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Native or seeded rangeland for cows with high 
or low milk production 
DON C. ADAMS, ROBERT B. STAIGMILLER, BRADFORD W. KNAPP, AND JAMES 
B. LAMB 

Adams is associateprofessor and Lnmb is a research associate, University of Nebraksa, Institute of Agriculture and 
Natural Resources, West Central Research and Extension Center, Route 4, Box 46A. North Platte 69101; Staigmiller 
and Knapp are research physiologist and statistician, respectively, USDA-ARS Ft. Keogh Livestock and Range 
Research Luboratory, Miles City, Mont. 59031. Adams was formerly with USDA-ARS. 

Abstract 

Multiparous cows (n = 91,1986; n q  92,1987) wereselected from 
2 populations to obtain cattle with high and low milk production. 
After March-April calving, high and low producing cows grazed 
either native range (treatment 1) or seeded range (treatment 2) until 
weaning in September. Seeded range included paddocks of crested 
wheatgrass (Agropyron desertorrun, Fisch. ex [Lhrk]Schult), con- 
tour furrowed native range interseeded with “Ladak” alfalfa 
(Me&ego S&VU L.), and Russian wildrye grass (PzuUrros~tachys 
jmrceu[Fisch.] Nevski.). In treatment 2, crested wheatgrass was grazed 
mid-April to 17 June, followed by contour furrowed rangeland 18 
June to 5 August, and ended with Russian wildrye 6 August to 
weaning (mid-September). Data were analyzed as a split plot with 
treatment and year in the main plot and cow type hr the subplot. 
Number of cows exhibiting estrus before the beginning of the 
breeding season and fall pregnancy rate were not influenced 
(nO.05) by range treatment. Twelve-hour milk production dur- 
ing May, June, August, and September ranged from 11.3 to 6.8 kg 
and 7.6 to 3.9 kg for high and low producing cows, respectively. 
Cows with high milk production lost body condition during and 
after the breeding season, whereas cows with low milk production 
maintained body condition during the same period. Live weight 
gain of calves was greater (P<O.Ol) for cows with high production 
than cows with low production but was not affected (p>O.OS) by 
range treatment. We concluded that native and seeded ranges were 
of similar nutritive value for cows with high and low milk produc- 
tion and that cows with high milk production may have greater 
nutrient requirements during late summer-early fall than what was 
provided by native or seeded ranges. Protein may be the primary 
limiting nutrient in forages during the late summer for lactating 
cows grazing Northern Great Plains range. 

Key Words: reproduction, crested wheatgrass, Russian wildrye 
grass, contour furrows, body condition 

Nutrient requirements of a lactating cow increase as milk pro- 
duction increases (NRC 1984). High milk production in a spring 
calving system may contribute to a negative nutrient balance of the 
cow during spring and late summer months on Northern Great 
Plains rangeland (Adams and Short 1987). Loss of body condition 
after calving may reduce pregnancy rate in the cow herd, especially 
if cows are thin at calving (Richards et al. 1986). Seeded rangeland 
grazed in combination with native rangeland has been evaluated as 
a means to improve nutrient status of lactating cows (Houston and 
Urick 1972, Hart et al. 1983, Adams et al. 1989). Some improve- 
ment in reproduction and weaning weights were observed from 
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seeded rangeland (Houston and Urick 1972, Adams et al. 1989), 
but the primary benefits have been increased stocking rate and 
flexibility in managing native rangeland in the early spring (Hart et 
al. 1983, Adams et al. 1989). Studies evaluating seeded and native 
range forage have not accounted for differing levels of animal 
production. Individual animal performance of high producing beef 
cows may be improved by grazing seeded range during lactation. It 
has been observed that: (1) crested wheatgrass (Agropyron deser- 
torum, Fisch. ex [Link] Schult.) was ready for spring grazing 10 
days to 5 weeks earlier than native species (Houston and Urick 
1972), (2) contour furrowing allows establishment of legumes in 
native rangeland (Adams et al. 1989), and (3) Russian wildrye 
(Psathrostachys juncea [Fisch.] Nevski) maintains high forage 
quality during the late summer and fall (Wight et al. 1983). 

Our objectives were to determine: (1) if individual animal per- 
formance of spring calving cows with high or low milk production 
was different when grazing native versus seeded rangeland, and (2) 
if interactions existed between range treatment and level of milk 
production. 

Materials and Methods 

After calving in 1986 and 1987, multiparous cows with high or 
low milk production were assigned to 2 replicated grazing treat- 
ments: (1) native rangeland and (2) seeded rangeland. The native 
rangeland replicates were 2 paddocks of 265 and 194 ha which were 
grazed continuously throughout the grazing season. Each seeded 
rangeland replicate consisted of: (1) crested wheatgrass (40 ha); (2) 
contour furrowed native rangeland (40 ha) interseeded with 
“Ladak” alfalfa (Medicago Sutivu L.); and (3) Russian wildrye 
grass (34 ha). See Table 1 for description of grazing periods, animal 
numbers, and stocking rate. Major forage species in the native 
rangeland paddocks were western wheatgrass (Pascopyrum smi- 
thii [Rydb.] Love), blue grama (Boutelouu grucilis [H.B.K.] Lag. 
ex Griffiths), needle-and-thread grass (Stipa comatu Trin. and 
Rupr.), buffalo grass (Buchloe ductyloides putt.1 Engelm.), green 
needlegrass (Stipu viridulu Trin.), cheatgrass (Bromus tectorum 
L.), Japanese brome (Bromus juponicus Thunb.), and threadleaf 
sedge (Curexfdifoliu Nutt.) Other important species include silver 
sagebrush (Artemisiu cunu Pursh), fringe sagewort (Artemisiufrig- 
idu Willd.), greasewood (Surcobatus vermiculutus [Hook.] 
Emory.), and plains prickly pear (Opuntiu polycunthu Haw.). 
Species composition of the contour furrowed native rangeland 
paddocks was the same as that of native rangeland paddocks with 
the exception of the interseeded alfalfa. Grazing treatments began 
each year when crested wheatgrass attained a height of approxi- 
mately 130 mm as recommended by Currie and Smith (1970). 

Precipitation was recorded about 14 km from the study site at a 
weather station operated by the Federal Aviation Administration. 
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Table 1. Animal numbers, stock@ rate, and dates significant to data 
collection and management of the animal and range resources. 

Year 
Item 1986 1987 

Grazing treatment: 
Native range 
Seeded range 

Cow type: 
Low lactation 
High lactation: 

Red Angus X Tarentaise 
Red Angus X Charolais 

Grazing periods 

Animal numbers* 

43 46 
48 46 

44 44 

25 23 
22 25 

Native range 
Seeded range: 

Crested wheatgrass 
Contour furrowed 
Russian wildrye 

steers/replicate) 5 times each year (Table 1). After an overnight 
fast, forage samples were collected from the fistula of each steer 
following a 30- to 45-min grazing period. Fistula-forage samples 
were dried at 45” C and ground through a l-mm screen in a Wiley 
mill. Fistula-forage samples were analyzed for kjeldahl nitrogen, 
organic matter by standard methods (AOAC 1984), and for neutral 
detergent fiber (NDF) and acid detergent fiber (ADF), according 
to Goering and Van Soest (1970). 

Data were analyzed as a split plot with range type, year, and 
grazing treatment X year as the main plot; error term for the main 
plot was replicate (range type X year). Cow type, breed type, cow 
type X range type, and cow type X year were the subplot and were 
tested by the residual. Other interactions were included in the 
model but were nonsignificant and were deleted. 

Results and Discussion 
10 Apr.-l6 Sept. 20 Apr.-24 Sept. Annual precipitation (October through September) was 114% 
10 Apr.-l7 Jun. 20 Apr.-17 Jun. and 95% of the long-term average for 1986 and 1987, respectively 
18 Jun.-5 Aug. I8 Jun.-5 Aug. (Table 2). Precipitation for April through August was 111% and 

6 Aug.-16 Sept. 6 Aug.-24 Sept. 124% of the long-term average, respectively. 
Stocking rate, animal unit days/ ha rangelandb 
Native range 19.7 
Seeded range: 

22.0 

Crested wheatgrass 
Contour furrowed 
Russian wildrye 

Data collection neriods 
Prebreeding estrous detection 
Breeding season 
Weaning 
Begin calving 
12-h milk production’ 
Diet collectionsC 

52.8 43.3 
43.2 41.1 
40.6 51.9 

8 Jun.-18 Jun. 8 Jun.-IS Jun. 
I9 Jun.-5 Aug. I9 Jun.-5 Aug. 

20 Sept. 24 Sept. 
21 Mar. 29 Mar. 

23 May, 18 Jun., 1 Aug., 14 Sept. 
I2 Mav. 9 Jun.. 7 Jul.. 4 AUP.. 1 Scot. 

“Cows and calves 
bAnimal unit days (AUD) includes cow, calves, esophageal steers, and bulls; a 454.5 kg 
cow for 1 day = 1 AUD; 0.1 AUD was added for each 100 kg cow weight over 454.5 kg; 
0.3 AUD added for calves over 90 days of age, esophageal steers = 0.8 AUD, bulls = I .2 
AUD (Wager et al. 1986). 
‘Dates were the same in both 1986 and 1987. 

Cows were of 2 types, either high or low milk producers. The low 
producing cows were selected from a Hereford population. The 
high producing cows were selected from the F2 generation of a 
composite breed and represented 2 breed types. All high producing 
cows were 1 / 2 red Angus with the other half being either Taren- 
taise or Charolais (Table 1). Calving began 21 Mar. 1986 and 29 
Mar. 1987. 

Cows and calves were weighed and cows’body condition scored 
at the beginning of grazing, at the beginning and end of the breed- 
ing season, and at weaning (see Table 1). Body condition scores 
were based on a palpated determination of fleshing over the ribs 
and thoracic vertebrae (Bellows et al. 1971). Body condition was 
scored from 1 (thinnest) to 10 (fattest). 

Before the breeding season, estrus was determined using sterile 
bulls fitted with grease marking harnesses. In both years, sterile 
bulls were placed with the cows on 8 June and all cows were 
checked daily for estrus. On 19 June, sterile bulls were removed 
and the ovaries of cows that had not been detected in standing 
estrus were palpated for a corpus luteum. A palpable corpus 
luteum was considered evidence that a cow had been in estrus at 
least once. A fertile 2-yr-old Hereford bull was placed with the 
cows in each replicate during the breeding season. Cows were 
pregnancy tested by rectal palpation at weaning. 

Twelve-hour milk production estimates for each cow were 
determined 4 times each year (Table 1) by the calf weigh-suckle- 
weigh technique as described by Adams et al. (1989). 

Forage diets were collected from esophageal-listulated steers (4 

Table 2. Monthly and annual precipitation for 1986 and 1987 at Miles 
City, Mont. 

Total for 
Year Apr. May Jun. Jul. Aug. Total’ year 

________________mm________________ 
Long term 35 59 70 39 32 235 355 
1986 30 84 54 42 52 262 406 
1987 4 109 26 IO1 47 287 339 

Total April through August. 

Composition of fistula-forage samples was affected by day and 
year collected (Figs. 1 and 2). Interactions between range type, day 
of collection and year were significant (P<O.OS to P<O.Ol). Differ- 
ences for crude protein and ADF within day and between range 
types were generally nonsignificant. Some differences within year, 
day, and treatment occurred for NDF. Dietary crude protein was 
near or above 12% in May and June both years, but was generally 
between 6% and 8% in July, August, and September for both 
seeded and native range. 

Change in body weight and body condition scores from the end 
of breeding season to weaning were the only traits showing signifi- 
cant differences due to breed type (i.e., breed type within high 
milking cows) differences were 3.6 kg and 0.1 body condition 
scores, respectively. All other breed type effects were nonsignifi- 
cant (mO.05); also no interactions with breed type occurred, 
therefore, breed type data are not presented. 

As expected, high producing cows gave more (P<O.O5) milk at 
sampling dates than low producing cows, regardless of range type 
(Table 3). Milk production of high producing cows on 14 Sep 

Table 3. Least square means for Ithour milk production of 2 type-s of beef 
cows (i.e. high or low milk production) grazing native of seeded range 
land near Miles City, Mont. 

Date 

28 May 
18 Jun. 

1 Aug. 
14 Sept. 

Cow type Range type 

High Low” Native Seeded 

_____________kg------------- 
5.3** 3.5 
4.8** 3.2 
4.0** 2.3 3.5** 2.8 
3.1** I.8 

‘All range type and year effects and all interactions were nonsignificant 130.05, 
except for the range type effect on 1 Aug. and the year effective on 14 Sept. Milk 
production 14 Sept. 1986 = 2.0 kg; 1987 = 3.0 kg, means were different P<O.Ol. 
**Means are different P<O.Ol. 
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Fig. 1. Acid detergent flber (ADF), neutral detergent fiber (NDF), end 
crude protein content of diets collected from esophageally fistulated 
steers grazing native or seeded rangeland during 1986. 

Fig. 2. Acid detergent fiber (ADF), neutral detergent iiber (NDF), and 
crude protein content of diets collected from esophageelly fistulated 
steers grazing native or seeded rangeland during 1987. 

tember was nearly as high as low producing cows in May or June. Percentage of cows cycling at the beginning of the breeding 
May and June milk production was not influenced by range type, season and fall pregnancy rate was not affected (C-0.05) by range 
year, or any interactions. August milk production was greater type, cow type, year, or any interactions. Pregnancy rate was 90.7% 
(P<O.Ol) for cows grazing native range than for those grazing for the 2 years and 89.0% of cows were cycling at the beginning of 
seeded range. September milk production was greater (PX.01) in the breeding season both years (Table 3). Both high and low 
1987 than 1986. All interactions involving year, range type, and producing cows were in moderate body condition after calving, 
cow type for August and September milk production were and both types of cows gained weight and body condition from the 
nonsignificant. initiation of grazing to the beginning of the breeding season. The 

Table 4. L&wit squues means for beginning body condition score and change in body condition score of 2 types of beef COWS (i.e. hi@ or low milk 
production) grazing native or seeded rangeland near Miles City, Mont. 

cow type. Range tyPe Year 

Trait High Low Native Seeded 1986 1987 

____________________--- ____~~~y~~~~~~~~~~~~~~~~~~---~---_~___~-~~~--~--- 

Beginning body condition score 5.91** 5.30 5.54 5.67 5.51 5.70 

Change from on pasture to beginning of 0.27** 0.59 0.37 0.39 0.65** 0.22 
breeding season (63 days) 

Change during breeding season (49 days) -0.24** -0.03 -0.03 a.24 -0.08 a.19 

Change end of breeding season to weaning -0.96** -0.08 -0.75 -0.26 -1.04** 0.18 
(46 days) 

Change from on pasture to weaning -0.96** 0.60 -0.40 0.01 -0.29 0.12 
(158 days) 

*Interactions with COW type, range type, and year were nonsignificant p>O.O5, except for cow type X year for change on pasture to weaning; means were: 1986, high producing 
cows q  1.50, low producing cows q  0.70; 1987, high producing cows = 4.38, low producing COWS q  0.85. 
**Means are diffennt P<O.Ol. 
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Table 5. Least S~UIWS IIMIIS for beghming body weighht and change in body weight of 2 types of beef cows (i.e. high or low milk production) grazing native 
or seeded rangeland near Miles City, Mont. 

Trait 

Beginning body weight 
Gain from on pasture to beginning of 

breeding season (63 days) 
Gain during breeding season (49 days) 
Gain end of breeding season to weaning 

(46 days) 

cow type* Range type Year 

High Low Native Seeded 1986 1987 

____________________------ ______kg________________________________ 
555.4** 475.9 506.9+* 527.5 509.4 521.9 

20.5** 28.6 22.6 26.5 55.0** -5.9 

20.9 22.0 30.9** 12.0 -11.9** 54.8 

-39.0 -21.5 -32.7 -27.8 -41.9 -18.5 

Gain from on pasture to weaning (158 days) 2.5** 29.2 20.9 10.8 1.2* 30.5 

‘Interactions with cow type, range type, and year were nonsi@icant JPO.05, except for cow type X year, for gain from on pastprc to weaning which was significant (P<O.Of). 
Means were: 1986, hiah producing cows = 12.8, low producmg cows = 15.2 and 1987, high producing cows = 34.4, low producing cows = 26.5. 
*Means are differ&t ><0.05. - 
**Means are different P<O.Ol. 

low producing cows gained more (P<O.Ol) weight and body condi- 
tion before breeding than did high producing cows. Moderate 
body condition at calving and maintenance of body condition until 
start of the breeding season are essential to achieve high pregnancy 
rates (Richards et al. 1986). 

Body condition scores and body weight, along with their sea- 
sonal changes, are shown in Tables 4 and 5. Although both cows 
with high and low milk production gained body weight during the 
breeding season, body condition scores for both high and low 
producing cows were reflective of cows near maintenance. Both 
high and low producing cows lost body weight and body condition 
between the end of the breeding season and weaning, but loss of 
body condition was greater (P<O.Ol) for cows with high milk 
production. Loss of body weight after the breeding season was not 
affected by year or range treatment. Change in body condition 
after the breeding season was greater (P<O.Ol) during 1986 than 
1987. Apparently, native or seeded rangeland would support only 
the maintenance requirement of a low milk-producing cow after 
the breeding season in the late summer, which is consistent with 
other research on the Northern Great Plains (Adams et al. 1989). 
Low dietary protein may have been a factor limiting production 
during late summer in this study. About 1,150 g of crude protein 
are required to support 7.5 kg daily milk production by 550-kg 
cows (NRC 1984). During late summer the high producing cows 

would have needed to consume 16.4 kg of organic matter daily 
containing 7% crude protein to support the observed milk produc- 
tion in Table 3. This level would be nearly 3% of body weight and 
may be unrealistic based on other work at this location (Adams et 
al. 1987a, Ward et al. 1990). Dietary energy seems less likely to be 
limiting than does crude protein (Adams and Short 1987). Wean- 
ing date may be critical for cows with high milk production to 
ensure that they do not become thin before the fall-winter grazing 
period. Weaning the calf would reduce the cow’s nutrient require- 
ment and prevent loss of body weight or body condition. Cows 
which enter the winter grazing period in low body condition are 
likely to be thin in the spring (Adams et al. 1987b). Cows that are 
thin at calving will breed later in the breeding season or not at all 
(Richards et al. 1986). Change in body weight and body condition 
score from beginning of grazing in April through weaning in 
September was not influenced by range type, but a cow type X year 
interaction occurred (P<O.O 1). During the fall grazing period, high 
producing cows gained less weight and lost more body condition 
compared to low producing cows during 1986 and 1987, but differ- 
ences were smaller in 1987 than 1986. Late summer and early fall 
appears to be a critical period for high producing cows. 

Steer calves gained more body weight (KO.01) during each 
period and overall than did heifers. All sex of calf interactions with 
year, cow type, and forage type were nonsignificant (mO.05); 

Table 6. Least squares means for body weight gains of calves from 2 types of beef cows (i.e. higb or low milk production) grazing native or seeded 
rangeland near Miles City, Mont. 

Traitb 
Cow type” Range type Year 

High Low Native Seeded 1986 1987 

Birth weight 
Gain from on pasture to beginning 

of breeding season (63 days) 

____________________~~~~~~~~~~~---- ~g___________________________________ 
39.2** 35.0 36.6 37.7 38.3 36.0 
56.2** 40.2 49.6 46.8 49.1 47.2 

Gain during breeding season (49 days) 
Gain end of breeding season to weaning 

(46 days) 

55.0+* 37.7 49.0. 43.7 46.6 46.1 
46.3** 35.0 42.1 39.1 26.2** 55.1 

Gain from on pasture to weaning 
(158 days) 

157.5** 112.9 140.8 129.6 121.9** 148.5 

%teractions with cow type, range type, and year were nonsi@!icant C-0.05, except: cow type X year interaction for gains ?n pasture to beginning of the breeding season 
(means were 1986 -high producing cows = 58.8 and low producmg cows = 39.5.1987 -high producing cows = 53.6 and low producmg cows = 40.9); cow type X year for gams from 
end of breeding season to weaning (means were 1986 - high producing cows = 30.0 and low producing cows = 22.9,1987 - high producing cows = 62.6 and low producmg COWS = 
47.6); and range type X year for gain on pasture to weaning (means were 1986 native = 37.7, seeded = 38.9 and 1987 native = 35.5, seeded q  36.4). 
kex of calf was included in the model. Steer calves gained more weight than heifer calves during each period, but all sex of calf interactions were nonsignificant; therefore, data 
are combined for male and female calves. 
*Means are different P<O.OS. 
**Means are different P<O.Ol. 
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therefore, data were combined and mean gain presented in Table 6. 
Calves gained more (P<O.OS) body weight during the breeding 
season while grazing native range than seeded range, but total 
gains from the beginning of spring grazing until weaning were 
similar (PX.05) for both native and seeded rangeland. Calf gains 
from beginning of spring grazing to weaning were greater (P<O.Ol) 
during 1987 than 1986. Interactions with cow type and range type 
were generally not significant (mO.05) for calf gains. Calves from 
high producing cows were heavier at birth and gained more weight 
during each period (P<O.Ol) than calves from low producing cows. 

Conclusions 
We concluded that cows with high or low milk production and 

their calves performed similarly on native and seeded rangeland. 
Nutrient intake from both seeded and native rangeland was inade- 
nllatt= to cnnnnrt lactation and maintenance fnr hiuh nrm-h~cin~ .I---- -- --rr--- -_...._v.. w.._ _.......-------_- --- --- c)-- r--------n 
cows during late summer. Crude protein appears to be a limiting 
nutrient for lactating cows grazing Northern Great Plains during 
the late summer. Date of weaning may be an important considera- 
tion for high producing cows to ensure adequate body condition 
for winter and next year’s reproduction of the cow. 
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Abstract 

About 40,000 km* of the Caldenal in central semiarid Argentina 
are rangelands where the most important economic activity is 
cow-calf operations. Some information on forage species, mnlnly 
regarding taxonomy, ecophysiology, and nutritive value, is availa- 
ble, but detailed studies on composition of free-ranging cattle diets 
are lacking. The objective of this work was to study the botanical 
composition and seasonai trends of cattle diets in the southern 
Caldenal. Diets were studied through microscopic analysis of cat- 
tle feces collected monthly in a typical plant community during a 
ltmonth period. Grasses were the bulk of the diets, except in 
November when more than SW of the diet was Medicago minima 
(L.) Grufberg. Highest consumption among the grasses was of 
P@to&uetium nqpostaense(Speg.) Hack., one of the dominants in 
the grass layer. High consumption of Pappophorum mucronula- 
turn Nees, one of the few warm-season grasses in the region, was 
found during the summer. Caldin (Prosopts CcrldeniaBurk.) pods, 
consumed in late summer and fall, were the only woody fragments 
found in appreciable amounts. Classification and ordination tech- 
niques were used to analyze seasonal trends. In spite of a relatively 
high homogeneity in the diets, 2 well-defined seasonal trends were 
detected, one in the fall-winter period and another in the spring. 
Cattle diet diversity was minimum during the coldest months of the 
year. 

Key Words: Caldenal, free-ranging cattle, classiication, ordination 

The Southern Espinal (Fernindez et al. 1989) or District of the 
Caldtn (Cabrera 1976), commonly called the Caldenal, is a region 
in central Argentina characterized by the presence of Prosopis 
caldenia Burk. Vegetation of the Caldenal has been described at a 
regional scale in L.a Pampa by Cano et al. (1980); other local 
studies are those by Bo6 and Pellez (1991), Cano (1975), and 
Esterlrich et al. (1985). The most common vegetation type in the 
southern Caldenal is shrubland with a very rich grass layer. The 
eastern and more humid portion of the Caldenal has been used as 
farmland and the driest portion, covering about 40,000 km* at 
present, is almost entirely utilized as rangeland in cow-calf opera- 
tions. Poor range management, with very few exceptions, is the 
rule and signs of deterioration have been mentioned (B6o and 
D..,_^.. ,001 l?---:-,a-.. _* -I ,non\ r-&---^r:_- __ c~-.,~“-~~:..” TWa=iL. 1771, TULI(IIIUCiL=;I a,. ,707,. I,,,“l“laU”‘, “Ul”liaj+ apGWZa 
is scarce and limited to nutritive quality or ecophysiology of some 
species assumed to be important components of cattle diets, but 
studies on cattle diets are lacking. The objective of this work was to 
analyze the botanical composition and seasonal variation of cattle 
diets in a typical plant community of the southern Caldenal. 
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Study Site 

A 600-ha pasture was selected for the study. The site is located in 
the southeast portion of the province of La Pampa (Argentina) at 
38O45’S, 63”45W, and 80-m elevation. Average annual rainfall is 
448 mm concentrated in spring and fall, and average annual poten- 
tial evapotranspiration is 800 mm (Peliez 1986). Average annual 
temperature is 15.3” C with June the coldest month (7O C) and 
January (23.6” C) the warmest. Soiis are ciassified as Caiciustoiis 
with a petrocalcic horizon (“tosca”) at an average depth of 0.60 m 
(Fernindez et al. 1989). 

Vegetation at the site has been described by B6o and Peliez 
(1991). Woody species cover varies between 50 and 70% with P. 
flexuosa DC. and P. caldenia, the only tree in the area, the most 
abundant. The herbaceous layer cover varies between 40 and 50% 
with Piptochaetium napostaense (Speg). Hack. and Stipa renuis 
Phil. as the dominant species; S. speciosa Trin. et Rupr. and S. 
gynerioides Phil. are very frequent, and S. longiglumis Phil., Poa 
ligulark Nees and Pappophorum mucronulatum Nees are less 
abundant. Bare ground is 3040% and during wet years is colon- 
ized by annuals, mostly Medicago minima (L.) Grufberg and Ero- 
dium cicutarium L’Herit. Above-ground net primary production 
in this plant community for S. tenuis was 86.2 g/ m*-year, and 68.4 
g/m*-year for P. napostaense as measured for a IZmonth period 
totalling 532 mm of rainfall (Distel 1987, Distel and Fernhndez 
1986). These 2 species accounted for 70% of the total herbaceous 
cover. 

Materials and Methods 

Botanical composition of cattle diets was studied by microscopic 
analysis of fecal samples (Sparks and Malecheck 1968). A previous 
study (Lindstram, unpublished) provided microhistological in- 
formation on the species present in the area and training in the 
technique. Fifteen independent fecal samples from the same 
number of observed mature cows were collected monthly during 12 
successive months. Five microscope slides were prepared from 
each sample and 40 systematically selected fields per slide were 
observed using 100x magnification. This sampling intensity allowed 
20% (P<O.O5) precision in the estimation of the mean for individ- 
ual species with more than a 7% contribution to the total sample 
composition (B6o et al. 1991). In spite of criticisms due to differen- 
tial digestibility among forage species, fecal analysis is considered 
an adequate method for studying food habits of free-ranging her- 
bivores (McInnis and Vavra 1987, Migongo-Bake and Hansen 
1987). 

A data matrix consisting of the percent relative density of identi- 
fied components of the monthly diets was prepared, which is 
considered a good estimation of the relative amounts of forage 
species present in the diets. A secondary matrix of Euclidian dis- 
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tances (ED13 between all pairs of months was calculated and 
classified using complete linkage (Sneath and Sokal 1973), an 
agglomerative hierarchical cluster analysis technique. McInnis et 
al. (1990) have discussed the potential of this technique in the 
analysis of seasonal variation of herbivore diets. Distortion of the 
classification procedure was evaluated through calculation of the 
cophenetic correlation coefficient (r.,,) as described by McInnis et 
al. (1990), and through ordination of the data matrix with DECO- 
RANA (Hill 1979). Rainfall was measured at the site with an 
automatic rain gauge. Daily maximum temperature was measured 
with a thermometer. Monthly total rainfall and monthly averages 
of daily temperatures were calculated and used to perform regres- 
sion analyses on the axes produced by DECORANA. Monthly 
diversity (Nc) of cattle diets was calculated as the reciprocal of 
Simpson’s index (Hill 1973), and regressions analyses of monthly 
rainfall and temperatures on monthly diet diversity were performed. 

Results and Discussion 

A total of 602 mm of rainfall was measured at the site during the 
12-month period of the study. Rainfall monthly totals and monthly 
averages of daily maximum temperatures are shown in Figure 1. 

Z 120 n TEMPERATURE 

2 
0 loo 

f 
t 80 

i 60 

z 
$ 

40 

g 20 

p 0 
MAMJJASONDJ 

MONTHS 

F 

Fig. 1. Totals of monthly rtinfall (mm) and monthly averages of daily 
mlximum temperature (O C). 

Grasses were the most important contributors to cattle diets 
throughout the year, with a maximum of 91% in January, a min- 
imum of 31% in November and a monthly average of 74%; this 
finding is coincident with many food habit studies (Holechek et al. 
1982, McInnis and Vavra 1987) on free-ranging cattle. P. napos- 
taense, one of the dominant grass species in the southern Caldenal, 
was very abundant in the diets (Fig. 2a) throughout the year, 
except in mid spring when it was partially replaced by M. minima. 
S. tent& The other dominant and highly productive cool-season 
perennial grass in this community (Distel and Femandez 1986) was 
always present, but with substantial amounts only in late winter 
and early spring (Fig. 2b). The rest of the grasses showed low 
abundances, with the exception of P. mucronulatum (Fig. 2d), the 
only warm-season perennial grass present, which reached 48% in 
February and showed marked seasonal use. 

Two annuals frequently mentioned as a good forage resource 
and highly productive in this community during the spring 
(Fresnillo-Fedorenko 1990) are M. minima and E. cicutarium. 
Only the former (Fig. 2e) made a substantial contribution to the 
diets. Among the rest of the forbs, only Sphaeralcea spp. St. Hil. 
(Fig. 2h) are found in low but appreciable amounts, whereas the 
rest are very scarce or traces. 
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Fig. 2. Monthly variation of species with a contribution of more than 10% 
in any one month. 

Caldtn (P. caldenia) pod fragments were the only abundant 
woody materials found in the diets. There was a marked seasonal 
use (Fig. 2f) from mid-summer through late fall, with a peak of 23% 
in April. Caldtn pods have been mentioned as an important forage 
resource and experimental work (Menvielle and Hernandez 1985) 
has demonstrated their nutritive quality. However, consumption 
of caldtn pods by free-ranging cattle, in terms of amount and 
season of use, has never been documented. Consumption of pods is 
also important because one of the mechanisms responsible for 
caldtn dispersion and shrub encroachment in the Caldenal (Pelaez 
et al. 1992) could be seed scarification through the digestive tract of 
cattle, and provision of an adequate habitat for seed germination in 
livestock manure. 

Cattle diets have been reported to be more diverse with increased 
forage availability in late spring (Holechek et al. 1982). Monthly 
diversity of cattle diets (Fig. 3) decreased from March through 
June, the coldest month, and then increased until September. 
Monthly diversity of diets was relatively stable during the rest of 
the study period, except for November when the minimum diver- 
sity for the warmer months was reached; this was coincident with 
the maximum consumption of M. minima. Even though forage 
biomass was not measured in this study, it can be safely assumed 
that temperature and water conditions favorable for vegetation 
growth will increase forage availability. However, a significant 
correlation was found only between diversity and monthly average 
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Fig. 3. Monthly diversity of diets calculated as the reciprocal of Simpson’s 
index. 

maximum temperature (r.,Y = 0.73, P<O.Ol) and not between diver- 
sity and rainfall. This suggests that diet diversity depends on phe- 
nological development as well as on forage availability, but the 
design of this study does not permit us to be more conclusive. 

As McInnis et al. (1990) pointed out, there are no defined criteria 
to stop divisions in the cluster analysis procedure. Since the objec- 
tive of this study was to analyze seasonal trends, the classification 
should relate to season. By cutting the tree in the range 3 1 <EDjk<53 
(Fig. 4) 3 clusters are formed (A, B, and C), and February is 
isolated from the rest behaving as an “outlier”(sensu Gauch 1982). 

‘oo( 

Fig. 4. Dendrogrrm resulting from classification of monthly diets. A, B, 
and C indicate defied diet clusters. 

In February, almost half of the diet was P. mucronulatum making 
this month very different from the rest. 

Cluster C groups all months from late winter through early 
summer when the highest consumption of forbs was detected, 
ranging from 24% to 61%. Diets in this cluster are characterized by 
higher abundance of M. minima, relatively higher content of S. 
tenuis and lower consumption of P. napostaense than in the other 
clusters. Within cluster differences seem to be due to the relative 
amounts of these species. Thus, November would be segregated 
from cluster C at ED+<52 with the highest abundance of LU. 
minima and the least of P. napostaense for the entire study period. 

Cluster B, which includes most of the fall and the first half of 
winter, has a high within-cluster homogeneity, or close proximity 
as measured by the EDjk scale. This coincides with the period of 

minimum diet diversity (Fig. 3). This cluster shows a well-defined 
seasonal grouping, including the months with the highest con- 
sumption of P. napostaense. and important contributions of 
caldkn pods to the cattle diets. 

Cluster A does not represent a single season, except that January 
and March are summer months. August showed the highest con- 
sumption of Sphaerulcea spp. and a relatively high consumption of 
S. tenuis. 

The cophenetic correlation coefficient (r.,y = 0.71) was relatively 
low, indicating a certain distortion between the resemblance 
matrix and the classification procedure, but it does not provide any 
indication of the nature of such distortion. The use of classification 
and ordination on the same set of data is recommended (Gauch 
1982) as they are considered complementary. Ordination may be 
useful in the interpretation of clusters and the orthogonal axes are 
adequate to explore relationships between the data and environ- 
mental variables. 

Regression analysis of temperature and rainfall on the axes from 
DECORANA yielded a significant relationship between the first 
axis and rainfall (r.,Y = 0.64, P<O.O5), and between the second axis 
and monthly average maximum temperature (rX,y = 0.58, P<O.O5). 
These results suggest that rainfall has a greater influence on the 
seasonal trends of cattle diets than does temperature. 

Results from DECORANA are summarized in Figure 5 pre- 
pared with the first 2 axes of the ordination, with corresponding 
eigenvalues of 0.38 and 0.08. Clusters produced by the classifica- 
tion are also shown in the figure. There is a close grouping of 
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Fig. 5. Distribution of monthly diets in the space defied by the first 2 axes 
from DECORANA (DCl, DCZ). Circled months indicate clusters 
defined in the classification procedure. 

months in cluster B (see Fig. 4) confirming results from the classifi- 
cation. Cluster C, less homogeneous than cluster B, is also evident 
in the figure. Cluster A, which groups January, March, and 
August, is heterogeneous as compared to clusters B and C. Of 
course, this heterogeneity is relative to the total heterogeneity in 
the data which is indeed very low as the range of the first axis from 
DECORANA, explaining most of the variation in the data set, 
covers only 240 units. Two samples separated by 400 units in the 
axes would have no species in common. Cluster A covers a range of 
61 units on the first axis denoting an intrinsically high homoge- 
neity. Perhaps a relatively low cophenetic correlation indicating 
some distortion could be due to the proximity of March and 
August to samples in clusters B and C. In addition, considering 
scores on the first axis, there is not a clean separation between 
clusters A and B mainly due to the position of January. This 
month, with a relatively high content of P. mucronulatum, is the 
closest to February. The ordination also shows the separation of 
the February diet from the diets for the rest of the study period. It 
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can be concluded that the ordination confirmed the grouping and 
seasonal trends from the classification and provided a better 
understanding of relationships among clusters. 
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Abstract 

Calden (Prosopis caldenia Burkart) is the dominant tree of the 
xerophytic open forest in the semiarid pampa of Argentina. Calden 
has gradually increased its distribution throughout the region dur- 
ing the past century as a result of livestock grazing in the pampa 
forest. Calden has an indehiscent legume fruit that is consumed by 
livestock during the February-April fruit shedding period (FSP). 
Both free seeds and pod segments (1 seed inside the endocarp) can 
be found in cattle dung. Free seeds and pod segments coming from 
fruits (uningested) and dung (excreted) were collected during the 
fruit shedding period on 22 February (Dl), 7 March (D2) and 27 
March (D3) to compare viability and germination rate. Viabilities 
of uningested free seeds and pod segments averaged 95% and 65%, 
respectively, and were unaffected (p10.01) by date of collection. 
Excreted free seed from Dl was 37% viable, which was lower 
(EO.01) than the 72% viable for D2 and D3. Excreted pod seg- 
ments averaged only 10% viable seeds. Ingestion Increased (p10.01) 
germination rate of free seed for Dl and D3. However, excreted 
seed displayed a range of delayed germination response. This 
diversity would increase the probability of seed germination for a 
variety of environmental and site conditions. 

Key Words: seed dispersal, seed shadow, scarification 

Seed dispersal and subsequent plant distribution of trees and 
shrubs is often expanded via frugivorus animals (Harper et al. 
1970, Janzen 1983). Caldin (Prosopis culdeniu Burkart) is 1 tree 
species whose distribution has increased in this manner following 
the introduction of domestic cattle (Koutche and Carmelich 1936, 
INTA 1980). Calden is the dominant tree within the xerophytic 
open forest which covers a large area in the semiarid pampa of 
Argentina (Cabrera 1976, INTA 1980). Natural population of 
caldin and other Prosopis species gradually became transformed 
from savannas to woodland and even impenetrable shrubs. This 
change is often accompanied by a decrease in production and 
accessibility of more desirable forage plants (Fisher 1977). 

Calden fruits are valuable livestock forage (Menvielle and Her- 
nandez 1985) during the fruit shedding period (FSP) (Februa- 
ry-April) and seeds are frequently encountered in cattle dung. If 
wildlife or livestock do not eat them, caldin seeds remain below or 
very near a parental tree. Dispersers often move the seeds from 
open forest areas into other habitats. 

Prosopis species have an indehiscent legume fruit that can split 
apart in segments (Kingsolver et al. 1977, Scifres and Brock 1972). 
Each pod segment is normally formed by 1 seed inside a bony 
endocarp. Both pod segments and free seeds can be propagules. 
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Seeds remain dormant until the endocarp is broken, at least in the 
case of some Prosopis species (Solbrig and Cantino 1975, Hass et 
al. 1973). Scarification of calden seeds increases germination (Pei- 
netti et al. 1993), but only limited information exists on the germi- 
nation requirements of caldin. This study evaluated the effect of 
light and dark conditions, scarification, and endocarp presence on 
caldtn seed germination. We also analyzed the viability and germi- 
nation rate of caldin seeds excreted by cattle in comparison with 
uningested ones at different times during the period of fruit 
consumption. 

Materials and Methods 

Study 1: Germination Requirements 
Calden fruits were collected near Colonia Lagos (36’32’S, 

64”3O’W). The fruits were either split apart into pod segments or 
separated from the endocarp to obtain free seeds. Six treatments 
were imposed: free seeds, pod segments, and scarified seeds were 
each incubated under light or dark conditions. Twenty propagules 
of each type were placed in a petri dish and each treatment was 
replicated 10 times. All propagules were incubated for 7 days at 25” 
C. The optimal temperature for germination is not known, but 
germination did occur after 48 hours when scarified seeds were 
incubated at 25O C. Thereafter, the seeds contained within the pod 
segments were separated from the endocarp, scarified, and incu- 
bated for 3 days at 25” C to determine the percentage germination. 

Study 2: Effects of Cattle Ingestion 
Number of Propagules in Dung 

The study was conducted at Colonia Lagos in 1990 within an 
area of 120 ha supporting 1 cattle/ha during the fruit shedding 
period (FSP) (3 months). The tree population characteristics were 
described by Peinetti et al. (1991). During the period of calden fruit 
shedding, we collected from the soil both fruits and fresh dung (10 
samples) via an aleatory design on 3 dates (D 1,22 February; D2,7 
March; D3, 27 March). Fruits were either split apart into pod 
segments or separated from the endocarp to obtain free seeds. The 
number of propagules present in dung was expressed on a dry 
weight basis. At the moment of gathering each fresh dung was 
weighed, and a subsample (100 g) was extracted, dried, and 
weighed, to estimate dung dry weight. Samples were kept at 5O C 
until processing. Free seeds and pod segments were filtered from 
the excrement through a l-mm mesh sieve, and then were counted. 
Differences among sampling dates in the number of free seeds and 
pod segments present in dung were evaluated by 2-way ANOVA, 
and free seeds:pod segments ratios were compared separately by 
l-way ANOVA. 

Seed Viability 
Viability of propagules coming from fruits and dung was com- 

pared by cornpositing the collections from each sampling date into 
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the 4 following groups: (1) uningested free seeds, (2) uningested 
pod segments, (3) excreted free seeds, and (4) excreted pod seg- 
ments. The percentage of seed viability was determined for each 
group. Scarified seeds were placed in water-saturated petri dishes 
for 24 hours. After imbibition the seeds were cut and treated with 
tetrazolium to determine their viability. Ten petri dishes with 30 
propagules each were examined for treatment. Due to a lack of 
homogeneity of variance, comparisons between excreted and 
uningested propagules were made for free seed and pod segments 
separately. In the case of free seeds a 2-way ANOVA was applied. 
Analyses were executed on arcsine x1’ transformed data and mean 
comparisons were performed using Tukey’s test. The Kruskal- 
Wallis test (Conover 1980) was used to compare seed viability 
between excreted and uningested pod segments. 

Germination Rate 
Germination rate of uningested free seed (UFS) and excreted 

free seed (EFS) lots for each sampling date were determined 
(UFSDI, USFDZ, USF~Q, and EFSor, EFSnz, EFSns). Three 
hundred free seeds were extracted from each lot and placed in 10 
petri dishes. All samples were incubated for 4 months at 25” C. 
Germinated seeds were counted and removed every 24 to 48 hours. 

The cumulative Weibull distribution function was fitted to the 
cumulative germination data for each petri dish. The Weibull 
function provides a very close description of a wide range of species 
germination rates, and its parameters allow a direct biological 
interpretation of different aspects of germination (Brown and 
Mayer 1988). The 4 parameters of the Weibull function reflect the 
maximum cumulative germination (M), the rate of germination 
(k), the lag in the start of germination (1) and the shape of the 
cumulative distribution(c) (Brown 1987, Brown and Mayer 1988). 
The lag parameter (1) was not used to compare the lots because the 
start of incubation in the excreted seeds could not be accurately 
determined. In these lots, lag was considered to be 3 days, since this 
approximates the interval between seed ingestion and excretion by 
cattle (Burton 1948). The maximum germination parameter (M) 
was not estimated with the Weibull distribution because it could be 
accurately determined by analyzing germination responses of the 
scarified ungerminated seeds at the end of the incubation period (4 
months). In this way the Weibull distribution was fitted consider- 
ing only the number of seeds that were able to germinate and not 
the total number of seeds placed in the petri dish. Thus, the 
function was: 

F(t) = 1 _ e-(t’k)c 

where Fe) is the cumulative germination at time t (days). The rate of 
germination increases as k increases (the time between the start of 
germination and when the cumulative germination reaches 63.21% 
is inversely proportional to k). The shape of the cumulative germi- 
nation is a good approximation of the normal distribution, when c 
ranges between 3.25 and 3.61. At lower values of c, cumulative 
germination is positively skewed while with higher values it is 
negatively skewed (Brown 1987). Equations were fitted to cumula- 
tive germination data with nonlinear least-squares estimation 

highest number of samples. 

Results 

Study 1: Germination Requirements 
Scarification increased germination percentages and ungermi- 

nated seeds did not achieve imbibition. Germination percentage of 
scarified seeds achieved 100% either in light or dark conditions. In 
contrast, a very low germination percentage was observed for 
nonscarified seeds (9% in light and 8% in dark conditions). Though 
98% of seeds that had been inside a pod segment were able to 
germinate, no germination was observed when the pod segments 
were placed intact in the germination condition (7 days). 

Study 2: Effects of Cattle Ingestion 
Number of Propagules in Dung 

A high number of propagules were found in cattle feces. The 
mean values and the coefficients of variation for each sampling 
date were: 211 (85), 654 (54), and 990 (51) free seeds per dung, 
whereas 322 (loo), 262 (60), and 210 (57) pod segments were 
present per dung sample. The number of propagules expressed on a 
dry weight basis slightly decreased the coefficients of variation 

Table 1. Number of free seeds (FS) and pod segments (PS) per dry weight 
(g) of cattle dung and free seeds:pod segments ratio (FS:PS) on different 
dates within the fruit shedding period. 

Date Propagules FS:PS 

FS PS 
_________(no/g)_________ 

22 Feb. 0.408 aJ(77)2 0.657 a (46) 0.848 a’(30) 
7 Mar. 1 S47 b (68) 0.632 a (44) 2.808 b (36) 

27 Mar. 1.986 b (69) 0.429 a (59) 4.844 c (33) 

‘Within orooagules and a date, means followed by different letter are different 
(Eo.01): - - 
*Coefficient of variation in parentheses. 
‘Means within a column followed by different letter are different (KO.01) 

(Table 1). The interaction between number of propagules and date 
was significant @,10.01). At the end of the sampling period the 
number of free seeds increased, while the number of pod segments 
remained unchanged. Therefore the free seeds:pod segments ratio 
increased (Table 1). 

Seed Viability 
Passage through the digestive tract of cattle reduced (psO.01) 

the percentage viability of both free and encapsulated seeds. This 
effect was more pronounced at the start of the fruit shedding period 
in the case of free seeds (Table 2). On the first sampling date we 
observed that some seeds were imbibed when gathered but most of 
these were not viable. A very low percentage of pod segments in 
dung contained viable seeds and this percentage did not change as 

Table 2. Viability (%) of free seeds and pod segments sampled from uning-- 
ested fruits and cattle dung (excreted) at different dates of Calden’s fruit 
shedding period. 

based on the Levenberg-Marquart algorithm (Draper and Smith 
198 1). The Weibull parameters k and c were classified separately a 
priori according to 2 factors (range of parameters and seed lot 

Free Seeds Pod Segments 

treatments). In each case the Kruskal-Wallis nonparametric test Date Uningested Excreted Uningested Excreted 

was applied (Conover 1980). The ranges used were: o-0.01; ________(%)_______ ________(%)_______ 

0.01-0.06; 0.060.25; >0.25 for the k parameter and o-0.33; 22Peb. 94 al@)2 37 c (17) 64 a’(4) 8b(4(Y 

0.33-0.66; >0.66 for the c parameter. Weibull functions showed in 2: Ei: 97 a (5) 72 b(13) 66 a (7) 7 b (41) 

Figure 1 correspond to cumulative germination of uningested and 94 a (6) 73 b (16) 76 a (5) 16 b (22) 

excreted free seed at different sample date. Each curve is a repres- IWithinfree seedsand date, means followed by different letteraredifferent (KO.01). 

entation of the 10 samples of every lot. Every one was constructed 
Toefficient of variation in parentheses. 
‘Within pod segments and date, means followed by different letter are different 

considering the midpoint of k and c range that contained the (X%0.01). 
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Fig. 1. Weibull equation fitted to the cumulative germination proportion 
at different sampling dates, where UFS = Uningested Free Seed. EFS = 
Excreted Free Seed, and k = rate of germination. Figures A, B, and C 
correspond to the 3 sampling dates, 22 Feb., 7 Mar., and 27 Mar., 
respectively. 

the fruit shedding period progressed (Table 2). 

Germination Rate 
Weibull function allowed a good fitting to the cumulative ger- 

mination data. In each sample the Marquat parameter was much 
lower than 120, and r2 was significant. Germination rate (k) of 
uningested seeds decreased (p50.01) during the fruit shedding 
period (Fig. 1). Germination rates increased when the seeds passed 
through the intestinal tract at the first and third sampling date (Fig. 
la and c). For the second date the k values were not different from 
the control (kEFSD2 = kUFSD2 (Fig. lb). The shape of the 
cumulative distribution (parameter c) shows similar responses 
across sampling dates (Fig. 1). However, cumulative germination 
at the start of incubation was higher in the uningested free seed 
UFSDl lots than UFSD3 (pSO.01). Nevertheless the effect of 
passage through the intestinal tract was present on all sampling 
dates cUFSD1 > cEFSD1; cUFSDZ > cEFSD2; cUFSDs > 
cEFSDs P<O.Ol). So the cumulative germination of excreted seeds 
was positively skewed in relation to unconsumed lots. In this wayc 
shows a scarification effect in the second sampling date in spite of 
equal k values. 

Discussion and Conclusions 

Germination Requirements 
As in P. glandulosa (Scifres and Brock 1972), caldkn germina- 

tion is not regulated by light. The seed coat delays germination in 
caldkn because it interferes with water uptake. This is the overrid- 
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ing factor that cause dormancy and delays germination in most 
hard seeds of Leguminosae (Bewley and Black 1982). Cald6n seed 
germination was inhibited when the seed was inside the seed pod. 
Consequently, if environmental factors are favorable, germination 
will depend on seed pod rupture and seed scarification by natural 
degradation or dispersal agents. 

Effect of Cattle Ingestion 
Some fruit characteristics, such as indehiscence, delayed matu- 

ration, dry season fruit drop, variable fruit size, variation in fruit 
seediness and hard seed, are considered adaptations for dispersal 
by animals (Janzen 1982). CaldCtn’s fruit characteristics and its 
large number of viable seeds that remain in cattle feces indicate that 
cattle could be effective seed dispersers. However, though most 
seeds pass unharmed through the digestive tract, cattle may defe- 
cate them in inappropriate sites that restrict germination (Janzen 
1981, Janzen 1983). 

Caldin’s seed coat is a barrier that prevents water flux entry, 
generally, water flux density equal to an appropriate force (the 
negative gradient of a suitable potential) divided by some resist- 
ance (Nobel 1983). Delayed germination of caldkn seeds increases 
as the fruit shedding period advances. This is probably the result of 
increased coat resistance to water. Passage through the digestive 
tract enhances germination rate of the surviving caldCn seeds. This 
scarification effect is generally accepted for the hard legume seeds; 
however, it has not been reported in other species (Janzen 198 1). 

Viability and enhanced germination rate effects by cattle con- 
sumption apparently depend upon seed coat resistance values. In 
this way both effects were higher at the start of the fruit shedding 
period as the seed coat resistance probably was lower than at the 
end of the fruit shedding period. Yet it is notable that in the middle 
of the fruit shedding period scarification effect was less pro- 
nounced than at the end. This indicates that other factors such as 
seed:fruit pulp ratio, tenacity to other fruit parts (e.g., fibers), or 
hard endocarp elasticity (Janzen 1983) likely affect the viability 
and germination rate. 

Seed that is sufficiently scarified by a disperser to allow rapid 
germination usually either dies in the animal or in the dung. Yet, 
when seed is not consumed, the high degree of dormancy probably 
would not be adequate for plant dispersion. 

The magnitude of these 2 responses is principally determined by 
when the fruit is consumed. It is surprising that even if passage 
through the digestive tract increases germination rate by scarifica- 
tion, the excreted seeds exhibit a wide range of delayed germina- 
tion levels. This delayed germination diversity could increase the 
germination probability under varying site and environmental 
conditions. 
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Abstract 

Fecal analysis was used to determine the relationships between 
white-tailed deer (Odocoiieus virginimus couesi [Cows and Yar- 
row]) and cattle diets (Beef Master, Hereford and criollo), in 
Durango, Mexico. Deer preferred shrub and tree species (85% of 
the diet), whereas cattle preferred grasses (61%). Although diets 
varied seasonally, as did forage availability and quality, the same 
selective forage pattern was maintained throughout the year. There 
was a significant difference in the use of different plant groups 
between the 2 herbivores. The diet overlap index (50.51%) sug 
gested competition during the wet season, but forage was abundant 
(628 kg/ha dry weight biomass compared with 380 kg/ha in the dry 
season), thus reducing potential conflicts. Deer and cattle can 
simultaneously forage in this area without detriment to either 
species. The vegetation can maintain a stable composition under 
higher utilization levels when used by 2 herbivores with different 
forage patterns than when used by only 1 herbivore. 

Key Words: deer, Odocoileus virginianus couesi, cattle, Michilia 
Biosphere Reserve, Durango, diets, microhistological techniques, 
biomass 

Deer and cattle diets have been studied extensively, and infor- 
mation on diet overlap and potential competition is necessary to 
adjust habitat management at the local level. This is particularly 
important in a Biosphere Reserve where the main economical 
activity is cattle management. Our objectives in this study were to 
determine deer and cattle diets, intensity of competition for food, 
seasonal changes, dietary similarity and overlap at the La Michilia 
Biosphere Reserve, Durango, Mexico. Forage availability and 
utilization were also determined to clarify resource use in a mixed 
oak-pine forest. 

The microhistological analyses of fecal samples has been used 
extensively to determine herbivore diets (Storr 1961, Sparks and 
Malechek 1968, Zyznar and Urness 1969, Ward 1970, Todd and 
Hansen 1973, Anthony and Smith 1974, Goodwin 1975, Holechek 
et al. 1982, and Elliott and Tanner 1985). Although not without 
flaws, the technique has proven to be reasonably reliable for study- 
ing herbivore diets (Holechek et al. 1982). 

Study Area 

This study was carried out at the La Michilia Biosphere Reserve, 
which is located in the southeast of the State of Durango, Mexico, 
between 23’ 30’ and 23O 25’ N Lat and 104’ 21’ and 104’ 15’ W 
Long. The Reserve is located on the foothills of the Sierra Madre 
Occidental, 145 km south of Durango. The altitude varies from 
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2,250 to 2,850 m.a.s.1. The dominant species in the mixed oak-pine 
forest are the following: Quercus rugosa N&e, Q. sideroxyla H.&B., 
Q. chihuahuensis Trel, Pinus engelmanni Martinez, P. chihua- 
huana Engelm. and P. arizonicu Engelm. Chaparral and grass- 
lands are also present. The chaparral is characterized by Q. potos- 
ina Trel, Juniperus durangensis Martnez, P. lumholtzii Rob. et 
Fem. and Q. urbanii Trel. The grassland is an association of 
Muhlenbergia rigida [H.B.K.] Kunth, M. montnna [Nutt] Hitch, 
Bouteloua gracilis [H.B.K.] Lag and Aristida schiedeana Trin. et 
Rapr. (Gallina 1981). There are 2 well-defined seasons: the dry 
season from February to May and the rainy season from June to 
September. Light winter rains occur in December and January, 
providing less than 5% of the total annual precipitation, and occa- 
sionally it snows (Gallina 1981). The climate varies between semi- 
arid temperate and subhumid temperate (Garcia 1964). The 
temperature fluctuates between 17.4” C and 20.7O C. The mean 
annual precipitation is 609 mm at meteorological stations Mezqui- 
tal and Chalchihuites (1963-1975). The records from 1980-1985 at 
La Michilia show annual precipitation of 600 to 860 mm. 

Materials and Methods 

In 1975, plant material and deer fecal samples were collected 
during April (3 mixed fecal samples that consist of a pellet of each 
fresh group collected), May (12), August (6), late September and 
October (13), and November-December (13), at the La Michilia 
Biosphere Reserve. A total of 47 mixed fecal samples were ana- 
lyzed (Gallina et al. 198 1). In 1980-198 1, the collection methodol- 
ogy was changed by Morales (1985), and the pellets collected were 
counted. A total of 866 pellets of individual deer fecal groups were 
collected [June (140), August (118), November (336), January 
(225) and May (47)]; as were 751 individual cattle fecal samples: 
June (116), August (99), November (153), June (215), May (104), 
July (64) in order to quantitatively compare both diets (Morales 
1985). 

The identification of the botanical composition of the diet was 
based on the fecal analysis by microhistological techniques (100 
fields for each mixed sample). Five slides of 8 different collecting 
areas were made on each sampling occasion, and 20 fields on each 
slide were examined. A total of 4,700 fields were examined in 1975, 
and 6,800 fields in 1980-81. Epidermal identification requires ref- 
erence slides of plant material; these were made and studied, prior 
to fecal analysis, by 3 observers in 1975 and 1 observer in 1980-8 1. 

Frequency of each species identified in each location (micros- 
copic field using 100 power magnification) was recorded. Percen- 
tages were converted to density using a table developed by Fracker 
and Brischle (Sparks and Malechek 1968), and the relative density, 
expressed as a percentage of each species in the sample, was calcu- 
lated. Relative density was used to estimate the percentage dry 
weight of the species in the sample. The epidermal material not 
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identified constituted 5% on deer fecal samples and 20% on cattle 
fecal samples. 

The diets of the 2 ruminants (deer and cattle), between deer diet 
in different years (1975 and 1980-81) and their seasonal variation 
were compared using a 3 way ANOVA (Sokal and Rohlf 1969) to 
see if observed foraging patterns were affected by changing 
conditions. 

In this paper the diet similarity was analyzed using the Sorensen 
Index 

S=2a 
where 2a+b+c 

a = number of plant species used by both herbivores 
b = number of plant species consumed by deer 
c = number of plant species consumed by cattle 
Diet overlap was obtained by Pianka’s formula (1975), where pg 

and p& are the proportions of i resources used by the j 

ojr = okj q  g;; zp2n 

species.(deer) and the k species (cattle). 
The availability of forage was obtained with the Pechanec and 

Pickford method (1937). A double sample technique was used in 
the same areas where the fecal samples were collected from 1978 to 
1980, in 14 transects with 10 sample areas of 1 rnz separated by 40 
m. Available aerial biomass to a height of 1.8 m was estimated 
during the wet season, i.e., November 1978, October 1979, October 
1980 (n = 420) when biomass values are highest, as well as during 
the dry season, May 1979, June 1980 (n = 280) when biomass is 
lowest (Gallina 1990). During the biomass estimation the percent 
of the resource used in the field by herbivores was also determined. 

Results and Discussion 
Global Diets 

Shrub and tree species constituted more than 85% of the annual 
diet of white-tailed deer. Gramineous species were the most impor- 
tant food in cattle diets, (>60%; Fig. 1). These results are sup- 
ported by those of other studies reported by Van Dyne et al. (1980). 

The total number of plant species consumed by deer was 135 in 
1975 (Gallina et al. 1978) and 99 in 1980-1981 (Morales 1985). 
However, in general, the deer depend on few shrub and tree species. 
For deer, the most important of these species were: mistletoe 
(Phoradendron bolleanum [Seem] Eichl and P. villosum Nutt), oak 
(&ercus spp.), juniper (Juniperus deppeana Martinez and J. 
durangensis Martinez), and madrone (Arbutus spp. and Artosta- 
phylos spp.). These species represented the highest percentage of 
deer diet in both studies (Table 1). 

Cattle consume 84 species (Morales 1985), and of these more 
than 50% are gramineous (46 species). This indicates a high selec- 
tivity for grasses at La Michilia, mainly of the genera Muhlenber- 
gia (22% of the diet) and Aristida (Table 2). Holechek et al. (1982b) 
reported that cattle grass consumption ranged from a low of 54% in 
late spring of 1978 to 91% in the fall of 1977. Many investigators 
have reported grasses to be the most important component of 
cattle diet (see Van Dyne et al. 1980). Beck (1975, cited by Hole- 
chek et al. 1982b) reported that plant phenology was the primary 
factor influencing cattle diet selection in southeastern Colorado. 

Seasonal Variation in the Diets 
White-tailed deer and cattle diets changed throughout the year 

(Table 1 and 2). These changes were related to forage availability, 
i.e., to the phenological stage and nutritive value of the species. 
These changes are more evident in the forbs, the majority of which 
are annual species that appear during the wet season when their 
diversity and abundance are high. 

WHITE-TAILED DEER 

CA-ITLE 

-(61 .O%) 

GRASSES FORBS SHRUBS TREES 

Fig. 1. Annual diets of white-tailed deer and cattle showing the different 
foraging patterns. 

There were significant differences in (i) the use of the different 
plant groups by each herbivore (F q  79.361, P<.OOl) and (ii) in the 
preferences for the different plant groups by both herbivores (F q  
35.551, P<.OOl; 3 way ANOVA). 

During the dry season, cattle consumption of tree species 
increases, perhaps as a strategy for complementing their diet when 
other forage is scarce. The same pattern occurs in other regions, as 
has been shown by Holechek et al. (1982b). In spite of this, the 
basic diet of cattle is grass (more than 50%). The same pattern is 
observed for deer with respect to shrub species. 

There were no significant differences (F = 0.055, mO.05) in the 
seasonal use of forage by deer, when the diets in 1975 and 1980-81 
are compared. This indicates a similar foraging pattern throughout 
the year, independent of weather conditions that can affect forage 
availability, and a preference for shrubs and trees that character- 
izes a browser. The same pattern was observed by Clemente- 
Sanchez (1984) in a forest of the State of Aguascalientes, Mexico, 
where shrub species constituted 45% of the summer diet, 3% of the 
fall diet and 61% of the winter diet. 
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Table 1. Important phtnt genera in the white-tailed deer diet. The vaiues represent the percentages. The information was obtained from Gaihna et ai. 
(1978) and Moraiee (1985). 

Trees 
Arbutus (3 spp) 
Quercm (8 SPP) 
Pi?Ws (5 spp) 

Total 
Shrubs 

Ceanoihus 
.hmiperus (2 spp) 
Phoradendron (2) 

Total 
Forbs 

L.upinus ehrenbergii 
Polygala (3 spp) 
Dalea (2 spp) 
Oxalis 

Total 
Grasses 

1975 1980 1981 
Apr. Jun. Aug. Sep. Nov. Jun. Aug. Nov. Jan. May 

______________~____________________~____~~__ (%)____________ __----______________________-- 
9 6 6 20 7 10 22 10 8 

20 19 16 8 9 30 
2: 

4 5 23 
1 0 0.4 1 1 0.3 1 1 1 

30 25 22 29 17 40 
2: 

27 16 32 

4 2 1 1 2 14 12 9 14 14 
13 19 8 8 13 11 14 16 31 26 
:: 22 24 15 23 21 17 23 23 

43 33 24 
:8’ 

48 47 42 68 63 

0 0 0 3 2 0.05 1 0.15 0 0 
0 2 0 1 1 0.05 1 2 0.04 0.14 

0.3 0 i 1 0.4 0 0.1 0 
0.3 0 0.4 3 i 0 

0” 
.05 

: 
0 

1 2 1 8 4 5 5 5 2 1 
0 1 I1 2 1 1 3 2 2 1 

Table 2. Important plant genera in cattle diet. The values represent per- 
centages, and were obtdned from Morales (1985). 

1980 1981 
Jun. Aug. Nov. Jan. May Jul. 

Grasses 
Muhlenbergia spp 
Arisrida spp 
Trisetum spp 
Panicum spp 
Lycurus phleoides 
Bromus spp 
Not Identified 
Total 

Forbs 
Halimium spp 
Zexmenia hispida 
Cyperm SPP 
Cologania spp 
Not Identified 

Shrubs and Trees 
Phoradendron spp 
Arbutus spp 
Quercus spp 

________________(%)________________ 

32 17 25 24 22 
7 ii 9 7 13 
2 1 2 3 2 
1 1 1 1 0.3 
: d3 

ii 

0 4 2 1 0.4 2 

21 20 21 20 
66 48 61 59 60 

4 15 11 7 12 
0 3 13 0.4 0.3 
1 4 1 i 0.1 
0 3 

: 
2 2 

5 2 1 1 

2 1 1 4 3 
z 6 7 0 1 9 2 14 2 

11 
9 
2 
1 

Ol.2 
11 
35 

5 
2 

10 
10 
1 

3 
3 
9 

At La Michilia deer prefer different species of oak in April and 
June (dry season), and foraged on oak to a lesser extent during the 
wet season (Table 1). According to Klein (1970), this occurs 
because the deer can select plants and part of plants with the 
highest nutritive value. Thus, the observed foraging pattern can be 
explained by the fact that oaks are deciduous and they produce 
shoots with a high nutritive value in the spring (Gallina et al. 198 1). 
In addition, the increase in the consumption of forbs coincides with 
the growing season of these plants. During the growing season 
forage is more digestible and has a higher nutritive value in protein, 
phosphorus, and potassium, as described by Church (1975) and 
Vangilder et al. (1982). 

Among the most important shrub species in the deer diet are: 
Phoradendron bolleanum and P. villosum. These plants are con- 
sumed throughout the year (20% of the diet). Although mistletoe 
biomass in the study area represents only 4.3% of the total standing 
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crop, the preference index reveals that white-tailed deer actively 
search for this resource (Gallina 1988). Ashcraft (1981) has 
reported a high energetic value in the mistletoe species of Arizona 
which have 12% crude protein and are 96% digestible. Mistletoe 
species are an excellent food resource that undergoes no changes in 
quality over the year (Gallina 1988). 

Summer and fall food are the most important for deer since they 
provide the energy for the fat reserves which are necessary for 
survival through the critical period (Mautz 1978). At La Michilia 
the critical period is the dry season (from February to May). 

Everitt and Gonzalez (198 1) found high protein levels (17.4%) in 
the shrub species eaten by deer throughout the year in south Texas 
Plains. Clemente-Sanchez (1984) reported that the important fac- 
tor regarding the consumption of plants by deer was not the food 
availability but rather the nutritive value. He found that the Legu- 
minosae and Convolvulaceae families of plants had more than 10% 
crude protein in a similar forest. Grasses have the highest propor- 
tion of cell walls (almost 90%) and lowest digestibility. 

The plant species with high crude protein, a low proportion of 
cell walls and high digestibility were consumed by deer. It seems 
that the changes in diet preferences were directly related to changes 
in the chemical composition of available plants (Clemente-Sanchez 
1984). In another study, Gallina and Chargoy (1987) found that 
shrub species had higher digestibility values throughout the year, 
while grasses had drastic changes in the dry season (very low 
values, see Table 3). Cattle would therefore be more susceptible to 

Table 3. Digestibility in vitro of dry matter ($) of different plant groups 
and seasonal variation. 

Aug. Oct. Mar. May Jul. Oct. May Aug. 
84 84 85 85 85 85 86 86 

Trees 
Shrubs 
Herbs 
Grasses 

----------_____-__ __________________ (%) 
42.6 - 35.0 27.3 26.7 35.7 54.0 38.3 
63.7 39.9 51.2 57.7 26.9 53.1 70.3 70.1 
55.2 56.4 63.0 29.1 48.1 50.2 - 58.4 
52.6 54.9 22.2 12.5 30.9 34.1 - 58.6 

and could suffer during the dry season, whereas deer, which 
depend on plants of high digestibility levels with fewer seasonal 
changes, would be less vulnerable. 

Seasonal Variation in the Biomass Availability and Utilization 
It is also necessary to consider the seasonal variation in forage 



Table 4. Seasonal variation in the mean dry weight biomass availability 
(kg/ha) f standard deviation, and utilization by ruminants. The percen- 
tage of utilization of each group of plants is given in parenthesis. 

110, 

loo- S’ 
PI 

go- 

; EIO- 

2 70- 

2 60- 

0. 29 0. 31 0. 28 0. 35 0. 32 
34.88 50.51 12.08 24.60 39.35 

Nov. 78 May 79 Oct. 79 Jun. 80 Oct. 80 
N = 140 N = 140 N = 140 N = 140 N = 140 
-------_--_____ --(kg/ha) ____ __ ______ ____ 

Grasses 213 f 89 171 f 33 121 f 35 192f96 124f39 
18 f 24 41 f 32 4f8 loo f 95 0.3 f 0.5 
(8.45%) (23.98) (3.31) (52.08) (0.24) 

Forbs 241 f 180 32 f 22 339 f 282 31 f 35 454 f 365 
12 f 9 2f2 14 f 14 10 f 15 29 f 39 
(4.98) (6.25) (4.13) (32.26) (6.39) 

Shrubs 126f155 122f200 72flOO 125f205 67590 
lf2 0.4 f 0.1 lf3 10 f 21 0.03 f 0.1 

(0.79) (0.38) (1.39) (8.00) (0.04) 
Trees 45 f 43 58 f 76 46 f 56 28 f 32 36 f 32 

0.02fO.l - - 0.4 f 1 - 
(0.04) - - (1.43) - 

Total 625 383 578 376 681 
(5%) (11%) (3%) (32%) (4%) 

1 
JUN AUG NOV JAN MAY 

B DEER t CATTLE m BOlH 

availability to be able to understand seasonal changes in deer and 
cattle diets (Table 4). 

Fig. 2. Seasonal dietary similarity (SI q  Sorensen Index) and overlap (PI = 
Pianka Index) between the white-tailed deer and cattle. 

The total dry weight biomass in the wet season varied over the 3 
years (1978-1980) from 578 to 68 1 kg/ ha. Among the dry seasons 
changes were minimal: 376 to 383 kg/ ha. These values were similar 
to those obtained by Clemente-Sanchez (1984) in a forested area: 
632 kg/ ha (496 kg/ ha in winter and 887 kg/ ha in summer). 

The main changes occurred in forbs, which represent the highest 
available dry weight biomass during the wet season (October-No- 
vember), with a mean value of 345 f 107 kg/ha (65% of total 
biomass), and the lowest during the dry season (May-June): 21 f 
22 kg/ ha (8%). The percentage of forb utilization varied from 4 to 
32%. 

(Ojk = 50.51) mainly owing to the increase in the use of forbs by 
both herbivores. The availability of this type of food resource 
during this period, recorded by Gallina (1984) (Table 4), indicates 
that the maximum biomass is available at La Michilia in August 
(mean dry weight biomass value of forbs from a period of 3 years 
was 345 f 107 kg/ ha). This decreases the possibility of competi- 
tion, because both herbivores exploit the resource which is abund- 
ant at that time. 

Grasses represented the second most available forage with 
respect to biomass for herbivores, and they were mainly used by 
cattle. In the dry season grass utilization levels were higher than in 
the wet season, reaching values greater than 50%. 

Shrub biomass was the third important group and the most 
important food available for deer. The utilization level was very 
low though, probably for 2 reasons: the deer population density 
was not very high, and second, it is very difficult to estimate shrub 
use. 

Thill and Martin (1989) found dietary overlap between deer and 
cattle under heavy yearlong grazing averaged 25.8, 11.8,26.0, and 
30.7% during spring, summer, fall, and winter. Diets of both 
animals were diverse and overlap generally resulted from sharing a 
small number of many plant taxa. Deer diets were dominated by a 
mixture of browse (49-83%) and forbs (1 l-47%) while cattle con- 
sumed mostly grasses during spring (67.8) and summer (73.7%) 
and 60 and 40% browse and herbage during fall and winter, 
respectively. 

Results from Kie et al. (199 1) suggest that competition occurred 
between mule deer and cattle on summer range, particularly at 
higher cattle stocking rates and during a year when precipitation 
was below average. 

In general, the utilization of plants in the wet season was not 
higher than 5% although in the dry season utilization reached more 
than 30%. 

These results show that food availability for herbivores changes 
through seasons from year to year, and that the utilization levels 
were low when the food resources increased. Therefore, it appears 
that the area is not overgrazed and can maintain both herbivores at 
the population densities which existed during this study (21 f 3 
deer/ km2, Gallina, 1990 and approximately 3 head/ km2). 

Diet Similarity and Overlap 

Bowyer and Bleich (1984) found that cattle may limit deer popu- 
lations by means other than direct competition for food. They 
contend that cattle grazing probably eliminated valuable cover for 
does with fawns, increasing the probability of predation. 

Diet similarity and overlap values varied throughout the year 
(Fig. 2). The highest similarity was noted in January (0.35), and 
indicates the use of common plant species in this period, but the 
overlap value was low (12.08) for the same period. That is, species 
which are consumed by both herbivores are consumed in different 
proportions. 

Ragotzkie and Bailey (199 1) found that direct interference com- 
petition between cattle and desert mule deer on the Santa Rita 
Experimental Range, southeast of Tucson, Arizona, was minimal. 
Competition for forage may also have been minimal during their 
study, as palatable forage was abundant due to moisture condi- 
tions. Cattle grazing may actually enhance forage availability to 
deer owing to the difference in forage preference of these 2 herbi- 
vores (Wallace and Krausman 1984, Gavin et al. 1984, cited in 
Ragotzkie and Bailey 1991). 

Carrying Capacity 

This indicates that while deer consume a high proportion of a 
plant species, cattle consume them to a lesser extent, or viceversa. 
As such, competition potential is reduced. 

The greatest value in the overlap index was recorded in August 

To evaluate the carrying capacity, we considered the mean bio- 
mass dry weight obtained in the wet season. Mautz (1978) demon- 
strated that the summer and fall forage are critical to deer survival. 
The quantity and quality of the food in these seasons determines 
the accumulation of body fat, and therefore affects winter survival. 
At La Michilia Biosphere Reserve the winter is not as critical as the 
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length of the dry season (February-May). 
Both cattle and deer used forbs as a common resource. Cattle 

exclusively used grasses, and deer used shrubs and trees exclu- 
sively. The utilization factor used was 0.60 (Avery 1975), and the 
grazing time was estimated at 6 months for cattle and 12 months 
for deer. 

Carrying capacity for this area is therefore 20 deer/ km2 and 8 
cattle head/ km2 (or 2.5 deer and 1 AU per 12.5 ha). The carrying 
capacity established for cattle in the State of Durango varied from 
9-17 ha per AU (COTECOCA 1968). 

Management Implications 
One of the most striking features of these data is the marked 

difference in the flexibility of the pattern of forage use between deer 
and cattle over the course of the year. 

Deer and cattle can coexist in a mixed oak-pine forest because 
there is a difference in food resource selection by these herbivores: 
deer prefer shrub and tree species, and cattle prefer grasses. 

Diet varied seasonally with forage availability, but both herbi- 
vores maintained a characteristic foraging pattern. 

Deer diet was more diverse than cattle diet, increasing in variety 
during the wet season. This implies that deer can optimize the 
utilization of food resources. Deer evolved in this habitat and 
appear to be adapted to its environmental changes. Cattle, which 
were introduced to this area approximately 3 centuries ago, show 
relatively little flexibility in feeding habits over the year, in spite of 
the availability of better quality forage in the wet season. Thus, 
cattle are more susceptible to illness, starvation, and mortality 
under dry conditions than are deer. 

The diet overlap index reveals apparent competition during the 
wet season, but over this period common forage resources (forbs) 
are abundant, hence potential competition is reduced. As stated by 
Mackie (1981) u . ..wherever deer and livestock share a range, some 
overlap in uses of food and other resources is inevitable. And as 
livestock numbers and forage utilization increase the probability of 
overlaps in the use of basic resources and the likelihood of impact 
on deer also increases.” 

In conclusion, these 2 herbivorous species can coexist in the 
same habitat, owing to differences in their feeding strategies. In 
fact, common use grazing may be beneficial to the deer because 
cattle grazing may cause an increase in the forb component which 
is preferred by deer. 

The advantage of common use, as stated by Ruyle and Browns 
(1985) is that the vegetation can maintain a stable composition 
under higher foraging pressure when 2 herbivores graze, than when 
only 1 species grazes. 

This is significant because local people prefer to clear forest and 
raise cattle, not realizing that they can exploit a wildlife resource, 
such as deer, at the same time. The modification of management 
practices could result in greater overall productivity. 
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Abstract 

Observations suggest spring grazing of riparian areas is a good 
management strategy because of a reduced tendency for cattle to 
concentrate along streams during that season. In this study, June 
cattle distribution was examined within 4 experimental pastures 
located along Stanley Creek, Sawtooth National Recreation Area, 
Sawtooth National Forest, in central Idaho. Two pastures were 
grazed at a light stocking rate and 2 pastures were grazed at a 
medium stocking rate. Streamside graminoid utilization averaged 
about 24% under light stocking, while on the adjacent meadow 
graminoid utilization was 28%. Under medium stocking the aver- 
age utilization at streamside was 37%, while that on the adjacent 
meadow was 50%. Residual herbaceous stubble heights under light 
stocking were 11 to 12 cm for both grazing locations, whereas 
streamside and meadow stubble heights were 10 cm and 7 cm, 
respectively, under moderate stocking. Cattle were not dispropor- 
tionately attracted to the streamside areas during the June period. 
As stocking rates increased from light to medium, the cattle con- 
centrated most of their additional use on the adjacent drier mea- 
dow. Utilization of riparhtn plant communities during this early 
summer period had no relationship to the amount of phmt mois- 
ture content, but was negatively associated with surface soil 
moisture. 

Key Words: percent utilization, stubble heights, plant moisture, 
soil moisture 

Riparian areas, prized for their multiple-use values, are typically 
subjected to damaging stresses and impacts. In the Western United 
States the greatest impact on small stream riparian areas often has 
been from grazing by domestic livestock (Kauffman and Krueger 
1984, Armour et al. 1991). This is particularly true for riparian 
areas within arid or semiarid rangelands (Swanson 1988, Szaro 
1989). Various reviews have considered possible impacts of domes- 
tic livestock on riparian areas and grazing management approaches 
that might be more applicable (Skovlin 1984, Clary and Webster 
1989, Kinch 1989). Many traditional grazing systems designed for 
upland ranges have been applied to riparian areas, but results have 
been erratic. While no one management approach is best for all 
situations, spring grazing has shown promise in many areas of the 
Western United States (Platts and Nelson 1985, Siekert et al. 1985, 
Goodman et al. 1989, Kovalchik and Elmore 1992). The combina- 
tion of succulent upland forage, cool temperatures, and wet soils 
near water sources acts to encourage a more dispersed grazing 
pattern (Krueger 1983, Kovalchik 1987, Myers 1989). Others have 
pointed out potential benefits of late summer grazing (Kauffman et 
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al. 1983, Marlow and Pogacnik 1986, Marlow et al. 1987). 
In 1987 a grazing study was initiated on Stanley Creek located 

within the Sawtooth National Recreation Area, Sawtooth National 
Forest, in central Idaho. The general objectives were to determine 
vegetation, wildlife, fishery, and stream channel responses to graz- 
ing management. The analyses reported here include forage utiliza- 
tion and residual plant stubble heights within this mountain mea- 
dow ecosystem during early summer grazing periods. Results are 
based on herbaceous plants only. Utilization of willows (Sulix spp. 
L.) and other woody species was negligible. 

Study Area 

Stanley Creek is a 3rd order, C4 stream (Rosgen 1985). The 
sandy loam soils on adjacent meadows are derived from granitic 
lake bottom sediments. At the site of the experimental pastures, 
Stanley Creek flows through a broad, flat valley with a westerly 
aspect. Elevation of the experimental pastures is 1,950 m. Summers 
are cool and dry, the winters cold and wet. Average annual precipi- 
tation at the study pastures is approximately 250 mm, although the 
surrounding mountainous watershed receives greater amounts. 
Average temperature during the June grazing period is I lo C. The 
area is representative of the mountain meadows ecosystem con- 
taining wet to intermittently wet sites in the forest zone of the 
mountain West (Garrison et al. 1977). Typical plant species along 
Stanley Creek included: Kentucky bluegrass (Pea prtztensis L.), 
tufted hairgrass (Deschampsiu cespitosu (L.) Beauv.), water sedge 
(Curex uquutilis Wahl.), beaked sedge (C. rostrutu Stokes), Baltic 
rush (Juncus balticus Willd.), foxtail (Alopecurus spp. L.), timber 
danthonia (Dunthoniu intermediu Vasey), thick-stemmed aster 
(Aster integrifolius Nutt.), cinquefoil (Potentillu spp. L.), gentian 
(Gentiana spp. L.), Lemmon’s willow (Sulix lemmonii Bebb), and 
Drummond willow (5. drummondiuna Barratt). At the edge of the 
riparian area Idaho fescue (Festucu iduhoensis Elmer), western 
needlegrass (&pa occidentalis Thurb.), and mountain big sage- 
brush (Artemisiu tridentutu Nutt. ssp. vuseyuna (Rydb.) Beetle) 
were common. 

The meadow was generally dry during the growing season, but 
bog-like areas and other areas of excess moisture occurred in the 
pastures. The streamside area was incised an average of 0.38 m 
below the surrounding meadow and averaged 16 m in width. 
Stanley Creek itself averaged 2.5 m wide and 0.15 m deep. The 
streamside area made up 7% of the pasture. 

Methods 

Six experimental pastures were established along Stanley Creek 
in the fall of 1986. The 4 used in this investigation ranged in area 
from 5.1 to 9.0 ha. A loo-point 4-ha sampling grid was established 
within each pasture with interpoint distances of 20 m. At each 

493 



point a 0.25-m* plot was sampled for various vegetation and soil variable determined by location by stocking rate by year. Analysis 
attributes. A second set of plots was concentrated near the stream of covariance was used for more detailed examination of the 
to provide a more detailed sample of the streamside area. Twenty contribution of plant community type as a main effect and of soil 
minitransects of four 0.25-m* plots each perpendicularly spanned moisture as a covariate in forage utilization analyses. The value 
the stream within each pasture. Within minitransects, 2 plots were analyzed was the plant community type mean determined by loca- 
located in the streamside area and 1 on each of the adjacent tion by pasture by year. Data analysis was limited to plots with soil 
secondary banks. All transects and plots within transects were moisture data. Significant interaction effects were plotted in the 
located systematically. manner suggested by Steel and Torrie (1980). 

Grazing was conducted in the last half of June for 6 years 
(1987-1992). Phenological stage in that season was “flowering” for 
the primary grasses and “vegetative” for the sedges and rushes. 
Two pastures were assigned to each of 2 treatments: stocked at a 
light rate (average of 1.19 AUM/ ha); and stocked at a medium rate 
(average of 2.08 AUM/ ha). The average period of grazing was 2 
weeks with 17 cow-calf pairs in the light rate pastures and 47 
cow-calf pairs in the medium rate pastures. Percentage utilization 
was determined by ocular estimation (Pechanec and Pickford 
1937) for the categories of graminoids, forbs, and shrubs on each of 
the 180 sample plots per pasture at the end of each grazing period 
from 1987 to 1992. Utilization was recorded to the nearest 5%, 
based on visual comparisons with 6 reference cages per pasture. 
The cages were relocated at the beginning of each grazing period. 
Observers trained for the data collection by estimating and weigh- 
ing plants that had been manually defoliated until estimate preci- 
sion was typically within 5%. Mean stubble heights were measured 
to the nearest centimeter for the same plant categories on all plots 
from 1988 to 1992. 

Probabilities of less than 0.10 were considered significant in all 
analyses. Significant differences among means were identified by 
use of a protected Fisher’s LSD at P<O.O5. 

Results and Discussion 
Utilization of Graminoids 

The main effects of location (streamside vs. meadow), stocking 
rate (light vs. medium), and year (1987-1992) had highly signifi- 
cant impacts on graminoid utilization (Table 1). Utilization on the 
adjacent meadow (? = 43%) was greater than on the streamside area 
(.i! = 26%). The most meaningful result from the analysis, however, 
was a significant interaction. Graminoid utilization by cattle in 
pastures with light stocking was similar between streamside areas 
and the adjacent meadow. However, there was significantly greater 
use of graminoids on the meadows than streamside in the pastures 
stocked at a medium level (Fig. 1). This response is demonstrated 

Each plot was classified according to riparian plant community 
type following the general approach of Tuhy and Jensen (1982), 
except that plots were categorized by herbaceous composition 
only. Shrub cover on the pastures was approximately 8% and there 
was no statistical support (P = 0.33) for an association between 
percent utilization of graminoids and percent shrub cover. Ripar- 
ian plant community types sufficiently represented to be included 
in the analysis were: thickstem aster-Idaho fescue, water sedge, 
tufted hairgrasses, Kentucky bluegrass, and Baltic rush. 

50- 

45- 

Soil moisture was determined gravimetrically from the vicinity 
of every fifth plot. Samples were collected from the 0 to 15-cm 
depth mid-way through the grazing period from 1987-1991. The 
sequence of plots rotated. Thus, a soil sample was collected from 
each individual plot vicinity only every fifth grazing period. Plant 
moisture sampling also was conducted mid-way through each 
grazing period from 1987-1990. Up to 10 collections each of gra- 
minoid, forb, and shrub foliage were made for streamside and 
meadow locations within each grazed pasture. Collections were 
made from several individual species and species groups in 1990. 
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Differences in percentage utilization, residual stubble heights, 
and foliage moisture content between streamside and meadow 
locations were analyzed by analysis of variance using a General 
Linear Model. The value analyzed was the mean of the particular 

Fig. 1. Location by stocking rate interaction for percentage utilization of 
graminoids. Interaction was signilicant at P = 0.060. 

by a significant interaction (P = 0.060) of location (streamside vs. 
meadow) by stocking rate (light vs. medium) (Table 1). 

The residual stubble heights for streamside and meadow were 
quite similar under light stocking, although somewhat different 
growing conditions occurred between the 2 areas (Fig. 2). Under 

Table 1. Analysis of variance for % utilization and residual stubble heights of graminoids and forbs. 

df 

Graminoids 
% utilization Stubble height - 

Mean square P value’ 

Location 
Stocking rate 
LXS 
Year 
LXY 
SXY 
LXSXY 

884.083 <O.OOl 
3605.333 <O.OOl 

208.333 0.060 
519.033 <O.OOl 

21.333 0.765 
81.183 0.221 
22.483 0.830 

Mean square P value 

46.225 <O.OOl 
126.025 <O.OOl 

9.025 0.024 
?‘I 77< 
L,.,,G_z 

cn nni 
,“.““I 

1.110 0.588 
0.900 0.674 
1.525 0.431 

l+OKbS 

% utilization 
Mean square P value 

180.188 <O.OOl 
212.521 <O.OOl 

11.521 0.002 
123.271 <O.OOl 

9.538 0.212 
12.371 0.113 
5.171 0.534 

Stubble height 
Mean square P value 

0.225 0.695 
18.225 0.002 
1.225 0.365 
5.288 0.020 
0.788 0.699 
0.038 0.998 
0.788 0.699 

IP values less than 0.10 are considered to be significant. 
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Fig. 12. Location by stocking rate interaction for residual stubble height of 
gramlnoids. Interaction was signiflcant at P = 0.024. 

medium stocking the residual stubble heights were significantly 
shorter in the meadow area. This is again reflected in the significant 
location by stocking rate interaction (P = 0.024) (Table 1). There 
appeared to be no particular attraction of cattle use toward the 
streamside area under light stocking and, when stocking rate was 
increased, the increase in percent utilization and corresponding 
reduction in stubble height occurred primarily in the adjacent 
meadow location. 

Utilization of Forbs 
The pattern of forb use followed closely that of the graminoids 

(Table 1). Under light stocking, the utilization of forbs was similar 
between the streamside and meadow locations (Fig. 3). The inter- 

Streamside Meadow 

Fig. 3. Location by stocking rate interaction for percentage utilization of 
forbs. Interaction was significant at P = 0.002. 

action between location and stocking rate was again significant 
(P=O.O02), showing greater utilization of the meadow in the 
medium stocked pastures as compared to the streamside areas. 
There were relatively few differences in forb stubble heights. The 
limited difference in heights resulted in part from the forb growth 
form early in the season. Many of the forbs were either prostrate or 
in rosette form, therefore, utilization of these plants did not greatly 
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change the measured heights. Grazing livestock often fail to select 
apparently palatable forage if it is in a less accessible position 
within the plant canopy (Arnold 1964), which may partially 
explain the low utilization of forbs in the present study. 

Utilization Related to Plant Communities and Soil Moisture 
An analysis of covariance was employed to separate the effects 

on graminoid utilization of plant community type and surface soil 
moisture (Table 2). The factors, stocking rate and year, were 
included in the analysis to reduce unexplained variation. Both 
stocking rate and year effects were highly significant (P<O.OOl), as 

Table 2. Analysis of covariance for contribution of plant community and 
surface moisture to graminoid utilization. 

Source df Mean Square P’ 

Soil moisture (covariate) 1 782.588 0.008 
Plant community 4 609.792 <O.ool 
Stocking rate 1 12839.630 <O.ool 
PXS 4 174.592 0.167 
Year 4 1093.262 <O.ool 
PXY 16 95.869 0.564 
SXY 4 387.686 0.008 
Error 100 105.732 

1P values less than 0.10 are considered to be significant. 

expected. The effect of plant community type on graminoid utiliza- 
tion was also higly significant (P<O.OOl). Average utilization var- 
ied from 19% in the water sedge community type under light 
stocking to 54% in the tufted hairgrass community type in the 
medium stocking pastures. Unadjusted plant community means 
averaged across stocking rate varied from 28 to 44% (Table 3). 

Table 3. Graminoid utilization for the major riparian community types. 

Utilization 
not adjusted for adjusted for 

Riparian plant community type soil moisture’ soil moisture* 

(%) (%) 
Water sedge 28.4 a3 30.3 a 
Baltic rush 36.1 b 39.6 bc 
Kentucky bluegrass 37.2 b 35.6 b 
Thickstem aster-Idaho fescue 38.6 bc 35.3 ab 
Tufted hairgrass 44.0 c 43.2 c 

‘Least-square means. 
2Means adjusted by analysis of covariance. 
‘Means not followed by a similar letter are different at P<O.O5. 

Surface soil moisture content (%) was included as a non- 
categorical covariate in the analysis. This variable was highly 
significant (P=O.OOS) (Table 2). The covariance coefficient of 
-0.350 suggests that, when the main effects (plant community type, 
stocking rate, year) are accounted for, the observed utilization on a 
given plot is reduced by an average of 3% for each 10% increase in 
grazing period surface soil moisture. This implies that under condi- 
tions of the study, where over a 5 year period the 5 riparian plant 
community types experienced a range in surface soil moisture of 
1 l-56%, a difference in graminoid utilization among plots of 15% 
may have been due to surface soil moisture conditions alone. When 
mean plant community utilization was adjusted for differences in 
soil moisture content, the range in forage utilization was reduced 
(Table 3). 

Plant Succulence 
Plant moisture content is a measure of succulence and is corre- 

lated with greenness and fiber content-several factors influencing 
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forage selection (Arnold and Dudzinski 1978). The mean foliage 
moisture averaged across 5 years of study was similar between the 
streamside plants and those of the adjacent meadow for both 
graminoids and forbs. The moisture content, however, was signifi- 
cantly different (P<O.OOl) between graminoids and forbs (Fig. 4). 

100 

80 

Streamside Meadow 

5 Graminoid m Forb 

4 

Fig. 4. Herbrge moisture contents at strenmside and on the adjacent 
meadow. Grrminoid and forb percentage moisture did not differ 
between locations (P = 0.94 and P = 0.64, respectively), but differences 
between gr~minoids and forbs were highly significant (P<O.OOl). 

A more detailed collection of plant moisture samples was made 
in 1990. The amount of moisture during the early season in several 
major species and species groups is displayed in Table 4. The only 
significant difference among graminoids was between Kentucky 
bluegrass and mixed other sedges. No relationship was found 
between percentage utilization and plant moisture. 

Table 4. Plant moisture for individual species and species groups, June 
1990. 

Plant species or group Moisture 

Kentucky bluegrass 
Beaked sedge 
Mixed other grasses 
Water sedge 
Mixed other sedges 
Mixed forbs 

67.4a’ 
70.3 ab 
70.4 ab 
70.7 ab 
75.8 bc 
80.5 c 

‘Means not followed by a similar letter are different at P<O.O5. 

Even if plant succulence is an influential factor in the distribu- 
tion of grazing use as suggested by Smith et al. (1992a), succulence 
provided little reason for the cattle to be attracted to the streamside 
areas during these June grazing periods. The average moisture 
contents of graminoids and forbs were virtually identical between 
the streamside and meadow locations. The 1990 data suggest that 
during June most or all of the major forage species and groups 
were succulent with relatively high moisture contents. Forage qual- 
ity among species is typically less variable in the early growing 
season as compared to the remainder of the year, and less selection 
preference is normally exercised during this period (Arnold 1960, 
Smith et al. 1992b). 

Conclusions 

Many concerns expressed about the impact of grazing upon 
riparian areas are actually concerns of livestock distribution (Sev- 

erson and Medina 1983). Although topography or some other 
factors may severely restrict livestock to near-stream areas in some 
situations, mountain meadows have considerable potential for 
being grazed in a nondamaging manner. Distribution of cattle 
grazing use on the Stanley Creek pastures during early summer was 
different than typically occurs with seasonlong grazing (Kauffman 
and Krueger 1984, Skovlin 1984, Swanson 1988). The evidence 
provided by utilization rates and residual stubble heights suggested 
that cattle were not noticeably attracted to streamside areas during 
early summer grazing. In fact, as stocking rate was raised, the use 
of streamside areas increased only modestly, while use of the 
adjacent meadow increased substantially. It is apparent, however, 
that this trend can not continue as stocking rates become very high. 
When stubble heights become short and most leaf material is 
removed (Chacon and Stobbs 1976), livestock will be forced to 
move to where forage is more abundant, such as along streamsides 
and other wet site areas within riparian pastures, if adequate forage 
intake is to be maintained (Allden and Whittaker 1970, Spalinger 
and Hobbs 1992). Thus, utilization rates need to be carefully 
monitored on the drier meadows as well as on streamside areas. 

A wide range of factors interact to determine the composition of 
a grazing animal’s diet at any particular time (Arnold and Dud- 
zinski 1978). Although analyses demonstrated differences in utili- 
zation of different riparian areas, we don’t know how much of this 
difference is due to the animals preferring particular plants or how 
much is due to their preference to graze in certain areas. Both 
factors are likely to be important because plant community type 
and surface soil moisture each demonstrated highly significant 
statistical effects on utilization rates. Forage succulence, however, 
was not an influential factor in plant utilization during early season 
grazing. 

At Stanley Creek and other similar meadow locations, the dis- 
tribution of cattle grazing use within riparian pastures apparently 
can be influenced by matching the season of grazing to local soil 
moisture conditions. 
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Abstract 

Yearly, a larger percentage of government regulations are stated 
in statistical terms. More than simple techniques are sometimes 
necessary to comply with these regulations, both in analyzing and 
designing experiments and surveys. The problem considered in this 
paper is how to efftciently sample a mining site to show that the site 
has been successfully reclaimed. Different sequential analyses are 
suggested and a two-stage plan by Stein is recommended and 
illustrated. This approach allows us to sample witb a predeter- 
mined probability of detecting a successful reclamation. It is 
pointed out that the usual sample size formulas are not directly 
applicable to this problem. 

Key Words: reclaimed land, repeated significance tests, sample 
size, sequential analysis, sequential t-tests 

According to the Federal Register (Vol. 44, No. 50, 13 March 
1979), requirements for proving successful reclamation of surface- 
mined lands include: “the ground cover and productivity of the 
revegetated area shall be considered equal ifthey are at least 90% of 
the ground cover and productivity of the reference area with 90% 
statistical confidence.” Suppose, xi, xr+..,xk,... are the proportions, 
say from a standard IO-pin point frame, of cover from sample 
locations in a reclaimed area, with mean p and variance 02. Sup- 
pose, also, that p.9 = .9~, is 90% of the mean cover of the reference 
area. The requirements seem to say that successfully documenting 
a reclaimed area requires being able to reject the null hypothesis 

in favor of 

with no more than a 10% Type I error rate. 
For a fixed sample size this is a straight forward one-sided r-test, 

which rejects H, if, for a sample of k, 

&!& > tk-1,.90 (I) 

Where t&,.90 is the 90% percentile of the t-distribution with k-l 
degrees of freedom. Part of designing the survey is determining 
what sample size to use. The sample size in a test of hypothesis 
determines the probability that the alternative will be accepted 
when it is true, in other words the power of the test. We want to find 
a sample size with which there is a high probability of detecting a 
successful reclamation, that is rejecting H, if it is false. 

This is not a problem of parameter estimation. Suppose it were 
desired to estimate p-c(.g to within plus or minus E. Then the 
required sample size is 

n = (zu)2/E2 (2) 

where z (a percentile of the standard normal distribution) and E are 
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sometimes replaced by a t-percentile and an estimate of the var- 
iance, s. This is the approach taken by Hofmann and Reis (1990) 
and Chambers and Brown (1983) in determining sample size. The 
idea is to take E to be some very small number, say (following 
Chambers and Brown) one-fourth or one-half of 1% of the mean of 
the reference area. 

This is the right answer but to the wrong question (Ortiz and 
Ames 1992). The goal is not to estimate p-p.9 but to prove that p is 
greater than P.S. If p is much larger than I.c.9 then the sample size 
found in equation 1 is much more than is needed, whereas for p 
barely larger than cc.9 a larger sample is needed. And ifp is less than 
p.s there is no sample size that will let us prove otherwise. In this 
case, the sample size is determined by the desired power (Steele and 
Torrie 1960), not by how closely we wish to estimate the parameter. 
Power can be found before the sample is taken if the variance is 
known. If not known, it is necessary to either take the largest 
sample size affordable to get the most power or sample sequen- 
tially, meaning take 1 or more small samples and come to a 
conclusion for or against H, based on the accumulated evidence. 
The sequential approach is the subject of this paper. In the next 
section the sequential sampling problem is outlined. After that, 
examples of different approaches are given. 

Background 

The first complete theoretical development in sequential sam- 
pling is probably Wald (1947), although earlier researchers used 
similar approaches in quality control problems. Even this work, 
however, assumed that the variance was known. Their goal was to 
reduce, if possible, the sample size from a fixed sample test for the 
same power. This is done, basically, by sampling one extra point at 
a time or a small number of points at a time, recalculating a test 
statistic each time new data are collected, and reperforming a test. 
The conclusion, at each step, is to either reject the null, accept the 
null, or suspend judgment. Unfortunately, it is not as straight- 
forward as recalculating the statistic in equation 1 each time; the 
type 1 error rate, for one thing, does not stay constant by doing 
this. It is necessary to modify somehow either the statistic or 
critical value at each step. 

In any sequence of experiments the result is a corresponding 
sequence of test statistics, a stochastic process. Think of the values 
of the test statistic wandering around between 2 boundaries as 
more samples are taken. As soon as one or the other of the 
boundaries is crossed, a decision can be reached for or against the 
null hypothesis, assuming a 1 sided null hypothesis. (In a 2 sided 
null hypothesis, crossing either boundary will reject the null, while 
going too long without doing so implies that the null is not suffi- 
ciently incorrect to worry about). Without going into the theory of 
stochastic processes and random walks, consider that in equation 
1, for sequential sampling, the sample size is now also a random 
variable not independent of the values of the sample mean and 
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variance. The mathematics involved for the true distribution of 
such statistics is quite complex. Where this has proven intractable, 
asymptotic results and ad hoc methods are used instead. 

The Sequential Probability Ratio Test 

Because Wald’s work on the sequential probability ratio test 
forms the corner-stone for sequential sampling procedures, a 
review of this is in order. Consider testing the 2 hypotheses 

versus H. 1.P = l.41 

Hz+ = /LZ 

with ~l<~z. Let (Y be the probability of rejecting HI when p = ~1 
and p be the opposite risk. If fl (x) and fi(x) are the probability 
density functions for the data under Hl and HZ, respectively, the 
likelihood ratio criterion for building tests of hypotheses is to 
accept I& if fl(x)/fi(x) > Al and accept Hs if t(x)/fi(x) <As. The 
rationale is that because the distribution measures the probability 
of an outcome, large fl(x)/fi(x) implies that there is a greater 
chance that the data came from the first population than the 
second, and vice versa if the ratio is small. Al and A2 are determined 
by (Y and fl. Wald’s sequential probability ratio test is to sample as 
long as 

IO&@/ l~cY))<~(Z(Xi#~*)2-Z(Xi~~~)z)/~2~Ogdl~~)/(Y (3) 

which, unfortunately, is a function of the unknown variance. 
Weiss and Wolfowitz (1972) suggest taking a large enough pre- 

liminary sample to get a good estimate of o2 and then proceeding as 
though this were the true variance. They show that for “small” 
differences between ~1 and ~2 this modified sequential probability 
ratio test is consistent and efficient, meaning it does just about as 
good a job as it would if the true variance were known. Hall (1962), 
starting with the same test, modifies the critical regions slightly and 
proceeds as Weiss and Wolfowitz suggest. 

The connection with this to the reclamation problem is we can 
set PI= p.9 and a! = .10. The values of ~2 and /3 are specified by the 
researcher so that he can be at least 1-p sure of being able to say the 
site has been reclaimed when the true cover rate is ~2. Even a very 
small difference between the null and true mean can be detected if 
the sample is large enough, but it may be necessary to give up the 
precision necessary to find this difference if the sample size needed 
is too large. For example, suppose that 90% of the mean of the 
reference area is 75% ground cover. If the mean of the reclaimed 
area is 7670, then the site has been successfully reclaimed, H, is 
false, and there is a sample size that would give us a good chance of 
being able to reject H,. But the sample would likely be very large. 

Other Tests and Stein’s Method 

The physical requirements of the reclamation testing problem 
would suggest that some simple, quick, sampling and analysis 
methods that can be performed, as much as possible, in the field are 
to be preferred, say by entering data into a programmable hand- 
held calculator as it is taken. Sequential t-tests and multiple- 
sampling plans are such possibilities. The sequential t-tests starts 
with a sample of k and continues samplings, 1 more point at a time, 
with the sample mean, variance and t-statistics recalculated with 
each new point. There are more than a few sequential t-tests 
proposed in the literature, each with slightly different properties. 
For example, a plan outlined in Siegmund (1985, p. 116-121) 
allows for a predetermined stopping point beyond which sampling 
stops if a decision has not been reached. This is an example of a 
“closed” plan (Arm&age 1957 and Schneiderman and Armitage 
1962). An “open”plan (National Bureau of Standards 195 1) is one 
that has the theoretical possibility of never reaching a conclusion. 
Readers can start with the recent monograms of Siegmund (1985) 

and Wetherill and Glazebrook (1986) and work backwards for an 
overview of the literature on sequential r-tests. 

Stein (1945) proposed the following two-stage plan has some 
advantages over the sequential t-test, mostly in simplicity. Take a 
sample of k observations to get an estimate of p and 02, namely~k 

and &. If H, or H, can be rejected based on this sample, then stop. 
If not, take n, = [&w]+l-k more observations ([.I is the greatest 
integer function) with w chosen to give the test a specified power 
(see below). From the entire sample calculate the sample average, 
?,,, and reject H, if 

U >h-1, xl (4) 
Sk/J;; 

Stein shows that a lower bound for the power of this test is 

I-j3=P tk-1 > tk-1, .90 - c 1 
L dw J 

where tk-1 is a r random variable with k-l degrees of freedom. This 
can be computed from a good set oft tables, main-frame packages, 
or even some hand-held calculators. Equation 4 is used to pick w. 

Example. To illustrate, suppose the mean cover at the reference 
is 83%. Then 90% of the reference cover is 75%, and suppose 
further that a test is desired that will have at least a (l- 
/3)* lO%=SO% chance of rejecting H,:/1<.75 when p is as large as 
80%. By changing k and w in equation 4 there are many plans that 
will give these characteristics. Basically, k (the initial sample size) 
should be as large as possible, say 30 or more depending on how 
nearly normal the data are. With k=30, w must be chosen so that 

.50 q  P&g > 2.46 - .05/h] (6) 
and w = .0004, because the probabilitv that a t with 29 degrees of 
freedom is larger than 2.46-.05/m = 0.0 is about 5%. After 
the initial sample of 30 is taken, the sample standard deviation is 
computed and plugged into [&/.0004]+1-30. If this is positive, 
then this many more observations are taken. If not, then the test of 
hypothesis is performed with the data on hand. Notice that more 
power requires a smaller w value; but the smaller w is, the larger the 
second sample will need to be. 

The temptation is, because n = (zs)*/E* is the formula most 
associated with sample size, to attempt to make all problems fit this 
result. There is some difference, however, between testing hypo- 
theses and estimating parameters when it comes to determining 
appropriate sample sizes. This paper provides a critique of this 
problem and suggests alternative sampling procedures. Specifi- 
cally, it reviews a class of methods, sequential sampling, that 
deserves to be better known and more widely used. 
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Abstract 

Continuous low animal density grazing of tobosa [Hiluria mut- 
icu (Buck].) Benth.] in the northern Chihuahuan desert results in 
nonuniform forage utilization. Stockhrg smaller tobosa rangeland 
paddocks with high numbers of cattle for short periods of time may 
facilitate more uniform forage utilization. Two grazing periods in 
each of 2 consecutive years were monitored to investigate the 
frequency with which tobosa tillers were defoliated and the inten- 
sity of defoliation (change in height) in relation to grazing pressure 
under high-density seasonal rotational and low-density seasonal 
continuous grazing. Approximately 40% of tiller height, including 
leaves, was removed at each defoliation in the rotational treatment, 
while intensity of defoliation per grazing event remained consist- 
ent. In the continuous treatment, amount of tiller removed varied 
widely and was not consistent among the 4 periods. Percentage of 
tillers defoliated in the rotational treatment was always greater 
than 75%, and always less than 30% in the continuous treatment. 
The probability that a tiller would be grazed at least once in the 
rotational treatment was more than twice as great as in the contin- 
uous treatment. However, within the rotational treatment, the 
probability of multiple grazing events (22) on an individual tiller 
was less than the probability of a tiller being grazed just once. In 
general, high-density rotation grazing promoted more uniform 
forage utilization of tobosa than low-density continuous grazing. 

Key Words: short duration grazing, grazing strategies, utilization, 
Grazing Pressure Index 

Optimal sustained tiller utilization requires quantifying the 
intensity and frequency of defoliation in relation to the proportion 
of tillers grazed (Briske and Stuth 1982). Most previous studies 
have compared differences in stock densities or stocking rates 
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(Hodgson 1966, Greenwood and Arnold 1968, Hodgson and 
Ollerenshaw 1969, Morris 1969, Briske and Stuth 1982, Hinnant 
and Kothmann 1986, Hart and Balla 1982). The remaining studies 
have compared continuous and rotational grazing strategies 
(Gammon and Roberts 1978a, 1978b, 1978~; Piersonand Scamec- 
chia 1987), the influence of plant size on defoliation (Norton and 
Johnson 1981), and pasture usage (Hodgkinson 1980, Gillen et al. 
1990). Most studies found frequency of defoliation to increase as 
stock density increased. There are less consistent results among 
studies in the defoliation intensity during an individual grazing 
event in relation to different grazing densities, pressures, or strate- 
gies. The lack of similar responses reported may be a function of 
pasture characteristics (Kothmann 1980) and emphasizes that the 
relationship between frequency and intensity of defoliation as a 
variable should be examined for different vegetation types. 

Tobosa (Hiluria murk [Buckl.] Benth.) is a highly productive, 
climax forage species on the adobe flood plains of the arid South- 
west (Campbell 1931). Tobosa reproduces primarily by coarse 
rhizomes. Culms may attain 0.6 m in height. Tobosa grows in 
monotypic stands in southern New Mexico and is conventionally 
managed under continuous stocking during the growing season 
when culms are succulent and palatable. Culms become coarse and 
relatively unpalatable with increasing maturity (Paulsen 
and Ares 1962). Without periodic removal of old growth, such as 
through burning, tobosa culms and litter can accumulate and 
decrease future biomass production (Wright 1969). However, con- 
trolled burning does not always increase subsequent tobosa bio- 
mass (Dwyer 1972). Relatively high productivity coupled with slow 
decomposition rates under arid conditions (Weaver and Albertson 
1956) promotes litter accumulation and reduces uniform utiliza- 
tion by livestock (Herbel and Nelson 1966, Anderson 1988). Short- 
duration rotational grazing, with smaller paddocks and increased 
grazing pressure, may improve forage utilization and limit biomass 
accumulation. Our objectives were to compare the frequency of 
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defoliation and change in height (defoliation intensity) on individ- 
ually marked tillers of tobosa under high-density seasonal rota- 
tional stocking and low-density seasonal continuous stocking. 

Materials and Methods 
Tobosa tiller defoliation patterns were evaluated during 1985 

and 1986 under 2 stocking strategies. Paddocks were laid out in a 
dominant tobosa grass landscape containing small burrograss 
(Scleropogon brevfolius Phil.) aggregations that formed a mosaic 
plant community structure of monospecific grass stands (Devine 
1987). The paddocks were located on the Jornada Experimental 
Range (106“ 44W, 32O 29’N) in a playa basin containing fine, 
mixed, thermic Ustollic Haplargide soils (Stellar series) (Bulloch 
and Neher 1980) 37 km north of Las Cruces, New Mexico. Mean 
ambient air temperatures are highest in June (36O C) and lowest in 
January (13’ C). Historical mean annual precipitation is 230 mm, 
with 52% occurring within the July-September growing season 
(Paulsen and Ares 1962). A total of 255 mm of precipitation was 
received in 17 events which began 11 July and continued through 1 
December 1985. Between 6 June and 7 December 1986, a total of 
285 mm of precipitation was recorded among 24 events. 

Previous stocking of treatments and paddock layout have been 
reported by Anderson (1982,1988). The 2 stocking treatments used 
in this study consisted of a continuously stocked 33.6-ha paddock 
and a rotationally stocked, 34.7-ha, l-herd, 1 l-paddock cell. The 
entire continuous paddock and one 2.9-ha area (paddock 7) in the 
I l-paddock rotational cell were used to compare grazing treat- 
ments. The rotational grazing pattern produced a variable length 
grazing period in paddock 7 (Table 1). Cell paddock 7 was grazed 
twice each year during the 2-year study. Yearling heifers were used 
in both treatments. The number of animals within each treatment 
was identical over years but differed between treatments based on 
previous data (Anderson 1988) that indicated the 34.7-ha cell 
(number of animals = 21) to be inherently more productive than the 
33.6-ha continuously stocked paddock (number of animals q  17). 
Heifer liveweights ranged between 307 and 354 kg in 1985 and 
between 253 and 302 kg in 1986. Overall seasonal stocking rates 
between treatments differed by 29.9 AUD/ ha in 1985 but only 6.4 
AUD/ ha in 1986 (Table 1). 

Data were collected over 114 days in 1985. Initial monitoring 
began during active plant growth (August, 4 days), and a second 
period of monitoring was during dormancy (December, 8 days). 

Because of different growing conditions in 1986, a total of 145 days 
of data were collected with both periods (July, 6 days; October, 6 
days) occurring earlier during active plant growth compared to 
1985. 

In August 1985, 20 tobosa tillers were marked along each of 2 
permanent transects in both treatments (n q  4O/treatment). Tran- 
sects were laid out at random distances from the water source in 
both treatments. In July 1986, the number of transects per treat- 
ment was doubled with a corresponding increase in the number of 
marked tillers to 80 per paddock. Even though more total precipi- 
tation was received during 1986 compared to 1985 between 2 and 
23 August, only 10 mm of precipitation was received; therefore, 
most grass tillers senesced in both treatments. A 48-mm rainfall on 
23 August 1986 initiated regrowth and the new tillers that were 
produced were marked and monitored for the second grazing 
period that ended in October. 

Individual perimeter tillers were marked using colored plastic- 
covered wire loops. Tiller lengths were measured daily while anim- 
als were in cell paddock 7. When cell paddock 7 was not stocked, 
only tillers in the continuous paddock were measured weekly. 
Tiller height was measured from the soil surface to the tip of the 
tallest vegetative structure. A leaf was classified as dead if it was 
senesced for more than half its length. The intensity of defoliation 
was defined as the amount of tiller height removed between mea- 
surements. Height removed was based on the previous day’s mea- 
surements. Frequency of defoliation was defined as the number of 
times an individual tiller was grazed within a period, and was rated 
as having been nongrazed, grazed once, or grazed multiple times. 
Following a grazing event, tips of plant parts remaining were 
painted with white correction fluid. Subsequent removal of these 
white tips indicated re-grazing. 

Mean above-ground biomass was estimated in both treatments 
by mowing plots 0.5 m wide and approximately 5.4 m in length to a 
7.5-cm height with a gasoline-powered rotary lawn mower equipped 
with a grass-catcher. Two plots were mowed in each of the 11 
paddocks in the cell and 20 plots in the continuous paddock. 
Except for the first period in 1986, plots in both treatments were 
mowed shortly before grazing began in cell paddock 7. For the first 
monitoring period in July 1986, standing crop in both treatments 
was based on plots mowed during the previous dormant season. 
These standing crop estimates were considered representative of 
available biomass because biomass decomposition over the Decem- 
ber-June period is probably minimal (Whitford et al. 1986). Active 

Table 1. Time spent in paddocks (days), stocking rate (AUD/ha), mean standing crop (kg/ha) and Grazing Pressure Indices (AUD/kg) in tobosa 
paddocks managed under continuous and rotational stocking strategies between July and December in 1985 end 1986. 

1985 
Period 1 
8-26/S-30 
Period 2 
12-lO/ 12-18 
Overall 

1986 
Period 1 
7-1517-21 
Period 2 
IO-3/ 10-9 
Overall 

Time in 
cell 

pad. 7 

(Days) 

4 

8 

12 

6 

6 

12 

Stocking rate 

Continuous paddock 
While Cell 

Season inpad pad. 7 
________(AUD/ha)____---- 

28.1 2.1 20.9 

2.9 2.9 40.0 

31.0 5.0 60.9 

22.7 1.7 23.7 

18.3 1.7 23.7 

41.0 3.4 47.4 

Initial mean above ground 
biomass f Std. error 

Cont. Cell 
pad. pad. 7 

__________(kg/ha) __________ 

785 f 305 438 f 84 

549 f 189 353 f 98 

449 f 176 353 f 98 

851 f 314 675 f 342 

Initial Grazing 
Pressure Index 

Cont. Cell 
pad. pad. 7 

----(AUD/kg)---- 

.047 .048 

.006 .126 

.051 .067 

.026 .042 
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tobosa growth on the study site did not begin until after the first 
precipitation of the summer growing season that began in June. 
Grazing began less than 3 weeks after these rains. Grazing Pressure 
Indices were calculated for both treatments (Table 1) according to 
Scarnecchia and Kothmann (1982). 

percentage of tillers grazed at least once in the continuous paddock 
over the whole season was never greater than 30% and there were 
several days in each grazing period when no defoliation was 
recorded. 

Treatments were not replicated; therefore, differences between 
treatments were determined by analysis of variance with a General 
Linear Models (GLM) procedure using subsamples (tillers within 
treatments) as the error term (SAS Institute 1985). Use of sub- 
samples as an error term may result in an overly sensitive test but 
trends between treatments are valid. 

Height reductions in the rotational paddock ranged from 27% to 
66% in 1985 and 48% during both periods in 1986 (Table 2). When 

Table 2. Daily mean (zt Standard errors) tiller height’ (mm) during 2 
periods of cattle stocking in each of 2 years in a 2.9-ha cell paddock 7 and 
33.681 continuously stocked paddock. 

Because monitoring periods between years differed in plant 
growth stage, defoliation intensity data, for grazed tillers only, 
were analyzed 2 different ways. First, for treatment differences 
within years, defoliation intensity was analyzed using treatment, 
period, and dates within periods as main effects. Secondly, treat- 
ment differences across years were compared for each period with 
treatment, year, and dates within year as main effects. In these 
analyses, the influence of tiller distance from the water source was 
evaluated as a covariate. Uniformity of grazing was examined by 
the distribution of tiller numbers within height categories at the 
end of the monitoring periods using chi-square analysis. For this 
analysis the monitoring periods in the continuous paddock corres- 
ponded to 2 periods totaling 114 days (106 and 8 days, respectively) 
in 1985 and the 2 periods in 1986 (81 and 65 days, respectively) that 
reflected 2 complete cycles through the cell. Frequency of defolia- 
tion data were analyzed by a categorical data modeling procedure 
(CATMOD, SAS Institute, 1985). Analyses were performed first 
within years with treatment and period as main effects and, 
secondly, between years within monitoring periods, using treat- 
ment and year as main effects. Percentages and standard errors 
were calculated for the main effects. Treatment comparisons for 
frequency of defoliation were restricted to equal lengths of time 
within periods, based on when the animals were in the rotational 
treatment. This was done to avoid the confounding effect of time 
on the marginal probabilities generated in the CATMOD proce- 
dure. Differences were considered significant if the probability of 
the Type I error was less than 0.05. 

Date 

Tiller height before grazing Tiller height removed* 
Continuously Continuously 

stocked Cell stocked Cell 
paddock paddock 7 paddock paddock 7 

August 1985 
27 
28 
29 
30 
31 

_-________-------(mm) ________________ _ 

234 f 10 209f I1 18 f 2.3 72 f 4.6 
238 f II 2oofl2 135 f 4.6 85 f 11.0 
24ofll 183 f I2 135 f 3.5 87 f 4.4 
241 f 12 164f I3 66 f 4.5 
245 f 12 160f 13 38 f 3.5 

December 1985 
11 
12 
13 
14 
15 
16 
17 
18 

236 f 28 
236 f 28 
236 f 28 
236 & 28 
236 f 25 
236 f 25 

207 f 24 33 f 6.9 42 f 3.5 
192 f 25 10 & 0.0 102 f 12.7 
167 f 23 161 f 25.3 
157 f 22 193 f 79.9 
130 f 21 140 f 0.0 182 f 23.3 

236 f 25 
236 f 25 

109 f 18 140 f 29.0 
92f 15 130 f 31.8 
7lf 4 175 f 43.8 

July 1986 
16 
17 
18 
19 
20 
21 

194f 8 
194f 8 
193 f 8 
I91 f 8 
I91 f 8 
191 f 8 

218 f 5 78 f 3.7 84 f 2.5 
2oof 7 42 f 2.1 96 f 2.5 
179f 7 74 f 3.5 66 f 2.2 
163 f 7 140 f 31.8 86 f 3.5 
151 f 7 185 f 0.0 68 f 2.8 
134f 7 10 f 0.0 63 f 1.7 

Results and Discussion 
Grazing Pressure and Tiller Utilization 

October 1986 
3 
4 
5 
6 
7 

165f 5 193 f 5 80 f 3.5 
165f 5 173 f 6 20 f 0.0 85 f 2.1 
164f 5 151 f 6 37 f 13.4 73 f 1.8 
164f 5 123f 5 70 f 17.3 103 f 2.2 
162f 5 101 f 5 70 f 5.8 75 f 1.4 

Stocking density (number of head per ha) in cell paddock 7 was 
approximately 14 times greater than in the continuously stocked 
paddock during both periods in 1985 and 1986. In the continuously 
stocked paddock in 1985 stocking rate increased 0.8 AUD/ ha 
between period 1 and 2 compared to an increase of 19.1 AUD/ ha in 
cell paddock 7 (Table 1). In 1986 cell paddock 7 was stocked for the 
same length of time in both periods. The Grazing Pressure Index 
values were approximately equal to or higher in cell paddock 7 
than in the larger continuous paddock. For cell paddock 7 in 1985, 
the Grazing Pressure Index was higher in period 2 compared to 
period 1, while the reverse occurred in 1986. The 48 mm of rainfall 
in late August 1986, which followed the nearly 8 weeks of drought, 
produced a new cohort of tillers and increased standing crop in 
both treatments before the second period of grazing. More stand- 
ing crop (96 to 347 kg/ ha) was mowed in the continuous paddock 
compared to cell paddock 7 over both periods in both years (Table 
1). However, total mass of tobosa per unit area may be nutrition- 
ally misleading since gray tobosa contains only 4.7% crude protein 
and may comprise between 49 and 89% of the standing crop under 
continuous grazing (Anderson 1988). 

‘Based on total marked tillers; 1985 n = 40, 1986 n = 80. 
*Based on defoliated tillers. 

comparing daily mean tiller height (cm) across all 4 monitoring 
periods in the rotational paddock, a simple linear regression pro- 
duced the equation of ?= 222 - 1.7 * X(r* = 0.87) where fis tiller 
height and X is day within grazing period. The slope of this 
equation indicates daily tiller height decreases of 1.7 cm day-’ can 
be expected when stocking with Grazing Pressure Indices between 
0.04 and 0.13 AUD/kg (Table 1). In 1985 tiller height in the 
continuous paddock decreased only 17% from the maximum 
height attained (287 mm) during the year; in 1986, changes in 
height of individual tillers from grazing were offset by increases in 
height for the remaining nongrazed tillers because of plant growth. 

More tillers were grazed in cell paddock 7 on a daily and sea- 
sonal basis than in the continuous paddock (Fig. 1). Overall, the 
percentage of tillers grazed at least once in the rotational paddock 
was greater than 75% in 1985 and 95% in 1986. In contrast, the 

The distributions of tiller heights at the end of grazing indicated 
uniform grazing in cell paddock 7 (Table 2). Differences between 
treatments were evident for all periods. After grazing, more than 
85% of the tillers in the cell paddock 7 were 5 20 cm in height in all 
periods as compared to approximately 50% in the continuously 
stocked paddock. The distribution of tiller heights in the rotation 
paddock also differed between periods in 1985, while there were no 
differences between periods for either treatment in 1986. 

Intensity of Tiller Defoliation 
During the first period each year, intensity of defoliation in cell 
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Fig. 1. Percentage of total marked tobosa tillers grazed daily in 1985 and 1986 during 4 separate monitoring periods under rotational and continuous 
stocking. For the rotational treatment the total bars are based on the final percentage of total marked tillers grazed during the monitoring period. For the 
continuous treatment ln 1985 the totals are based on the entire season of grazing. In 1986 new tillers were marked in both treatments for the October 
monitoring period because all previously marked tillers died due to a mid-season drought. 

paddock 7 removed only 36% of tiller height and was much more 
consistent than in the continuous paddock daily in height reduc- 
tions (Table 2). The few grazing events recorded in the continuous 
paddock during all periods masked statistical differences between 
treatments within years. However, treatments did not differ 
between years, indicating consistency in treatment effects over- 
time. Defoliation intensity was also not influenced by distance 
from water. The short duration rotational grazing system resulted 
in a uniform low level of tiller utilization over the entire paddock. 

Defoliation intensity was affected by period of grazing. During 
the second monitoring period in 1985, defoliation intensity in cell 
paddock 7 was nearly double that of the first period. This is in 
contrast to Pierson and Scamecchia (1987), who reported equal 
defoliation intensities in the early cycles of a rotational grazing 
treatment and a substantial decrease in intensity during the last 
cycle as plants matured. Although the forage had matured, some to 
the point of senescence, during the second period, forage availabil- 
ity may have also decreased to such levels that animals were forced 
to increase bite size to maintain forage intake. There were no 
differences in defoliation intensity between periods for either 
treatment in 1986 when standing crop increased from additional 
growth. 

Frequency of Tiller Defoliation 
Based on grazing events recorded for individual tillers in each 

period, there was a higher probability of grazing occurring in cell 
paddock 7 compared to the continuously stocked paddock (Table 
4). Within cell paddock 7, however, the probability of tillers being 
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Table 3. Percent of marked tillers within 4 height categories at the conclu- 
sion of grazing periods by year and treatment. 

Final date of Height categories (cm)! 
grazing period Treatment location O-IO IO-20 20-30 30-40 

_________(%)_________ 
1985 

Aug. 30 Cell paddock 7 25 60 8 7 
Dec. I8 Cell paddock 7 83 I7 0 0 
Dec. I8 Continuous paddock 8 38 29 25 

1986 
Jul. 21 Cell paddock 7 53 39 7 I 
Sep. 22 Continuous paddock 44 33 I7 
Oct. 9 Cell paddock 7 5: 38 4 0 
Nov. 26 Continuous paddock 3 55 16 26 

‘Based on 40 and 80 tillers/treatment in 1985 and 1986, respectively. 

re-grazed was much less than the probability of a single grazing. 
Tillers grazed more than once were grouped in a category termed 
multiple although the number of tillers grazed 3 or more times for 
either treatment in any grazing period was low (13) and no trends 
were evident. Year and year by treatment interactions were not 
different, indicating consistent treatment effects. Within years, 
period by treatment interactions were also nonsignificant, indicat- 
ing tr&gtment differences in probabilities were maintained across 
periods. Thus the short duration grazing system resulted in only a 
single defoliation for the large majority of tillers in the rotational 
paddock, one of the objectives of short duration grazing using high 



Table 4. Mean marginal probabilities (* Standard errors) of grazing indi- 
vidual tillers by treatment and period of grazing in 1985 and 1986’. 

Grazing events 
Treatment2 Period’ 

Rotational Continuous First Second 

1985 
Non-grazed .30 f .050 .84 f .042 .46 f .055 .67 f .052 
SinPle .46 * .055 .16 f .@41 .34 f .052 .29 f .050 
Muitiple4 24 f .047 .OO f .OlO .20 f .044 .04 f .024 

1986 
Non-grazed .14 f .027 .80 f .031 .43 f .039 .47 f ,039 
Single .63 f .038 .18 f .030 .40 f .039 40 f .038 
Multiple4 .23 f .033 .02 f .Ol 1 .I7 f .025 .I3 f .026 

‘Treatment X riod effects nonsignificant (t3.05) in both years. 
Treatment e ifpe ects s@icant (P<.OOOl) in both years. 
%razing period effects in 1985 (P = 0.05) and 1986 (P = 0.65). 
‘Multiple grazing events are 22. 

stock densities (Kothmann 1980). Gammon and Roberts (1978b) 
also reported most tillers received 2 or fewer defoliations per 
grazing period under rotational grazing. Other studies reported 
higher percentages of multiple defoliations under rotational heavy 
stocking (Pierson and Scarnecchia 1987). Thus vegetational char- 
acteristics of the pasture may affect frequency of defoliation. 

The low number of multiple tiller defoliations seen in this study 
may have occurred due to the monotypic nature of the tobosa 
stands in the treatments. Monotypic vegetation may limit animal 
selectivity because few differences would exist among tillers to 
cause a particular tiller to receive greater defoliation as compared 
to another tiller. Studies involving whole plants in monotypic 
stands of the ceaspitose grass Agropyron cristatum (L.) Gaertn. 
have reported less than 20% of the grazed plants were defoliated 
more than once (Norton and Johnson 198 1). Where multiple spe- 
cies with differing palatabilities are involved, frequency of defolia- 
tion may increase on the preferred species (Gammon and Roberts 
1978c, Briske and Stuth 1982, Gillen et al. 1990). The successful 
application of short duration grazing on tobosa pastures may be 
enhanced by the monotypic nature of the forage. 

Management Implications 
Flexibility in fixed continuous grazing strategies can basically be 

achieved only by adjustments in stocking rates (Vaughan-Evans 
1978, as cited in Kothmann 1980). Stocking rates, however, are 
based on total forage demand by the animals over time and once set 
at the beginning of a grazing season typically undergo only minor 
adjustments over the course of a season. Continuous stocking 
limits flexibility since stocking rate adjustments cannot provide 
adequate control over defoliation frequency, especially on individ- 
ual plants. Therefore, limited control of defoliation frequency can 
lead to deterioration of vegetation (Kothmann 1980). Rotational 
strategies provide the opportunity to improve harvest efficiency 
through better control and frequent adjustment of grazing pressure 
(Heitschmidt 1987). Smaller grazing land units can also be used to 
manipulate grazing pressure by changing livestock density without 
corresponding changes in stocking rate (Kothmann 1980). Results 
from this study provide an example on how to manipulate grazing 
pressures and control the frequency and intensity of tiller defolia- 
tion. The low probability of multiple grazings in cell paddock 7 for 
2 periods within a year showed the majority of tillers received only 
a single defoliation. 

The much lower grazing pressure in the continuous paddock 
resulted in a low probability of tiller grazing and especially regraz- 
ing during any period. Reduced tiller usage in the continuous 
paddock indicates large amounts of forage will remain ungrazed. 
Such material decays slowly (Weaver and Albertson 1956), and 
utilization by livestock decreases as plants mature and accumulate 

litter (Herbel and Nelson 1966) with the result that large areas of 
tobosa are simply avoided by livestock (Paulsen and Ares 1962). 
Uneven use was readily evident in the continuous paddock where 
large numbers of tillers were not grazed and substantial amounts of 
litter had accumulated. Minimal accumulation of standing dead 
and litter was observed in the 1 l-paddock cell. 

The long-recommended use of tobosa growing on Chihuahuan 
desert range has been to graze during the summer growing season 
with deferment during fall-winter-spring (Paulsen and Ares 1962). 
Traditionally, tobosa rangeland has been managed under continu- 
ous conservative stocking during the summer in the arid Southwest 
(Anderson 1988). However, financial considerations frequently 
preclude implementation of specialized grazing strategies, espe- 
cially if anticipated increases in livestock production are to pay for 
conventional fencing (Holechek 1992). Therefore a modified best 
pasture system (Martin and Ward 1970) offers an alternative to 
allow complete summer deferment of grazing on the more sensitive 
black gramadropseed upland ranges if playa areas containing 
tobosa stands are available. This study indicates continuous stock- 
ing results in highly nonuniform usage of tobosa forage while 
high-density rotational stocking improves the total use of tobosa in 
a more uniform manner. 
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Abstract 

Data collected over a D-year period at 2 study areas near 
Vaughn and Roswell, N.M. were used to define equations that 
relate grass biomass to the amount of broom snakeweed (Gutierre- 
zia mothrue [Pursh] Britt. & Rusby) occupying blue grama 
(Bouielouu gruc8.v [H.B.K. Lag]) rangeland over time. A 5 
parameter sigmoidal growth equation and a negative exponential 
equation best expressed the relationship between understory grass 
biomass and overstory broom snakeweed biomass. Explanatory 
variables included realized precipitation during the second (April 
to June) and third (July to September) quarters, which coincides 
primarily with warm-season grass growth. Minimum suppression 
of grass biomass occurred with complete elimination of broom 
snakeweed, suggesting control strategies with high overstory mor- 
tality will likely be most beneficial to understory production. 

Key Words: herbage production, Gutierreziu sarothme, Boute- 
louu gracilis weed control, range improvement 

Overstory-understory relationships have been defined for many 
woody and herbaceous plants common on western rangelands 
(Bartlett and Betters 1983, Ffolliot and Clary 1972). Published 
overstory-understory equations include linear, logarithmic, quad- 
ratic, cubic and various nonlinear, exponential functional forms 
(Ffolliot 1983, McPherson 1992, Scanlan 1992). In general, the 
relationship between herbaceous production and woody cover has 
been found to be a downward-sloping curve that is either convex to 
the origin or S-shaped overthe relevant range (Jameson 1967). The 
convex shape, reported to be appropriate for numerous overstory 
species (Jameson 1967, Hulland Klomp 1974, Ffolliot 1983, Pieper 
1990) suggests marginal suppression of herbaceous biomass declines 
as overstory cover increases, and implies that the first woody plants 
to invade an area suppress herbaceous production the most. Sim- 
ilarly, a sigmoid shaped curve implies a light or scattered stand of 
overstory species results in little if any suppression of understory 
production until a threshold level is eventually reached, and grass 
yield then rapidly declines (Scifres et al. 1982, Jameson 1967). 

Several studies have investigated competitive relationships 
between broom snakeweed (Gutierreziasarathrae [Pursh] Britt. & 
Rushy), an undesirable woody weed, and associated grasses grow- 
ing on rangeland (Campbell and Bomberger 1934, Gardner 1951, 
McDaniel and Sosebee 1988). Ueckert (1979) and McDaniel et al. 
(1982) found that thinning a heavy stand of broom snakeweed by 
25%, 50%, or 75% did not greatly increase grass yield, whereas 
complete removal of the weed resulted in a grass production 
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increase from 200% to 400%, suggesting some type of nonlinear 
relationship between overstory broom snakeweed cover and 
understory grass production. 

To define overstory-understory relationships for an economic 
analysis of broom snakeweed control, Carpenter et al. (1991) used 
a linear equation to relate expected grass production t,o broom 
snakeweed canopy cover. Variables reported to influence grass 
production included snakeweed cover, summer rainfall, and soil 
type (site shifters). For a similar economic analysis, Tore11 et al. 
(1990) used a logarithmic model to define overstory-understory 
relationships with explanatory variables defined to be broom 
snakeweed yield, climatic conditions, and site characteristics. A 
shortcoming noted by Tore11 et al. was that the logarithmic model 
overestimated grass production when broom snakeweed biomass 
was near zero. A problem with the linear estimation is other 
research (McDaniel et al. 1982 and Ueckert 1979) suggests the 
correct broom snakeweed-understory relationship is curvilinear. 

The purpose of this study was to define equations expressing the 
overstory-understory relationship for broom snakeweed growing 
on blue grama (Boutelouagracilis (H.B.K. Lag])-dominated grass- 
lands in central New Mexico. Model estimation is provided from 
broom snakeweed and grass biomass data collected over an 1 l- 
year period at 2 permanent study sites near Vaughn and Roswell, 
N.M. 

Methods 

Equation Development and Definition 
Equation estimation was based on concepts developed by Jame- 

son (1967) and Ffolliot (1983). Jameson suggested a 5-parameter 
transition sigmoidal growth curve (adapted from Grosenbaugh 
1965) as an appropriate general model for defining overstory- 
understory relationships. Depending on parameter estimates, the 
nonlinear function defined by Jameson will either be convex to the 
origin or S-shaped over the relevant range. Ffolliot (1983) indi- 
cated a simpler negative exponential equation was adequate for 
nearly all overstory-understory relationships. With either approach, 
the rate of decline in herbaceous standing crop as cover or yield of 
woody plants increases is influenced by climate and other site- 
specific factors. Broom snakeweed and grass yield are known to 
vary by location, especially with growing season moisture (McDa- 
niel 1989); seasonal precipitation patterns were considered on a site 
specific basis for our model estimation. 

General specification of the sigmoidal growth curve and the 
negative exponential curve are: 

Y = H + A( l-e-BX)M” + 2 (YIR~; (sigmoid equation) (1) 

Y q  a + beecx + c a~Ri; (exponential equation) (2) 

The dependent variable (Y) is understory or grass production 
(kg/ ha). The independent variable (X) defines overstory produc- 
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tion (kg/ ha) on the area, and the Ris define rainfall conditions 
during specific quarters of the year (e.g., Rr = cm of rainfall during 
the 2nd quarter: April, May, and June). The upper and lower 
asymptotes shift up or down depending on rainfall conditions. 

For the sigmoid curve defined by Equation 1, H + c oiRi defines 
the upper asymptote and H + A + c oiRi is the lower asymptote. 
Understory production will approach this lower asymptote as 
overstory yield is maximized. Because increasing overstory canopy 
decreases understory herbage production, the estimated value of 
parameter A will be negative. Parameter B provides the necessary 
curvature for the model and M adjusts the inflection point. The 
curve will have a sigmoid or S shape for M + 1 >l, and will be 
convex to the origin throughout the relevant range when O<M + 1 
5 1. When M + 1 = 1, the equation reduces to the simpler exponen- 
tial function (Equation 2). The flexibility of this equation is unique 
and especially useful for estimating overstory-understory relation- 
ships. 

For Equation 2, the parameters a + b + c oiRi define the upper 
asymptote and a + c oiRi define the lower asymptote. The parame- 
ter c defines the exponential rate at which overstory vegetation 
suppresses grass production. The curve will be convex to the origin 
throughout the relevant range. 

Equation Estimation 
In addition to the nonlinear models defined by Equations 1 and 

2, other functional forms (including linear through fourth-order 
polynomial models) were estimated. The best functional form was 
chosen based on standard goodness-of-fit criteria including highest 
Rr, minimum root mean square error (RMSE) and analysis of 
residuals. The R2 was computed as 1 - c (y - y)r/ z (y - y)2 
(Kvalseth 1985). Regression equations were estimated using appro- 
priate linear and nonlinear regression routines found in SAS 
(1985). 

Various rainfall variables (Ris) were defined to estimate how 
seasonal rainfall patterns influence grass production. Rainfall 
exerted a significant @<O.OOl) influence on grass production only 
during the 2nd (April-June) and 3rd quarters (July-September) 
when blue grama (Bouteloua grucilis [Willd. ex H.B.K.] lag. ex 
Griffiths) and other warm-season grasses were actively growing. 
Similar to the findings of Carpenter et al. (1991), fall and winter 
rainfall did not influence the production of warm-season grasses 
dominating the research sites. 

Data Sources 
Field studies were established at 2 locations on New Mexico’s 

central plains grassland region, about 56 km northwest of Roswell 
and 28 km southeast of Vaughn. The region is characterized by 

cool dry winters and warm moist summers. Long-term annual 
precipitation is about 30 cm at Roswell and 27 cm at Vaughn, 
about 65% occurring between July and September. 

Broom snakeweed growing in association with blue grama forms 
the vegetational mosaic of both areas. Broom snakeweed is the 
dominant overstory plant, with occasional scatterings of walking 
stick cholla (Opuntia imbricata [Harr.] DC.). Common warm- 
season grasses in addition to blue grama include black grama 
(Boutelouu eriopodu [Torr.] Torr.), sideoats grama (Boutelouu 
curtipendulu [Michx.] Torr.) and buffalograss (Buchloe ducty- 
loides [Nutt.] Engelm). Few annual or perennial broadleaf species 
occurred at either site. Soil at the Roswell site is a Hogadero 
gravelly loam (loamy-skeletal, mixed mesic Aridic Calciustoll); 
and soil at the Vaughn site is a Pastura gravelly loam (loamy, 
mixed shallow Ustollic Paleorthid). Both sites occur onundulating 
shallow limestone hills. 

Broom snakeweed and grass biomass data were acquired from 2 
separate experimental areas established at each study site in 1979 
and 1983. Results from these experiments have been reported in 
part elsewhere and were designed to compare various herbicides 
for broom snakeweed control and to determine the subsequent 
grass response. In the 1979 experiment, 1 untreated and 12 
herbicide-treated plots were established at both locations. Herbi- 
cides were applied using a trail-mounted sprayer to plots (19.2-by- 
42 m) arranged in randomized complete blocks with 2 replications. 
Broom snakeweed and grass biomass data collected in October 
1979 and 1980 were reported by McDaniel (1984). In general, 
treatments provided varying degrees of control success; therefore, 
a wide range of broom snakeweed biomass levels could be com- 
pared with understory grass production. 

Drought conditions in 1980 and early 1981 caused broom 
snakeweed to largely die out at both locations; thus grass and 
snakeweed production data were collected for 2 years from the 
1979 herbicide-treated plots. However, broom snakeweed biomass 
and density data were collected continually from 1979 to 1989 in 
October on untreated plots (McDaniel 1989). 

Broom snakeweed had reestablished by 1983 and a second her- 
bicide control experiment was initiated at both sites near the 1979 
study areas. The objective of this experiment (previously reported 
by McDaniel and Duncan 1987) was to compare 3 rates of piclo- 
ram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) and met- 
sulfuron (2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]car- 
bonyl]amino]sulfonyl]benzoic acid} for broom snakeweed control 
in fall and spring. Again, varying broom snakeweed control levels 
resulted, depending on the herbicide used and rate of herbicide 
applied. 

Plot size and vegetation sampling were identical for the 1979 and 

Table 1. Precipitation (cm) by quarters from 1979 to 1989 near Vaughn and Roswell, N.M. 

Vaughn Study Area 

Jan.-Mar. Apr.-Jun. Jul.-Sep. Oct.-Dec. 

1979 4.3 18.0 10.9 4.1 
1980 1.8 3.5 8.7 0.7 
1981 1.7 4.8 11.6 4.1 
1982 2.1 2.0 20.1 4.7 
1983 4.5 3.3 12.1 7.6 
1984 1.8 5.8 14.0 10.3 
1985 5.0 12.6 16.6 12.4 
1986 2.8 14.2 8.5 13.1 
1987 5.6 9.7 19.4 5.8 
1988 1.5 10.8 31.2 2.7 
1989 1.6 3.5 14.8 1.5 

Study 
Period 3.0 8.0 15.3 6.1 
Normal 2.6 5.3 14.4 4.2 

Source: NOAA (Various issues). 

Total 

37.4 
14.7 
22.2 
28.9 
27.6 
31.8 
46.5 
38.6 
40.5 
46.1 
21.4 

32.3 
26.5 

Roswell Study Area 

Jan.-Mar. Apr.-Jun. Jul.-Sep. Oct.-Dec. Total 

3.3 16.3 12.6 5.4 37.8 
1.5 7.2 14.1 1.2 24.0 
1.6 10.1 16.5 3.8 31.9 
2.5 1.6 24.0 3.9 32.0 
6.1 11.7 6.4 7.1 31.3 
2.9 11.0 17.6 14.6 46.1 
7.4 14.6 11.9 11.4 45.3 
8.4 11.7 19.9 19.9 60.0 
6.9 16.0 9.8 4.1 36.8 
5.3 11.3 15.3 4.7 36.6 
2.5 3.6 16.7 0.8 23.6 

4.4 10.4 15.0 7.0 36.8 
2.9 6.7 16.0 4.5 30.1 
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1983 experiments. Broom snakeweed was counted and then 
clipped and bagged separately from grass to a 2.5-cm stubble 
height in five, 0.2-rnz frames along each of 2 lines located diagno- 
nally across each plot. Clipped material was oven dried before 
weighing. Field sampling for the second experiment was completed 
in September or early October each year from 1984 to 1989. Lines 
were relocated each year to avoid clipping previously sampled 
quadrats. 

Data used in the regression analyses reported here include 
observations from both the 1979 and 1983 experiments at Vaughn 
and Roswell. Regression equations were estimated with data 
separated or combined by experiments and by sites. As expected, 
herbicide-treated areas usually had less broom snakeweed biomass 
and higher grass biomass than untreated plots. However, at each 
research site, areas having similar snakeweed biomass generally 
had comparable levels of grass production (McDaniel and Duncan 
1987). 

Results and Discussion 

Broom Snakeweed Growth and Rainfall Conditions 
During the II-year study period (1979-1989), annual rainfall 

near Vaughn and Roswell was substantially below the long-term 
average only during 1 year (Table 1); thus, environmental condi- 
tions were generally favorable for broom snakeweed survival and 
growth. In 1980, only about half the normal rainfall was received at 
Vaughn and rainfall was about 80% of normal near Roswell. This 
low rainfall caused significant broom snakeweed death throughout 
much of New Mexico (McDaniel 1989) and a decline in yield at 
both study sites (Fig. 1). By the first quarter (January-March) of 
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Fig. 1. Broom snakeweed biomass near Vaughn and Roswell, N.M. 
1979-1989. 
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1981, nearly all the mature broom snakeweed plants on both sites 
were dead, presumably because of drought (data not shown). 
During the second (April-June) and third (July-September) quar- 
ters of 1981, rainfall was near or above normal at Vaughn and 
Roswell and many seedlings (first-year plants) were counted on 
untreated study plots in October 1981 (88/m* and 1151 m* at 
Vaughn and Roswell, respectively). About 75% of the seedlings 
died within 2 years but the surviving plants matured and comprised 
the generation of broom snakeweed on the sites from late 1981 to 
1989 (McDaniel 1989). During the study, 1981 was the only year 
that a large number of propagules were counted. 

Broom snakeweed biomass remained relatively constant on 
untreated study plots at Vaughn from 1982 to 1986. After this time 
some natural mortality occurred and production declined slightly 
from 1987 to 1989 (Fig. 1). At the Roswell site in 1987, broom 
snakeweed root borers (Crossidiuspulchellus) eliminated most of 
the plants. These native beetles mainly attack mature broom 
snakeweed and can kill plants over broad areas under certain 
circumstances (Richman and Huddleston 1981). By 1989, broom 
snakeweed died out completely at the Roswell site. 

Overstory-Understory Relationships 
The sigmoid (Equation 1) and exponential (Equation 2) equa- 

tions described the relationship between broom snakeweed and 
grass biomass equally well (Table 2). Both models produced nearly 
identical R2 values for both research sites and when data were 
combined across sites. Other linear and polynomial model specifi- 
cations did not fit the data as well (results of the alternative models 
are not reported). 

The exponential and sigmoid models produced similar down- 
ward sloping, convex curves, because M+l was estimated to be 
near or less than 1 for each sigmoid equation (Table 2). Parameter 
estimates were slightly different between sites but overstory and 
understory biomass were found to be inversely related, as expected. 
When data were combined by year across sites, 61% of the variabil- 
ity in grass biomass (Y, kg/ ha) was attributed to variation in 
broom snakeweed biomass (X, kg/ ha) and rainfall conditions. 

Growing season (2nd and 3rd quarter) precipitation was signifi- 
cant (P<O.OO 1) for all equations. During April, May, or June, 1 cm 
of precipitation added about 20 kg/ ha to grass biomass, as indi- 
cated by the combined regression coefficients (Table 2). Precipita- 
tion during July, August, or September added slightly less to grass 
biomass, about 16 kg/ ha at the Vaughn site and 11 kg/ ha at the 
Roswell site. Including fall and winter rainfall did not contribute 
significantly to the amount of grass biomass at either site. This was 
expected because warm-season grasses dominated the understory 
layer. Although grasses were not separated by species to allow 
direct evaluation, blue grama biomass was most important, as this 
plant comprised more than 75% of the herbaceous component by 
weight at both sites (McDaniel and Duncan 1987). Pieper (1990) 
reported blue grama biomass to be highly negatively related to 
overstory pifion-juniper canopy because the grass appears to be 
relatively intolerant to shade or other competitive interactions. 

Estimated curves exhibit diminishing marginal suppression of 
grass production as snakeweed biomass increases (Fig. 2). The 
curves are steepest at zero where a marginal suppression of about 
2.6 kg/ ha of grass biomass per 1 .O kg/ ha increase in snakeweed 
biomass occurs. At 200 and 400 kg/ha of broom snakeweed, 
corresponding marginal suppression of grass biomass was about 
0.9 and 0.5 kg/ ha, respectively. At 600 kg/ ha of snakeweed bio- 
mass, the curve flattens and only a 0.35 kg/ ha suppression of grass 
biomass per unit change in snakeweed biomass occurs. Grass 
biomass averaged across years and sites was 667 kg/ha without 
broom snakeweed, and 212 kg/ha with an average snakeweed 
biomass of 600 kg/ ha. 

Response of grass understory at Roswell to increasing snake- 
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Table 2. Estimated equations defming overstory-understory relationships for the Vaughn and Roswell study sites. 

Equation 

Sigmoid 
Vaughn 

Roswell 

Combined 

Exponential 
Vaughn 

Roswell 

Combined 

n R2 RMSE” 

104 .68 151.2 

100 .59 231.9 

204 .61 195.0 

104 .68 151.3 

100 .59 230.7 

204 .61 194.5 

Estimated Equation 

?= 278 - 569 (1 - e-~oo15x)o~60’ + 17.8 Rz + 16.0& 
(53.2)b(151.9) (.0016)(.267) (2.86) (2.67) 

i = 367 - 698 (1 - e~~oo*x~1~027 + 22.7 RZ + 10.9& 
(187.7)(94.2) (.0013)(.566 )(6.94) (9.31) 

P= 258 - 629 (1 - e~~oo20x)o~ss1 + 20.5 Rz + 16.6Rs 
(59.8)(64.4) (.0008)(.284) (3.01) (3.02) 

i- 242 - 503e-,0031X + 17.9R2 + 16.2& 
(84.8) (59.8) (.0010)(2.87) (2.68) 

?- 333 - 701e-.W22X + 22.8Rs + ll.O& 
(185.5) (72.7) (.0006)(6.82) (9.23) 

?- 363 - 615e-.Mn2X + 2O.6R2 + 16.6& 
(76.5) (47.4) (.0005)(3.00) (3.01) 

‘Root mean square error. 
bNumbers in brackets are the asymptotic standard error of the estimate. 

weed biomass differed slightly from the response at Vaughn. Plots 
of data (Fig. 2) showed the equations to underestimate grass bio- 
mass during some years and overestimate grass biomass during 
other years, especially at the Roswell site. Predicted changes in 
grass biomass were adequately explained by rainfall variation, but 
other unknown factors were also important. 
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Abstract 
Research was conducted to examine the effect ofRhizobtalnce 

and N fertilization on N, fixation and N partitioning in seedlings of 
the genus Leucaena. Seedlings of Leucaena kucocephala (Lam) 
Dewit variety K-8 and L. retusa Gray variety Yellow Puff were 
grown in slender tubes filled with fritted clay and watered with 
nutrient solutions containing 0,2, or 8 mM nitrate N labeled with 
0.1% Nt5. The seedlings were inoculated with Rhizobia loti race 
94A3 orR. lotirace 9408. After 12 weeks the plants were harvested 
and the effects of N fertilization and Rhizobial race on nodulation 
N, 5xation, and N partitioning were examined. Using the N15- 
dilution method total N fixed by dinitrogen 5xation was deter- 
mined as well as distribution of fixed versus fertilizer N within the 
plant. Both Rhizobiol races htfected both Leucaena species resuh- 
htg in an effective symbiosis. However, the 2 Leucaena species 
responded quite differently to N fertilization. The addition of 2 
mM N to the nutrient solution effectively eliminated nodulation in 
L. retusa yet increased both nodulrtion and N, fixation in L. 
leucocephala. The 8 mM N rate elhnhtated nodulation in both 
species. Due to the elimination of nodulation and N, fixation by N 
fertilization in L. retuso, the effect of N fertilization on partitionhtg 
of fixed N was only examined in L. leucocephala. Increasing the N 
content of the nutrient solution increased the proportion of total N 
in the shoot and reduced the proportion in nodules. A larger 
proportion of the 5xed N was retained in the root and nodules than 
fertilizer N. Although the 2 mM N treatment increased the amount 
of N, fixed in L. kucocephala compared to the 0 mM treatment, 
the proportion of flxed N, was reduced to less than one third of the 
total N in the plant. 

Key Words: Leucaena leucocephala, Leucaena retusa, nitrogen 
fixation, nitrogen partitioning 

In recent years the genus Leucaena has received much attention 
as a forage and timber crop. The most common species planted in 
the tropics is L. leucocephala; however, L. retusa is of special 
interest for arid and semiarid regions. Leucaena leucocephala is 
reported to be late-nodulating under field conditions (Egara and 
Jones 1977, Bushby 1982, Pathak et al. 1983). Due to late nodula- 
tion, nitrogen (N) fertilization has been recommended to provide N 
to the seedlings after seed reserves have been depleted and before 
Ns fixation is initiated (Jones 1985). Leucaena retusa has not 
nodulated well using rhizobia selected for use with L. leucoce- 
phala. In a pot study, the addition of the equivalent of 100 kg N/ ha 
increased both the nodule number and nodule mass of Leucaena 
kwcocephala seedlings (Jones et al. 1983). Conversely, N fertiliza- 
tion did not affect nodule mass or number in a subsequent field 
study (Jones 1985). 
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Soil N and symbiotically fixed N may be partitioned differently 
in the plant. In alfalfa (Medicago sativa L.), a larger proportion of 
biologically fixed N remained in roots than in shoots (Henson and 
Heichel 1984). Due to their perennial growth habit, Leucaena 
species may behave like alfalfa, partitioning a larger proportion of 
fixed N to the root than to the shoot. 

Further definition of the species-specific reaction of nodulation 
and Ns fixation to N fertilization and rhizobial strain, and the 
effect of soil N on resource partitioning is needed. The objective of 
this experiment was to determine the effect of N fertilization and 
rhizobial strain on N partitioning, nodulation, and Ns fixation in 
Leucaena leucocephala and Leucaena retusa. 

Material and Methods 

Research was conducted at College Station, Texas. Seedlings of 
L. leucocephala variety K-8 and L. retusa variety Yellow Puff were 
grown in PVC tubes similar to those described by Hickey and 
Engelke (1983). The PVC tubes were 120-cm long and 4.5 cm in 
diameter. Plastic liners of 3-mil polyethylene tubing of slightly 
smaller diameter were inserted in the PVC tubes. Prior to insertion, 
the polyethylene liners were fused and perforated at the lower end. 
After the liners were inserted into the tubes, they were tilled with 
fritted clay that had been screened to remove fine particles, 
washed, and leached with distilled water. The fritted clay contained 
only trace amounts of combined N. Nutrients were supplied by a 
modified nutrient solution as described by Silsbury (1984). Three 
concentrations of N were used in the nutrient solution: 0,2, and 8 
mM. The relative level of N available to the plants in each N 
treatment was previously evaluated using perennial ryegrass 
(Loliumperenne L.) as a test plant. The 2 mM solution produced 
slow-growing, chlorotic plants and is roughly equivalent to nitrate 
concentrations expected in a soil with very low N levels (Barber 
1986). The 8 mM solution produced healthy plants and higher N 
concentrations did not increase ryegrass production. 

The N provided in the nutrient solutions as KNOs was enriched 
with 0.1% i5NOs to enable the quantification of N in the plant 
derived from the nutrient solution. The percent N in the plant from 
the rooting media, percent N from Ns fixation, and mg N from Ns 
fixation in each plant part were determined using the following 
equations: 

% “N excess q  % “N in sample - % ‘5N atmosphere 
% N from fertilizer = % 15N excess in plant part X 1~ 

% 15N excess in fertilizer 
70 N from Ns fixation = 100 - % N from fertilizer 
mg N from Ns fixation = % N from fixation X mg N in part 

Seeds were pregerminated by immersion in distilled water for 12 hours 
and contact between moist germination paper for another 24 hours. Seeds 
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Table 1. Plant weight, nitrogen concentration, total nitrogen, and total tixed nitrogen of 12 week old Leucaena leucocephda and L. retusoseedlings as 
affected by nitrogen fertilization. 

Species Nitrogen Plant weight Nitrogen concentration Total N 

(mM) (gmi plant) (mgi plant) 
L. leucocephala 0 3.5 A’ (“293/&Y’ 77 C’ 

2 13.0 B 25 B 364B 
8 23.1 C 27 c 739 A 

Avg. 13.2 25 393 
L. retusa 0 0.4 A 22 A 9D 

2 1.7 B 28 B 42 C 
8 2.3 B 32 C 62 C 

Avg. 1.5 27 38 

‘Means in the same column within a species followed by the same letter are not significantly different at the 0.05 level of probability. 

Total fixed N 

(mgi plant) 
17 B’ 

l16A 
26 C 
73 
9D 
OE 
OE 
3 

were inoculated with 1 ml of inoculant broth containing either 6.5 
X 107 rhizobia of R. loti strain 94A3 or 2 X 106 rhizobia of strain 
94A8 (both obtained from the Nitrogen Fixing Tree Association). 
Tubes were placed in a greenhouse with average high and low 
temperatures of 32.8” and 20.2O C, respectively. Photosynthetic 
photon flux density (PPFD) was 1215 pm01 me2 set-’ in the green- 
house when PPFD outside was 1812 pmol me2 see-‘. Average day 
length during the study was 12.1 hours. No artificial light was used 
to augment light intensity or duration. 

In the following discussion, individual species responses to N 
concentration are included in tables and figures where there was a 
significant species by N concentration interaction. Where no inter- 
action occurred, averages of the 2 species were included in tables 
and figures. 

Seedling Growth 

The N2 fixation rate was estimated 3 months after planting using 
acetylene reduction assay (Weaver and Fredrick 1982). Acetylene 
was generated by placing carbide in a plastic bag, evacuating and 
sealing the bag, and injecting water into the bag through a pre- 
viously installed septum. The plants were washed free of the root- 
ing media and placed in 2 containers. The containers were sealed 
and 220 ml of acetylene was injected into the container. Ten ml air 
samples were removed 30 min after injecting the acetylene, stored 
in evacuated tubes, and analyzed using a gas chromatograph. 
Following the assay, plants were destructively harvested. A root 
branching index was determined by a visual estimation of root 
branching in which any secondary root arising from the primary 
root was defined as a root branch site. An index of 1 was assigned 
for O-10 root branch sites in a IO-cm section of root 10 cm below 
the crown, 2 for 1 l-20 root branch sites, 3 for 21-30 root branch 
sites, and so on. Root and shoot dry weight, nodule number, 
nodule dry weight, and leaf area were determined. Leaf area was 
determined using a Li-Cor LI-3 100 area meter. Leaves were separ- 
ated into individual leaflets and fed through the area meter. The 
plant shoot, root, and nodule fractions were analyzed for total N 
using the digestion and steam distillation method described by 
Nelson and Sommers (1980). The percentage of 15N in each frac- 
tion was determined using an isotope-ratio mass spectrometer 
according to the method described by Porter and O’Dean (1977). 
To determine differential partitioning of symbiotically fixed and 
nitrate N, the proportion of symbiotically fixed N in the nodule, 
root, stem, and leaf were compared to the proportion of symbioti- 
cally fixed N in the whole plant. 

Dry matter production was up to 10 times greater in K-8 than in 
Yellow Puff. Seedling dry weight of both species increased with 
increasingN levels in the nutrient solution. Dry matter production 
of K-8 was more responsive to increasing N fertilization than was 
Yellow Puff (Table 1). 

Nodulation and Root Branchiig 
Both strains of rhizobia formed nodules on both L. leucocephala 

and L.. retusa. However, nodule number of L. retusa was more 
adversely affected by increasing N levels in the rooting medium 
than was L. leucocephala. No nodules were found in either the 2 or 
8 mM N treatments of L. retusa. In contrast, the number of nodules 
per L. leucocephala seedling increased from an average of 76 at 0 
mM N to 84 at 2 mM N. The highest N treatment significantly 
reduced nodule number in both species. This agrees with responses 
of alfalfa nodulation to nitrate concentration where nitrate N 
concentrations above 310 ppm (5 mM) reduced the number of 
nodules in alfalfa seedlings; however, nitrate levels of 20 to 125 
ppm (0.3-2 mM) had higher nodule numbers than 0 N controls 
(MacDowall 1982, and Fishbeck and Phillips 1981). The effect of 
nitrate N on nodule mass was similar to that seen with nodule 
number. Nodule mass per plant of L. leucocephalu increased with 
the addition of 2 mM nitrate N but was eliminated with the 
addition of 8 mM nitrate N (Fig. 1). Again this agrees with research 
in other species that indicates that some soil N is needed for 
maximum nodule formation in legumes (Rawsthorne et al. 1985, 
Englesham et al. 1983, Das 1982). 

The study was arranged as a 3 way factorial experiment was a 
randomized complete block design and 6 replications. The factors 
included in the trial were rhizobial strain, species, and N concentra- 
tion in the nutrient solution as described previously. Data were 
analyed by analysis of variance procedures. Unless otherwise 
stated, statistical significance was tested at the 0.05 level of signifi- 
cance. Mean separations were performed by a LSD procedure. 

Results and Discussion 

The greater nodule weight of L.. leucocephala in the 2 mM N 
treatment compared to the 0 mM treatment is believed to be a 
result of increased plant vigor due to the alleviation of “N hunger”. 
Low levels of N fertilization may increase nodulation by increasing 
the number of sites available for nodule formation. The infection 
site for nodulation in Leucuenu, like many tropical legumes, is 
thought to be at root branch sites (Jones and Bray 1982). Increas- 
ing N levels in the nutrient solution increased root branching (Fig. 
2). At moderate N levels (i.e., 1 mM), increased root branching 
could result in more sites for rhizobial infection. As a result, nodule 
formation of L. leucocephala, which was less sensitive than L. 
retusa N. fertilization, could be enhanced at low levels of N fertili- 
zation in N-deficient soils. 

Rhizobial strain did not affect any parameter measured and 
there were no interactions with other factors. Therefore, all data 
presented is an average of the 2 inoculation treatments. There was 
frequently an interaction of legume species with N concentration. 

Dinitrogen Fixation 
Nitrogenase activity (II mole hr-’ plant-‘) at harvest, was signifi- 

cantly greater in L. leucocephala than in L. retusa (Fig. 3). Nitro- 
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Fig. 2. Root Branching Index of 12-week old teucaeno seedlings as 
effected by fertilizer nitrogen and species. 

gen fertilization affected nitrogenase activity more adversely in L. 
retusa than in L. leucocephala (PR = 0.057), reflecting the differing 
effects of combined N on nodule mass in the 2 species. A similar 
trend was seen in total Ns fixation, expressed as mg fixed N per 
plant. Even low levels of N fertilization (2 mM) eliminated N2 
fixation in L. retusa. In L. Ieucocephala the 2 mM treatment 
actually increased the amount of Ns fixed compared to the 0 mM N 
treatment (Table 1). Although the 2 mM N treatment increased 
total NZ fixation in L. kucocephala, it reduced the proportion of 
fixed Ns to less than one third of the total N in the plant (Table 2). 
This indicates that the plant was more actively extracting N from 
the nutrient solution than it was fixing Ns, even though the nitro- 
gen status of the rooting medium was low. 

The differing response of the 2 species to N fertilization may 
reflect differences in adaptation. Leucaena retusa is a native of the 
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Fig. 3. Acetylene reduction rates (nmoles plant” hi’) of la-week old 
Leucaenu seedlings as affected by fertilizer nitrogen and species. 

Trans-Pecos region of Texas, where the average annual rainfall is 
200 to 300 mm. The cultivar Yellow Puff was selected in Uvalde, 
Texas, where a similar rainfall pattern prevails. In contrast, L. 
kucocephala is a native of northern Mexico, where the average 
annual rainfall is higher than that of the Trans-Pecos area. The 
cultivar K-8, which was developed in Hawaii, is not recommended 
for use in areas receiving less than 1,000 mm of precipitation 
annually. In the xeric environment to which Yellow Puff is 
adapted, soil N is not as limiting as soil water, while in the region of 
adaptation of K-8, soil N may be more limiting than soil moisture. 

Table 2. The effect of nitrogen and species on the proportion of nitrogen in 
Leucaenu seedlings from dinitrogen fixation (%). 

Species Nitrogen 

ImM) 

N from 
Dinitrogen fixation 

(%l 
L. leucocephala 0' 100 A’ 

2 32 B 
8 3c 

L. retusa 0 100 A 
2 oc 
8 oc 

IMeans followed by the same letter are not significantly different at the 0.05 level of 
probability. 

Thus, symbiotic Ns fixation may be far more important to the 
competitive ability of legumes in the zone of adaptation of K-8 
compared to that of Yellow Puff. 

Nitrogen Partitioning 
Increasing N fertilization resulted in partitioning of a greater 

percentage of N to leaves and stems, accompanied by a reduction in 
the N percentage in nodules (Table 3). The variation of partitioning 
reflects changes in biomass of plant parts, not a change in the 
relative N content of plant parts. Nitrogen partitioning, expressed 
as the percentage of total plant N in a specific plant part, differed 
significantly between species (Table 4). The proportion of total 
plant N in roots was greater and the proportion in leaves was less 
for L retusa than for L. leucocephala. 
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Table 3. The effect of nitrogen fertilization on nitrogen partitioning in 
Leucaena seedlings as the percent total plant nitrogen in the various 
plant parts. 

Nitrogen 

OmM 
2mM 
8mM 
LSD = 4.2 

Total plant N 
Leaf Stem Root Nodule 

_______________(%)_______________ 
39.5 II.5 36.2 12.8 
48.2 13.4 34.5 3.9 
48.7 13.2 39.0 0.0 

Table 4. The effect of species on nitrogen partitioning in Leucuena as 
expressed by percent total plant nitrogen in the various plant parts. 

Total plant Ni 

Nitrogen Leaf Stem Root Nodule 

_______________(%)___ _______---- - 
L. leucocephala 49.6 A 15.1 A 36.2 B 8.4 A 
L. reiusa 45.3 B 12.3 A 41.0 A 9.1 A 

1 Means within a column followed by a different letter are significantly different at the 
0.05 level of probability. 

Differential Partitioning of Fixed and Soil Nitrogen 
Differential partitioning of fixed and soil N was only examined 

in L. leucocephala. The proportion of symbioically fixed N was 
much higher in nodules (77%) than in other plant parts (18% or 
less). The percentage of symbiotically fixed N in nodules is lower 
than values reported by Van Kessel and Nakao (1986); under a 
range of N fertilization, the proportion of N in Leucuena nodules 
from NZ fixation did not drop below 95%. In contrast to the present 
study, Van Kessel and Nakao applied N fertilizer to pots, at rates 
up to 25 mg (NH&S04 per pot. Since this level of N fertilization 
did not increase dry matter production or plant N accumulation, 
the actual concentration of N in solution was probably far lower in 
the study of Van Kessel and Nakao than in the 8 mM N treatment 
in this study. 

The proportion of N from Nsfixation was significantly higher in 
roots (180/o) than in the stem (14%), leaf (15%), or whole plant 
(16%) of L. leucocephalu. This agrees with experiments examining 
the differential partitioning of fixed and soil N in alfalfa (Henson 
and Heichel 1984). The response of leucaena and alfalfa differs 
from that of grain legumes in which symbiotically fixed N is 
preferentially partitioned to developing pods and shoot meristems 
(Yoneyama and Ishizuka 1982, Henson an Heichell984). 

Summary and Conclusions 

The addition of 2 mM N to the nutrient solution effectively 
eliminated nodulation and Ns fixation in L retusa. In contrast, 2 
mM N in the nutrient solution increased nodulation and Ns fixa- 
tion in L. leucocephala compared with the control. These findings 
agree with other researchers who have found that low levels of N 
may actually increase nodulation and Ns fixation in nitrogen de% 
cient rooting media. 

The large reduction in the proportion of N from Ns fixation in L. 
leucocephala at the 2 mM level of fertilization indicates that sub- 
stantial amounts of N may be taken up by this species even in soils 
with low to moderate levels of N. This raises serious questions on 
the accuracy of estimates for Ns fixation in this species that are 
based on N accumualation in the shoot. Increasing the N content of 
the nutrient solution increased the proportion of N in the shoot and 
reduced the amount of N in L. leucocephala nodules. Differential 
partitioning of symbiotically fixed N and fertilizer N was similar to 
that of alfalfa, in which a larger proportion of symbiotically fixed 
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N was retained in the roots than in the shoot. 
Nodulation occurred much earlier in all experiments in this 

study than has been reported in field experiments. The optimal 
conditions of this study (adequate nutrients and water, moderate 
soil temperatures, and the lack of antagonistic or competing 
microbes in the rooting media) cannot be easily duplicated in the 
field. Thus, later nodulation should be expected in the field. This 
would lengthen the period between the depletion of seed N reserves 
and the initiation of Ns fixation. The application of starter nitrogen 
to relieve “N hunger” during this period would facilitate establish- 
ment of L. leucocephala. Jhis is especially true considering that 
low levels of fertilizer N actually increased nodulation and Ns 
fixation of L. leucocephala. Whether starter N would aid in field 
establishment of L. retusa is less clear due to the inhibition of 
nodulation by low levels of fertilizer N. 
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Abstract 

Seed ofLeucaena leucocephala (Lam) Dewit variety K-8 and L. 
retusa Gray variety Yellow Puff were germinated in growth 
chambers maintained at 10,25,30, and 39’ C. A fifth treatment of 
30° C for 13 hours followed by 25’ C for 11 hours was also 
included. Seed were monitored every 4 days for 16 days for percent 
germination, testa weight, cotyledon weight, hypocotyl weight and 
length, and radicle weight and length. Yellow Puff exhibited higher 
maximum germination and a higher germination rate (expressed 
as percent of germinable seed germinated 4 days after imbibition) 
than K-8. There was no temperature effect on maximum germina- 
tion of K-8, while the 35’ C treatment substantially reduced germi- 
nation in Yellow Puff. Despite faster germination, Yellow Puff 
seedlings elongated slower compared to K-8. Radicle/hypocotyl 
ratios were similar for both species across all temperatures. Due to 
heavier seed weight of K-8 than Yellow Puff, testa and cotyledon 
weights were also heavier. Rate of nutrient reserve mobilizdion 
from the testa and cotyledon increased with increasing tempera- 
ture in K-8, while rate of mobilization of nutrient reserves in 
Yellow Puff seed declined at temperatures above 300 C. 

Key Words: Leucaena leucocephala, Leucaena retusa, little leaf 
leadtree, seedling vigor, establishment 

Leucaena leucocephalu (Lam) Dewit is reported to be one of the 
fastest growing trees in the world. Yearly biomass accumulations 
of greater than 12,500 kg dry matter ha-’ have been reported (Jones 
and Bray 1982). Estimates of symbiotically fixed nitrogen range 
from 110 to 600 kg N ha-’ (Holliday and Somasegaran 1982). 
Despite these impressive production characteristics, the use of 
Leucuena species has been hampered by difficulties in establish- 
ment (Jones and Bray 1982). The slow initial top growth reported 
for L. leucocephulu and other species may be due to a lack of 
energy from seed reserves or photosynthesis, or to partitioning a 
large proportion of the energy to the root system. This study was 
conducted to quantify the amount of seed reserves available for 
growth and partitioning of these resources in dark grown Leucuenu 
seedlings. 

Two species, L. leucocephulu and L. retusu, were included in this 
study. Leucuenu leucocephulu is a native of northern Mexico. 
Cultivar K-8, the variety included in this study, was developed in 
Hawaii and is not recommended for use in areas receiving less than 
1,000 mm of annual precipitation. In contrast, little leaf leadtree 
(Leucuenu retusu Gray) is a native of the western part of the 
Edwards Plateau and Trans-Pecos regions of Texas, as well as the 
state of Coahuila, Mexico (Correll and Johnson 1970). Average 
annual rainfall in its region of adaptation is 200 to 300 mm. The 
cultivar Yellow Puff was selected in Uvalde, Texas, where a similar 
rainfall pattern prevails. Whisenant et al. (1985) concluded that 
little leaf leadtree had the greatest potential among woody range 
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legumes for increasing browse availability in the Sonoran and 
Chihuahuan deserts. The germination and seedling growth charac- 
teristics of little leaf leadtree appear to be very similar to those of L. 
leucocephulu (Whisenant and Ueckert 1982). 

Low seedling vigor hampers the growth of several forage 
legumes. Work by breeders to improve seedling vigor in small 
seeded forage legumes has shown an overall correlation of seedling 
vigor to seed size (Townsend 1979, Beveridge and Wilsie 1959, 
Carleton and Cooper 1972). Leucaena seed are polymorphic with 
seed at the tip of the pod being lighter than those at the base 
(Pathak et al. 1974). Gupta et al. (1983) found seed size was 
positively correlated to field emergence and growth rate of L. 
leucocephulu seedling of Cunningham line-3. The faster seedling 
growth from large compared to small seed was attributed to the 
presence of greater cotyledonary reserves (Pathak et al. 1974). 

By quantifying the mobilization of seed reserves in seedlings 
grown in darkness, the amount of reserves available to the embryo 
for seedling growth may be determined. The measurement of parti- 
tioning of seed reserves between the radicle and hypocotyl in dark 
grown seedlings would represent the partitioning of seed reserves 
only, without the confounding of seed reserves and photosynthate 
partitioning as would be the case in light grown seedlings. 

This study was conducted to quantify the mobilization and 
distribution of seed nutrient reserves through the use of dark 
grown seedlings. This experiment tested the hypotheses that seed 
nutrient reserves are not sufficient to provide the resources 
required for emergence and development of a vigorous, autogen- 
ous seedling, and that the seed nutrient reserves are partitioned 
largely to the radicle in young Leucuenu seedlings, resulting in poor 
shoot growth. 

Materials and Methods 

Seeds of L. retusu, variety Yellow Puff (obtained from the Soil 
Conservation Service, South Texas Plant Material Center in 
Kingsville) and the K-8 variety of L. Ieucocephulu (obtained from 
Trees International) were separated into various sized seed lots 
using a screen separator. Only seed passing through a 1Cmesh 
screen (8.0-mm openings), but not a 12-mesh screen (7.2-mm open- 
ings), were used in this experiment. The seed were germinated at 4 
constant temperatures: 20, 25, 30, and 35” C. A fifth treatment 
alternated between 30 and 25” C for 13-hour light-period and 
1 l-hour dark-period, respectively. Seed were scarified by soaking 
in concentrated sulfuric acid for 15 min. and rinsed 3 times with 
distilled water. 

Twenty-five seed were placed on germination paper and covered 
with a light strip of cotton to secure the seed. Four sheets of 
germination paper with the seed and cotton in place were stacked, 
one on top of the other, and rolled together to form a germination 
roll. Each roll was placed in a 38-cm length of 5-cm PVC pipe. 
After the bottom of the tube was capped, 120 ml of distilled water 
was added to the wet roll. After capping the tops, the assembled 
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tubes were placed in growth chambers at the appropriate tempera- 
ture treatments. 

A germination roll for each seed lot and temperature treatment 
was harvested every 4 days for 16 days, the study being repeated in 
time. After germination counts had been taken, length and dry 
weight of radicle and hypocotyl were recorded. Germination rate 
was calculated by dividing the germination percentage 4 days after 
imbibition by the maximum germination percentage (which is 
assumed to be the percentage of germinable seed). Dry weights of 
the testa and cotyledons were also measured following drying for 
72 hours in a forced air drier at 55’ C. The testa included both the 
testa and endosperm; the endosperm adhered tightly to the testa 
and was difficult to remove. Seed nutrient reserve mobilization was 
characterized by observing the decline in the sum of testa and 
cotyledon. Testa weight was included in the testa fraction in the 
form of galacto-mannons. Analysis of variance was utilized to 
define the effect of temperature, species, and time (days after 
imbibition) on germination and seedling growth parameters with a 
split-split plot design (Hicks 1982). All percent data were trans- 
formed by arcsin transformation before analysis to insure normal 
distribution of data. Temperature was the whole plot, species was 
the split plot, and time was the split-split plot. Unless otherwise 
stated, statistical significance was tested at the 0.05 level of proba- 
bility. Mean separations were tested using a LSD method. 

Results and Discussion 
Yellow Puff had a higher maximum germination percent than 

K-8 at all temperatures except 3S0 C (Table 1). A greater number of 

Table 1. Germination rate and maximum germination of Leucaena Icu- 
CocephIla variety K-8 and L. retusa variety Yellow Puff as affected by 
temperature. 

Variety 

K-8 

Temperature 

(“Cl 
20 

3&5 
30 
35 

Germination 
rate’ 

(%) 
9.1 

16.8 
35.7 
32.3 
24.5 

Maximum 
germination 

(E) 

41 
48 
53 
41 

Yellow Puff 20 22.5 83 

3&5 67.1 79.0 71 71 
30 91.1 71 
35 50.2 46 

LSD (0.05) 3.7 22 

Germination rate was calculated as the percent of germinable seed germinated 4 days 
after imbibition. 

hard seed after scarification for K-8 compared to Yellow Puff may 
partly explain lower maximum germination percent for K-8. The 
maximum germination percent of K-8 was not affected by the 
range of temperatures in this study. In contrast, the maximum 
germination percent of Yellow Puff was significantly lower at Xi0 
C than at the other temperature treatments (Table 1). Whisenant 
and Ueckert (1982) found that the maximum germination percent 
of Yellow Puff was significantly reduced after 10 days at tempera- 
tures above 30” C. This species by temperature interaction could 
reflect the adaption of K-8 and Yellow Puff to different tempera- 
ture regimes. 

Temperature significantly affected seedling elongation with both 
species responding similarly to the range of temperatures in this 
study (Table 2). Seedling elongation rates of K-8 increased with 
increasing temperature up to 30’ C, but declined as germination 
temperatures rose to 35’ C (Table 2). Yellow Puff seedling elonga- 
tion rates followed the same trend but differences were not signifi- 
cant at day 4. This agrees with Whisenant and Ueckert (1982) who 
reported shorter radicle lengths for Yellow Puff 10 days after 
imbibition for germination temperatures exceeding 30” C. Seed- 
ling length of K-8 increased throughout the study while seedling 
elongation of Yellow Puff proceeded at a slower rate than K-8. 
Cessation of elongation of Yellow Puff seedlings after day 12 was 
probably due to depletion of nutrient reserves. Most of the early 
germinating plants of Yellow Puff were dead by day 16. At the 16 
day harvest, the majority of surviving seedlings were those that 
were slow in germinating and were shorter than early germinating 
seedlings. Since only live, healthy seedlings were measured, seed- 
ling length of Yellow Puff appeared to decline between days 12 and 
16. 

The 3 tests of seed quality yielded variable results. Although 
Yellow Puff seeds germinated best, K-8 seedlings exhibited greater 
elongation rates. For comparison of the seedling vigor of the 2 seed 
lots, the rate of seedling elongation may most accurately estimate 
the performance of seedlings in the field. Cooper et al. (1980) found 
that seedling length 3 days after germination was correlated to 
yields of greenhouse grown cicer milk-vetch seedlings and forage 
yield obtained in the field. 

Yellow Puff exhibited the faster germination rates with an aver- The lack of correlation between germination rates and seedling 
age of 62% of the germinable seed germinated by day 4, compared elongation rate may be related to a difference in the storage and 
to only 24% for K-8 (Table 1). Increasing temperatures from 20” to mobilization of seed reserves in K-8 and Yellow Puff. Nutrient 

30’ C increased the germination rates of both species; however, the 
3S’ C treatment decreased germination rates to a lower level than 
all other temperatures except 20’ C (Table 1). The 30/25O C 
treatment resulted in germination rates intermediate to the 30° and 
25°C treatments. 

The faster germination rates of Yellow Puff may reflect not only 
differences in seed quality, but also differences in adaptation. The 
rapid germination of Yellow Puff may be due to adaptation to a 
xeric environment where rapid germination and establishment 
following infrequent rains could favor survival. 

Despite lower maximum germination percent and germination 
rates, K-8 seedlings were longer than those of Yellow Puff 
throughout the study (Table 2). This may be accounted for, in part, 
by the greater amount of reserves and larger seed weight for K-8. 

Table 2. Total seedling length (cm) of Leucuena hmcephda variety K-8 
and L. retusa variety Yellow Puff seedlings as affected by temperature 
and time of imbibition. 

Varietv 
Temper- Time of imbibition (Days) 

ature 4 8 12 16 

K-8 

Yellow Puff 

LSD (.05) = 3.3 

(“Cl 
20 
25 

30125 
30 
35 

20 
25 

30125 
30 
35 

_,_i_____56(Cm)_gb _____ ___ 

2:9 6:9 10:4 
12.7 
10.3 

5.5 13.9 17.9 19.8 
7.4 12.4 15.8 24.1 
5.3 9.1 12.1 13.9 
0.7 3.5 4.3 5.7 
1.9 5.0 6.7 7.1 
4.1 8.8 9.9 6.3 
3.2 8.7 11.5 - 
2.4 4.1 2.5 - 
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reserves in Leucuena spp. seed are primarily in the cotyledons and 
endosperm. The endosperm surrounds the cotyledons and consists 
largely of galacto-mannons, complex polysacharides of galactose 
and mannose (Lesniak and Liu 1981). The galacto-mannons are 
readily broken down by galactosidase and mannosidase secreted 
by the aleurone layer and absorbed by the cotyledons (Reid and 
Meier 1973). The endosperm adheres tightly to the testa and was 
included in the testa fraction due to difficulties in separating the 2 
plant parts. The mobilization of reserves from the endosperm into 
the cotyledons of germinating K-8 seeds was quite rapid as evi- 
denced by the decline in testa weight between day 0 and day 4. In 
contrast, testa weight of Yellow Puff did not drop to levels signifi- 
cantly lower than day 0 until day 8 at 35” C, day 12 at 2S0 and 30° 
C, and day 16 at 20” C (Table 3). 

Table 3. Testa, cotyledon, and testa plus cotyledon weight (mg seedling-*) 
of Leucuenu leucocephala variety K-8 and L. retusa variety Yellow Puff 
seedlings as affected by temperature and time of imbibitton. 

Variety 
Tempera- Days of inbibition 

ture 0 4 8 12 16 

Testa weight 
K-8 

Yellow Puff 

LSD (0.05) = 3.9 

Cotyledon weight 
K-8 

Yellow Puff 

E 
30 
35 

30125 

20 
25 
30 

3$25 
LSD (0.05) q  3.7 
Testa + cotyledon weight 

K-8 20 

(” C) 

20 
25 
30 

3:525 

20 
25 
30 
35 

25 
30 

3:525 

Yellow Puff 20 
25 
30 

3;525 
LSD (0.05) = 6.2 

_______ (mgseedling~‘)_______ 

26.7 
26.7 
26.7 
26.7 
26.7 

16.8 
16.8 
16.8 
16.8 

20.8 19.6 17.4 
18.7 17.6 14.5 
18.2 16.4 17.9 
17.5 14.9 14.1 
19.4 16.1 17.0 

16.1 15.3 14.7 
16.3 13.4 8.4 
15.2 14.7 11.9 
15.8 11.0 3.1 

24.6 25.5 24.1 21.0 
24.6 27.0 19.7 15.5 
24.6 22.4 17.8 13.8 
24.6 23.2 13.0 10.8 
24.6 24.2 16.9 14.0 

21.1 22.5 14.1 12.9 
21.1 18.2 10.6 6.0 
21.1 15.4 10.3 5.3 
21.1 16.8 6.0 3.1 
21.1 15.5 12.0 7.5 

51.4 
51.4 
51.4 
51.4 
51.4 

37.9 
37.9 
37.9 
37.9 
37.9 

46.3 43.7 38.4 
45.6 37.2 29.9 
40.6 34.2 31.7 
40.4 27.8 24.9 
43.6 33.0 31.0 

38.6 29.4 27.6 
34.5 24.1 14.3 
30.6 25.0 17.1 
32.6 17.0 6.2 
31.1 25.9 18.3 

18.0 
13.3 
15.8 
15.5 
13.7 

12.9 
8.1 

17.3 
15.2 
11.0 
7.9 

11.6 

9.5 
5.1 

9.2 

35.3 
28.5 
26.3 
23.3 
25.3 

22.4 
13.2 

- 
21.5 

The slower germination rates of K-8 may be due to the com- 
partmentalization of nutrient reserves in endosperm. Mobilization 
and absorption of the endosperm reserves by the cotyledons are 
required before they are available to the embryo. Yet, once made 
available, the supply of nutrients for rapid seedling growth is large. 
Clearly, K-8 initially mobilized a larger amount of reserves from 
the endosperm than Yellow Puff since testa weight declined more 
in K-8 than Yellow Puff between day 0 and day 4 (Table 3). The 
cotyledon weight of Yellow Puff declined more than K-8 during the 
same time period at all temperatures except 20° C (Table 3). At 35O C 

Yellow Puff cotyledon weight decreased rapidly due to increased 
respiration and reserve mobilization rates. Seedling death due to 
reserve depletion was seen by day 12, with no seedlings surviving to 
day 16. High temperatures increased the rate of decline in seed 
nutrient reserves, with both species responding similarly to the 
various temperature treatments. Although K-8 had more nutrient 
reserves than Yellow Puff, the seed reserves of both cultivars 
declined at similar rates (Table 3). Seed reserves were depleted by 
the 16 day harvest. Seedling death of Yellow Puff was greater than 
that of K-8 at 30 and 35’ C, probably due to lower seed reserves in 
Yellow Puff. 

Radicle dry weight increased rapidly from day 0 to day 4 at all 
temperatures but remained relatively unchanged after reaching ca. 
2.7 mg/ seedling in K-8 and ca. 1.2 mg/seedling in Yellow Puff 
(Table 4). Hypocotyl growth was slower during the period of rapid 
radicle growth, from 0 to 4 days at 20” C for both species, and 
greater after day 4 (Table 4). This agrees with Tadmor and Cohen 

Table 4. Rndicle and hypocotyi weight (mg seedling-t)leucuena leucoce- 
phala variety K-8 and L. relusa variety Yellow Puff seedlings as affected 
by temperature and time of imbibition. 

Variety 
Temper- Time of imbibition (Days) 

ature 4 8 12 16 

Radicle weight 
K-8 

Yellow Puff 

LSD (0.05) q  0.7 

Hypocotyl weight 
K-8 

Yellow Puff 

LSD (0.05) = 3.2 

(“(2 _ _ _ _ _ _ _ _ _ _ _ (mg seedling-‘) 
_-_ 

::: 
2.1 2.8 
2.3 2.7 

30 2.8 2.6 2.9 
2.9 

30:525 2.4 
2.5 2.1 
2.8 3.0 

20 1.1 1.3 1.2 
25 1.4 1.1 1.1 
30 1.4 1.5 1.2 

1.4 0.9 
3$5 1.4 1.4 

0.1 
1.1 

20 0.8 4.4 7.0 
25 3.2 8.8 11.0 
30 5.4 8.7 ii.6 

3;:5 4.7 5.6 9.7 6.8 13.1 8.5 

20 0.3 4.4 5.8 
25 2.5 7.1 6.4 
:z 4.8 3.9 7.4 3.2 0.9 7.4 

30125 5.2 7.6 5.3 

__. ._____ 

3.1 
3.0 
3.1 
2.6 
3.2 
1.3 
1.1 

10.1 
13.9 
12.7 
ii.8 
13.2 

9.3 
6.9 

(1968) who report that upon germination, the radicle of grasses and 
legumes elongates rapidly for a time, then suddenly ceases. The 
maximum radicle weight attained before radicle growth ceased was 
not affected by temperature. 

Radicle dry weight was significantly affected by an interaction of 
time after imbibition and temperature. This can be partially 
explained by the slow increase in K-8 radicle dry weight at 20° C 
and a substantial decline in Yellow Puff radicle dry weight by day 
12 at 35’ C (Table 4). A significant interaction of species and time 
after imbibition resulted from a greater increase in radicle dry 
weight for K-8 from O-4 days and the reduction of values from 8-12 
days for Yellow Puff (Table 4). 

Preferential partitioning of nutrient reserves to the hypocotyl 
has been reported to continue until the hypocotyl emerges from the 
soil (Tadmor and Cohen 1968). In this study, hypocotyl elongation 
continued as long as seed reserves allowed. Temperature and time 
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after imbibition differently affected hypocotyl growth of the 2 
species studied. At 20“ C hypocotyl growth of the 2 species was 
similar (Table 4). At 25O C and 30° C hypocotyl growth of Yellow 
Puff ceased after day 8, while K-8 continued to grow throughout 
the study. When germinated at 35O C, Yellow Puff showed a loss in 
hypocotyl dry weight by day 8, while K-8 exhibited hypocotyl 
weight gains through day 12. However, at the 35” C treatment, 
both species appear to have exhausted seed reserves by 16 days 
after imbibition as indicated by the large number of dead seedlings 
in both species. The difference in hypocotyl growth over time 
between the 2 species, especially at the higher temperatures, prob- 
ably results from the depletion of nutrient reserves in the smaller 
seeded species. 

The partitioning of seed nutrient reserves between the radicle 
and hypocotyl in the dark grown seedlings were examined by 
observing the ratio of radicle dry weight to hypocotyl dry weight. 
There was no difference in the radicle/ hypocotyl ratios of the 2 
species in this study. The radicle/ hypocotyl ratio was less than 1 for 
all harvest times and temperature combinations except the 4-day 
harvest at 20” C (Table 5). In this experiment, the initial period of 

Table 5. Effect of temperature and time of imbibition on rrdicle/ hypocotyl 
ratio of Leucaena seedlings. 

Time of imbibition Temperature 
Radicle/ hypocotyl 

ratio 

(days) 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 

12 
12 
12 
12 
12 
16 
16 
16 
16 
16 
LSD (0.05) = 0.4 

C2;J 3.2 
25 0.7 
30 0.4 

3:;5 0.4 
0.4 

z 0.4 
0.2 

30 0.2 
35 0.3 

30/25 0.3 
20 0.3 
25 0.2 
30 0.2 

3$25 0.2 
0.2 

20 0.2 
25 0.2 
30 0.2 

3$25 0.2 
0.3 

partitioning of reserves to the radicle was completed well before the 
first harvest at most temperatures, and the preferential partitioning 
of reserves to the hypocotyl had begun to result in low radicle/ hy- 
pocotyl ratios (Table 5). In contrast, the 20” C treatment decreased 
the rate of reserve mobilization, and by the first harvest, radicle 
weight still exceeded hypocotyl weight. 

Summary and Conclusions 

Yellow Puff exceeded K-8 in 2 measures of seed quality, maxi- 
mum germination percent and germination rate; however, seedling 
elongation rate, which may more accurately assess seed vigor, was 
greater for K-8. The seed quality of both cultivars as assessed by 
maximum germination percent, germination rate, and seedling 
elongation appeared to be adequate. The rapid germination of 
Yellow Puff could encourage establishment in arid environments. 
However, where water is not limiting, K-8 could prove to be the 
more competitive due to the larger seed size and greater seedling 
reserves. Hybrids of the 2 species are now available and should be 

examined to determine their germination and seedling growth 
characteristics. It is possible that the rapid germination and rapid 
seedling elongation of the 2 species could be combined to improve 
seedling establishment, especially where moisture is limiting. 

Partitioning of resources between the radicle and hypocotyl 
followed a biphasic pattern similar to that reported by other 
researchers. Initially, a high proportion of resources was allocated 
to the radicle. However, partitioning of resources soon shifted to 
the hypocotyl and radicle weight remained relatively unchanged 
while the hypocotyl grew rapidly. Lower temperatures delayed the 
shift in partitioning from the radicle to the hypocotyl. In spite of 
the initially rapid radicle growth, hypocotyl weight exceeded radi- 
cle weight and radicle/ hypocotyl ratios were less than 0.5 by4 days 
after imbibition at temperatures above 20’ C. 

Partitioning of a large proportion of resources to the radicle 
does not appear to limit shoot growth in dark grown seedlings. 
Although partitioning of seed reserves could change when the 
seedling was exposed to light, partitioning of seed reserves in dark 
grown Leucuena seedlings appears to be determined by factors 
other than temperature. Further studies comparing the radicle and 
hypocotyl weights of dark and light grown seedlings should help 
clarify both the effect of light on resource partitioning and the 
photosynthetic ability in young, developing Leucaena seedlings. 
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Abstract 

We investigated effects of season and brush management on 
body condition of northern bobwhites (CO~I?UI.S virginianus) in the 
Cross Timbers ecosystem of central Oklahoma. Quail were col- 
lected seasonally and body condition assessed by necropsy and 
analysis of percent fat, protein, and ash in the carcass. Brush 
management by herbicide, herbicide + fire, and mechanical remo- 
val had minimal long-term effects on body condition. However, we 
found significant seasonal differences in weights of the gizzard, 
gizzard fat, liver, and lipid reserves (body and gizzard fat). With 
respect to condition, we concluded that northern bobwhites 
derived no long-term benefits from brush management programs 
in the Cross Timbers ecosystem of central Oklahoma. 

Key Words: Colinus virginianus, herbicide, nutrition, prescribed 
burning 

The Cross Timbers vegetation type is characteristic of central 
Oklahoma. Because of the dense overstory, forage availability for 
livestock and wildlife is often limited. Reduction of woody over- 
story cover to increase forage for livestock can be achieved by 
burning and herbicide treatments (Engle et al. 1991), which affect 
habitat structure, forage availability, and dietary quality for north- 
ern bobwhites (Colinus virginianus) as well (Baumgartner 1945, 
Ellis et al. 1969, Minser and Byford 1981, Wilson and Crawford 
1981, Wiseman and Lewis 1981, Webb and Guthery 1982). 

Removal of woody vegetation with application of fire and herbi- 
cide can have direct and indirect effects on the nutritional ecology 
of quail. Prescribed burning benefits bobwhites by (1) increasing 
biomass of forb seeds and insects (Stoddard 1963, Hurst 1972, 
Renwald et al. 1978); (2) removing mulch and dead vegetation near 
the ground surface, allowing for increased access to feeding areas 
(Lang 1954, Hurst 1972); and (3) stimulating new growth with a 
higher nutrient content (Dewitt and Derby 1955, Bogle et al. 1989). 
Likewise, applications of herbicide may benefit quail by removing 
woody vegetation, which increases grass and forb production 
(Guthery et al. 1987) and crude protein content of important quail 
foods such as common sunflower (Heliunthusannuus L.) (Pletscher 
and Robe1 1979) and croton (Croton spp.) (Wood et al. 1986). 

However, research results on long-term benefits to bobwhites 
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from brush management programs are equivocal. For example, 
several studies revealed that high herbicide application rates (> 1.1 
kg/ ha of tebuthiuron) resulted in a decline of forb biomass and 
diversity (Pletscher and Robe1 1979, Meyer and Bovey 1985, Guth- 
ery et al. 1987) and improvement of crude protein content of forage 
was limited only to the growing season following treatment (Mas- 
ters and Scifres 1984, Biondini et al. 1986). 

Recent studies in the Cross Timbers demonstrated that removal 
of woody vegetation with herbicides and periodic burning increased 
forb production (Engle et al. 1991) and produced forage with 
higher concentrations of crude protein and digestibility (Bogle et 
al. 1989, Soper 1992). As a result, we hypothesized that quail would 
benefit by improved body condition from these management prac- 
tices. The purpose of our study was to evaluate the long-term (up to 
7 years after treatments) effects on northern bobwhites of 3 brush 
management strategies (including prescribed burning, herbicide, 
or mechanical removal of woody vegetation) commonly used in the 
Cross Timbers of central Oklahoma and document seasonal 
changes in body condition of bobwhites in treated and untreated 
areas. 

Methods 

The Cross Timbers Experimental Range (CTER) is in the Payne 
County, Okla. (36’2’ to 36”4’N, 97’9’ to 97’ 11’W) in the Cross 
Timbers land resource area (Garrison et al. 1977). Detailed des- 
criptions of the study area have been published previously (Engle et 
al. 1991, Lochmiller et al. 1991, Stritzke et al. 1991). Vegetation on 
CTER is dominated by post oak (Quercus stellata Wang.) and 
black-jack oak (Q. marilandica Muenchh.) in the overstory 
interspersed with tallgrass prairie (Ewing et al. 1984). For each of 
the 4 treatments bobwhites were collected from the interior of 1 to 8 
replicated sample plots (one 128-ha replication of mechanical- 
treated, three 64-ha replications of burned, eight 32-ha replications 
of herbicide-burned, and four 64-ha replications of untreated sam- 
ple plots). Distance between replicated sample plots ranged from 
0.8 to 5.0 km. Herbicide treatment involved use ofeither tebuthiu- 
ron(N_C5-(1,1dimethylethyl)-l,3,4-thiakiazol-2-yl]-N, N’dimethy- 
lurea; Elanco Product Co., Division of Eli Lilly and Co., Indiana- 
polis, Ind. 46285) or triclopyr ([(3,5,6-tricloro-2-pyridinyl)oxy] 
acetic acid; Dow Chemical Co., Miland, Mich. 48674) applied 
aerially at 2.2 kg/ ha in March and June 1983. Burned sample plots 
were burned annually with strip headfires during late spring from 
1985 to 1990 to reduce post-herbicide increase of woody vegeta- 
tion. Mechanical removal of woody vegetation was accomplished 
in 1988 by bulldozing. The untreated sample plots were not 
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sprayed or burned. All sample plots were grazed by yearling cattle 
from April to September with stocking rate set each year relative to 
expected levels of forage production to result in 50% utilization as 
measured by end-of-season residue of herbaceous standing crop 
(Stritzke et al. 1991). 

Sampling Intensity 
Northern bobwhites were collected seasonally 6 and 7 years 

following initial herbicide applications (May 1989 and 1990, Sep. 
1990 and 1991, Feb. 1989 and 1990). Line-transect flush counts 
were attempted on the study areas but quail numbers were too low 
to derive quantitative estimates of density. Approximate relative 
abundance of birds was lower among treated sample plots (0.5 
bird/hour) compared to untreated sample plots (1 bird/hour) 
based on collection efforts. The low densities complicated collec- 
tion efforts during some seasons, necessitating pooling of samples 
between years within; 67, 62, and 37 birds were collected during 
spring (May), fall (September), and winter (February), respectively. 

Body Condition Analysis 
Postmortem examination included weights of the whole body, 

liver, gizzard, gizzard fat, spleen, adrenal glands, and reproductive 
organs. The small intestine was flushed to remove contents and 
returned to the carcass. The carcass was dried by lyophilization 
and ground to a fine powder with a food processor and a micro- 
grinding mill. Body fat was assessed by ether-extraction with a 
Soxhlet Apparatus (Sawicka-Kapusta 1975) and ash content was 
determined by combustion in a muffle furnace at 600” C for 6 
hours. Percent body protein was determined by subtracting per- 
cent fat and ash from 100 (Cambell and Leatherland 1980). 

Statistical Analysis 
Because of low sample sizes of quail on several treatments, birds 

were pooled among replicates before statistical analysis of treat- 
ment effects. All data were tested for normality before statistical 
analysis with the F-max text (Sokal and Rohlf 1969). Variances of 
treatment means for spleen and adrenal gland weights were hetero- 
geneous so values were transformed (log). Differences in body 
condition indices related to age of birds collected during fall was 
tested by 2-way analysis of variance with treatment type and age as 
main factors (PROC GLM, SAS 1988). Differences in body condi- 
tion indices among the 3 collection times, 4 treatment types, and 
between untreated and treated (brush treatments were pooled) 
sample plots were tested by 3-way analysis of variance with treat- 
ment type, season, and sex as main factors (PROC GLM, SAS 
1988). Interactions of treatment type, season, and sex were exam- 
ined. We used Least Significant Difference test to determine differ- 

ences (EO.05) among means in the presence of a significant 
F-test. 

Results 

All birds collected in spring and winter were adults (> 14 weeks 
old) whereas 51 of the 62 birds collected in fall were immatures 
(4-14 weeks old). Seasonal differences in mean body weight 
resulted from different age classes of birds collected during the 3 
collection periods. Eighty-two percent of the birds from fall were 
smaller immatures which resulted in a sample reduction in mean 
body weight. Weights of the whole body (P= 0.05), liver (P= 0.02), 
adrenal glands (P = 0.01) and reproductive organs (P = 0.05) were 
greater for adults than for immatures; percent body protein was 
greater (P = 0.05) in immatures. 

Season X treatment interactions were significant (pSO.05) only 
for weights of gizzard and gizzard fat. Season X sex interactions 
for weights of the whole body, liver, gizzard fat, and percentage fat 
and protein in the carcass were significant (P<O.O5). Weights of 
the whole body, liver, gizzard, gizzard fat, and percent body fat 
were greater (P<O.O5) in females than males during spring; percent 
body protein was significantly greater in males than in females. 
There were no sex related effects during fall or winter (P<O.OS). 
The only significant season X treatment X sex interaction was for 
percent body protein. 

Seven of the 10 body condition indices differed seasonally (Table 
1). Whole body weights were greater for quail collected in spring 
and winter compared with those from fall. Liver weights were 
significantly greater in spring birds compared with fall and winter 
birds. Weights of the gizzard were greater in winter birds compared 
with spring or fall birds; however, relative weights were signifi- 
cantly greater (P<O.Ol) in fall birds followed by winter and spring 
birds, respectively. Weights of gizzard fat and percent body fat 
were higher in birds collected in winter compared with spring and 
fall. Protein composed a lower percentage of total body dry mass in 
the winter birds compared to the spring and fall birds. A positive 
correlation (P<O.O 1) existed between body weight and body fat (r 
= 0.30.). 

Three of the 11 body condition indices differed among treat- 
ments (Table 2). Weights of the whole body, liver, and relative 
gizzard fat (P = 0.04) were greater in birds collected from the 
untreated sample plots compared with birds from areas subjected 
to mechanical treatment. Relative weights of gizzard fat also were 
influenced by a significant interaction between season and treat- 
ment, with lower weights in birds from mechanical treatments than 
untreated sample plots in spring. Specific comparisons indicated 
that birds from untreated sample plots had greater (pSO.05) body 

Table 1. Sessonal effects on selected body condition indices of northern bobwhites (? f SE), Cross Timbers Experimental Range, Oklahoma, 1989-91. 

Indices Spring 
(n = 67) 

Whole body, g 181.24 f 1.96A’ 
Liver, g 3.25 f 0.12A 
Gizzard, g 7.59 f 0.14B 
Spleen, mg 4.96 f 0.98 
Adrenal gland, mg 1.26 f 0.06 
Gizzard fat, mg 7.99 f l.29B 
Body fat, % 7.47 f 0.36B 
Body protein, % 83.26 f 0.36A 
Ash, % 9.35 f 0.18B 
Water, % 64.94 f 0.36B 

IRow meant with same letter were not different (PZO.05). 

Season 
Fall 

(n q  62) 
157.14 f 4.20B 

2.57 f 0.09B 
7.64 f 0.22B 
4.91 f 0.45 
1.23 f 0.15 
4.78 f 0.54B 
7.76 f 0.4lB 

81.81 f 0.44A 
10.44 f 0.24A 
67.70 f 0.3lA 

Winter 
(n q  37) 

185.27 f 3.29A 
2.75 f 0.17B 
8.35 f 0.26A 
2.19 f 0.49 
1.15 f 0.10 

25.36 f 3.35A 
19.79 f 1.25A 
71.96 f l.l9B 
8.25 f 0.2OC 

60.43 f 0.52C 

(DF) 

0.0001 
0.0001 
0.0079 
0.1820 
0.5644 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
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Table 2. Treatment effects on selected body condition indices of northern bobwhites (Sk SE), Cross Timbers Experimental Range, Oklahoma, 1989-91. 

Indices Herbicide 
Treatment 

Herbicide + Fire Mechanical Control 

Whole body, g 
Liver, g 
Gizzard, g 
Spleen, mg 
Adrenal gland, mg 
Gonad/ Ovary, mg 
Gizzard fat, my 
Body fat, % 
Body protein, % 
Ash, % 
Water, % 

n q  21) (n=44) (n q  27) 

171.96 f 4.33AB’ 165.87 f 4.87B 166.13 f 5.90B 180.35 * 2.69A 
2.95 f 0.15AB 
7.61 f 0.27 
5.49 f 2.31 
1.08 f 0.10 

116.72 f 28.05 
08.00 f 2.03 

7.49 f 0.74 
82.89 f 0.66 
9.62 f 0.46 

64.80 f 0.70BC 

2.84 Z+Z 0.16AB 
7.67 f 0.27 
3.37 f 0.35 
1.13 f 0.06 

42.85 f 10.44 
10.64 f 3.16 
9.43 f 1.01 

80.93 f 0.93 
9.65 f 0.31 

65.45 f 0.61B 

2.54 f 0.14B 
7.15 f 0.36 
3.90 f 0.98 
1.25 f 0.10 

84.24 f 17.93 
6.21 f 1.44 
9.27 f 1.03 

80.71 f 0.98 
10.06 f 0.25 
66.92 f 0.52A 

3.01 f 0.12A 
8.12 f 0.14 
4.70 f 0.62 
1.31 f 0.13 

65.68 f 15.69 
13.24 f 1.53 
12.06 f 0.88 
78.82 f 0.82 
9.20 f 1.20 

64.01 f 0.47C 

t-4 
(n = 741 

0.0403 
0.0042 
0.2709 
0.6131 
0.5986 
0.5596 
0.1056 
0.9199 
0.8723 
0.5263 
0.0474 

‘Row means with same letter are not different (IPO.05). 

weights (180.4 f 2.7 and 167.0 f 3.1 g, respectively) and liver 
weights (3.01 f 0.12 and 2.78 f 0.09 g, respectively) than those 
from treated sample plots collectively. 

Discussion 

Applications of herbicides initially resulted in suppression of the 
dominant overstory woody vegetation (blackjack oak and post 
oak) on the Cross Timber Experimental Range. However, sup- 
pression of woody vegetation was short-lived (5 years) from the 
inability to control other hardwood species (Stritzke et al. 1991). 
Herbaceous forage production (including forbs and grasses) 
increased following herbicide treatments and effects persisted 
through the study (Engle et al. 1991). Prescribed burning following 
herbicide application had little effects on grass and forb produc- 
tion compared with unburned herbicide plots (Engle et al. 1991). 
Mechanical removal of woody vegetation resulted in the complete 
removal of woody vegetation followed by a high forb density 
relative to grasses. 

winter quail relied heavily on seeds such as common sunflower 
(Helianthus annum) and western ragweed (Ambrosia psilosta- 
chia), which are high in fat and low in useable protein, to meet their 
dietary requirements (Peoples 1992); however, in spring and fall 
they consume large quantities of insects, which are lower in fat and 
higher in protein (Hurst 1972, Peoples 1992). Body protein also 
was higher during spring and fall. 

Previous studies indicated that prescribed burning and herbicide 
application may increase quail densities and body condition by 
increasing feeding areas, nesting cover, and forb biomass; how- 
ever, our data suggest that these brush management techniques did 
not alter, in a long-term sense, the nutritional condition of bob- 
whites in the Cross Timber ecosystem. Despite alterations in the 
structure and composition of vegetation immediately following 
brush management, long-term benefits as measured by several 
body condition indices were not evident in bobwhites collected 
from treatment sample plots. Slightly larger body weights, liver 
weights, and gizzard fat (relative) weights of quail on untreated 
sample plots compared with those subjected to the mechanical 
treatment suggested that brush management treatments may have 
even decreased body condition to birds over the long-term. 
Because herbaceous forage production was greater on brush- 
treated plots than on untreated sample plots, we suggest that 
nutrient composition of vegetation, forage cover, and forage effi- 
ciency perhaps differed among study sites as well. 

Dynamics in the size of the gizzard among collection times in this 
study were pronounced. Gizzard weight was greatest for birds 
collected in winter compared with spring and fall, probably in 
response to seasonal changes in feeding strategies (Peoples 1992). 
Depressed gizzard weights during the prebreeding and breeding 
period (spring and fall) may reflect increase in the availability of 
foods, such as insects and water-softened seeds (Anderson 1972, 
DuBowy 1985), which resulted in atrophy of the gizzard. Relative 
organ weights of the digestive system are greatest in birds during 
rapid body growth (14 weeks) because of increased food consump- 
tion and digestive activity (Kirkpatrick 1944), which may explain 
why relative gizzard weight was elevated in quail collected in fall. 

The liver also changes size with altered nutritional states, reflect- 
ing physiological adaptation to changes in circulating nutrient 
levels (Anderson 1972, Pendergast and Boag 1973). Increased liver 
weight of quail during spring, compared with winter, was probably 
a response to increased dietary protein and estrogen and secretion 
in hens, which is at maximum levels at this time (Anderson 1972). 
Estrogen promotes accumulation of fat and protein in the liver 
(Common et al. 1948, Ljunggren 1968). 

Although we found significant seasonal differences in body con- 
dition indices, we concluded that with regard to body condition, 
northern bobwhites derived no long-term benefits from the vegeta- 
tive changes from brush management programs in the Cross 
Timbers area of central Oklahoma. 
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Abstract 

This study was conducted on Chihuahuan desert range near Las 
Cruces, in southcentral New Mexico, to determine the relationship 
of blacktailed jackrabbit (Lepus cal&micus) dens&s to good 
(GC) and fair (FC) range condition. The Soil Conservation Service 
procedure was used to classify ecological range condition. Line 
transect procedures were used to estimate jackrabbit populations 
from July 1988 to December 1990. Concurrently vegetation cover 
and mean plant height were determined with the line intercept 
procedure. Jackrabbit densities on the fair condition range were 
higher (P<O.lO) than those on the good condition range. This 
difference is attributed to the fair condition range containing more 
protective cover and preferred forage than good condition range. 
Jackrabbit abundance showed no season (P<O.lO) or year differ- 
ences (P<O.lO). Jackrabbits preferred grass-shrub mosaic habitats 
more than shrubland and grassland habitats. The need for diverse 
food sources and protective cover were apparently major determi- 
nants of habitat selection by jackrabbits. The good condition range 
contained greater (P<O.lO) grass cover and less (P<O.lO) shrub 
cover than the fair condition range. Our results indicated that 
maintaining Chihuahuan desert ranges in good to excellent condi- 
tion is the best means of achieving lower abundance of jackrabbit 
populations. _ _ 
Key Words: rangeland, wildlife, grazing, rabbits, arid lands 

The Chihuahuan desert rangelands of southcentral New Mexico 
historically were an open grassland or a grassland with scattered 
shrubs (Buffington and Herbell965). Presently, much of this area 
supports a mixture of shrubs and grasses. Mesquite (Prosopis 
spp.), catclaw (Acacia sp.), and creosotebush (Lurrea tridentata 
Lar.) are common throughout the area (Holechek et al. 1989). The 
increase in these shrubs during the past 100 years (Humphrey 1958) 
has reduced forage production on many Chihuahuan desert range- 
lands. Livestock grazing probably will continue as an important 
rangeland use in the Chihuahuan desert (Holechek et al. 1989). 
Because of low forage productivity on Chihuahuan desert range- 
lands, livestock numbers must be carefully balanced with the for- 
age supply in order to sustain grazing. 

Jackrabbit (Lupus sp.) abundance can influence livestock graz- 
ing capacity (Vorhies and Taylor 1933, Currie and Goodwin 1966). 
High populations of jackrabbits in an area of scarce green forage 
can be destructive to the vegetation (Kalmback 1948). Better 
information on the relationship between range condition and jack- 
rabbit populations in the Chihuahuan desert would permit more 
accurate estimates of grazing capacity. The main objective of this 
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part of project l-5-274174. 

Manuscript accepted 1 May 1993. 

524 

study was to determine the influence of fair and good range condi- 
tion on populations of black-tailed jackrabbits (&pus califbrni- 
cus)in Chihuahuan desert rangelands in southcentral New Mexico. 

Description of Study Area 

The study was conducted on the College Ranch (CR) and adja- 
cent Bureau of Land Management (BLM) rangeland in Dona Ana 
County, New Mexico, 37 km north of Las Cruces. The College 
Range and BLM study areas were 2,993 ha and 10,342 ha respec- 
tively, in the southern portion of the Jornada de1 Muerto Plain 
between the San Andres Mountains and the Rio Grande. Elevation 
of the study area varied from 1,330 to 1,348 m above sea level 
(Wood 1969, Valentine 1970). 

The area is arid, with no permanent water except for the river 
and stock watering points supplied by wells and temporary earthen 
tanks. Annual precipitation during the study period varied from 
190 to 296 mm, with a 30-year (1961 to 1990) average of 248 mm. 
About half of the annual precipitation occurs between July and 
September with the highest precipitation in August. Wood (1969) 
described the climate of the area as semidesert with temperatures 
varying from -23’ to 42’ C and extreme daily fluctuations of 30” 
C. During the study period, average maximum annual tempera- 
tures varied from 23.6” C in 1988 to 25.1” C in 1990, and average 
minimum varied from 1.6” to 6.6“ C, respectively. June was the 
warmest month and January was the coldest. 

Soils of the College Ranch and the BLM study areas are mainly 
light loamy sandy loams underlain by calcium carbonate hardpan 
(caliche) at depths varying from a few centimeters to 1 m or more 
(Valentine 1970, Fatehi 1986, Tembo 1990). They are classified as 
fine loamy, mixed, thermic, typic haplargids and are in the 
Simona-Cruces associations (SCS 1980). In areas where the 
ground cover is sparse, sandy dunes are formed around the invad- 
ing mesquite plants (Wood 1969). Over most of the College Ranch 
range, the soil profile is relatively well preserved and stable. 

Study area vegetation is characterized as Chihuahuan desert 
grassland, with shrubs scattered throughout the area. Large parts 
of the BLM land have been invaded by honey mesquite (Prosopis 
glundulosu Torr.). On the College Ranch the vegetation consists 
largely of black grama (Bouteloua eriopodu Torr.), mesa dropseed 
(Sporobolus flexuosus [Thurb.] Rybd.), and spike dropseed (S. 
contractus A. Hitch.). Broom snakeweed (Gutierreziu surothrue 
Greene) dominates a few small poor condition areas. A detailed 
description of vegetation and small mammals of the College Ranch 
is provided by Wood (1969) and a discussion of desert grassland 
vegetation by Pieper et al. (1983). 

The College Ranch and BLM study areas were classified as in 
good and fair condition, respectively (Tembo 1990), with the 
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Table 1. Density of black-tailed jackrabbits (rabbits/ha) on good and fair conditions Cbihuahuan desert range.’ 

Range Summer* Fall Winter Spring Summer Fall Winter Spring Summer Fall 
condition 1988 1988 1989 1989 1989 1989 1990 1990 1990 1990 Mean 

___________________________________________________-------- rabbits/ha______________________________________---___________________ 
Good 0.49” o.488 0.78’ l.OOb 0.55” 0.50” 0.87” 0.33” 0.23” 0.40” 0.56” 
Fair 0.97” 0.56’ 1.028 l.O!P 0.72b 0.84” 0.48b 0.87b 0.79b 0.46” 0.78b 

lCounting months for seasons were June-August for summer, September-November for fall, December-February for winter, March-May for spring. 
Tolumns with different superscript letters (a,b) denote significant differences in density estimates (KO. IO). 

USDA Soil Conservation Service procedure developed by Dyk- 
sterhuis (1949). Remaining climax vegetation was approximately 
65-70s on the College Ranch range and 35-40s on the BLM 
range (Tembo 1990). On a long-term basis (the last 25 years), the 
College Ranch range has been stocked for an average utilization 
level of about 30% on the key forage species compared with about 
50% on the BLM range. During the last 10 years a stocking rate 
reduction of nearly 50% has been made on the BLM range. In the 
1982 to 1990 period forage utilization on the BLM range was 
between 20 and 40% of current year growth. During the 1986-1990 
period the actual stocking rate on the College Ranch and BLM 
ranges have averaged 48 ha and 67 ha per animal unit, respectively. 

Several detailed vegetation inventories have been made on both 
the College ranch and BLM study areas since 198 1 (McNeely 1983, 
Beck et al. 1987, Tembo 1990). Forage production and range 
condition scores increased between 1982 and 1990 on both ranges 
(Tembo 1990). This change was attributed to both above average 
rainfall and conservative stocking. 

Grazing management on the BLM range has involved a contin- 
uous grazing scheme. On the College Ranch range 45% of the area 
has been continuously grazed and 55% has been grazed under a 
best pasture grazing system since 1967. 

In the period from 1955 to 1964 various types of herbicidal brush 
control were applied to most of the College Ranch and BLM study 
areas. These treatments were evaluated on the College Ranch 
range by McNeely (1983) and Holechek and Fusco (1992). The 
most recent evaluations show more honey mesquite and broom 
snakeweed, but similar perennial grass standing crop on nonbrush 
control compared with the College Ranch study area (Holechek 
and Fusco 1992). 

Methods and Materials 
In each of the 2 study areas, 8 permanent line transects each 6.4 

km long were established. Within each range condition class the 
transects were 500 m apart to avoid counting the same jackrabbits 
on more than 1 transect, and therefore insure statistical independ- 
ence of the transects. Where the College Ranch and BLM range 
adjoined, transects were 500 m from the division fence to reduce 
boundary effects. All transects were marked with brightly colored 
plastic flagging at intervals of approximately 200 m or less depend- 
ing on visibility. Survey design followed Anderson et al. (1979). 

Counting ofjackrabbits was initiated in July 1988 and continued 
through December 1990. From July 1988 to December 1989count- 
ing was done monthly. In 1990 counting was done every other 
month. Counting was initiated at approximately 30 minutes after 
local sunrise and continued for 2 hours. Each study area was 
enumerated on the same day, and at the same time to minimize 
confounding from local migrations. Because each transect was 6.4 
km long, each observer was limited to survey 1 transect/day. 
Transects were surveyed on foot and data recorded on the basis of 
perpendicular lateral distance measurement (Anderson et al. 1979, 
Burnham et al. 1980, Krebs 1989). For each individual or group of 
jackrabbits sighted, the perpendicular distance (in meters) to the 
path of the observer was estimated visually and verified periodi- 

tally by measurement. 
A description of the plant community was recorded for each 

sighting. There were 3 major types of plant communities noted: (1) 
grassland (high seral) community which consisted mainly of black 
grama and dropseeds, and occasionally threeawns and tobosa 
grass, (2) shrub/grass (mid seral) mosaic which consisted of 
mesquite-dropseed-broom snakeweed, mesquite-threeawn-soaptree 
yucca, soaptree yucca-blackgrama-broom snakeweed, and broom 
snakeweed-dropseed, and (3) shrubland (low seral) community 
which consisted of mesquite-broom snakeweed-four wing salt- 
bush, mesquite-acacia-broom snakeweed, and creosotebush-broom 
snakeweed. 

Vegetation Inventories 
Vegetation inventories were made along the same transects used 

for jackrabbit population estimates. Seven sampling periods to 
estimate cover and mean plant height were utilized between August 
1988 and December 1990. Vegetation percent cover and height 
were sampled with the line intercept procedure of Canfield (1941) 
as modified by Holechek and Stephenson (1983). A l-m stick, 
incremented in centimeters, was used instead of extended line. 
Along each transect at approximately 100 m, the meter stick was 
horizontally lowered, with its mid-point on the transect line. The 
intercept and height of each plant species under the meter stick 
were measured. Cover of grasses, forbs, and shrubs were measured 
according to Bonham (1989), where grasses and forbs were mea- 
sured at ground surface while shrubs and half-shrubs were mea- 
sured on the crown spread intercept. Each transect consisted of 
64-m sampling points. Because the meter stick was divided into 
lOO-cm units, vegetational intercepts were indirectly expressed and 
recorded as percentages of the meter stick. In each transect the 
percent intercept of each plant species was summed and divided by 
the total number of sampling points (64) to obtain the percent 
cover per sampling unit (transect). Mean plant height for each 
species were calculated by summing the height measurements and 
dividing by the number of sampling points where the plant species 
occurred. 

Statistical Analysis 
Jackrabbit numbers were summarized by range condition, sea- 

son, year, and month. Densities (D) of jackrabbits in each range 
condition within a month were estimated with the Fourier Series 
Estimator (Burnham et al. 1980, Krebs 1989). 

D q  n f(o) 
2L 

Where: 
D = estimated density 
n = number of jackrabbits seen on the transects that 

month 
f(0) = a probability density function estimated from 

maximum perpendicular distance recorded that 
month. 

L = average length of transect (modified by Krebs (1989) 
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A repeated measure (split-plot) design was used (Steel and Tor- 
rie 1980) where range condition at 2 levels (good condition and fair 
condition) were the main plots and seasons and years as sub-plots. 
Jackrabbit densities were analyzed with analysis of variance 
(ANOVA) of General Linear Model (GLM) (Statistical Analysis 
System [SAS] 1985) to detect differences between range conditions 
and among seasons and years. Whenever there was condition by 
season by year interaction, the Least Significant Difference (LSD) 
test was performed to determine effect of range condition on 
density within season and the year at the 10% significance level. 

Jackrabbit sighting data also were summarized by plant com- 
munity types. Distribution ofjackrabbit sightings among the plant 
communities were tabulated using frequency table procedure (SAS 
1985). 

A split-plot design was used to analyze the vegetation inventory 
data. Transects within range condition classes were defined as 
experimental units. Range condition at 2 levels (good condition 
and fair condition) were main plots and periods as sub-plots. 
Percent cover, and mean heights were analyzed with ANOVA 
(SAS 1985) to detect differences between range condition classes 
and interaction between range condition and period. Whenever 
there was a significant season and range condition interaction, the 
effect of range condition within each period was examined using 
the LSD test at 10% significant levels (Steel and Torrie 1980). 

Results and Discussion 

Mean density of black-tailed jackrabbits was higher (P<O. 10) 
on the fair condition range than on good condition range (Table 1). 
Densities ranged from 0.23 to 1 .OO jackrabbits/ ha on good condi- 
tion range and from 0.46 to 1.09 jackrabbits/ha on the fair condi- 
tion range. These densities were similar to those reported by Norris 
(1950) and Herbel et al. (1970) on Chihuahuan desert ranges in 
south-central New Mexico (0.42 to 1.05 jackrabbits/ ha). We con- 
sider jackrabbit populations during the study to be at moderate 
levels below the highs of the mid-1980’s but above the lows of the 
early 1980’s. 

A combination of factors including availability of cover and 
forage may explain the tendency for higherjackrabbit densities on 

fair condition than good condition range. The fair condition range 
was characterized by relatively high shrub canopy cover compared 
to the good condition range (Table 2). This is attributed to past 
heavy grazing (prior to 1982) on the fair condition range compared 
to moderate grazing of the good condition range (Tembo 1990). 
Most of the shrub cover was comprised of snakeweed, honey 
mesquite, and soaptree yucca. These shrubs probably provide 
protective cover against predators and extreme climatic condi- 
tions. Predators such as coyotes may influence jackrabbit popula- 
tions. Lechleitner (1958a) reported that in California jackrabbit 
resting places were often at the bases of large plants and seemed to 
be oriented to give maximum protection from the sun or high 
winds. Both Fautin (1946) and Lechleitner (1958b) noted that 
black-tailed jackrabbits selected stands of dense brush for resting 
but moved to more open communities for feeding. 

Another factor that may explain the occurrence of higher densi- 
ties ofjackrabbits on the fair condition compared with good condi- 
tion range may be forage availability. Food habits ofjackrabbits in 
this study are reported by Daniel et al. (1993). This study showed jack- 
rabbits fed on several plants but made greatest use of shrubs. 
Therefore jackrabbit abundance may have been greatest in shrubby 
habitats because food was more available. Fagerstone et al. (1980) 
attributed higher jackrabbit densities to proximity of preferred 
foods. However, in their study, jackrabbits showed an aversion to 
habitats with dense stands of shrubs. This is consistent with Taylor 
and Lay (1944) who found that eastern Texas jackrabbits were 
uncommon or absent in areas characterized by dense shrubs. In 
contrast, thin stands of shrubs favored jackrabbits. 

In each season, more than 50% of the sightings occurred in the 
grass-shrub community and the remainder were divided between 
shrubland and grassland communities (Fig. 1). Shrubland, grass- 
land and grass-shrub mosaics comprised 35%, 44%, and 21% of the 
study area, respectively (Saiwana 1990). Grass-shrub habitats 
represent an ecotone or “edge” (Robinson and Bolen 1984) 
between the shrubland and grassland communities. “Edge” as used 
in this discussion refers to interspersion between the shrublands 
and grasslands. According to Leopold (1993) more resources are 
available to an animal in a smaller area when “edge effect” between 

Table 2. Percent vegetation cover on the good condition (CC) and fair condition (FC) Chihuahuan desert study ranges in south-central New Mexico. 

Sneciest 

Summer Winter Spring E. summer Spring Summer Winter Mean 

GC* FC GC FC GC FC GC FC GC FC GC FC GC FC GC FC 

Grasses 
Aristida spp. 
Bouteloua barbarta 
Bouteloua aristidoides 
Bouteloua eriopoda 
Erioneuron puchellum 
Panicum obtusum 
Sporobolus contractus 
Sporobolus flexuosus 
Total grasses 

Forbs/ Shrubs 
Croton pottsii 
Gutierrezia sarothrae 
Prosopis glandulosa 
Yucca elata 
Total Forbs/ Shrubs 

T 
2.1a 
1.4* 
0.0 
0.2 

13.1” 
21.6” 

3.0a 
12.5” 
2.4” 
0.6” 

18.5” 

Total Cover 40.1” 

2.4b 5.0” 1.4b 3.4” 2.1” 5.7” l.4b 3.1” l.6b 3.8” l.gb 2.9” 1.6” 4.1” l.gb 
0.4 0.0 0.0 0.0 0.3 0.0 0.0 T 

0.1 0.0 0.0 OT18 0 2” 
0.1” 0.3” 0.3’ 0.4’ 0.1* 0.2* 

0.2 0.0 0.0 0.0 0.6’ 1.1” 0.8” 0.8” 0.2” 0.3” 
0.5” 7.3” O.gb 5.2” 0.6b 3.4” 0.3b 3:l” 0:9b 4.0” 0.6b 2.3” 1.3” 3.9” 0.7s 
0.9” 2.0” 2.1” 1.2” 1.9” 1.5’ 1.4” 0.4’ l.2b 0.8” 0.7” 0.7” 0.7” 1.1” 1.3” 
0.1 0.0 0.0 T 0.0 0.0 0.0 0.1 0.1 0.0 0.4 0.1 0.1 T 0.1 
0.0 0.0 0.0 0.1 0.7 0.0 0.0 1.3” 0.6” 1.8” 0.8” 1.3’ 0.8” 0.7’ 0.4” 
9.3” 8.0’ 5.9” 5.9” 1.3s 7.3” 5.18 5.5” 4.1b 9.2’ 4.6b 6.6” 3.5b 7.9” 4.9b 

13.5” 22.3“ 10.2b 15.8” 7.0s 17.9” 8.gb 13.6’ 8.7b 20.3” 10.3b 15.0” 9.2b 18.0’ 9.7b 

O.lb 0.0 0.0 0.0 0.0 2.1’ O.Ob 0.9” O.Ob 2.6” 0.4b 1.2” O.lb 1.4’ O.lb 
15.9b 8.8’ 15.5b 8.5” 14.5b 7.7’ 14.0’ 9.7” 11.6” 12.3b 16.3b 11.1” 14.0” 10.1” 14.5b 
23.gb 2.4” ll.4b 3.2” 9.7b 5.9” 17.1b 4.1’ ll.lb 2.8’ 21.5b 4.5’ 11.2b 3.6” 15.1b 

0.5a 0.8’ 1.7’ 0.1” l.2b 0.2’ 3.4b 1.6” 1.9” 0.5” 2.0’ 1.2” 2.7” 0.7” l.9b 
40.3b 12.0” 28.6b 11.8” 25.4b 15.9’ 34.5b 16.3” 24.6” 18.2” 40.2b 18.0” 28.0b 15.8” 31.6b 

53.gb 34.3” 38.8” 21.6 32.4 33.8” 43.3b 29.9” 33.3” 38.5’ 50.5b 33.0” 31.2” 33.8” 41.3b 

‘Split-plot analysis of variance revealed condition X period interaction (PSO.10) in some of the species. Effect of range condition was therefore examined within period using 
least significant difference (LSD) tests. 
2GC = good condition range, FC = fair condition range. 
Row means within period with different superscripts differ (WO.10). 
Row means without superscripts no analysis was done due to insufficient data. 
T = trace amount less than 0.1%. 
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Fig. 1. Total sightings of jackrabbits on 2 range condition classes for 3 
years of observation by plant community and season. 

cover and food types is maximized. Thus, shrub-grass mosaic 
habitats probably provided jackrabbits with cover for protection 
and diverse food supplies. Shrublands were probably less preferred 
because they lacked diverse food resources and had reduced visibil- 
ity, which would complicate escape from predators. Jackrabbits 
depend on speed and distance to escape predation (Leopold 1959, 
Fatehi 1986). The open grassland habitats also lacked diverse food 
resources (Daniel et al. 1993). Cover for protection against preda- 
tors and extreme climatic conditions was diminished in the open 
grasslands. 

Livestock grazing intensity during the period of study was sim- 
ilar between the good condition and fair condition ranges based on 
plant height. No differences in plant height (P<O.OS) occurred 
between black grama, threeawn, and mesa dropseed on good con- 
dition and fair condition ranges. Overall means were 34.3, 26.8, 
and 49.9 cm, respectively. Use of current year’s growth of key 
forage species averaged about 33% on both ranges (Tembo 1990). 
In the shortgrass prairie of Colorado, Flinders and Hansen (1975) 
found higher black-tailed jackrabbit populations on moderate and 
lightly grazed pastures than those that were heavily grazed. The 
moderate and light grazed pastures in their study were in good 
condition compared to the heavily grazed pastures, which were in 
poor-fair condition (Klipple and Costello 1960). Our results are 
inconsistent with their study in that we found higher black-tailed 
jackrabbit populations on the fair rather than good condition 
range. This may be explained by the fact we considered grazing 
pressure on both pastures during our study to be more moderate. 
Black-tailed jackrabbit populations may interact with grazing 
intensity, range condition, and range type. However, this needs to 
be better studied. 

It is quite probable that black-tailed jackrabbits in our study 
influenced their habitat as well as being influenced by their habitat. 
Brown (1947) reported that leporids may distribute up to 14.2 
kg/ ha of viable sand dropseed (S’orobolus cryptandrus [Torr.] 
Gray) seeds and thus may be a major factor influencing the subse- 
quent stand of vegetation on occupied rangelands. Norris (1950) 
found exclusion of jackrabbits on poor condition honey mesquite 
range in the Chihuahuan desert could bring about major increases 
in desirable perennial forage grasses such as dropseeds. He 
believed jackrabbit control could speed perennial grass recovery 
on degraded areas. In contrast Daniel et al. (1993) found that 
poisonous plants and unpalatable shrubs dominated jackrabbit 
diets on the 2 ranges in our study. He believed jackrabbits may 
promote successional advance through their foraging pressure on 
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unpalatable species such as honey mesquite, cactus (Opuntia SP.) 
and broom snakeweed. 

Experimental Limitations 
One limitation of study concerns the time of day we conducted 

our census counts. Our counts were conducted for 2 hours from 
about 30 minutes after sunrise. However, peak jackrabbit activity 
is nocturnal, and immediately after dusk appears to be one of the 
better times for censusing(Flinders and Hansen 1973,1975). Since 
access to free water is restricted in the Chihuahuan desert, they 
probably minimize daytime activities to avoid dehydration. In our 
study on both ranges, approximately 44-55 and 80-90% of the 
area, respectively, was within 1.6 and 32. km of livestock water. 
Black-tailed jackrabbits may move considerable distances between 
cover and water. Therefore, it is possible that use of the more open 
good condition area was greater than indicated by our census. 

Management Implications 

During 3 years of the study, black-tailed jackrabbit numbers 
were consistently higher on fair condition than good condition 
Chihuahuan desert range. Other studies in the western United 
States have shown higher jackrabbit populations under low com- 
pared to high range condition as judged by the quantitative climax 
approach developed by Dyksterhuis (1949). Increased levels of 
forbs and shrubs which jackrabbits require for food and cover may 
explain whyjackrabbit populations initially increase as range con- 
dition declines (Daniel et al. 1993). Degraded shrubland areas in 
our study had more black-tailed jackrabbits than open grasslands. 
However jackrabbit numbers were highest in mid-seral plant 
communities with a mixture of grasses, forbs, and shrubs. Based on 
our findings the best approach to reducing abundance of black- 
tailed jackrabbiis in the Chihuahuan desert is to maintain the range 
in good to excellent ecological condition. This can be accomp- 
lished by stocking these ranges so about one third of the current 
year’s growth of the key forage species (mesa dropseed, black 
grama, threeawn) is removed by livestock (Holechek 1991, Hole- 
chek and Pieper 1992). 
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Abstract 

Research was conducted to quantify the effects of various range 
improvement treatments on diet quality and summer weight gain 
of steers grazing semiarid rangeland from 1983 through 1988. 
Treatments were: no treatment (i.e., control), contour furrowing, 
intertilling with a prototype range improvement machine and 
combinations of the range improvement machine, nitrogen fertili- 
zation, legume interseeding, or brush control. Diet quality was 
measured in 1987 and 1988. Data were analyzed using various 
repeated measures analysis of variance models. Various relation- 
ships between the animal performance data and previously pub- 
lished herbage standing crop data were examined using standard 
correlation procedures. There were no significant treatment (E-0.17) 
or year by treatment (C-0.82) interaction effects relative to aver- 
age daily gains, total gain steel l, and gain ha-‘. However, all year 
effects were significant (P<O.OS) for these variables with years 
accounting for about 67% of the observed variation in weight 
gains. Percentage crude protein in diet samples was greater in 1987 
compared to the severe drought year of 1988 and was greater at the 
beginning than at the end of each grazing season (P<O.O5). How- 
ever, in vitro dry matter digestibility of diets was greater in 1988 
than 1987 primarily because digestibility of diets increased in 1988 
from the beginning to the end of the trial. Significant correlations 
between gain steer-’ and gain ha-l and early season total and 
perennial cool-season grass standing crop estimates indicated 
some rudimentary information is available at the beginning of each 
grazing season for predicting season-long weight gains. Because 
average daily gains during late spring and early summer were 
several fold greater than late season gains in all years except one, it 
is hypothesized that intensive early stocking strategies may be 
appropriate for stocker cattle grazing in the Northern Great Plains. 

Key Words: brush control, contour furrowing, diet quality, 
legume interseeding, range improvements, nitrogen fertilization, 
production animal-‘, production ha-’ 

The concept of range improvement is an ill-defined, often 
maligned concept in the rangeland management arena. This is 
largely because the value of any perceived range improvement 
practice varies depending upon practitioner’s goals. Still, the most 
common range improvement goal associated with the range live- 
stock industry is increased, long-term (i.e., sustainable) profits. 
Although there are a number of ways that various range improve- 
ment practices can enhance profit, the most commonly accepted 
avenue is through increased livestock sales. Thus, most range 
improvement research has been focused primarily on increasing 
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either the quantity and/ or quality of forage produced or consumed 
by livestock. For example, Wight et al. (1978) reported that con- 
tour furrowing of southeastern Montana native rangeland more 
than doubled forage production over an 8-year period. Similarly, 
Griffith et al. (1985) reported ripping and contour furrowing of 
southeastern Wyoming rangeland increased forage production 
about 175% which they calculated would result in a sufficient 
increase in livestock carrying capacities so as to pay for the costs of 
treatment within 4 years of establishment. 

The objective of this study was to quantify the integrated 
impacts of soil tilling, legume interseeding, brush removal, and 
nitrogen fertilization on the diet quality (i.e., quality of forage 
consumed) and summer weight gain of steers (i.e., integrated pro- 
duct of quantity and quality of forage consumed) grazing Northern 
Great Plains rangeland. Although previous research in these same 
treatment pastures showed herbage standing crops in spring were 
significantly (P<O.OS) greater in treated than untreated control 
pastures (Haferkamp et al. 1993), the impact of the treatments on 
livestock production has not been reported. 

Materials and Methods 

Study Area 
Research was conducted at 2 sites on the Fort Keogh Livestock 

and Range Research Laboratory (46O22’N 10S05W) near Miles 
City, Mont. Regional topography ranges from rolling hills to 
broken badlands with small intersecting streams flowing intermit- 
tently into large permanent rivers located in broad, nearly level 
valleys. Indigenous vegetation on the 22,500-ha station is a grama- 
needlegrass-whea@ra.ss (Bouteloua-St@a-Agropyron)mixed dominant 
(Kiichler 1964). Long-term annual precipitation averages 338 mm 
with about 60% received during the April through August growing 
season (Fig. 1). Total annual precipitation during the 6-year study 
(1983-1988) was well below average during 3 years, near average 
during 2 years, and above average 1 year. Daily temperatures often 
exceed 37” C during summer whereas winter temperatures often 
dip below -40’ C. The average frost-free period is 150 days. 

The 2 study sites were located about 6 km apart. Topography of 
both sites ranged from nearly level to gently sloping (<2%). Soils at 
Site 1 were primarily a composite of the Absher heavy clay and 
Gerdrum claypan series (Borollic Natrargrids). The soils at Site 2 
were silty clay loams and loams of the Ethridge and Pinelli series 
(Borollic Camborthids). Vegetation at both sites was characterized 
by a mixed dominate of western wheatgrass [Agropyron smithii 
Rydb.; new cytogenetic = Pascopyrum smithii Rydb. (Love)] and 
bluegrama [Eouteloua gracilis (H.B.K.) Lag. ex Griffiths], Sand- 
berg bluegrass (Poa secunda Presl.), needle-and-thread (Stipa 
comata Trin. & Rupr.), threadleaf sedge (Carexfilifolia Nutt.), 
june grass [ Koleria pyramidata (Lam.) Beauv.], tumblegrass 
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Fig. 1. Monthly precipitation (mm) received from 1983 through 1988 at Miles City, Mont., and longterm (92-year) average. 

[ Schedonnardus paniculurus (Nutt.) Trelease], downy brome 
(Bromus tectorum L.), and Japanese brome (B.japonicus Thunb.). 
Wyoming big sagebrush (Artemisia tridentata Pursh. subsp. 
wyomingensis Beetle and Young) was the dominant shrub present. 
For a detailed description of vegetation growth dynamics, see 
Haferkamp et al. (1993). 

Treatments 

Seven treatments were established in eight 12-ha pastures at 
both sites in 1982. Treatments were: (1) untreated control + SL; (2) 
ST+SL;(3)ST+DS+SL;(4)BC+ST+DS+SB;@)BC+ST+ 
DS + SL; (6) ST + NF + SL, and (7) CF + AS + SL, where 

SL = 
SB = 
ST = 

BC q 

CF q 

DS q 

AS = 
NF = 

season long grazing 
2 pasture, 1 herd switchback SL grazing 
soil tilling with Range Improvement Machine 
(RIM) (Currie et al. 1989) 
brush control 
contour furrowing (Kartchner et al. 1983) 
drill seeding with RIM 
aerial seeding, and 
nitrogen fertilization. 

Interseeded legumes were alfalfa ‘Spreador II’ (Medicago fulcata 
L.) and Cicer milkvetch (Astragulus cicer L.). Both legumes were 
seeded at a rate of either 2.2 kg ha-’ with the range improvement 
machine or 4.4 kg ha-’ aerially. Brush was controlled by mechani- 
cal chopping during winter at Site 1 and spraying 2,4-D [(2,4- 
dicholrophenoxy) acetic acid] at a rate of 2.8 kg ha-’ before 
legumes emerged at Site 2. Nitrogen fertilizer was applied as a 
single application of 56 kg ha-’ of ammonium nitrate in 1982. 

Grazing Regimen and Field Sampling 
Treatment pastures were stocked annually with Hereford cross- 

bred steers weighed at the beginning, near mid-season, and end of 
each annual trial. Initial weights averaged 306 kg. From 1983 
through 1986, all season-long grazing treatments were stocked 
with 5 steer season long. The single 2-pasture switch back grazing 
treatment was stocked with 10 steers with the herds switched 
between pastures near mid-season with the pasture grazed first 
alternated among years. In 1987 and 1988, a put-and-take stocking 
strategy was utilized in all treatments in an attempt to maintain 
similar levels of grazing pressure among treatments; otherwise 
differences among years and between sites in annual stocking rates 
varied depending upon length of grazing season (Table I). 

Table 1. Annual date grazing trials were initiated, duration of grazing 
season and season-long stocking rates from 1983 to 1988 at the 2 study 
sites. 

Location 

Site 1 

Site 2 

Beginning 
date 

(moidiyr) 
6/ 16/83 
6/ 18184 
6/18/M 
619186 
613187 
6/ 15188 
6122183 
5131184 
615185 

5122186 
5/18/87 
613188 

Duration 

(days) 
96 
63 
41 

103’ 
92 
30 
90 
60 
40 
90 
91 
41 

Stocking 
rate 

(SD ha-‘)’ 
48.0 
31.5 
20.5 
51.52 

36.4-59.13 
9.0-12.0’ 

45 
30 
20 
45 

36.4-57.3’ 
12.0-16.0’ 

‘Steer days ha-‘. 
Tontrol = 72d and 36.0 SD ha-‘. 
‘Range across treatments for put-and-take stocking strategy 

Diet quality was estimated in all treatments at both sites at the 
beginning and end of the 1987 and 1988 grazing seasons. Diets 
from 4 esophageally fistulated steers per pasture were collected in 
early morning on each sample date. Steers were fasted for 14 hours 
prior to sampling. Samples were oven-dried at 60’ C and ground 
through a l-mm screen prior to analyses for crude protein concen- 
tration (AOAC 1980) and in vitro organic matter digestibility 
determinations (White et al. 1981). 

Date Summarization and Analyses 
Average daily gains, total gain per steer and per hectare, and diet 

quality parameters were statistically analyzed using repeated mea- 
sure analysis of variance models. Main effects in the animal per- 
formance model were replication (i.e., site), treatment, and year. 
The error mean square (d.f.=6) for detecting treatment effects was 
replication by treatment. The residual error mean square (d.f.=28) 
was used to test for year and year by treatment effects. Main effects 
in the diet quality model were replication, treatment, year, and 
sample date (beginning vs. end of grazing season). The error mean 
square (d.f.=6) for treatment was replication by treatment. The 
error mean square for year and year by treatment was replication 

530 JOURNAL OF RANGE MANAGEMENT 46(6), November 1993 



by year (d.f.=l) plus replication by treatment by year (d.f.=6). The 
residual mean square (d.f.=14) was used to test for differences 
between sample dates and all associated interactions. Tukey Q 
values were utilized for mean separation of significant (P<O.O5) 
means. 

To further assess the potential impact of variable stocking 
strategies on differences among treatments and years in animal 
performance values, correlation coefficients (r) between the var- 
ious animal performance and early season standing crop parame- 
ters (Haferkamp et al. 1993) were calculated by treatment within 
site within year (n=84). Variables included in the analyses were 
average daily gains during the first and last one half of each grazing 
trial, full season average daily gain, total gain per steer (gain steer-‘) 
and per hectare (gain ha-‘), and early season standing crop esti- 
mates for total, perennial cool-season grasses, perennial warm- 
season grasses, annual grasses, sedges, and forbs. 

Results 

Steer Performance 
There were no significant treatment (DO. 17) or year by treat- 

ment interaction (mO.82) effects relative to average daily gains, 
total gain steer-’ and gain ha-’ (Table 2). There were significant 

Table 2. Steer performance for 7 treatments averaged across 6 years. 
Differences among treatments were not statistically significant (E-0.17). 

Treatment’ ADG$ ADGL-’ ADG# Gain steer-’ Gain ha-’ 

Control + SL 
vi0 ____ _o_,_____(kg’________________ 

l:o 0:1 
0.5 36 14 

ST+SL 0.6 41 17 
ST+DS+SL 1.0 0.3 0.6 45 20 
BC+ST+DS+SB 0.9 0.3 0.6 42 18 
BC+ST+DS+SL 1.0 0.4 0.7 51 22 
ST+NF+SL 1.0 0.3 0.6 45 19 
CF+AS+SL 0.9 0.5 0.7 48 21 

‘See text Materials and Methods for treatment definitions. 
2ADG~ = average daily gains during first one-half of grazing season. 
)ADGL = average daily gains during last one-half of grazing season. 
‘AD& = average daily gains during entire grazing season. 

year effects for early and season-long average daily gains, gain 
steer-‘, and gain ha-’ (Table 3). Differences among years in average 
daily gains were related primarily to differences among years in 
amount and seasonal distribution of rainfall (Fig. 1) whereas dif- 
ferences among years in gain steer-’ and gain ha-’ were related to 
differences in both average daily gains (Table 3) and seasonal 
stocking rates (Table 1). Late spring and early summer average 
daily gains were several fold greater than late season gains in all 
years except the severe drought year of 1988. 

Diet Quality 
There were no significant treatment (p>O.38), year by treatment 

(p>O.86), sample date by treatment (p>O.23), or 3-way interaction 
(mO.66) effects on diet crude protein concentrations or in vitro 

Table 3. Steer performance (kg) for 1983 through 1988 averaged across 7 
treatments. 

Year’ Tukey Q 
Parameter2 1983 1984 1985 1986 1987 1988 values 

ADG$ ~;o,~__;.;_~~~;o,___l’k~)~~~12______________ 0.4, 0.3 
ADGLf 0:1. 0.4: 0:4. 0:2: 0:2: 0.4. NS 
ADG,’ 
Gain steer-’ 

0.5b 0.8, 0.7b, 0.7k.c 0.7h 0.3. 0.2 

Gain ha-’ 
49, 49, 28b 65, 62, 10. 15.7 
21, 21, 12b 27d 29d 3. 6.6 

‘Means in a row followed by same letter are not significantly different at P<O.O% 
*AD& = average dail 
‘ADGi average da1 

gains during first one-half of grazing season. 
.$ gains during last one-half of grazing season. 

oADGT’ average da1 y gains during entire grazing season. 

The results from this study show steer performance did not vary 
significantly among treatments even though Haferkamp et al. 
(1993) showed herbage standing crops near the beginning of each 
annual trial were significantly greater in the 6 treatments than the 
control. There are at least 3 potential explanations for this discre- 
pancy. Firstly, it might be hypothesized that the quality of availa- 
ble forage was significantly greater in the control than the treat- 
ment pastures, thereby offsetting the potential benefits derived 
from the greater standing crop. However, the diet quality data 
from 1987 and 1988 (Table 4) certainly do not support this 
hypothesis. Likewise, it might be hypothesized that stocking rates 
in all treatments were below that required [i.e., the “critical stock- 
ing rate” (Hart 1980)] to limit nutrient intake and thereby reduce 
steer performance. Although it can be reasoned that this might 
have been the case during the first 4 years of the study when 
stocking rates were equal across all treatments, the absence of any 
significant treatment by year interaction effects implies the relative 
production values did not change appreciably among treatments 
between the years (1983-1986) when rates of stocking were set and 
the years (1987-1988) when rates of stocking were varied among 
treatments. It should be noted, also, that the positive and highly 
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Table 4. Average crude protein (CP) and in vitro organic matter digestibil- 
ity (IVOMD) of diets near beginning (early) and end (late) of 1987 and 
1988 grazing seasons averaged across 7 treatments. Differences among 
treatments were not statistically significant (-0.38). 

Diet aualitv uarametersl 

Year 

1987 
1988 

CP IVOMD 

Early Late Early Late 

_________________%_________________ 

11.9. 6.Ib 67. 55b 

7.4, 4.2d 63, 66d 

‘Means in a row or column within a diet quality parameter followed by same letter are 
not significantly different at P<O.OS. 

organic matter digestibility in 1987 and 1988. Average crude pro- 
tein did vary significantly between 1987 (9.0%) and 1988 (5.8%) 
and between the beginning (9.6%) and end (5.2%) of each trial. In 
addition, magnitude of differences varied between years (Table 4) 
which resulted in a significant year by sample date interaction. The 
results were quite different for the in vitro organic matter digestibil- 
ity than crude protein estimates in that digestibility of diets 
increased significantly in 1988 from the beginning to the end of the 
trial. Although the reasons for this unexpected increase were 
unclear, the resulting effect was that average in vitro organic 
matter digestibility was less in 1987 than 1988. 

Correlation Analyses 
Early season average daily gains were significantly correlated 

with season-long average daily gains, total gain steer-‘, and gain 
ha-’ (Tables 5 and 6). Early season gains were not correlated with 
any standing crop estimates from 1983 through 1988 (Table 5). 
However, early season average daily gains were weakly correlated 
with total standing crop estimates in 1987 and 1988 and strongly 
correlated with diet quality values (Table 6). 

Late season average daily gains, total gain steer-‘, and gain ha-’ 
were strongly related from 1983 through 1988 (Table 5) and during 
1987 and 1988 (Table 6). This was as expected because of the 
interdependence of the 3 variables. Surprisingly, season-long aver- 
age daily gains from 1983 through 1988 were not correlated with 
any herbage standing crop estimates but gains steer-’ and gains ha-’ 
were correlated with total and perennial cool-season grass standing 
crop estimates (Table 5). In 1987 and 1988, season-long average 
daily gains, gain steer-‘, and gain ha-’ were all highly correlated 
with total early season standing crop estimates and both diet 
quality values (Table 6). 

Discussion and Conclusions 



Table 5. Correlation coefficients between various animal performance and herbnge standing crop estimates from 1983 through 1988 (7 treatments l 6 
years * replications = n = 84). 

Parameter 
ADG$ 
ADGL’ 
ADGla 
Gain steer-’ 
Gain ha-’ 

ADG$ 
- 

Animal performance Herbage standing crop estimate@ 
ADG,_’ ADG-+ Gain steer-’ Gain-ha-’ CSGRr WSGR6 ANGR’ Sedges Forbs Total 

-0.22 0.56** 0.57++* 0.57*** 0.05 -0.14 0.18 a.13 0.01 0.07 
- 0.67*** 0.19 0.19 -0.26* -0.20 -0.02’ -0.64 -0.22 -0.47.‘. 

- 0.74*** 0.71*** 0.15 -0.10 0.14 4x12 0.02 0.12 
0.9s*** 0.41*** 0.08 0.22* -0.03 0.17 0.43*** 

0.41*** 0.06 0.21* -0.03 0.12 0.41*** 

‘From Haferkamp et al. (1993) 
ZADGF = average daily gains during first one-half of grazing season. 
JADGL = average daily gains during last one-half of grazing season. 
*ADGT = average daily gains during entire grazing season. 
JCSGR = perennial cool-season grasses 
6WSGR = perennial warm-season grasses 
7ANGR = annual grasses. 
‘P<O.O5 **P<o.ol l **P<0.001 

Table 6. Correlation coefftcients between various animal performance parameters (kg), estimated early season herbage standing crop (kg hi’) and 
estimated early season diet percentage crude protein (CP) and in vitro organic matter digestibility (IVOMD) during 1987 and 1988 trials (7 treatments * 2 
years + 2 replications = n = 28). 

Parameter 

ADG$ 
ADGL’ 
ADGla 
Gain steer-’ 
Gain ha-i 

ADG$ 

- 

Animal performance Diet Quality Total 
ADGr.3 ADW Gain steer-’ Gain ha-’ CP IVOMD Standing cropi 

-0.38 0.82** 0.942’; 0.89*** 0.63** 0.66** 0.44* 
0.20 -0.19 -0.14 -0.18 -0.10 -0.23 

- 0.91*** 0.88*** 0.71*** 0.61*** 0.80*** 
- 0.97*** 0.72*** 0.67*** 0.71*** 

0.74*** 0.70*** 0.65*** 

‘From Haferkamp et al. (1992) 
2ADGp = average daily gains during first one-half of grazing season. 
JADGL = average daily gains during last one-half of grazing season. 
‘ADGT = average daily gains during entire grazing season. 
l p<o.os, **p<o.o1 l **P<0.001. 

significant (P<O.OOl) correlations between gain steer-’ and gain 
ha-’ and early season standing crops (Table 4 and 5), coupled with 
the findings of Haferkamp (1993), imply that steer performance in 
the control pastures should have been less than that in the modified 
pastures. Since this in fact was the case (Table 2), we forthrightly 
conclude that this study simply lacked the appropriate level of 
robustness required to detect statistically significant differences in 
steer production among treatments. In light of this conclusion, it is 
important we recognize that the absence of any statistically signifi- 
cant differences among treatments does not preclude the existence 
of biologically significant differences. Rather, the absence of statis- 
tical differences in the presence of true biological differences only 
reflects our failure to detect such differences with a given level of 
confidence. We suspect that this was the case in this study because 
the results clearly show that the magnitude of the impact of the 
various treatments imposed on steer gains was much less than 
annual variations. The magnitude of this variation is reflected in 
the fact that 67% of the variation in the production animal-’ data 
was attributed to the main effects of year alone, whereas 69% of the 
variation in the production ha-’ data was attributed to the year 
effect alone. Such findings are not surprising in this highly varia- 
ble, semiarid rangeland setting. 

ment of intensive early stocking strategies in the Northern Great 
Plains. 

A basic problem in grazing management is identifying optimal 
rates of stocking opriori. The fundamental correlations between 
seasonal gain steer-’ and gain ha-’ revealed in this study (Tables 5 
and 6), imply that at least some rudimentary information is availa- 
ble in late May and early June whereby rational seasonal stocking 
rate decisions can be made. Previous research in this region (Dodd 
et al. 1982, Lauenroth et al. 1984) has shown generally that about 
50-60% of annual herbage production occurs prior to 1 June with 
most of the remaining production occurring during June. Moreover, 
Haferkamp et al. (1993) showed a series of strong predictive rela- 
tionships existed in the 16 study pastures between early June 
herbaceous standing crops and fall/ spring precipitation patterns. 
For example, 44% of the variation in total standing crop could be 
explained by either the previous October plus November rainfall or 
the previous September and October plus November and December 
rainfall. Thus, it seems appropriate that future research should 
focus on developing early season decision aids to assist managers in 
selecting optimal rates of stocking to meet desired enterprise goals 
a priori. 
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Abstract 

Kochia scopdu (L.) Schmd. invades disturbed soils and serves 
as a pioneer species on saline rangelands and sodic mine spoils. The 
percent germination of kochia seeds declined with increasing salin- 
ity, averaging -3.3 %/dS/m between 12 and 30 dS/m. The emer- 
gence and early survival of kochia seeded into 2 media whose 
respective saturated-paste extracts averaged 1 and 18 dS/m in 
electrical conductivity (EC,) were investigated in a greenhouse 
under simulated rainfall regimes. Water was applied according to 3 
average rates: 0.6 mm/day (low); 1.2 mm/day (medium); 2.5 
mm/day (high). These rates were administered in 2 phases. Phase I 
(14 days) involved low and medium on the nonsaline seedbeds, and 
medium and high on the saline seedbeds. Phase II (42 days) fol- 
lowed sequentially on only the saline soil in phase-I:11 combina- 
tions of high-high, high-medium, medium-medium, and medium- 
high. Kochia seedlings did not emerge under the low rate. 
Seedlings did emerge from the nonsaline seedbeds when watered at 
the medium rate, but failed to emerge from the saline seedbeds 
treated only at this rate. Seedlings emerged from the saline soil 
under all regimes that included the high rainfall rate. About 30 
plants successfully emerged from every 100 seeds sown in the 
seedbeds where EC, decreased to 15.7 dS/m or less. Despite the 
severely saline seedbed, kochia emerged within 3 days at a rate of 8 
plants/day under the Phase I high regime because the water appar- 
ently diluted saline seedbed-solutions sufftciently for germination 
to occur. Phase II of the medium-high regime stimulated a similar 
response but only after 13 days under the wetter rate. Kochia’s 
germination and emergence favor its addition to seed mixtures 
designed to establish forages in saline soils. 

Key Words: revegetation, reseeding, kochia forage, salinity, seed- 
bed ecology, forage establishment, precipitation dependency 

Saline soils are often found within western rangelands. Plant 
establishment on these soils can be very difficult, despite the seed- 
ing of forage mixtures which include salt-tolerant perennials 
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(Majerus 1992). Many of the saline sites remain unproductive for 
years because of establishment problems. 

Kochia (Kochiu scopariu (L.) Schrad.) is a fast-growing annual 
that naturally invades freshly disturbed sites, and is frequently 
observed growing in saline soils (Braidek et al. 1984). Kochia also 
dominates in plant count and coverage among all the pioneer 
species in sodic soils resulting from surface mining activity (Wali 
and Freeman 1973). Kochia offers the possibility for obtaining a 
rapidly established, but short-lived, protective vegetative-cover on 
saline soils, that can also be harvested for forage (McClung et al. 
1976, Vavra et al. 1977). Perhaps it should be considered as an 
addition to seeding mixtures. Iverson and Wali (1981) state that 
kochia competes poorly with the emerging perennial vegetation 
after its initial year in a site. This trait should allay concerns that 
the pioneering kochia will eventually dominate the rangelands. 

Forage yields from kochia approach that of alfalfa, Medicago 
s&vu, (Bell et al. 1952). If water is not limiting, annual forage 
yields of 11 t/ha have been measured (Sherrod 197 1, Derdall1988); 
however, available water limits production to averages between 4 
and 7 t/ha. Harvested early, kochia is a palatable, nutritious forage 
(Green et al. 1986), possessing crude protein ranging from 11.3% to 
22.6% (Erickson and Moxon 1947). 

Everitt et al. (1983) investigated the germination characteristics 
of kochia seed produced in Texas. They observed that germination 
equalled 88% or more when the seeds were treated with distilled 
water, under 8 hours of light, and held at fixed temperatures 
between 5 and 25’ C. Percentages began to decrease significantly 
when the seeds were placed on substrates treated with individual 
solutions of NaCl, CaC12, MgClz, KCl, NazS04, or MgS04 in 
concentrations giving electrical conductances exceeding a thres- 
hold of 20 ds/m. Kochia, under ideal conditions, germinates 
rapidly, commonly penetrating its seed coat within 24 hours. 

The establishment of kochia from seeds placed in a saline 
seedbed requires that the seeds germinate and that the seedlings 
grow by either avoiding the salts or tolerating them (Bower and 
Tamimi 1979). Conceptionally, seeds imbibe water when potential 
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energy gradients favor the movement of water from the soil into the 
seed (Hillel 1971). Adverse gradients in saline seedbeds may stop or 
slow this movement, preventing or retarding germination. Even if 
germination occurs, the infant seedling may not be able to grow or 
survive in the saline environment (Mohammad et al. 1989). Rain- 
falls in quantities sufficient to leach salts out of the seedbed may 
give germinating seeds only a temporary advantage as the soil 
surface dries and salts accumulate again (Roundy et al. 1984). 

Hanson (1988) canvased 59 livestock producers about their 
experience in cultivating and using kochia as a feed. They reported 
that kochia often would not establish on their most saline soils and 
that it seemed to require some threshold quantity of precipitation 
in order to emerge; rainfall volumes near 12.5 mm were cited most 
frequently (personal communications). Lesser amounts were thought 
to establish kochia on slightly- or non-saline soils, but not where 
salinity was moderate to severe. The objectives of this study were to 
identify the attributes of kochia favoring its establishment on 
saline soils, and to determine if controls on the emergence and early 
survival of kochia in saline seedbeds reflect its germination capac- 
ity in saline solutions and the possible existence of threshold pre- 
cipitation volumes. 

Materials and Methods 

A mature population of kochia plants growing under moderate 
to severe salinity 15 km north of Swift Current, Saskatchewan, 
provided seed for this study. Firm, healthy-looking seeds were 
selected, and their calyx and pericarp removed. Seeds were stored 
in cloth bags at 10’ C under dry conditions until required for 
testing. All tests used seed that had been harvested within 17 
months. 

Germination Test 
An experiment to determine the germination response of kochia 

while subjected to increasing levels of salinity was conducted in a 
controlled-environment cabinet. The 1.75m3 growth chamber 
contained a single shelf large enough (1.42 m*) to suspend all the 
germination containers at 1 level (9 cm above the floor). This 
maximized uniformity in the exposure of the seeds to a daily 
1Zhour period of combined fluorescent and incandescent light. 
The chamber temperature varied within 1.5 degrees above or below 
the 15” C set-point, while the relative humidity was maintained 
above 85%. 

The seeds were germinated in glass petri dishes (90-mm diameter 
by 16-mm deep) with lids. Each dish contained 60 g of washed and 
dried silica sand (0.1-0.3-mm diameter, 99% pure) covered with a 
single sheet of ashless No. 41 filter paper upon which 35 kochia 
seeds were placed. 

Saline solutions were formed by adding equal masses of NaCl 
and CaClz (analytical reagent grade) with distilled water to give 
concentrations having electrical conductances of 0,4,8,12,18,24, 
and 30 dS/ m. Each petri dish received 16 ml of solution taken from 
1 of the 7 concentrations; care was taken to ensure good solution- 
to-seed contact. The petri dish was placed within a second glass 
container (120-mm diameter by 60-mm deep) and covered. The 
inner dish rested on solid glass rods (4-mm diameter) positioned in 
a layer of distilled water 2-mm deep. The system helped reduce 
water-vapor pressure gradients and evaporation from the substrate 
solutions. 

Treatments were replicated 3 times and the experiment con- 
ducted with a completely randomized design. Seeds were consi- 
dered to be germinated when radicles visibly protruded through 
the seed coat. Germination was counted daily and the number 
accumulated until all counts reached a constant. The germination 
percentage was calculated for each dish and the means computed 
for each treatment. Data were analyzed by analysis of variance and 

the means compared with Duncan’s new multiple range test (Sta- 
tistical Analysis System Institute 1990). Interpretations were made 
at the 0.05 probability level. 

Emergence Test 
The seedbed media for testing kochia emergence and survival 

were bulk-mixed, air-dried, and derived from: 
a. Swinton, Orthic Brown Chernozem, loam topsoil [Aridic 

Haploboroll] (Canada Soil Survey Subcommittee on Classifica- 
tion 1978); 

b. Swinton, Saline Brown Chernozem, loam topsoil [Salic 
Haploboroll] (Canada) Soil Survey Subcommittee on Classifica- 
tion 1978); 

c. Commercial silica sand, 99.8% pure quartz. 
The 2 Swinton soils differ only in degree of salinity, caused by 

accumulations of Na, Ca, Mg, and K salts of SOI, and to a lesser 
extent of Cl. Although high concentrations of Na relative to other 
cations may cause nutrient deficiencies in some crops (Janzen and 
Chang 1987), Curtin et al. (1992) determined that kochia is not 
affected by this imbalance. Other unknown specific interactions 
may result from saline Swinton soil, but adverse osmotic gradients 
are likely to impart the major biological consequences. 

Two seedbed media were prepared based on the Swinton soils. 
The first consisted solely of the nonsaline soil, and the second a 1:2 
mixture (by mass) of the nonsaline and saline variants. Equal 
volumes of sand were added to each seedbed medium resulting in 
mass proportions (nonsaline:saline:sand) of 3:O:l for the non- 
saline medium and 1:2:1 for the saline medium. The sand was 
necessary to prevent surface cracking of the soil during the experi- 
ment. The electrical conductivity of solutions extracted from 
saturated-pastes (EC,) of samples obtained from the homogenized 
mixtures averaged 1 and 18 dS/m following the procedure des- 
cribed by Rhoades (1982). Thus, testing involved 2 seedbeds, 1 
nonsaline and the other salinized. 

Tests were conducted in a greenhouse (Lat 50.2” N) using wood 
“flats” each measuring 396 mm by 344 mm by IOO-mm deep and 
filled with either test medium. The flats, 8 with the nonsaline 
Swinton soil and 20 with the saline Swinton, were grouped by their 
seedbed medium, placed on expanded-metal benches 0.66 m above 
the greenhouse floor, and arranged in rows. The 4 rows per 
medium formed replicated blocks within which treatments were 
randomized. One flat per row in the saline group was left unseeded 
for soil sampling during the test. Each remaining flat was sown 
with 100 kochia seeds (nominally 1 mm in diameter) on a smooth 
surface and covered with 2 mm of seedbed medium. 

The experiment, conducted with ambient temperature main- 
tained between 16 and 24O C and with relative humidity kept with 
45 to 70%, lasted 56 days during April and May. Rainfall was 
simulated by irrigating with distilled water from a sprinkle can 
fitted with an attachment designed to deliver a measured volume 
uniformly across the surface of the test medium within the flat. 
Individual irrigations were never of such a volume to force water to 
drain from the bottom of the flat. 

The treatments followed irrigation schedules that simulated 
rainfalls which were chosen to detect the possible existence of 
threshold precipitation volumes operating to control kochia emer- 
gence and early survival. Three irrigation rates were selected based 
on preliminary greenhouse experiences and modeled as closely as 
possible to actual precipitation volumes measured in a Canadian 
standard gauge on the Agriculture Research Station near Swift 
Current and averaged from observations taken during April, May, 
and June over 8 years, 1983 through 1990 (Fig. 1). The mean 
precipitation rate for these 3 months equalled 1.27 mm/day. The 
test rates averaged 0.6, 1.2, and 2.5 mm/ day, and are described in 
relative terms as low, medium, and high. The seedbed media prior 
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Fig. 1. The annual number of April, May, or June precipitation occurren- 
ces plotted for volume classes (O-l, l-2, 2-3, . . 34-35 mm) and an 
accumulated precipitation of that class volume or less, recorded and 
averaged over 8 years (1983-90) from a Canadian standard precipitation 
gauge near Swift Current, Saskatchewan, (6 events which fell in classes 
>35 mm are not shown). 

to the first irrigation were very dry (4.5% water by volume) to 
minimize any salt movement other than that resulting from the 
treatments. To overcome possible problems in the initial wetting of 
soil surface, irrigation volumes over the first 3 days were increased 
to 4.5, 9, and 12 mm for low, medium, and high, respectively. 

The flats representing nonsaline seedbeds were irrigated at the 
low and medium rates, while the saline seedbeds were treated in 
combinations of the medium and high irrigation rates. The treat- 
ments applied to the nonsaline seedbeds followed either the low or 
the medium water regime for 14 days. The medium and high 
irrigation rates applied to the saline seedbeds were scheduled in 2 
sequential periods or phases, I and II, spanning 14 and 42 days, 
respectively. Four combinations (medium-medium, medium-high, 
high-high, and high-medium) formed the 4 treatment-water- 
regimes tested on the saline seedbeds. The Phase II medium and 
high irrigations were applied to seedbeds whose antecedent water 
contents were greater than at the start of Phase I. Consequently, 
the water application rates were adjusted downward to 0.9 and 1.8 
mm/day for the medium and high rates. 

Measurements during the test involved counting the number of 
live kochia plants, monitoring the water volumes sprinkled, and 
sampling the seedbed media to index salinity. The total number of 
seedlings which had emerged and survived were counted daily and 
scaled as a percentage of the number of seeds sown per flat. A plant 
was counted as having emerged if its stem extended above the 
surface of the test soil. All plants were counted if they persisted 
with live tissue to the day of the count, giving a time-dependent 
function for the number of vivified seeds which germinated, 
emerged, and survived. The seedbed media forming the O-5 cm and 
5-IO-cm depth layers in each flat were sampled at the end of the 
experiment (except for 2 unseeded flats which were sampled in the 
O-l and I-lo-cm layers at the end of Phase I) and analyzed for EC, 
by the Rhoades (1982) method. Data were evaluated statistically 
by analysis of variance and the means compared with Duncan’s 
multiple range test (Statistical Analysis System Institute, Inc. 
1990). 

Results 

Germination Test 
Salinity generally reduced germination percentages and rates 

(Fig. 2). The maximum cumulative germination for seeds subjected 
to saline solutions appear to be inversely proportional to the 

100 

g 90 1 

0 12 3 4 5 6 7 6 9 10 11 
Lapsed Days 

Fig. 2. Progressive cumulative germination percentages for kochia in petri 
dishes under increasing concentrations of NaCl and CaCl2. 

salinity of the substrate (Table 1). The average time required to 
reach the germination plateau increased with salinity. However, a 
threshold value, where salinity began to adversely affect germina- 
tion, is difficult to discern from these results. 

Table 1. Effect of substrate salinity on the maximum cumulative germina- 
tion of kochia and the number of days before reaching this germination 
plateau. 

Substrate salinity 
0 4 8 12 18 

------________dS/m_______________ 

Germination 
plateau (percent’) 95.2’ 90.5”b 81.9”b 73.3s= 55.2’ 35.2d 14.3” 

Number of days to 
reach plateau 4 5 5 7 I 9 9 

1Superscripts of the same letter with the percentage values denote means which are not 
significantly different @ = 0.05) according to Duncan’s new multiple range test. 

Emergence Test 
Significant differences in kochia emergence and early survival 

between treatments were observed on both seedbed media. Kochia 
emerged from the nonsaline seedbeds and reached a plateau aver- 
aging 68.75% within 10 days of seeding when stimulated by the 
medium water regime (Fig. 3). However, no seedlings emerged 
under the low-regime treatment. The initial water volume of 9 mm 
and the medium watering rate were sufficient to initiate germina- 
tion and sustain emergence, while drier rainfall regime, equal to 
half that of the medium (i.e., the low rate), proved insufficient for 
any kochia emergence. These results were obtained under the 
evaporative conditions existing in the greenhouse during the 
experiment. 

In contrast to kochia emergence from the nonsaline soil, 
medium-rate (medium-medium) irrigation on the saline seedbeds 
proved unsuccessful. However, seedlings, emerged from the high- 
high, high-medium, and the medium-high treatments (Fig. 4). 
Phase I of the experiment, which covered 14 days, showed the 
advantage of a high-rate rainfall simulation (Table 2). Emergence 
began on the third day after seeding and averaged 8 kochia seed- 
lings per flat when sprinkled with 12 mm of water per unit area 
(high) compared to 0 plants/flat following 9 mm of water 
(medium). This difference between the high and medium rates 
widened until the watering rates changed. The first phase ended 
with over 25% of the potential plants from the sown seeds emerging 
and surviving (200 out of 800) from the high-rate flats, while only 4 
plants out of 800 seeds emerged and survived from the medium- 
rate flats. 

No response in cumulative emergence and survival of kochia 
during Phase II was observed immediately after changes in the 
irrigation rates. Five days lapsed before the medium-high treated 

JOURNAL OF RANGE MANAGEMENT 46(6), November 1993 535 



70 m 

60 

Cl -0 Med 

o--o Lo 

0-r . . . . I.... T 

0 5 10 15 

Days Since Seeding 
Fig. 3. Average number of kochia seedlings emerged and surviving from 

100 seeds (%) sown in a nonsaline (EC, = 1 dS/m) medium observed on 
successive days since seeding under relatively low (Lo) and medium 
(Med) rainfall regimes. 

seedbeds showed any increase in cumulative emergence-survival, 
and another 8 days passed before emergence was sustained at a rate 
comparable to the high-regimes during Phase I. The high-medium 
flats began to record decreasing totals on lapse-day 20, reflecting 
mortality. Kochia seedlings under this treatment continued to die 
with the average emergence-survival total ending at 5% on lapse- 
day 56. 

Mean electrical conductivities, EC,, of saline media extracts 
sampled at the end of Phases I and II are presented by treatments in 
Table 3. The mean E&values in the O-5-cm layers at the end of the 
medium-high, high-high, and high-medium water regimes were 
significantly lower than the comparable EC, after the medium- 
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Fig. 4. Average number of kochia seedlings emerged and surviving from 
100 seeds (%) sown in a saline (EC = 18 dS/m) medium subjected to 4 
simulated precipitation regimes, folfowhrg medium (Med) and high (Hi) 
watering rates, and observed on successive days since seeding. 

medium treatment. The medium-medium value remained about 
equal to the pre-treatment E&value of 18 dS/ m. These differences 
did not extend to the EC,values from the 5-lo-cm layers. Here the 
conductivities did not decrease significantly from the original 18 
dS/m. The EC, results from the nonseeded flats followed the 
trends shown in the seeded flats, namely that only the upper layers 
under the wetter regimes resulted in E&values lower than that of 
the pre-treatment medium. 

Discussion and Management Implications 

Results from the germination test supported previous observa- 
tions that kochia germinates rapidly, expecially when not affected 
by salts. However, the results did not confirm the existence of a 
threshold at 20 dS/ m before salinity caused a decrease in germina- 
tion. A decline occurred, but it began gradually at lower conductiv- 
ities and averaged -3.3 %/ds/m between 12 and 30 dS/ m. Perhaps 
these characteristics reflect the specific nature of seed harvested 
from northern sources. Saline substrates were also effective in 
slowing the rate of kochia germination. This agrees with 

Table 2. Average number of kochia seedlings emerging and surviving from 100 seeds (expressed in %) sown in a saline (EC, = 18 dS/m) soil and watered in 
simulated rabrfalls with volumes (mm) accumulated for selected lapsed days after seeding. 

Lapsed days 
after seeding medium-medium 

Simulated rainfall regime (treatment) 

medium-high high-high high-medium 

%’ mm %’ mm %’ mm %’ mm 
Phase I 

3 0” 
14 

0’ 9 7.0b 12 8.75b 12 
6 0.25 0 12 13.5 18 18.0 18 
9 0.75 18 0.25 18 24.5 26 29.25 26 

12 0.75 20 0.25 20 24.0 35 29.5 35 
14 0.75” 22 0.25’ 22 25.5b 40 29.5b 40 

Phase II 
18 0.75 26 0.5 37 25.5 51 29.75 44 
24 0 31 3.75 44 25.75 59 26.75 48 
27 0 32 4.0 48 26.0 63 25.5 50 
30 0 34 14.25 51 26.75 66 25.5 51 
36 0 41 17.75 63 28.5 78 24.75 59 

42 0.5 48 23.75 76 29.75 91 24.75 45 0.5 51 25.75 82 30.75 97 11.0 :: 
51 0 54 28.75 91 30.25 106 9.5 72 
56 0’ 59 31.75’ 98 30.0” 113 5.25b 76 

1 Averages within a row with the same superscript are not significantly different at the 5% level according to Duncan’s New Multiple Range Test. 
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Table 3. Electrical conductivities of saturated paste extracts, EC,, from 
soil samples taken after completion of Phase I and II in each water 
regime (EC, of the pm-treatment medium q  18 dS/m). 

Mean EC_ of the soil 
layer campled 

R. of End of Phase I End of Phase II 
flats O-l cm l-10 cm O-5 cm1 5-10 cm’ Seeded 

of water from precipitation and increasing with loss by evapora- 
tion. The Phase I medium-treatment resulted in kochia emergence 
from nonsaline media, but produced no emerged plants from the 
saline medium initially at an EC, of 18 dS/m. Ancillary soil sam- 
ples hint that the medium rate delivered just enough water for 
evaporation to enrich the salts (18 to 24 dS/m) in the top centime- 
ter of the saline seedbed. Conversely, the high rate lowered EC, in 
the same layer. One may reason that the medium rate was insuffi- 
cient to leach enough salts from the upper seedbed for germination 
and emergence to proceed. 

_____________dS/m_______------ 

1 23.7 17.2 no 
1 13.1 16.2 no 
1 17.3 17.9 no 
1 11.3 17.1 no 
4 17.3b 18Sb yes 
4 15.0” 17.1b yes 
4 15.5” 20.6’ yes 
4 15.7” 16.5b yes 

The medium-high treatment on the saline soil demonstrated 
that, although the Phase I medium rate provided insufficient water 
for kochia emergence, additional “rain” during the high phase 
could initiate emergence. The response was not immediate, requir- 
ing some 13 days before initiation of sustained emergence. This lag 
likely related to the time required to leach the excess salts out of the 
seedbed, or to a ‘washing’ requirement for possible autotoxins 
(Lodhbi 1979). It appears that a minimum rainfall rate is required 
to emerge and sustain kochia, and that this minimum seems to 
increase in a saline seedbed. 

* * Kochia’s ability to germinate, grow, and emerge rapidly gener- 

Simulated 
rainfall 
regime 

medium 
high 
medium-medium 
high-high 
medium-medium 
medium-high 
high-medium 
high-high 
Significance 
of effect 

‘Averages with the same superscript are not significantly different at the 5% level 
ally favors its establishment within shallow, saline seedbeds. If, as 

accordine to Duncan’s New Multiole Ranee Test. indicated by this study, kochia’s emergence in saline media is 

Shannon’s (1984) emphasis that “salinity slows growth.*’ Greater 
ambient salinity would tend to flatten osmotic gradients reducing 
flow rates of water into the seeds. 

The emergence and early survival counts for kochia sown in both 
the saline and nonsaline test media were compatible with the 
results obtained from the germination test. Percentage emergence 
from the nonsaline seedbeds averaged less than percents recorded 
by the seeds nurtured with distilled water in the germination test, 
reflecting, perhaps, the added effects resulting from matrix water 
potentials compared to those exclusively osmotic. Inferences based 
on kochia emergence from the saline seedbeds requires estimates of 
the actual solution salinity (and total water potentials) surround- 
ing the kochia seed. Although the conductivities of saturated 
extracts (EC.) of a soil serve as workable indices of salinity, the 
actual salinity of the seedbed-solution depends primarily on soil 
water dilution and various chemical equilibria (U.S. Salinity 
Laboratory Staff 1954). Ayers and Westcot (1985) suggest using 
the general rule of ‘EC(soi1 water) = 2 EC,‘in soils at field capacity. 
Evaporation from shallow seedbeds would tend to increase the 
value of the coefficient. Applying the rule to the index salinities of 
Table 3 results in solution-salinities considered as minima, and 
which relate comparatively to the germination results in Figure 2. 

controlled primarily by its germination capacity while in contact 
with saline solutions, each rainfall that supplies sufficient water 
will provide a period of time for germination and growth of roots 
into the more tolerable soil before evaporation dries and re- 
salinizes the seedbed. Any advantage for kochia establishment 
because of its rapid germination and root growth also hinges on 
there being just enough delay in germination for the infiltrating 
water to dilute a large enough volume of the soil solution for the 
seedling to survive. 

Kochia plants did not emerge from the saline seedbeds whose 
sampled soil contained salts averaging EC,‘s of 17.3 ds/m or 
greater. Emergence did occur where EC. measured 15.7 dS/ m or 
less in the top 5 cm, defining a possible threshold E&-index 
between these 2 values, which for our test conditions and seed was 
lower than that of the pre-treated test medium. An EC, of 15.7 
dS/ m indicates a “general” seedbed-solution salinity of 31 dS/ m, a 
saline concentration which, according to Figure 2, would allow a 
14% germination response. The E&index for the top cm of soil 
under the high-rainfall rate measured 13 dS/m, which led to 
emergence-survival percentages under 30% compared to the 35% 
measured in the germination test at a solution-EC of 24 dS/m. 
Emergence and early survival tended to reflect kochia’s germina- 
tion response on saline substrates. 

The appropriate seeding depth for kochia is about 1 cm or less 
(Everitt et al. 1983). Seeds germinating in this layer interact with 
soil solutions whose salinity varies widely, decreasing with influxes 

The attributes which were investigated in this study support 
consideration for adding kochia to seed mixtures destined for 
saline soils. Kochia’s salt tolerance, its rapid rate of germination, 
and its response to rainfall volumes typical of those received in 
semiarid climates (Fig. 1) further its establishment on saline soils, 
especially where a forage-cover is desired. Unfortunately, even 
after seeding kochia, the odds for forage establishment may remain 
mediocre. For example, the 8-year average frequency of an April-- 
June rain or snow event at Swift Current totalling 12 mm or greater 
is only once every 3.8 weeks. Also, the actual precipitation thres- 
holds for kochia emergence under actual field weather and soils, 
especially in very severely saline sites, may lower the probabilities 
for establishment even further. 
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Abstract 

Forage is often in short supply on southern Great Plains grass- 
lands during spring because warm-season grasses are dormant or 
just beginning to grow. Sainfoin (Onobrychis viciifolia Stop.), a 
non-bloat-inducing legume, can provide forage in semiarid regions 
during spring when irrigated. A study was conducted to investigate 
yield, quality, and persistence of sainfoin in a subhumid region of 
the southern Great Plains without irrigation. Sainfoin was estab- 
lished in 1989 and grazed with steers at early or late bloom growth 
stages in 1990 and 1991 to remove 50 or 75% of the forage height. 
Forage yield averaged 2,480 and 4,110 kg ha-‘, respectively in 1990 
and 1991. Fifty to 80% of sainfoin’s forage yield occurred prior to 
average stocking dates on warm-season pastures for summer graz- 
ing. Crude protein concentration averaged 15 and 19% and in vitro 
digestible dry matter averaged 57 and 62% in 1990 and 1991, 
respectively. Sainfoin survival was unaffected by grazing treatment 
through July 1991. After a severe drought from late July through 
August 1991, sainfoin stands were reduced 22% across treatments 
(DO.05). Sainfoin has potential to complement warm-season pas- 
tures in the southern Great Plains, but additional effort is needed 
to improve plant persistence. 

Key Words: growth stage, Onobrychis viciifolia, persistence, pro- 
duction, quality 

Native grasslands of the southern Great Plains are dominated by 
warm-season grasses. These grasslands are typically grazed during 
the summer or deferred from grazing until winter and do not 
provide an adequate amount of forage in the spring. Sainfoin 
(Orzobrychis viciifoliu Stop.), a non-bloat-inducing legume, can 
provide spring forage in semiarid regions when grown under 
limited irrigation (Bolgerand Matches 1990, Mowrey and Matches 
1991). 

Sainfoin exhibits poor persistence under some management 
practices (Carleton et al. 1968, Dietterline and Cooper 1975, Melton 
1973, Smoliak and Hanna 1975, Townsend et al. 1975). Evenwhen 
the seed were inoculated with the appropriate rhizobia there have 
been reports of N deficiency (Smoliak and Hanna 1975, Burton 
and Curley 1968, Sims et al. 1968, Walsh et al. 1983, Karnezos and 
Matches 1991, Mowrey and Matches 1991). 

Grazing intensity affects sainfoin persistence (Mowrey and 
Matches 1991). Under irrigated conditions, N fertilized sainfoin 
grazed to remove 5070, 7570, or nearly all of the plant standing 
height averaged 98,85, and 3 1% plant survival, respectively, after 2 
years of grazing. The sainfoin was not storing nonstructural car- 
bohydrate in the root-crown mass except during fall growth. 
Depletion of nonstructural carbohydrate may explain the decrease 
in persistence of heavily grazed sainfoin. 

The potential of sainfoin to provide spring forage in subhumid 
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areas of the southern Great Plains under natural rain-fed condi- 
tions is unknown. Our objective was to investigate yield, quality, 
and persistence of N fertilized sainfoin when grazed to remove 50 
or 75% of the forage height. 

Methods 

The experiment was conducted during 1990 and 1991 at the 
USDA-ARS Grazinglands Research Laboratory in Canadian 
County, Okla. (98’0’ W 35’40 N’; elevation = 450 m). Mean annual 
precipitation is 762 mm of which 520 mm (68%) is received from 
April through September. Annual precipitation in 1990 and 1991 
was 879 and 742 mm, respectively. A severe hailstorm occurred in 
April 1990 that destroyed early-spring forage production. Severe 
drought and heat occurred during July and August 199 1. During a 
47-day period daily high temperatures were consistently above 
32°C with 9 consecutive days of 37°C or above. During these 47 
days only I I mm of rain was received in various low volume events. 

Soil type on 2 replicates was a Norge silt loam (fine-silty, mixed, 
thermic, Pachic Haplustolls). Soil type on I replicate was a Dale 
silt loam (fine-silty, mixed, thermic, Udic Paleustolls). Generally, 
Norge soils are less productive than Dale soils which occur in lower 
topographic position (Soil Survey 1976). 

Plots (5 X 25 m) were planted with 35 kg ha-’ pure live seed of 
unhulled ‘Renumex’ sainfoin in rows 50 cm apart to a depth of 20 
mm on 19 Sept. 1989. All plots received 75 kgN ha-’ as ammonium 
nitrate on 27 Mar. 1990 and on 21 Feb. 1991. 

Four treatments were imposed by grazing with yearling steers 
(Bos taurus L.) beginning in the spring of 1990 and repeated on the 
same plots in 199 1. Grazing intensities removed either 50 or 75% of 
the forage height when plants were either at early or late bloom 
growth stage. 

Forage height was determined by measuring the average unex- 
tended canopy height with a meter rule before grazing. Stubble 
height was measured just before removing steers from the plot. 
Sainfoin was considered to be at the early bloom growth stage 
when IO out of 100 randomly selected tillers had at least I flower. 
Late bloom growth stage was attained when 80% of the tillers had 
at least 1 bloom. Plots were stocked with steers to attain the desired 
grazing intensity within 48 hours. Electric wire fencing was placed 
around each plot to confine steers during the grazing period. 

Herbage mass was measured in 4 randomly selected 0.25-m* 
quadrats per plot before and after each grazing event. Herbage was 
cut to ground level with hand shears then dried in a forced-air oven 
at 60” for day days. Yield was calculated as mean herbage mass 
before grazing minus mean herbage mass after grazing and is 
referred to as a forage yield. 

The 50 and 75% grazing intensities removed an average of 54 and 
72% of the herbage mass, respectively, and were similar for the 2 
growth stages. Stubble heights following grazing averaged 20 and 
12 cm for the 50 and 75% grazing intensities, respectively. 
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Regrowth period between harvests was similar between years. 
Regrowth periods averaged 36 and 44 days for early bloom and late 
bloom growth stages, respectively. 

Herbage samples harvested before grazing were ground in a 
shear mill to pass a 2-mm screen. A 100-g subsample of the herbage 
sample was ground again in a centrifugal mill to pass a l-mm 
screen then analyzed for digestibility according to an in vitro 
rumen fermentation procedure developed by Tilley and Terry 
(1963) as modified by Monson et al. (1969). Crude protein concen- 
tration was determined on the same samples by the Dumas dry 
combustion method (Nelson and Summers 1980) using a Leco 
FP-428 nitrogen analyzer’. 

Plant persistence was determined by stand counts in March, 
July, and October of 1990 and 199 1 using a modified point quadrat 
system (Past0 et al. 1957, Mowrey and Matches 1991). All living 
plants were counted along a diagonal line placed across each plot. 
Data analyzed were survival percentages. Stands were uniform at 
the beginning of the study. 

The experimental design was a randomized complete block. Soil 
type was the basis for blocking in the experiment (Steel and Torrie 
1980). Components of the model were blocks, growth stages, graz- 
ing intensities, and years. Growth stages and grazing intensities 
were in a factorial arrangement. Years were treated as a split plot in 
time. 

Results and Discussion 

Forage Yield 
Growth stage, grazing intensity, year, and growth stage by year 

affected forage yield (p10.05). Other interactions were not signifi- 
cant (Table 1). The growth stage by year interaction occurred 

Table 1. Main effect and interaction P-values over years for sainfoin when 
50 or 75% of the standing forage was removed by grazing at the early or 
late bloom stages of growth. 

Main effect Forage yield 
P-value 

CP” IVDMDb 

Growth stage (GS) 
Grazing intensity 

@I) 
GSXGI 
Year (Y) 
YXGS 
Y x GI 
YXGSXGI 

.045 ,001 .oo I 

,001 .I73 ,149 
A54 .I23 ,073 
.OOl .OOl .OOl 
.OOl .073 ,076 
.103 .I01 .155 
.161 .083 .094 

“CP = Crude protein 
bIVDMB = In vitro dry matter digestibility. 

because environmental conditions affected grazing frequency 
between years. The hailstorm in April, 1990, destroyed most of the 
early spring growth. The early bloom treatments in 1990 on the 
Norge and Dale soils were grazed twice and 3 times, the late bloom 
treatments were grazed once and twice on the 2 soil types, respec- 
tively. Apparently the Dale soil had adequate soil water to produce 
a July harvest for each treatment. In 1991, all treatments were 
grazed 3 times (Table 2). Forage yield averaged 2,480 kg ha-’ in 
1990 and 4,110 in 1991. 

Sainfoin production occurred from late March through July. 
Across treatments, the first and second harvests averaged 71 and 
26% in 1990 and 51 and 34% in 1991, respectively, of the total 
harvest. Because of the 1990 hailstorm, yield by harvest percen- 
tages differed between years. Forage yields were significantly 
(m.05) greater under the 75% grazing intensity at both stages of 

Table 2. Dates when sainfoin was grazed at early or late bloom growth 
stages. 

Treatment 1990 
Date 

1991 

Early bloom 
Late bloom 

14 May, 19 Jun., 24 Jul.’ 22 Apr., 28 May, 9 Jul. 
5 Jun., 24 Jul.” 7 May, 18 Jun., 29 Jul. 

“Only the replicate on the Dale soil was grazed 24 Jul. because the replicates on Norge 
soil did not reach the appropriate growth stage. 

growth than at the 50% grazing intensity (Table 3). Data from 1991 
were similar to other data reported under irrigation (Mowrey and 
Matches 1991). 

Forage Quality 
Growth stage and year affected crude protein and in vitro diges- 

tibility concentrations (P<O.O5; Table 4), but interactions were not 
significant (PrO.05). Sainfoin when at the early bloom growth 
stage was consistently higher in protein and digestibility concentra- 
tions than the late bloom stage (Table 4). When averaged across 
harvests, protein and digestibility concentrations were higher in 
1991 than in 1990 (KO.05). Grazing intensity did not affect pro- 
tein or digestibility concentrations (DO.05). The hailstorm in 
1990 that destroyed most of the early spring growth may have 
influenced protein and digestibility concentrations in succeeding 
harvests; thus these parameters for the 2 years are difficult to 
compare. Within years, the first harvest usually exhibited the 
highest digestibility. Protein concentration was not as consistent. 
Mowrey and Matches (1992) reported similar digestibility values 
across harvests in an irrigated grazing experiment. Vough and 
Marten (1971) report that higher digestibility occurred in alfalfa 
when grown under moisture stress. They also stated that soil 
moisture did not affect protein consistently. 

Across treatments, protein averaged 15% in 1990 and 19% in 
1991. Compared to NRC (1984) guidelines, protein was above 
levels required for immature, mature, or lactating beef cattle. 
Quality of sainfoin forage does not appear to decline as rapidly 
with maturity as that of most forages. Carleton et al. (1968) 
reported that maximum accumulation of dry matter and protein 
occurred between 2 and 45% flower for alfalfa and at 100% flower 
for sainfoin. 

Persistence 
Growth stage or grazing intensity did not affect plant persistence 

(-0.05). These results differ from those of Mowrey and Matches 
(1991), who reported that growth stage and grazing intensity 
affected stand persistence on irrigated sainfoin. Persistence of 
sainfoin was excellent through early summer 1991 because 94% of 
the plants were still alive in July. Prolonged drought and heat 
during July and August 1991 contributed to reduce persistence. 
Sainfoin began to regrow following rain in September, but by 
October, 22% of the plants were dead. However, 30% of the plants 
in the replicates on the Norge soil were dead compared to only 8% 
in the replicate on the Dale soil. Root and crown-root pathogens 
did not appear responsible for plant death. 

Although it was not measured, we suspect the replicate on the 
Dale soil had enough available water that plant mortality was 
reduced during the July and August drought. Bolger and Matches 
(1990) observed sudden plant death after harvests followed by dry, 
hot weather. In a gradient-irrigated experiment they observed 
improved stand survival under high or medium irrigation treat- 
ments as compared to low irrigation treatments. 

1 Mention of trade names, propriety products or specific equipment does not constitute Summary and Conclusions 
a guarantee or warranty of the product by the USDA and does not imply its approval 
to the exclusion of other products that may also be suitable. Sainfoin could complement warm-season pasture systems in 
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Table 3. Forage yield of sainfoin when 50 or 75% of the standing forage was removed by grazing at the early or late bloom stages of growth. 

Forage yield 

Grazing First Second Third Total 
Treatment intensity Year harvest harvest harvest harvest 

___________________________-kgha~’--__----___--______________ 
Early bloom 50% 1990 1490 * 70” 860f 40 90 f 40’ 2440* 110 
Early bloom 75% 1990 1760 f 60 1300f 80 130 * 100’ 3200 + 200 
Late bloom 50% 1990 1750 f 70 135 f 100b _c 1880 f 130 
Late bloom 75% 1990 1970 Z+Z 80 190 * 160b _c 2160 f 210 

L.S.D.d 250 290 110 275 
Early bloom 50% 1991 1790 f 200 1120* 70 470 * 30 3380 + 250 
Early bloom 75% 1991 2180 * 160 1460 * 70 650 & 30 4290 + 100 
Late bloom 50% 1991 1930 f 30 1270 + 70 530 * 30 3730 f 100 
Late bloom 75% 1991 2500 * 50 1770 f 100 760 Z!Z 30 5020 + 130 

L.S.D. 280 105 120 520 

‘Standard error. 
‘High standard errors are a result of forage not being harvested from the replicates on the Norge soil. 
‘Forage not harvested from all replicates. 
dLeast significant difference (P<O.OS). 

Table 4. Crude protein (CP) and in vitro dry matter digestibility (IVDMD) concentrations of sainfoin forage when 50 or 75% of the standing forage was 
removed by grazing at early or late bloom stages of growth. 

Treatment 

Early bloom 
Early bloom 
Late bloom 
Late bloom 

L.S.D.’ 
Early bloom 
Early bloom 
Late bloom 
Late bloom 

L.S.D. 

Grazing Year 
intensity Year 

50% 1990 
75% 1990 
50% 1990 
75% 1990 

50% 1991 
75% 1991 
50% 1991 
75% 1991 

CP IVDMD 

First Second Third First Second Third 
harvest harvest harvest harvest harvest harvest 

______________________________%_______________________________ 
14 * 1” 20 f 2 17b 66 + 2 58 Z+Z 2 57b 
15f 1 19* 1 16b 64 & 2 60*1 58b 
11 f I 15* I 14b 54 + 2 52rfI I 54b 
11 +2 16+ 1 15b 55 f 4 52 f 2 52b 

2 3 6 4 
18 f 1 24f 1 22 * 2 69 f 2 64*1 59 f 2 
18 i 1 22 f 1 21 f 1 69 f 1 64fI 6ofl 
16f 1 18* 1 19* I 63 + 1 59 * 2 56 f 2 
15f 1 17f 1 19+ 1 64f2 58 * 2 54 f 1 

3 3 2 3 4 3 

‘Standard error. 
%‘alues are for the replicate on the Dale soil only. 
‘Least significant difference (P<O.OS). 

subhumid areas of the southern Great Plains because it is produc- 
tive in spring and the forage is high quality even at advanced 
maturity. In this region, new spring growth on native range gener- 
ally begins in late April with grazing beginning about 1 Jun., 
depending on environmental conditions and management (Svejcar 
1989). In a normal year, sainfoin when harvested at early bloom 
should supply 2 harvests prior to stocking warm-season pastures. 
Because of sainfoin’s period of production, 50 to 80% of its forage 
yield would occur before native range should be grazed. Overlap in 
forage production between sainfoin and warm-season grasses 
could be beneficial from a forage supply standpoint because both 
components of the grazing system are at lower production levels 
when overlap occurs. If sainfoin could withstand defoliation at a 
vegetative growth stage it would be of greater benefit as a comple- 
mentary pasture to warm-season pastures. The persistence of sain- 
foin over various soil types in subhumid regions will require further 
investigation. 

Carleton, A.E., C.S. Cooper, R.H. Delaney, A.L. Dubbs,and R.F. Eslick. 
1968. Growth and forage quality comparisons of sainfoin (Onobrychis 
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Ditterline, R.L., and C.S. Cooper. 1975. Fifteen years with sainfoin. Mon- 
tana Agr. Exp. Sta. Bull. 681. 

Literature Cited 

Bolger, T.P., and A.G. Matches. 1990 Water-use efficiency and yield of 
sainfoin and alfalfa. Crop Sci. 30:143-148. 

Burton, J.C., and R.L. Curley. 1968. Nodulation and nitrogen fixation in 
sainfoin (Onobrychis safivo Lam.) as influenced by strains of rhizobia, p. 
3-5. In: C.S. Cooper and A.E. Carleton (ed.) Sainfoin Symp. Montana 
Agr. Exp. Sta. Bull. 627. 

Karnezos, T.P., and A.G. Matches. 1991. Lamb production on wheat- 
grasses and wheatgrass-sainfoin mixtures. Agron. J. 83:278-286. 

Melton, B. 1973. Evaluations of sainfoin and cicer milkvetch in New 
Mexico. New Mexico Agr. Exp. Sta. Res. Rep. 255. 

Monson, W.G., R.S. Lowrey, and I. Forbes, Jr. 1969. In vivo nylon bag vs. 
two-stage in vitro digestion: Comparison of two techniques for estimat- 
ing dry-matter digestibility of forages. Agron. J. 61:587-589. 

Mowrey, D.P., and A.G. Matehes. 1991. Persistence of sainfoin under 
different grazing regimes. Agron. J. 83:714-716. 

Mowrey, D.P., and A.G. Matehes. 1992. Technical Note: Utilization of 
sainfoin by grazing steers and a method for predicting daily gain from 
small-plot grazing data. J. Anim. Sci. 70:2262-2266. 

National Research Council. 1984. Nutrient requirements of beef cattle (6th 
Ed.). Nat. Acad. of Sci.-Nat. Res. Count., Washington, D.C. p, 45-46. 

Nelson, D.W., and Summers, L.E. 1980. Total nitrogen analysis of soil and 
plant tissues. J. Assoc. Off. Anal. Chem. 63:770-778. 

Pasto, J.K., J.R. Allison, and J.B. Washko. 1957. Ground cover and height 
of sward as a means of estimating pasture production. Agron. J. 
49:407-409. 

Sims, J.R., M.K. Muir, and A.E. Carleton. 1968. Evidence of ineffective 
rhizobia and its relation to the nitrogen nutrition of sainfoin (Onobrychis 
vici~~olia), p. 8-12. In: C.S. Cooper and A.E. Carleton (ed.) Sainfoin 
Symp. Montana State Univ. Agr. Exp. Sta. Bull. 627. 

JOURNAL OF RANGE MANAGEMENT 46(6), November 1993 541 



Smoliak, S., and Hanna, M.R. 1975. Productivity of alfalfa, sainfoin, and 
cicer milkvetch on subirrigated land when grazed by sheep. Can. J. Plant 
Sci. 55:415-420. 

Soil Survey of Canadian County Oklahoma. 1976. USDA-SCS and the 
Oklahoma Agr. Exp. Sta. 

Steel, R.G.D., and J.H. Torrie. 1980. Principles and procedures of statis- 
tics. 2nd Ed. McGraw-Hill Book Co., N.Y. 

Svejcar, T.J. 1989. Animal performance and diet quality as influenced by 
burning on tallgrass prairie. J. Range Manage. 42: 1 I-15. 

Tilley, J.M.A., and R.A. Terry. 1963. A two-stage technique for the in vitro 
digestion of forage feeds. J. Brit. Grassl. Sot. 18:104-l 11. 

Townsend, C.E., GO. Hinze, W.D. Ackerman, and E.E. Rememenga. 
1975. Evaluation of forage legumes for rangelands of the central great 
plains. Colorado Agr. Exp. Sta. Gen. Ser. 942. 

Vough, L.R., and G.C. Marten. 1971. Influence of soil moisture and 
ambient temperature on yield and quality of alfalfa forage. Agron. J. 
63:40-42. 

Walsh, J.F., D.F. Bezdicek, A.M. Davis, and D.L. Hoffman. 1983. Nitro- 
gen fixation capabilities of plant introduction accessions of pasture and 
range forage legumes. Agron. J. 75:474-478. 



J. Range Manage. 
46:542-547, November 1993 

Late-summer fire and follow-up herbicide treat- 
ments in tallgrass prairie 

DAVID M. ENGLE, J.F. STRITZKE, TERRENCE G. BIDWELL, AND P.L. CLAYPOOL 

Authors are professor of range science, professor of weed science, and associateprofessor of range science, Division 
of Agricultural Sciences and Natural Resources, andprofessor, Department of Statistics, Oklahoma State University, 
.%llwater 74078. 

Abstract 

Research on fire in tallgrass prairie focuses almost exclusively on 
dormant season fires, primarily in winter and spring. Relatively 
little is known about the response of tallgrass prairie vegetation to 
growing-season fiies or follow-up management. We evaluated 
vegetation response of grazed, high-seral tallgrass prairies to her- 
bicides after late-summer burning. Dry matter yields of little blue- 
stem [Schizachyrium scopuriutn (Michx.) Nash], other perennial 
grasses, total perennial grasses, and total herbage were sign% 
cantly reduced by late-summer burning. Tallgrass and annual grass 
standing crop did not differ between burn treatments. Forb stand- 
ing crop on burned plots averaged about twice that of unburned 
plots. Follow-up treatment with 2,4-D[(2,4-dichlorophenoxy)- 
acetic acid] significantly reduced forb standing crop compared to 
atrazine[6-chloro-N-ethyl-~~l-methylethyl)-1,3,5-t~azine-2,4-~- 
amine]. Standing crop of tallgrasses and total perennial grasses 
was greater on plots treated with 2,4-D than on plots treated with 
no herbicide or with atrazine. Because late-summer burning did 
not severely reduce herbage production nor drastically alter com- 
munity composition for more than 1 year, late-summer burning 
may be a viable alternative for brush control and for improving 
wildlife habitat in high-seral tallgrass prairie. If management 
objectives require reduced forb production and increased peren- 
nial grass production following late-summer burning, application 
of 2,4-D would be an appropriate management practice. 

Key Words: atrazine, burning, 2,4-D, herbicides, range improve- 
ment, tallgrasses, true prairie, wildfire 
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Season of burning can have a major effect on tallgrass prairie 
response to fire (Owensby 1985). Tallgrass prairie fuels are flam- 
mable much of the year so wildfire can occur throughout the year, 
including the growing season, when much of the fine fuel is green 
(Bragg 1982). Launchbaugh and Owensby (1978) noted accidental 
range fires occur each year throughout Kansas. The voluminous 
research on fire in tallgrass prairie focuses almost exclusively on 
dormant season fires, primarily in winter and spring. This research 
forms an extensive knowledge base on the effects of prescribed 
spring burning in North American tallgrass prairies. 

Late spring burns are often prescribed to benefit cattle produc- 
tion (Anderson et al. 1970, Owensby and Smith 1979), because they 
favor the matrix tallgrasses over forbs, low-seral grasses, and 
woody species (McMurphy and Anderson 1965, Anderson et al. 
1970, Bragg and Hulbert 1976, Towneand Owensby 1984, Abrams 
1986, Abrams et al. 1986). Earlier dormant season burns in the 
Kansas Flint Hills generally increase plants less desirable for live- 
stock production at the expense of desired tallgrasses (Launch- 
baugh and Owensby 1978, McMurphy and Anderson 1965, Towne 
and Owensby 1984). This may not be true for other tallgrass 
prairies (Bidwell et al. 1990). Late-spring annual burning in Kansas 
Flint Hills tallgrass maximizes herbage yield and composition of 
the matrix tallgrasses compared to burning earlier in the dormant 
season (McMurphy and Anderson 1965, Towney and Owensby 
1984). The response of tallgrass prairie to growing-season fire is the 
subject of relatively few studies (Anderson 1972, Adams et al. 1982, 
Ewing and Engle 1988). The response of tallgrass prairies to herbi- 
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Table 1. Dates of treatments, activation of atruine, and dates of standing crop for 2 experiments. 

Burning 
dates 

2,4-D 
treatments 

Atrazine 
treatments 

Atrazine 
activation’ 89 

Clipping data 

90 91 

Experiment 1 S/9/88 S/11/89 3127189 3/28/89 7119 7122 
Experiment 2 918189 51 IO/90 315190 3/11/90 7122 7125 

‘Date on which precipitation in a single event exceeded 2.5 cm. 

tides after growing-season fire also is not well. documented. 
Regearch on growing-season burns, i.e., summer burning, and 

management following growing-season burns is needed to increase 
the knowledge base on fire effects and fire management in tallgrass 
prairies. Decisions on managing prairies after accidental or 
planned fire in the growing season and the early dormant season 
currently relies on inferences from research on dormant season 
burns (see Launchbaugh and Owensby 1978, p. 26). Furthermore, 
prescribed summer burning has been suggested as an option for 
brush control (Anderson 198 I), but we have an inadequate base of 
knowledge to predict plant community responses to these burns. 
Our objectives in this study were to determine the response of 
previously grazed, high-seral tallgrass prairie to burning in late 
summer, and to evaluate vegetation response of the burned prairies 
after treating with herbicides. 

maximum temperature, residence time, and degree seconds. 
Fuel load was estimated by weighing clipped herbaceous mate- 

rial from 5 quadrats (0.5 by 0.5 m) per plot. Fuel moisture, 
expressed on a dry weight basis, was determined after samples were 
oven dried at 70” C for 72 hours. Ambient air temperatures and 
relative humidity were measured with a sling psychrometer. Wind 
speed at 2 m above the soil surface was measured with a totalizing 
anemometer. 

Materials and Methods 

Two experiments (1988, Experiment 1; 1989, Experiment 2) 
were conducted in a tallgrass prairie located on the Oklahoma 
State University Research Range approximately 15 km west 
southwest of Stillwater, Okla. Mean annual precipitation is 8 1 cm 
(Meyers 1982). The study area is on a shallow prairie range site in 
the Central Rolling Red Prairies Land Resource Area (USDA Soil 
Conservation Service 198 1). The soil is a Grainola clay loam with a 
clay B horizon (fine, mixed thermic Vertic Haplustalf). The study 
area vegetation was in a late sere dominated by big bluestem 
(Andropogon gerardii Vitman), switchgrass (Panicum virgatum 
L.), indiangrass [Sorghusrrum nutnns (L.) Nash], and little blue- 
stem [Schizuchyrium scoparium (Michx.) Nash.]. Experiment 1 
was grazed season-long at a moderate stocking rate (approxi- 
mately 2.5 AUM ha-‘) by stocker cattle in 1987 and in 1988 before 
the burning treatments were applied in September 1988. Experi- 
ment 2, located in the same pasture, was grazed season-long by 
stocker cattle in 1989 at approximately 2.5 AUM ha-’ before the 
burning treatments were applied in September 1989. Cattle were 
excluded from the plots in each of the experiments after treatment. 

After burning, burn plots were divided into three 6.7 X 10-m 
subplots for herbicide treatments (no herbicide, atrazine [6-chloro- 
N-ethyl-N’-( I-methylethyl)-1,3,5-triazine_2,4diamine] at 1.12 kg 
a.i. ha-‘, or the butoxyethyl ester of 2,4-D [2,4dichlorophe- 
noxy)acetic acid] at 0.84 kg a.e. ha-‘). Herbicides were applied with 
a compressed air bicycle sprayer. Dates of herbicide application 
are listed in Table 1. Unburned check plots received no herbicide 
treatments. Thus, we compared burned and unburned treatments 
(neither with follow-up herbicide) and we compared 3 follow-up 
management treatments after burning (no herbicide, atrazine, and 
2,4-D). 

Both experiments were evaluated for 2 growing seasons after 
burning (Table 1). The response of herbage components to treat- 
ments was determined by clipping in mid-July. The residual treat- 
ment effects were assessed by clipping herbage in mid-July of the 
second year. Herbage was clipped to ground level in three 0.2 X 
0.5-m quadrats within each subplot and hand-separated into cur- 
rent year’s herbage and litter and mulch. Current year’s herbage 
was separated into little bluestem, tallgrasses (big bluestem, indi- 
angrass, and switchgrass), other perennial grasses, annual grasses, 
and forbs. Herbage was dried at 65°C for 72 hours and weighed. 
For data analysis, all current year’s herbage components, other 
than annual grasses and forbs, were combined into 1 category 
(perennial grasses). Second year measurements were selected at 
random from areas that had not been clipped the previous year. 

Burning treatments in Experiments 1 and 2 were applied to 10 X 
20-m plots in September 1988 and in September 1989, respectively 
(Table 1). Burning treatments were replicated in a completely 
randomized design with 5 to 7 replications. Plots were ignited with 
a drip torch at plot boundaries that were oriented with the long axis 
in the prevailing wind direction. 

Fire behavior and fire temperature were measured on 4 plots (2 
headfires and 2 backfires) of the 9 Sept. 1988 burns and 4 plots (2 
headfires and 2 backfires) of the 8 Sept. 1989 burns. Rate of spread 
(m s-l) was measured with a stopwatch (Britton et al. 1977). Fire- 
line intensity (Byram 1959) was computed as the product of the fuel 
low heat of combustion (kJ kg-‘), the weight of the fuel consumed 
(kg m-‘), and rate of spread. Low heat of combustion was the 
average value (15,830 kJ kg-‘) from Bidwell and Engle (1991) for 
similar tallgrass prairie fuels, adjusted for moisture content of the 
fuel. Heat per unit area (kJ kg-‘) was calculated from fireline 
intensity and rate of spread as described by Rothermel and Deem- 
ing (1980). Fire temperature traces were recorded at 3 stations per 
plot at 0 and 60-cm above the soil surface as described by Engle et 
al. (1989). Parameters derived from the temperature traces included 

Data were ranked before conducting analysis of variance as 
described in SAS Institute Inc. (1988) for nonuniformly distributed 
data in a completely randomized design. Because the design was 
unbalanced, we used the Type I sum of squares in the SAS PROC 
GLM. The model was a split-plot in 2 environments (i.e., experi- 
ments) with years of measurement serving as split plots and with 
years nested within experiments as suggested by Carmer et al. 
(1989). Levels of the main factor were burn and herbicide combina- 
tions. The first analysis was a comparison of burn and no burn 
without herbicides and the second analysis was a comparison of 
herbicides in burned plots. The least significant difference test 
protected by a significant (P<O.O5) F-test was used to test differen- 
ces among least squares means of herbicide treatments. 

Results 

Burning Conditions 
Precipitation was below normal in each of the 4 growing-season 

months before the 1988 burns of Experiment 1 (Table 2). The 
resulting burning conditions for Experiment 1 (Table 3) resulted in 
intense fires (Table 4). In contrast, precipitation was above average 
in each of the 4 growing-season months preceding the 1989 burns 
of Experiment 2. Water content of fuels in Experiment 2 was 76% 
compared to only 17% for Experiment 1 (Table 3). Thus, fires were 
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Table 2. Precipitation (cm) in a tallgrass prairie and long-term average 
precipitation at Stillwater, Okla. for the years of treatments and 
measurements. 

Month 
Long-term 

1988 1989 1990 1991 average 
______ __-__ Jan. --3-6-----4.2 4.7 (cm)---2.S __;s__ 

Feb. 0:9 4.3 9.7 0.2 312 
Mar. 13.9 9.5 18.2 2.5 5.6 
Apr. 10.4 0.4 14.9 8.0 8.5 
May 6.9 17.2 12.2 17.9 12.3 
Jun. 3.3 13.9 2.6 10.2 10.2 
Jul. 6.8 11.2 3.7 1.1 7.7 
Aug. 2.5 12.8 9.1 3.6 7.6 
Sept. 19.8 12.3 9.7 14.5 9.5 
Oct. 3.9 7.2 3.1 10.8 7.1 
Nov. 8.8 0 4.4 6.9 5.2 
Dec. 2.4 1.3 2.5 13.0 3.4 
Annual 83.1 94.3 95.0 91.0 83.0 

Table 3. Weather and fuel conditions associated with burning treatments 
in a tallgrass prairie in northcentral Oklahoma. 

Experiment I 
Late-summer 

Experiment 2 
Late-summer 

Air temperature (“C) 31-33 33-34 
Relative humidity (%) 26-36 48-50 
Windspeed (km h-l) 6-13 13-14 
Standing fuel (kg ha-r) 5890 5380 
Fallen fuel (kg ha-‘) 2790 2330 
Fuel moisture (%I) 17 76 

Table 4. Behavior of fues in a tallgrass prairie in northcentral Oklahoma. 
Values in parentheses are standard errors. 

Fire behavior 
Fireline intensity (kW m-l) 
Rate of spread (m min.‘) 
Heat per unit area (kJ m-r) 

Degree seconds 
Ocm(OCXs) 

6Ocm(OCXs) 
Maximum temperature 

0 cm (“C) 
60 cm (“C) 

Residence time 
0 cm (s) 

60 cm (s) 

Experiment 1 

1830 (880) 
8.0 (3.7) 

12990 (690) 

36204 (6 146) 
13826 (1379) 

41 I (61) 
374 (41) 

371 (43) 
230 (33) 

Experiment 2 

380 (140) 
2.0 (0.7) 

9360 (1540) 

13185 (4176) 
10833 (2079) 

174 (70) 
206 (29) 

428 (48) 
404 (72) 

less intense in Experiment 2 (Table 4). Although fuel moisture and 
relative humidity differed considerably between the 2 experiments, 
other weather and fuel conditions were similar. The lower fuel 
moisture and relative humidity in Experiment 1 resulted in faster 
rates of spread, greater fireline intensity, and greater values for 
most time-temperature parameters. However, heat per unit area 
differed little between experiments. 

Effects of Summer Burning on Production and Community 
Composition 

Precipitation was above average in 1989, 1 year after burning in 
Experiment 1, and near normal in 1990, 1 year after burning in 
Experiment 2 (Table 2). Precipitation was also near normal in 

199 1, 2 years after burning in Experiment 2. Thus, total herbage 
production for the experiments was likely near normal since pre- 
cipitation was near or above normal. 

Dry-matter standing crops of little bluestem, other perennial 
grasses, total perennial grasses, and total herbage averaged over 
the 2 experiments were reduced the first growing season after 
late-summer burning (Table 5). The burning X year interaction for 

Table 5. Standing crop (kg ha-‘) of vegetation components the first year 
and second year following late-summer burning of tallgrass prairie. 
Values are averaged over experiments. 

Vegetation component 
Year 1 Year 2 

Burned Unburned Burned Unburned 

Tallgrasses 
Little bluestem 
Other perennial grasses 

Total perennial grasses 
Forbs 
Annual grasses 

Total herbage 

---(kg/ha)--- 
1200 1430 

100** 650 
570** 990 

1870** 3070 
1240 640 

40 20 
3150, 3730 

---(kg/ha)--- 
1270 1780 
420** 710 

1000 850 
2690 3340 
460 140 

IO 10 
3160 3490 

*~**Significant difference between burned and unburned treatments within a year at 
P<O.OS and 0.01, respectively. 

forb standing crop was not significant (mO.95). Averaged over 
years, unburned plots produced significantly more (P<O.O02) (850 
kg ha-‘) forb standing crop than burned plots (400 kg ha-‘). The 
annual grass standing crop component was small and did not differ 
between burn treatments in either year. Standing crop of tall- 
grasses did not differ between burned and unburned plots in the 
first or second year after burning. Little bluestem standing crop 
was less on burned than unburned plots through the second year 
after burning. No differences in standing crop of other components 
were detected between burn treatments by the second year. 

Effects of Herbicides on Production and Community Composition 
Following Burning 

No interactions were associated with tallgrasses, little bluestem, 
other perennial grasses, total perennial grasses, and annual grasses, 
so the effect of herbicide treatment on these herbage components 
was averaged over years and experiments (Table 6). The standing 

Table 6. Standing crop (kg ha-l) of 5 vegetation components in response to 
herbicide application following late-summer burning of tallgrass prairie. 
Values are averaged over years and experiments. 

Vegetation component 

Tallgrasses 
Little bluestem 
Other perennial grasses 

Total perennial grasses 
Annual grasses 

Herbicide treatment 
None Atrazine 24-D 

__________(kg/ha) __________ 
1240b 1480b 1940a 
260a 270a 360a 
780a 840a 920a 

2280~ 2590b 3220a 
20ab lob 30a 

Means within a row followed by the same letter do not differ significantly (DO.05). 

crop of tallgrasses and total perennial grasses averaged over years 
and experiments was greater on plots treated with 2,4-D than on 
plots treated with no herbicide or with atrazine (Table 6). Because 
burning did not result in a large increase in annual grasses, atrazine 
had little effect on the annual grasses (Table 6). A significant 
treatment X experiment X year interaction was detected for forbs. 
Forbs that increased with the late summer burn were partially 
controlled by 2,4-D (Table 7). Atrazine had little effect on standing 
crop of forbs (Table 7). Compared to plots with no herbicide 
application, atrazine reduced forb standing crop only in year 2 of 
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Table 7. Standing crop (kg hi’) of forbs the ftrst year and second year cool-season annual grasses were a minor component and their 
following late-summer burning of tallgrass prairie in response to herbi- 
tide application. 

standing crop remained small following burning. Forbs, primarily 
common broomweed [ Gutierreziu drucunculoides (D.C.) Blake] 
and western ragweed (Ambrosia psilostachya D.C.), composed 

Herbicide treatment about 15% of the herbage in unburned plots and they increased 

None Atrazine 2,4-D 

Year 1 
Experiment I 
Experiment 2 
Year 2 
Experiment 1 
Experiment 2 

_____________(k8/ha)________ 

1740a 2130a 750b 
730a 770a 150b 

300a 1OOb 160b 
620a 7lOa 150b 

Means within a row followed by the same letter do not differ significantly (130.05). 

Experiment 1. In all other years, standing crop of forbs on plots 
treated with 2,4-D was less than on plots treated with atrazine. A 
treatment X year interaction was present for total herbage. Total 
herbage in year 2 was greatest on plots treated with 2,4-D (Table 8). 
However, total herbage standing crop in year 1 was greatest on 
plots treated with atrazine. 
Table 8. Standing crop (kg ha-l) of total herbage the first year and second 

year following late-summer burning of tallgrass prairie in response to 
herbicide application. Values are averaged over 2 experiments. 

Herbicide 

None Atrazine 2,4-D 

Year 1 
3140ab 

Year 2 
316Ob 

_________----(kg/ha)-------- 

3830a 3030b 

3210b 4090a 

Means within a row followed by the same letter do not differ significantly (DO.05). 

Discussion and Conclusions 
Effects of Summer Burning on Production and Community 
Composition 

The response of tallgrass prairie community composition to fire 
in late summer appears to be variable. Reduced production of little 
bluestem and perennial grasses other than tallgrasses to summer 
fires we noted in these 2 experiments does not always occur. In an 
earlier study comparing summer burning in grazed and ungrazed 
tallgrass prairies near our study area, late-summer burning in 
grazed tallgrass prairie had no effect on tallgrasses and little blue- 
stem. Production of cool-season annual grasses the first year after 
burning increased, but forbs did not increase until the second year 
after burning (Ewing and Engle 1988, Engle et al. 1992). In that 
same study, burning in ungrazed prairie reduced little bluestem 
standing crop, and standing crop of annual forbs was almost 3 
times that of the unburned plot the first year after the fire. Total 
herbage standing crop was not reduced by burning in either grazed 
or ungrazed plots. In a southcentral Oklahoma ungrazed tallgrass 
prairie-upland hardwood forest, canopy cover of little bluestem 
decreased from 83 to 42% in 1 year following a mid-July fire 
(Adams et al. 1982). Forb cover decreased from 11 to 670, and 
switchgrass cover increased. 

Tallgrasses apparently tolerate growing-season fire. In contrast, 
the response of little bluestem, forbs, and cool-season annual 
grasses appears highly variable. Little bluestem will sometimes 
decrease dramatically, which is common of bunchgrasses contain- 
ing a high density of dead material within the bunches (Wright 
1971). Forbs and cool-season annual grasses will sometimes 
increase dramatically. Although the study area for these 2 experi- 
ments was grazed before the burning treatments were applied, 

considerably following burning. Common broomweed increases 
with a lack of overwintering mulch (Towne and Owensby 1983). 
Production of common broomweed and western ragweed com- 
monly increases with progressive overgrazing in northcentral 
Oklahoma tallgrass prairie (Sims and Dwyer 1965), and was 
doubled after late-summer burning in the grazed tallgrass prairie 
study of Ewing and Engle (1988). However, we found very little 
blackeyed Susan (Rudbeckia hirtu L.), a forb not normally found 
in abundance in high-seral tallgrass prairie, but abundant in the 
ungrazed, burned prairie in the Ewing and Engle (1988) study. 

Pre-burn community composition and growing conditions 
before, during, and after burning appear to determine the response 
of grazed, tallgrass prairies to summer fire more than does fire 
behavior. Fire behavior in Experiment 1 was similar to fire behav- 
ior in the grazed plot of the Ewing and Engle (1988) study, yet 
post-burn composition and production response of these 2 prairies 
were different in some aspects important to management. Fires in 
Experiment 1 were more intense than the fires in Experiment 2, but 
the vegetation response did not differ between these 2 studies (i.e., 
no burn treatment X experiment interaction). Bidwell and Engle 
(1992) found a relationship between fire behavior and response of a 
grazed tallgrass prairie to spring burning. However, community 
composition after summer fires is probably influenced to a greater 
extent by the relative abundance of certain perennial herbaceous 
plants such as little bluestem that inhabit the site as well as the 
composition of the seed bank of ruderals capable of germinating 
and growing in the more open post-fire environment (Ewing and 
Engle 1988, Abrams 1988). 

We observed a significant reduction in herbage production the 
first year following burning. In contrast, Ewing and Engle (1988) 
found no reduction in herbage production following late-summer 
burning nor any differences in soil water content between burned 
and unburned prairies. Increased runoff and increased evaporative 
losses have been associated with reduced plant-available water the 
growing season following winter and early spring burning (Ander- 
son et al. 1970, Towne and Owensby 1984), which leads us to 
conclude that our burning treatments resulted in less plant- 
available water. 

Herbage production following burning is dependent largely on 
the amount of plant-available water in the growing season. Humid 
sections of the tallgrass prairie and mesic sites in the tallgrass 
prairie generally do not experience reductions in herbage produc- 
tion following fire whereas reduction in herbage production is 
likely after fire in more arid prairies and grasslands (Owensby 
1985, Abrams et al. 1986). Although herbage production following 
spring burning generally increases, the production can vary from 
-20 to + 250%, with burning increasing production when water is 
adequate (Risser et al. 1981, p. 417420). Abrams et al. (1986) 
found that late spring burning on deep soils in the Flint Hills of 
Kansas stimulated herbage production. In contrast, burning on 
shallow soils exhibited no herbage production response, possibly 
because of increased water stress accompanying increased evapo- 
transpiration with the loss of litter from the soil surface. Tallgrass 
prairies in the Kansas Flint Hills experience lower soil moisture 
levels and lower herbage production after winter and early spring 
burning compared to unburned prairies and prairies burned in late 
spring (McMurphy and Anderson 1965, Anderson et al. 1970). 

This study has application to burns prescribed for the growing 
season. Summer burning has been suggested as a more effective 
brush control treatment than dormant-season burning in tallgrass 
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prairies (Anderson 1981). Although a late-winter burn reduced 
deciduous woody plants more than a summer burn in southcentral 
Oklahoma (Adams et al. 1982) late-summer burning of dense 
stands of nonspouting juniper was very effective for controlling 
juniper when they were pretreated with a desiccating herbicide 
(Engle and Stritzke 1991). We conclude that late-summer burning 
in high-seral tallgrass prairie is a potential alternative to dormant 
season burning since late-summer burning did not severely reduce 
herbage production nor drastically alter community composition 
for more than 1 year after the burn. 

Using Herbicides after Summer Fires in High-Seral Tallgrass 
Prairie 

Our results indicate that 2,4-D is an effective and more consist- 
ent treatment than atrazine for reducing forb production following 
late-summer burning. Atrazine and 2,4-D have both been used to 
reduce forb standing crop and increase perennial grass standing 
crop in low and mid-seral tallgrass prairies (Powell et al. 1982, 
Gillen et al. 1987, Rice and Stritzke 1989) and atrazine has been 
used to reduce western ragweed production in high-seral tallgrass 
prairie (Baker et al. 1980). However, both herbicides have been 
ineffective in some situations. Neither atrazine (Masters et al. 1992) 
nor 2,4-D (Powell et al. 1982) provided any meaningful forb con- 
trol on high-seral tallgrass prairies. Atrazine inconsistently reduced 
forb production in a mid-seral tallgrass prairie that contained 
equal components of western ragweed and slimflower scurfpea 
(Psoraleu tenuiflora Pursh), the latter of which is resistant to 
atrazine even at high rates (Gillen et al. 1987). Unlike 2,4-D, 
atrazine will reduce cool-season annual grasses and increase per- 
ennial grass standing crop on low and mid-seral tallgrass prairies 
(Samson and Moser 1982, Waller and Schmidt 1987, Gillen et al. 
1987). However, atrazine was of little value in this study as a 
follow-up to the late-summer burns, in part because of the small 
amount of cool-season annual grasses and because of the relatively 
large perennial grass component following the late summer fires. 
Atrazine application would not be a desirable management prac- 
tice following late summer burning when the primary weedy plants 
are forbs rather than annual grasses. We found 2,4-D consistently 
reduced forb production more than atrazine following the late 
summer fires. 

Although forbs were not reduced by atrazine in the first year 
after burning, plots treated with atrazine produced more perennial 
grasses than plots with no herbicide, and atrazine-treated plots 
produced more total herbage than plots with no herbicide or plots 
treated with 2,4-D in the first year after late-summer burning. 
Previous studies have shown atrazine alone or in combination with 
spring burning increased production of perennial grasses and total 
herbage on tallgrass prairies unless the decrease in production of 
forbs or annual grasses was large (Baker and Powell 1978, Waller 
and Schmidt 1983, Rehm 1984, Gillen et al. 1987, Engle et al. 1990). 

For high-seral tallgrass prairies burned in late summer, 2,4-D 
appears to be a suitable option for controlling undesirable forbs if 
the land-use objective is to produce grass for cattle grazing. Appli- 
cation of 2,4-D will result in reliable control of forbs and a favor- 
able production response from the perennial grasses, especially 
tallgrasses. Because an increase in forbs represents improved habi- 
tat for certain wildlife species including bobwhite quail (Colinus 
virginiunus) (Guthrey 1986) no follow-up treatment should be 
applied if wildlife habitat improvement is a management objective. 
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Abstract 

The Farm Level Income Tax and Policy Simulation Model 
(FLIPSIM) was used to evaluate and quantify the impacts of 
alternative grazing fee formulas, discussed in the 1986 Grazing 
Review and Evaluation and its recent update. Economic viability 
(level of income and risk) was estimated for 4 representative 
ranches that lease public range lands in the western United States. 
Average annual net cash income is projected to be positive over the 
1992-97 planning horizon although income is projected to decline 
for the first 4 years as cattle prices weaken. Average annual net cash 
income under the alternative grazing fee formulas falls by as much 
as 37% relative to the current Public Rangelands Improvement Act 
formula for all of the ranches studied. Real net worth of each ranch 
declines as much as 22% over the study period under the highest 
alternative grazing fee. 

Key Words: grazing fee, public lands, simulation, economic 
viability 

There are approximately 108 million hectares of public lands 
managed by the Bureau of Land Management (BLM) and Forest 
Service (FS) in 16 western states. These public lands are divided 
into some 31,000 grazing allotments which represent approxi- 
mately 16.7 million Animal Unit Months (AUM) (USGAO 1991, 
USDI 1991). The history of grazing fees has been well documented 
by Dutton (1953) and others. The current formula for establishing 
federal grazing fees was specified in the Public Range Improve- 
ment Act of 1978 (PRIA). 

Grazing fee price levels have always been controversial and have 
recently come under scrutiny again. In 1991, the U.S. Genera1 
Accounting office (GAO) reviewed the Public Rangelands Improve- 
ment Act formula (hereafter referred to as the current formula) and 
reported that the “current formula keeps grazing fees low.” The 
report summarized several alternative objectives the grazing fee 
formula was expected to meet. Half of the criteria discussed related 
directly to the fee’s impact on the economic viability of ranching. It 
is clear that higher grazing fees will negatively affect farm and 
ranch incomes. The levels of these impacts are important consider- 
ations in developing and implementing new policies. 

The 1986 Grazing Fee Review and Evaluation, hereinafter 
referred to as the 1986 USDA/USDI study, jointly done by the 
U.S. Department of Agriculture (USDA) and Interior (USDI) 
evaluated 5 alternative grazing fee formulas. Their study included 
an analysis of the impacts of alternative grazing fee levels on ranch 
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income. The analysis aggregated USDA budget data for 1982 to 
develop an average cattle and sheep ranch for each state with 
Forest Service and Bureau of Land Management grazing. Their 
results indicated that ranches could cover their cash production 
costs in the short run with a $5.00 per AUM grazing fee. When total 
costs were considered using a $5.00 per AUM fee, the cattle opera- 
tion in each state had negative returns per cow. 

The purpose of this study is to further quantify the impacts of 
alternative grazing fees on the economic viability (level of income 
and risk) of ranches leasing public range lands in the Western 
United States. Four representative ranch operations are simulated 
using the Farm Level Income Tax and Policy Simulation Model 
(FLIPSIM). Each ranch is simulated for the years 1992-1997 
under the current Public Rangelands Improvement Act formula 
and 4 other grazing fee formulas discussed in the 1991 GAO study. 

Methods 

The Farm Level Income Tax and Policy Simulation Mode1 is a 
Monte Carlo simulation model developed by Richardson and 
Nixon (1986). The mode1 has been used for numerous farm level 
policy and technology analyses (e.g., Richardson and Nixon 1982, 
Grant et al. 1984, Richardson and Nixon 1984, Richardson and 
Smith 1985, Smith et al. 1985, Duffy et al. 1986, U.S. Congress 
1986, Lemieux and Richardson 1989) and is capable of simulating 
representative ranch operations under alternative policies and 
management scenarios. 

Analyzing the consequences of alternative federal grazing fees 
on the economic viability of a representative ranch involves several 
steps. First, data for the representative ranch under current condi- 
tions must be developed and the Farm Level Income Tax and 
Policy Simulation Mode1 must be validated for the ranch. Second, 
modifications to the base ranch’s input/ output coefficients must be 
made for each fee change to be analyzed. Third, projections for 
livestock prices, forage prices, and macroeconomic variables 
(interest and inflation rates) are merged with the ranch’s data. By 
changing the grazing fee, the mode1 can be used to analyze an array 
of fee formulas for each ranch. Changes in the economic viability 
of the ranch under the alternative formulas can be used to assess 
the long-run impacts of the alternative formulas. 

The economic activity on each representative ranch was simu- 
lated over a 6-year (1992-97) planning horizon. The planning 
horizon was simulated 100 times (iterations). For each iteration, 
the model randomly selected prices for sheep, cattle, and feedstuffs 
based on the average annual prices in the 1992 Food and Agricul- 
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Table 1. Price, Cost, and Macroeconomic Projectiolrs used for Alternative 
Grazing Fee Analysis, 1992-97. 

1992 1993 1994 1995 1996 1997 

Cattle: (S/kg) 
Steer (272-363 kg) 
cow 

Sheep prices: (S/kg) 

.4047 .3952 .3879 .3803 .3663 .3694 

.2340 .2302 .2148 .1988 .2017 .2121 

Feeder lamb .2530 .2513 .2481 .2481 .2481 .2481 
Ewe .1317 .I317 .1317 .1317 .I317 .I317 

Wool price ($/kg) 5448 5448 .5675 .5902 .5902 .5902 
Purchased feed index (%) 1.16 2.40 2.68 3.08 3.32 3.36 
Producers price index (%) 1.53 3.57 4.25 3.82 4.41 4.62 
Consumer price index (%) 2.51 3.24 3.75 4.09 4.71 5.08 
Interest rate on intermediate 

Term debt (%) 9.31 9.87 11.46 11.94 12.12 12.45 

Source: FAPRI, January, 1992 Baseline, and Penson, 1992. 

tural Policy Research Institute baseline and the U.S. Agriculture/- 
General Equilibrium Model baseline (Penson 1992) and the histor- 
ical probability distributions for these variables. Weaning weights 
were selected at random each year based on historical probability 
distributions for these variables on each representative ranch. In 
this manner, the model incorporated the market, weather, and 
livestock production (rate of gain) risk faced by ranchers. The 
random number generation process used in the model insured that 
each ranch experienced the same weather and market risk across 
all grazing fee scenarios. Thus, the economic differences between 
scenarios is due solely to the alternative grazing fees. 

Risk associated with the federal grazing fee rate is incorporated 
into the model using the grazing fee formulas and randomly gener- 
ated forage and beef cattle prices having the same frequency and 
variability as observed in the past. All of the grazing fee formulas 
evaluated either included a forage value index and a beef cattle 
price index, or simply a forage value index. The Farm Level 
Income Tax and Policy Simulation Model’s randomly generated 
prices for hay and Omaha fat steers were used as inputs in regres- 
sion equations to project the forage value index and beef cattle 
index, respectively, in the grazing fee formulas. Utilizing the eco- 
nometric linkage between the forage and beef cattle prices and their 
associated indices, the historical variability in these indices was 
projected and incorporated into the farm level model, and thus into 
the analysis of alternative grazing fee formulas. 

The results of the 100 iteration analyses constituted an estimate 
of the probability distribution for net cash income. Average net 
cash income for the alternative grazing fee formulas can be com- 
pared to determine the relative impact of the formulas on the 
profitability of western ranches. The variability in net cash income 
across scenarios can be compared using the coefficient of variation 
for net cash income. A ratio of the coefficient of variation for 
average net cash incomes for the alternative grazing fee formulas 
and the coefficient of variation for the current formula is reported 
for each alternative fee as a measure of the relative change in risk 
from the current formula. 

Table 1 contains selected price, cost, and macroeconomic pro- 
jections used in the analysis. These projections are developed by a 
U.S. macroeconomic sector model and by an agricultural sector 
model. The U.S. sector model is an econometric model that 
accounts for changes in the world economic situation as well as 
crop sector changes, such as corn supply and price changes, in the 
U.S. beef industry. The cattle price projections in Table 1 include 
the effects of feed grain situation changes in the future. The steer 
price projections follow a cattle price cycle bottoming out in 1996. 
The projected inflation rate on production costs (PPI) remains 

around 4% throughout the 1992-97 period. 

Alternative Federal Grazing Fee Formulas 
The alternative grazing fee formulas analyzed are those initially 

developed in the 1986 USDA/ USDI study and reviewed the 1991 
GAO study: 

Public Rangeland Improve- = $1.23 * (FL’164 + BCP164 - 
ment Act (Current) PP164)/ 100 
Formula 

Updated q  S2.43 * (FV189 * BCP189/ICl89)/100 
Modified Fee System q  $5.45 * (FL’189 * BCP189/ICI89)/ 100 
Combined Value Fee = $4.62 * (FV189 * BCP189/ICI89)/ 100 
Modified Market Value q  S5.45 * (FVl89)/ 100 

Where: 
FV164 is a forage value index 1964-68 = 100, 
FV189 is a forage value index 1989-90 = 100, 
BCP164 is a beef cattle price index 1964-68 = 100, 
BCP189 is a beef cattle price index 198990 = 100, 
PP164 is a prices paid index 196468 = 100, and 
ICI89 is an index of cattle inputs 1989-90 = 100. 

While it is likely that none of these formulas will actually be used, 
they indicate fee levels that may be charged. The results discussed 
hold for the impacts of any fee around these levels. The results can 
be interpreted as the impacts of a fee level not just a particular 
formula. The average fee level for each formula over the planning 
horizon is contained in Table 2. 

Table 2. Projected federal grazing fees for PRIA and alternative federal 
grazing fee formulas, assuming 1989-1990 = base for indices used in 
alternative formulas, 1990-2000. 

Fee 
year 

Combined Modified 
Updated Modified value fee market 

PRIA PRIA PRIA system value 

_______________($/AUM)_____--____----- 

1990 1.81’ 2.33 5.23 4.43 5.45 
1991 1.96’ 2.53 5.67 4.81 5.45 
1992 1.92’ 2.73 6.11 5.19 6.00 
1993 1.44 2.02 4.51 3.85 4.80 
1994 1.35 1.98 4.44 3.76 4.91 
1995 1.35 1.90 4.28 3.62 5.01 
1996 1.35 1.80 4.04 3.43 5.07 
1997 1.35 1.76 3.94 3.34 5.01 

Average 1.57 2.13 4.78 4.05 5.21 

‘Actual values announced by USDA and USDI for grazing federal range lands. 

The Food and Agricultural Policy Research Institute’s January 
1992 Baseline projections of cattle and hay prices and inflation 
rates for inputs (see Table 1) were used to project the federal 
grazing fees for the alternative formulas. Base values for the 4 
alternative grazing fee formulas to the current formula ($2.43, 
$5.45, and $4.62) were updated using indices for 1989-90 (Knutson 
et al. 199 1). Based on the Food and Agricultural Policy Research 
Institute’s projected prices and cost indices, grazing fees for all 5 
formulas are projected to decline from 1992 through 1997 (Table 
2). Grazing fees for the current formula reach the floor of 
$1.35/AUM by 1994 and remain at that level due largely to lower 
cattle prices. The other formulas also result in lower fees after 1992, 
reflecting lower cattle prices and higher input costs. Another factor 
in the projected lower grazing fees is the Food and Agricultural 
Policy Research Institute’s projection of lower hay prices caused 
by much of the Conservation Reserve Program land being used to 
produce hay beginning in 1995. 

Panel Ranch Development 
The data used to describe the representative ranches used for the 

analysis were developed using the panel ranch process. An exten- 
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sion farm and ranch management specialist in each state selects the 
primary production area of the state. The county agent in the 
primary production area selects producer participants. Each panel 
consists of 5 to 6 ranchers. These ranchers represent above-average 
management using sound, accepted production and management 
practices. Using a questionnaire designed to gather all relevant 
information to describe the ranch, panel members develop consen- 
sus values which represent a typical ranch. Each panel member 
provides a lo-year livestock production history that is used to 
incorporate weather/ weaning weight risk into the ranch simula- 
tions. Data from the panel are processed and mailed to the panel. A 
conference call is held within a few weeks of the meeting to review 
the panel’s data to insure they were interpreted correctly. Pro 
forma balance sheets, income statements, cash flow, and livestock 
summary pages are sent to the panel. A conference call is held to 
validate the Farm Level Income Tax and Policy Simulation Mod- 
el’s ability to simulate the farm. If changes in the panel’s data are 
necessary, the data are modified, the ranch is simulated, and new 
pro forma summary sheets are mailed for a conference call. The 
process is repeated until the panel is confident that the Farm Level 
Income Tax and Policy Simulation Model accurately depicts the 
typical ranching operation in their area. 

Characteristics of Representative Ranches 
The Chaves County panel ranch, located in southeastern New 

Mexico, has 2,000 ewes and 100 cows (Table 3). The panel ranch 
grazes 643 animal units on 11,664 ha of rangeland, of which 6,480 
ha are on federal land, 2,074 ha are on state land, and 3,110 ha are 

owned. The ranch’s annual grazing on federal rangeland accounts 
for 358 AUs and at $1.921 AUM, the annual lease cost is $8,248. 
The stocking rate is 18.1 ha per AU on federal rangeland and 18.2 
ha per AU on owned, state, and private leased rangeland. The land 
and improvements (buildings, fences, houses, corrals, and water 
systems) were valued at $750,000 by the producer panel. The initial 
value of all livestock on the ranch estimated $225,000. A more 
complete description of these representative ranches can be found 
in Knutson et al. (1992). 

The Eastern Wyoming shed lambing ranch consists of 2,000 
ewes (Table 3). The ranch grazes 6,075 ha, of which 1,823 ha are 
leased from the federal government, 3,038 ha are owned, and 1,778 
ha are leased from state and private sources. The ranch raises 
alfalfa hay (61 ha) and oats (8 ha) to provide supplemental feed to 
the sheep and oat straw for the shed lambing activities. The total 
annual federal grazing cost ($795) is low because the shed lambing 
ranch only depends on federal grazing land for 8% of its AU needs. 
This low percentage reflects the limited availability of federal lands 
in the area where shed lambing operations are located more than 
the economics associated with federal grazing lands. The stocking 
rate for federal grazing lands, however, is about 36 ha per AU 
compared to an average of 12.4 ha per AU on owned land, state, 
and private leased rangeland. For the shed lambing ranch, the 
average lease cost for state and private land is $5.72/ AUM. In this 
area, the private leased land is high quality mountain pastures used 
during the summer months, whereas federal rangeland is broken 
land with little grazing value. 

Table 3. Characteristics of 4 representative ranches in New Mexico, Wyoming, Montana, and Nevada. 

Total animal units (AUs) 
Federal animal units leased (AU) 
Sheep 

Ewes (no.) 
Replacements (no.) 
Rams (no.) 

Cattle 
Cows (no.) 
Replacements (no.) 
Bulls (no.) 

Hectares owned 
Hectares leased 

Federal 
State and others 

Total 
Annual land lease costs 

Federal @ %1.92/AUM ($) 
State and others ($) 

Total ($) 
Assets 

Land and improvements (.$) 
Livestock ($) 
Machinery ($) 
Total ($) 

Long term debt/asset ratio (%) 
Efficiency measures: 

Calf weaned (%) crop 
Lamb weaned (%) crop 
Calf sale weight: 

Steer (kg) 
Heifer (kg) 

Lamb sale weight: 
Ewe lambs (kg) 
Ram lambs (kg) 
Purchased feed costs (S) 

Southeastern New Mexico Eastern Wyoming Southeastern Montana Northwest Nevada 
sheep and cattle ranch shed lambing ranch cattle ranch cattle ranch 

643 442 483 1,740 
358 34.5 112.5 842 

2,000 2,ooo - - 
450 450 - 
60 60 - - 

100 - 400 1,450 
15 - 58 200 
9 - 18 90 

3,110 3,038 5,670 2,349 

6,480 1,260 1,823 - 
2,074 1,778 608 - 

11,664 6,076 8,101 2,349 

8,248 795 2,592 19,399 
3,090 9,855 1,500 

10,553 10,605 3,940 19,399 

750,000 500,000 700,000 1,336,OOO 
225,800 178,100 341,900 972,100 

68,100 85,800 93,000 192,200 
1,043,900 763,900 1,134,900 2,500,300 

5 5 5 5 

96 - 90 76 
90 125 - - 

221.0 - 227.0 227.0 
181.6 - 217.9 204.3 

33.14 43.13 - - 
36.32 43.13 - - 

13,926 9,443 39,068 39,410 
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Table 4. Implications of alternative federal grazing fee formulas on the economic viability of a representative sheep and cattle ranch in southeastern New 
Mexico. 

PRIA 
formula 

Updated 
PRIA 

Modified 
PRIA 

Combined 
value fee 

Modified 
market value 

Probability of lower 
real equity (%) 

Average change in real 
net worth (%) 

Ending equity ratio (fract.) 
Average annual cash 

receipts (SlOOO) 
Average annual cash 

expenses ($1000) 
Average annual net 

cash income (S 1000) 
Coefficient of variation 

annual net cash 
income (%) 

Risk index for annual 
net cash income (%) 

Average net cash income ($1000) 
1992 
1993 
1994 
1995 
1996 
1997 

loo. 100. 100. 100. 100. 

-10.00 -12. -20. -17. -22. 
0.93 0.91 0.83 0.86 0.80 

163.05 163.05 163.05 163.05 163.05 

127.32 131.06 150.18 144.87 155.68 

35.73 31.99 12.87 18.18 7.37 

18. 

0. 

21. 

16. 

55. 

205. 

38. 

111. 

104. 

477. 

47.12 43.93 27.65 32.12 26.32 
39.01 35.38 18.08 22.83 14.13 
33.11 28.87 10.23 15.36 4.75 
32.93 29.23 10.28 15.46 3.21 
30.95 27.65 7.90 13.55 -0.43 
31.28 26.90 3.09 9.74 -3.79 

PRIA Formula = $1.23 * (FVI64 + BCP164 PPI64)/ 100 and minimum is $1.35/AUM and maximum annual change is + or -25%. 
Updated PRIA Formula + $2.43 l (FV189 * BCPI89/ICI89)/ 100. 
Modified PRIA Fee System = $5.45 * (FV189 * BCPI89/IC189)/ 100. 
Combined Value Fee System = $4.62 l (FV189 * BCPI89/ICI89)/ 100. 
Modified Market Value Fee System = $5.45 * (FVI89)/ 100. 
Probability of Lower Real Equity-Chance that the farm will experience a decrease in net worth after adjusting for inflation. 
Change in Real Net Worth-Percentage change in real net worth over the simulation period, 1992-1997. 
Ending Equity Ratio-Total net worth divided by total assets in the last year simulated. 
Annual Cash Receipts-Total cash receipts from crops: dairy, livestock, government payments, and other farm related activities. 
Annual Cash Expenses-Total cash costs for crops, dairy, and livestock production, including interest costs and fixed cash costs; excludes depreciation. 
Annual Net Cash Income-Total cash receipts minus total cash expenses; excludes family living expenses, principal payments, and costs to replace capital assets. 

in 1992 to a low of $30,950 in 1996 as beef prices decline due to the 
beef price cycle. A slight recovery in net cash income occurred in 
1997 as beef cattle prices recover. The low net cash incomes result 
in a 100% probablity of reduced real net worth under the current 
formula. On average, the ranch experiences a 10% decline in its 
earned real net worth by 1997. Comparing the 4 alternative grazing 
fee formulas to the current formula reveals average annual net cash 
income is lower for all 4 alternative grazing fee formulas. The 
largest reduction in average annual net cash income ($28,360) 
occurs under the Modified Market Value formula ($5.21 average 
fee level) because this formula is associated with the largest 
increase in grazing fees. Risk, as measured by the coefficient of 
variation, associated with net cash income is lowest for the current 
formula. The Updated formula would increase net cash income 
variability 16% while the Modified formula increases income vari- 
ability about 200%. The Combined Value Fee System ($4.05 aver- 
age fee) and Modified Market Value System (.$5.21 average fee) 
increase net cash income variability 111 and 47770, respectively. 
Due to increased debt loads caused by lower net cash farm 
incomes, average net cash farm income does not increase in 1997 
under the 4 alternative formulas as it does under the current 
formula. 

Increased income risk and lower net incomes associated with the 
alternative formulas result in the ranch losing a much greater 
percent of its real net worth over the 6-year planning horizon than 
under the current formula. Under the Modified formula, or $4.78 
average fee level, the ranch would lose on average of 20% of its real 
net worth, or twice as much as under the current formula (Table 4). 
The Updated formula would reduce real net worth only 2 percen- 
tage points more than the current formula. 
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The Southeastern Montana panel ranch located in Custer 
County has 483 animal units consisting of 400 cows, 58 replace- 
ment heifers, 18 bulls, 7 horses (Table 3). The panel ranch grazes 
8,101 ha of rangeland, of which 1,823 ha are leased from the federal 
government, 5,670 are owned, and 608 ha are leased from private 
and state sources. Annual grazing on federal rangeland accounts 
for 112.5 AUs or about 23% of the ranch’s grazing requirements. 
At a price of $1.921 AUM, the federal grazing cost is $2,592 annu- 
ally on the panel ranch. The stocking rate of 12 ha per AU is 
considered to be about the same as on private, federal, and state 
lands. Lease costs on private and state land averages about 
$2.5O/AUM. The value of land and improvements on the panel 
ranch was estimated at $700,000 by the panel. The value of cattle, 
excluding calves, was set at $34 1,900 by valuing breeding stock at 
fall 1990 prices. 

The Northwest Nevada cattle ranch located in Humboldt 
County has 1,740 AUs consisting of 1,450 cows, 200 replacement 
heifers, and 90 bulls (Table 3). The Northwest Nevada ranch grazes 
284 ha of meadow hay, 1,661 ha of rangeland, and grows 405 ha of 
alfalfa on 2,349 deeded ha. The ranch has a spring and summer 
BLM lease of 842 AUs. Public grazing for this type of Nevada 
ranch frequently has a 6-month duration. Typically in a good 
grazing year, such range might yield an AUM per 4.9 ha. Thus a 
rancher might oversee livestock on 48,600 ha, which partially 
accounts for the high asset value. 

Results 

Southeast New Mexico Sheep and Cattle Ranch 
Under the current formula, average annual net cash income is 

$35,730 (Table 4). Net cash income steadily decreases from $47,120 
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Table 5. Implications of alternative federal grazing fee formules on the economic viability of a representative shed lambing sheep ranch in Eastern 
Wyoming. 

PRIA Updated Modified Combined Modified 
formula PRIA PRIA value fee market value 

Probability of lower 
real equity (To) 

Average change in 
real net worth (Yc) 

Ending equity ratio (fract.) 
Average annual cash 

receipts ($1000) 
Average annual cash 

expenses ($1000) 
Average annual net cash 

income (%lOOQ 
Coefficient of variation 

annual net cash 
income (9%) 

Risk index for annual 
net cash income (%) 

Average net cash income (SlOOO) 
1992 
1993 
1994 
1995 
1996 
1997 

51. 58. 95. 90. 97. 

0. -1. -8. -6. -10. 
0.96 0.96 0.96 0.96 0.94 

170.16 170.16 170.16 

111.58 126.53 108.57 

61.60 

8. 

0. 

58.59 43.63 

9. 

12. 

66.40 62.93 47.64 51.84 46.12 
63.65 59.68 43.83 48.24 40.48 
58.60 54.85 38.51 43.13 33.71 
61.33 58.85 44.14 48.46 37.30 
59.90 57.85 44.14 48.22 37.91 
59.69 57.36 43.50 47.54 38.55 

15. 

88. 

170.16 

122.26 

47.91 

13. 18. 

62. 125. 

170.16 

131.15 

39.01 

PRIA Formula = $1.23 * (FV164 + BCP164 PPI64)/ 100 and minimum is $1,35/AUM and maximum annual change is + or -25%. 
Updated PRIA Formula + $2.43 l (FV189 * BCPI89/ICI89)/ 100. 
Modified PRIA Fee System = $5.45 + (FVI89 * BCPI89/ICI89)/ 100. 
Combined Value Fee System = $4.62 l (FV189 l BCPI89/ICI89)/ 100. 
Modified Market Value Fee System q  $5.45 * (FVI89)/ 100. 
Probability of Lower Real Equity-Chance that the farm will experience a decrease in net worth after adjusting for inflation. 
Change in Real Net Worth-Percentage change in real net worth over the simulation period, 1992-1997. 
Ending Equity Ratio-Total net worth divided by total assets in the last year simulated. 
Annual Cash Receipts-Total cash receipts from crops: dairy, livestock, government payments, and other farm related activities. 
Annual Cash Expenses-Total cash costs for crops, dairy, and livestock production, including interest costs and fixed cash costs; excludes depreciation. 
Annual Net Cash Income-Total cash receipts minus total cash expenses; excludes family living expenses, principal payments, and costs to replace capital assets. 

Eastern Wyoming Shed Lambing Ranch 
Under the current formula, annual net cash income is projected 

to average $61,600 over the 1992-97 planning horizon (Table 5). 
On average, real net worth was maintained over the 6-year plan- 
ning horizon. Comparing the 4 alternative federal grazing fee 
formulas to the current formula reveals that average annual net 
cash income fell about $3,010 if the Updated formula was adopted 
while the Modified Market Value formula reduces average annual 
net cash income by $22,590. The variability in net income increased 
12% under the Updated formula while the Modified Market Value 
formula increased income variability approximately 125%. The 4 
alternative grazing fee scenarios result in a decline in the ranch’s 
earned real net worth over the period ranging from 1% under the 
Updated formula to 10% when utilizing the Modified Market 
Value formula. The probability that the ranch would experience a 
lower real net worth was 51% for the current formula but was 
increased to 90% or more for 3 of the 4 alternative formulas. 

Southeastern Montana Cattle Ranch 

$1,170 to $9,370 per year under the alternative grazing fee formu- 
las. Variability of net cash income increases as much as 33% under 
the alternative grazing fee formulas, with the Updated formula 
increasing income variability the least and the Modified Market 
Value formula increasing income variability the most. The average 
loss in real net worth is not much greater than under the current 
formula because the alternative formulas do not reduce net cash 
income significantly and the ranch is relatively profitable. 

Northwest Nevada Cattle Ranch 

Annual net cash income averaged $53,000 over the 1992-97 
planning horizon under the current formula (Table 6). For the base 
formula, net cash income declined from $60,360 in 1992 to $45,940 
in 1995 and then increased through 1997 due to the change in cattle 
prices. Given the current formula, the ranch has a 99% probability 
of reducing its real earned equity (and on average, real net worth 
falls 9% by 1997) despite a net cash income of $53,000 per year. The 
real loss in net worth results from cash flow deficits which are 
caused by family living expenses, principal payments, and capital 
asset replacement costs exceeding net cash income as cattle prices 
decline. Comparing the alterantive federal grazing fee formulas to 
the current formula reveals average annual net cash income falls by 

Under the current formula, annual net cash income averages 
about $179,730 over 1992-97 (Table 7). Net cash income decreases 
from $197,480 in 1992 to a low of $163,290 in 1995 and then 
increases as beef cattle prices recover. With the current formula, 
despite relatively large net cash incomes, the ranch has a 59% 
chance of decreasing real net worth over the 6-year planning 
horizon because its principal payments, depreciation, and family 
living expenses exceed net cash income in most years. The average 
loss in real earned net worth is about 1% under the current formula. 
Comparing the alternative federal grazing fee formulas to the 
current formula reveals average annual net cash income would 
decline from $4,660 to $35,990 as federal grazing fees are increased 
under the alternative formulas. The largest decrease in net cash 
income results from the Modified Market Value formula (20%) 
while the smallest decrease is associated with the Updated formula 
(2.5%). Variability in net cash income would be about the same 
under the Modified but 11% less under the Updated formula. The 
Modified Market Value formula results in the greatest increase in 
relative variability (22%). The Modified Market Value formula 
would have the greatest adverse impact on the ranch’s ability to 
maintain real net worth; with the ranch projected to lose approxi- 
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Table 6. Implications of alternative federal grazing fee formulas on the economic viability of a representative cattle ranch in southeastern Montana, 
23% federal grazing. 

PRIA Updated Modified Combined Modified 
formula PRIA PRIA value fee market value 

Probability of lower 
real equity (To) 99. 99. 100. 100. 100. 

Average change in real 
net worth (Yo) -9. -9. -11. -11. 

Ending equity ratio (fract.) 
-12. 

0.95 0.95 0.94 .94 
Average annual cash 

0.93 

receipts ($1000) 171.65 171.65 171.65 171.65 
Average annual cash 

171.65 

expenses ($1000) 118.62 119.79 126.01 124.27 127.99 
Average annual net cash 

income ($1000) 53.03 51.86 45.64 47.38 
Coefficient of variation 

43.66 

annual net cash 
income (70) 15. 16. 17. 17. 

Risk index for Annual 
20. 

net cash income (To) 0. 6. 13. 13. 33. 
Average net cash income ($1000) 

1992 60.36 59.15 53.34 54.93 
1993 

52.79 
51.62 50.18 43.86 45.60 42.46 

1994 48.19 46.83 40.49 42.25 
1995 

38.52 
45.94 44.94 38.96 40.64 36.11 

1996 54.51 53.65 47.69 49.36 
1997 

44.91 
57.54 56.41 49.50 51.48 47.16 

PRIA Formula = $1.23 * (FVI64 + BCPI64 PPI64)/ 100 and minimum is $1.35/AUM and maximum annual change is + or -25%. 
Updated PRIA Formula + $2.43 l (FV189 l BCPI89/ICI89)/ 100. 
Modltied PRIA Fee System = $5.45 l (FVI89 * BCPI89/IC189)/ 100. 
Combined Value Fee System q  $4.62 l (FVI89 * BCPI89/ ICI89)/ 100. 
Moddied Market Value Fee System q  $5.45 l (FVI89)/ 100. 
Probabi!ity of Lower Real Equity-Chance that the farm will experience a decrease in net worth after adjusting for inflation. 
Change m Real Net Worth-Percentage change in real net worth over the simulation period, 1992-1997. 
Ending Equity Ratio-Total net worth divided by total assets in the last year simulated. 
Annual Cash Receipts-Total cash receipts from crops,, dairy, livestock, government payments, and other farm related activities. 
Annual Cash Expenses-Total cash costs for crops, dauy, and livestock production, including interest costs and fixed cash costs; excludes depreciation. 
Annual Net Cash Income-Total cash receipts minus total cash expenses; excludes family living expenses, principal payments, and costs to replace capital assets. 

mately 6% of its real equity by 1997. 

Summary and Implications 
The purpose of this study was to quantify the impacts of alterna- 

tive federal grazing fee formulas on the economic viability (level of 
income and risk) of 4 representative ranches leasing public range 
lands in the Western United States. The Farm Level Income Tax 
and Policy Simulation Model was used to simulate the probable 
consequences of 4 alternative grazing fee formulas for a variety of 
ranches in major public land regions of the United States. The 
formulas analyzed were the current Public Rangeland Improve- 
ment, Updated, Modified Fee System, Combined Value Fee Sys- 
tem, and Modified Market Value Fee System. 

Average annual net cash income is projected to remain positive 
but decline over the first 4 years of the planning horizon as cattle 
prices weaken. Increasing cattle prices increase average annual net 
cash farm income in 1996 and 1997 for ranches which do not amass 
significant debts while cattle prices are low. Average annual net 
cash incomes decrease by as much as 2270, relative to the current 
formula, under alternative grazing fee formulas. Additionally, the 
results suggest that the alternative grazing fee formulas would 
increase income risk as measured by the coefficient of variation of 
net cash income by up to 477%. 

The results of this analysis suggest that as cattle prices decline 
over the 1992-1996 period western ranches will experience finan- 
cial pressures that lower grazing fees under PRIA will not alleviate. 
Alternative grazing fee formulas do not decrease sufficiently due to 
lower cattle prices to maintain ranch incomes. The beef cattle cycle 

has started a down turn in prices as the market reacts to increased 
supplies. This biological/ economic relationship will result in lower 
prices until cattle numbers decline. A change in economic forces 
(i.e., a new administration) will not likely be able to expand beef 
demand sufficiently to overcome the adverse effects of the cattle 
cycle on ranch incomes. 

In conclusion, the present study quantifies the amount that 
alternative federal grazing fees would reduce the economic viabil- 
ity of ranches who lease federal rangeland. Economic viability 
would be reduced by decreasing net cash income, increasing the 
risk on net income, and reducing net worth. If the ability to pay and 
the economic viability of ranchers and rural communities in the 
West are criteria for setting federal grazing fees, further research 
into the matter is needed before the federal grazing fee formula is 
changed. 
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Table 7. Implications of alternative federal grazing fee formulas on the economic viability of a representative cattle ranch in northwestern Nevada. 

PRIA 
formula 

Updated 
PRIA 

Modified 
PRIA 

Combined 
value fee 

Modified 
market value 

Probability of lower 
real equity (%) 

Average change in 
real net worth (%) 

Ending equity 
ratio (fract.) 

Average annual cash 
receipts ($1000) 

Average annual cash 
expenses ($1000) 

Average annual net cash 
income ($1000) 

Coefficient of variation 
annual net cash 
income (%) 

Risk index for annual 
net cash income (%) 

Average net cash income ($1000) 
1992 
1993 
1994 
1995 
1996 
1997 

59. 71. 94. 90. 95. 

-5. 

0.97 

-4. 

0.97 

448.93 

291.15 

-6. 

0.97 

448.93 

-1. -1. 

0.97 0.97 

448.93 448.93 448.93 

269.21 273.87 297.74 305.20 

179.73 175.07 151.20 157.78 143.74 

9. 11. 9. 8. 9. 

0. 0. 22. 0. -11. 

197.48 192.14 166.02 173.20 163.45 
179.46 174.10 147.36 154.76 139.94 
166.87 160.96 135.76 142.78 128.22 
163.29 159.08 136.80 142.93 126.19 
179.61 176.21 155.00 160.83 145.50 
191.64 187.90 166.23 172.18 159.12 

PRIA Formula = $1.23 * (FV164 + BCP164 PPI64)/ 100 and minimum is Sl.351AUM and maximum annual change is + or -25%. 
Updated PRIA Formula + $2.43 l (FVI89 * BCPI89/ICI89)/ 100. 
Modified PRIA Fee System = $5.45 * (FV189 * BCPI89/IC189)/ 100. 
Combined Value Fee System = $4.62 * (FV189 * BCPI89/ICI89)/ 100 
Modified Market Value Fee System = $5.45 * (FVI89)/ 100. 
Probability of Lower Real Equity-Chance that the farm will experience a decrease in net worth after adjustint for inflation. 
Change in Real Net Worth-Percentage change in real net worth over the simulation period, 1992-1997. 
Ending Equity Ratio-Total net worth divided by total assets in the last year simulated. 
Annual Cash Receipts-Total cash receipts from crops! dairy, livestock, government payments, and other farm related activities. 
Annual Cash Expenses-Total cash costs for crops, dary, and livestock production, including interest costs and, futed cash costs; excludes depreciation. 
Annual Net Cash Income-Total cash receipts mmus total cash expenses; excludes family living expenses, prmclpal payments, and costs to replace capital aSSetS. 
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Abstract 

Ladino white clover (Trifolium repens L.) is usually re- 
established annually for cool-season and early warm-season pas- 
ture improvement. Careful pasture management during summer 
can encourage persistence of stolons so that renovation and reseed- 
ing may not be needed for subsequent grazing. Ladino white clover 
might be manageable for both cool- and warm-season grazing if 
grass competition is controlled. Both cool- and warm-season yields 
of persisting ladino white clover exceeded that of new plantings by 
an average (15 SE) of 180 f 41%. Winter yields of persisting swards 
averaged 5,250 f 350 kg/ha while those of new plantings were only 
1,379 f 182 kg/ha. Average standing crop of persisting and new 
plantings was 3,497 f 724 and 2,500 f 378 kg/ha, respectively, 
from June through September. Suppression of warm-season com- 
petition leading to ladino white clover persistence may produce 
economic and soil conservation advantages. The greatest advan- 
tage of managing for persistence appeared to be increased forage 
for winter grazing. 

Key Words: legume, pasture renovation, Triforiwn repens 

Most covers used for cool-season pastures in the southeastern 
United States are annuals that flower in spring and die by early 
summer. Subsequent pasture production requires renovation to 
release competition and promote seedling survival (Johnson et al. 
1987). Because of the humid environment and soft-seeded nature 
of many commonly available clovers, plants may not volunteer 
well due to early germination of seeds when competition from 
warm-season grasses is high. Therefore, additional seed is usually 
used with annual renovation to ensure reasonable production. A 
long-term result of this annual soil disturbance is soil erosion with 
subsequent lowering of pasture fertility. 

White clovers may persist longer into summer months than 
other species (Baltensperger et al. 1984). I observed some swards of 
ladino white clover (Tr~olium repens L.) that persisted all 
summer, providing good winter production the second year with- 
out renovation. These pastures were initially planted after inten- 
sive seed-bed preparation (5 diskings at 2-week intervals) to elimi- 
nate warm-season, sod-forming grasses. This observation was 
significant because white clover seedling vigor is low so that new 
plantings often do not produce adequate yields for grazing until 
spring. Producers often use clover species with higher seedling 
vigor when winter grazing is their primary objective. These species 

Funding was provided by the Louisiana Agricultural Experiment Station under 
project LAB0 2516. Sacramento Valley Milling, Inc., provided seed for use in the 
experiment. The author wishes to thank B.R. Jones, B.C. Jones, and G.W. Berger for 
use of their properties. 
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usually die earlier and produce less opportunity for early summer 
grazing. Therefore, I conducted experiments with ladino white 
clover to determine if summer persistence could be consistently 
achieved, to estimate warm-season grazing potentials, and to com- 
pare winter yields of new plantings with persisting swards. 

Materials and Methods 

Study Areas 
Field studies were conducted on the Blairstown and Shades 

Plantations in East Feliciana Parish near Clinton, La. Soils on the 
study areas are Tangi (Typic Fragiudults)-Oliver (Aquic Fragiu- 
dalfs) and Tangi-Lytle (Typic Paleudults) silt loams of the Loessil 
Hills Association. These are acid, gently sloping, and moderately 
welldrained upland soils of low fertility. Average pH of the surface 
soil at plot locations was 5.1, and levels of PsOh and KsO averaged 5 
and 23 ppm, respectively. 

Plot Preparation 
During summer 1987,25 plots (0.5 ha each) were prepared for 

fall planting by disking 5 times at 2-week intervals to kill sod- 
forming grasses (the first disking was done on 15 July). Dolomitic 
lime was added at 4,500 kg/ha (Peevy 1972). During late Sep- 
tember, ladino white clover (var. Osceola) was seeded at 20 kg/ ha 
with 300 kg/ ha of 8-24-24 fertilizer and cultipacked to ensure soil 
contact. Fourteen of the plots were on the Blairstown Plantation 
and 11 were at the Shades Plantation. 

During summer 1988,5 additional plots were prepared on each 
property, as described above, and fertilized and seeded in Sep- 
tember so that yields could be compared between new plantings 
and swards persisting into the second year. All plots planted in 
1987 were mown above the clover in August 1988 to reduce weed 
competition and fertilized as before. Livestock were excluded 
throughout the study, but grazing by white-tailed deer (Odocoileus 
virginianus) kept all herbage at ground level. 

In fall 1988, 3 exclosures (1 by 1 m) were randomly placed on 
each of the 35 plots to eliminate use by white-tailed deer, which 
were abundant at both sites. Herbage was clipped in a single 20 by 
20-cm quadrat placed in each exclosure during late February 1989 
to compare peak winter standing crops. Exclosures were moved 
about 3 m and sampled again in May to compare spring standing 
crops. These herbage clippings represented regrowth following 
grazing by deer. The process was repeated monthly thereafter to 
evaluate summer production and persistence. All herbage clip- 
pings were placed in paper bags and oven dried at 60” C for 24 
hours before weighing. 

Data collected from the 3 quadrats per plot were averaged to 
give a mean yield per sampling date and plot. Means between 
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treatments were statistically compared using normal variates 
rather than the Student’s t distribution (Mood et al. 1974). Other- 
wise, statistical comparisons between means were calculated in a 
manner similar to procedures used for Student’s t tests. Data 
presented are means and standard errors of the means. 

Results and Discussion 
Although the last measurements were made in 1989, all plots 

persisted through spring of 1991. There were no significant differ- 
ences in mean ladino white clover standing crops between Blair- 
stown and Shades study locations for persisting swards, for new 
plantings, or for any sampling date (mO.2). Therefore, mean 
standing crop estimates were averaged across locations. Persisting 
swards produced significantly more forage (P<O.OS) than new 
plantings, especially considering winter standing crops (Table 1). 

Table 1. Mean (& SE) oven-dry yields of Osceola ladino white clover from 
February to September 1989 in East Feliciana Parish, Louisiana, aver- 
aged across study locations. Persisting plantings (n = 25) were seeded in 
September 1987 and new plantings (n = 10) were seeded in September 
1988. 

Month of Sampling 

February 
May 
June 
July 
August 
September 

New Planting Persisting Planting 
__________(kg/ha)--_-______ 
1379 f 182 5250 f 350 
4963 f 578 7665 f 698 
3394 f 311 4761 f 403 
1954 f 199 2416 f 356 
2859 f 408 4729 f 628 
1795 f 310 2080 It 619 

In February, persisting swards produced about 3.8 times more 
forage than new plantings. Production peaked in spring with more 
than 3,000 kg/ ha and more than 2,000 kg/ ha for persisting and 
new swards, respectively. Summer production of persisting swards 
ranged from about 1,000 kg/ ha to more than 2,000 kg/ ha for 
persisting swards. Although summer standing crops were consist- 
ently higher for persisting swards compared to new plantings, they 
were not significantly different for July and September (p>O.2), 
the driest months. For the months of June and August, persisting 
swards produced about 50% more ladino white clover than the 

newer plantings (P<O. 1). Apparently, the longer-established stol- 
ons were able to take better advantage of the limited moisture. 

Although a variety of warm-season annual legumes are adapted 
to the southeastern United States, few warm-season perennial 
legumes are available, and there is a great need for persitent peren- 
nial species (Ball et al. 1991). The unexpectedly high second-year 
summer yields of persisting ladino white clover could be of signifi- 
cant importance. Ladino white clover might be used for both 
cool-and warm-season grazing under appropriate management, 
and this could represent significant savings to livestock producers 
from both economic and soil conservation aspects. Regardless of 
summer grazing potentials, the value of second-year winter clover 
production provides a substantial economic advantage consider- 
ing elimination of costs for seed and disking, and the dramatically 
increased forage production. Based on the cost for new plantings 
compared to maintenance of persisting swards (- %566/ha vs. 
$134/ha, respectively, Johnson and Dancak 1993), the cost of 
ladino white clover for winter grazing was $0.4 l/ kg for new plant- 
ings and about %O.O3/kg for second-year persisting swards. 
Although this represents a dramatic difference, an accurate com- 
parison for any individual producer would require consideration 
for lost opportunity if warm-season use was deferred, and any 
additional costs required to manage for persistence of the ladino 
white clover. 
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Abstract 

In the tropical Andean environments little is known about the 
relationship between weed dispersal and disturbances caused by 
cattle. We propose that abundance and dispersal of the Venezuelan 
Andean weed Acaena (Acaena elongata L.) is associated with the 
widespread grazing habits of cattle. We stu&ed Acaena presence in 
areas with different cattle movements and grazing intensities. 
Acaena density increased with cattle trail density (fl q  .98,P<.OOl). 
Infestation patterns suggested dispersal by cattle along trails. 
Areas with greater cattle movement (0.34 trails/m) possessed the 
greatest density and highest number of Acaena plants (P<.OOl). 
This weed has morphological and phenological features adapted to 
cattle dispersal. Fruits mature during the season when cattle are 
less selective and travel the greatest distances. 

Key Words: dispersal, cattle, Acaena elongata, tropical mountains 

In high tropical environments little is known about the ecology 
of plant invasion; however, some of the major problems are related 
to dispersal mechanisms and their consequences (Smith and 
Young 1987). One of the most important factors determining the 
ability of invasion is the method of dispersal used by a plant species 
(Van Hulst 1987, Hengeveld 1988), especially in disturbed envi- 
ronments (Stebins 1971). Recently, zoochory has received much 
attention (Howe and Smallwood 1982). However, little is known 
about dispersal by adhesion (Sorensen 1986). 

The Venezuelan Pdramos (mountain regions above 3,500 m) is a 
good example of a tropical Andean environment subject to distur- 
bances by grazing and associated species dispersal. Widespread 
grazing is concentrated above the agricultural zone, in the Andean 
“Pdramos” (Monasterio 1980). In these regions, the changes in 
vegetation and the dispersal of weeds could be related to the 
introduction of cattle. Although these changes have not been 
recorded, they can be studied indirectly with respect to their cur- 
rent relationship with the introduction of foreign agents. The aim 
of this research was to investigate one of these changes related to 
cattle: the abundance and the dispersal of weeds in the Andean 
zone. For this study we selected Acaena (Acaena elongata, L.), a 
common weed of the Andean mountains. Acaena is predominant 
in environments with widespread cattle grazing, and has fruits with 
adaptative features (burrs) that facilitate dispersal by large animals 
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Fig. 1. Acaena elongata (Rosaceae). Perennial, small shrub of the high 
tropical Andean mountain. The surface of the fruit is covered with hooks 
which allows external transportation by the domestic animals. 
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(Fig. 1). To determine if the abundance and dispersal of this 
particular weed is related to cattle grazing, we evaluated the follow- 
ing hypotheses: (1) Acaena should be more abundant in those areas 
most frequented by cattle, and (2) plant distribution should be 
directly related to the movement patterns of the cattle. 

Materials and Methods 

Study Area 
The study was conducted in the “Paramo” region known as “El 

Banco”(3,700 m), Cordillera of Merida, Venezuela (8”5’N, 70’55’ 
W) (Fig. 2). The climate in this region is cool and humid with a 
unimodal rainfall pattern from May to October (Monasterio and 
Reyes 1980). The vegetation is dominated by shrubs including 
Espeletia schultzii and Hypericum laricifolium. This pair of shrubs 
is one of the most important and most widespread associations in 
the Andean “Paramo”(Monasterio and Reyes 1980). In the study 
area, the presence of Acaena, a small perennial native shrub of the 
high tropical Andean mountains, is prominent. Its distribution is 
from above the treeline to an elevation of 4,000 m, and it is most 
abundant in shrub communities (Vareschi 1970). The common 
name (Acaena or Cadillo) refers to the adhesive features of its 
fruits. Fructification begins during the wet season (May-October) 
and the fruits are ready to be dispersed during the dry season 
(January-March), by means of attaching themselves to cattle, 
horses, and humans. 

Methods 

Sampling was done in February, March, and April 1991, in a 
valley where the cattle are moved on a daily basis between agricul- 
tural and grazing lands (Fig. 2). The daily and seasonal pasturing 
patterns allowed us to select regions with varying movements of 
cattle in a homogeneous area, with regards to orientation, slope, 
soil, and vegetation. The density of cattle trails was estimated by 20 
transects each measuring 30 m, perpendicular to the contour. A 
measurement was developed by counting the number of trails/ me- 
ter to indicate the frequency of cattle movement (Walker and 
Heitschmidt 1986). By virtue of this measurement, the region was 
divided in 2 areas of 10,000 m*: 1 with a low density of trails (LDT), 
and the other with a high density of trails (HDT) (Fig. 2). 

In both areas, twenty-9 m2 quadrats were placed at random. By 
means of 50 random points in each quadrat, the following was 
measured: (a) biovolume of shrubs using the method of square 
points (Mueller-Dombois and Ellember 1974) and (b) absolute and 
relative cover of Acaena. Additionally, in each quadrat was 
recorded (i) the total number of individual Acaena plants, (ii) the 
number of Acaena plants that grew isolated or beneath shrubs, and 
(iii) in 1 Acaena plant the green/ dry biovolume was measured by 
selecting 10 random points. 

In order to evaluate the relationship between cattle movement 
and Acena presence we chose the area with greater cattle move- 
ment (HDT). The number of trails and individual Acaena plants 
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Fig. 2. (a) Piramo “El Banco”, study area in the Cordillera of Mlrida, Venezuela. (b) Slope of valley where cattle are moved on a daily basis from the 
farmer house (1) between agricultural (2) and grazing lands. The sampled areas are indicated by quadrats: (3) low trail density and (4) high trail density. 
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was measured using 6 transects of 10 by 60 m (divided into sections 
of 10 by 10 m) perpendicular to the slope. 

To evaluate the effect of grazing with respect to the presence of 
Acaena, 2 regions of 1,000 rnz of high and low grazing intensity 
were selected. The selection was based on observations of animal 
movement carried out in 1990, and on interviews with farmers. In 
each region, 10 quadrats of 1 m2 were placed at random. In each 
quadrat, 10 points were taken at random to measure cover and 
biovolume of the main plant species. 

Dispersal of Acaena by the cattle was tested using 300 marked 
burrs (fruits) equally distributed on the limbs of a cow moved over 
2 regions chosen specifically for their markedly different shrub 
densities. The number of burrs released and the place where they 
fell was recorded every 25 m. 

The number of trails and individual Acaena plants was com- 
pared in the 2 areas with different trail density using the Mann- 
Whitney test. Cover and shrub biovolume data were transformed 
(arcsin root), verified with the Bartlett test, and data compared 
using 1 way analysis of variance (Sokal and Rholf 1981). The 
proportion of Acaena green/dry biovolume (number of contacts), 
below and above 10 cm, was compared using X2 test. The distribu- 
tion of the fruits (burrs) dispersed in the field experiment between 
regions with higher and lower density of shrubs was compared 
using the Kolmogorov-Smirnov test (Sokal and Rholf 1981). 

Results 

The area with greater movement of cattle (0.34 f 0.05 trails/m) 
compared with that of lesser movement (0.09 f 0.03 trails/m) 
possessed a greater absolute and relative density of cover of 
Acaena (P<.OOl), and a higher number of individual plants 
(P<.OOl). However, these 2 areas did not differ in shrub biovolume 
of other plant species (D.05, Fig. 3). In both areas Acaena grew 
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Fig. 3. Absolute and relative cover of A. elonguta as a function of trail 
density (F = 88.4 and F q 67 respectively, n = 20, P<.OOl). The shrub 
biovolume did not differ between both areas (F q 3.9, n = 20, JP.05). 

more frequently under shrubs than in isolated groupings. How- 
ever, the areas with different cattle movement did not differ in the 
proportion of the number of Acaena plants in isolated groupings 
compared to those under shrubs (isolated/ under shrubs) (X2 = 1.97 
D.9). 

In the area with greater cattle movement, trail density decreased 
with the distance from the base of the slope (r2 = -.98 P<.OO 1, Fig. 
4a), while the density of Acaena increased with trail density (r2 = .98 
P<.OOl, Fig. 4b). 

The green/dry biovolume ratio for Acaena individuals showed 
greater dry biovolume below 10 cm and greater green biovolume 
above 10 cm (X2 q 162.9 P<.OOl). 
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Fig. 4. (a) Mean density of A. elonguh plants in relation to distance from 
the foot-slope (r q -0.99, n = 6, JY.01). (b) Mean density of A. e~ongata 
plants in relation to trail density (r = 0.99, n = 6JV.01). Each point is the 
mean of 6 replicates. 

Cover of Acaena and Festuca myurus was greater in areas with 
high than with low grazing intensity, while the opposite is true for 
Stipa mexicana. The other species do not show significant differ- 
ences between regions (Table 1). 

Table 1. Cover (%) of dominant plant species in regions with different 
grazing intensities”. 

high grazing intensity low grazing intensity 
Species mean SD mean SD P 

A. elongata 53.1 35.8 0.0 0.0 <.OOl 
Festuca sp. 21.9 20.9 0.0 0.0 <.OOl 
Stipa spb 1.9 4.1 54.2 26.0 <.OOl 
Geranium sp. 2.5 7.9 13.2 27.2 >.05 
Rumex sp. 4.3 6.9 0.8 2.6 >.05 
Poa sp.b 0.0 0.0 6.3 10.6 >.05 
Luzula SP.~ 0.0 0.0 0.6 1.7 >.05 
Cakwnagrostis sp. 1.3 4.2 3.9 9.2 >.05 

‘Data from twenty 1 m2 quadrats compared with 1 way ANOVA. 
bGood foragers plant species. 

The dispersal experiment counting the number of burrs that fell 
from a cow indicated that about 7% of the marked burrs fall 
within the first 175 m. The distribution of the burrs released along 
the cattle trails in regions with different shrub densities differs 
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Fig. 5. Distribution of burrs (fruits) released from the limbs of a cow which 
has moved between 2 areas with different shrub densities. Dispersal 
distance distributions are different (Kolmogorov-Smirnoff test, D = 
0.304, P<.OOl). 

significantly (D q  0.304, P<.OOl, Fig. 5). 

Discussion 
Animals are vehicles for the dispersal of seeds of many species 

and are considered as important elements in the maintenance of 
populations (Harper 1977). There is some evidence which relates 
the activity of cattle to plant invasion. Brown and Archer (1987, 
1989) found a higher density of seeds of Prosopis glandulosa 
germinating in areas subject to cattle grazing in Texas (USA). They 
suggested that the rate of invasion of this species increased substan- 
tially after the introduction of domestic animals. Shmida and 
Ellner (1983) maintained that the external transportation of seeds 
by cattle contributes to the persistence of annual plant populations 
in the Mediterranean Chaparral. We suggest that in the Venezue- 
lan “P&ramos”, cattle play a triple role with respect to weed inva- 
sion, as a dispersal agent, generator of disturbances and modifier 
of the competitive balance by means of preferential grazing. 

The surface of the fruit of Acaena is covered by small hooks, a 
morphological feature of the pericarp which allows external trans- 
portation by native herbivores and cattle. This is one of the most 
common characteristics of plants which are dispersed by adhesion 
(Sorensen 1986). 

During the dry season, fruits are arranged into spikes which are 
projected towards the outside of the shrub. The maturation of 
fruits during this season appears to have 2 adaptative advantages: 
first, the decrease in foliage of other more palatable species enables 
Acaena (with a high proportion of green biomass on the superior 
layer) to be more attractive fodder (the foliage is the “fruit”(Janzen 
1984)). The burrs then attach onto the bodies of cattle while the 
plant is eaten. Second, the low availability of foliage during this 
season results in animals traveling greater distances and results in a 
broader dispersal of Acaena seeds. The effect of this “double 
advantage”is a strategy that results in the colonization of new sites 
at high rates (see Hengeveld 1988). 

The higher density of Acaena in areas with many trails suggests 
that plant dispersal is determined by cattle movement in places 
more frequently visited (Fig. 3 and 4b). Our field experiment also 
confirmed that cattle act as dispersal agents. More than 70% of the 
fruits attached to the animals’legs fell before the first 175 m, and a 
substantial proportion of fruits may potentially be dispersed to a 
distance of up to several hundred meters. 

The distribution of dispersed burrs also depended on the mor- 
phological characteristics of the vegetation. Because of cattle 

brushing against the shrubs, the rate of fruit fall would be related to 
shrub density, especially during the first stage of cattle movement 
(Fig. 5). The distribution and the final destiny of the fruit should 
therefore be highly determined by the spatial heterogeneity of the 
environment. If we consider cattle as a “vehicle of transportation” 
of the fruits, the shrubs would function as “stops”along the disper- 
sal routes where there is a higher probability that the “passenger” 
burrs get off. The mean distance transited by Acaena fruits would 
therefore be inversely related to the density of shrubs through 
which the cattle must travel. 

In the 2 areas with different cattle trail density, we compared 
similar vegetation patterns to determine the proportion of Acaena 
plants under shrubs/ growing in isolation. They do not differ signif- 
icantly (Table 1). This suggests that the “intensity of movement” 
factor (indicated by cattle trail density) may be the most important 
factor for dispersal in this species. 

The density of Acaena is greater at the foot of the slopes and is 
directly related to the density of the trails (Fig. 4a). This is a 
consequence of the movement of cattle who prefer low graded 
slopes parallel to the contour lines (Walker and Heitschmidt 1986). 

Formation of a trail disturbs soil as it is compacted (Walker and 
Heitschmidt 1986). We observed that Acaena plants grow more 
successfully along compacted trails than other species. Due to the 
effectiveness of their dispersal mechanisms, the species with adhe- 
sive fruits or seeds are more common in these disturbed environ- 
ments (Stebbins 1971). 

Grazing data demonstrated a higher density of Acaena in heavily 
grazed areas (Table 1). This appeared to be a result of cattle 
movement rather than a decrease of the more palatable species. 
The majority of these species, exclusive of Stipa mexicana, have 
little presence in both regions. We suggest that the presence of 
Acaena is more related to intensity of cattle movement than to 
long-term effects of grazing. 

If the expansion of this weed is closely related to cattle activity, 
its distributional range may be greater today than before the Span- 
ish settlement. Its colonization potential may date back a few 
hundred years ago as cattle were introduced by the Spanish in the 
16th century (Monasterio 1980). Unfortunately, there are no his- 
torical records of Acaena nor other weeds in the Venezuelan 
Andes. Consequently, more research is needed to determine what 
should be done to reduce the impact of livestock in the tropical 
Andes. 
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Book Reviews 
Trees, Shrubs, and Cacti of South Texas. by James H. 

Everitt and D. Lynn Drawe. 1993. Texas Tech University 
Press. 213 p. US $18.95 paper. ISBNO-89672-252-X cloth, 
O-89672-253-8 paper. 
In Trees, Shrubs, Cacti of South Texas, the authors have 

condensed material found in Trees, Shrubs, and Woody Vines of 
Southwest (1100 pages), Cacti of the Southwest (249 pages) and 
several other sources into an attractive 213 pages. The area covered 
includes the fourteen southernmost Texas counties in the Rio 
Grande Plains and Southern Coastal Prairies. However, the ranges 
of most of the plants extend beyond these boundaries. This diverse 
region is known as the “brush country”and over 93% of its surface 
supports many species of woody plants in varying stand densities. 
Until now there has not been a concise identification manual for 
these woody plants. 

The book contains a color photograph, geographic range, and 
species description for each of the majority of woody and semi- 
woody plants in South Texas. It does not include every species 
known to occur in the region, but frequently encountered species 
and many rare and endangered species are covered. The publica- 
tion does include over 190 species in 57 families, with 22 species of 
cacti and 168 species of trees and shrubs. The list includes sub- 
shrubs such as Zsocoma, Gutierrezia, and Zexmenia species. The 
botanical families are presented in alphabetical order. Also, within 
families, the species are alphabetically ordered by scientific name. 
Common names are provided in both Spanish and English. Most 
of the plants are natives but common introduced plants are 
included. 

Each species is shown in at least one color photograph. Most are 
clear and close enough so that the plants are easily recognizable. 
Most show flowers (and/or fruit), leaf arrangement, color, etc. 
Scale and size is difficult to grasp because, by necessity, most 
photographs of trees and shrubs are of limbs or twigs. 

The text briefly describes identifying characteristics of the plant 
and its geographic range, including abundance, range site, and a 
typical county (or counties) where it is encountered. Many 
accounts of species note values for livestock or wildlife forage, 
cover, honey, or, in some cases, human uses. Plants that are toxic 
to livestock are also noted. A bibliography of 55 entries, a glossary 
of terms, examples of leaf forms and arrangements, lists of verte- 
brates mentioned in the text, a measurement conversion table, and 
an index complete the book. 

The authors have many combined years of experience in the 
region. They have approached this publication from the perspec- 
tives of the rancher and ranch manager as well as the scientist. 
These groups, as well as anyone with an interest in the flora of 
South Texas, will find the publication useful. A copy now accom- 
panies me in my briefcase or in the pickup when we are out and 
about in the countryside. Another copy is on the coffee table at 
home. It is equally attractive and useful in both places.-C. Wayne 
Hanselka, Dept. of Rangeland Ecology and Management, Texas 
A&M University Research and Extension Center, Corpus Christi, 
Texas. 

El Pasto Llor6n. Su biologia y Manejo. Weeping Lovegrass. 
Its Biology and Management. In Spanish, with chapter 
abstracts in English. Edited by Osvaldo A. Fernindez, 
Roberto E. Brevedan and Alfred0 0. Gargano. 1991. 
Centro de Recursos Naturales Renovables de la Zona 
Semiirida (CERZOS) y Departamento de Agronomia, 
Universidad National de1 Sur, C.C. 738, 8,000 Bahia 
Blanca, Argentina. 393~. %US 35.00 paper. ISBN 950- 
43-3258-89. 
This book presents an excellent review of the literature related to 

the biology and management of weeping lovegrass, Eragrostis 
curvula (Schrad.) Nees. Research on the species, primarily that 
from Argentina, United States, South Africa and Australia, some 
of the countries where weeping lovegrass is of agricultural and 
ecological importance, is reviewed. Management experience in 
Argentina is appropriately integrated into the discussions and 
management and utilization recommendations are given. 

The 13 chapters are written by 15 Argentine investigators and a 
U.S. lovegrass breeder. They deal with the introduction and early 
use of weeping lovegrass in Argentina, its taxonomy and morphol- 
ogy, the cytogenetics of E. curvula and some closely related species, 
breeding and the potential for improvement through hybridiza- 
tion, mineral nutrition, growth and development, behavior under 
water stress and resistance to drought and extreme temperatures, 
establishment, management and responses to grazing, quality and 
nutritive value, its place in beef cattle production systems, and seed 
production. 

Weeping lovegrass has several characteristics which have favored 
its used under soil and climatic conditions unsuitable for successful 
growth of many forage grasses. Among these are its drought resist- 
ance, ability to grow in acid soils and mine spoils at pH 4.0 and in 
calcareous soils with pH 8.0, adaptability to deep sands and loamy 
sands, and a root system which may extend to a depth of over four 
meters. The primary area of use in Argentina is the temperate 
semiarid region between the 450 and 700 mm isohyets, with abso- 
lute minimum and maximum temperatures of below -10 C and 
above 40 C, respectively. 

From a forage standpoint its primary deficiency is relatively low 
quality, except during early spring. After that time the proportion 
of structural tissues increases rapidly, with decreasing nitrogen 
concentration and decreased energy and protein digestibility. 

This publication elucidates many of the anatomical, morpholog- 
ical and physiological features of weeping lovegrass, a C4 plant, 
which determine its desirable characteristics as well as some of its 
deficiencies. Such information coupled with the cytogenetic and 
breeding discussions of the highly apomictic E. curvula complex 
should prove to be of great value to other investigators engaged in 
work with weeping lovegrass now or in the future. Also, the book 
should be of interest and be helpful to livestock producers and 
conservationists who read Spanish and live or work in soil and 
climatic areas where the plant is adapted, whether they are using it 
now or may want to consider its potential usefulness under their 
conditions.- William C. Templeton, Jr., Lexington, Kentucky. 
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