grama (Bouteloua gracilis)( Rogler and Lorenz 1965). Forage 
yield increases from N fertilization on native range are probably 
largely due to a species shift. No literature was found on the 
long-term effects of a single application of N fertilizer on a mono- 
culture of western wheatgrass. 

Nitrogen fertilization has had variable effects on forage quality. 
No literature was found on the effects of N fertilization on digesti- 
bility of western wheatgrass forage. Studies have shown that N 
fertilization increased the in vitro dry matter digestibility (IVDMD) 
of bermudagrass (Cynodon dactylon) (Fribourg et al. 197 1, Talia- 
ferro et al. 1975), weeping lovegrass (Erugrostis curvulu), and old 
world bluestem (Bothriochloa ischaemum var. ischoemum)(Talia- 
ferro et al. 1975). However, other studies have shown that N 
fertilization had no effect on the IVDMD of reed canarygrass 
(Phuluris arundinaceu) (Niehaus, 1971), bromegrass (Bromus 
inermis), orchardgrass (Dactylisglomerata), and timothy (Phleum 
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pratense) (Calder and MacLeod 1968) and decreased IVDMD of 
Italian ryegrass (blium mult$Jorum) (Binnie et al. 1974). Nitro- 
gen fertilization has generally increased the crude protein (CP) 
concentration (cone) of western wheatgrass grown on native range 
(Black and Wight 1979; Rogler and Lorenz 1965). Black (1968) 
found that application of N on a native range reduced the phos- 
phorus (P) cone of the forage. He found that application of P 
fertilizer significantly increased the P cone in the forage from 0.10 
to 0.12%. 

The objectives of this research were to determine the residual 
effects of a single application of (I) 6 geometric rates of N and (2) 
one rate of P on forage yield, IVDMD, CP, and P cone of western 
wheatgrass forage grown near Sidney, Mont. during a IO-year 
period. 

Materials and Methods 

The study site was 7 km southeast of Sidney, Mont. at an 
elevation of 610 m. ‘Rosana’ western wheatgrass was seeded on a 
Shambo loam soil (Typic Haploborolls, fine-loamy, mixed) in 
September 1971 on land summer fallowed for 2 years (1970,197l). 
Analysis of the 0 to 7.5-cm depth of soil in March of 1973 showed 
that pH of a saturated paste was 8.0 and conductivity was 0.5 
mmhos/cm; organic matter, 3.9%; sodium bicarbonate-extractable 
P, 11 ppm; ammonium acetate-extractable K, 440 ppm: and 
exchangeable Ca, Mg, and Na, was 14, 3, and 0.5 meq/lOO g, 
respectively. The site had previously grown small grains for a 
number of years. Average annual precipitation (PT)at the site was 
345 mm with 21% received from October through March, 44% 
from April through June, and 35% from July through September. 
January and July long-term mean temperatures were -13 and 20° 
C respectively, and the average frost-free period was 122 days. 
Additional details of the study site were previously reported in 
publications on effects on N fertilization rates on cone of nitrate-N 
(White and Halvorson 1980); major cations (Halvorson and White 
1981); and minor cations (Halvorson and White 1983) of western 
wheatgrass during 1973 and 1974. 

A single application of ammonium nitrate was broadcast at 0, 
40,80, 160,320, and 640 kg N/ha on plots 5 by 6 m in late March 
1973. Plots were arranged in a randomized complete-bock design 
with four replications. Because of low forage yield response to N 
fertilization in 1973 through 1975 and the fact that sodium 
bicarbonate-extractable soil Pin the 0 to 7.5-cm depth was only 11 
ppm (bottom of the moderate range) plots were split in August 
1975 and half of each plot, selected randomly, was broadcast 
fertilized with 45 kg P/ha as triple super phosphate to determine if 
P fertilization would increase the forage yield response to N fertili- 
zation. Western wheatgrass forage at anthesis was harvested to a 
S-cm height from a 0.35- by 4-m area yearly from 1973 through 
1979, and 1982. Forage from the remainder of the plot was also 
harvested a few days later and removed. Plant material was dried at 
70 C for 48 hours and ground to pass a l-mm screen before 
analysis. 

The IVDMD was determined by a modification of the Tilley and 
Terry two-stage method as previously described by White et al. 
(1981). Nitrogen cone was determined by the macro-Kjeldahl 
method. Nitrogen was multipled by 6.25 to estimate CP. The P 
cone was determined by wet digesting the forage samples with 
perchloric-sulfuric acid on a block digestor. The digest was ana- 



lyzed with an autoanalyzer by vanadate-molybdate method. Table 1. Precipitation, soil water used, ET (late April through June) and 
forage yield of western wheatgrass grown without N fertilization during a 
l&year period near Sidney, Mont. 

Soil nitrate levels were determined by cornpositing two soil cores 
taken one meter apart from each plot in 30cmdepth increments to 
0.6 m depth in March 1973 and to 1.2 m depth in October 1973 and 
1974. 

Daily PT was measured at the site from April through October 
in a standard 20-cm diameter rain gauge. The PT data from 
November through March were obtained from an official weather 
station 7 km away which was located on similar topography. Soil 
water (SW) content by 3O-cm increments from 0- to 270-cm depth 
was determined every two weeks from late April through July each 
year from 1973 through 1982 with a neutron probe in nonfertilized 
plots. Evapotranspiration (ET) was defined as the net SW loss in 
the O-to 120-cm profile plus PT received from late April through 
anthesis (about June 30) (PTa-j) each year. The SW data showed 
that there was no evidence of S W percolation below 120 cm depth. 
There was no evidence of surface runoff during the study. 

The effects of N and P fertilization each year on forage yield, 
IVDMD, CP, and P cone in the forage were analyzed with an 
analysis of variance using a split plot in space design. Since P 
fertilization had no effects on forage yield (except in 1982), 
IVDMD, and CP the data from the P fertilized plots was deleted 
and an analysis of variance was run only on data without P 
fertilization over years using a split plot in time design. The effects 
of N fertilization on treatments means was partitioned into linear, 
quadratic, cubic, and residual components (Steel and Torrie 1960). 
Since the year-by-N interaction was significant for all except 
IVDMD, a 2-way analysis of variance was also conducted separ- 
ately for each set of data each year. Treatment effects were again 
partitioned into linear, quadratic, cubic and residual components. 
Forage yield, digestible forage yield, total N and P harvested in the 
forage each year were accumulated over years and the increase over 
the check (0 N) plot for each replication was also analyzed with a 
2-way analysis the same as described above. Stepwise (addition) 
multiple regression was used to determine whether PT from late 
April through June (PTa-j), SW used from late April through June 
(SWa-j), or ET from late April through June (ETa-j) was most 
closely correlated with nonfertilized forage yields of western 
wheatgrass. All differences mentioned in this paper are significant 
at the X0.05 probability level unless other stated. 

Precipitation Soil water Total 
Year Ott-Dect Jan-Mar Apr-Jun usedtt ET 

_____----mm---------- 

1973 36 15 167 +30 197 
1974 38 35 167 +I6 183 
1975 36 41 173 +47 220 
1976 76 28 175 +I2 187 
1977 30 25 99 +32 I31 
1978 63 46 178 -9 169 
1979 48 43 83 +64 147 
1982 41 76 150 +39 189 
Avg. 46 38 149 +29 178 

t previous year 
tt late April through anthesis 

Forage 
yield 

kg/ha 
1630 
1850 
2320 

880 
330 

1250 
520 

1480 
1282 

A single application of N fertilizer did not consistently increase 
forage yields of western wheatgrass over the g-years harvested 
(significant year-by-N interaction) (Table 2). Nitrogen fertilization 
in March of 1973 did not increase forage yields the lst, 2nd, or 5th 
years, but did increase them each of the other five years (Fig. 1). 
Apparently residual N from two years of summer fallowing 
masked the fertilizer N response the first two years. Drought the 
5th year prevented a N fertilizer response. A single application of N 
increased forage yields by 0.95,0.35, 1.16,0.52, and 1.41 kg/ ha per 
kg of N applied during the 3rd, 4th, 6th, 7th, and 10th years 
harvested, respectively, regardless of the N rate applied (Table 2 
and Fig. 1). Wight and Black (1979) found that a single application 
of 112 and 336 kg N/ha to native range increased averaged forage 
yields over the next 8 years by 4.2 and 2.3 kg/ha per kg of N 
applied. This is over twice the 0.55 kg/ ha average increase found 
for seeded western wheatgrass. Wight and Black (1979) found that 
the forage yield response was the greatest the first year after appli- 
cation (6.4 kg/ ha) then gradually decreased to 1.5 kg/ ha by the 
eighth year. In contrast seeded western wheatgrass response was 
the greatest the 10th year after application. 

Results and Discussion 
Forage Yield 

Lack of PT for a month after fertilization (20 Mar. 1973 until 
late April, 1973) limited the response of western wheatgrass to N 
fertilization the first year and may have caused some volatilization 
of the surface applied ammonium nitrate. The PTa-j was above 
average for all study years except 1977 and 1979 (Table 1). 

Mason and Miltimore (1972) were the only other researchers to 
find that residual effects of a single application of low rates of N 
increased forage yields for more than 10 years. Power (198 1) found 
that application of less than 270 kg N/ha only increased native 
forage yield 1 to 3 years in a 10 year study. Kilcher et al. (1965) and 
Read (1969) found that residual effects from low rates of N lasted 
as long as their studies, 4 and 6 years, respectively. Application of 
over 300 kg N/ ha has increased native forage yield for over 8 years 
in 8- to IO-year studies (Smoliak 1965, Wight and Black 1979, 
Power 1981). 

Table 2. Summary of forage yield, IVDMD, CP, and P cone of western wheatgrass response surface (L=linear, Q=quadrntie, C=cublc) to a single 
application of 0,40,80,160,320, and 640 kg N/ha fertilizer in 1973 without P fertilization. 

Forage Yield IVDMD CP 

Year Sig. rz Sig. r2 Sig. r* 

1973 NS -- *L 0.79 
1974 NS -- *L 0.84 
1975 *L 0.47 ‘Q 0.98 
1976 l *L 0.95 “Q 0.97 
1977 NS -- *L 0.93 
1978 **L 0.95 *L 0.99 
1979 l *L 0.67 l *c 0.99 
1982 **L 0.95 l Q 0.98 
NXY Inter. l * NS ** -- -- -- 
N overall *L 0.89 _- -- -- -- 

NS, * *nonsignificant (KO.05). significant (p>o.OS), or highly significant (pM.01) response surface to N fertilization. 

P 

Sig. r2 

NS -- 
NS -- 
*L 0.38 

NS -- 
NS -- 
*L 0.77 
‘Q 0.91 
l *L 0.72 

** -- 
-- -- 
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Fig. 1. Forage yield of western wheatgrass near Sidney, Mont. during a 

IO-yearperiod (numbers on lines represent years, O=lOthyear)as affected 
by a single application of 0,40,80, 160.320, and 640 kg N/hafertilizer in 
1973. 

Each kg N/ha applied in I973 increased the accumulative forage 
yields over the 8-harvest years an average of 4.35 kg/ ha (Equation 
1). 

Increased forage (kg/ ha) q  256.4 + 4.35 X N rate (kg/ ha), r* q  0.9 (1) 

There was no difference in the efficiency of N use between the 
different N rates. Apparently the effects of N fertilization applied 
in 1973 will continue for more than 10 years as evidenced by 1982 
yields (Fig. 1). Low PT limited the forage yield but when normal 
PT was received the residual N increased forage yields. 

In August 1975, plots were split and 45 kg P/ha was applied to 
half of each plot to determine if P was limiting the N fertilizer 
response. The P fertilization did not affect forage yields of western 
wheatgrass in 1976, 1977, 1978, but significantly increased it by 150 
kg/ ha in 1982. Wight and Black (1979) reported that single appli- 

cation of up to 224 kg P/ha on native range near Sidney, Mont. 
increased forage yield over the next 8 years by 20%. 

Evapotranspiration 
Stepwise regression showed that ETa-j was more highly corre- 

lated (X0.05) with nonfertilized forage yield during the 8 years 
harvested than was PTo-d, PTj-m, PTa-j, SWa-j used, or recip- 
rocal of stand age (years). Variation of ETa-j only accounted for 
56% of the variation in forage yield. The second most important 
variable was PTo-d of the previous year. Variation of ETa-j and 
PTo-d together accounted for 65% of the variation in forage yield 
during the 8 years harvested. Eliminating the first two years of data 
(1973 and 1974), ETa-j then accounted for 74% of the variation 
and ETa-j plus PTo-d together accounted for 79% of the variation 
(Equation 2). 

Forage yield (kg/ha)-1658+18.6 ETa-j(mm)-9.3 PTo-d(mm), r*=0.79 (2) 

It was surprising to find that the coefficient for PTo-d was nega- 
tive, suggesting decreased forage yield the following year. PTa-j 
was excluded from the stepwise regression model after ETa-j was 
selected. 

The amount that N fertilization increased forage yields from the 
1st through 10th year was not significantly correlated with ETa-j 
(G.27). Variation in ETa-j and forage yield increases from N 
fertilization apparently were not correlated because of the residual 
effects of summer fallowing for 2 years and stand age. White (1985) 
showed that forage yields of four grasses were higher per cm of 
PTa-j received during the first few years after establishment than 
in subsequent years. The effects of N fertilization on water-use 
efficiency can not be determined since SW was measured only on 
the nonfertilized plots. 

Soil Nitrate-N 
Two years of summer fallowing mineralized 68 kg/ ha of nitrate- 

N in the 0- to 60-cm depth as of March 1973 (Table 3). If it is 
assumed that the soil nitrate present in October 1974 was similar to 
that present in March 1973 then an additional 40 kg/ ha nitrate-N 
would be present in the 60- to 120-cm depth making a total in the 
profile of 108 kg/ ha. Western wheatgrass used most of the applied 
N in the O-to 30-cm depth and there was a marked accumulation in 
the 30-to 60-cm depth both in 1973 and 1974. There was an average 
of 64 kg/ ha more nitrate-N present in October 1974 than October 
1973 when averaged over all N fertilization rates. The large 
increase in new roots the second year after seeding could have 
immobilized rather substantial amounts of nitrate-N which was 
later released. Over half of the applied N was not found as soil 
nitrate-N after application (Table 3). Power (1972) also found that 
about half of the N applied to native grass was either immobilized 

Table 3. Soil nitrate-N levels by 3O-cm depth increments present before and after N fertilization of western wheatgrass. 

N Depth, cm Total 
Sample date rate O-30 30-60 60-90 90-120 N 

-______----__-------~g/~~----.--_._._____---_----_ 
March 73 0 I9 49 207 20t 108 

0 1 6 7 3 I7 
40 I 2 5 2 IO 
80 I 18 7 1 27 

Oct. 73 160 1 IO1 9 6 II7 
320 1 I52 14 4 I71 
640 2 255 21 10 288 

0 20 21 21 17 79 
40 27 19 22 20 88 
80 20 27 34 25 106 

Oct. 74 160 I5 50 39 20 124 
320 34 137 61 37 269 
640 24 223 69 30 346 

t Estimated assuming that soil nitrate-N value measured in 1974 at 60-to 90- to 120sm depths were similar to those present in March 1973. 

Applied 
N left 

% 
- 

0 
12 
62 
48 
42 

22 
34 
28 
59 
42 
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Fig. 2. Average IVDMD of western wheatgrass near Sidney, Mont. during 

a I@year period as affected by a single application of 0,40.80. 160.320, 
and 640 kg NJha fertilizer in 1973. 

or lost. Power and Legg (1984) found that growing conditions the 
first month or two after N application had a greater influence on N 
recovery than other factors. However, they found that recovery of 
tagged N was greater in drier than wetter years. 

Digestibility 
Addition of each 100 kg N/ha fertilizer significantly increased 

IVDMD 0.1 percentage units (Equation 3, Fig. 2). There was no 

IVDMD (%) = 64.74 + 0.001 X N rate (kg/ha), r* = 0.80 (3) 

significant interaction between years and N rates which indicates 
that N fertilization increases IVDMD the same over all years 
(Table 2). Application of each kg N/ha significantly increased the 
accumulative digestible forage yield linearly over the 8 years har- 
vested by 2.9 kg (Equation 4). Application of P fertilizer had no 

Dig. yield (kg/ ha) = 154.3 + 2.90 X N rate (kg/ ha), r* = 0.95 (4) 

significant effects on the IVDMD of western wheatgrass during the 
3 years it was measured (1976, 1978, 1982). 

The IVDMD of nonfertilized western wheatgrass forage aver- 
aged 65.6,65.3,62.2,63.6,66.5,65.6,65.1, and 65.7% the lst, 2nd, 
3rd, 4th, 5th, 6th, 7th, and 10th years, respectively. Regression 
analysis showed that average IVDMD of nonfertilized forage 
decreased 1.0 percentage units per every 1000 kg/ ha increase in 
forage yield which is about half of that found for introduced 
grasses near Sidney, Mont. during the same period (White and 
Wight 1984). 

Crude Protein 
The single application of N in March of 1973 significantly 

increased CP cone in western wheatgrass all years but there was a 
significant year-by-N rate interaction (Table 2 and Fig. 3). During 
the first two years, N fertilization increased CP linearly, during the 
3rd and 4th years N increased CP more per unit of N applied at the 

0 200 400 600 800 
N FERT. RATE (kg/ha) 

Fig. 3. Crudeprotein of western wheatgrass near Sidney, Mont. during a 
1 O-year period (numbers on lines represent years, O=lOth year)as affected 
by a single application of 0,40,80,160,320, and 640 kg N/ hafertilizer in 
1973. 

lower rates than at the higher rates. However during the 5th and 
6th years, N fertilization increased CP linearly and during the 7th 
and 10th Years the lower rates nroduced less CP ner unit of N 
applied than the higher rates. 

1 . 

s 

m 0.1 
I? 
: 
a 0.1 
g 
I 
a 0.1 

0.08 I I I 
0 200 400 600 800 

N FERT. RATE (kg/ha) 
Fig. 4. Phosphorus of western wheatgrass near Sidney, Mont. during a 

lO-yearperiod (numbers on lines represent years, O=lOth year) as affected 
by a single application of 0,40,80,160,320, and 640 kg N/ ha fertilizer in 
1973. 
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Accumulated over the 8-harvest years, all rates of N fertilizer 
increased CP yield by 0.87 kg/ ha per kg of N applied (Equation 5). 

CP yield (kg/ ha) = 36.7 + 0.87 X N rate (kg/ ha), r2 q  0.97. (5) 

This means that only 14% of the applied N was recovered as N in 
the plants at anthesis during the 8 years harvested. Application of P 
fertilizer had no significant effect on the CP of western wheatgrass 
forage during the years measured (1976, 1978, 1982). 

Phosphorus 

wheatgrass by 0.16 and 0.25 percentage units per day (White 1983). 
Generally CP was above the minimum level required by most beef 
cattle (10%; NRC 1976). Increased CP would only slightly increase 
the digestible energy of the forage and therefore not have a mea- 
sureable effect on livestock weight gains. After the effects of 
summer fallowing disappeared, residual N from fertilization signif- 
icantly decreased P cone of western wheatgrass except during the 
drought, thus intensifying a critical P deficiency in the animal 
forage. Application of P fertilizer increased the plant P to provide 
the minimum P requirements for dry pregnant cows two years out 
of the three that this value was measured. 

Nitrogen fertilization effects on the P cone of western wheat- 
grass forage were not consistent over all years (significant year-by- 
N interaction) (Table 2). In this study N fertilization had no effect 
on P cone of forage the first two years nor the 4th and 5th years 
after application (Fig. 4). During the 3rd, 6th, and 10th years, N 
fertilization decreased the P cone from 0.025 to 0.035 percentage 
units per each 100 kg N/ha applied regardless of N rate. Nitrogen 
fertilization, however, decreased P cone more per unit of N applied 
at the lower N rates than at the higher rates during the 7th year. It 
appears that application of N will decrease P cone of forage much 
longer than 10 years. Black and Wight (1979) also found that N 
fertilization decreased the P cone of native range forage the 8 years 
of their study. The P cone of western wheatgrass harvested at 
anthesis was never adequate to meet the minimum P requirements 
of dry pregnant cows (0.18%; NRC 1976). 
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Effects of Controlling Black-tailed Prairie Dogs on 
Plant Production 
DANIEL W. URESK 

Abstract 

Plant production of 43 plant species was evaluated for three 
treatments after poisoning black-tailed prairie dogs (Cyrzomus 
ludoviciunus) on rangelands in western South Dakota. The three 
pre-poison treatments were ungrazed (no cattle or prairie dogs), 
prairie dogs only, and cattle plus prairie dogs. Western wheatgrass 
(Agropyron smithii) had lower production on the prairie dog, and 
cattle-prairie dog treatments 4 years after prairie dog control, when 
compared with no grazing. Buffalograss (Buchloe doctyloides) 
showed a decrease in production on the cattle plus prairie dog 
grazing treatment, when compared to no grazing. Production of 
needleleaf sedge (Carex eIeocharis) was lower on the cattle-prairie 
dog treatment, when compared to the prairie dog treatment. No 
other significant differences were observed over the Cyear period 
among the three treatments for all other species, including grass 
and forb categories. Prairie dog control did not increase plant 
production over a 4-year period. Additional time with reduced 
livestock grazing may be required to increase forage production. 

The black-tailed prairie dog (Cynomys ludovicianus) has been 
considered a “pest” since the late 1800’s, because of alleged compe- 
tition for forage with cattle (Merriam 1902). Control of the black- 
tailed prairie dog has been considered necessary to increase forage 
production on rangelands. Although competition for forage 
between prairie dogs and cattle has not been fully assessed, Hansen 
and Gold (1977) reported a similarity index of 0.64 between diets of 
these two herbivores. Kelso (1939) stated that 76% of the plants 
consumed by prairie dogs were used by livestock as forage. Other 
dietary studies indicated that black-tailed prairie dogs ate mainly 
grasses, followed by forbs and shrubs (Tileston and Lechleitner 
1966, Summers and Linder 1978, Fagerstone et al. 1981, Uresk 
1984). 

O’Meilia et al. (1982) found no differences in forb production 
between steers only or steer plus prairie dog treatments. However, 
less blue grama (Boutelouagracilis), and sand dropseed (Sporobo- 
lus cryptandrus) were available on the prairie dog pastures. 
Aboveground production of other grass species also were signifi- 
cantly reduced on pastures with prairie dogs. Other studies 
(Koford 1958, Taylor and Loftfield 1924, Osborn and Allan 1949, 
Bonham and Lerwick 1976, Potter 1980, and Coppock et al. 1983) 
have examined standing crop of plants or canopy cover on prairie 

Author is research biologist, at the Rocky Mountain Forest and Range Experiment 
Station’s Research Work Unit in Rapid City, SDS7701, in cooperation with the South 
Dakota School of Mines. Station headquarters is in Fort Collins, in cooperation with 
Colorado State University. 
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dog towns being grazed by prairie dogs or prairie dogs with 
another large herbivore, or have examined plants on abandoned 
prairie dog towns. Little information is presently available for 
vegetation response on grazed areas after prairie dog poisoning on 
western rangelands. The purpose of this study was to determine if 
plant production under cages increased after removal of black- 
tailed prairie dogs on areas grazed by prairie dogs only, cattle plus 
prairie dogs, and an ungrazed treatment. 

Study Area and Methods 

The study was conducted in Conata Basin, approximately 29 km 
south of Wall, S. Dak. over a 5-year period. The climate is 
semiaridxontinental and is characterized by cold winters and 
warm summers. The mean temperature is 10°C ranging from 
-5’C in January to 26’C in July. Average annual precipitation is 
39.7 cm, based on 20 years of climatological information from 
Badlands National Park, Cedar Pass Visitor Center weather sta- 
tion, 21 km from the study area. Most of the precipitation falls as 
rain during the growing season (April-September). Yearly effec- 
tive precipitation (October I to September 30) for the 5 study years 
(1978-1983) was 38.3, 27.7,42.9, 58.6, and 46.3 cm, respectively. 

The dominant grasses in Conata Basin are blue grama, buffalo- 
grass (Buchloe dactyloides), needleleaf sedge (Carex eleocharis), 
and western wheatgrass (Agropyron smithii). Dominant forbs are 
scarlet globemallow (Sphaeralcea coccinea), prostrate vervain 
(Verbena bracteata), buckhorn (Plantago spinulosa), and dogweed 
(Dyssodia papposa). 

The rangeland in Conata Basin was grazed by both cattle and 
black-tailed prairie dogs before this study. Cattle grazed the area 
from mid-May to the end of October of each year. Stocking levels 
varied depending upon moisture and available forage. Three 
treatments were established in 1974 (on areas previously grazed by 
both cattle and prairie dogs): (1) ungrazed (no prairie dogs or 
cattle), (2) prairie dogs grazing only, and (3) cattle - prairie dogs 
grazing (Uresk and Bjugstad 1983). These treatments were operat- 
ing from the beginning of the grazing season in 1975 until prairie 
dog poisoning in 1979. Prairie dogs were poisoned in September 
1979 with zinc phosphide-treated oats (Schenbeck 1982). After 
1979, there was no grazing by prairie dogs on the treatments, but 
cattle continued to graze (treatment 3) during this period. 

A set of 3 treatment plots were established on 3 different sites on 
an area approximately I700 ha. Each treatment plot was 0.4 ha and 
located adjacent to the other plots. Sites were spaced about 1.6 km 
apart. Five cages 1.2 X 2.4 m were randomly established on each 
treatment plot to obtain production data. All cages were moved to 
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Table 1. Treatment differences in production (kg/ha) of important plant species. Data were adjusted for pre-treatment measurements (1979). Pretreat- 
ment data were subtracted from 1980 (1st year) and 1983 (4th year) for individual replicates to obtain differences associated with treatments. 

Production X zt SE 

Time since 
Plant poisoning No gra7ing Prairie dogs’ 

Western wheatgrass 1 -14 + 22 -27 * 19 
(Agropyron smithii) 4 67 + 20” -28 + 4Sb 

Buffalograss I -14 + 117 -148 * 119 
(Buchloe dactyloides) 4 316 k 32” 742 + 767”b 

Needleleaf sedge 1 -59 + 15 -47 + 24 
(Carex eleocharis) 4 -102 + 32*b -68 It 7” 

‘Prairie dogs were poisoned on these treatments during September 1979. 
‘Means followed by the same letter superscript were not significantly different (PX.20) by row. See text for actual probability values. 

Cattle- 
prairie dogs’ 

-69 f 49 
-73 + 63b 

-196 + 170 
-19 + 29b 

-54f 12 
-87 + 5b 

a new location at random each spring, before plant growth began; 
plots were clipped during late July and early August. Plants were 
harvested at ground level from two quadrats of 31 X 61 cm ran- 
domly located under each cage. All plants were oven dried at 60° C 
for 48 hours and were weighed to the nearest 0.1 gram. Weights for 
each treatment were expressed as mean kg/ ha by replicate for 
analyses. Vegetation was sampled in 1979 (before poisoning), 1980 
and 1983. 

A total of 40 other plant species (10 grasses and 30 forbs) was 
analyzed, among treatments with no significant effects (m.20). 
Other grasses and forbs were also examined; but no differences 
were found over the Cyear period (m.20) among treatments. 
The minor plant species were highly variable, showing no effects 
due to treatments. 

Discussion 
Profile analysis was used to estimate the significance of change 

due to treatment (Morrison 1967). In this analysis, significant 
treatment effects are indicated if treatment profiles (i.e., change 
from 1 year to another) are not parallel. Analysis does not assume 
equal response levels in pre-treatment year (1979), but does assume 
amount of change is not effected by differential pre-treatment 
conditions. Because of large annual variability, separate analyses 
were computed for the two post-treatment measurement years, 
1980 and 1983. The treatment profiles were estimated by subtract- 
ing each of the post treatment years, 1980 and 1983, from pre- 
treatment year 1979, and parallelism of profiles was tested using a 
one-way analysis of variance (Hull and Nie 1981). If differences 
among treatment profiles were indicated by the analysis of var- 
iance, the F-protected LSD was used to compare pairs of profile 
(Carmer and Swanson 1973). Type I error level at (Y = 0.20 was 
adapted for all tests. 

Controlling black-tailed prairie dogs on rangelands in western 
South Dakota did not result in a positive increase in forage produc- 
tion after 4 years. Western wheatgrass production was the same on 
both prairie dog and cattle-prairie dog treatments, indicating that 
control of prairie dogs without cattle and with cattle grazing did 
not affect production of this species over a 4-year period. Buffalo- 
grass showed a decrease in production when cattle were allowed to 
graze the area after prairie dogs were removed. Needleleaf sedge 
was lower in production estimates on the cattle-prairie dog treat- 
ment from the prairie dog only, indicating that response is slower 
when grazed by cattle when prairie dogs are removed. All other 
plants on the treatments did not show a response to poisoning of 
prairie dogs. Other grasses and forbs, as groups, did not show a 
response over the 4-year period. 

Results 

Three plant species showed a significant response in production 
over the 4-year period after control of black-tailed prairie dogs 
(Table 1). Western wheatgrass did not show any differences among 
the treatments during the first year after prairie dog control. Pro- 
duction of western wheatgrass was lower (KO.20) after 4 years on 
the prairie dog treatment and cattle-prairie dog treatment (KO.O8), 
when compared with no grazing. No grazing had the greatest 
positive change in production of western wheatgrass during the 
fourth year, while the other treatments had less. However, there 
were no differences in production between prairie dogs and cattle- 
prairie dog treatment. 

No grazing had higher production for western wheatgrass and 
buffalograss, indicating that total exclusion from herbivores for 9 
years or more may be required to increase forage production for all 
treatments when the range is in a low condition class (Uresk and 
Bjugstad 1983). In general, controlling prairie dogs did not 
increase forage produced, whether or not cattle were allowed to 
graze. The results indicated that more than 4 years of reduced 
prairie dog densities may be required to obtain an increase in 
forage production. 
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An Energy Model for Adult Female Caribou of the 
Denali Herd, Alaska 
RODNEY D. BOERTJE 

Abstract 

Estimates of the energy costs of resting, activity, and productive 
processes from the literature were applied to caribou activity 
budgets and movements documented during 1978-80 to estimate 
seasonal and annual energy requirements of adult female caribou 
(Rangger tarandus granti) in Denali National Park and Preserve. 
Energy requirements were 45% lower in winter than summer, 
primarily because of a 21% reduction in resting metabolic rate and 
benefits of fat catabolism in winter, and high summer costs of 
lactation, fat deposition, and activity. Estimated energy require- 
ments totaled 38.2 MJ l day-’ during the insect season, 36.7 during 
summer migration, 34.2 during fall migration, 31.9 during prerut 
and rut, 29.3 during calving and postcalving, 23.7 during early and 
late winter migrations, 21.6 during early winter, 20.9 during late 
winter, and 20.5 during midwinter. Annual energy requirements, 
including costs of pregnancy (368.6 MJ) and lactation (560.3), 
totaled 9,870 MJ, excluding costs of cratering through snow and 
apparently minor costs of physiological stress. Compared to stu- 
dies of food energy requirements of penned caribou, the model 
gives accurate predictions of total metaboliiable energy require- 
ments when allowances are made for the relative inactivity of 
penned animals. 

Modeling the energy requirements of an ungulate population is a 
prerequisite to estimating nutritional carrying capacities (Moen 
1973, Robbins 1973, Wallmo et al. 1977, Mautz 1978). Measure- 
ments of the energy requirements of Rung&v have received 
emphasis in several studies (Makarova and Segall958, Hammel et 
al. 1961, Segal1962, McEwan 1970, Luick et al. 1974, Young and 
McEwan 1975, White and Yousef 1978), but these measurements 
have not previously been used to model seasonal energy require- 
ments of a caribou/ reindeer (Rangifer tarandus) population. 

Author is game research biologist, Alaska Department of Fish and Game, 1300 
College Road, Fairbanks, Alaska 99701. At the time of the researc$ author was 
graduate student, Alaska Cooperative Wildlife Research Unit, University of Alaska, 
Fairbanks. 

Financial and logistical support was provided by the U.S. National Park Service 
(contract CX-9000-740801. 

Thomson (1977) attempted to model the year-round energy 
expenditure of wild reindeer in Norway using estimates of energy 
expenditure from the literature. However, Thomson’s applications 
of energy costs differed in several ways from those presented here, 
making comparisons difficult. The most significant deviations 
included Thomson’s exclusion of estimates for the calorigenic 
effect of food and his extremely high estimate for the energy cost of 
trotting. Gaare et al. (1975) also estimated seasonal energy 
requirements of wild reindeer in Norway. However, their estimates 
are about 45% of those reported here. Since they did not present 
energy-cost estimates of the various activities, it is impossible to 
account for the difference. White et al. (1975) estimated the 
summer energy requirements for caribou activity as simply 2 X 
basal metabolic rate (BMR). However, they used a winter-BMR 
value, so their summer energy estimates are substantially lower 
than presented here. 

I studied the Denali (formerly McKinley) caribou herd in Denali 
National Park and Preserve, Alaska during 1978-80. A model of 
the nutritional ecology of the herd was developed to assess the 
energetic/nutritional status of this extremely reduced population 
(Boertje 1981). This paper demonstrates the applicability of mea- 
surements of energy costs by modeling metabolizable energy 
requirements of adult female caribou in the Denali herd. 

Methods 
Blaxter (1962), Agricultural Research Council (1965), Moen 

(1973), Robbins (1973), and Weiner (1975) give the following basic 
formula for calculating energy requirements of ruminants: 

Total daily 
energy Basal metabolic 

requirement = energy expenditure + 

Production costs 
considering associated + 

efficiencies 

Activity 
expenditure + 

Additional cost 
to maintain 

homeothermy 

Manuscript accepted May 28, 1985. 
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Several assumptions were made in consideration of this formula. 
It was assumed that no additional costs would be needed to main- 
tain homeothermy among adult Denali caribou. Hart et al. (1961) 
found that a 9-month-old caribou exhibited no increase in metabo- 
lism (measured using a face mask) when ambient temperatures 
reached -55 C. Temperatures as low as -55 Care extremely rare on 
the wintering grounds of the Denali caribou herd. In cases where 
windchill could be detrimental to energy balance, caribou have 
access to sheltered hillsides and/ or stands of spruce. 

I also deviated from the above formula by using resting meta- 
bolic rate (RMR), rather than BMR or fasting metabolic rate 
(FMR), as a maintenance metabolic level and as a basis for calcu- 
lating daily energy requirements. Values for RMR include the heat 
produced from digestive processes or the calorigenic effect of food, 
whereas measurement of BMR or FMR assumes standard condi- 
tions of fasting for 48 hours or more (post-absorptive state). Addi- 
tion of the calorigenic effect of food to the energy model gives 
estimates of “metabolizable energy requirements,” which includes 
total food energy requirements less the energy contained in the 
feces, urine, and methane. Metabolizable energy requirements 
were estimated throughout this paper, unless otherwise indicated. 

BMR was used only to express daily energy requirements as 
multiples of BMR. McEwan’s (1970) measurement of the meta- 
bolic rate of an adult female caribou, fasted for a 2l-day period in 
February, is the only value approximating BMR in adult caribou. 
This value (381 kJ l kg*‘.75 l day-‘) was used to estimate winter 
BMR, and summer BMR was estimated as 482 kJ l kg-o.‘5 l day-‘, 
which assumes that a 21% reduction occurs in adult female Ran- 
gifer metabolic rates from summer to winter. 

Winter reductions in metabolic rates begin in November (Mc- 
Ewan and Whitehead 1970) and continue through May (McEwan 
1970). Thus, “winter” as used in the model occurs from November 

to calving and “summer” from calving to November. The 21% 
seasonal reduction in metabolic rates was calculated by comparing 
average standing energy costs (includes maintenance costs) during 
summer and winter of adult female Rangifer (Table 1). These 
standing costs were considered equivalent to RMR. 

Table 1 also presents energy costs of lying (includes maintenance 
costs) and the added energy costs (i.e., excluding maintenance 
costs) of a variety of activities and productive processes. Deriva- 
tions of several of these energy costs are explained below. 

Energy costs of white-tailed deer (Odocoileus virginianus) walk- 
ing in snow (sinking depth of 23 cm) were about 40% greater than 
walking on bare ground (Mattfield 1973). Energy costs of caribou 
walking in snow were estimated as only 15% greater than summer 
values by considering: (1) the larger hoof-foot area of caribou 
(lower foot loading) compared to white-tailed deer, (2) the single- 
file strategy that caribou frequently exhibit when walking in deep, 
soft snow, and (3) the wind-swept snow conditions of most of the 
Denali herd’s wintering area, with virtually no snow remaining. 
Energy costs of trotting/galloping in snow were also assumed to be 
15% greater than summer values. 

Energy costs of cratering in snow were estimated by subtracting 
the costs of foraging, standing, and walking from Makarova and 
Segal’s (1958) measurements (N = 27) of reindeer cratering and 
foraging for 2-to 90-min periods in extreme snow conditions (80 to 
90 cm deep, soft snow or compact, crusted snow about 30 to 35 cm 
in depth). 

Energy cost of trotting/galloping at a mean speed of 12 km l 
hr-’ (Thomson 1977) was estimated as 30 kJ l kg-’ l hr-’ from 
measurements reported in 3 studies. Mautz and Fair (1980) mea- 
sured the energy cost of running for a white-tailed deer as 25 
kJ l kg-’ l hr-‘. White and Yousef (1978) developed equations for 
predicting the energy cost of reindeer walking for various speeds 

Table 1. Estimates and measurements of energy costs of activities and productive processes used in the calculation of seasonal energy expenditure in adult 
female caribou. Only standing and lying values include maintenance costs. 

Activity 

Standing 

Season 

Summer 

Energetic cost 

640 kJ l kgaO.” l day-’ 

Reference 

Segal(l962). Luick and White (1971), Young 
and McEwan (1975). White and Yousef 

Lying 

Lying to standing and return 
Rumination 
Foraging/eating 
Cratering 
Walking (horizontal) 
Walking in snow 
Climbing (vertical) 

+9% grade 

-9% grade 

Trotting/galloping 

Hair growth 
Lactation 
Pregnancy 
Fattening 

Winter 505 kj l kg*.?’ l day-’ 

Winter 
Summer 
Winter 

Summer 
Winter 

Summer 

582 kJ l kg”.75 l day-’ 

459 kJ l kg*‘.75 l day-’ 
0. IO kJ l kg-’ 
0. I3 kJ l kg-’ . h-’ 
1.88 kJ . kg-’ l h-’ 
0.94 kJ 9 kg-‘. h+ 
2.30 kJ l kg-’ l km-’ 
2.64 kJ l kg-’ l km-’ 

31.0 kJ l kg-’ l vert.km-’ 

-5.7 kJ l kg-’ l vert.km-’ 

30 kJ l kg-’ l h-’ 
35 kj l kg-’ l he1 
100 MJ l year 
560.26 MJ per calf 
368.57 MJ per calf 
578.9 MJ per summer 
-365.0 MJ per winter 

(1978)-Ron&r .. 
Makarova and Segal(1958), McEwan 
( 1970)-Rungifer 

Standing costs are 10% greater, White and 
Yousef (1978)-reindeer 

Blaxter (1962)-tattle 
Osuji (1974)-sheep 
Osuji (1974)-sheep 
see Methods 
White and Yousef (1978)‘-reindeer 
see Methods 

White and Yousef (1978)*- 
reindeer 
White and Yousef (1978)*- 
reindeer 
see Methods 
see Methods 
see Methods 
see Methods 
see Methods 
see Methods 
see Methods 

‘Value was taken from reindeer walking on dry tundra and includes only the added cost of walking. 
2Values include only additional costs of ascent or descent. 
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and terrains. The equation for walking on dry tundra predicts an 
energy cost of 36 kJ l kg“ l hr.’ at a speed of 12 km l hr.‘. Mea- 
surements by Hammel et al. (1961$ on a reindeer running and 
pulling a sled, averaged 29 kJ l kg- l hr-‘. 

To calculate energy costs of fattening, total body weight of adult 
female caribou in the Denali herd was assumed to fluctuate IO kg 
annually, from 110 kg in autumn to 100 kg in spring (a 9% decrease 
from prime autumn weights). Data recorded by Skoog (1968) for 3- 
to 5-year-old female caribou in interior Alaska support these fig- 
ures. This annual fluctuation of about 10% autumn body weight 
was also noted by Steen (1968) in Scandinavia and Dauphini 
(1976) in central Canada. 

To determine the energy required for this weight gain and the 
energy available from the winter loss in body weight, it was 
assumed that a IO-kg decline in total body weight through the 
winter corresponds to a decline of about 10 kg in total body solids 
for unfasted Rungifer (R.D. Cameron, pers. commun.). Dauphine 
(1976) stated that fluctuations in seasonal body weights of adult 
caribou are largely due to the deposition and mobilization of fat. 
Measurements of chemical body composition of adult female rein- 
deer in March and August in Svalbard (Ringberg et al. 1980) 
indicated that 90% of the change in the solids of ingesta-free body 
weights was accounted for by changes in fat. Therefore, I consi- 
dered the IO-kg change in body solids to be 90% fat and 10% 
protein. Robbins (1973) summarized calorific values of fat (39.3 
kJ l g-‘) and protein (22.6 kJ l g-‘) for several ruminants. The 
efficiency of the utilization of metabolizable energy for fattening 
was estimated at 65% during lactation. This value is 14 percentage 
units higher than that predicted based solely on estimates of the 
metabolizable energy of the diet (10.0 MJ l g-i, Boertje 1981) 
during fattening (Agricultural Research Council 1965). However, 
fattening costs estimated here apply primarily to lactating animals, 
and Moe et al. (197 1) documented that the efficiency of the utiliza- 
tion of metabolizable energy is much higher for lactating than 
nonlactating animals. 

Metabolizable energy requirements for the deposition of 9 kg of 
fat and 1 kg of protein is 578.9 MJ (376.3 MJ + 0.65) or 5.41 
MJ l day-’ when gaining weight at a rate of 93 g l day-’ during 16 
July-30 October). The mobilization of the 10 kg of fat and protein 
(51 g l day-‘) was assumed to be 97% efficient, which denotes a 
utilization of 364.3 MJ or 1.84 MJ l day-’ from body reserves 
during 1 December-16 June. Periods of fat storage and use were 
considered consistent with seasonal trends measured by Dauphine 
(1976) in back, kidney, abdominal, and marrow fat in adult female 
caribou in central Canada. 

Energy costs of lactation were estimated by combining mea- 
surements on the energy content of reindeer milk and the cost of its 
production (Luick and White 1971, Luick et al. 1974). Blaxter 
(1962) the Agricultural Research Council (1965), Moe et al. 
(1971), and Robbins (1973) discuss the efficiency of the utilization 
of metabolizable energy for lactation. 1 used an efficiency coeffi- 
cient of 76% in May and June and 70% beginning 1 July, because 
fat reserves presumably would no longer be used for milk produc- 
tion after 1 July and because of the high metabolizable energy 
content of the spring and summer diets of Denali caribou (Boertje 
1981). The gradual reduction in milk production documented by 
Luick et al. (1974) for reindeer was considered to calculate average 
daily energy costs of lactation for each season. 

Metabolizable energy costs of pregnancy were calculated in MJ 
(y) up to any day (t) of the 227day gestation period (Skoog 1968, 
McEwan and Whitehead 1972) using the following formula modi- 
fied from Blaxter (1962): 

y = (7.24e”.0174t) - 7.367 

To derive this formula, a peak value of 5.8 MJ l day-’ was used 
during the last 2 weeks of pregnancy. The peak value was calcu- 
lated by assuming a proportional relationship between peak energy 
costs of pregnancy in a dairy cow (Agricultural Research Council 
1965) and peak costs in caribou, based on a 22-kg birth weight in 
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dairy cattle and 6-kg birth weight (Skoog 1968) in caribou. Metab- 
ohzable energy content of diets of the dairy cow and Denali cari- 
bou in winter were similar (Boertje 1981). 

Annual energ? costs of pelt growth in caribou was estimated as 
0.82 MJ l day during 1 June-30 September. Robbin’s (1973) 
measurements of the energy retained in the annual growth of the 
pelt in white-tailed deer were used and I assumed a 40% greater 
energy cost for caribou and an efficiency of utilization of metabol- 
izable energy of 70% for hair production. 

Activity budgets (the percent of time spent in various activities) 
and movement rates are from Boertje (1981). Energy costs for 
feeding include those associated with standing, foraging, and walk- 
ing while feeding (at s 

-P 
eed of 0.13 km l hr-‘). Energy costs for 

walking (3.22 km l hr ) and trotting/galloping include standing 
and movement costs, unless otherwise specified. Rumination time 
was assumed to be 50% of lying time (Thomson 1977). 

Documentation of caribou activity budgets during migration 
periods and midwinter was limited due to caribou movements and 
weather. Therefore, activity budgets documented during the insect 
season, prerut and rutting season, early winter, and late winter 
were applied to the summer, fall, early winter, and late winter 
migrations, respectively, with allowances made for time spent 
migrating (3.22 km l hr.‘). The midwinter activity budget was 
calculated by averaging early and late winter budgets. 

Results and Discussion 

Several factors influenced the marked seasonal differences in 
energy requirements (Fig. I), including most notably the 21% 
reduction in standing costs (RMR) from summer to winter (Table 
1). The high energy costs of lactation (Table 1) were most impor- 
tant during the calving and postcalving season (Table 2), but this 
high cost was compensated by the low proportion of time spent 
active and lack of fat deposition during this period, yielding inter- 
mediate energy requirements compared to low winter and high 
summer values (Fig. 1). The energy costs of pregnancy in late 
winter increased total energy requirements only slightly from mid- 
winter as a result of reduced activity in late winter (Table 2). The 
highest energy requirements occurred during the insect season 
(Fig. I) due to the high summer RMR, the high proportion of time 
spent active, and the high energy costs associated with lactation 
and fattening (Table 2). Summer migration values (36.66 MJ l 
day-‘) were also high (Fig. 1) due to the high costs of activity and 
lactation (Table 3), but deposition of fat reserves had not yet 
begun. Fall migration values (34.25 MJ -day-‘) decreased from the 
insect season (38.15 MJ l day-‘) due to a decrease in activity and a 
decline in lactation (Tables 2,3). Fat deposition continued during 
the prerut and rut, but this coincided with a decline in lactation and 
activity costs (Table 2). Early and late winter migration values were 
nearly identical (Fig. 1); low activity costs and body weight in late 
winter were compensated by high pregnancy costs (Table 3). 

Daily energy requirements ranged from 38.15 MJ during the 
insect season to 20.54 MJ during midwinter (Fig. l), a 46% 
decrease. Variations in activity budgets accounted for a minimum 
seasonal difference of about 2 MJ l day-‘, comparing early and 
late winter, and a maximum of 6 MJ l day-‘, comparing late winter 
and the insect season Table 2). In comparison, fattening costs 
totaled 5.41 MJ l day -i durmg the insect season, lactation costs 
totaled 6.39 MJ l day-‘during the calving and postcalving season, 
and pregnancy costs totaled 4.86 MJ l day-’ during late winter 
migration. Cratering costs, when applied to proportions of the day 
spent grazing in winter, added about 1.2 MJ 9 day-‘, assuming 
cratering was prolonged and snow conditions severe. Cratering 
could, therefore, increase winter energy expenditure a maximum 
of about 5% 

Changes in body weight also influenced seasonal differences in 
energy requirements. A 1 IO-kg caribou was estimated to expend 
about 2 MJ more per day than a loo-kg caribou during the same 
season. 
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T8bie 2. Se8eoonri eetinutes~ of d8iiy met8bolizrbk energy requirements of 8duit fenuie c8ribou in the Deruii caribou herd, 1978-80. The first 58ctivitke 
ii&d include dten8nce co&e. 

Body weight 

Season 

Calving and 
postcalving Insect Pre-rut and rut Early winter Midwinter Late winter 

(22 May-30 June) (16 July-3 1 Aug.) 16 Sep.-31 Oct.) (16 Nov.-31 Dec.) (1 Jan.-28 Feb.) (I Mar.-IS Apr.) 

1OOkg 105 kg 1iOkg ii0 kg 107 kg 105 kg 
% time MJ 9% time MJ 9% time MJ % time MJ % time MJ % time MJ 

Activity 
Lying 
Standing 
Feeding 

52 
3 

37 

Walking 7 
Trotting/galloping 0.9 
Ruminating 26 
Lying to standing 
and return 18’ 

Ascent O.l(r 
Descent O.i(r 
Lactation 
Pregnancy 
Fattening 
Hair growth 
Totals 

(MJ l day-‘) 
Totals 
(kJ l kj*” l day-‘) 

Multiple of BMR 

9.57 
0.61 
9.42 

19 3.63 39 7.71 
25 5.25 12 2.61 
33 8.74 40 11.00 

21 8.33 7 2.69 
1.7 1.29 1.2 0.95 

10 0.03 20 0.07 

iOr 0.11 223 0.24 
0.32’ 1.04 0.08’ 0.27 
0.32’ -0.19 0.084 -0.05 

3.69 0.55 
0 0.15 
5.41 5.41 
0.82 0.29 

32 
8 

48 

4.99 
1.37 

11.05 
(12.24)2 
4.40 
0.37 
0.06 

37 
5 

50 

2.66 
0.65 
0.08 

ii 
0.4 

16 

8 
0.2 

I8 

5.66 42 6.32 
0.85 2 0.33 

11.40 53 il.75 
(12.62p (13.01)2 

2.96 4 1.52 
0.23 0.1 0.09 
0.06 21 0.07 

0.18 
0.31 

-0.06 
6.39 
0 

-1.15 
0.62 

0.11 
0.17 

-0.03 
0 

0.38 
-1.24 

0 

123 
0.04’ 
0.04’ 

0.13 143 0.15 
0.14 0.034 0.10 

-0.02 0.034 -0.02 
0 0 
0.97 2.41 

-1.84 -1.84 
0 0 

29.28 38.15 31.89 21.63 20.54 20.88 

926 1,163 939 637 617 637 
1.92 2.41 1.95 1.67 1.62 1.67 

‘Migration periods (Table 3) are excluded from this table. 
Walues include cratering costs in extreme snow conditions. 
‘Number of events. 
“Units are vertical km . day-‘. 

Energy costs of physiological stresses from insect harassment 
(exclusive of increased observed activity), predators, humans, and 
heavy parasite loads (particularly infestations of oestrid fly larvae) 
were not included in the model. Blaxter (1962) indicated that 
nervousness and increased muscular tension accounted for a 10% 
increase in fasted metabolic rates of untrained versus trained 
sheep. Thus, if caribou experienced stress for an average of 2 
hr l day“, they would require only an additional 76 MJ annually, 
less than 1% of the annual energy requirement. This suggests that 
physiological stresses from predators and insects have only a minor 
influence on the energy requirements of caribou/reindeer. 

McEwan (1970) reported that the maintenance digestible energy 
intake (DEI) in 2_penned, adult female caribou averaged 665 f I8 
kJ l day-o.76 *day from February to May. Converting to metabol- 
izable energy intake (ME1 = 0.82 X DEI, Agricultural Research 
Council 1965), a value of 545 kJ l kgd.76 l day-’ is obtained (1.43 
c,swinter_BMR). The model gives a value of about 652 kJ l kg‘ 

l day (1.7 1 X winter BMR) for free-ranging caribou during 
the same period, assuming the caribou is not pregnant and is 
feeding on a maintenance diet as in McEwan’s study. In a separate 
study, McEwan and Whitehead (1971) calculated the mean DE1 of 
11 pregnant reindeer and caribou fed ad libitum over the entire 

T8bie 3. Eetim8terof d8iiy met8boiiubie energy requiremente (MJ)of 8duit fem8ie e8ribou in the Deruii uribou herd during migration perioda, 1978-M). 

Body weight 

Processes 

Summer Fail Early winter Late winter 
migration migration migration migration 

(I July-15 July) (I Sep.-15 Sep.) (1 Nov.-15 Nov.) (16 Apr.-21 May) 
105 kg 110 kg iiOkg 100 kg 

Activity’” 
Migration2 

Ascent 
Descent 
Lactation 
Pregnancy 
Fattening 
Hair growth 
Totals 

(MJ l day-‘) 

24.70 24.38 
4.78 1.78 

(140 km) (50 km) 
0.78 0.17 

-0.13 -0.04 
5.58 1.73 
0 0 
0 5.41 
0.82 0.82 

36.66 34.25 

21.32 
2.05 

(“,i$ 

-0:05 
0 

0.22 
0 
0 

23.69 

16.20 
2.62 

(200 km) 
0.20 

-0.04 
0 

4.86 
-0.17 

0 
23.67 

Totals 1,118 1,008 697 
(kJ l kg*.” l day-‘) 

749 

Multiple of BMR 2.32 2.09 1.83 1.97 
‘Activity costs include costs of the first 7 actions listed in Table 2. Activity costs for migration periods were assumed equal to activity costs of prior or following seasons (Table 2) 
wth allOwanCes for time spent migrating (3.22 km . hr.‘). 
ZValues include mamtenance costs. 
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Insect Season 
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&e-rut ond Rut 

torly Winter Migration 

4 0 Early Winter 

Fig. 1. Seasonal estimates of daily energy requirements of an adultfemale caribou with calf; Denali herd, 1978-80. Circled values includeforaging costs in 
extreme snow cover conditions, compared to foraging in the absence of snow. 

Estimated Daily Energy Expenditure (M J) 

1 
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0 10 Midwinter 

Late Winter 

Late Winter Migration 

gestation period. The average MEI in these experiments was 571 kj 
-“.75 . day-’ (1.50 X winter BMR). I calculated a mean value of 

ibout 683 kJ 9 kg-.75 . day-’ (1.79 X winter BMR for free-ranging 
caribou during the same period, including pregnancy costs. 

Both comparisons indicate that free-ranging caribou require 
20% more metabolizable energy in winter than penned caribou/- 
reindeer, excluding costs of cratering. This 20% difference is easily 
accounted for by adding activity costs to McEwan’s animals, which 
were in small pens during his experiments. 

Conclusions 
Total annual energy requirements for an adult female caribou, 

including costs of pregnancy (368.57 MJ) and lactation (560.26 
MJ) totaled 9,870 MJ (excluding costs of cratering and apparently 
minor costs of physiological stress). If cratering costs are added 
throughout winter, caribou may require 10,050 MJ annually, 
assuming extreme snow conditions. Increased cratering activities 
would likely increase the proportion of time spent active (Bergerud 
1974), therefore annual energy costs may reach 10,300 MJ. How- 
ever, caribou would likely react to excessive energetic stress by 
reducing activity in late winter (Roby 1980). 

Compared to studies of food energy requirements of penned 
caribou, the model gives accurate predictions of total metaboliza- 
ble energy requirements when allowances are made for the relative 
inactivity of penned animals. Despite this agreement, parts of the 
model may over- or underestimate energy costs while other parts 
compensate for these errors. Accumulation of data on autumn fat 
deposition and winter fat loss in Alaska caribou is particularly 
needed to test assumptions in this model, 

472 

Uses of this model include: (1) testing the effects of a variety of 
energy-related variables on the seasonal or annual energy budget, 
(2) comparing energy expenditure among herds given differences 
in activity, body size, movements, seasons, and/or degree of fatten- 
ing, and (3) serving as a basis for modeling a population’s nutri- 
tional ecology. 
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Technical Notes: 

Cannula Adaptations for Esophageally Fistulated 
Cattle 
JR. FORWOOD, J.L. ORTBALS, G. ZINN, AND J.A. PATERSON 

Abstract 

A modified, flexible plastisol reentrant Real (MPI) cnnnula was 
made and tested for ability to eliminate esophageal depressions, to 
promote healing in fistulnted steers already experiencing esopba- 
geal depressions and for general use in grazing situations. Alumi- 
num and stainless steel ‘sleeve-type’removnble esophageal cannu- 
las were costed with plnstisol to reduce irritation of recently 
established and older esophageal fistulas. Both methods appear to 
reduce health problems in esophsgeally f&dated cattle used in 
grazing situations. However, lower cost of the MPI, health advnn- 
tnges and reduced labor requirements made it the cnnnuln of choice 
over the sleeve-type cnnnulas. 

The esophageal fistula permits collection of representative for- 
age samples actually eaten by ruminants (Torrell 1954). However, 
some researchers are reluctant to employ this technique because of 
intensiveanimal maintenanceand thepossiblemortalityfollowing 
surgery (Van Dyne and Torrell 1964). A variety of closure devices 
and esophagealcannulas have beendeveloped, buttheyareusually 
constructed of heavy, rigid materials that irritate the lumen of the 
esophagus. Attempts have been made recently to develop ligbt- 
weight, flexible esophageal cannulas in order to eliminate the 
irritation problem (Denny 1981, Ellis et al. 1984). Our experience 
indicates esophageal depression and irritation by heavy, rigid 
metal cannulas often occurs immediately following surgery and 
sometimes throughout the fistulated animal’s life. 

An’esophageal depression’, sometimes referred to as’pocketing’ 
(Harris et al. 1967). is an indenting or impression caused by pres- 
sure on the interior of the esophagus by the edges and upper and 
lower ends of metal cannula sleeves. Depressions may occur in 
recently established fistulas and sometimes in those which have 
been established for some time. They are discovered by exploring 
the upper and lower esophagus with the finger through the tistula. 
The pressure causing these depressions often results in irritation, 
pressure necrosis, restricted blood supply, mucosal surfaceerosion 
and accumulation of granulated and fibrous tissue and may even- 
tually lead to nerve damage and loss of peristaltic action resulting 
in starvation of the animal. Rotating the cannula sleeve 180” when 
the plug attachment is not in the center of the sleeve will sometimes 
eliminate pocket development by changing pressure points inside 
the esophagus (Harris et al. 1967). 

We speculated that use of a modified flexible plastisol reentrant 
ileal cannula in esophageal fistulas might hold several advantages 
over metal cannulas. Advantages are: (I) longer sleeve length and 
adjustability, (2) elimination of possibility of swallowing the 
sleeve, (3) reduced irritation of the esophagus, (4) less possibility of 
accidental loss, (5) greatly reduced cost, (6) simple construction, (7) 
reduced labor, and (8) rapid insertion and removal. Inaddition, we 
speculated that coating metal sleeve-type cannulas with plastisol 
would provide a rounder, softer edge and end that may reduce the 

incidence of esophageal depressions. Our objective was to investi- 
gate the labor, cost, and health advantages, if any, of the modified 
cannulas when used with esophageally fistulated cattle. 

Materials and Methods 

Plnstisol Cnnnuln 
An aluminum mold for fabrication of a modified flexible plas- 

tisol reentrant ileal cannula was made according to specifications 
provided by McD~nnell”~. The mold was suspended in an oven 
(2OOOC) for I hour. When removed, the mold was immediately 
suspended in a thick plastisol syrup’ for 2 to 5 minutes (5.minute 
suspension times result in more rigid, thick cannulas). Steel wire 
supports (3132 diameter) approximately 70 mm long were imbed- 
ded in the plastisol approximately 30 seconds after suspension 
begins. These were placed lengthwise on both sides where the 
cannula neck meets the cannula sleeve (Fig. I) to prevent that 

pms. 

portion of the cannula from collapsing inward, which restricts 
bolus passage. After imbedding the wire, the cannula was re- 
suspended in plastisol for the recommended time to insure cover- 
age and to complete formation of the cannula. This step may be 
deleted if cannulas arc immersed for 5 or more minutes. allowing 
them to thicken. Thick cannulas are less flexible, however, and are 
somewhat more difficult to insert and remove from the fistula. 
After suspension, excess plastisol is allowed to drop from the 
cannula before being re-suspended in the oven. Oven curing (at 
LEO-2MYC) required I5 to 30 minutes or until the plastisol begins 
to smoke and develop a dark yellow or greenish color. Cooling in 
water was done immediately after oven removal, after which the 
top portion of the plastisol sleeve was slit and the cannula was 
pulled from the mold. Excess sleeve material was cut away and 
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smoothed leaving the sleeve a wide U shape. The cannula was then 
similar to a double reentrant ileal cannula except for the wire 
supports and that the sides of the sleeve are reduced much further 
to allow unrestricted bolus passage (Fig. 1). A closure plug fabri- 
cated of cork, wood, or even paper toweling served to prevent 
forage and water loss. The cannula is rapidly inserted by firmly 
grasping the cannula neck and sleeve and squeezing them as close 
to parallel as possible. While doing this, the anterior portion of the 
cannula sleeve is inserted into the iistula as far as possible, allowing 
insertion ofthe posterior portion into the fistula. Then the cannula 
is moved slightly backward into a comfortable position with the 
cannula neck protruding from the fistula opening (Fig. 2). With 
experience, total time for insertion is 2-3 seconds. For removal, the 

cannula neck is grasped firmly and the cannula is moved forward 
until the posterior portion of the sleeve can be pulled out of the 
fistula. Then the cannula is moved backward and downward which 
results in total removal. 
Coating of Metal Sleeve-type Cannuln 

Aluminum’ and stainless steels sleeve-type cannulas were sus- 
pended in an oven, heated, dipped and cured in the same manneras 
the cannula mold. After curing, excess plastisol around the 
threaded bolt and edges of the sleeve was trimmed (Fig. 3). The 

cannula was inspected to insure that all surfaces, especially the 
edges, were coated and smooth. 

Five steers, approximately 181 kg in weight, were esophageally 
fistulated in March, 1983 and thesamenumber in 1984foruse in a 
grazing study. At the time of surgery, removable sleeve-type metal 
cannulas were placed in the fistulas. The esophagus was examined 
every other day for esophageal depressions. 

Both modified cam&s are used as closure devices during the 
time animals are not in use for pasture sampling. Both are com- 
pletely removed for sampling purposes and re-inserted upon sam- 
pling completion to prevent loss of saliva, water and forage. 

Results 

Metal sleeve-type cannulas were placed in all 5 steers esopha- 
geally fistulated in 1983. Ends of the metal cannulas were alter- 
nated every other day in recently tistulated steers to avoid esopha- 
geal depressions. In spite of this, 2 steers exhibited severe 
depressions shortly after fistulation and before modified ileal plas- 
tisol cannulas were ready for use. When completed, the modified 
plastisol ileal (MPI) cannula was successful in alleviating depres- 
sions in I or 2 days, but apparently the damage already done was 
irreversible. We noted the steers were losing their ability to swallow 
and post-mortem examination listed starvation as the cause of 
death. A third steer also developed depressions shortly after fistu- 
lation, hut serious health problems were avoided by the laborious 
process of alternating metal cannula sleeve ends every other day. 
Surgical placement of thefistula prevented use ofan MPI cannula. 

Incidence ofesophageal depression in the 2 remaining steers was 
alleviated by constant rotating of metal cannulas. We eventually 
replaced their metal cannulas with MPI cannulas whenesophageal 
depressions occurred and observed that depressionsdisappeared in 
I or 2 days. Metal cannulas were returned to the fistulas until 
depressions were noticed again, at which time MPI cannulas were 
inserted. This process was repeated as often as depressions 
occurred. Use of MPI cannulas alleviated depressions in 24 to 48 
hours. Although MPI cannulas were initially used for healing, we 
used them successfully in these steers for extended periods of 
grazing. 

When plastisol-coated metal cannulas were used, we found they 
reduced frequency and severity of esophageal depressions in 
recently fistulated animals, or eliminated them altogether in older 
animals when compared to uncoated metal cannulas. Depressions 
did occur, however, in animals shortly after fistulation. We have 
been most successful using coated cannulas after post-operative 
swelling has disappeared. Using uncoated metal cannulas, all 5 
steers fist&ted in 1984 began to show esophageal depressions I or 
2 days after surgery. Depressions appear to be accentuated at that 
timedueto post-operative swelling. Inserting MPI cannulas elimi- 
nated the depressions in I to 2 days, after which plastisolzoated 
metal cannulas were used. With 2 steers, it was necessary after 2 to 
3 weeks to replace plastisolcoated metal cannulas with MPI can- 
nulas several times to alleviate formation of depressions. The 
remaining steers used plastisolsoated metal cannulas (for about 6 
weeks) until those were lost at pasture. When that occurred, MPI 
cannulas were inserted with no further health problems or cannula 
loss occurring. One steer had to be destroyed due to declining 
health late in the grazing season. Post-mortem examination did 
not reveal cause of death but did determine there were no compli- 
cations due to the fistula. The remaining steers, grazing freely, 
fared well throughout the grazing season with no fistula complica- 
tions or cannula loss. On one occasion forage became impacted 
around the plug, blocking the esophagus. Cutting the anterior 
sleeve and edges of the cannula down with a pocket knife while in 
the field alleviated the problem. 

Discussion 

The MPI cannula appears to have several advantages over metal 
sleeve-type cannulas in reducing health problems in fistulated 
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steers. Its longer sleeve length distributes its weight on the interior 
esophagus over a larger area, reducing pressure on specific sites 
(the ends and edges) and completely covers already present depres- 
sions for extended periods, which allows healing. Its flexibility and 
smoothness may reduce incidence of depressions and irritation, 
especially when swelling occurs. The MPI cannula is labor saving 
in that it does not require frequent turning to avoid esophageal 
depression as do metal sleeve-type cannulas. It can also be modi- 
fied quickly in the field and can be rapidly inserted and removed. 
One disadvantage may be winter use when the cannula may require 
soaking in hot water in order to make it flexible enough to insert. 

The MPI cannula is made in one large piece, reducing the 
possibility of accidental loss or swallowing that accompanies some 
sleeve-type cannulas. Although the exposed cannula neck is fairly 
long, steers appear unable to pull the cannula out because the 
cannula neck follows the contour of the animal’s neck so closely. 
Modified plastisol ileal cannulas are easily made and after purchas- 
ing the mold (about $35.00) cost less than $1 .OO apiece. They will 
last a grazing season or more providing the wire supports are 
properly placed or the cannula is made thick enough that wire 
supports are not necessary. 

Coating metal cannulas with plastisol also appears advantage- 
ous. Although depressions did occur, we were able to use coated 

cannulas without incidence of esophageal depression for longer 
periods of time than uncoated cannulas. We feel this is because the 
coating produces a round perimeter on the cannula that somewhat 
decreases the slow cutting action into the esophagus which produ- 
ces pressure necrosis and depressions. Coated cannulas appeared 
to be more easily inserted and removed from the esophagus than 
uncoated cannulas. 

From our experience, the MPI cannula appears more advan- 
tageous than coating the metal sleeve-type cannulas. Because of its 
health advantages, low cost and reduced labor, the MPI cannula 
appears useful immediately following surgery and under extended 
grazing conditions. 
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RANGELAND 
HYDROLOGY 
by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and 
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 
paper laminated cover $15.00 US) 
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Viewpoint: Forage and Range Research Needs in the 
Central Great Plains 
K.P. VOGEL, H.J. GORZ, AND F.A. HASKINS 

Abstract 

In the central Great Plains, pastures and rangelands often are 
not economically competitive with grain crops. This has led to 
increases in acreages of row crops at the expense of rangelands, 
pastures, and hay crops on marginal lands resulting in severe 
erosion problems. The productivity of forages, pastures, and range- 
lands needs to be increased to levels that would make them eco- 
nomically competitive with grain crops. Innovative research will be 
needed to develop the required knowledge and technology upon 
which productivity increases can be based. Pastures and range- 
lands in this area are usually components of production systems 
which may also include the feeding of hay, silage, crop residues, 
and other feeds. Coordinated research teams need to be formed 
that can focus on all components of these production systems. 
Research needs and objectives of these research teams can be 
categorized by the land capability classes of the three major ecolog- 
ical regions in this area, the tall-grass, mid-grass, and short-grass 
prairie. In all of these regions, a classification system that is 
production-oriented rather than climax-oriented is needed for 
both pastures and rangelands if effective control of soil erosion and 
optimal income per land unit are to be achieved. Interstate cooper- 
ation in establishing a research team for major eeologlcal region 
would facilitate the most efficient use of research resources. 

Increases in the productivity of pastures and rangelands have 
been small in comparison to the increases that have been achieved 
with grain crops. This difference in the increase in productivity can 
be attributed in part to the small percentage of total research funds 
that have be-en allocated to forages. 

Because of differences in profitability between forage and grain 
crops, pastures and rangelands in many instances are not economi- 
cally competitive with grain crops (Wight et al. 1983). This has led 
to increased acreage of row crops at the expense of pasture and hay 
crops on marginal lands, resulting in severe erosion problems 
(Larson et al. 1983). Extensive areas of range and pasture land in 
the Great Plains have been plowed in recent years for use in both 
dryland and irrigated crop production (Laycock 1983, Powers et 
al. 1983). 

The philosophy that native climax vegetation is optimal may 
have contributed to the plateauing of rangeland productivity and 
limited productivity to that level. This doctrine also has tended to 
discourage creative research on rangelands because research has 
been focused on management towards climax, and suggestions 
that other concepts and research approaches may be required 
(Love 1961) have been viewed as heresy (Dyksterhuis 1962, Samp- 
son and Burcham 1963). 

Pastures and rangelands in the central Great Plains are usually 
components of production systems which may also include the 
feeding of green chop, hay, silage, haylage, and crop residues. A 
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large percentage of the beef production units in this area are 
integrated rangeland-cropland units (Wight et al. 1983). Past 
research has focused on various units of the systems, and the lack 
of coordinated study of all system components has limited overall 
gains in productivity. Previous reports on range research needs in 
the Great Plains have either focused on the range component of the 
forage production system (Klemmedson et al. 1978) or they have 
not targeted production goals in terms of alternate uses of land 
(Great Plains Agr. Comm. 1976, SEA-AR 1981). 

Increased productivity of forage crops, particularly pastures and 
rangelands, in the central Great Plains, is essential because a large 
proportion of the nation’s beef is produced in this area. This region 
is also one of the nation’s areas that is most susceptible to soil 
erosion. It was part of the ‘dust bowl’in the 1930’s. Most of the land 
in this area, including rangelands, is privately owned, and prolits, 
not good intentions, pay the taxes. 

The productivity of forages, pastures, and rangelands must be 
increased to a level that is economically competitive with grain 
crops grown on the same land. In the past, farmers have been paid 
by government set-aside programs to put land subject to erosion 
into grasslands. However, as soon as grain prices increased, these 
lands were plowed. One way to prevent this cycle from repeating 
itself is to make forages, pastures, and rangelands more profitable. 
Profitability is dependent upon productivity and input costs. 
Increases in productivity on forage-producing lands can be 
achieved by the use of improved, highly productive forage plants 
with improved forage quality and increased disease and pest resist- 
ance, and by the use of improved, integrated management systems. 
Innovative research is required to develop the required knowledge 
and technology. This research should be conducted in coordinated 
team research programs on all components of the production 
system. Cooperative efforts involving teams at various locations 
will enhance research progress. The profitability and erodability of 
land units can be classified by land capability classes (Klingebiel 
1958). Forage, pasture, and range research can be linked to land 
capability classes since the type of forage crops that can be profita- 
bly grown on a unit of land is usually dependent upon the capabil- 
ity classification of that land. 

In the central Great Plains, most class I and II land has been and 
will continue to be used for grain production. In general, forages 
that can economically compete with cash crops on this land are 
alfalfa, corn for silage, forage sorghums, sorghum-sudangrass 
hybrids, and sudangrass. Research on forages for class I and II 
land should emphasize these crops. Extensive research is being 
done with alfalfa as a harvested forage but much more could be 
done to improve this valuable, soil-improving crop as a pasture 
and range plant. 

Corn is both a major grain and forage crop. Most of the current 
research on corn is for use as a grain crop. Corn produces a high 
quality silage because of its high grain content. Its value as a forage 
could be improved if the forage quality of the stover component of 
the silage were also improved. This could be done by developing 
improved germplasm and with better ensiling procedures. It 
appears that minimal effort is being devoted to breeding improved 
corn hybrids for use as corn silage. The stover of corn grown for 
grain also is used extensively as livestock feed, particularly for 
wintering beef cows. Research is needed to improve stover quality. 
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A team approach, involving geneticists, forage quality scientists, 
and ruminant nutritionists, will be required to make maximum 
progress in improving corn for use as a forage crop. 

Sudangrass, sorghum-sudangrass hybrids, and forage sorghums 
are important forage crops in the central Great Plains because of 
their drought tolerance. Their importance as forage crops will 
probably increase in the future because of declining water levels in 
the Ogallala aquifer which supplies most of the ground water for 
irrigation in large areas of the Great Plains. Research on develop- 
ing improved sudangrasses, sorghum-sudangrass hybrids, and for- 
age sorghums is limited. Additional efforts to improve the produc- 
tivity and quality of these forages, as measured in terms of 
improved animal performance, are needed. 

Class III and IV land moves in and out of forages as the relative 
prices of grain and livestock change (Wight et al. 1983). Class III 
land can be used for grain crops if conservation tillage and other 
conservation practices are used. Class IV land should be kept in 
permanent pastures but is frequently cultivated when grain prices 
are high. Perennial grasses and legumes need to be developed for 
both classes of land that are productive enough so that they are as 
profitable as grain crops even when the price of grain is high. This is 
an attainable research objective. To be competitive, these forage 
plants must be capable of being established in one growing season 
and must produce forage yields during the first season that are at 
least 50% of full production, which must be achieved during the 
second growing season. This productivity goal can be reached by 
the development and use of strains with improved establishment 
capability and by reducing competition from all other sources 
including weeds and insects. This rapid establishment capability 
already has been achieved by using atrazine as a pre-emergence 
herbicide to establish switchgrass (Panicurn virgarum L.) and big 
bluestem (AndropogongerardiVitman) (Martin et al., 1982) and is 
highly feasible with other warm-season grasses having seedling 
atrazine tolerance (Bahler et al., 1984). Currently, technology is 
available to double the productivity of many pastures and range- 
lands, but to be competitive with grain crops, the productivity of 
forage plants on class III and IV land will have to exceed that which 
is possible with current technology. This goal can be achieved by 
developing improved germplasm with the potential for increased 
yields, quality, and insect and disease resistance and by concur- 
rently developing management systems that will maximize the 
expression of this genetic potential. This research will require the 
input of plant breeders and geneticists, forage quality scientists, 
entomologists, plant pathologists, soil scientists, and animal 
nutritionists. 

The productivity of class V-VII land can also be greatly 
improved. Unmodified class V, VI, and VII land is usually des- 
cribed as rangeland. Rangeland occupies up to one-half of the total 
land area of some states in the central Great Plains. Rangeland 
improvement has been hindered by the criteria currently used to 
classify range conditions which place native ‘climax’ vegetation in 
the ‘best’category. Progress in improving the productivity of range- 
lands could be enhanced if it were generally recognized that range- 
land is simply a class of agricultural land for which superior plants 
can be developed (Love 1961). Wilson and Tupper (1982) have 
described a system of classifying rangelands that establishes pro- 
ductivity and soil stability as the criteria for determining range 
conditions. Based on these criteria, they describe the following 
rangeland conditions: 

1) excellent condition: soil stable, productivity good; 
2) good condition: soil stable, productivity diminished; 
3) fair condition: soil unstable, productivity good; 
4) poor condition: soil unstable, productivity diminished. 

This production-oriented classification system is needed to improve 
the productivity of privately owned pasture and rangeland, and it 
should be adopted as the basis for planning range research and for 
implementing conservation practices. Greater productivity and 
profitability would make the return per unit of land in permanent 

forages more competitive with alternate land uses such as cultiva- 
tion for dryland wheat production. Climax vegetation may be the 
type of vegetation that will be the most productive in many areas 
but this assertion should be based on research and not on 
philosophy. 

In the near future, it is highly likely that herbicides will be 
developed that will make it possible to economically seed improved 
grasses and legumes directly into rangelands without plowing. 
Drills capable of seeding directly into unplowed rangelands are 
already available. Adapted grasses and legumes that are more 
productive than native range plants could then be seeded without 
soil loss. Again the grasses and legumes must be capable of being 
established in one growing season. Breeding range grasses and 
legumes for improved yield and quality could lead to doubling beef 
production per acre. A new switchgrass variety with 6% higher in 
vitro dry matter digestibility (IVDMD) than a standard variety 
produced 35% more beef per land unit over a two-year period in 
Nebraska even though the two strains.produced the same amount 
of forage (Ward et al. 1984). Further increases in yield and quality 
can be made in switchgrass and other grasses. 

Improved management practices could add additional gains in 
productivity. If soil fertility is the major limiting factor, fertiliza- 
tion can greatly improve productivity. To maximize productivity 
per land unit, both improved grasses and legumes will be needed. 
Ideally, rangeland managers need to have the capability to remove 
undesirable species with herbicides or biological agents and to 
replace them with improved cultivars of desirable plants without 
damaging existing desirable species. Improved cultivars can be 
developed from native climax species or introduced species that 
have resilience to climatic fluctuations similar to that of native 
climax vegetation. 
The use of complementary forages and reseeded pastures and 
rangeland to improve productivity and profitability of livestock 
production units is well documented (Cordingly and Kearl 1975, 
Rogler and Lorenz 1983, Hart et al. 1983, McIlvain and Shoop 
1973, Grey 1973). New research developments should be evaluated 
in terms of their overall effects on production systems in addition 
to their effects on components of those systems, i.e., pasture, hay, 
or range. In addition to research on plants, there also is a need for 
research on animal-plant interactions. This includes investigations 
of grazing systems and genetic research with animals to develop 
strains that are more productive than current breeds as measured 
in terms of meat produced per land unit. The current interest in 
unconventional grazing systems is encouraging, but verifiable 
research results and not unsubstantiated opinions should be the 
basis for designing and implementing grazing systems. 

It is obvious that expanded forage and range research efforts will 
be required to make the necessary scientific breakthroughs. 
Research is expensive and the more complex and difficult the 
problem, the greater the cost to solve that problem. It is unlikely 
that individual states, many of which have small populations and 
modest research budgets, will have the resources to develop the 
necessary research teams. Public officials and private citizens need 
to recognize that these are regional problems and that funding 
should be pooled to establish the required teams. Since there are 
three major ecological regions in this area, the tall-grass, mid- 
grass, and short-grass prairie (Carpenter 1940), it seems likely that 
the most research progress could be made if research teams were 
developed for each region. This need for interdisciplinary research 
teams was documented in a previous review of range research in the 
western United States (SEA-AR, 1981). Cooperation among all 
public research agencies will need to be improved at all levels of 
management to permit the establishment of these research teams. 
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Book Reviews: 
Winter Ecology of Small Mammals. 1984. Edited by Joseph 

F. Merritt, Powdermill Nature Reserve, Rector, Pa. Spe- 
cial publication of Carnegie Museum of Natural History 
#lO. $45.00. 
“Never judge a book by its cover,” my mother once told me, 

“because you never know what you will find inside.” So the plain 
blue and white dust jacket of the Carnegie Museum of Natural 
History’s latest publication belies the gold mine within. 

The editor best describes the need for this book in his Foreword 
address by stating that “there were many scientists from many 
nations with interests in winter ecology of small mammals.” 
Because of their diverse disciplines-botany, mammalogy, ethol- 
ogy, anatomy, physiology and ecology-they had never assembled 
at a common meeting. Thus in October, 1981, 45 participants 
representing six nations quietly met in a little town in Pennsylvania 
(Rector) to discuss their interests. 

Little, I fear, did the editor (and symposium sponsor) realize the 
need for this information beyond the scope of this meeting. As 
those familiar with small mammal population dynamics know, 
little is available on winter morphology, habitats, or patterns. 
Most of the past work, it appears, has been done by armchair 
zoologists who prefer balmy spring and summer climes to the 
rigors of harsh winter practicalities. The scientist/ practitioner 
working with range management, forestry, horticulture or agron- 
omy, and vertebrate pest management knows that severe damage 
occurs from both small and large animals during the fall and 
winter. Yet finding information-no matter how far geographi- 
cally removed-that might lead to solving a specific problem has 
been close to impossible to find between two covers. That has now 
been changed. 

This book, or better yet proceedings, is not a bedside thriller or 
coffee table conversation piece. It is a reference prepared by some 
of the best minds in the world, about mice, voles, and shrews (with 
a sprinkling of other furry critters thrown in) that can keep your 
mind occupied for some time. You, like the authors, should be 
serious when you buy it. But it is well worth the publisher’s asking 
price.-L.eonard R. Askham, Washington State Univ. 

Developing Strategies for Rangeland Management. 1984. 
National Research Council/ National Academy of Scien- 
ces. B. Delworth Gardner, Committee Chairman. West- 
view Press, 5500 Central Ave., Boulder, Colo. 80301. $55, 
cloth. 
The Congress of the United States changed the role of the 

Bureau of Land Management from custodian to steward of 
approximately 174 million acres of public domain lands in the 
western states by passage of the Federal Land Policy and Man- 
agement Act of 1976 (FLPMA). This organic act gave the Bureau 
new authorities and responsibilities over their public lands, requir- 
ing inventories, environmental impact statements, plans, and set- 
ting of goals. 

In response, the Bureau approached the National Research 
Council (NRC) with a request for assistance in compiling available 
state-of-the-art scientific knowledge relating to range manage- 
ment. NRC appointed a committee and charged them with the 
assignment. The committee assembled six workshops, which were 
convened at various times from December 1980 to September 
198 1. The content of this book is comprised of the papers presented 
at these workshops, along with prepared discussant papers, sum- 
maries, and recommendations. 

More than one hundred authors have contributed 2,022 pages to 
make the largest epitome of range management thought in exist- 
ence. The list of authors includes those recognized as from the core 
of range science, as well as many who, though outside the range 
management profession, work in specialized area of science which 
impinge on range problems. 

The following list of workshop titles provides a meager indica- 
tion of the breadth of subject coverage: (1) forage allocation; (2) 
inventory of range resources; (3) impacts of grazing intensity and 
specialized grazing systems on the use and value of rangeland; (4) 
effects of range management on plant communities; (5) application 
of socioeconomic techniques to range management decision mak- 
ing; and (6) political and legal aspects of range management. 

The papers in this book provide interesting and challenging 
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reading for range managers in all the various fields, from adminis- 
tration to action, consulting, education, and research. It will be of 
particular value to range scientists and graduate students, since it 
brings together into one binding such a broad collection of range 
knowledge. The extensive bibliographies accompanying most pap- 
ers are a veritable gold mine, providing a time-saving source to 
much of the past range literature+ Most professional range manag- 
ers will want a copy on their bookshelf.--Ed 

International Rangeland Resources Development Sympo- 
sium Proceedings. 1985. Edited by Larry White and James 
A. Tiedeman. Washington State University, 202 Van 
Doren Hall, Pullman 991645220. 171 p. $15.00. 
This proceedings is the result of a symposium organized by the 

International Affairs Committee, Society for Range Management 
and Washington State University, held at the Salt Lake City 
Annual SRM Meeting. Seventeen papers are presented around the 
theme “Human and Cultural Understanding-Key to Improving 
Benefits from Rangelands.“Developing countries from the Middle 
East, China, Latin America, and much of Africa were represented. 

Nearly every paper emphasized the need for staff on develop- 
ment projects to understand local cultural values, involve the 
pastoralists in all aspects of the development process, and to 
initiate range development within the current traditional manage- 
ment system rather than by direct replacement with Western 
technology. 

Responses of Plants to Environmental Stresses. 1980. 
Volume I (second edition). Chilling, freezing, and high 
temperature stresses. J. Levitt. Academic Press, Inc. 
Orlando, Fla. 32887. $35. 
Volume II (second edition). Water, radiation, salt, and 
other stresses. 1980. J. Levitt. Academic Press, Inc. 
Orlando, Fla. 32887. $55. 
Most plants growing on rangelands survive under a variety of 

stresses. The nature of rangeland, being that which remains after 
lands with higher economic uses have been selected, insures the 
presence of environmental stress. Dr. Levitt has spent a lifetime, 
since the 1930’s, actively researching the fundamental responses of 
plants to environmental stress, and elucidating the biochemical 
reasons for what we see happening to plants under various stresses. 
These two volumes are an expanded and updated treatment of the 
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first edition, published in the Academic Press Physiological Ecol- 
ogy Series. 

The first two chapters in volume one compare biological stress 
with the classical concepts developed in physics, which help to 
clarify the problems seen in plants. The next chapter considers 
chilling stress, including injury and resistance. Chapters four to ten 
investigate in detail the microbiological consequences and responses 
to freezing. The final section similarly covers high temperature 
stress. 

Volume two repeats the first two chapters on stress concepts 
found in volume one, but with emphasis on water, radiation, salt, 
and other stressing factors of the environment. The following ten 
chapters cover these factors in minute detail. The book was exam- 
ined closely for references to stress through herbivory, but none 
were found. 

Extensive bibliographies follow each section, covering signifi- 
cant research publication in this area. Dr. Levitt has not only 
integrated the information found in these publications with his 
personal knowledge, but has given opinions on future research 
needs, and at times given personal insight into the future solution 
of controversial and perplexing problems which are presently re- 
sisting solution. 

These are excellent references for range management research 
scientists and those studying toward advanced degrees.--Ed. 

Water Relations of Plants. 1983. Paul J. Kramer. Academic 
Press, Inc. 1 I1 Fifth Avenue, New York, N.Y. 10003. $35. 
Cloth. 
The author is recognized as an international authority in this 

subject, and has prepared a textbook appropriate to his reputation. 
It is pitched at the undergraduate level, written in a clearly under- 
standable style expected of a senior professor. It provides a very 
useful summary of modern knowledge of this important ecological 
area. 

Chapter subjects are well organized to lead into understanding 
of basic subjects such as functions and properties of water, cell 
water relations, and basic soils concepts. Later chapters explain 
soil water measurement, functions of roots, water movement in 
soil, absorption by root and stem, translocation systems in plants, 
and transpiration. The final two chapters discuss water deficits and 
drought tolerance. 

The bibliography at the end of the book is extensive, covering 57 
pages. While some of my favorite references are not included, it is a 
good selection from the multitudinous writings available. This is a 
valuable reference work recommended for the library of the up-to- 
date range manager.-u. 
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of brush soaks up a lot of water and produces 
very little forage. Without brush, that water can 
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soil moisture. 
Greater land value. While all the benefits of 
brush control with Graslan make your grazing 
land more productive, they also make that same 
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tool for today, it’s an investment for tomorrow. 
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