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Influence of saline water on intake, digesta 
kinetics, and serum profiles of steers 
ROBERT M. KATTNIG, ANIBAL J. PORDOMINGO, ALAN G. SCHNEBERGER, 
GLENN C. DUFF, AND JOE D. WALLACE 
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Abstract 

Nine yearling Holstein steers (avg weight 234 kg) were used to 
evaluate the influence of water salinity on feed and water intake, as 
well as several ruminal and serum characteristics. The ruminally 
cammlated steers were individually fed low-quality mixed hay 
simulating a range diet. Steers were assigned randomly to receive 
either control (C) water containing 350 ppm total dissolved solids 
(TDS) or a treated water (HS) containing 2,300 ppm TDS. The 
experiment included a 14&y adjustment period and a 15day 
measurement period. High-saline water did not affect (P = 0,18) 
feed or water intake, although there was a tendency for greater 
consumption of both feed and water in HS steers. The HS steers 
had slower (P = 0.10) particulate passage rates and longer (P= 0.06) 
rumen retention times on day 1 of the measurement period, indicat- 
ing possible differences in particle density and (or) particle size. On 
day 1, undigested dry matter (DM) fill was greater (P= 0.05) in HS 
steers compared with C (80.7 vs 61.5 g/kg BW); similar trends 
occurred on day 8. The HS steers also had greater (P= 0.02) rumen 
fluid volumes, but similar (P = 0.45) fluid dilution rates compared 
with C steers. No in situ DM disappearance differences were 
detected (E0.38) at incubation times ranging from 12 to 72 hours. 
No clinical or sub-clinical toxicological symptoms were observed 
in HS compared with C steers. This study suggests that cattle can 
ingest saline water containing 2,300 ppm TDS on a short-term 
basis with no adverse effects. 

Key Words: cattle nutrition, nutrient digestion, rumen kinetics, 
salt toxicity 

Wells that penetrate salt deposits, lakes in arid areas, and irriga- 
tion runoff are sources of saline water that may exceed the salt 
tolerance of livestock (NRC 1974). Levels and types of minerals in 
water vary greatly, depending on soil structure and availability of 
soil minerals. Subtle differences in water quality may elicit sub- 
clinical responses in cattle. Limited exploration has been con- 
ducted to evaluate the short-term impact of water quality on feed 
and water intake, digestive kinetics, and hematological and serum 
chemistry profiles. Weeth and Capps (1972) found beef heifers 
discriminated against water with 1,462 ppm sulfate and rejected 
water containing 2,814 ppm sulfate. Cattle on increased produc- 
tion levels may suffer from saline water of lower salt content than 
those on a maintenance regimen (NRC 1980); however, Ray (1989) 
demonstrated that a high-energy diet reduced effects of heat stress 
and saline water ingestion. The present study used individually fed 

The authors gratefully acknowledge the clerical assistance of R. Reynolds and 
statistical assistance of L.W. Murray. Partial funding provided by New Mexico Water 
Resources Research Institute, N.M. State Univ., Box 30001, Las Cruces 88003. 
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Holstein steers given a simulated range forage diet to compare the 
influence of drinking water containing 350 ppm total dissolved 
solids (TDS) to water containing 2,300 ppm TDS on intake, rumen 
kinetics, and hematological and serum chemistry profiles. We 
hypothesized that the greater water salinity would cause an 
increase in water intake sufficient to offset gross effects on feed 
intake and digestibility, but perhaps not sufficient to eliminate 
inconspicuous effects on certain ruminal and blood characteristics. 

Materials and Methods 

Nine ruminally cannulated yearling Holstein steers (234 kg f 5 
kg) were assigned randomly to 2 treatment groups. All steers were 
fed a roughage diet consisting of 33% alfalfa hay (Medicago sutiva 
L.; 18% crude protein, as-fed basis) and 67% mature blue grama 
grass hay (Bourelouu grucilis [H.B.K.] Lag Ex. Griffiths; 4.5% 
crude protein, as-fed basis). Both hays were ground with a Bearcat 
hammermill through a 2.54-cm screen, then hand-mixed for each 
individual feeding. Steers were housed in individual 1.8 m X 4.9-m 
pens, offered feed and water ad libitum, and provided a free-choice 
block salt and mineral supplement. After a 16day adjustment 
period, 4 steers were assigned randomly to receive high-saline 
water (HS) and the remaining 5 to control, low-saline domestic 
water (C; 18 February 1989 = day 1). All steers were maintained on 
the trial for an additional 15 days. The HS water consisted of 8 12 g 
sodium chloride, 385 g calcium chloride, 476 g calcium sulfate, and 
840 g magnesium sulfate added to 1,000 liters domestic water. The 
C water contained 350 ppm TDS and the HS water contained 2,300 
ppm TDS.1 A 2-day supply of HS water was mixed and stored in 
208-liter steel barrels; C water was stored in identical barrels at the 
same location to minimize any influence of temperature or other 
unidentified factors. 

Steers were fed twice daily (0700 and 1600 hours) and refusals 
were collected and weighed before the a.m. feeding. Fresh water 
was offered free-choice after each feeding in individual containers, 
and consumption records were compiled daily. 

Particulate passage rate (PPR) was measured by pulse dosing 
250 g Ytterbium-labeled hay at 0700 hour on day I and day 8. The 
labeled hay was prepared by immersing 5 kg of the hay diet in a 
solution containing 25 g ytterbium chloride per liter of water for 24 
hours (Teeter et al. 1984). Labeled hay was removed, rinsed for 15 
min and dried at 500 C for 48 hours. Fecal grab samples were 
collected from each steer at 0,4,8,12,18,24,30,36,42,48,54,60, 
72,84, and 96 hours post dosing. Fecal samples were dried imme- 
diately after collection at 50° C for 96 hours, and ground to pass a 2 
mm screen. Ytterbium was extracted with diethylenetriaminepen- 

JNew Mexico Stare University Soil and Wurer Testing Laboratory, Box SQ, New 
Mexico Stare University, Lm Cruxes. 
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taacetic acid (DTPA) and potassium chloride, then double filtered 
through Whatman #l filter paper (Karimi et al. 1986). Ytterbium 
concentration was measured by atomic absorption spectropho- 
tometry with nitrous oxide plus acetylene flame. Particulate pas- 
sage rate estimates were determined by fitting the data to an 
age-dependent, l-compartment model (Krysl et al. 1988). 

Fluid dilution rate (FDR) was determined by intraruminally 
dosing 200 ml Co-EDTA containing 2.354 mg Co/ ml (Uden et al. 
1980) on day 1 and day 8. Ruminal samples were collected 0,4,8, 
12,24, 36, and 48 hours after dosing. The samples were analyzed 
for pH with a combination electrode, strained through 4 layers of 
cheesecloth, acidified with 1 ml sulfuric acid per 100 ml of ruminal 
fluid, and frozen in plastic bags for storage. The Co-EDTA labeled 
ruminal fluid samples were thawed at room temperature and cen- 
trifuged at 10,000 X g for 10 min. The supematant was decanted 
and analyzed for cobalt concentration by atomic absorption spec- 
trophotometry with an air plus acetylene flame (McCollum and 
Galyean 1985). Fluid dilutation rate estimates were calculated by 
regressing the natural logarithm of cobalt concentrations at 0,4,8, 
12,24,36, and 48 hours after dosing on time. Ruminal fluid volume 
was calculated by dividing marker dose by marker concentration in 
the rumen at 0 hour. 

Three g samples of the mixed hay diet, ground to pass a 2-mm 
Wiley mill screen, were placed in a 9 X 16-cm nylon bag with a pore 
size of 27 X 47 pm for determination of in situ dry matter disap- 
pearance (DMD). Beginning at 0700 hour on day 1 and day 8, 
duplicate bags of the diet plus a blank bag were suspended in the 
rumen of each steer for 12,24,48, and 72 hour incubation times. 
Following removal from the rumen, bags were rinsed with tap 
water until effluent was clear; bags were immediately placed in a 
-18’ C freezer for storage. After drying the bags at SO0 C for 48 
hours and 100” C for 1 hour, DMD was estimated as weight loss of 
material at each incubation time. 

Blood samples were taken at 0600 hour, before feeding on day 1, 
2,3,4,5,8, and 15. Two jugular blood samples were drawn from 
each steer, one sample drawn in a heparin Vacutainer and the other 
sample drawn in a serum separation tube. The serum samples were 
allowed to clot for 30 min, then centrifuged at approximately 1,000 
X g for 20 min. Serum was decanted and analyzed for glucose, total 
cholesterol, triglycerides, blood urea nitrogen, creatinine, blood 
urea nitrogen-creatinine ratio, uric acid, albumin, globulin, total 
protein, albumin-globulin ratio, bilirubin, alkaline phosphatase, 
lactate dehydrogenase, serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), AST-ALT ratio, sodium, potas- 
sium, chloride, bicarbonate/carbon dioxide, anion gap, calcium, 
inorganic phosphorus, and calculated osmolality. Complete blood 
counts of whole blood were determined for white blood cells, red 
blood cells, hemoglobin, hematocrit, mean cell volume, mean cell 
hemoglobin, platelet count, and mean platelet volume. All blood 
analysis was conducted in a commercial laboratory* but blind 
standards were not submitted. These analyses were used to evalu- 
ate sub-clinical responses and possible renal and hepatic dysfunc- 
tions caused by ingestion of HS water. The steers were examined 
by a licensed veterinarian for general health on days 1,8, and 15. 

All statistical computations were made with the GLM proce- 
dures of SAS (1985). Feed and water intake data, blood parame- 
ters, and digesta kinetic measures were analyzed as a split plot 
design with treatment in the main plot and sampling day in the 
subplot. The in situ digestion data were analyzed as a split-split 
plot design with treatment in the main plot, day in the subplot, and 
incubation time in the sub-subplot. Since steers were individually 
penned, fed, and watered, they were considered as replications. 
Treatment effects were tested by the mean squares of steers within 

treatment; the remaining main effects and effects of interactions 
were tested against the residual mean square appropriate for the 
design used. 

Results and Discussion 
Feed and Water Intake 

High-saline water did not affect (P=O. 18) short-term feed or 
water intake, although consumption of feed and water by HS steers 
tended to be numerically greater than for C steers (Table 1). When 

Table 1. Least squares means for feed and water consumption by steers 
given either control (C) or high-salinity (HS) drbddng water. 

Item 
Water sourcel 
C HS SE* OSL’ 

Feed intake: 
Kg DM/d 
Kg DM/d/kg BW 

Water intake: 

5.47 5.51 .37 .94 
.023 0.25 .OOl .25 

l/d 22.0 23.3 1.27 .47 
ml/d/ kg BW 91.0 105.0 .007 .18 

‘Total dissolved solids for control and high-saline drinking water was 350 and 2,300 
ppm, respectively. 
*Standard error of the mean, n = 9. 
‘Observed significance level. 

dry matter intake (DMI) was expressed as a percentage of body 
weight (BW), HS steers consumed 2.5% per day compared with 
2.3% for C steers. Wilson and Dudzinski (1973) reported feed 
intakes increased as water intake increased. When diet moisture is 
low, increased water intake may stimulate feed intake. Peirce 
(1957) postulated that adaptation of ruminal microbes to increased 
ruminal salt concentration accounted for increased feed consump- 
tion associated with salt water ingestion by sheep. However, Rog- 
ers et al. (1979) reported DMI was reduced in steers fed a high- 
roughage diet and given an intraruminal infusion of 1 kg of sodium 
chloride and 9 liters of water. Dry matter intake increased when 9 
liters of water only were infused. This would indicate DMI 
response is possibly related to water intake, with a high level of salt 
ingestion being detrimental. 

Water intake evaluated on a BW basis was similar (P = 0.18); 
however, a trend for greater consumption of HS water may have 
existed, as HS steers consumed 105 ml/ kg BW compared with 9 I 
ml/ kg BW for the C steers (Table 1). Water intake by cattle has 
been described as a function of DMI and ambient temperature 
(Winchester and Morris 1956). Increased water consumption may 
suggest a response to increased salt intake; increased water con- 
sumption, in turn, appeared to stimulate feed consumption. It has 
been suggested increased water consumption is a physiological 
response to increased salt load. Squires (1988) indicated additional 
water is required to maintain systematic osmotic balance, with the 
excess salt flushed from the body via the urine. Potter (1961,1963, 
1966, and 1968) demonstrated that an adaptive mechanism, involv- 
ing kidney function, allowed sheep to adapt to large quantities of 
ingested or infused salt. This mechanism also may be related to 
ruminal conditions; as the content of soluble salt in drinking water 
increased, water intake increased (NRC 1974). 

Ray (1989) reported 4 consecutive feedlot experiments over a 
2-year period (2 summers and 2 winters) using crossbred steers 
averaging 222.5 kg. Average maximum and minimum tempera- 
tures during winter were 25.1° C and 8.0° C compared with 
summer temperatures of 35.3“ C and 17.5O C , respectively. Water 
consumption during the winter trials averaged 125.4 ml/ kg BW 
compared with 144.6 ml/ kg BW for summer. This demonstrated 
the effects of thermal conditions on water intake. Our studv was r 

‘Southwest Medical Laboratory, 755 Telshor Blvd., Suite 201-S. Las Cruces, N.M. conducted during moderate weather conditions; mean maximum 
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Table 2. Effects of high-saline water ingestion on digesta kinetics of steers fed mixed hay diet’ consuming either control (C) or high-saline (HS) water,. 

Day 1 Day 8 Combined 
Treatment Treatment Treatment 

item HS C SE3 0SL4 HS C SE OSL HS C SE 

Particulate kinetics 
Particulate passage 

rate, % hour 2.4 3.0 0.24 .iO 2.8 3.1 0.25 .52 2.6 3.0 0.23 
Ruminal retention 

time, hour 5.16 40.6 3.73 .06 43.0 39.8 3.33 .49 47.3 40.2 3.20 
Particulate gasto- 

intestinal retention 
time, hour 74.6 64.0 4.93 .15 65.3 63.8 3.18 .71 70.0 63.9 3.52 

Undigested dry matter 
fill, g kg BW 80.7 61.5 6.00 .05 75.2 65.0 7.24 .33 78.0 63.3 6.19 

Fluid kinetics 
Fluid dilution rate, 

% hour 7.0 7.7 0.54 .37 7.8 8.0 0.39 .70 7.4 7.9 0.43 
Fluid turnover time, 

hour 14.6 13.1 0.98 .29 12.8 12.5 0.63 .74 13.7 12.8 0.75 
Fluid volume 

ml/ kg BW 138.5 106.4 11.04 .07 117.3 105.3 7.21 .25 127.9 105.9 5.42 

‘Mixed @Y diet waf 33% alfalfa hay (18% crude pro+, as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basis). 
2Total dissolved sohds for control and high-saline drinking water was 350 and 2,300 ppm, respectively. 
YQandard error of the mean, n q  9. 
‘Observed significance level. 

OSL 

.21 

.14 

.24 

.I2 

.45 

A0 

.02 

and minimum temperatures were 20.7O C and 3.7O C , respectively, 
with an average wind velocity of 3.4 km/h and an evaporation rate 
of 0.51 cm/d. 

Digesta Kinetics 

cium, magnesium and sulfate ions in addition to sodium plus 
chloride ions could have altered fluid kinetics of the rumen. No 
differences or trends in ruminal pH (data not shown) were appar- 
ent in the HS steers compared with C steers. 

Particulate passage rate (PPR) was evaluated on day 1 and day 8 
to assess short-term ruminal adaptation to saline water ingestion. 
No treatment by day interactions were detected (p>O.lS), and 
estimates for total period PPR were similar (P = 0.21) between 
treatments (Table 2). Rumen retention time was longer (P = 0.06) 
for HS steers than C on day 1; this trend also was evident for the 
total period (P = 0.14). Undigested dry matter fill was higher (P = 
0.05) for day 1 in HS than C steers; no differences were apparent 
for day 8 (P= 0.52), but for the total period, a trend for greater (P= 
0.12) fill continued in HS steers. Total tract particulate retention 
time was similar (EO.15) for steers on the 2 water treatments. 
Results suggest a possible difference in particle density and (or) 
particle size. Longer rumen retention time of undigested forage 
particles depends not only larger particle size, but also on low 
specific gravity particles (Owens and Goetsch 1988). 

In Situ Dry Matter Disappearance 
No differences (pLo.38) were detected for in situ dry matter 

disappearance (DMD) between HS and C steers for any of the 4 
incubation times studied (Table 3). No treatment by day interac- 
tions (-0.10) for any of the incubation times were detected; thus, 

Table 3. Effects of Ygb-aaiine water ingestion on in situ dry matter disap- 
pearance of steers fed a mixed hay diet’ consuming either control (C)or 
high-saline (HS) water’. 

Incubation time 
Treatment 

HS C SE3 OSL4 

Ruminal fluid kinetics also were evaluated on day 1 and day 8 to 
assess the influence of HS water on ruminal flow rate and rumen 
volume (Table 2). No treatment by day interactions were detected 
among the fluid kinetic parameters studied. Also, neither fluid 
dilution rate (P = 0.45) nor fluid turnover time (P q  0.40) differed 
between treatments. For the combined period, HS steers had a 
rumen fluid volume of 127.9 ml/ kg BW compared to 105.9 ml/ kg 
BW for C steers (P = 0.02). Other researchers have reported con- 
flicting results. Rogers et al. (1979) reported that, when 9 liters of 
water were infused into the rumen of steers fed a high roughage 
diet, rumen liquid volume and fluid dilution rate were not altered. 
However, when 500 mg of sodium chloride were infused with the 
same amount of water, fluid dilution rate increased but rumen 
liquid volume was not affected. Potter et al. (1972), comparing 
fresh water with water containing 1.3% sodium chloride, reported 
greater voluntary intake of salt water and greater flows of fluid 
through the rumen of sheep. Both Potter et al. (1972) and Rogers et 
al. (1979) were infusing sodium chloride. In our experiment HS 
water contained calcium chloride, calcium sulfate, and magnesium 
sulfate in addition to sodium chloride. The combination of cal- 

(Hour) 
12 
24 
48 

37.2 36.1 1.47 .59 
45.1 43.9 1.51 .56 
53.9 51.6 1.88 .38 

72 59.7 59.0 1.32 .71 

‘Mixed hay diet was 33% alfalfa hay (18% crude protein as-fed basis) and 67% blue 
grama hay (4.5% crude protein, as-fed basis). 
*Total dissolved solids for control and high-saline drinking water was 350 and 2,300 
ppm, respectively. 
Standard error of the pooled mean, n = 18. No treatment X day interactions (DO. 10) 
were detected, observations represent means of day 1 and day 8 data. 
‘Observed significance level. 

data shown in Table 3 represent an average of the results observed 
on days 1 and 8. In some studies, ruminal microflora changes have 
been observed in animals fed high-salt diets compared with more 
conventional diets. Thomson et al. (1978) reported changes in 
species of ruminal bacteria between sheep fed a high-salt diet 
compared with those fed a low-salt diet. Higher levels of dietary 
salt may also cause a reduction in size and number of protozoa 
(Hungate 1966). If such changes in microbial populations occurred, 
they had no discernible effect on rate of DMD in this experiment. 

Blood and Serum Projiles 
Serum profiles were evaluated at 0600 hours on day 1,2,3,4,5, 
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Table 4. Effects of high-saline water ingestion on serum electrolytes of Table 6. Effects of high-saline water ingestion on serum energy metabolitca 
steers fed a mixed hay diet’. and proteins of steers fed a mixed hay diet’. 

Item 

Sodium, mEq/liter 
Chloride, mEq/ liter 
Potassium, mEq/ liter 
Bicarbonate/carbon 

HS C SE4 OSY 

141.8 141.9 0.49 0.91 
105.5 105.1 0.39 0.43 

4.7 4.6 0.17 0.65 

dioxide, mEq/liter 
Anion gap, mEq/ liter 
Calculated osmolality, 

24.4 26.2 0.71 0.09 
12.1 10.6 0.55 0.09 

m oSM/ liter 
Calcium, mEq/ dl 
Inorganic phosphorus, 

281.0 281.0 1.29 0.98 
9.5 9.5 .08 0.62 

mEq/ dl 4.7 4.6 0.17 0.65 

rSteers were fed ad libitum, a diet consisting of 33% alfalfa hay (18% crude protein, 
as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basis). 
*High-saline (HS) and control (C) steers receive, ad libitum, water containing 2,300 
and 350 ppm total dissolved solids, respectively. 
rNo treatment X day interactions (IPO. 10) were detected, therefore, day means were 
pooled across treatments. 
‘Standard error of the mean, n = 9. 
robserved significance level. 

8, and 15. No treatment by day interactions (DO.10) were 
detected. Pooled across sampling days, HS steers had a wider (P= 
0.09) anion gap compared with C steers (12.1 vs 10.6 mEq/ liter; 
Table 4). This appeared to be the result of lower (P= 0.09) bicarbo- 
nate/carbon dioxide concentration in HS steers compared with C 
steers (24.4 vs 26.2 mEq/liter, respectively). No other electrolytes 
differed (PLo.43) between HS and C steers. No treatment by day 
interactions (DO. 10) or treatment effects (pL0.21) were evident 
for serum renal or hepatic parameters (Table 5), indicating no 
adverse short-term effects on kidney or liver functions for ingestion 

Table 5. Effects of high-saline water ingestion on serum renal and hepatic 
parameters of steen fed a mixed hay die@. 

Item HS 

Treatmentzp3 

C SE4 OSL’ 

Urea nitrogen (BUN), 
mg/dl 14.0 13.6 2.2 0.90 

Cmatinine, mg/ dl 1.1 1.2 0.07 0.21 
BUN/ creatinine ratio 11.8 10.5 1.39 0.44 
Bilirubin, mg/dl 0.23 0.23 0.0026 0.99 
Uric acid, mg/ dl 1.01 0.96 0.069 0.58 

‘Steers were fed ad libitum, a diet consisting of 33% alfalfa hay (18% crude protein, 
as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basis). 
rHigh-saline (HS) and control (C) steers received, ad libitum, water containing 2,300 
and 350 ppm total dissolved solids, respectively. 
JNo treatment X day interactions (t30.10) were detected, therefore, day means were 
pooled across treatments. 
‘Standard error of the mean, n = 9. 
SObserved significance level. 

of HS water. No treatment by day interactions (DO. 10) or treat- 
ment effects (p10.42) were detected for serum energy metabolites 
and serum proteins (Table 6). Aspartate aminotransferase was 
lower (P = 0.07) for HS steers than C steers (65 vs 81 r/liter, 
respectively; Table 7). All other enzyme values were similar 
(ZWI.33). Hematological profiles revealed no treatment by day 
interactions (DO. lo), but when pooled across sampling days, HS 
steers had a greater (P = 0.07) white blood cell count compared 
with C steers (Table 8). All serum constituents and hematological 
profiles evaluated were within normal ranges reported by Kaneko 
(1989) and Galyean and Hallford (1983). No clinical or sub-clinical 
symptom profiles were observed in the HS steers. 

Management Implications 

No differences were observed for feed intake. water intake or 

Item HS 

Glucose, mg/dl 69.1 
Triglycerides, mg/dl 26.3 
Cholesterol, mg/dl 85.6 
Albumin, g/d1 3.4 
Globulin, g/d1 3.9 
Albumin/ globulin ratio 0.88 
Total urotein. e/d1 7.3 

Treatment” 

C SE4 

68.22 1.55 
22.5 3.73 
83.4 5.15 

3.3 0.12 
4.0 0.24 
0.81 0.080 
7.3 0.15 

OSL’ 

0.66 
0.42 
0.72 
0.49 
0.71 
0.46 
0.96 

‘Steers were fed ad libitum, a diet consisting of 33% alfalfa hay (18% crude protein, 
as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basis). 
rHigh-saline (HS) and control(C) steers received, ad libitum, water containing 2,300 
and 350 ppm total dissolved solids, respectively. 
rNo treatment X day interactions (DO. 10) were detected, therefore, day means were 
pooled across treatments. 
‘Standard error of the mean, n q  9. 
‘Observed significance level. 

Table 7. Effects of high-saline water ingestion on serum enzymes of steers 
fed a mixed hay diet’. 

Item HS 

Treatmenta 

C SE4 OSL’ 

Lactate dehydrogenase, 
/J/f 

Aspartate aminotrans- 
ferase (AST), cc/ 1 

Alanine aminotrans- 
ferase (ALT), p/ 1 

AST/ ALT ratio 
Alkaline phosphatase, 

u/l 

1320 1520 256.2 0.53 

65 81 6.6 0.07 

25 28 4.7 0.67 
2.6 3.2 0.43 0.33 

79 71 11.7 0.61 

rStcers were fed ad libitum, a diet consisting of 33% alfalfa hay (18% crude protein, 
as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basis). 
ZHigh-saline (HS) and control (C) steers received, ad libitum, water containing 2,300 
and 350 ppm total dissolved solids, respectively. 
‘No treatment X day interactions (DO. 10) were detected, therefore, day means were 
pooled across treatments. 
‘Standard error of the mean, n = 9. 
SObserved significance level. 

Table 8. Effects of high-saline water ingestion on hematological profiles of 
steers fed a mixed hay diet’. 

Item HS 

Treatment*’ 

C SE4 OSLS 

White blood cells 
(X 1000) 

Red blood cells 
(X l,OOO,OOO) 

Hemoglobin, g/d1 
Hematocrit, 9% 
Mean cell volume, F/ 1 
Mean cell hemoglobin, 

picogms 
Mean cell hemoglobin 

cont., g/ dl 

18.4 12.4 2.13 0.07 

5.4 6.0 0.43 0.35 
11.9 12.3 0.59 0.65 
24.0 26.8 2.01 0.33 
44.5 45.0 0.31 0.28 

22.9 20.8 1.28 0.26 

51.4 46.1 2.97 0.22 

‘Steers were fed ad libitum, a diet consisting of 33% alfalfa hay (18% crude protein, 
as-fed basis) and 67% blue grama hay (4.5% crude protein, as-fed basii). 
‘High-saline (HS) and control (C) steers received, ad libitum, water containing 2,300 
and 350 ppm total dissolved solids, respectively. 
rNo treatment X day interactions (DO. 10) were detected, therefore, day means were 
pooled across treatments. 
FAandard error of the mean, n = 9. 
‘Observed significance level. 
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diet digestibility when HS steers were compared with C steers. 
Also, no clinical or sub-clinical effects of greater salt intake were 
detected in HS steers. This suggests that cattle may ingest water 
containing up to 2,300 ppm total dissolved solids on a short-term 
basis with no adverse effects. 
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Abstract 

One experiment involving steers fed low-quality grass diets 
singly and mixed with native forbs, native shrubs, or alfalfa (Medi- 
cage sorival.) was conducted to compare the influence of these 
diets on ruminal fermentation. Native forbs used in our study were 
a 5050 mixture of scarlet globemallow (Splureralcea coccinea 
Nutt.) and leatherleaf croton (CrotonpoHsii Lam.); native shrubs 
were a 5050 mixture of fourwing saltbush (A&*lex canescens 
[Pursh.D and mountain mahogany (Cercocurpus montanus Raf.). 
Neither passage rate of indigestible neutral detergent fiber nor fluid 
passage rate differed (p>.lO) among the 4 diets. Ruminal pH did 
not differ (J9.10) among diets, and rumhral ammonia concentra- 
tions differed (P<.lO) inconsistently among diets, depending on 
time after feeding. Likewise, total rumhtal volatile fatty acid (VFA) 
concentrations did not differ (D.10) among diets. Except for 
butyrate [less (P<.O5) with alfalfa], proportions of individual VFA 
showed little difference among diets. Based on these data, adding 
forbs or shrubs with low-quality forage diets appears to elicit few 
changes in ruminal digesta kinetics and fermentation patterns 
compared to including alfalfa hay. 

Key Words: rangelands, ruminants, nutrition, forages, native 
shrubs 

There is considerable evidence that includingforbs and shrubs in 
cattle diets improves cattle performance during periods when 
grasses are dormant and low in quality (Holechek et al. 1989a). 
Several studies reviewed by Holechek et al. (1989a) show that 
leaves from forbs and shrubs contain more protein, phosphorus, 
and cell solubles than do grasses at comparable stages of maturity. 
In recent digestion trials with cattle (Arthun et al. 1992), goats 
(Hunez-Hemandez et al. 1989), and sheep (Rafique et al. 1992), 
forage intake and nitrogen retention did not differ between palata- 
ble range shrubs and alfalfa (Me&ago sutiva L.) hay fed mixed 
into lowquality grass diets. However, these studies did not evalu- 
ate comparative ruminal fermentation characteristics of the shrub 
and alfalfa diets. 

Our objectives were to determine passage rate of indigestible, 
fiber, fluid passage rate, ruminal pH, ruminal ammonia (NH3) 
concentrations, and ruminal volatile fatty acid (VFA) proportions 
in beef steers fed a lowquality grass diet singly and in combination 
with forbs, shrubs, and alfalfa hay. Forbs and shrubs used in our 
study are common range components in New Mexico, and their 
use by cattle is well documented. Results from our study should 
provide a better understanding of how native range forbs and 
shrubs influence range cattle nutritional status. 

Journal Article 1626 of the New Me&o Agr. Exp. %a., Las Cruces. 
Manuscript accepted 4 Apr. 1592. 

JOURNAL OF RANGE MANAGEMENT 45(6), November 1992 

Materials and Methods 

Four Angus X Hereford steers (average body weight 315 kg), 
fitted with 10.2-cm ruminal cannulas, were used in a 4 X 4 Latin 
square experiment to evaluate ruminal fermentation and digesta 
kinetics when native forbs, native shrubs, and alfalfa were added to 
a basal diet of blue grama (Boufeloua grucilis [H.B.K.]) hay (blue 
grama; 1.21% N) and barley straw (Hot&urn vulgure L.; .56% N). 
The basal diet was ground to pass a 2.5-cm screen and to provide a 
N content of 1.04% on a dry matter basis (70% blue grama, 30% 
straw). Forbs were a 5050 mixture of actively growing scarlet 
globemallow (Sphuerulceu coccineu Nutt.) and leatherleaf croton 
(Croton pottsii [Klotzsch] Mudl. Arg.); shrubs were a 50:50 mix- 
ture of current year growth of fourwing saltbush (Atriplex cunes- 
tens [Pursh.]) and mountain mahogany (Cercocurpus montunus 
Raf.). Mixtures (ground to pass a 2.5-cm screen) were used because 
of poor acceptance by cattle of diets comprised entirely of forbs 
and shrubs. Forbs, shrubs, or alfalfa (ALF) were mixed with 
components of the basal diet so that all 4 diets were isonitrogenous. 
Ingredient and chemical composition of diets used are shown in 
Table 1. Periods were 15 days, with collections occurring the last 5 

Table 1. Ingredient and chemical composition of blue grama-barley strsw 
diets with added alfalfa (ALF), forbs, or shrubs fed to beef steers. 

Diets” 
Basal Basal Basal 

Item Basal + ALF + forbs + shrubs 

Ingredientb __-___-___________ 
Blue grama hay 70.0 

290 (%)__~6.0___‘__260___ 

Barley straw 30.0 58:0 54.0 54:o 
Alfalfa hay - 13.0 
Forbs - 20.0 _ 
Shrubs - 20.0 

Analysis’ 

D”,i 
92.4 92.4 92.5 92.4 

:2 
90.0 90.0 90.0 90.0 

6.5 6.5 6.5 6.5 
NDFd 72.9 69.1 67.7 68.9 
ADFd 47.0 44.8 43.9 43.8 
Acid detergent 
insoluble 
nitrogend 0.22 0.20 0.22 0.22 

days. Steers were housed individually in an uninsulated barn (0.69 
X 1.98 m pens) with free access to water, but no salt was provided. 
Intake was limited to 1.5% (OM basis) of body weight. Krysl et al. 
(1987) reported that OM intake by steers grazing dormant blue 
grama range averaged 1.49% of body weight. 

Steers were individually fed their appropriate diet once daily 
(0700). Fecal bags were used to collect total fecal output, and bags 
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were changed twice daily. Feces from each steer were mixed thor- arrangement as the main plot, and time and associated interactions 
oughly each day, and a 10% subsample was dried at 50° C in a with main-plot factors as the subplot. The Latin square error was 
forced-air oven, ground to pass a 2-mm screen, and cornposited by used to test main-plot effects, and the residual was used to test 
steer within period. sub-plot effects. 

On day 1 of the collection period, 200 ml of Co-EDTA (Uden et 
al. 1980) were dosed into the rumen just before the morning feed- 
ing. Pond et al. (1981) reported a dose X meal interaction; there- 
fore, all animals were dosed at the same time relative to feeding for 
each period. Ruminal samples (250 ml) were taken at 4,8, 12,24, 
32, and 36 hours after dosing. The pH of digesta samples was 
measured (combination electrode), and samples were strained 
through 8 layers of cheesecloth. Strained ruminal fluid was acidi- 
fied with 7.2N HsSOh (1 ml/ 100 ml), frozen, and later analyzed for 
Co, NHs, and VFA. On day 5, at 4 hours after-feeding, the rumen 
of each steer was hand-evacuated, contents were weighed, mixed 
thoroughly, and a subsample taken, dried at 50° C, ground to pass 
a 2-mm screen, and retained for later analyses. 

Results and Discussion 

Passage Rate 
Estimates of ruminal INDF passage rate did not differ (13.10) 

among diets (Table 2). Our values were considerably less than 

Table 2. Ruminai indigestible aeutrai detergent fiber passage and fiuid 
dilution rate in steers fed a iowquaiity basai forage diet with or without 
forbs, shrubs, or aifaifa. 

Item 

Basal Basal Basal 
Basal + ALF + forbs + shrubs 
diet diet diet diet SE” 

Duplicate g-cm X 16-cm nylon bags (pore width 26 f 6pm, 
length 42 f 5rm) were suspended in the rumen on day 2 of the 
collection period to estimate in situ digestion. Nylon bags were 
filled with a 3-g sample (ground to pass a 2-mm screen) of the basal 
diet. Nylon bags devoid of forage served as blanks. All steers 
received 3 bags per incubation time (duplicate sample of basal diet 
plus 1 bank). Bags were retrieved after 0,6, 12,24,48,72, and 96 
hours, then rinsed with tap water until rinse water was clear. 
Samples were dried at 50° C for 48 hours, weighed, and later 
assayed for residual neutral detergent fiber (NDF), (Goering and 
Van Soest, 1975). 

INDF Passage, 
%I hour 

Particulate turnover 
1.1 0.9 1.0 1.0 0.10 

time, hour 
Fluid dilution rate, 

90.9 111.1 100.0 100.0 2.60 

%/hour 
Fluid volume, liters 

‘n q  4. 

7.0 6.1 6.6 8.1 0.88 
39.1 45.4 38.2 32.3 8.4 

Laboratory Analyses 
Ruminal fluid samples were thawed at room temperature and 

centifuged at 10,000 X G for 10 min. Supernatant fluid was ana- 
lyzed for Co by atomic absorption spectroscopy with an air-plus- 
acetylene flame (McCollum and Galyean 1985) and for ammonia 
by the procedure of Broderick and Kang (1980). After adding 
2-ethyl-butyric acid as an internal standard, fluid was recentri- 
fuged at 10,000 X G for 10 min, and VFA concentrations were 
analyzed by gas chromatography (Goetsch and Galyean 1983). 

those reported by Krysl et al. (1987), who summarized the results of 
20 trials with cattle grazing blue grama rangelands in southcentral 
New Mexico. In their study, cattle grazing dormant and actively 
growing rangelands had an average Kp of 3.l%/hour and 
3.8%/hour, respectively. The lower passage values reported in our 
study may reflect forage differences, but more likely are a function 
of different techniques. 

Fluid dilution rates were calculated by regressing the natural 
logarithm of Co concentrations against time. Ruminal fluid 
volume was calculated by dividing marker dose by marker concen- 
tration in the rumen at 0 hour. 

Ruminal fill (collected 4 hours after feeding) and feed indigesti- 
ble NDF (INDF) contents were determined using procedures des- 
cribed by Krysl et al. (1988). Ruminal fluid inoculum was from 2 
steers fed ALF hay. Passage (Kp) of INDF was estimated by 
dividing INDF intake by INDF ruminal fill; division by 24 yields 
an estimate of passage per hour. 

Rare-earth labeling techniques used to estimate particulate pas- 
sage typically yield faster passage rates than techniques like ours 
that rely on measurement of indigestible forage components. For 
example, Del Curto et al. (1990) reported indigestible ADF-based 
passage estimates of approximately 2%/ hour in steers fed tallgrass- 
prairie forage plus supplement (1.5% of body weight); these values 
are intermediate between our INDF-based estimate and those of 
Krysl et al. (1987). Rare earth-labeling techniques like those used 
by Krysl et al. (1987) are subject to migration of the marker from 
originally labeled particles to small feed particles and bacteria 
(Combs et al. 1992). Hence, faster passage rate estimates might be 
expected with rare-earth-labeled forage than with a technique 
based on fill of an indigestible forage component. In addition, our 
technique assumes steady-state conditions (constant ruminal fill), 
which is not likely the case. in limit-fed ruminants fed once daily. 

Statistical Analyses 
Analysis of variance was conducted using GLM procedures of 

SAS (1984). Digesta flow and ruminal fill data were analyzed with 
a model that included treatment (diets), period, and animal as 
sources of variation. Preplanned orthogonal contrasts were made 
between forbs and shrubs. If forbs and shrubs were different 
(p<. lo), means were separated by the least significance difference 
method. If forbs and shrubs did not differ (p>.lO), they were 
contrasted with ALF. If no differences (D.10) were observed, 
forbs, shrubs, and ALF were contrasted with the basal diet. If ALF 
differed (PC. 10) from forbs and shrubs, ALF was contrasted with 
the basal diet. Nonlinear regression analysis was used to analyze in 
situ nylon bag rate of disappearance data (Mertens and Loften 
1980). Percentage NDF remaining at each incubation time and 
disappearance rate were analyzed with the same model as digesta 
flow and fill data. Ruminal fermentation measurements (pH, NHs, 
and VFA) were analyzed as a split-plot design, with a Latin square 

Fluid dilution and volume did not differ (t3.10) among treat- 
ments (Table 3). Fluid dilution rate (Yc/ h) was similar to values 
reported by McCollum and Galyean (1985) in steers fed prairie hay 
(1.69% of body weight), but less than in other studies where steers 
consumed similar diets, but at higher intakes (Funk et al. 1987). 

Ruminal Ammonia and pH 
Treatment means for NHs concentration were analyzed within 

sampling times because of a treatment by sampling time interac- 
tion (PC. 10). Differences among treatments were noted at 4 hours 
after feeding, with less (P<.O5) NHs with the ALF diet than for the 
basal diet (Table 3). At 8 hours after feeding, the shrub diet had a 
lower (P<. 10) NH3 concentration than the other 3 diets. Ruminal 
NHs concentrations peaked 24 hours after feeding for the basal 
diet, 8 hours for basal plus forbs and 12 hours for the ALF and 
shrub diets. Ruminal NHs concentrations ranged from 2.3 to 6.2 
(mg/ 100 ml), which agrees with reported values for cattle consum- 
ing similar diets (Funk et al. 1987, Krysl et al. 1987). 
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Table 3. Rumirul ammonia concentration (mg/lOO ml) in steers fed a 
low-quality basal forage with or witbout alfalfa, forbs, or shrubs. 

Diet’ 
Sampling Basal Basal Basal 
time Basal + ALF + forbs + shrubs SE’ 

(Hour) 
0 

--..46- _____ (mg/l~ml)__ _______ 
5.0 3.1 

5:2d 2.9” 4.1 
3.2 .I 

4 4.2d’ .8 
8 5.1b 6.1b 5.46 2.3’ .7 

12 4.8 6.2 5.2 5.2 .8 

*Basal = 70% blue grama hay, 30% barley straw, ALF = alfalfa, forbs q  
50:50 mixture of scarlet globemallow and leatherleaf croton, shrubs = 
5050 mixture of fourwing saltbush and mountain mahogany. 

bCRo~ means that do not have common superscripts differ (P<.OS). 
d’Ro~ means that do not have common superscripts (PC. 10. 
‘n = 4. 

Slyter et al. (1979) suggested a minimum of 2.2 mg/ 100 ml of 
NHs for optimum microbial protein synthesis. Maximum micro- 
bial growth, however, required 3 to 5 mg/ 100 ml (Satter and Slyter 
1974). Ruminal NHs concentrations in the present experiment 
appear to be within the range for optimum microbial growth. 
Because of experimental constraints (e.g., fixed intake and isoni- 
trogenous diets), large fluctuations in NHs concentrations were not 
anticipated. 

Ruminal pH did not differ (EY.10) among diets. Because no 
treatment by sampling time interaction was detected (p>.lO), 
means were pooled across sampling time. Ruminal pH had an 
overall mean of 6.6, which agrees closely with previous research for 
cattle consuming similar diets (McCollum et al. 1985, Krysl 1986, 
Funk et al. 1987, Caton 1987, Freeman 1987). Hoover et al. (1984) 
reported a pH of 6.5 was optimal for fiber and OM digestion. A 
generally accepted range of 6.2 to 7.0 for grazing ruminants has 
been suggested by CJrskov (1982), with pH values below 6.2 result- 
ing in inhibited cellulolytic bacterial growth. Hence, the pH values 
in our study fall within the optimum range for OM digestion and 
microbial growth. 

Ruminal VFA 
Total ruminal VFA concentrations did not differ (p>.lO) 

among treatments averaged over all sampling times (Table 4). A 

Table 4. Rumi~l total VFA concentration and molar proportions of 
acetate, proplonate, butyrate, valerate, isovalerate, end isobutyrate in 
steers fed 8 low-quelity base1 for8ge with or tithout alfalfa, forbs, or 
SbNbS. 

treatment X sampling time interaction was not detected (p>. 10). 
Rafique (1988) also found no treatment effects on total VFA when 
sheep were fed the same diets as in our study. Freeman (1987), who 
fed steers a diet similar to the one in the present study [prairie hay 
(Agropyron spp.); 5.9% CP], reported no treatment effects on total 
VFA when prairie hay was supplemented with 20 or 40% CP 
supplements. Pordomingo (1989) reported that total VFA concen- 
trations were not altered when steers grazing summer blue grama 
rangeland were supplemented with whole-shelled corn. Holechek 
et al. (1989b) observed no differences in in vitro total VFA concen- 
trations between grasses, forbs, and shrubs (collected from range- 
land in eastern New Mexico) when incubated with inoculum from 
steers consuming a diet of prairie-grass hay. 

Ruminal proportions of acetate did not differ (f3.10) among 
treatments. Greater proportions of acetate are often associated 
with decreased forage quality because acetate is an end-product of 
cell wall fermentation (Van Soest 1982). Similarly, Rafique (1988) 
reported no differences in acetate proportions with sheep fed the 
same diets used in our experiment. Ruminal propionate molar 
proportions also did not differ (13.10) among treatments. Pro- 
pionate tends to increase relative to acetate as forage quality 
increases because propionate is an end-product of cell soluble 
fermentation. Legumes and forbs typically contain more cell solu- 
ble than do grasses; however, in our study, the slightly greater cell 
wall content of the basal forage than of mixtures was evidently not 
enough to alter molar proportions of acetate or propionate. 

Basal plus ALF had the least (P<.Ol) butyrate molar propor- 
tions, with no differences among the other 3 diets. Butyrate, like 
propionate, is associated with higher forage quality, (primarily 
greater CP; Topps et al. 1965, McCollum et al. 1985, Krysl 1986, 
Pordomingo 1989). Decreased molar proportions of butyrate in 
the ALF diet are perplexing. Rafique (1988) found butyrate levels 
to be equal among the same diets when fed to sheep. Minor acids 
(valerate, isovalerate, isobutyrate; Table 4) did not differ among 
treatments. Caton (1987) reported no differences in minor VFA in 
protein supplemented and nonsupplemented steers grazing dor- 
mant blue grama range. 

Digestibility 
In situ rate of NDF disappearance from nylon bags did not differ 

(p>.lO) among treatments (Table 5). These results agree with 

Table 5. In situ NDF disappearance and rates of disappearance of basal 
forage at various incubation times in steers fed a lowquality basal forage 
with or without alfalfa, forbs, or shrubs. 

Diet’ 

Incubation 
time Basal 

Basal Basal Basal 
+ ALF + forbs + shrubs SE’ 

Item Basal 

Diet’ 
Basal Basal Basal 
+ ALF + forbs + shrubs SE’ 

Total, mM’ 

Acetate’ 
Propionate” 
Butyrate’ 
Valerate’ 
Isovalerate’ 
Isobutyrate’ 

67.0 67.0 64.9 64.5 4.6 
____ ______ mol/lmmol---------- 

72.4 73.4 72.4 72.1 .5 
17.9 18.3 18.3 18.0 .4 
8.0d 6.7’ 7.6d 7.7d .2 

.41 .45 .43 .43 .03 

.65 .58 .60 .64 .08 

.58 .58 .56 .54 .06 

‘Basal = 70% blue grama hay, 30% barley straw, ALF q  alfalfa, forbs = 50~50 
mixture of scarlet globemallow and leatherleaf croton, shrubs = 50~50 

(Hour) ____________(u&s) ----------- 
6 90.7 90.3 92.6 81.4 4.9 

12 91.6b 87.8& 87.0k 78.3’ 3.4 
24 78.4 73.7 75.8 76.6 5.0 
48 63.0 47.8 60.1 54.5 6.1 
72 54.6 51.0 47.1 41.9 6.5 
Disappearance rate, 

%I hour 3.7 3.1 3.0 2.8 .57 

‘Basal = 70% blue grama hay, 30% barley straw, ALF = alfalfa, forbs = 50~50 
mixture of scarlet globemallow and leatherleaf croton, shr@ = 50~50 
mixture of fourwing saltbush and mountain mahogany. 
b*cMeans in the same row with different letters in their superscripts differ 

mixture of fourwing saltbush and mountain mahogany. 
b*c,dR~~ means that do not have common superscripts differ (K.05). McCollum and Galyean (1985), who observed no overall differen- 

“Values are means averaged over 7 times (0,4,8, 12,24,32, and 36 hours) ces among in vitro rates of DM disappearance with change in 
~~2~eding (D.10); no treatment X sampling time interaction. percentage of dietary forbs with beef steers grazing blue grama 
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range. These workers did note. however, that diets that had more 
for& (17 vs 77%) were digesied to a &eater extent at 4 hours 
incubation. In our data, in situ NDF remaining at 12 hours was 
greater (P<.O5) for the basal diet (91.6%) than for basal-plus- 
shrub diet (78.3%); ALF and forb diets were intermediate. 

No differences in NDF remaining were observed at other incu- 
bation times. No differences (B.10) were observed for in vivo 
DM or OM digestibilities among diets (Arthun et al. 1992). In vivo 
OM digestibility values were 63.8, 56.8,63.2, and 63.5 for basal, 
ALF, basal-plus-forbs and basal-plus shrubs diets, respectively. 

Scarlet globemallow, leatherleaf croton, fourwing saltbush, and 
mountain mahogany are important botanical components on 
many ranges in New Mexico and other western states. Consump- 
tion by cattle of these plants, particularly when grasses are dor- 
mant, is well documented. A recent study (Arthun et al. 1992) 
showed that these plants are excellent sources of N for cattle 
consuming lowquality grass diets. In our study, including these 
forbs and shrubs in low-quality grass diets had a similar effect on 
ruminal fermination as did inclusion of alfalfa. No toxicity prob- 
lems were observed in any of our trials. Passage rate of indigestible 
NDF, fluid passage rate, ruminal ammonia concentration, ruminal 
pH, NDF digestion rate, and total VFA concentration (also molar 
proportions) were used as measures of ruminal fermentation in our 
study. 
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Abstract 

Lebmann lovegrass (Eragrostis lehmanniana Nees), a perennial 
bun&grass from southern Africa, is replacing native grasses in 
Arizona. After the invasion, biomass production and quality may 
change. This study was conducted to determine the production and 
chemical composition of live Lehmann lovegrass leaves, culms, 
and seedheads during wet and dry Ears. Durhtg 3 years, green leaf 
biomass peaked at 78 f 14 g mm2 ( X f SE) in early August, green 
culms peaked at 103 f 21 g mm2 in mid October, and green seed- 
heads peaked at 18 f 12 g mm2 in mid August. Leaf and culm 
growth peaks correspond with low crude protein (2.5%) and mod- 
erate phosphorus (0.23-0.25%) levels while seedhead growth peaks 
correspond with high crude protein (7-1070) and moderate phos- 
phorus (0.19-0.29%) levels. There were no crude protein and phos- 
phorus peaks in green culms. In Lehmann lovegrass forage, crude 
protein should meet animal requirements for about half the year 
while phosphorus should be adequate throughout the year. In 
native forages, crude protein is adequate throughout the year 
because animals selectively graze forbs, grasses, and shrubs but 
phosphorus does not meet animal requirements except in mid- 
summer. 

Key Words: crude protein, Eragrostk lehmanniana Nees, green 
cuhns, green leaves, green seedheads, phosphorus 

Between 1880 and 1900, southern Arizona and southern New 
Mexico rangelands were overgrazed by domestic livestock and 
grassland productivity declined. Griffith (1901) documented the 
deterioration, and in 1900 studies were initiated to restore produc- 
tivity. Native grasses failed to persist at southwestern revegetation 
sites, and numerous forage species were introduced between 1920 
and 1950 (Her&l et al. 1973, Jordan 1981). 

In 1930, Lehmann lovegrass (Eragrostis lehmanniuna Nees), a 
subclimax, perennial, warm-season bunchgrass from semiarid 
southern Africa, was introduced to the southwestern United States 
(Crider 1945). In the following 50 years Lehmann lovegrass was 
seeded extensively and in the 1940’s the species began to appear on 
areas which had not been artificially seeded. The species is well 
adapted in southeastern Arizona, where it has been sown on over 
69,000 ha and has spread by seed to an additional 76,000 ha (Cox 
and Ruyle 1986). 

Green perennial grass forage is usually higher in crude protein 
and phosphorus than that of mature or dry forage (Holechek et al. 
1989), and during summer the protein content of green Lehmann 
lovegrass forage is 1.2 to 1.9 times that of dry forage (Cable and 
Shumway 1966). Lehmann lovegrass either produces or retains 
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green biomass throughout the year (Cox et al. 1990) and observa- 
tions indicate that cattle selectively graze green leaves in spring and 
summer, green seed stalks (culms) in winter, and green seedheads 
in fall. 

Researchers have determined the annual relationships between 
Lehmann lovegrass total live biomass and cattle weight gains 
(Ward 1975), and total live biomass and crude protein content 
(Cable and Shumway 1966), but have not attempted to determine 
the quantity and quality of individual live biomass components. 
My objective was to examine the quantity and quality of live 
Lehmann lovegrass leaves, culms, and seedheads in wet and dry 
years, and generally assess the importance of quantity and quality 
on animal performance. 

Methods and Materials 

The study site is located 40 km south of Tucson in southeastern 
Arizona (31’41’N. lat., 100’37’W. long.) on the Santa Rim Exper- 
imental Range. Elevation is 1,075 m, slope is 2-5% and soil is a 
Comoro sandy loam (thermic Typic Torrifluvent). Soils are recent 
alluvium, weathered from granitic rocks, moderately acid (pH = 
6.2-6.9); depths range from 0.2 to 2.5 m (Hendricks 1985). Average 
annual precipitation is 450 mm, and it has varied from 175 to 700 
mm in the past 80 years (Cox et al. 1990). Precipitation is bimo- 
dally distributed: about 60% comes as rain between July and 
September, and about 40% comes as rain or snow between October 
and April. Daytime temperatures average 30’ C in summer and 
nighttime temperatures average 5” C in winter, but daytime maxi- 
mums frequently exceed 38’ C in June and July, and nighttime 
minimums are below 0” C in January and February. 

A 6-ha dense, shrub-free Lehmann lovegrass stand was fenced to 
exclude livestock. Nine 15- by 15-m plots were established; there 
were 3 plots in each of the 3 blocks. One plot in each block was 
randomly selected for sampling at 2-week intervals between 18 July 
1984 and 2 July 1985. Three additional plots were sampled between 
18 July 1985 and 2 July 1986, and 3 more plots were sampled 
between 18 July 1986 and 2 July 1987. Experimental design was a 
randomized, complete block with 3 replications each year and 
sampling over 3 years. 

On every sampling date, 3 previously unsampled 0.25- by0.25-m 
quadrats were selected at random in each plot. Lehmann lovegrass 
plants were clipped at the soil surface, and forage separated into 
live (green) and dead components. Green forage was separated into 
leaves, culms, and seedheads, dried in a forced-draft oven at 40° C 
for 72 hours and weighed. The same plant part from the 3 quadrats 
were pooled for each plot and ground over a 40-mesh screen. 
Samples were thoroughly mixed and 3 sub-samples digested and 
analyzed for total nitrogen and total phosphorus using a micro- 
digester and a continuous flow auto-analyzer (Schuman et al. 
1973). Total nitrogen and phosphorus concentrations bg/g) were 
converted to dry matter YO crude protein and yc phosphorus and 
values compared to general maintenance and lactation require- 
ments of cows and ewes (Holechek et al. 1989). 
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(40 f 14 g m-‘2) in the summer of above-average precipitation 
(1984), intermediate (32 f 12 g m”) in the summer of average 
precipitation (1986), and least (12 f 6 g m-‘) in the summer of 
below average precipitation (1985). 

Cable and Shumway (1966) observed many seedheads during 
May and June in 4 consecutive years. Spring precipitation was 
widely distributed in 1986 and only a few seedheads (1 f 1 g m-‘) 
were present in early summer. In contrast, spring precipitation was 
above the long-term average in 1985 and seedhead production was 
9 f 3 g me2 in early summer (Fig. 3-A); this amount was 25% of 
that measured when summer precipitation was above the long- 
term average, 30% of that measured when summer precipitation 
was equal to the long-term average, and about equal to that mea- 
sured when summer precipitation was below average. 

Lehmann lovegrass seed produced in early summer fail to ger- 
minate (unpublished data, USDA-ARS) because soils dry in late 
spring and early summer before seed mature (Cox et al. 1990). In 
southern Africa, where the grass occurs naturally, seed produced in 
early summer germinate more frequently than those produced in 
late summer. 

Precipitation is distributed in spring, summer, and fall (Septem- 
ber-April) and winters are dry in southern Africa while precipita- 
tion is distributed in summer and winter, and spring and fall are 
usually dry in Arizona (Cox et al. 1989). Spring and winter temper- 
atures are warmer in southern Africa while summer and fall 
temperatures are warmer in Arizona. 

When either spring or summer precipitation ranges from 150 to 

220 mm, thunderstorms in both southern Africa and Arizona 
occur at l-4 day intervals (Cox et al. 1989). Under these conditions 
Lehmann lovegrass seed germinates in 4-5 days, seedlings emerge 
in 9-12 days, and seedlings produce viable seed in 30-40 days 
(Crider 1945). When either spring or summer precipitation is less 
than 150 mm and thunderstorm activity is irregular, Lehmann 
lovegrass seedlings either fail to produce viable seed or die. 

Crude protein and phosphorus in green seedheads peaked on 1 
August (Figs. 3-B and 3-C), and levels between 18 July-28 August 
exceeded cow and ewe maintenance requirements (Holechek et al. 
1989). In August and September cattle, mule deer (Odocoileus 
hemionus), and white-tail deer (Odocoileus virginianus) were 
observed feeding on Lehmann lovegrass seedheads. Observations 
at 6 locations in southeastern Arizona indicate that cattle and 
wildlife may remove seedheads before 1 October. Selective seed- 
head grazing by cattle may explain why crude protein in rumen 
samples during late summer is 5-12% greater than in correspond- 
ing hand-harvested green leaf and green culm samples (Cable and 
Shumway 1966). 

Seedhead foraging by cattle may explain the rapid spread of 
Lehmann lovegrass between 1960 and 1980 (Cox and Ruyle 1986). 
In a preliminary study, 5 kg of dry feces from cattle observed 
feeding on Lehmann lovegrass seedheads was dried, passed 
through a grinder, sown over sand, covered with fine mulch, and 
subirrigated for 21 days. From this nonreplicated observation 
study more than 1,680 Lehmann lovegrass seedlings were counted 
in 21 days. 
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Implications 
On ranges where native forbs, grasses, and shrubs predominate, 

grazers utilize green grass growth during spring and summer, and 
high protein forb and browse forage in fall and winter (Cable and 
Shumay 1966, Galt et al. 1969, Nelson et al. 1970). Selective 
grazing insures that crude protein levels remain above cow and ewe 
maintenance requirements. However, phosphorus levels exceed 
maintenance requirements only when plants actively grow in 
spring and summer (Holechek et al. 1989). 

Native grasses, forbs and browse are usually more palatable than 
Lehmann lovegrass (Obo 1986), and cattle selectively graze native 
plants in summer and Lehmann lovegrass in fall, winter, and early 
spring (Martin 1983). Selective seasonal grazing reduces the vigor 
of native forages because plants are repeatedly grazed while 
actively growing in summer. The reduction or elimination of native 
canopy reduces soil shading. The increased light stimulates Leh- 
mann lovegrass seed germination (Sumrall et al. 1991), thus densi- 
ties of Lehmann lovegrass increase (Cox and Ruyle 1986). 

Once Lehmann lovegrass predominates, green biomass produc- 
tion of the grass component increases by a factor of 4 (Cox et al. 
1990), crude protein levels drop below maintenance requirements 
for 6 months of the year, and phosphorus levels exceed mainte- 
nance requirements during the entire year. Lehmann lovegrass 
does not fit into existing grazing management strategies because its 
growth and nutrient patterns differ from those of native perennial 
grasses (Cable and Shumway 1966, Galt et al. 1969, Nelson et al. 
1970, Figs. 1,2, and 3). Hence the need to consider new options. 
Managers should consider grazing Lehmann lovegrass in late 
spring and summer because live biomass, crude protein, phospho- 
rus, and organic matter digestibility peak in those seasons (Fourie 
and Roberts 1976, Obo 1986). Pastures with native forbs and 
native perennial grasses should be rested in spring and summer, 
and moderately grazed in fall and winter. 

Because this study was conducted in a 6-ha exclosure, I cannot 
conclusively state that herbage production and quality changed 
after Lehmann lovegrass replaced native perennial grasses on 
Arizona rangelands. Neither can I recommend that managers dis- 
continue the common practice of supplementing phosphorus. 
However, this study and others (Cox et al. 1990 and 1992, Fourie 
and Roberts 1977, Galt et al. 1969) suggest that plant productivity 
and nutrient patterns do change after Lehmann lovegrass invades. 
Hence, my recommendation that grazing studies in Lehmann love- 
grass and perennial native grass communities be conducted to 
verify the importance of this laboratory data. 
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Abstract 

Pine needles from ponderosa pine (Pinus ponderosa Lawson) 
consumed by cows during winter can cause abortions. Our study 
determined the nutritional impact of pine needles given to steers 
intraruminally. In Trial 1, 12 steers were given either grass hay 
alone (CONT), 15% pine needles (15PN), or 30% pine needles 
(30PN) substituted for hay, as fed basis. In Trial 2, a 4 X 4 Latin 
square design was used with 4 steers. Treatments were: (1) control- 
grass hay alone (CONT); (2) grass hay plus 454 g/day of cottonseed 
meal (CSM); (3) pine needles substituted for 40% (as fed basis) of 
the hay (PN); and (4) pine needles (40%) plus 454 g/day of CSM 
(PNCSM). In Trial 1, dry matter intake (DMI), fecal N, and DM 
digestibility were not affected by either 15PN or 30PN. N intake 
and N digestibility were reduced (P<O.O7) by 30PN. Fluid dilution 
rate (FDR) and fluid oufflow rate (FOR) were depressed (PzO.10) 
by 30PN. Total VFA and ruminal ammonia-N also were depressed 
by 30PN. In Trial 2, the PN treatment adversely affected DMI, N 
intake, and all digestibility coefficients, and elevated fecal N. FDR, 
FOR, and turnover time (TOT) were reduced by 40% PN. Total 
VFA were increased by PN, while ammonia-N concentrations 
were reduced. Cottenseed meal had few effects on rumen variables, 
and there were no CSM X PN interactions. We conclude that pine 
needles severely affect cattle nutrition, particularly N intake and 
digestibility and fluid rate of passage. Cottonseed meal, at 1 
kg/day, does not ameliorate the adverse effects of pine needles. 
Fifteen to 30% pine needles in cattle diets appears to be the thres- 
hold level for toxic effects on ruminal fermentation. 

Key Words: Pinus ponderosa, browse, secondary compounds, 
ruminant nutrition, poisonous plants, toxic effects, phenolics 

Ponderosa pine (Pinusponderosa Lawson) trees occupy over 17 
million ha of rangeland in North America (Gartner et al. 1988). 
Pregnant cattle may graze large quantities of pine needles (i.e., up 
to 40% of their diet) during winter months under free-ranging 
conditions (Pfister and Adams 1992). Ingestion of needles cause 
abortion or premature birth, endometritis, and retained placentas 
in cattle (Lacey et al. 1988, James et al. 1989). 

Pine needles contain secondary compounds such as phenolics, 
terpenes, and tannins (Smith 1964, Hanover 1966). Other studies 
have shown that these secondary compounds have negative 
impacts on forage digestibility (Kumar and Singh 1984, Akin 
1989), and on rumen microbial populations (Tagari et al. 1965, 
Akin 1982, Chesson et al. 1982). We recently reported that pine 
needles negatively impact in vivo and in vitro forage digestibility 
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technical assistance, and Don Sisson for statistical advice. This research was approved 
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(Adams et al. 1992), and are toxic to populations of ruminal 
microbes in vivo, especially cellulolytic bacteria (Wiedmeier et al. 
1992). 

Information on the nutritional impacts of pine needles may lead 
to management alternatives to enhance efficiency of forage use by 
cattle consuming pine needles. Hence, objectives of our study were 
to: (1) determine the effects of graded levels of pine needles on 
forage intake, digestibility, fluid passage rate, and ruminal fermen- 
tation, and (2) determine if supplemental protein ameliorated the 
adverse effects of pine needles. Livestock producers often feed a 
high-protein supplement to attenuate adverse effects from pine 
needles. 

Materials and Methods 

Carbohydrates, Acids, and Alcohols 
Pine needle tissue was air-dried and ground to pass a 2-mm 

screen in a Wiley mill. Ground tissue (500 mg) was extracted in 
80:20 methanol:water (20 ml). A 9-ml aliquot was blown dry; taken 
up in pyridine; and 0.5 mg erythritol, the internal standard, was 
added. Compounds in solution were derivitized with trimethyl- 
chlorosilane and hexamethyldisilazane. A 5-~1 aliquot of the 
supematant fluid was injected into a Hewlett Packard capillary gas 
chromatograph equipped with a 100% methyl polysilozane, 25-m 
column. Nitrogen was the carrier gas at 0.5 ml/min. Injector 
temperature was 250° C, detector temperature was 260’ C, and 
initial temperature was 100” C for I min. Compounds were identi- 
fied by co-chromatography using known standards. Data for these 
compounds, as well as all other compounds, were expressed as 
mg/g dry weight of tissue. 

Monomeric Phenolics 
Air-dried, ground plant tissue (500 mg) was extracted in 8 ml of 

100% methanol; this was concentrated to 4 ml under N at 46’ C. 
Water was added, the extract was washed with 8 ml hexane, and 
blown dry at 46” C. Methanol/HCL (0.5 ul) was added to the 
extract; the extract was heated to 100’ C for 30 min, after which 
l-ml of water was added. This mixture was extracted with 1.5 ml 
ethyl acetate, dried using NazSOd, and the internal standard vanil- 
lit acid was added (0.25 mg). The ethyl acetate extract was blown 
dry as above, derivitized in 100 ~1 dimethylformamide and 100 ~1 
bis-trifluoracetamide plus 1% trimethylchlorosilane, and 5 ~1 were 
injected in a Hewlett Packard capillary gas chromatograph (GC). 
The GC was equipped with a Hewlett Packard ultra 2, 5% 
phenyl/5% methylsilicone columm, 25 m in length and ID 0.32 
mm. Compounds were identified by co-chromatography using 
known standards. 

Tannins as Analyzed by Astringency 
Because the ecologically important property of tannins has been 

suggested to be astringency (i.e., protein-complexing activity), 
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condensed tannin content was analyzed by the astringency method ventral sac immediately before dosing with Co-EDTA, and at 3,6, 
(Horner et al. 1987). Air-dried, ground plant (200 mg) was 9, 12, 15, 18, 24,30, 36, and 48 hours after dosing; samples were 
extracted in 70% acetone. Acetone was removed by passing N over frozen immediately. Later, rumen fluid samples were thawed and 
the supematant fluid at 55” C, filtered through at 0.45pm nylon strained through 4 layers of cheesecloth, and centrifuged at 10,000 
filter, and hemoglobin solution used as the reaction protein. The X g for 20 min. Supernatant fluid was analyzed for Co concentra- 
astringency of the tissue was expressed as that relative to the tion by atomic absorption spectrophotometry with an air-plus- 
standard quebracho tannin. acetylene flame. 

Trial 1 
Twelve ruminally cannulated Holstein steers (285 f 27 kg) were 

allocated randomly to 1 of 3 treatments: controls (CONT) with no 
pine needles given; 15% of the basal diet (as fed basis) as pine 
needles (15PN); and 30% of the basal diet (as fed basis) as pine 
needles (30PN). The mature grass hay was a mixture of orchard 
grass (Dact# glomerata L.) and brome grass (Bromus spp.). Ad 
libitum intake of grass hay was determined in a preliminary IO-day 
period. Feed intake (hay plus needles, as-fed basis) was restricted 
to 90% of ad lib&urn intake during the 14day trial. Chemical 
composition of hay and pine needles is given in Table 1. Grass 

At 0800 and 1200 on days 0,2,6, and 14, 250 ml of ruminal 
contents were collected from the ventral sac, and pH determined 
immediately with a combination electrode. The major portion of 
these samples was used to quantify microbial populations (Wied- 
meier et al. 1992). Subsamples were strained through 4 layers of 
cheesecloth, acidified by adding 1 ml of 20% H&04/5 ml of 
sample, and frozen at -20° C. After thawing at room temperature, 
samples were centrifuged at 10,000 X g for 10 min, and the super- 
natant fluid was analyzed for ammonia-N. After a second centrifu- 
gation and the addition of 2-ethylbutyric acid as an internal stand- 
ard, concentrations of volatile fatty acids (VFA) were determined 
using gas chromatography. 

Table 1. Chemical composition of gase hay and pine needles fed to steers 
in Trial 1, and grees hay, needles and cottonseed meal fed in Trial 2. 

Variables not repeated in time were analyzed as a completely 
random design, with 4 animals per treatment. Orthogonal poly- 
nomials were used to test for linear and quadratic effects for 
apparent digestibility coefficients [DM, organic matter (OM), 
ADF, CP], digestible DM intake, FPR, TOT, VOL, and FOR. A 
repeated measures analysis of variance (SAS 1987) and orthogonal 
polynomials were used to analyze ruminal pH, ammonia-N, and 
VFA data. All data met the Huynh-Feldt condition required for 
univariate repeated measures analysis (SAS 1987). 

Trial 1 Trial 2 

Grass hay 
Dry matter 
Ash 
Crude protein 
Acid detergent fiber 

Pine needles 
Dry matter 
Ash 
Crude protein 
Acid detergent fiber 

Cottonseed meal 

_____________%“_________ 

93.6 92.6 
9.5 9.5 
7.5 8.0 

38.5 36.3 

93.4 92.2 
2.2 2.2 
5.3 5.9 

39.1 42.1 

Dry matter 92.2 
Ash 6.8 
Crude protein 43.0 
Acid detergent fiber 16.7 
‘Dry-matter basis. 

hay was chopped through a SO-mm screen, and fed twice daily in 
equal portions at 0800 and 1500. Steers were fed in individual 
locking stanchions. Orts were weighed daily at 1000 and 1700. Pine 
needles were collected green from trees during winter in central 
Montana and air-dried at 25O C. Dried pine needles were chopped 
through a 50-mm screen and given intraruminally daily at 0830 for 
14 days. Because we were interested in potential ruminal adapta- 
tion, no needles were fed during the preliminary period. 

Feed and ort samples were collected during days 8 to 13 and 9 to 
14, respectively. Pine needle samples were collected daily, compo- 
sited, and stored frozen at -20” C in plastic bags. Total fecal 
collections were made by fecal bags; bags were emptied daily, and 
feces weighed, mixed, and subsampled during days 10 to 14. Fecal 
samples were frozen, and later thawed, oven-dried at 40’ C, 
ground to pass a l-mm screen before chemical analyses. Feed and 
fecal samples were analyzed for crude protein (CP), dry matter 
(DM), and ash by standard methods (AOAC 1984), and for acid 
detergent fiber (ADF; Goering and Van Soest 1970). 

Steers were dosed at 0800 on day 13 with 500 ml of cobalt 
ethylenediaminetetraacetate (Co-EDTA, Uden et al. 1980) con- 
taining 1,033 mg of Co to estimate fluid passage rate (FPR), 
turnover time (TOT), ruminal fluid volume (VOL), and fluid out- 
flow rate (FOR). Ruminal samples (250 ml) were taken from the 

Trial 2 
Four ruminally cannulated Holstein steers (avg. wt. = 364 kg) 

were used in a 4 X 4 Latin square design with 4 periods of 12 days 
each and 4 diets: (1) grass hay alone (CONT); (2) grass hay plus 454 
g cottonseed meal/day (CSM); (3) grass hay with pine needles 
substituted for 40% of the hay (PN, as-fed basis); and (4) grass hay 
plus 454 g CSM/day and 40% pine needles (CSMPN). Chemical 
composition of the hay, CSM, and pine needles is shown in Table 
1. Steers were placed in metabolism stalls for a 14day adaptation 
period, with ad libitum intake determined for the grass hay during 
the last 7 days. Steers were removed from the stalls for 7 days then 
returned for the first trial. Trial periods were 12 days, after which 
steers were placed together in a common pen and fed alfalfa hay for 
14 days, and grass hay for 4 days before beginning another trial 
period. This procedure was followed to eliminate carryover effects 
from one trial period to the next. 

Hay was fed once daily at 0800 at 90% of ad libitum intake, and 
when appropriate, CSM was added to hay. Pine needles were 
substituted for 40% of the hay (air-dry basis) and dosed intrarumi- 
nally at 0815. Hay and pine needles were chopped through a 
50-mm screen, but pine needles were chopped just before each trial 
period. Orts were weighed each morning. 

A pine needle sample was collected daily and frozen. Feed and 
ort samples were collected from days 6 to 11 and 7 to 12, respec- 
tively. Total fecal collections were made from days 8 to 12. Feed, 
arts, fecal, and pine needle samples were stored and analyzed as in 
Trial 1. 

Fluid passage rate was estimated using Co-EDTA as in Trial 1. 
On day 10, a 500 ml dose of Co-EDTA was given at 0800 hours; 
doses contained 1,055,969,1,042, and 1,lO 1 mg Co for Periods 1 to 
4, respectively. Ruminal samples for Co analysis were collected as 
in Trial 1. 

Ruminal samples also were taken on days 0, 2,4, 8, and 12 at 
08 10 hours, and pH determined as described previously. Subsam- 
ples were strained through cheesecloth and prepared and analyzed 
as noted previously for ruminal ammonia-N and VFA. 

Data were analyzed as a 4 X 4 Latin square; some variables were 
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examined over time, which necessitated use of a repeated measures 
analysis of variance (SAS 1987). Orthogonal contrasts appropriate 
for a 2 X 2 factorial treatment design were used to compare pine 
needle effects, CSM effects, and the pine needle X CSM interac- 
tion. Unless otherwise noted, the observed significance level for the 
F-tests was P<O.OS. 

Results 

Pine Needle Chemistry 
Pine needles contained various kinds and amounts of carbohy- 

drates, organic acids, and an alcohol, inositol (Table 2). Secondary 

Table 2. Carbohydrates, acids, and an alcohol in pine needle tissue from 
central Montana’. 

Class of compound/ 
chemical Trial I 

Carbohydrate 
Fructose 5.9 
Galactose 24.5 
Glucose 8.4 
Mannose 0.7 
Sucrose 16.9 

Acids 
Shikimic acic 20.4 
Citric acid 4.7 

Alcohol 
Inositol 1.0 

‘Data are expressed as mg/g dry weight of tissue. 

Trial 2 

3.8 
9.3 
5.2 
0.4 
3.7 

::: 

0.4 

compounds found in pine needles included numerous monomeric 
phenolics and flavonoids (Table 3). Only very small amounts of 2 
terpenes were found in the pine needle tissue (Table 3). Qualita- 
tively, condensed tannins were present in large quantities (exceed- 
ing detection limits of lo%), and alkaloids were absent from pine 
needles (Table 3). 

Trial 1 
Pine needles had no effect on DMI or DDMI; however N intake 

was depressed by about 18% by addition of the pine needles (Table 
4). Addition of needles also had no effect on fecal N or on DM or 
ADF digestibility coefficients (Table 4). Needles tended to depress 
CP digestibility at both the 15 and 30% levels. 

Both FDR and FOR tended to be negatively affected by pine 
needles (Table 5), with most of this effect attributable to 30% pine 
needles. Ruminal volume and TOT were not affected by needles in 
spite of large differences in mean values (Table 5) because of high 
variability within the 30% treatment. 

Addition of 30% pine needles depressed ruminal production of 
total VFA about 15% (Table 6). Molar proportions of acetate 

Table 3. Plant secondary compounds (mg/g dry weight) in pine needle 
tissue collected in central Montana. 

Class of compound/ 
chemical Trial 1 Trial 2 

Monomeric phenolics 
p-hydroxy benzoic acid 0.08 0.06 
caffeic acid 0.04 0.04 
p-coumaric acid 0.08 0.01 
ferulic acid 0.05 0.02 
gallic acid 0.60 0.38 
vanillic acid 0.05 0.01 

Flavonoids 
kaempferol 0.04 0.02 
naringen 1.84 1.11 
quercetin 0.23 0.09 
taxifolin 0.13 0.09 

Terpenes’ 
alpha-pinene 0.01 - 
beta-pinene - 0.002 

Tanninsb Present Present 

Alkaloids’ Absent Absent 

*Most of the terpenes typical of ponderosa pine were not present likely because of use 
of air-dried plant matenal. 
%annins were not quantified on a mg/g basis because the concentration was beyond 
the limits of the method used (i.e. >lO%). 
‘Alkaloid analysis by Dr. F. Stermitz, Colorado State Univ., pers. comm. 

Table 5. Ruminal fluid dilution rate (FDR), rumen volume (VOL), tum- 
over time (TOT), and fluid oufflow rate (FOR) in steers during Trial 1. 

Pine needles, % 
Item 0 I5 30 

FDR, %/hour 8.4 8.1 5.8 
VOL, liters 41.3 41.2 49.0 
TOT, hours 12.3 12.5 22.4 
FOR, liters/ hour 3.4 3.4 2.6 

‘Root mean square error, n = 4 for all table values. 
bL = linear; NS = nonsignificant at BO.10. 

MSE’ Responseb 

1.7 L, P = 0.06 
II.0 NS 
9.4 NS 
0.6 L,P=O.l 

increased linearly, while butyrate decreased; no other VFA were 
affected by pine needles (Table 6). Ruminal ammonia-N concen- 
trations were depressed by 18% with the 30% addition of pine 
needles (Table 6). Ruminal pH was depressed slightly by 15% pine 
needles and elevated by the 30% treatment (Table 6). 

Trial 2 
Addition of 40% pine needles resulted in a 20% decrease in DMI 

compared with controls (Table 7). There was no effect of CSM and 
no pine needle X CSM interaction. Similarly, DDMI was de- 
pressed more than 20% by pine needles, but no CSM effect or 

Table 4. Dry matter (DM) intake, digestible dry matter intake (DDMI), nitrogen (N) intake and fecal N, and digestibility coefficients for DM, crude 
protein (CP), and acid detergent fiber (ADF) in Trial 1. 

Pine needles, % 
Item 0 I5 30 

DM intake, g/day” 4,372 4,300 3,852 
DDMI, g/day 2,410 2,235 2,052 
N intake, g/day 

?l.; 
45.6 44.6 

Fecal N, g/day 
DM digestibility, % 55:o 

26.0 25.4 
51.9 53.9 

CP digestibility, % 59.7 42.9 42.4 
ADF digestibility, % 44.7 37.3 36.6 

%xludes pine needles dosed intrarumiaally at 736 and 1,51 I g/day to IS and 30% treatment groups, reV=tivelY. 
bRoot mean square error;, n = 4 for all table values. 
‘L q  linear; NS q  nonsigmficant at p>O. 10. 

MSEb Response’ 

447 NS 
322 NS 

5.5 L, KO.05 
5.2 NS 
7.1 NS 

12.3 L, P 0.07 = 
10.4 NS 
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Table 6. Rumin8l volatile fatty acids (VFA), rumen ammonia N, and 
ruminsl pH in steers fed pine needles in Trial 1. 

Pine needles, Yc 

Item 0 15 30 MSE” Responseb 

Total VFA, mM 67.1 65.2 56.0 12.1 L, P<O.Ol 
Individual VFA ---moles/1OOmoles--- 

Acetate 69.2 70.3 70.2 1.9 L, P<O.O5 
Propiouate 18.6 18.0 18.3 1.4 NS 
Butyrate 8.7 8.4 7.6 0.8 L, P<O.Ol 
Isobutyrate 1.4 1.3 1.7 0.8 NS 
Valerate 1.1 1.2 1.1 0.4 NS 
Isovalerate 0.9 0.8 1.0 0.4 NS 

Rumen ammonia-N, 
m8/dI 4.4 4.3 3.6 L, P<O.OS 

Ruminal pH 6.7 6.7 6.9 A:; Q, KO.01 

“Root mean square error; n = 32 for all table values. 
bL = linear; Q q  quadratic; NS = nonsignificant at -0. 10. 

interaction was noted (Table 7). As expected, N intake was 
increased by the addition of CSM, but addition of pine needles 
decreased N intake by 32%. Fecal N levels (g/day) increased 
(PzO.08) with addition of pine needles, but fecal N was not affected 
by addition of CSM, and no CSM X pine needle interaction was 
detected (Table 7). 

Dry matter digestibility was reduced about 10% by pine needles; 
CSM or CSM X pine needle interaction effects were not apparent 
(Table 7). Apparent crude protein digestibility was depressed 
severely by pine needles, with a reduction to 24% in the pine needle 
treatment compared with 59% in controls. Again, no CSM effect 
or CSM X pine needle interaction was noted. 

Ruminal fluid kinetics were altered by pine needles. Fluid dilu- 
tion rate was reduced by 40% by pine needles, and no CSM effect 
or interaction was found (Table 8). Turnover time was markedly 
elevated from about 14 hours in controls to 28 hours in cattle fed 
pine needles; no CSM effect or interaction was noted. Fluid out- 
flow rate also was depressed by 40% from pine needles, with no 
effect from the addition of CSM, and no CSM X pine needle 
interaction (Table 8). 

Pine needles increased total VFA concentration, but CSM had 
no effect and there was no interaction (Table 9). Proportions of 
individual VFA were not affected by pine needles or CSM, nor 
were there any interactions. Ruminal ammonia-N was depressed 
by pine needles, but no CSM effect or interaction was found (Table 
9). Ruminal pH was elevated by pine needles, but neither CSM nor 
the CSM X pine needle interaction were significant (Table 9). 

Discussion 

Pine needles contained numerous secondary compounds in 

Table 7. Dry matter intake (g/day), N intake and fecal N, digestible dry matter intake (DDMI), and digestion coefficients for DM, crude protein (CP) and 
acid detergent fiber (ADF) in steers fed pine needles in Trial 2. 

Item CONT 

DM intake, g/day 6,801 

N intake, g/day 100.9 

Fecal N, g/day 41.2 

DDMI, 8/&y 4,281 

Treatments* 

CSM PN 

7,204 5,363 

135.0 68.6 

46.2 49.4 

4,652 3,098 

CSMPN MSEb 

5,908 1,127 

101.5 29.2 

60.6 10.8 

3,293 754 

Response” 

PN: P = 0.05 
CSM: NS 

PN: PcO.05 
CSM: P<O.O5 

PN: P q  0.08 
CSM: NS 

PN: P<O.O5 
CSM: NS 

Digestion coefficients 

DM 

ADF 

CP 

63.1 64.7 57.3 53.5 4.1 

55.0 61.3 41.7 34.5 5.7 

59.1 65.8 23.9 36.2 10.4 

PN P<O.O5 
CSM: NS 

PN: PcO.05 
CSM: NS 

PN: P<O.O5 
CSM: NS 

‘CONT = control with grass hay alone; CSM = grass hay + 454g cottonseed meal (CSM)/day; PN = 40% pine nccdlcs substituted for hay; PNCSM = % pine needles and 454 g 
CSM/day. 
bRoot mean square error; n = for all table values. 
‘PN q  Pine needle effect; CSM q  CSM effect; NS = nonsignificant at p>O.lO. There were no PN X CSM interaction. 

Table 8. Ruminal fluid dilution rate (FDR), rumen volume (VOL), turnover time (TOT), end fluid oufflow rate (FOR) in steers given pine needles and 
cottonseed meal in Trial 2. 

Item CONT 

FDR, 9o/ hour 6.9 

VOL, liters 102.9 

TOT, hours 14.2 

FOR, liters/ hour 7.2 

Treatments’ 

CSM PN 

7.1 4.0 

94.6 111.1 

14.7 27.7 

6.5 4.3 

CSMPN MSEb 

5.9 0.9 

90.7 13.1 

17.1 4.7 

5.2 0.9 

Response” 

PN: P<O.Ol 
CSM: NS 

All NS 

PN: P<O.O5 
CSM: NS 

PN: P<O.Ol 
CSM: NS 

“CONT = control with gray hay alone; CSM q  hay + 454 g cottonseed meal (CSM)/ day cottonseed meal; PN q  40% pine nccdles substituted for hay; PNCSM = 1% Pine nccdtea 
tnd 454 a CSM/day. 
Root mean square error; n = for all table values. 

‘PN = PN effect; CSM q  CSM effect; NS = nonsignificant at E30.10. 
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Table 9. Rominal volatile fatty acids (VFA), rumen ammonia-N and rominal pH in steers fed cottonseed meal and pine needles in Trial 2. 

Treatments* 
Item 

Total VFA, mM 
CONT 

66.6 

CSM 

69.6 

PN 

79.1 

CSMPN 

74.4 

MSEb Response’ 
I 

11.6 PN: P<O.OS 
CSM: NS 

Individual VFA 
Acetate 
Propionate 
Butyrate 
Isobutyrate 
Valerate 
Isovalerate 

Rumen ammonia, N 
m8/dl 

. . . . . . . . . . . . ...*... moles/ 100 moles , . . . . . . . . . . . . . . . . . 
68.1 66.6 68.0 67.6 2.4 All NS 
18.9 19.2 19.1 18.9 1.2 All NS 
9.7 10.7 9.8 IO.1 1.8 All NS 
1.4 1.3 1.3 1.4 0.3 All NS 
1.5 1.5 1.3 1.4 0.4 All NS 
0.5 0.6 0.5 0.6 0.3 All NS 

6.8 7.2 4.1 5.0 2.0 PN: P<O.Ol 
CSM: NS 

Ruminal pH 6.4 6.4 6.6 6.7 0.2 PN: P<O.Ol 
CSM: NS 

‘CONT = control with grass hay alone; CSM = grass hay + 454 g cottonseed meal (CSM)/day; PN =40% pine needles substituted for hay; PNCSM = 40% pine needles and 454 B 
CSM/day. 
bRoot mean square error; n = 20 for VFA and pH; n = 16 for NHs. 
‘PN = PN effect; CSM = CSM effect; NS = nonsignificant at DO.10. 

small amounts. The percentage of tannins was substantial (i.e.,> lo%), tions in DMI have been shown to reduce FDR in cattle on low 
which agrees with findings of Wagner and Evans (1985) for ponde- quality roughages (Adams and Karchner 1984). Salivary flow has 
rosa pine, and Watt (1989) for Pinus contorta Douglas and Pinus been reported to increase at higher levels of forage intake (Bartley 
sylvestris L. Contrary to other results (Hanover 1966, Smith 1964), 1975), and increased salivary flow may enhance FDR (Harrison et 
concentrations of monoterpenes were very low, which was proba- al. 1975). Because we dosed pine needles to cattle rather than 
bly a result of air-drying the needles before analysis. Regardless, allowing oral consumption, actual oral DMI was much lower for 
the abortifacient compound(s) was probably not affected, as both pine-fed cattle, and salivary flow may have been reduced, with 
fresh and dried needles abort pregnant cattle (Short et al. 1989). consequent impacts on FDR. Toxic compounds may also reduce 
Our experiment was not designed to test whether the abortive ruminal motility (Aungst and Shen 1986), thus reducing rate of 
agent also is responsible for the nutritional toxicology. passage. 

Dry matter intake was not affected in Trial 1, but was reduced by 
pine needles in Trial 2. We caution that animals were not allowed 
to orally consume pine needles; we gave pine needles intrarumi- 
nally to remove any palatability effects. Adams et al. (1992) found 
that intake was affected by addition of 50% pine needles to sheep 
diets. 

Nitrogen intake was reduced by pine needles in both trials, but 
elevated by CSM in Trial 2. Most differences can be attributed to 
greater N content in hay and CSM compared with needles. As 
shown in numerous other studies where browse was fed (Quercus 
spp.: Nastis and Malechek 1981, Villena and Pfister 1990; Cerco- 
carpus and Atriplex spp.: Boutouba et al. 1990; Artemisia and 
Juniperus spp.: Nunez-Hernandez et al. 1989), fecal N was elevated 
about 15% in both trials by addition of pine needles. No increase in 
fecal N resulted from feeding CSM because of its high digestibility. 

Effects on TOT were not significant in Trial 1, even though the 
mean TOT for the 30% group was nearly double the control value. 
Of the 4 animals on this treatment, 2 were severely affected, and 2 
were noticably unaffected by needles, thus individual animal vari- 
ability prevented the detection of significant differences. One 
animal from the 30PN group eventually went off feed and deve- 
loped a bloody rectal discharge. Veterinary examination indicated 
damage to the gastrointestinal tract from the pine needles. Bailey 
(1978) noted that high phenolic diets can cause bloody feces due to 
necrosis of the gastrointestinal tract. 

Ruminal fluid volume was unaffected by pine needles in both 
trials. Although fluid volumes were high in Trial 2, these values are 
comparable to values reported in other studies with low forage 
intake and low quality roughage (Adams and Karchner 1984). 

The 2 trials were not entirely consistent with respect to effects of 
needles on digestion coefficients. In Trial 1, needles negatively 
affected (PzO.07) CP digestibility; pine needles affected all diges- 
tion coefficients in Trial 2. Cottonseed meal did not effect DM 
digestion coefficients in Trial 2. We consistently found no CSM X 
pine needle interaction for any variable. The literature is replete 
with examples of high-phenolic feeds adversely affecting digestion 
(tannins: Bernays et al. 1989; phenolic compounds in grass and 
browse: Jung 1985, Palo 1985, Palo et al. 1985, Hartley and Akin 
1989). In 2 companion studies, we found: (1) that pine needles 
reduce the in vivo and in vitro digestibility of grass hay (Adams et 
al. 1992), and (2) that needles are especially toxic to cellulolytic 
bacteria (Wiedmeier et al. 1992), but also reduce proteolytic bacte- 
rial populations and total numbers of bacteria and protozoa. 

Total VFA were reduced by pine needles in Trial 1, but paradox- 
ically were increased in Trial 2; we have no adequate explanation 
for these results. Pine needles affected only proportions of acetate 
and butyrate in Trial 1, but not in Trial 2. We know that ruminal 
microbial populations were changing over time in both trials 
(Wiedemeier et al. 1992); more detailed study will be required to 
clarify the dynamic process by which pine needles affect VFA 
concentrations. 

Ruminal fluid measurements indicated significant impacts on 
fluid dilution and outflow rates in both trials. Fluid dilution rate 
was reduced in Trial I by 30% pine needles even though DMI was 
not affected. Both FDR and DMI were reduced in Trial 2. Reduc- 

Ruminal ammonia-N concentrations were depressed in both 
trials as a result of pine needles. In both trials, ammonia-N concen- 
trations in needle-fed animals fell below levels generally considered 
necessary for adequate ruminal fermentation (Van Soest 1982). 
Peterson (1987) recently suggested that recommended levels of 
ammonia-N may be much lower for grazing livestock. Ruminal pH 
was increased from feeding pine needles in both trials, perhaps 
because of effects of secondary compounds on fermentation, or 
because of lower forage intake relative to salivary flow. 

Both trials showed conclusively that pine needles have an 
adverse effect on cattle nutrition, confirming and extending find- 
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ings from other studies we have conducted (Adams et al. 1992, 
Wiedmeier et al. 1992). Trial 1 was the first in vivo study of pine 
needle effects in cattle, and some results differ from those with 
lambs consuming pine needles (Adams et al. 1992). Minor differ- 
ences aside, all the research that we have conducted indicates 
substantial detrimental effects in sheep and cattle ingesting pine 
needles. Pine needles primarily reduce feed intake, bind nitrogen, 
and directly or indirectly alter passage rate and fermentation. 
Separating the effects of reduced intake alone from other pine 
needle effects will require pair-feeding to eliminate confounding 
effects. 

Supplementation of diets with CSM did not ameliorate any 
adverse effects of pine needles. Producers with cattle consuming 
pine needles during winter should consider the nutritional implica- 
tions that these adverse effects may impose on cattle, especially in 
terms of feed intake, weight losses, and postpartum intervals. 
However, in our opinion, the primary impact of pine needle inges- 
tion is probably not nutritional, even though nutritional effects are 
real and potentially severe. Abortions in cattle consuming pine 
needles can decimate herd productivity, and greatly increase calv- 
ing interval in recovering cows (James et al. 1989); thus, economic 
impacts can be devastating (Lacey et al. 1988). 
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Abstract 

Thirteen grazing studies have recently documented diet botani- 
cal composition of cattle in tall forb plant communities on moun- 
tain rangelands. In forb-dominated plant communities, cattle 
selected forbs in proportion to their availability, (46 to 83% of their 
diets). In grass-dominated communities, forbs comprise only 11 to 
32% of diets. On a landscape scale cattle preferred and spent 
proportionally more time grazing in forb-domhrated communities. 
Taken together, these studies indicate that cattle have a wide 
acceptability for forage classes and can effectively utilize forb- 
dominated high mountain rangelands. 

Key Words: cattle grazing, forbs, tall forb plant community, diet 
selection 

Dominant forbs were Louisiana sagebrush (Artemisia ludoviciana 
Nutt.), common dandelion ( Taraxacum officinale Weber), western 
yarrow [Achilles lanulosu (Nutt) Piper], vetch (Vicia spp.), and 
Aster spp. The second type occurred on snowdrift sites and was 
dominated by dense concentrations of tall larkspur (Delphinium 
barbeyi L. Huth), with sparser quantities of mountain bluebell 

(Mertensiu cihutu (James) G. Don), elderberry (Sumbucus race- 
mosa L), lupine (Lupinus spp.), saw groundsell (Senecio serra 
Hook), and meadow barley (Hordeum brachyantherum Nevski). 

Ruby, Montana 

The generalized forage preferences of domestic livestock- 
“cattle prefer grass, sheep prefer forbs, and goats prefer shrubs” 
(Stoddart et al. 1975)-are ingrained deeply in the range manage- 
ment profession. These relative preferences are the basis by which 
range suitability, carrying capacity, stocking rate, and manage- 
ment strategies are based. When livestock do not conform to these 
preferences, management decisions based upon this paradigm will 
be in error. 

Much of the high mountain rangeland is thought to be better 
suited for sheep grazing, due to the rough topography and preval- 
ence of forbs in the plant communities. But what if cattle would 
efficiently utilize the forbs on these high mountain allotments? 
Perhaps administratively dictated boundaries between sheep and 
cattle range might be reconsidered and use of the resource would be 
allowed by either livestock species. 

Four grazing trials were conducted in the upper Ruby River 
valley 93 km south of Sheridan, Mont. at 2,600 m. The habitat type 
was Artemista tridentatal Festuca idahoensis with 2 phases. The 
first phase was a grassland site dominated by Idaho fescue (Festuca 
idahoensis Elmer) with silky lupine (Lupinus sericeus Pursh), sul- 
fur, and whorled buckwheat (Eriogonum umbellatum Torr. and E. 
herucleoides Nutt.), common dandelion, and western yarrow. The 
second phase was characterized by deeper loamy soil and a higher 
proportion of forbs dominated by sticky geranium (Geranium 
viscosissimum Fisch. & Mey) and slender cinquefoil (Potentilla 
gracilis Dougl.). Idaho fescue, Poa spp. and waxy larkspur (Del- 
phinium glaucescens Wats.) were abundant in both phases. 

Oakley, Idaho 

The purpose of this paper is to illustrate that cattle can efficiently 
use forbs on mountain rangelands. We conducted several cattle 
grazing studies in tall forb plant communities in the mountain big 
sagebrush, aspen, and subalpine vegetation zones in conjunction 
with research on cattle poisoning from larkspur (Delphinium 
spp.). These studies also provided an opportunity to describe cattle 
diets in the tall forb community in 4 widely separated localities. 

One study was conducted on the South Hills of south-central 
Idaho, 32 km west of Oakley, Ida., at 2,500 m. Habitat type was 
Artemisia vaseyana var spictformisl Bromus carinatus. Vegetation 
was dominated by duncecap larkspur (D. occidentale S. Wats.), 
slender wheatgrass, and mountain brome. 

Yampa, Colorado 

Manti, Utah 

Study Areas 

Seven grazing trials were conducted at the head of Six Mile 
Canyon, 24 km east of Manti in central Utah in the subalpine 
vegetation zone at an elevation of 3,200 m. The study pastures 
included scattered patches of Englemann spruce (piceu engelman- 
nii Parry ex Engelm) with 2 distinct vegetation types. The Ribes 
montigenunldgropyron trachycaulum type consisted of open 
grass areas interspersed with dense currant (Ribes spp.) mottes. 
Dominant grasses were slender wheatgrass (Agropyron truchycau- 
lum (Link) Malte), mountain brome (Bromus carinatus Hook. & 
Am.), and Letterman needlegrass (Stipa lettermanii Vasey). 

A single study was conducted 15 km west of Yampa, Colo., at 
3,000-m elevation. Habitat type was Populus tremuloides-Abies 
1asiocarpaJSymphoricarpos oreophilusltall forb. This site was 
characterized by aspen with scattered subalpine fir overstory, 
snowberry dominated the shrub component, and tall forbs domi- 
nated by tall larkspur, Englemann aster (Aster engelmanii D.C. 
Eaton), saw groundsel (Senecio serra Hook), false hellebore ( Vera- 
trum californicum Durand), and cow parsnip (Heracleum lanatum 
Michx.) along with mountain brome and slender wheatgrass. 

Methods 

Experimental pastures were fenced with temporary electric fence 
and ranged in size from 2 to 12 ha. Pasture size, grazing period, diet 
sampling method, and number of cattle in each study are listed in 
Table 1. Only diets of control cattle, or cattle whose diets would not 
be affected by the specific treatments of the studies, are included in 
this paper. 

Manuscript accepted 28 Jan. 1992. 
Cattle diets were estimated by bite count, scan sample, or eso- 
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Table 1. Description of the studies, diet sampling methods, and habitat types. 

Study Number of 
No. Location Year animals Sampling method Grazing period Habitat type 

1’ Manti, UT 1990 11 Scan 
22 

Aug 22-Sept 4 Ribes/ Agropyron and Larkspur 
1989 IO Scan 

33 
Aug IS-Sept I 9, n ., 

1989 10 Bite count Aug P-Aug 21 II . . 9. 
44 1987 10 Bite count July 2-Aug 30 n 1. n 
55 1986 4 Bite count July 30-Sept 2 ,, 3. n 
66 1987 10 Bite count n 91 n 
76 

July 15-Aug 29 
1986 5 Bite count Aug. 12-Aug 25 n 1. n 

8’ Ruby, MT 1988 I1 Bite count July 8-25 Festuca idahoensis and Geranium 
viscosissimum 

97 1987 10 Bite count June 26-July 16 9, #, ,, ,, ,, 

10s 1988 4 Esophageal July 9-12 Festuca idahoensis 
II* 1988 4 cannula July 26-29 Geranium viscosissimum 

123 Oakley, ID 1988 15 Bite count June 15-Aug. 2 Artemisia spiciformisl Bromus 
carinatus 

139 Yampa, CO 1990 12 Bite count June lP-Aug. 6 Populus tremuloides/Tall forb 
‘Ralphs, and Olsen, 1992a 
‘Ralph% unpublished data 
‘Pftster and Manners 1991 
‘Pfister et al. 1988b 
‘Pfister et al. 1988a 
6Lane et al. 1990 
‘Ralphs and Olsen 1992b 
*Ralphs unpublished data 
Ttister, unpublished data 

phageal extrusa. Bite counts estimate the percent of each plant 
species in the diet (Lehner 1987). Each animal was observed for 5 to 
20-min periods during each day, and the number of bites of each 
species was recorded. The observer rotated among all animals in 
the group from 1 to 3 times during each major grazing period of the 
day. 

Scan samples estimate the proportion of time spent grazing 
particular species (Lehner 1987). A scan of all animals was made at 
2-min intervals and the plant each animal was eating at that instant 
was recorded. Observations were made during all major grazing 
periods during the day. 

Diet samples were collected from esophageal cannulated steers 
by removing the cannula and collecting extrusa in screen bottomed 
bags for 30-min periods in the morning and evening grazing 
periods. Samples were frozen and freeze dried and plant fragments 
were identified and quantified by the microscope point technique 
(Harker et al. 1964). 

The mean percentage of bites of each species, the proportion of 
time the species were grazed, or the percent of each species in the 

Table 2. Standing crop of forage classes. 

diet samples are presented with pooled standard errors. 
At Manti and Ruby where more than 1 habitat type occurred in 

the pasture, each observation was coded with the site animals were 
grazing, and the proportion of time spent on each site and site 
preference were calculated. A preference ratio of 1.0 indicates that 
the site was grazed in proportion to its area. A ratio greater than 1 .O 
indicates site preference, while a ratio less than 1.0 indicates 
avoidance. 

Standing crop of major forage classes was estimated at the 
beginning of each study by clipping 10 to 30 plots (0.25-, 0.5-or I-m 
plots depending on site) systematically located throughout the 
pastures. 

Results and Discussion 
Herbaceous standing crop ranged from 1,200 to 2,500 kg/ha 

(Table 2). Forbs comprised over 8% of the standing crop at all 
locations except Ruby, where forbs comprised 60% of the standing 
crop on’the forb site and 40% on the grass site. 

Forbs dominated cattle diets at Manti, ranging from 59 to 83% 

Study 
No. 

1 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 
13 

Location 

Manti 

Ruby 
Ruby 
Ruby grass 
Ruby geranium 
Oakley 
Yampa 

Year 

1990 
1989 
1987 
1986 
1987 
1986 
1988 
1987 
1988 
1988 
1988 
1990 

Grass Forb Shrub Total 

(kg/ ha f standard error) 
255 1049 52 1356 
246 f 62 2297 f 335 0 2543 
183 f 27 1478 f 61 0 1661 
232 f 48 2190 f 440 0 2422 
196 967 39 1202 
353 1095 0 1448 
799 f 85 898 f 135 0 1697f216 

1381 762 0 2143 f 73 
744 f 113 472 f 112 0 1216 f 103 
913 f 159 1471 f 222 0 2390 f 212 
246f 30 1177 f 31 0 1423 
439 f 55 1562 f 219 2001 f 212 
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Table 3. Cattle diets in the tall forb plant community on mountain rnngelnnds (% of bites, % of time spent grazing species, or % of diets). 

Manti Ruby Oakley Yampa 

1 2 3 4 5 6 7 8 9 IO ll 12- 13 -~ 
1990 1989 1989 1987 1986 1987 1986 1988 1987 Grass Geranium 1988 1990 

---------__--__.~___~~~~~~~~~~~~~~~~~~~~~~~~~~ Larkspur spp. 6 f 1.2 4 f 1.5 3.6 11 f 1.9 12 f .9 6* .8 ~%~_.e___~rt;.;_‘;~_~~_;‘;_:;“;‘;__~~_.2_____ 

Dandelion 19 f 1.2 16 f .9 12 f 1.6 1 f .2 4 * 1 :2 5 f 
Aster I5 f .8 11 f .5 
Vetch 4 f .9 2 f .6 
Bluebell 7f I.4 5f 1.1 5 f 1.1 
Saw 

groundsel 3 f .2 8 f .9 
Yarrow 2f .3 2f .3 
Lupine 2f .4 1 f .03 10f I.7 3f .7 
Geranium 8f .5 
Cinquefoil 8f .5 50 f 7.2 
Buckwheat 5f .5 
Other forbs 5 f .5 13 f 1.466 f I.5 54 f 2.8 71 f .5 65 f 2.6 63 f 2.1 9 f 1.0 8 f .5 4 f I.5 1 f .I 45 1.2 f 
Total forbs 62 f 2.1 59 f 18 69 82 83 71 72 11 32 21 f 1.3 56 f 7.3 46 57 f .9 

Grass 
Slender wheat I5 f .9 I I f I .6 
Mt. Brome 8f I.2 6f I.0 
Meadow 

barley 6 f .6 I7 f 2.6 
Stipa spp. 5 f .5 2 f .5 
Idaho fescue 65 f 1.5 40 f 6.5 
Poa spp. l2f 1.3 4f 1.0 
Other grass If .2 If .l 2f .3 
Totalgrass 35 f 2.2 37 f .8 25 f I.7 20 f I.5 I6 f .6 27 f 2.4 27 f 2.4 89 f 1.6 78 f 1.5 79 f 1.3 44 f 7.3 53 f 1.2 43 f .9 

Shrub 
Elderberry 4 f .4 4 f .4 6 f .9 4f .2 2f .6 
Current .2f .I If .l 

of the diets (Table 3). Dandelion and aster were highly preferred, 
and were most abundant in both the open grass and larkspur sites 
(Table 4). Bluebell was also highly preferred, but was restricted to 
the larkspur site and was relatively scarce. Saw goundsell and 
lupine were avidly selected later in the grazing season. Slender 
wheatgrass and mountain brome were dominant grasses on both 
sites and comprised most of the grass component in the diets. 

Forbs varied in cattle diets at the Ruby site (Table 3). When 
cattle were confined to the tall forb site (study 1 l), forbs comprised 
56% of diets and slender cinquefoil was the dominant forb in the 
diet. When cattle grazed the grass-dominated site (study lo), or the 
combination of sites (study 8 and 9), forbs comprised only 11 to 
32% of diets. The grass standing crop on both of these sites was 
higher than at other locations (Table 2) and may account for the 
higher proportion of grass in the diet. Forbs comprised 46 and 57% 
of cattle diets at Oakley and Yampa, respectively. 

At Manti and Ruby, where both grass and forb sites occurred in 
the study pastures, cattle preferred to graze in the forb sites. 

Preference ratios for the forb site ranged from 1.1 to 1.4 (Table 4), 
compared to .52 to .95 for the grass sites. 

Cook (1983) lamented the fact that many range managers still 
consider forbs as “weeds” or “least desirable” plants in managed 
plant communities. He argued that forbs may be dominant or 
sub-dominant life forms in the structure and function of climax 
plant communities. They are also readily eaten by both cattle and 
sheep, and provide a substantially higher level of nutrition (i.e., 
higher nitrogen and lower in fiber) than grasses. 

Other studies have reported high levels of forbs in cattle diets on 
mountain rangelands. Thilenius et al. (1975) reported that forbs 
comprised 49% of cattle diets on subalpine range in the Big Horn 
Mountains in Wyoming, while contributing 84% to the herbage 
production. They concluded that forbs are more important as 
cattle forage on summer range than previously thought. 

Willms et al. (1980) reported that cattle selected forbs for 42% of 
their diets although forbs comprised only 17% of the ground cover 
on Douglas fir/ pinegrass range in British Columbia. Other studies 

Table 4. Percent of time spent grazing in respective sites, the proportion of the pasture occupied by the site and the preference ratio. 

Location Year 

Manti 1986 
1987 
1990 

Ruby 1987 
1988 

Forb Grass Shrub 

Time Area Ratio Time Area Ratio Time Area Ratio 

_ _ _ _ _ _ _ _ %________ ________ q*________ _ _ _ _ _ _ _ _ %________ 
39 34 1.15 42 64 .65 20 3 6.6 
23 I9 1.21 60 72 .83 17 9 1.88 
49 45 1.10 38 40 .95 13 I5 .86 

42 48 1.12 58 52 .87 
75 48 I.44 25 52 .52 

536 JOURNAL OF RANGE MANAGEMENT 45(6), November 1992 



reported that forbs contributed a high proportion to cattle diets in 
early summer but declined as the season progressed (Currie et al. 
1977, Uresk and Paintner 1985). Holechek et al. (1982) concluded 
that cattle frequently diverge from traditional grass diets on moun- 
tain range. 

Management Implications 

This compilation of studies demonstrates that forbs dominated 
cattle diets in tall forb communities on high mountain rangeland. 
Cattle are opportunisitic grazers and will often select forbs at levels 
similar to or exceeding their proportion in the standing crop. 
Management decisions should not discount the use of forbs by 
cattle. Administrative barriers between sheep and cattle allotments 
should be relaxed to consider exchange of use, common use graz- 
ing, and exchange of allotments to make efficient use of the forage 
resource. 
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Abstract 

Cattle are selective foragers in response to several plant attrib- 
utes. We tested hypotheses that caespitose plants of various basal 
areas were equally susceptible to herbivory and were defoliated 
with equal intensity by cattle. Five-hundred crested wheatgrass 
(Agropryon desertorum (Fischer ex Link) Schultes) plants, dis- 
tributed among 10 basal area classes, were monitored for fre- 
quency and level of utilization after approximately 74% of all 
plants in pastures were grazed by cattle. Plants with <25-cm* basal 
area were less likely, and plants between 65 and 105ems more 
likely to be grazed than other classes. Ninety-one percent of the 65 
to 85cm3 basal area plants were defoliated, while only 48% of 
those <2.5 cm2 were grazed. The fact that mid-size plants occurred 
least often but were defoliated most often lends further credence to 
the selective grazing hypothesis. Less frequent use by cattle of 
plants <25-cm* basal area may enhance chances of seedling estab- 
lishment and survival of smaller established plants or remnants of 
deteriorating tufts. Among grazed plants, however, smaller plants 
endured higher utilization by weight than the overall population. 
Utilization was equal among other size classes. Because forage 
yield per unit of basal area declined as plant size increased, cattle 
probably forage most efficiently by selecting bite-size plants. Re- 
searchers using single plants, tiller, or leaves az experimental units 
should note that varying sized tufts are not equally likely to be 
defoliated, and plants less than 25cm* basal area may receive 
greater than average levels of utilization from free-ranging cattle 
under fight to moderate utilization levels. These aspects of live- 
stock grazing behavior and research objectives should be consi- 
dered in selection of experimental units. 

Key Words: Agropyron deserforum (Fischer ex Link) Schultes, 
crested wheatgrass, palatability, forage preference, optimum foraging 

Selective livestock grazing has diverse and far-reaching implica- 
tions for stockmen, resource managers, and researchers. Knowl- 
edge that specific species, plants, or plant parts will be grazed 
provides insight into various facets of diet quality, stocking rates, 
livestock distribution, and effects of defoliation on the subsequent 
well-being of forage plants. Selective grazing has long been 
accepted as fact in mixed composition pastures (Marten 1969), but 
only recently has it been acknowledged in monotypic pastures. 
Norton and Johnson (1981, 1986) and others have observed the 
relationship between plant size and stature and probability of 
defoliation by cattle. Cattle were also less likely to tread on plants, 
particularly taller tussocks, than on barren interspaces or directly 
on heavily cropped plants (Balph and Malechek 1985, Balph et al. 
1989). Because much research is presently focused on use of indi- 
vidual plants, tillers, or leaves, it is important that our designs, 
data, and interpretations not be confounded by unrecognized, 
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selective grazing by livestock. 
Norton and Johnson (198 1 and 1986) reported cattle preferred 

grazing medium-size (11 to 2OO-cmr basal area) crested wheatgrass 
(Agropyron desertorum (Fischer ex Link) Schults and A. crista- 
turn (L.) Gaertner) while avoiding smaller and larger tufts. They 
noted that the presence of standing dead stems in the larger tufts 
may have contributed to livestock avoidance (Norton et al. 1982). 
Norton et al. (1983) later reported that removal of standing dead 
culms eliminate selective grazing of plants having basal areas 
between 20 and 314 cmr. Further research found no avoidance of 
larger plants when 90% of all plants were defoliated, but correla- 
tions relating defoliation percentages and presence of standing 
culms were inconsistently detected (Hacker et al. 1988). The objec- 
tive of our research was to establish the degree of sensitivity of 
cattle to bunchgrass size, as indexed by basal area, without the 
confounding influences of standing dead reproductive stems or 
straw. 

Materials and Methods 

The study was conducted on the Squaw Butte Experimental 
Range 72-km-west-southwest of Bums, Ore. (119°43’W,43029’N) 
on a crested wheatgrass (Agropyron desertonrn (Fischer ex Link) 
Schultes) pasture established in 1970. Elevation is approximately 
1,370 m with a mean annual precipitation of 283 mm. Milican fine 
sandy loam soil (coarse-loamy, mixed, frigid Orthidic Durixerolls) 
(Lentz and Simonson 1986) characterizes the area. These data were 
taken from a larger research project focused on the selective 
response of cattle to pre-determined densities of cured reproduc- 
tive stems in crested wheatgrass at 3 stages of phenology (Gans- 
kopp et al. 1992). Data include plants from trials during late-boot 
and anthesis stages of phenology, from which all residual cured 
stems and straw were removed, and plants from quiescence, which 
contained some cured stems. Cattle were oblivious to cured stems, 
however, after plants entered quiescence. Data were acquired 
during the 1989 (9 pastures) and 1990 (8 pastures) grazing seasons. 
Crop-year (September-June) precipitation for the 1989 and 1990 
growing seasons was, respectively, 106 and 66% of the long term 
mean (257 mm). 

Pastures ranged between 0.6 and 0.7 ha, and 4 line transects, 
totaling 400 m, were established in each pasture. Before pastures 
were grazed, the greatest basal diameter and a second diameter, 
perpendicular to the first, were measured on plants growing closest 
to randomly selected points along transects. Basal area was deter- 
mined by solving for the area of an ellipse. During both the 
late-boot and anthesis periods, standing crop was harvested from 
25 additional plants distributed among 5 basal area size classes, 
and regressions calculated to determine the relationship between 
basal area and forage biomass. 

Two yearling steers (1989) or mature cows (1990) were placed in 
each pasture for 4 or 5 days and allowed to graze until approxi- 
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mately 75% of all plants in the pasture received some degree of 
defoliation. Numbers of grazed and ungrazed plants were moni- 
tored daily via step-point sampling of 25 points in each pasture 
until 75% defoliation occurred. We believed this level of grazing 
would place reasonable demands on the forage resource and yet 
allow cattle some opportunity to graze selectivity since ungrazed 
plants were still available. Cattle were then removed, line transects 
reestablished, and the designated plants evaluated for evidence of 
defoliation. If defoliated, the percent of utilization by weight was 
estimated using height-weight relationships (Heady 1950) deve- 
loped each year at each phenological stage. 

For analyses, data were sorted among 10 arbitrarily selected size 
classes. These included: 1 class with bounds from 0 to 5 cm* basal 
area, 7 classes between 5 and 145 cm* incremented in 20 cm* units, 1 
class from 145 to 200 cm*, and plants greater than 200 cm* basal 
area. Chi-square analysis of independence (P<O.O5) was used to 
test the null hypothesis that frequencies of defoliated and non- 
defoliated plants were independent of basal area. When the null 
hypothesis was rejected, simultaneous confidence intervals (Miller 
1966, Snedecor and Cochran 1967) for differences between propor- 
tions (P<O.O5) were derived, via the Bonferroni approach, to test 
the hypothesis that plants within each size class were defoliated 
with greater, equal, or lesser frequency than the population mean. 
A second chi-square analysis examined the hypothesis that the 
number of plants grazed was independent of the number of plants 
available within size classes. Degree of association between class 
rankings based on the number of plants grazed and the number of 
plants occurring within size classes was indexed with Spearman’s 
rank correlation coefficient. We tested the hypothesis that levels of 
utilization within size classes approximated the population mean 
with 2 separate t-tests. The first included all plants within each 
class, while the second included only the grazed plants. 

Because these hypotheses are related to the mouth size of cattle 
and no published dimensions of their biting surfaces could be 
found, we measured the outside width of the incisors of 10 animals 
in each of 3 age classes. These were: 2,3, and 4+ year old Hereford 
X Angus cattle. Their heads were immobilized with a squeeze chute 
and measurements taken with a ruler to the nearest millimeter. 

Results and Discussion 

Mean basal area of the 500 crested wheatgrass plants was 100.1 
cm*, with a median value of 62.8 and a range of 0.59 to 874 cm*. 
Plants in the 15 and >200-cm* classes occurred most frequently, 
while the 95-cm* class constituted the smallest contribution (5.4%) 
to the population (Fig. 1). Forage density or plant production per 

(00 fjJJJ = PLANTS AVAILABLE 
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2.5 15 35 55 75 05 115 155 172.5 .zoo 

BASAL AREA CLASS MARKS ( c m’ ) 

Fig. 1. Availability and percent of crested wheatgrass plants grazed by 
cattle in 10 basal area size growing near Burns, Ore. 
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unit of basal area was negatively associated with increasing basal 
area at both late-boot and anthesis sampling periods (Fig. 2). 
Linear models predicted yield per unit of basal area of smaller 
plants (175 cm*) was 40 to 50% greater than that of large (5275 
cm*) tufts. Sample integrity was not maintained, however, and we 
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Fig. 2. Relationships between crested wheatgrass basal area sod forage 
yield per unit of basal area at 2 stages of phenology near Burns, Ore. 

could not determine whether these relationships were due to differ- 
ences in tiller size, tiller density, or number of leaves within larger 
tufts. 

When averaged across all size classes, 73.6% of the plants were 
grazed (Fig. 1). Plants in the 75-cm* basal area class were grazed 
most often (91%), and the 2.5-cm* class defoliated least (48%). 
Chi-square analysis rejected our null hypothesis, indicating that 
grazing by cattle was not independent of plant size (X2 q  31.5,9 df, 
P<O.Ol). Confidence intervals revealed the 2 smallest size classes 
were defoliated less often than the population mean (Fig. l), while 
plants in the 75 and 95-cm* classes were defoliated at greater than 
expected frequencies (P<O.O5). Cattle did not discriminate among 
the remaining classes, which included plants in the >200 cm* 
category. 

Based on chi-square analysis we accepted the null hypothesis 
that the number of plants grazed and the number of plants occur- 
ring within size classes were unrelated (X2 q  7.2,9 df, mO.05). A 
significant (P<O.OS) Spearman’s rank correlation coefficient (r. q  
-0.66), however, implied that frequency of occurrence and proba- 
bility of defoliation were indeed negatively correlated. Figure 1 
illustrates that plants with the greatest likelihood of being defolia- 
tion occurred in classes having the fewest individuals, with the 
reciprocal also being true. 

Mean forage utilization levels of pastures derived from our 
clipping data (23% f 7.9, 95% CI) closely approximated the 
means based on measures of individual grazed plants (Fig. 3). 
Utilization was similar among size classes when all plants, both 
grazed and ungrazed, were included in analyses (Px.05). When 
only grazed plants were considered, however, a significant (KO.05) 
departure from the mean occurred in the smallest size class, where 
utilization was greater than average. Across all classes, mean dis- 
parity between utilization estimates derived from all plants and 
grazed plants only was 5.4% (f2.28, 95% CI), with a significant 
difference between the 2 methods occurring, again, only in the 
smallest class. 

Our interpretations conform with those of Norton and Johnson 
(1981, 1986) and Hacker et al. (1988) with some minor disparities 
due to differences in sward structure, dimensions of size classes, 
and utilization levels. Our data depict less probable use of small 
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Fig. 3. Mean percent utilization by weight of crested wheatgrass plants 
occuring 10 basal area size classes. Paired means include estimates based 
on all plants within a size class and gram-l plants only. 

plants (<25-cm2 basal area) and more frequent than expected use 
of medium-size individuals (65-105 cmr) with as much as a 43% 
difference in probability of defoliation between the 2 categories. 
This suggests seedlings and small plants may escape grazing, while 
medium-size plants experience a much higher probability of 
defoliation. 

The selective foraging documented in our study may be related 
to bite width or bite size and the efficiency with which animals 
harvest forage from caespitose growth forms. Plants with diame- 
ters between 9 and 11.5 cm experienced the greatest probability of 
defoliation. Mean widths and the 95% confidence intervals of the 
incisors of our 2,3, and 4+ year old Hereford X Angus cattle were 
7.3 f 0.3,7.7 f 0.2 and 9.0 f 0.3 cm, respectively. We know that 
cattle use their tongues to draw forage to their mouths but have no 
measures on the efficacy of this feeding technique in expanding 
their effective bite size. Given the negative relationships detected 
between plant basal area and yield of forage per unit of basal area 
(Fig. 2), optimum returns per bite would be realized by grazing 
individual plants that approached maximum bite-size as opposed 
to multiple bites from larger tufts. Our data suggest harvest of 2 
plants with equivalent basal areas would yield 2 units of forage, 
and defoliation of a single tuft with twice the basal area of the 
previous individuals would yield only 1.6 units of forage. Others 
have observed that sheep (Kenney and Black 1984, Arnold 1987) 
and cattle (Hacker et al. 1988) tend to graze areas where forage may 
be harvested most rapidly. We suggest this behavior may also 
extend to selection of individual tufts when cattle are grazing 
caespitose grasses. This hypothesis needs further verification under 
controlled conditions using either different classes of cattle or 
species of different mouth size and similar foraging technique. 

Our cattle did not discriminate against plants greater than 105- 
cm2 basal area. Among 3 size classes of plants with mean basal 
areas spanning 20 to 314 cmz, Norton et al. (1983) found no 
discrimination by cattle after straw had been removed. This con- 
firms Norton and Johnson’s (1983) speculation that presence of old 
culms or straw in large tufts is most likely the only impediment to 
use of these plants by cattle. 

In our analyses of grazed plant utilization, we detected a signifi- 
cant (P<O.O5) departure from the overall mean in the smallest size 
class where utilization was greater than average (Fig. 3). This could 
be attributed to the ease with which all stems of a small plant are 
removed with a single bite or to an effort by livestock to increase 
intake when an individual bite provides less biomass than normal. 
Norton and Johnson (198 1) also detected shorter stubble in smaller 
tufts and noted that the uniformity of the grazing event for small 
plants more closely approximated a clipping treatment than the 
defoliation patterns exhibited on larger plants. Hacker et al. (1988) 
found no inverse relationship between plant basal area and utiliza- 

tion levels in their grazing studies. They speculated that their 
higher stocking rates, resulting in 90% of all plants being grazed, 
eliminated the selective grazing opportunities than Norton et al. 
(1982) had observed earlier. 

A preponderance of plants in the small and largest basal area 
classes and fewer individuals in the mid-size classes most clearly 
describes the population of plants we sampled (Fig. 1). Whether 
this distribution is a product of previous selective use of mid-size 
plants by cattle or is typical of crested wheatgrass pastures is not 
known. We have no earlier data from the pastures describing plant 
basal areas or nearby exclosures where we can examine ungrazed 
crested wheatgrass. Hickey (1961) detected decreases in basal area 
of crested wheatgrass with herbivory, but the processes governing 
the break up of larger plants into more numerous but smaller 
individuals are not well understood (Butler and Briske 1988, Briske 
and Anderson 1990). Historically the pastures used in this study 
were grazed at a mean rate of 1.2 ha per AUM with no set season of 
use or rotation pattern employed over the past 18 years. Pastures 
used by Norton and Johnson (198 1,1986) and Hacker et al. (1988) 
had the greatest proportion (75%) of plants in size classes less than 
50-cm2 basal area. Only 44% of our population had basal areas less 
than 50 cm*. 

A reviewer questioned how associated forage species might have 
affected our results had we sampled in a more diverse setting. In 
response, interspecific variation in relative palatabilities are well 
documented, and the addition of other palatable forages to the 
stand would certainly alter the probabilities that plants of 1 species 
or another would be grazed. We suspect that within species having 
caespitose growth forms, however, that size preferences would still 
be exhibited by cattle as long as selective opportunity existed. High 
levels of utilization, however, would eliminate the opportunity to 
forage selectivity, and residual evidence of such behavior would be 
more difficult to detect. To our knowledge, however, this hypothe- 
sis has not been tested in mixed composition pastures. 

Conclusions 
In conclusion, the probability of crested wheatgrass tufts being 

grazed by cattle was significantly (P<O.O 1) affected by size of basal 
area. With roughly 74% of all plants defoliated, we observed a 43% 
disparity in probability of defoliation between the smaller plants 
and the most likely to be defoliated mid-size tufts. This selective 
grazing may be eliminated if high levels of utilization are attained 
over a short duration. In extended grazing studies, however, even 
with high levels of utilization, favored plants may be grazed 
initially, and possibly repeatedly, and less desirable individuals 
grazed later. This may be especially important when grazing treat- 
ments span long periods of time, and plant responses to the earliest 
defoliations differ from later effects. Also, smaller plants, although 
they are less likely to be grazed than mid-size counterparts, may be 
more heavily and uniformly defoliated than larger tufts. 

Implications of these findings focus primarily on scientific 
efforts. Because probabilities and intensities of defoliation by cat- 
tle were not uniform across size classes of plants, we urge that 
researchers be cognizant of these aspects of grazing behavior when 
individual tufts or tillers serve as experimental units in grazing 
studies. Selection of experimental units by researchers should be 
driven by the specific hypothesis being tested. When the focus is 
only on the responses of defoliated plants or tillers, a researcher 
could expect to have most the experimental units grazed by cattle, 
without resorting to a 100% rate of use, if sampling is stratified in 
the 65 to 105-cm* basal area range. Where hypotheses describe 
pasture or stand responses, however, a procedure assuring random 
selection of individual plants is required for unbiased interpreta- 
tions. Finally, if one suspects potential confounding of data due to 
variation in the frequency of use or level of utilization on specific 
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plants, measures of basal area can be acquired and tested as a 
covariate. 

Literature Cited 

Arnold, G.W. 1987. Influence of the biomass, botanical composition and 
sward height of annual pastures on foraging behaviour by sheep. J. Appl. 
Ecol. 24:759-772. 

Balph, D.F., and J.C. Malechek. 1985. Cattle trampling of crested wheat- 
grass under short-duration grazing. J. Range Manage. 38:226-227. 

Balph, D.F., M.H. Balph, and J.C. Malechek. 1989. Cues cattle use to 
avoid stepping on crested wheatgrass tussocks. J. Range. Manage. 
42~376-377. 

Briske, D.D., and V.J. Anderson. 1999. Tiller dispersion in populations of 
the bunchgrass Schizachyrium scopurium: implications for herbivory 
tolerance. Oikos 5950-56. 

Butler, J.L., and D.D. Briske. 1988. Population structure and tiller demog- 
raphy of the bunchgrass Schizachyrium scoporium in response to herbi- 
vory. Oikos 51:306312. 

Ganskopp, D., R. Angell, and J. Rose. Response of cattle to cured repro- 
ductive stems in a caespitose grass. J. Range Manage. 45401-404. 

Hacker, R.B.,B.E. Norton,M.K. Owens,and D.O. Frye. 1988.Grazingof 
crested wheatgrass, with particular reference to effects of pasture size. J. 
Range Manage. 41:73-78. 

Heady, H.F. 1950. Studies of bluebunch wheatgrass in ‘Montana and 
height-weight relationships of certain range grasses. Ecol. Monogr. 
20:55-81. 

Hickey, W.C., Jr. 1961. Growth form of crested wheatgrass as affected by 
site and grazing. Ecol. 42: 173-176. 

Kenny, P.A., and J.L. Black. 1984. Factors affecting diet selection by 
sheep. I. Potential intake rate and acceptability of food. Australian J. 
Agr. Res. 35:551-563. 

Lentz, R.D., and G.H. Shnonson. 1986. A detailed soils inventory and 
associated vegetation of Squaw Butte Range Experiment Station. Agr. 
Exp. Sta. Oregon State Univ., Corvallis Special Rep. 760. 

Marten, G.C. 1969. Measurement and significance of forage palatability. p. 
D-l D-55. In: R.F. Barnes, DC. Clanton, C.H. Gordon, T.J. Klopfen- 
stine, and D.R. Waldo (ed), Proc. Nat. Conf. on Forage Quality Evalua- 
tion and Utilization. Nebraska Center for Continuing Education, Lin- 
coln, Neb. 

Miller, R. 1966. Simultaneous statistical inference. McGraw-Hill Book 
Company, N.Y. 

Norton, B.E., and P.S. Johnson. 1981. Pattern of defoliation by cattle 
grazing crested wheatgrass pastures. Proc. XIV Int. Grassl. Cong., Lex- 
ington, Ky. 

Norton, B.E., and P.S. Johnson. 1986. Impact ofgrazing on crested wheat- 
grass in relation to plant size. p. 275-279. In: K. Johnson (ed.) Crested 
wheatgrass: its values, problems, and myths; Symp. Proc. Utah State 
Univ., Logan. 

North, B.E., P.S. Johnson, and M.K. Owens. 1983. Increasing grazing 
efficiency. Utah Sci. 43: 110-I 13. 

Norton, B.E., P.S. Johnson, C. Smith, and M.K. Owens. 1982. Spatial 
distribution of utilization by cattle grazing crested wheatgrass pastures, 
p. 199200. Proc. Nat. Conf. Grazing Manage. Technology. Texas A&M 
Univ. 

Snedecor, G.W., and W.C. Cochran. 1967. Statistical methods. Iowa State 
University Press. Ames, Iowa. 

JOURNAL OF RANGE MANAGEMENT 45(6), November 1992 541 



J. Range Manage. 
45~542-545, November 1992 

Range animal diet composition in southcentral 
Wyoming 
KINUTHIA R. NGUGI, JEFF POWELL, FRANK C. HINDS, AND RICHARD A. 
OLSON 

Authors are lecturer, University of Nairobi; professor of range management, professor of animal science, and 
assistant professor of range management, Wyoming Agricultural Experiment Station, Luramie 82071. 

Abstract 

Because of the ongoing controversy ahout shrub forage value for 
different ungulates and4gnificance of the shrub communities for 
spring-fall grazing in southcentral Wyoming, the relative impor- 
tance of various forage classes was determined by fecal analyses in 
the spring, summer, and fall diets of pronghorn (Antilocmpa 
americana Ord), mule deer (Odocoileus hemionus hemionus), elk 
(Cervus elaphus), cattle @OS tawus), and domestic sheep (Ovis 
ark) in the mountain brush and Wyoming big sagebrush (Artemi- 
s& tridentata ssp. wyomingensk Beetle and Young) plant com- 
munities. Mountain big sagebrush (A.t. ssp. vaseyana Rydb. Bee- 
tle) comprised 76% of prongborn spring diets in the mountain 
brush plant community, and Wyoming big sagebrush comprised 
91% of the prongborn spring diets in the Wyoming big sagebrush 
plant community. Antelope bitterbrush (Pwshia trkkntata Pursb.) 
comprised about 80 to 90% of the prongbom and deer summer and 
fall diets in the mountain brush plant community. Graminoids, 
primarily Bromus, Corer, Juncus, and Stipa spp., made up SO+% 
of elk, cattle, and sheep diets in either plant community. Forbs and 
shrubs other than sagebrush or bitterbrush were a minor compo- 
nent of either plant community and diets of any of the 5 kinds of 
animals. A shrub management program to maintain species diver- 
sity while increasing bitterbmsb and graminoid production under 
common use grazing by both browsers and grazers is recom- 
mended for this area. 

Key Words: common use grazing, shrub communities, livestock- 
wildlife relationships 

Wildland shrubs are an important component of world, United 
States, and Wyoming rangelands. Sagebrush (Artemisia spp.) 
alone occupies over 110 million hectares of shrublands (Beetle 
1940). 

In Wyoming, mountain big sagebrush (A. tridentata ssp. 
vaseyana Rydb. Beetle) occurs on all foothill ranges in combina- 
tion with other shrubs and herbaceous species. These areas are 
used as spring-fall or, in years of limited snowfall, winter habitat 
for big game and as summer range for livestock. 

Mountain big sagebrush and Wyoming big sagebrush (A. t. ssp. 
wyomingensis Beetle and Young) generally rank higher in animal 
preference and nutritive value than basin big sagebrush (A.t. ssp. 
tridentata Nutt.) in Wyoming (Beetle 1960). In Oregon, mountain 
big sagebrush was preferred to Wyoming big sagebrush by both 
mule deer (Odocoileus hemionus hemionus) and domestic sheep 
(Ovis a&s) (Sheehy and Winward 1981). Mountain big sagebrush 
produces more biomass, occurs in a different vegetation type, and 
has a higher potential than Wyoming big sagebrush for increased 
browse forage production for both livestock and big game animals 
through shrub community manipulation practices. 

If browse production in big sagebrush vegetation types is to be 
increased under a shrub management program for common use 
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grazing by several kinds of animals, basic information on the 
forage value of big sagebrush and other co-dominant shrubs is 
needed. This includes a need for the relative importance of differ- 
ent shrub species in the diets of different animals grazing sagebrush 
vegetation types during different seasons. The objective of this 
study was to determine the presence and relative importance of 
shrubs in the diets of pronghorn, deer, elk, cattle, and sheep under 
common use grazing in 2 ecologically significant shrub plant 
communities. 

Methods 

Study Area 
The study was conducted in the upper North Platte River basin, 

Carbon County, Wyoming. Elevation ranges from 1,500 to 2,600 
m; the area receives about 250-475 mm of precipitation, mostly 
snowfall. Soils are brown sandy loams developed on loess, limes- 
tone, sandstone, and turf (Dunnewald 1957). 

The mountain brush plant community study area was on Cedar 
Creek Ranch on the western edge of the Medicine Bow Range, 20 
km east of Saratoga. This area ranges from 2,000 to 2,600 m in 
elevation and receives 400-500 mm precipitation. 

Antelope bitterbrush (Purshia tridentata Pursh.) is a co-dominant 
shrub; Agropyron spp. and Idaho fescue (Festuca idahoensis 
Elmer) are also commonly associated with mountain big sage- 
brush. Total shrub canopy cover averaged 30-35% of which bit- 
terbrush canopy comprised about one-fourth of the total. The area 
is closely grazed by cattle 2 to 3 months in summer and is in fair to 
good condition. 

The Wyoming big sagebrush plant community study area is also 
located on the western edge of the Medicine Bow Range, either side 
of I-80 between Walcott and Elk Mountain. This area ranges from 
1,400 to 1,700 m in elevation and receives 250-300 mm of 
precipitation. 

Wyoming big sagebrush is the major shrub in this area. The 
major grasses include Poa secunda, Poa canbyi, Agropyron smi- 
thii, Agropyron spicatum, and Agropyron dasystachyum. The 
area is primarily spring-fall and winter range for elk (Cervus ela- 
phus), mule deer, pronghom (Antilocarpa americana Ord), domestic 
sheep, and cattle (Bos taurus). Pronghom use the area during all 
seasons with infrequent use by cattle and sheep during summers. 
Bitterbrush is a minor component (I-5%) of the shrub layer, which 
has a canopy cover of 15-20X The area is in good condition. 

Data Collection and Analyses 
Dung samples were collected between August 1987 and late 

October 1988. Collection dates were arbitrarily grouped into 
“Spring ‘, “Summer”, and “Fall” seasons based on phenological 
stages of dominant species classes (e.g., cool-season grasses, 
shrubs, forbs). Multiple dung samples were not collected for all 
animal-season-plant community combinations because of the 
unavailability of fresh dung from a particular kind of animal, 
season, or plant community. 
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For sheep, deer, and pronghorn, 1 dung sample consisting of 
fecal pellets from at least 10 different pellet groups within the same 
grazing area was collected biweekly within spring, summer, and 
fall seasons. For cattle, grab samples were taken at the same times 
from at least 5 dung pats. Wet samples of about 100 g each were 
collected, placed in plastic zip-lock bags, and stored in a freezer. 

Samples were thawed, oven-dried at 50° C, and ground in a 
Wiley mill (l-mm screen). Microscope slides were prepared as 
described by Hansen and Flinders (1969) and Green et al. (1985). 
Plant species were identified by the Composition Analysis Lab, 
Colorado State University, Fort Collins using the microhistologi- 
cal technique described by Sparks and Malechek (1968). 

Plant material in the samples were identified only to genera, but 
with observer accuracy, based on reference samples, within 10% of 
the true mean for the major genera. For discussion, various genera 
were grouped into species classes (e.g., “Grasses”, “Forbs’) or as 
individual genera (e.g., “Sagebrush”, “Bitterbrush”). 

Levels of significance among means of species classes for differ- 
ent kinds of animals within a season or for different seasons per 
animal and mean separations were determined using the SAS 
General Linear Models procedure (Joyner 1985) and Tukey’s hsd- 
procedure (Steel and Torrie 1980). All differences discussed are 
statistically significant P<O.O5 unless otherwise stated. 

Results and Discussion 

Mountain Brush Plant Community 
Multiple-date dung samples were collected for pronghorn and 

elk in spring (mid-April-early June); for pronghorn, deer, and 
cattle in summer (early June-early September); and for prong- 
horn, deer, and elk in fall (early September-late October) in the 
mountain brush plant community. Deer samples, collected only 1 

date in spring, showed 75% graminoids (primarily Bromus and 
Carex), but were not included in analyses. 

Animal Differences by Season 
Sagebrush was more abundant in spring diets of pronghorn 

(76%) than in elk spring diets (5%) (Fig. 1). In contrast, graminoids 
comprised 84% (primarily Bromus) of elk spring diets and only 3% 
of pronghorn spring diets. Although pronghorn spring diets con- 
tained 19% bitterbrush and elk spring diets contained 6% bitter- 
brush, differences were significant at only the 20% level. 

During summer, pronghorn consume relatively more sagebrush 
(10%) than deer or cattle (O-l%). Deer and pronghorn consumed 
more bitterbrush (83-89%) than cattle (2%), and cattle ate more 
(93%) graminoids (i.e., Bromus, Stipa, and Carex) than deer and 
pronghorn (5-9%). 

During the fall, pronghorn, deer, and elk diets contained similar 
amounts of sagebrush (2-6s) and forbs (3-15%). However, deer 
and pronghorn diets contained more (79-85%) bitterbrush and less 
(1%) “Other Shrubs” (i.e., Berberis, Chrysothamnus, and Salix) 
than those of elk (0% bitterbrush; 6% other shrubs). Elk again 
consumed more (90%) graminoids (i.e., Carex, Bromus, Poa, and 
Juncus) than deer and pronghorn (1%). 

Seasonal Differences by Animal 
For pronghorn, sagebrush was much higher in the spring diet 

(76%) than in summer or fall diets (5510%). Pronghorn and deer 
are opportunistic herbivores, selecting the most palatable and 
succulent forage available at any given time. Sagebrush growth 
begins in spring, when over-wintering leaves expand and become 
physiologically active with increases in crude protein and non- 
structural carbohydrates (Kelsey et al. 1982). Simultaneously, 
crude terpenpoid concentration declines. 

MOUNTAIN BRUSH PLANT COMMUNITY 

m Sagebrush 
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Speciee Claw3 
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Antelope Deer Cat tie Antelope Deer Elk 

Fig. 1. Species class composition (%) of diets of different animals by season in a mountain brush plant community, southcentral Wyoming. 
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Thus, pronghorn and deer utilized sagebrush most heavily dur- 
ing periods of lowest monoterpenoid concentration and highest 
nutrient content. Relatively low utilization of sagebrush during 
other seasons may occur because of increased monoterpenoid 
concentration and availability of alternative browses. 

Similar pronghorn diets were reported by Hansen (1982) and 
Olsen and Hansen (1977). They found big sagebrush to be an 
important browse plant in pronghorn diets during all seasons, with 
highest utilization occurring during spring. Severson et al. (1968) 
and Yoakum (1978) however, reported higher sagebrush levels in 
winter pronghorn diets and almost equal sagebrush contents dur- 
ing spring and fall. 

Bitterbrush was much higher in pronghorn summer and fall diets 
(79-83%) than in spring (19%). Graminoids (l-5%) and other 
shrubs (O-l%) were minor components of pronghorn diets during 
all seasons. Forbs (primarily Lupinus) were more (P<O. 10) impor- 
tant in fall diets (15%) than in spring or summer diets (l-2%). 

Forbs are often important components of pronghorn and deer 
diets (Mitchell and Smoliak 1971). However, our results showed 
relatively low forb contents. Microhistological procedures gener- 
ally underestimate forbs because high digestibility leaves relatively 
few forb fragments in the dung (Holechek et al. 1982). Thus, our 
estimates of forb consumption may be negatively biased. Forb 
intake by pronghorn and deer were highest during fall. Lupinus 
plants were common in the fall of 1988 and readily grazed by 
pronghorn and deer. Additionally, mature forb plant parts may 
have been less digestible in fall than more succulent spring and 
summer forbs. 

Deer summer and fall diets were similar with respect to sage- 
brush (O-6%), bitterbrush (85-89%), other shrubs (O-l%), and 
forbs (2-7%). However, deer diets contained more graminoids 

(primarily Bromus and Pea) in the summer (9%) compared to fall 
(1%). 

Stevens et al. (1989) found the highest sagebrush levels in spring 
deer diets and the lowest during fall. Pudney (1972) also found the 
highest levels of sagebrush in deer diets during the winter/spring 
grazing season. In Montana, mountain big sagebrush was the most 
preferred taxon for mule deer; Wyoming and basin big sagebrush 
were intermediate; and black sagebrush least preferred (Personius 
et al. 1987). Mountain big sagebrush was more preferred by mule 
deer than basin or Wyoming big sagebrush in Montana (Scholl et 
al. 1977) and in Utah (Welch and McArthur 1979). 

Elk spring and fall diets were similar with respect to sagebrush 
(2-5%), graminoids (84-90%), and forbs (3-5%). However, elk 
consumed more bitterbrush in spring (6%) than fall (O%), and more 
other shrubs in the fall (6yc) than spring (1%). 

Cattle and elk generally depend on grasses for forage and seldom 
use sagebrush. However, in some areas and during certain seasons, 
elk utilize relatively high amounts of sagebrush and other browse 
(Young 1938). Big sagebrush can be an important elk forage during 
fall and winter (Kufeld 1973). In 2 Colorado studies, sagebrush was 
only slightly utilized by elk, cattle, and horses (Hansen and Clark 
1977, Hansen and Reid 1975). 

Wyoming Big Sagebrush Plant Community 
Samples were collected in the Wyoming big sagebrush plant 

community for pronghorn, sheep, and cattle in the spring (mid- 
April-late May), and for sheep and cattle in summer (June-mid- 
September). Deer samples collected only once in late fall showed 
86% sagebrush, 8% bitterbrush, 4% Chrysothamnus, and 2% 
Bromus. 

WYOMING BIG SAGEBRUSH PLANT COMMUNITY 
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Fig. 2. Species class composition (%) of diets of different animals by season in a Wyoming big sagebrush plant community, southcentral Wyoming, 
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Animal Dljj%erences by Season 
Sagebrush comprised 91% of spring pronghorn diets, but only 

O-9% of cattle and sheep spring diets in the Wyoming big sage- 
brush plant community (Fig. 2). In Wyoming’s Red Desert, pre- 
ferred pronghom habitats in sagebrush-grasslands included prim- 
arily Wyoming big sagebrush, low sagebrush, and silver sagebrush 
(A. cana) (Sundstrom et al. 1973). 

Another major diet difference was graminoids, comprising 8 1 to 
96% of sheep and cattle diets and only 1% of pronghorn diets. 
Bitterbrush, other shrubs, and forbs were relatively uncommon in 
the plant community and corresponding diets of pronghorn, sheep, 
and cattle. Differences in bitterbrush levels in pronghorn diets 
from the 2 plant communities (19% vs. 3%) reflected differences in 
availability. 

During summer, sheep consumed relatively more bitterbrush 
than cattle (8% vs. l%), but less graminoids than cattle (95% vs. 
81%). The proportions of sagebrush, other shrubs, and forbs in 
cattle and sheep diets were similar and minor (O-7%). Domestic 
sheep in Wyoming commonly utilize Wyoming big sagebrush with 
the highest amounts consumed during winter. 

When spring and summer diets were combined for sheep and 
cattle in the Wyoming big sagebrush plant community, sheep 
consumed more sagebrush (80/O vs. 0.3%), more bitterbrush (5% vs. 
0.4%), and less graminoids (81% vs. 96%) than cattle. 

Seasonal Differences by Animal 
A comparison of spring, summer, and fall diets for sheep in the 

Wyoming big sagebrush plant community showed no significant 
differences for sagebrush (3-9$Q, bitterbrush (l-8%), other shrubs 
(O-3%; Eurotiu), graminoids (81-91%), or forbs (O-S%). Differen- 
ces in sagebrush (O-0.4%), bitterbrush (O-0.06%), and other shrubs 
(2.0-2.4%, Ewotia), graminoids (96%), or forbs (O&2.0%) amounts 
in spring and summer diets for cattle were not significant at 
P<O.OS. 

Conclusions 
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Abstract 

We examined white-tailed deer (Odocoileus virginianus) use of 
artificial mineral licks on 3 properties in southcentral Louisiana. 
High deer use of licks extended longer into summer and fall than 
reported for areas in more northern latitudes. Estimated monthly 
mineral consumption averaged 538.0 g/deer (SE = 70.8) and was 
associated with total moisture and crude protein reported for 
native plants on forest range in central Louisiana. Consumption 
from individual licks was positively associated with adjacent soil P 
concentration (IYO.001). 

Key Words: licks, mineral licks, Odocoileus virginianus, supple- 
mentation 

Mineral licks have long been recognized as areas to which wild 
animals, particularly ungulates, are attracted. All native North 
American ruminants use licks (Jones and Hanson 1985). The 
major element sought from licks is sodium (Na) (Stockstad et al. 
1953, Jones and Hanson 1985). Physiological mineral imbalances 
and increased lick use are likely to occur on most ranges during 
spring and early summer when vegetation contains relatively high 
percentages of water and potassium (K) (Dasmann 1971, Weeks 
and Kirkpatrick 1976, Weeks 1978, Jones and Hanson 1985). 

Many mineral mixtures have recently been introduced and mar- 
keted for supplementing deer. The purpose of this study was to 
evaluate white-tailed deer (Odocoileus virginianus) use of one of 
these products in southcentral Louisiana, to examine annual con- 
sumption trends, and to investigate mineral consumption versus 
soil geochemistry and versus the annual vegetative cycle. 

Materials and Methods 

Three properties in East Feliciana Parish, Louisiana, were used 
for this study: Avondale Hunting Camp (Avondale), Shades Plan- 
tation (Shades), and Blairstown Plantation (Blairstown). Treat- 
ment areas on these properties were 351 ha, 337 ha, and 980 ha, 
respectively, of upland loblolly pine (Pinus taeda) with mixed 
hardwood habitat and pasture (Schultz 1990). Study area soils 
were poorly to moderately well-drained soils of low fertility of the 
Providence-Oliver and Providence-Lexington associations (U.S. 
Soil Conserv. Serv. 1971). 

Forty-two licks were established during March through June 
1988: 12 on Avondale, 14 on Shades, and 16 on Blairstown. 
RackTM deer mineral [V.M.S., Inc., Montgomery, Ala.: calcium 
(Ca)-min. 16%, max. 19%; phosphorus (P)-min. 10%; salt 
(NaCl)-min. 31%, max. 35%; magnesium (Mg)-min. 0.75%; 
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cobalt (Co)-min. 0.0001%; copper (Cu)-min. 0.01%; iodine 
(I)-min. 0.005%; iron (Fe)-min. 0.70%; manganese (Mn) 0.10%; 
selenium (Se)-min. 0.0026%; zinc (Zn)-min. 0.10%; Vitamin 
A-min. 265,000 I.U. per kg; Vitamin D3-min. 110,000 I.U. per 
kg] was used for this study because it provided broad-spectrum 
mineral supplementation representative of the products available 
and because it included the minerals recommended for supple- 
menting the diets of cattle in Louisiana (Chapman 1984, 1985). 

Licks were distributed as evenly as possible on each property 
considering other land-use practices and topography (so licks 
would not flood or be exposed to significant runoff). Licks in areas 
open to cattle grazing on Blairstown were fenced to exclude cattle. 
Each lick was established using one 11.3-kg mineral block in an 
excavated depression surrounded by 11.3-kg granulated mineral 
such that the lick was to ground level. Licks were monitored 
monthly through December 1989 and recharged with granulated 
mineral back to ground level ifused. The amount of mineral added 
to each lick was measured monthly. 

In order to assess which species of animals were utilizing licks, 
the area immediately surrounding each lick was monitored for 
tracks during each recharging procedure. Our objective was not to 
quantify lick utilization via track counts but rather to identify 
which species had visited licks. 

Estimates of relative numbers of deer potentially using licks on 
the areas were required for mineral consumption values to have 
practical utility. In order to estimate the relative numbers of deer 
that potentially used licks, we conducted 3 Hayne’s strip censuses 
(Hayne 1949) annually during September on each area (Schultz 
1990). We assumed that fawns of the year did not impact mineral 
consumption until September censuses and that decreases in herd 
populations occurred each winter and were primarily hunting 
related. Comparisons among properties were made on the assump- 
tion that mortality other than from legal harvests was similar 
among areas. 

Monthly mineral consumption was compared with monthly 
composition of native plants on forest range in central Louisiana 
(Campbell et al. 1954). A soil sample was collected to a depth of 15 
cm within 9 m of each lick and analyzed by the Soil Testing 
Laboratory, Department of Agronomy, Louisiana Agricultural 
Experiment Station, Louisiana State University Agricultural Cen- 
ter. Soil test results (Table 1) were compared to average monthly 
mineral consumption from individual licks to examine relation- 
ships between soil geochemistry and lick use. 

The effects of study area and month of the year on mineral 
consumption per deer were examined using analysis of variance 
(Ray 1982). We used a block design instead of a split-plot design 
for analyses because we desired to examine the effects of month of 
the year and not the repeated measure of month of the study. 
Mineral consumption was compared among areas, seasons, and 
months of the year using orthogonal contrasts (Steel and Torrie 
1980:364-365). Pearson’s correlation coefficient (r) was used to 
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Table 1. Average soil mineral concentrations (ppm), pH, conductivity 
(Cond.; UMHOS), and salts (ppm) on 3 study areas in East Feliciana 
Parish, Louisiana, as found from soil samples collected to a depth of 15 
cm. 

Avondale Shades Blairstown 
(N q  12) (N = 14) (N q  16) 
j; SE x SE x SE 

P (ppm) 24.1 3.7 35.8 7.6 17.3 1.1 
Nambpm) 18.2 2.1 21.5 2.0 29.5 4.6 
K (nem) 57.0 5.4 74.7 7.9 37.3 4.7 .__ , 
03 @pm) 262.1 32.7 511.6 72.8 415.9 50.6 
Mg (ppm) 94.0 12.2 174.5 22.7 102.1 13.8 
PH 4.9 0.1 5.2 0.1 5.1 0.1 
Cond. (PMHOS) 53.4 5.3 69.5 6.8 61.8 5.8 
Salts (ppm) 97.8 8.8 124.1 11.2 Ill.5 9.5 

describe associations among variables. General linear model 
procedures (Ray 1982) were used to derive regression coefficients. 

Results and Discussion 
Tracks of deer and wild turkey (Meleagris gallopavo) were 

found proximate to licks during the study. Turkey tracks were 
noted only once and appeared to be incidental. We are confident 
that the vast majority of mineral consumption was from deer. 

Concern was expressed during review of this manuscript that 
precipitation could have accounted for a significant proportion of 
mineral disappearance (as opposed to consumption by deer). Loss 
of mineral due to runoff was minimized through attention to 
topography and drainage during selection of lick sites. Some licks 
were not used during each month of the study and 2 or 3 licks on 
each property received little use over the entire study period. 
Although the reason for minimal use of some licks was not known, 
these licks would have provided an indication of significant loss of 
mineral other than from consumption had such loss occurred. If 
mineral loss other than from consumption had been significant we 
would not have recorded any licks not showing some sign of 
mineral loss, particularly over extended periods. We believe that 
mineral loss other than from consumption was minimal. 

The estimated number of deer on Avondale, Shades, and Blairs- 
town ranged from 56-79,58-l 19, and 130-163, respectively, over 
the study period. These estimates reflected annual recruitments 
and mortalities as well as a general trend toward higher deer 
densities over the study period. Monthly mineral consumption 
averaged 538.0 g/deer (SE = 70.8) and varied among study areas 
(P<O.OOl) and months (P = 0.007). 

Monthly mineral consumption from individual licks averaged 
3.5 kg (SE ~0.2, n = 793) and ranged from 044.6 kg on Avondale (Z 
= 3.5 kg, SE = 0.4), O-59.5 kg on Shades (Z = 5.4 kg, SE = 0.4), and 
O-22.3 kg on Blairstown (? = 1.8 kg, SE = 0.2). Monthly mineral 
consumption was similar (PzO.21) on Shades (.? = 824.6 g/deer, SE 
= 124.3) and Avondale (X= 637.9 g/deer, SE = 145.3), but lower on 
Blairstown (Y = 202.6 g/deer, SE = 36.3) than on Shades (P<O.OOl) 
or Avondale (P q  0.002). Salt is provided during winter as part of a 
cow-calf operation on Blairstown. Deer use of salt intended for 
cattle may have influenced lick use on that property. 

Mineral consumption peaked during April and remained rela- 
tively high through October (Fig. 1). Monthly mineral consump- 
tion (g/deer) was similar (PZO. 11) during spring March-May; X = 
798.2, SE = 236.6), summer (June-August;.? = 723.6,135.7) and fall 
(September-November; X q  520.2, SE = 103.8), but was lower 
(p10.02) during winter (December-February;?= 186.0, SE = 90.9) 
than during any other season. This differs from reports by others 
(Dasmann 1971, Weeks and Kirkpatrick 1976, Weeks 1978, Jones 
and Hanson 1985) that mineral consumption was higher in spring 
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Fig. 1. Average monthly mineral consumption per deer (kg) on 3 proper- 
ties in East Feliciana Parish, Louisiana, and total moisture (TM) and 
crude protein (CP) of native plants on forest range in central Louisiana 
(Campell et al. 1954). 

than during any other season, and may be related to the extended 
growing season in Louisiana compared to more northern latitudes 
in North America. Lick use was associated with total moisture (r = 
0.926, P<O.OOl) and crude protein (r = 0.809, P = 0.001) of native 
plants on forest range in central Louisiana (Campbell et al. 1954) 
(Fig. 1). 

The period of greatest lick use coincided with the fawning and 
lactational period of does on these areas and the peak antler 
growth period of bucks. Robbins (1983) described an increased Na 
appetite in free-ranging animals associated with gestation and 
lactation, and mineral requirements for antler development would 
potentially be greatest during peak growth. However, we believe 
that lick use was primarily influenced by dietary characteristics 
rather than the reproductive status of does or the antler develop- 
ment stage of bucks because of the high associations reported 
above. 

There was no association between mineral consumption from 
individual licks and soil pH (r = 0.110, P = 0.505) or soil concentra- 
tionsofNa(r=0.103, P=0.5341),Ca(r=0.098, P=0.554),orMg(r 
= 0.146, P= 0.377). Mineral consumption from licks was positively 
associated with soil P 0. = 0.657, P<O.OOl) and K (r = 0.512, 
P<O.OOl) concentrations. The association between lick use and 
soil K was not significant (r = 0.265, P q  0.245) when only licks in 
forested areas were included, indicating that the association prob- 
ably resulted from higher use of licks in previously fertilized pas- 
ture areas as opposed to a response to soil K concentration. 

Mineral consumption from licks in forested areas was positively 
associated with soil P concentration (r = 0.666, P = 0.001). Soil P 
was not associated with lick use on Blairstown (r = -0.150, P = 
0.594), but was associated with use on Avondale (r = 0.638, P = 
0.026) and Shales (r = 0.608, P = 0.036). Lower use of licks on 
Blairstown may have affected associations on that area. The model 
of monthly mineral consumption from individual licks (kg) based 
on soil P concentration (ppm) on Avondale and Shades was: 

Consumption = 202.67 (Soil P) - 1.06 (Soil P*) 

Increased lick use on soils with higher P concentration could not 
be explained by stating that deer were trying to compensate for low 
dietary P through ingestion of higher P soils along with minerals 
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from licks. The most tenable exulanation is that deer snent more . 
time feeding in areas with higher soil P because these areas con- 
tained vegetation with higher P content; therefore, lick use was 
greater in those areas. Deer on range deficient in P, as has been 
suggested for upland pine-hardwood habitats in the southeastern 
United States (Lay 1957, Short et al. 1969, Blair et al. 1977, Jones 
and Hanson 1985), would tend to select food plants with higher P 
content (Verme and Ullrey 1984). 

Implications 
The practice of supplying mineral mixtures to free-ranging deer 

to supplement nutrition on native range is a practice of unproved 
efficacy. Mineral consumption may vary among locations and in 
relation to annual cycles. However, individuals supplying mineral 
mixtures can realistically expect utilization of the products because 
of the attractiveness of salt to deer. 

Response of free-ranging deer to practices designed to supple- 
ment nutrition will inherently vary among regions, areas within 
regions, and over time due to differences in native dietary composi- 
tion and quality. Effects from such practices would be expected to 
vary as well. This study did not attempt to describe response of 
free-ranging deer to mineral supplementation in the broad sense, 
but rather to describe one piece of the puzzle. Studies in additional 
regions and under different conditions will be required for this 
topic to be addressed in a broader sense. 
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Abstract 

A study was conducted in the South Texas Plains to contrast the 
short-term impacts of short duration grazing (SDG) and deferred- 
rotation grazing (DG) systems on habitats for northern bobwhites 
(Co&us virginianus). Foliar cover, species richness, and structural 
attributes of the vegetation were compared at radio-location sites 
(quail-used) and sites along random transects (available) within 
and between the 2 grazing systems. Quail-used sites were character- 
ized by increased species richness, forb cover, and bare ground and 
decreased plant height and litter accumulations. Principal compo- 
nents analysis revealed that available sites on the SDG during the 
fall and winter were scored higher along a habitat gradient which 
had greater species richness and forb cover combined with dimin- 
ished litter accumtdations. This habitat gradient explained 41% of 
the variation in the ground layer variables. In addition, mark- 
recapture studies suggested positive population responses on the 
SDG during the first year following its initiation. Short-term 
improvements in bobwhite habitats may be realized by initiating 
SDG on some semiarid rangelands. 

Key Words: Colinus virginicurus, grazing systems, habitat gra- 
dients, grazing impacts 

By increasing stocking rates, and by using 12 to 20 pastures for 
short intensive grazing periods, short duration grazing (SDG) may 
improve forage harvest efficiency and enhance total livestock pro- 
duction (Ralphs et al. 1984, Heitschmidt et al. 1987). In addition, 
some studies have suggested that northern bobwhite (Colinus vir- 
ginianus) densities responded positively to the increased grazing 
pressures of intensive grazing management regimes. Ground layer 
impacts associated with high-intensity, short-term grazing might 
improve vegetation structure and composition when compared 
with continuous grazing (Hammerquist-Wilson and Crawford 
1981), only light grazing, or no grazing (Jackson 1969, Guthery 
1986:47). Herbaceous structures and ground layer conditions have 
been notably modified by some SDG systems (Walker and 
Heitschmidt 1986, Heitschmidt et al. 1987, Schulz and Guthery 
1988), at times resulting in increased bobwhite densities (Schulz 
and Guthery 1988). 

Deferred-rotation grazing (DG) uses fewer pasture units than 
SDG and normally incorporates lower stocking rates and less 
frequent livestock movement (Stoddart et al. 1975293). The 
simplest DG involves only 2 pasture units, between which the 
entire herd is transferred at intervals lasting for several months. 

Research was funded by the Caesar Klebcrg Research program in Wildlife Ecology 
through the Texas Agricultural Experiment Station. The authors acknowledge the 
assistance of B. Koerth, J. Mutz, D. McKown, J. Tepera, D. Martin, and membcn of 
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and collection of field data. We appreciate critical review of earlier drafts by F. 
Guthcry, W. Kiel, and 3 anonymous referees. This is manuscript 23178 of the Texas 
Agricultural Experiment Station. 
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Some DG systems have maintained ground layer habitat condi- 
tions and levels of bobwhite continuous grazing (Hammerquist- 
Wilson and Crawford 198 1). 

We present an interpretation of habitat measurements that 
further clarifies the dynamics of different grazing systems with 
respect to habitat change and use by bobwhites. A SDG and a 
2-pasture DG (2PDG) system respectively represent high- and 
low-intensity alternatives to continuous grazing. We sampled 
recently initiated examples of each system to compare their 
impacts on habitats for bobwhites in a shrub dominated, semiarid 
range community. Our objectives were to determine the short-term 
influence of a SDG and a DG grazing system on bobwhite habitats, 
habitat use, and population characteristics. 

Study Area 

The study was conducted on La Copita Research Area, operated 
by the Texas Agricultural Experiment Station. La Copita is a 
1,103-ha tract in west-central Jim Wells County, Tex., where the 
eastern edge of the South Texas Plains intergrades into the western 
edge of the Gulf Prairies and Marshes (Gould 1975). Topography 
was nearly level with gentle slopes down to intermittent streams, 
drainages, and periodically flooded depressions. 

Soils were mainly of alluvial origin interspersed with lacustrine 
and marine deposits (U.S. Soil Conserv. Serv. 1979). Upland soils 
were well-drained sandy loams, while moderately well to poorly 
drained clay loams and clays predominated along drainages and 
around scattered depressions. 

Foliar coverage by shrubs was >45% on both treatment areas. 
Major shrub species were honey mesquite (Prosopis glandulosa 
Torr.), bluewood (Condalia Hookeri M.C. Johnst.), huisache 
(Acacia farnesiana (L.) Willd.), lime pricklyash (Zanthoxylum 
fagara (L.) Sarg.), spiny hackberry (Celtis pallida Torr.), and 
Texas persimmon (Diospyros texana Scheele.). A diverse mixture 
of native grass species was present including threeawns (Aristida L. 
spp.), gramas (Bouteloua Lag. spp.), fringed signalgrass (Brachia- 
ria ciliatissima (Buckl.) Chase), multiflowered false-rhodesgrass 
( Trichloris plurtjlora Fourn.), and windmillgrasses (Chloris SW. 
spp.). Important forb species included orange zexmenia (Zexme- 
nia hispida (H.B.K.) Gray.), broomweeds (Xanthocephalum Willd. 
spp.), western ragweed (Ambrosia psilostachya DC.), golden 
crownbeard ( Verbesina encelioides (Cav.) Gray.), perennial legumes 
(Fabaceae), plantain (Plantago L. spp.), ruellia (Ruellia L. spp.), 
croton (Croton L. spp.), and numerous annuals. 

Climate is subtropical, but semiarid, with humid southeasterly 
winds originating over the Gulf of Mexico causing frequent fog 
and early morning dews. Annual rainfall varies widely (SO-91 cm) 
and averages 72 cm (Scifres and Koerth 1987), of which 43% falls 
from August to October. 
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Methods 
Grazing Systems 

The 552-ha SDG (12 pastures) treatment was stocked at an 
average rate of 6.9 ha/animal unit (AU) and the 353-ha 2PDG 
treatment at an average rate of 9.5 ha/ AU. Each SDG pasture was 
grazed for 3-8 days and rested for 30-90 days. Each 2PDG pasture 
was grazed for 3-5 months and rested for a comparable period. 
Both grazing systems were established in March 1985 and were 
managed as cow-calf operations. 

Radio-location 
Twenty quail on the SDG (11 males and 9 females) and 17 on the 

2PDG (9 males and 8 females) were fitted with transmitters for 
radio-location. In each grazing system, at least 5 birds were 
equipped with radios at any 1 time. The original radioed popula- 
tions was of all adults. When radioed birds were lost or killed, they 
were replaced by adults and juveniles having completed their first 
post-juvenal molt of the wing primaries. Quail were monitored 
during weekly 4-day tracking sessions during which all quail were 
located in each of 4 equal segments of daylight hours. Quail were 
located by taking 3 directional azimuths from known points within 
250 m of the bird’s location using either a hand-held antenna or a 
5-element Yagi antenna mounted through the roof of a vehicle. 
Efforts were made not to flush or disturb radio-marked birds while 
tracking. Azimuths were triangulated on a coordinate photo- 
overlay to approximate locations. The central coordinate of an 
error polygon created by the azimuths was used as the best estimate 
of location. Locations with error polygons >300-mr were consi- 
dered unreliable for our purposes and were discarded. 

Habitat Sampling 
Sample locations were systematically selected from the pool of 

radio-locations collected. Locations selected for sampling avail- 
able sites were located at equidistant points (200-m) along random 
transects running through each treatment. Habitat sampling quan- 
tified both quail-used and available sites in terms of shrub coverage 
and structure, herbaceous species richness, foliar coverage and 
height, and relative amounts of bare ground and plant litter. 

All vegetation measurements were taken from a 200-m2 circular 
plot around a point estimate of the available or quail-used site. 
Percent foliar cover of shrubs, subshrubs, and succulents was 
recorded within 3 vertical strata (<l, l-2, and >2 m) at each plot. 
Cover by grasses, forbs, bare ground, and plant litter was recorded 
within 10 randomly located 0.5 X 0.5-m quadrats. Mean vegetation 
height of the ground layer was estimated by averaging heights of 
herbaceous vegetation at all 4 comers of each quadrat. 

Trapping Sessions 
We conducted periodic trapping sessions in an attempt to quan- 

tify population densities and age and sex ratios. Funnel traps were 
spaced on an approximate 300 X 300-m grid (60 in SDG and 40 in 
ZPDG) during fall (1985-86) and spring (1986), and baited with 
grain sorghum (Sorghum bicolor (L.) Moench). Each captured 
quail was marked with a numbered leg-band and distinguished as 
to sex and age. Trapping sessions ended when previously banded 
birds accounted for >5% of those trapped during an occasion (1 
day). 
Data Analyses 

Ground layer variables were divided by seasons that corres- 
ponded to bobwhite biology and behavior: nesting-brooding, July- 
September 1985; covey, October 1985-February 1986; and pairing- 
nesting, March-June 1986. Shrub canopies did not present sea- 
sonal variability. Thus, these data were not segregated into the 
seasonal groups. 

For available habitats, analysis of variance (ANOVA) was con- 
ducted to test for season and grazing treatment effects on ground 

layer variables. Fisher’s protected LSD (SAS Inst. Inc. 1985) was 
used for mean separation at the KO.05 level. Two-tailed T-tests 
were conducted to compare treatment means for ground layer 
variables at quail-used sites with those at available sites within each 
season. 

Principal components analysis (PCA; SAS Inst. 1985) was used 
as a data reduction technique to describe and summarize the 
ground layer. Because variables were of 3 different units (percent, 
count, and height), the correlation matrix was used for this analy- 
sis. All observations were pooled for conducting PCA. We used 
standard errors and 2-tailed T-tests to compare relative placements 
of each data class (i.e., treatment mean by season) along the first 2 
principal components. Biological meanings of the principal com- 
ponents were interpreted from each variable’s factor loading. 
Absolute values reflected relative importance in determining the 
principal component score. Sign (+ or -) indicated qualitative 
direction of influence. 

Juvenile:adult ratios of birds trapped during the fall provided an 
index of productivity for the breeding population. Treatment and 
year differences in this ratio were tested using a chi-square test for 
differences in probabilities (Conover 1971:150). We used mark- 
recapture models and estimators from CAPTURE (Otis et al. 
1978) to estimate seasonal population densities. 

Our grazing treatments were not replicated, and we were forced 
to assume that pretreatment conditions were not measurably dif- 
ferent. Statistical inference was used only to describe and discuss 
our data. 

Results 

Habitat Comparisons 
Treatment means for habitat attributes on quail-used and avail- 

able sites are presented in Table 1. Mean lower-canopy (<l m) 
cover on the 2PDG was higher than on the SDG, while differences 
in the mid- (l-2 m) and upper-canopies (>2 m) were non- 
significant. Despite this small difference in the lower-canopies, 
shrub cover estimates considering all strata (49% on SDG and 54% 
on 2PDG, values not listed in Table 1) were not significantly 
different (p>O.lO). Shrub cover within all strata was less on quail- 
used habitat than on available habitat. 

Grass cover on available sites was higher on the SDG during the 
nesting-brooding season, but a treatment difference was not 
apparent during the other seasons. Grass cover decreased with time 
(seasons) under both treatments. Grass species richness remained 
stable on the SDG but decreased on the 2PDG from the nesting- 
brooding season into the covey season and then increased into the 
pairing-nesting season. Grass richness during the nesting-brooding 
and covey seasons was higher on the SDG than on the 2PDG. Forb 
cover declined from the nesting-brooding season into covey season 
in both treatments, and no treatment difference was apparent. 
Forb species richness declined on both treatments from the 
nesting-brooding season into the covey season and then increased 
again into the pairing-nesting season, being higher on the 2PDG 
treatment only during the nesting-brooding season. Plant litter 
accumulation increased on both treatments from the nesting- 
brooding season into the covey season, being higher on the 2PDG 
during the covey season at the P<O. 10 level. 

Differences between quail-used and available habitats were 
greatest in the covey and pairing-nesting seasons. Ground layer 
conditions on quail-used sites were most characterized by increased 
species richness, forb cover, and bare ground but decreased plant 
height and litter accumulation. Demonstration of significant mean 
separation was variable. Those ground layer variables for which a 
treatment difference in available habitat was demonstrated tended 
to be those for which differences between quail-used and available 
habitats were apparent. 
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Table 1. Means by strata for shrub layer variables, and seasons for ground layer variables, at sites used by radio-located quail (quail-used) and site-s along 
random transects (available) on a short duration grazing (SDG) and a 2.pasture deferred-rotation grazing (2PDG) system, La Copita Research Area, 
Jim Wells County, Tex. 1985436. 

Quail-used Available 

Variable Season” SDGb 2PDGC SDGb 2PDCid 

Shrub layer 
Lower-canopy ($) 26 4 +*+e 22.4 *** 34.8 45.9 
Mid-canopy (%) 20:6 *** 22.4 *** 33.5 40.7 
Upper-canopy (%I 18.3 *** 20.8 *** 34.5 38.6 

Ground layer 
Grass cover (%) NB 42.3 * 41.4 49.6 A’ 39.0 B 

C 35.0 36.7 * 35.4 BC 30.6 CD 
PN 23.1 20.5 25.9 DE 22.7 E 

Grass richness NB 9.0 8.5 ** 8.2 A 6.6 B 
C 8.6 ** 7.0 *+* 6.8 AB 4.9 c 
PN 7.6 7.4 7.1 AB 6.7 AB 

Forb cover (%) NB 28.2 29.3 26.2 A 31.3 A 
C 16.9 15.3 18.3 B 14.0 BC 
PN 14.6 * 17.0 11.8 C 13.6 C 

Forb richness NB 10.7 10.5 8.7 B 12.4 A 
C 7.0 ** 5.7 5.3 c 4.5 c 
PN 10.2 * 12.3 8.4 B 10.5 AB 

Bare ground (%) NB 27.5 24.4 23.7 A 23.5 A 
C 26.3 ** 25.3 20.0 A 22.9 A 
PN 29.7 ** 31.8 *** 23.9 A 24.5 A 

Plant litter (%) NB 15.2 12.7 14.9 B 16.0 C 
C 19.1 18.9 *** 24.0 A 30.2 AB 
PN 24.7 * 23.6 ** 31.6 A 31.6 A 

Plant ht. (cm) NB 23.7 26.9 26.9 A 27.5 A 
C 13.7 13.6 ** 14.5 BC 17.1 B 
PN 9.4 **+ 10.3 Il.3 c 11.1 c 

*NE = Nesting-Brooding, C = Covey, PN q  Pairing-Nesting. 
‘n q  11 I for shrub layer n q  34,39, and 38 for ground layer during NB, C, and PN seasons respectively. 
‘n = 85 for shrub layer; h q  28, 34, and 23 for ground layer during NB, C, and PN seasons respectively. 
%I q  85 for shrub layer; n q  27,30, and 28 for ground layer during NB, C, and PN seasons respectively. 
‘Within their respective seasons, means for quail-used variables followed by asterisks were significantly separated by t-tests from those at available sites (* = P<O. 10, ** = 
p<o.os, *** = P<O.Ol). 
For each ground layer variable on available sites, treatment X season means followed by the same letter were not significantly separated ( p>O.OS) by ANOVA protected LSD. 

Habitat Gradients 
The first 2 habitat gradients created by PCA (PRINI and 

PRIN2) accounted for 41% and 23.4% of the variation in the 
ground layer, respectively. The third habitat gradient accounted 
for <14% and the remaining 4 accounted for <lOTo each. Only 
PRINl and PRINZ, therefore, were considered important enough 
for further analyses. 

Sites with high values of PRINl were characterized by a combi- 
nation of high species richness, diminished plant litter, and more 
expansive forb cover (Table 2). Sites with high values of PRINZ 
were characterized by a combination of more expansive grass 
cover, taller mean plant height, and reduced exposure of bare 
ground. Standard errors around the means of PRINl and PRIN2 
were plotted against each other to represent the differences, by 

Table 2. Factor loadings (eigenvectors) of ground-layer variables on 2 
habitat gradients derived from a principal components analysis of 392 
habitat observations on La Copita Research Area, Jim Wells County, 
Tex., 1985-86. 

Variable PRINl PRINZ 

Grass cover 
Grass richness 
Forb cover 
Forb richness 
Bare ground 
Plant litter 
Plant height 

0.23 0.51” 
0.42” -0.15 
0.35” 0.27 
0.43” -0.19 
0.16 -0.46’ 

-0.42” -0.10 
0.12 0.58” 

YJsed to explain the biological meaning of the habitat gradient. 

All trapping sessions had time-specific variation in trapping 
probabilities (Md. Fall 1986 capture probabilities were affected by 
time and behavior responses (Mtb), a model for which there is not 
an optimal estimator. Of the capture probability models for which 
estimators currently exist, however, the estimator for Mt was 
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treatment, in the ground layer components through the seasons on 
available and quail-used habitats (Fig. 1). 

With respect to PRINl, all habitat categories seemed to be 
comparable during the nesting-brooding season. During the covey 
season available habitat on both treatments experienced decreases 
along the PRINl gradient. The decrease was most drastic on the 
2PDG where these scores were significantly lower than on the SDG 
(P = 0.028). During the covey season, quail on both treatment areas 
made use of sites with greater scores along this gradient (SDG, P = 
0.002 and ZPDG, P = 0.005). 

Scores along the PRINl gradient increased from the covey 
season into the pairing-nesting season on the ZPDG. These 
remained unchanged on the SDG. Although differences in the 
means were not as extreme, quail again used sites scoring higher 
along the PRINl gradient during the pairing-nesting season (SDG, 
P = 0.066 and 2PDG, P = 0.083). 

Seasonal changes caused a decline in PRINZ on both grazing 
treatments, but there was a little difference (E-0.10) between 
grazing treatments during any season. On quail-used sites, PRINZ 
was less than on available sites during the nesting-brooding (P = 
0.025), covey (P = 0.039), and pairing-nesting (P q  0.009) seasons 
on the SDG, while there were no differences (DO.10) on the 
2PDG. 

Population Characteristics 



-1 

P&N1 1 

low ---- Species richness ---- high 
high ----- Plant litter ------- low 
low ------- Forb cover ----mm_ high 

Fig. 1. Distribution of standard error ellipses around seasonal means of 
196 quail (shaded) and 196 available (unshaded) habitat observations 
along 2 habitat gradients (PRINl and PRINZ, Table 2) derived from a 
principal components analysis of quail radio-location vs. sites along 
random transects on a short duration grazing system (SDG) and a 
2-pasture deferred-rotation grazing system (ZPDG) on La Coplta 
Research Area, Jim Wells County, Tex., 198546. All ellipses falling 
between the season designations (right margin) and left margin are 
standard errors for the respective seasons. 

ranked highest by the model selection procedure in CAPTURE. 
So, Mt was used as the estimator for all trapping sessions. 

CAPTURE estimates indicated that fall 1985 densities on the 
SDG were lower than on the 2PDG (Table 3). Reduction of density 
estimates were about 45% on the SDG and 67% on the 2 PDG 
between fall 1985 and spring 1986. Population densities on the 
SDG showed an approximate 35% increase from fall 1985 to fall 
1986, while 2PDG densities decreased 17%. 

In fall 1985,228 (SDG) and 114 (ZPDG) birds were trapped and 
banded while testing methods and choosing birds for radio- 
marking. These were not used for CAPTURE calculations but 
were used for calculating juvenile:adult ratios. 

In fall 1985, we found no difference (nO.25) in the juvenile: 
adult ratios between the 2 grazing systems (SDG: 6.9, n = 628; 
2PDG: 7.4, n = 454, mO.25). However, in fall 1986, the ratio was 
highest on the SDG (SDG: 2.3, n = 607; ZPDG: 1.7, n q 407, 
JYO.05). Harvest by hunting was the same on both treatment areas 
during the 1985-86 season: 0.35 and 0.34 quail/ ha on the SDG and 
2PDG, respectively (195 and 120 quail harvested). 

Discussion 

Habitat Comparisons 
During this study, a lack of low-growing shrubby cover did not 

seem to be a factor limiting quail habitat use. Although bobwhites 
use low-growing woody cover for loafing and escape coverts, any 
minimal requirement for this was apparently exceeded. Love- 
strand (1986) censused quail on the SDG treatment area prior to 
installation of the grazing treatment. When compared to an adj& 
cent area, he found lower quail densities on the SDG area. Shrub 
canopies on the adjacent pasture had been reduced in both stature 
and extent by chaining. Neither of our grazing treatments detect- 
ably altered the shrub canopies. 

By contrast, ground layer conditions shifted dramatically during 
the year-long sampling period. Below-normal precipitation during 
the fall, winter, and early spring seasons caused diminished her- 
baceous growth and germination on both treatments. Our radio- 
marked quail apparently restricted their occupancy to sites which 
had greater tendencies to maintain herbaceous cover and richness 
through a drought period. 

Along the PRINl gradient, available sites in the SDG were in a 
more favorable condition (more similar to that on quail-used sites) 
during the covey season. We found evidence of increased survival 
and/or ingress of bobwhites on the SDG that could have been 
attributed to these treatment differences. In addition, we docu- 
mented an increase in reproductive rate on the SDG (see popula- 
tion characteristics section). This could be attributed to bobwhites 
entering the breeding season in a better physiological condition- 
which might be expected if habitat structure and food availabilities 
during the covey season were more favorable. 

We consider a crucial variable to have been plant litter accumu- 
lation. Litter accumulation may be diminished by SDG (Heitsch- 
midt et al. 1987) and this condition is considered desirable for 
enhancing quail mobility and seed-finding efforts (Guthery 1986: 116). 
In the covey season, however, young green leaves become the most 
important food items for bobwhites in southern Texas, accounting 
for >70% of total food volume (Campbell-Kissock et al. 1985). For 
this reason we consider the stimulation of cool-season herbs, as 
potential food items, to have been an associated benefit of reduced 
litter accumulations. 

PRINl returned to former levels on the 2PDG following sub- 
stantial spring rainfall. This recovery was driven by a 133% 
increase in forb richness. Forb richness on the SDG, by compari- 
son, only increased by 58%. Dissimilarities found during the covey 
season emerged as the most noticeable difference in the impacts of 
the 2 grazing systems on bobwhite habitats. 

Sites which scored low on the PRINZ gradient were apparently 
used more by quail on the SDG but not on the ZPDG. Since SDG 
reduces standing crop biomass (Schulz and Guthery 1988), increases 
soil disturbance, and results in more cattle trails (Walker and 
Heitschmidt 1986), it could be anticipated that available SDG sites 
might score lower along the PRIN2 gradient. But treatment means 

Table 3. Mark-recapture estimates of bobwhite densities on a short duration grazing system (SDG) and 2-pasture deferred-rotation grazing system 
(2PDG), La Copita Research Area, Jim Wells County, Tex., 1985436. 

Variable 
Occasions 
Trap sites 
No. Marked 
No. Captures 
Density (quail/ ha) 

Lower 95% C.I. 
Upper 95% C.I. 

Fall 1985 Spring 1986 Fall 1986 

SDG 2PDG SDG 2PDG SDG 2PDG 

9 11 I4 16 6 6 
60 40 60 40 60 40 

400 340 202 120 607 407 
593 458 291 170 948 652 

I.15 1.89 0.63 0.61 1.56 1.57 
1.04 1.62 0.54 0.48 1.45 1.45 
1.26 2.15 0.73 0.73 1.68 1.69 
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did not differ with regard to PRINZ. 
Distribution of grazing impacts might have contributed to the 

lack of observed treatment difference in PRINZ. On the 2PDG, 
livestock were able to continuously use the same watering facilities, 
mineral supplements, and bedding areas, thereby increasing the 
noticeable symptoms of livestock impact (lower mean plant height, 
decreased grass cover, and more bare ground). Sites were similarly 
impacted on the SDG. However, because of short periods of high 
livestock concentrations and their frequent movements through 
the pastures of the SDG, low PRINZ sites probably were more 
evenly dispersed than on 2PDG. Actual availability of such modi- 
fied sites might have been greater on the SDG, thus allowing for 
greater access and use by radio-marked bobwhites. 

Population Characteristics 
O’Brien et al. (1985) presented some evidence suggesting that 

their CAPTURE estimates for bobwhites were negatively biased, 
being uniformly lower than Petersen (1896) estimates obtained 
from band recoveries in the hunting bag. They were able to harvest 
birds for Petersen estimates immediately after trapping had ended, 
thereby enhancing their chances of sampling within a closed popu- 
lation. Our harvest was spread over a 3-month period, hence 
increasing opportunities for ingress and egress (a violation of the 
closed population assumption). As a consequence, we could not 
make reliable Petersen estimates. We acknowledge potentials for 
negative bias associated with our density estimates. However, if 
estimates were precise, and they seem to be (i.e., narrow confidence 
intervals), then they are still of value in comparing population 
response. 

During the 1985-86 hunting season, the SDG sustained a har- 
vest rate equal to that on the ZPDG, even though preseason densi- 
ties were substantially lower. So, spring 1986 density comparisons 
suggest that survival rates of the SDG population exceeded those 
on the 2PDG through the covey season. 

Reproductive rates were greater on the SDG during the first full 
breeding season (spring 1986) following establishment of the graz- 
ing systems; but these rates were apparently the same during the 
previous year. Spring 1985 rainfall (37.7 cm from March-May) 
was more than normal (13.9 cm, Scifres and Koerth 1987), allow- 
ing for favorable breeding conditions to develop (Kiel 1976), so 
that reproductive rates were comparatively high on both areas. 
Spring 1986 rainfall was about average (13.2 cm) and reproductive 
rates were correspondingly lower, although not as low on the SDG. 

Dissimilarities in reproductive rates of the 1986 breeding popu- 
lations might have resulted from habitat differences attributable to 
the grazing systems, although density dependent factors cannot be 
eliminated from consideration. With increased 1986 reproductive 
rates, quail densities on the SDG should have been greater than on 
the 2PDG during the fall. Our CAPTURE estimates did not detect 
such a difference. We did not have sufficient information concern- 
ing ingress, egress, and mortality factors to reconcile this dis- 
crepancy. 

Conclusions 

SDG was capable of altering both the structure and composition 
of the ground layer. Greater herb species richness, diminished 
plant litter accumulation, and increased forb cover combined to 
make a habitat gradient favored by quail during the fall and winter. 

This gradient was apparently enhanced by SDG, when compared 
to 2PDG. Bobwhites seemed to benefit from those alterations in 
the habitat associated with the SDG grazing system during the fall 
and winter. During the first full year of grazing system Operation, 
survival on the SDG through the covey season was greater and 
reproductive rates were higher. 

Grazing systems that reduce plant litter accumulations and sub- 
sequently allow for increased germination and growth of over- 
wintering herbs might improve the utility of some semiarid range 
habitats for bobwhites. These results support the conclusions of 
Hammerquist-Wilson and Crawford (198 1) and Schulz and Guth- 
ery (1988) that short-term ground layer modifications resulting 
from SDG seem to benefit bobwhites. We emphasize that our 
conclusions result from a short-term investigation and do not 
describe any successional changes that might result from SDG. 
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Abstract 

This study was initiated to determine the effects of defoliation 
frequency (based on amount of growth present), intensity, and 
length of grazing season on quantity and quality of big bluestem 
(Andropogon gerordi Vitman) in the Southern corn belt and to 
provide further data regarding the reasons for rapid quality decline 
of warm-season grasses. Three clipping frequencies (when plants 
reached heights of 30,41,51 cm) at 2 intensities (stubble heights of 
10 and 20 cm) were imposed on established plots of pure big 
bluestem (cv. Kaw). Harvest season length was studied by termi- 
nating clipping on 15 August and 15 September as 2 separate 
treatments. Two years of data indicated that big bluestem regrows 
insufficiently after 15 August to warrant additional harvests under 
the imposed managements. Prolonged regrowth and leaving a 
short stubble of 10 cm resulted in greatest yield. Short stubble led 
to greater reductions in nonstructural carbohydrates, but did not 
damage the stand compared to pre-study measurements. Non- 
structural carbohydrate levels and stand composition improved 
with taller stubble. In vitro dry matter digestibility and crude 
protein were higher on treatments clipped to leave a lO-cm stubble. 
The greatest proportion of leaves resulted from treatments where a 
20-cm stubble remahred. These results agree with studies indicating 
that leaf maturity is more responsible for lower quality forage than 
is the amount of stem material present in the stand. Our results 
indicate heavy use can be more safely accomplished in the South- 
ern corn belt than for areas to the west because big bluestem can be 
more intensively defoliated In the Southern corn belt (IO-cm) than 
that recommended for other areas (20 to 40 cm). 

Key Words: In vitro dry matter digestibility, Andropogon gerardi 
Vit, defoliation intensity, grazing season, warm-season grasses, 
forage quality, harvest regimes 

Warm-season (C4) grasses such as switchgrass (Panicurn virga- 
turn L.), Caucasian bluestem [Bothriochloa cuucusicu (Trin.) C.E. 
Hubbard], and big bluestem (Andropogon gerurdi Vitman) have 
been shown to provide summer forage in complementary grazing 
systems with cool-season species. Conard and Clanton (1963) 
Roundtree et al. (1974) and Krueger et al. (1974) have reported 
increased summer steer gains; 2 to 3 times greater carrying capacity 
over tall fescue (Festucu urundinuceu Schreb.) during summers; 
and 83% increased beef gains in Nebraska, Missouri, and South 
Dakota, respectively. 

A major disadvantage of warm-season grasses is their apparent 
low quality compared to cool-season grasses, especially at advanced 
stages of growth. Consequently, the timing, intensity, and re- 
defoliation of these grasses is extremely important not only to 
quality but to persistence as well. 

Major factors shown in the seasonal decline of forage quality 
include a decrease in leafistem and an increasing proportion of 
dead leaves in the sward (Beaty et al. 1968). Perry and Balten- 
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sperger (1979) indicated that leaf maturation was responsible for 
declining quality. They found a rapid decline in leaf crude protein 
and IVDMD of big bluestem throughout the growing season. In 
contrast, Twidwell et al. (1986) observed a faster decline in stem 
IVDMD than leaf blade IVDMD with maturation of switchgrass 
and identified the stem as the major morphological component 
influencing forage quality. 

Dry matter yield of warm-season grasses was reduced as fre- 
quency of defoliation increased, and grass persistence was poor 
when plants were stressed by too frequent or too intense defolia- 
tion (Andersonand Matches 1983, Ethredgeet al. 1973). Continu- 
ous removal of top growth close to ground level throughout the 
growing season does not allow sufficient leaf area for photosynthe- 
sis and manufacture of carbohydrate reserves. More frequent clip- 
ping of big bluestem to 4 cm reduced carbohydrate reserves com- 
pared to less frequent clippings (Owensby et al. 1974). 

Our objective was to evaluate yield, leaf to stem (L:S), quality, 
and stand persistence of big bluestem under 6 clipping regimes 
aimed at simulated grazing in the Southern corn belt. Through this 
an additional goal was to obtain information which will aid in 
solving the controversy regarding factors responsible for seasonal 
quality decline in warm-season species. 

Materials and Methods 

‘Kaw’ big bluestem was seeded on 15 June 198 1 at the University 
of Missouri Agronomy Research Center (Bradford farm). Soil 
type was a Mexico silt loam (fine montimorillonitic, mesic Udollic 
Ochraqualf). Plot size was 1.8 by 3.7 m. Annual management 
included application of 56-34-67 kg ha-’ of actual nitrogen, phos- 
phorus, and potassium. From 1982 to 1985 growth was stockpiled 
and burned annually between 5 and 15 April. 

Six defoliation treatments were imposed in 1985 and 1986. The 
treatments were: 

Clipped when a 30-cm height was reached to leave either a 
IO-cm or 20-cm stubble (30/10 and 30/20 treatments, 
respectively). 
Clipped when a 41cm height was reached to leave either a 
IO-cm or 20-cm stubble (41/10 and 41/20 treatments, 
respectively). 
Clipped at 51-cm height was reached to leave either a IO-cm 
or 20-cm stubble (5 I/ 10 and 5 1/ 20, respectively). 

Heights were measured with a meter rule. The average canopy 
height for fully grown big bluestem in Missouri is 1 to 3 meters. 

The study began by clipping on 9 May 1985 when big bluestem 
attained 30 cm in height. Plots were harvested to the lo- to 20-cm 
stubble height each time the specified plant height (30,41, or 5 1 cm) 
was attained. Number of harvests varied among treatments from 
year to year, dependent upon the time required for the plants to 
reach the given plant height (Table 1). 

Each year’s harvest was terminated on one-half of the treatments 
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Table 1. Treatment initirl cutting height (30,41, or 51 cm frequencies) and 
stubble height (intensities-10 or 20 cm), cutting dates and total number 
of cuts for big bluestem during 1985 and 1986. 

1985 Total 1986 Total 
Treatments Cutting dates cuts Cutting dates cuts 

cm/cm 
30/ 10 5/9,5/28,6/ 18, 7 5/14,6/2,6/ 16, 6 

7lZ~l~,8/2L 712, 7121, 8/19. 
9113. 

30120 5/9,5/ 17,5/28, I1 5/14,5/27,6/2, 10 
6/ 10,6/21,6/28, 6/11,6/19,6/30, 
718, I/ 18,7/26, 7/10,7/21,7/31 
8/21,9/ 13. 8/ 14. 

41110 5/15,6/ 10,712, 5 5/22,6/9,6/24, 5 
7128,916. 7/16,8/11. 

41120 5/ 15,5/31,6/ 10, 7 5/14,5/27,6/9, 8 
6/26,7/8,7/24, a/19,6/30,7/ 16, 
8121. 7/29,8/ 19. 

51110 5/20,6/ 18,7/ 18, 4 5/22,6/11,7/2, 7 
916. l/29. 

51120 5/20,6/ 10,7/8, 5 5/22,6/2,6/ 16, 7 
7/28,8/21. 6/30,7/16,7/31, 

9/ 19. 

on I5 August and 15 September on the remainder to represent 
different lengths of grazing season. 

Field Data Collection 
At each harvest date, a 0.5 kg sample was hand-clipped ran- 

domly from each plot at treatment heights and separated into leaf 
blade and stem plus sheath portions to evaluate leaf and stem 
percentage for various treatments and for forage quality determi- 
nation. Leaves were separated at the collar so that only leaf blades 
were considered as leaf portions while stem portions included leaf 
sheaths and elongated stem. Total herbage yield was harvested 
from a 0.9 by 3.7 m strip. Leaf, stem, and a herbage subsample 
obtained from the total harvested material for each plot, were 
weighed green, then dried for at least 3 days in a forced draft oven 
at 40° C for quality analyses. Leaf and stem yields from entire plots 
were calculated from total yield using percentages of each as 
determined from hand separations. All forage yields were reported 
on a dry matter (DM) basis. The remainder of the plots was 
harvested similar to the sampled strip. Dried samples were ground 
in a Wiley mill to pass a l-mm screen and stored in sealed contain- 
ers for laboratory analyses. 

Root and crown samples were collected in April 1985 and 1986 
and March 1987 to determine concentration of total nonstructural 
carbohydrates (TNC) at the beginning of the growing season. At 
least 3 plants from each plot were selected randomly, removed to a 
depth of 15cm, and washed clean of soil material. Roots were 
trimmed to approximately 7.6 cm below, and crowns 3.5 cm above, 
the root-stem junction and washed in cold water. Samples were 
dried at 100“ C for 1 hour, then at 65” C for 48 hours, ground to 
pass a l-mm screen, and stored in sealed plastic containers for 
laboratory analyses. 

Basal cover of big bluestem was estimated using the point 
method in May 1985 and 1986, and April 1987, when plants were 
20 to 25 cm tall. A frame of 10 pins 5.1 cm apart was randomly 
placed in the middle one-third of each plot with the pins at an angle 
of 45 degrees from vertical. All pins contacting a tiller at the soil 
surface were recorded. Three measurements per plot were taken. 
Percentage cover was calculated using the formula: 

Relative cover = 100 X n/30 where n = number of pins 
touching a base of a big bluestem tiller. 

Laboratory Analyses 
In vitro dry matter digestibility was determined by the direct 

acidification method as described by Marten and Barnes (1980). 
Duplicate samples of leaf blades, stems (including leaf sheaths), 
and subsamples of total herbage were analyzed separately. Means 
of the duplicates were used in analyses of variance. Leaf and stem 
portions of big bluestem were analyzed for total nitrogen using a 
LECO FP-28 Nitrogen Determinator (Sweeny and Rexroad 1987). 
Nitrogen values were multiplied by 6.25 to obtain crude protein 
(CP). 

Total nonstructural carbohydrates (TNC) were measured by 
extracting with 0.2 N HrS04 (Smith et al. 1969) and titrating 
reducing sugars by the Shaffer-Somogyi technique outlined by 
Heinze and Murneek (1940). 

Experimental Design 
Experimental design was a repetition (2 years on 1 site) of a split 

plot with 3 replicates. Whole plots were the 2 lengths of harvest 
season. Split plots were plant height at cutting/stubble height 
combinations in a factorial arrangement. The F tests for whole 
plots used pooled replicates nested in whole plots and years as the 
error terms. Other F tests used the split plot error mean squares. 
All effects were considered model I. Analyses of variance were 
conducted on yield, quality, and persistence data. 

Analysis of variance for dry matter yields of individual treat- 
ments were summed across harvests in each year to give a season- 
long total, while means over harvests were considered for forage 
quality. Persistence data were analyzed directly each year. Trends 
in response variables were investigated using orthogonal polynom- 
ials. Tests for parallelism and equal curvature were also done. All 
tests used 0.5 as Type I error rate. 

Results and Discussion 

Dry Matter Yield 
Total dry matter yield averaged over 2 years was 2,420 and 2,650 

kg ha-’ for the 15 August and 15 September terminations, respec- 
tively, while average IVDMD values were 480 and 492 g kg-’ for 15 
August and 15 September, respectively. Defoliation treatment did 
not influence whether sufficient regrowth existed until 15 August 
or 15 September. The total number of harvests depended on the 
amount of time elapsed from previous harvest and the rate of 
growth. Because no significant differences were obtained between 
the 15 August or 15 September harvest termination dates or 
between years, discussion will focus on effects of clipping fre- 
quency (height at clipping) and intensity (stubble height) on big 
bluestem averaged over 2 years. 

Greatest yield was found with long regrowth (clipping when 51 
cm height was attained) and clipping to a IO-cm stubble, compared 
to treatments which were clipped frequently to a 20-cm stubble 
(Table 2). Anderson and Matches (1983) reported that cutting 
Caucasian bluestem and switchgrass to a 15cm stubble height gave 

Table 2. Effects of clipping frequency and intensity on total dry matter 
yield (TDM), L:S and leaf yield of big bluestem (Average of 2 years). 

Frequency Intensity 
(height) (stubble 
at cut) remaining) 

TDM L:S Leaf yield 

(cm) 
30 

(cm) 
10 

(kg ha-‘) 

2624 
(4 ha’) 

0.85 2230 
20 1928 0.91 1755 

41 10 2510 0.83 2083 
20 2176 0.88 1915 

51 10 3879 0.79 3064 
20 2107 0.84 1770 

LSD (0.05) 759 0.05 578 
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Fig. 1. Total dry matter (A)end leaf yield (B)trends of big bluestem (Zyeu average) when harvested at lO- end 20-cm stubble heights, when plants reached 
heights of 30,41, end 51 cm. 

higher yields than when cut to a 20cm stubble. Ethredge et al. 
(1973) found a similar response for bermudagrass [ Cynodon dac- 
tylon (L.)]. Frequent clipping has often resulted in reduced yield 
compared to less frequent harvests (Ethredge et al. 1973, bermuda- 
grass; Owensby et al. 1974, big bluestem). Orthogonal polynomials 
(Table 3) reveal the yield responses of big bluestem to cutting 
frequency under lO- and 2&m intensities was not parallel. Lower 
cutting height (10 cm) increased total dry matter yield at a more 
rapid rate than the 20cm height as forage was harvested less 
frequently (5lcm). Table 2 shows the same trend for stem yield 
(significant slope of the line for lo-cm intensity but not for 20-cm) 
with the lines not parallel. Since regression of leaf yield revealed the 
lines for harvest frequency to be parallel with different intensities, 

we speculated the total dry matter differences observed at 41 and 
5 l-cm may have been due to more stem material when big bluestem 
is harvested at 5 1 -cm frequency. Trends (averages over 2 years) for 
total dry matter and leaf yield are shown in Figure 1. 

Leaf and Stem Composition 
The 5 1 / 10 treatment yielded 40% more TDM and 30% more leaf 

blade DM than any other treatment. However, greatest leakstem 
was obtained from treatments clipped to leave a 20-cm stubble 
(Table 3). This may have resulted from less elongated stem being 
removed when clipped at a higher level (20 cm stubble). There were 
significant stem DM yield differences due to intensity, frequency, 
and year X frequency interaction (Table 2). Low clipping (10 cm 
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Table 3. Summary of statistical signlflcance from F tests for total dry Table 5. Summary of statistical significance from F tests for whole plant, 
matter yield (TDM), leaf yield, stem yield and L:S of Kaw big bluestem in 
1985 and 1986. 

leaf and stem IVDMD, and leaf and stem protein of big bluestem. 

Source of TDM Leaf yield Stem yield 

variation kg ha-’ 

Season (S) NS NS NS 
Frequency (F) * NS l * 
Intensity (I) ** l * +* 
SXF NS NS NS 
SXI NS NS NS 
FXI l * NS 
SXFXI NS NS NS 
F linear:1 1 ** * ** 
F linear:12 NS NS NS 
Parallelism * NS * 
F quadratic:1 1 * * l 

F quadratic:12 NS NS NS 
Equal quadratic NS NS NS 

cv 6.2 33.5 68.5 

***Significant at 0.05 and 0.01 level, respectively. 
NS Nonsignificant 
I I IO cm clipping intensity 
I2 24l cm clipping intensity 

L:S 

NS 
** 
** 

NS 
NS 
NS 
NS 
*+ 

+ 

NS 
NS 
NS 
NS 

6.4 

resulted in higher average stem yield (E q 610 kg ha-‘) than for the 
20-cm stubble (Z q 251 kg ha-‘). There were differences between 
years with frequencies for 41 and 5 l-cm frequency (P<O.OS); how- 
ever, no discernable trend exists. In 1985, harvesting at the Sl-cm 
frequency yielded more stem material than any other treatment. 
Most stem material was obtained after stem elongation of big 
bluestem which usually occurs during mid-July in Missouri (Finch 
1974). 

In Vitro Dry Matter Digestibility 
Average whole plant digestibility decreased as plants were 

allowed greater regrowth (Table 4). Total digestible dry matter 

Table 4. Effect of clipping frequency (based on plant height) and intensity 
(stubble remaining) on in vitro dry matter digestibility (IVDMD) of 
whole plant, leaf and stem portions of big bluestem (Average of 2 years). 

Whole plant Leaf Stem 

Frequency Intensity (cm) Intensity (cm) Intensity (cm) 
(cm) IO 20 IO 20 10 20 

--------------____%IVDMD__________________ 

30 50 50 51 50 45 42 
41 52 47 52 47 43 40 
51 45 48 47 48 44 45 

LSD (0.05) 3 2 3 

(DDM) yield (total yield X digestibility) was greatest for 51/ 10 
(1,761 kgha~‘)comparedto30/10and41/10treatments(l,315and 
1,302 g kg-‘, respectively). Yields of DDM when leaving a 20-cm 
stubble were considerably lower (966,1,014, and 1,001 kg ha-’ for 
30/ 20, 41/ 20, and 5 1 / 20 treatments, respectively). Digestibility 
was significantly lower (1.2%) in 1986 than in 1985, when herbage 
was cut at the same frequencies resulting in a frequency X year 
interaction (Table 5). This was perhaps due to higher temperature 
and 15.7 cm less precipitation during June, July, and August 1986. 

Orthogonal polynomials reveal IVDMD’s for the whole plant 
and leaf material at the 2 intensities not to be parallel (Table 5). 
Harvests at 10 cm maintained greater digestibility over time than 
those taken at 20 cm, although there was a sharp decline in 
IVDMD while the plants grew from 41 to 51 cm. Stem digestibility 
responses showed no slope or differences in digestibility due to 
frequency or intensity. Clipping frequency did not infhtence leaf 
IVDMD in 1985 but did in 1986, indicating that environmental 

Source of 

IVDMD Protein 

whole Leaf Stem Leaf stem 

Season (S) 
Frequency (F) 
Intensity (I) 
SXF 
SXI 
FXI 
S-FXI 
F linear:11 
F linear:12 
Parallelism 
F quadratic:11 
F quadratic:12 
Equal quadratic 

cv 

NS 
** 

NS 
* 

NS 
l * 

NS 
** 

* 

NS 
*+ 

NS 
** 

6.4 

NS 
l * 
** 
* 

NS 
** 

NS 
** 
l 

* 
** 
l * 
** 

3.8 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

9.5 

NS 
l * 

NS 
NS 
NS 
NS 
NS 
** 
** 
NS 
NS 
NS 
NS 
8.4 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
10.3 

***Significant at 0.05 and 0.01 level, respectively. 
NS Nonsignificant 
I1 10 cm clipping height 
12 20 cm clipping height 

differences between the 2 seasons could have an effect. Total leaf 
DDM yield (total leaf yield X digestibility) was greatest for the 
51/ 10 treatment (1,382, 1,059, and 1,122 kg ha-’ for 51/ 10,41/ 10, 
and 30/ 10, respectively). Similar to total DDM yield, leaf DDM 
yield was considerably lower for the 20-cm stubble heights (853, 
881, and 855 kg ha-’ for 51/ 20,41/20, and 30/20, respectively). 

Stem IVDMD was not affected by clipping frequency or inten- 
sity (Table 5) indicating, as did Perry and Baltensperger (1979), 
that the decline in quality as plants mature was due more to decline 
in digestibility of maturing leaves than to large differences in 
quality between leaf and stem tissue. Some quality decline may be 
attributed to the increasing proportion of stems as plants mature. 
Plants clipped to leave a 20-cm stubble had little proportion of 
stem dry matter compared to those clipped to leave a lo-cm stub- 
ble. However, whole plant quality was generally higher when 
plants were clipped 10 cm from the ground. 

Crude Protein 
Big bluestem contained more CP in leaves (11.7%) than in stems 

(6.7%). Longer regrowth periods led to significant decline in leaf 
CP [12.6, 11.6, and 10.9% for 30,41, and 51-cm (P<O.O5 LSD q 
0.6) height at clipping, respectively]. Responses at both clipping 
intensities were linear and parallel (Table 5). No differences were 
found in stem protein levels at similar clipping heights, nor was 
there a significant linear or quadratic response to the treatments. 
The lines for stem protein values were parallel (Table 5) indicating 
maturity of the leaf was responsible for declining plant quality. 
Reserves of nitrogen in big bluestem are known to decline during 
periods of active growth Owensby et al. 1977). These results agreed 
that as time for plant growth before harvest lengthened, nitrogen 
concentration declined. 

There was a significant crude protein year X season interaction. 
In 1985 leaf crude protein was higher for the 15 August final 
harvest date than for 15 September, while the reverse was true of 
1986. Like IVDMD, this could be attributed to environmental 
differences between the 2 years. 

Effect of harvest intensity on stem CP was modified by years. In 
1985, clipping to 10 cm resulted in higher CP levels (7.3%) com- 
pared to 20-cm clipping intensity (6.7%); however, the reverse was 
true in 1986 (6.2 and 6.8% for 10 and 20-cm intensity, respectively). 
No explanation is available for these differences. 

Persistence 
Big bluestem regrowth failed to reach height requirements for 
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the 15 September harvest which did not allow testing the effect of 
late harvest on persistence. Treatments clipped to a short stubble 
remained similar in ground cover while those clipped to a 20-cm 
stubble showed a marked stand improvement from year to year 
(Table 6). 

Table 6. Big bluestem composition as a percentage of total basal cover as 
affected by sampling date and intensity. Treatments occurred during 
1985 and 1986. 

Sampling date 

April 1985 
May 1986 
April 1987 
LSD (0.05) 

Intensity Intensity 
10 cm 20 cm 

-- -------- GroundCover(%)_______ 
23 22 
27 49 
22 61 

1.3 

Total Nonstructural Carbohydrates 
Leaving a short stubble (10 cm) resulted in lower (P<O.O5) TNC 

concentrations in crowns of big bluestem with the 41 and 51-cm 
clipping frequency (Table 7) compared to the 20-cm intensities 
over the 2-year period. Owensby et al. (1974) reported a linear 
downward trend in TNC as clipping intensity of big bluestem 
increased. The similarity of TNC concentrations resulting from the 
30/ 10 and 30/20 (same growth period) treatments to that obtained 
from the 41/ 10 and 5 I/ 10 treatments (longer regrowth periods and 
shorter stubble) lead us to speculate that frequent removal of top 
growth requires use of plant energy similar to intensive defoliation 
at fewer frequencies. Length of harvest season had no significant 
effect on total nonstructural carbohydrate levels, because regrowth 
was very limited after 15 August. 
Table 7. Total nonstructural carbohydrate levels of big bluestem as 

affected by clipping frequency and harvest intensity. Data are averaged 
for 1986 and 1987 sampling dates. 

Clipping intensity 
Clipping frequency 10 20 

(cm) 
30 

______;;______g/kg___ ___________ 

2:9 
3.3 

41 4.4 
51 4.0 5.3 

LSD (0.05) 0.8 

Reserve levels of carbohydrates (averaged over treatments) were 
significantly lower in 1987 than in 1986 (means of 4.4 and 3.4%, 
respectively) indicating the effects of clipping carry over into at 
least the next growing season (Kinsinger and Hopkins 1961). Lev- 
els of TNC found in the present study (3.5 and 4.3% for IO-cm and 
20-cm intensities, respectively) were similar to those found in the 
Kansas Flint Hills after 1 year’s rest from light grazing (McKen- 
drick et al. 1975) or under continuous or intensive grazing 
(Owensby et al. 1977). 

Conclusions 

Forage production and quality of big bluestem is strongly 
affected by frequency, intensity, and time of defoliation. We hypo- 
thesized that big bluestem could be harvested more intensively and 
later in the fall (15 September) in the Southern corn belt than the 
Great Plains to the west, but found that under the harvest regimes 
tested, there were no differences between 15 August and 15 Sep- 
tember harvests. The best way to utilize big bluestem under those 
growing conditions was to allow sufficient regrowth between defo- 
liations (41-cm or 16 inch) for the accumulation of reserve carbo- 
hydrates and then to leave a short stubble (IO-cm or 4 inch) allowing 

high quality regrowth to occur. The similarity in ground cover 
values between pre-study and that at termination of the study, lead 
us to believe that if necessary big bluestem can be more intensively 
defoliated in the Southern corn belt than that recommended 
farther west (20-40 cm) (Anderson 1986). These data agree with the 
theory that in regions where plant growth is not limited by mois- 
ture, big bluestem, like switchgrass, may be defoliated more 
severely than recommended in the drier Great Plains with minimal 
damage to the stand (Anderson and Matches 1983). Our results 
indicate that leaving a 20-cm stubble will result in stand improve- 
ment should that be the primary objective. Two years’ data indi- 
cated that the 41110 management resulted in optimum yield and 
quality of the harvest regimes for big bluestem in Missouri. It 
appeared that declining leaf quality with maturation may be just as 
important or more so than accumulation of stem material due to 
maturation in the downward quality trend. Since our data agree 
with results of Perry and Baltensperger (1979), it is recommended 
that grasses such as big bluestem be managed to avoid leaf longev- 
ity. Systems similar to intensive early stocking (Launchbaugh and 
Owensby 1978) with ample regrowth time before dormancy are 
recommended. For the area east of the Missouri River, use of big 
bluestem and similar tall grass species in complementary grazing 
systems will often result in moving cattle from cool-season species 
onto warm-season pasture before the former is fully utilized. This 
small sacrifice may be required in order to gain the larger benefit of 
proper warm-season pasture use through reduced leaf longevity. 
Results from studies such as this may be more solidly confirmed by 
long-term data collection (5-10 years). 
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Abstract 

Russian thistle (S&oZu ibericr Semren and Pau), a common 
weed found on overgrazed rangelands, abandoned farmlands, and 
other disturbed sites in the western United States, is often grazed 
by livestock and in times of drought has been extensively harvested 
for hay. Much of the land where Russian thistle grows in the 
western United States has a salinity haxard. The purpose of this 
study was to determine the effects of salinity stress on forage 
quality of Russian thistle. Russian thistle plants were grown in a 
greenhouse in sand culture irrigated with salinlzed nutrient solu- 
tions (electrical conductivities of 1.3, 10.6, 19.5, 26.8, and 33.9 
dS/m) prepared with NaCl and CaCl* (2:l molar ratio). Chemical 
indices of forage quality (total N, neutral detergent fiber, acid 
detergent fiber, acid detergent iignin, nitrate, and oxalates) at 2 
growth stages (early flower and full flower) were determined. For- 
age quality of Russian thistle, as measured by total N and fiber 
constituents, improved with increasing salinity. Mineral ash con- 
tent increased with salinity stress at both growth stages but was 
reduced slightly by increasing maturity. Nitrate levels increased at 
early flower but decreased at full flower with increasing salinity, 
whereas oxalate levels at both growth stages were reduced by 
salinity. Neither component was of sufficient magnitude to be toxic 
to ruminants. These results indicate that salinity stress is not detri- 
mental to forage quality of Russian thistle but tends to improve it. 

Key Words: Salsola iberica, nitrogen content, neutral detergent 
fiber, acid detergent fiber and lignin, nitrate, water-soluble oxalates 
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Russian thistle (Salsola iberica Sennen and Pau), an introduced, 
annual, ruderal weed commonly found along fence rows, ditch 
banks, roadways, on abandoned farmland, and on overgrazed 
rangeland in much of the western United States, is often utilized as 
forage by livestock and is under study as a potential arid-lands 
forage crop. Studies of the chemical composition and digestibility 
of Russian thistle (Cave et al. 1936, Bell et al. 1954, Hageman et al. 
1978, Hageman et al. 1988) and its utilization by livestock grazing 
western rangeland (Esplin et al. 1937, Cook et al. 1954, Nelson et 
al. 1970) support its potential as an arid-lands forage. The water- 
use efficiency and drought tolerance of Russian thistle indicate that 
it is one of the most water-use-efficient species studied, yet capable 
of maintaining relatively high rates of forage production (Dillman 
1931, Dwyer and Wolde-Yohannis 1972, Fowler and Hageman 
1978). Recently, the first quantitative study of the salinity tolerance 
of Russian thistle was published (Fowler et al. 1988) verifying that 
it is also salt tolerant. 

About 50% of the irrigated land in the western United States has 
a salinity hazard and crop production is limited by salinity on 
about 25% of these lands (Wadleigh 1968). Western rangelands are 
also affected by salinity, especially in basins and valleys with 
restricted drainage where salts have accumulated on or near the 
soil surface (Chapman 1975). Considering the large areas of crop- 
land and rangeland affected by salinity in the western United 
States, it is surprising that so little information has been reported 
about the effects of salinity stress on forage quality. The objective 
of this investigation was to determine effects of salinity stress on 
chemical indices of forage quality of Russian thistle. 

Materials and Methods 

Russian thistle plants were grown in a greenhouse near Las 
Cruces, New Mexico, from seed of a plant selection typical of S. 
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Table 1. Analyses of variance offorage qudity prop&es of Russian &istle plants grown at 5 salinity levels and harvested at early flower (67 DAP) and full 
flower (91 DAP). 

Source 

(Early flower) 
Salinity 

Linear 
Quadratic 
Cubic 

Error 
CV,% 

(Full flower) 
Salinity 

Linear 
Quadratic 
Cubic 

Error 
CV,% 

df 

4 
1 
1 
1 

12 

4 
1 
I 
I 

12 

Total 
N 

9.98** 
36.4955 

1.18 
0.59 
1.18 
3.63 

13.58** 
45.16** 

7.38+ 
1.75 
1.29 
4.37 

Neutral Acid Acid Water 
detergent detergent detergent soluble Total 

fiber fiber lignin Nitrate oxalates oxalates 

Mean Squares 

3,425+ 381,843** 3,583; 351 16,874** 657 
13,301** 1,433,134** 11,004** 946 39,905** 2,080 

130 37,003 2,087 I5 20,331** 0 
254 28,834 1,050 418 7,161* 112 
870 27,037 934 301 862 1,604 

7.38 8.25 9.32 32.48 13.15 4.71 

1,721* 3,583** 735’ 1178 109.4** 37 
6,700** 13,802** 246** 318** 248.8** 111 

23 I 13 13 107.2** 14 
18 365 32 0 68.9’ 19 

535 194 5 31 1.5 24 
5.23 5.51 5.17 19.92 12.27 6.18 

l ~**Significant at the 5 and 1% levels of probability, respectively. 

iberica (Beatley 1973). Details of plant establishment, growing 
conditions, experimental design, salinity treatments, and plant 
sampling were reported previously (Fowler et al. 1988) under 
“Reproductive Stage”. Briefly, Russian thistle plants were grown 
in pots in sand culture and irrigated with salinized nutrient solu- 
tions [electrical conductivities of treatment solutions (EL) of 1.3, 
10.6, 19.5,26.8, and 33.9 dS/m]. Salinity treatments began at 42 
days after planting (DAP) when the plants were in the transition 
between the vegetative and reproductive stages. Plants used for the 
forage quality determinations were harvested at 67 and 9 1 DAP by 
cutting the main stem near the sand surface in each pot. A total of 9 
plants was harvested from 3 pots in each treatment and combined 
as 1 sample, dried in a forced-draft oven (60 to 65’ C for 48 to 72 
hours), and ground to pass a 425~pm screen. Samples were redried 
for 24 hours at 60 to 6Y C and stored in screwcapped glass jars. A 
subsample of each ground sample was dried overnight at 105’ to 
determine dry matter content. 

and effects were tested by orthogonal contrasts procedures (SAS 
1985). These statistical data are given in Table 1. Quality determi- 
nations with significant (m.05) responses to salinity stress were 
fitted to response functions using regression techniques. 

Results and Discussion 

Total Nitrogen and Cell Wall Components 
Total N concentration of Russian thistle linearly increased with 

increasing salinity stress at both early flower and full flower growth 
stages (Fig. 1). Nitrogen concentrations were lower at full flower 
than at early flower at comparable salinity levels. In contrast, Bell 
et al. (1954) observed a one-third reduction in N content (crude 
protein) of 6 range grasses growing on alklaline soils as compared 

I I 

The plant material was analyzed for concentrations of total N, 
neutral detergent fiber (NDF), acid detergent fiber (ADF), acid 
detergent lignin (ADL), nitrate, and oxalate. All chemical analysis 
values were calculated on an oven-dried basis. A slightly modified 
version of the AOAC method (AOAC 1980, p. 858) was used for 
total N determinations. The 0.2-g samples were digested using circa 
0.5 g Kel-pat Powder No. 2 (Curtin Matheson Scientific, Houston, 
Tex.) and 4 ml of 18 M HzS04. Deionized Hz0 (20 ml) was added 
after digestion to dissolve solids. For distillation, a few grains of Zn 
dust and 20 ml of 11.25 M NaOH were added. Circa 30 ml of 
distillate was collected in a 0.47 M boric acid solution containing 
methyl purple indicator and titrated to the end point with 0.1 M 
HCl. Total N assays were done in duplicate or triplicate. Concen- 
trations of NDF, ADF, and ADL were determined on l-g samples 
using methods described by Goering and Van Soest (1970). The 
procedure described by the AOAC (AOAC 1980) for determina- 
tion of oxalates was modified slightly using procedures outlined by 
Baker (1952) to accommodate a dried plant sample, rather than a 
canned vegetable product, and to allow for the determination of 
water-soluble as well as total (soluble and insoluble) oxalates. 
Oxalates were determined on duplicate subsamples by titration 
with 0.02 M KMn04. Results are expressed as grams oxalate as 
oxalic acid/ kg dry wt. Nitrates were determined by the procedure 
of Cataldo et al. (1975) without modification. All samples were 
analyzed in duplicate and expressed as g NO;/ kg dry wt. 

0 Early Flower 
Y=O.l2X + 27.8 
r =0.69** 

l Full Flower 
Y=O.l6X + 23.3 
r =0.8 1 ** 

Fig. 1. Effect of salinity stress on the nitrogen concentration of Russian 
thistle at 2 growth stages, early flower and full flower. 

All forage quality values were subjected to analysis of variance 
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to that of the same grass species on nonalkaline soils; but alkalinity 
of soil had no effect on the N content of yellow sweet clover, a plant 
having some tolerance to alkaline soils. Hussain (1981) using 
highly saline irrigation water (2.5 to 8.0 dS/m) found little effect of 
salinity on N content of a fodder barley (Hordeum vulgare L.) 
crop. 

Neutral detergent fiber decreased linearly with increasing salin- 
ity at both early flower and full flower and was higher at each 
salinity level at the full flower stage of development than at early 
flower at comparable salinity levels (Fig. 2). As indicated by the 
slopes of the lines in Fig. 2, NDF concentration of plants at the 
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Fig. 3. Effect of salinity stress on the acid detergent fiber (ADF) concentra- 
tion of Russian thistle at 2 growth stages, early flower and full 5ower. 
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Fig. 2. Effect of salinity stress on the neutral detergent 5k (NDF) concen- 

tration of Russian thistle at 2 growth stages, early flower and full flower. 

later stage of development (full flower) was slightly less responsive 
to salinity stress. Coefficients of determination (rz) of 0.53 and 0.36 
for the early flower and full flower association of NDF’s to salinity, 
respectively, suggest that 30 to 50% of the NDF variation of 
Russian thistle in this study could be accounted for by the salinity 
stress effects. 

The ADF concentration of Russian thistle also decreased with 
increasing salinity stress and increased with increasing maturity 
(early flower to full flower) in a manner similar to that of NDF but 
with a greater decrease due to salinity at full flower (Fig. 3). The 
regression models at early flower and full flower, resulted in r*‘s of 
0.69 and 0.71, respectively. Lignin (ADL) concentration also 
decreased with increasing salinity, decreasing more sharply in the 
more mature plants but increasing with increasing maturity from 
early flower to full flower (Fig. 4). Decreasing ADL in response to 
increasing salinity would be expected to positively affect forage 
quality. 

Neutral detergent fiber, ADF, and ADL increased with plant 
maturity (from early flower to full flower). Salinity stress, however, 
reduced total cell wall concentration. In contrast, total N level 
decreased with stage of maturity but increased with salinity stress. 
These responses strongly suggest that salinity stress in Russian 
thistle may delay plant maturity, thereby improving digestibility. 
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Fig. 4. Effect of salinity stress on the acid detergent lignin (ADL) concen- 
tration of Russian thistle at 2 growth stages, early flower and full 5ower. 

Mineral Ash Content 
Treatment means and statistical analyses of salinity stress effects 

on mineral ash levels and mineral ion composition of the ash from 
this experiment were reported and discussed in a previous paper 
(Fowler et al. 1988) in terms of ion accumulation and salt toler- 
ance. Ash content increased with increasing salinity in both growth 
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stages but was slightly lower at the later stage of maturity. The high 
ash content 1175 to 254 g/kg dry wt (Fowler et al., 198811 of 
Russian thistle may account for the tendency of this forage to have 
a laxative effect which has been observed occasionally following 
extensive feeding on Russian thistle (Bell et al. 1954). Bell et al. 
( 1954) attributed the laxative effect to excessive amounts of total 
ash (219.7 g/ kgdry wt)and highlevels ofpotassium(37.3 g/ kgdry 
wt), magnesium (7.0 g/kg dry wt), and perhaps other mineral 
elements in the ash when Russian thistle constituted a major por- 
tion of the ration. In a feeding trial with dairy cattle comparing 
Russian thistle hay with an ash content of 156.5 g/kg dry wt and 
alfalfa (Medicago sativa L.), no laxative effect was observed even 
when the diet consisted wholly of Russian thistle (Cave et al. 1936). 
Ash content ranged from 127 to 305 g/kg dry wt in Russian thistle 
among 70 selections of Sufsolu grown under similar conditions in a 
nonsaline irrigated field experiment (Hageman et al. 1988). 
Whether the experiment is conducted in field soil or in sand culture 
using nutrient solution may also make a difference in ash content 
and the response of ash accumulation to salinity. Welch (1978) 
found no correlation between soil salinity and ash content in 
fourwing saltbush [Atriplex cunescens (Pursh) Nutt.] under field 
conditions. Other studies with Atriplex species (Beadle et al. 1957, 
Ashby and Beadle 1957) showed differences in the correlations of 
ash content to salinity depending on whether the saltbush was 
growing in soil or nutrient solution. Where the saltbush was grown 
in soil, there was no close correlation between salinity and ash 
content; but when the saltbush was grown in nutrient solution, ash 
content increased as salinity increased. 

ECts @s/m) 
Fig. 5. Effect of salinity stress on the nitrate concentration of Russian 

Potential Antinutritional Factors thistle at 2 growth sites, early tlower sod full flower. 

Both nitrates and oxalates are known to accumulate in some 
members of the Chenopodiaceae under certain conditions and can 
accumulate to levels toxic for livestock in some selections of Rus- 
sian thistle under cultivation (Hageman et al. 1988). However, it 
was not known if salinity stress would alter the accumulation of 
these compounds in Russian thistle. Generally, both nitrates and 
oxalates tend to decrease with maturity in Russian thistle (Hage- 
man et al. 1988). For this reason, nitrate levels and oxalate (total 
oxalate and water-soluble oxalate) levels as influenced by salinity 
stress and maturity were determined. 

41 and 60% by a salinity stress of 10.6 dS/ m at early flower and full 
flower, respectively, but no further decreases occurred at higher 
salinity levels (Fig. 6). The decreases in water-soluble oxalates are 
closely paralleled (on a molar basis) by increases in total Ca ion 
levels induced by salinity stress (Fowler et al. 1988), suggesting that 
the decreases in soluble oxalate concentrations with increasing 
salinity resulted from the formation of insoluble calcium oxalate. 

Increasing salinity had quite different effects on nitrate content 
of plants in the early flower growth stage compared to those in full 
flower (Fig. 5). Nitrates in plants at early flower were not signifi- 
cantly increased by salinity stress, but the mean nitrate content of 
5.34 g/kg dry wt exceeds the 5.00 g nitrate/ kgdry wt considered to 
be the threshold level of toxicity for livestock (Kingsbury 1964). 
However, cattle have been reported to graze, without ill effects, on 
forages containing an average of 20 g nitrate/ kg dry wt (Reid and 
James 1985). Nitrate toxicity is dependent on livestock liveweight 
as well as amount of nitrate consumed. At full flower, nitrate levels 
were lower than those at early flower, ranging from 3.34 to 2.26 
g/kg dry wt as salinity increased. Other researchers have reported 
declines in nitrate content associated with advancing plant matur- 
ity in several forage species (Crawford et al. 1961, Murphy and 
Smith 1967). Salinity stress, which appears to delay maturity, 
significantly reduced nitrate levels at the later stage of maturity. 
Drought stress may also delay maturity in forages (Wilson 1983) 
but tends to promote increased nitrate content (Kingsbury 1964). 
This suggests that some factor other than plant maturity is asso- 
ciated with the effect of salinity stress on nitrate accumulation 
during full flower in Russian thistle. 
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Total oxalate levels were not influenced by salinity stress at 
either harvest and were slightly lower at full flower (80.1 g/kg dry 
wt) than at early flower (85.1 g/kg dry wt.). Only water-soluble 
oxalates are considered to be a problem in livestock forage (Kings- 
bury 1964). Water-soluble oxalates were significantly reduced by 

Fig. 6. Effect of sslinity stress on the water soluble oxalate concentration 
of Russho thistle at 2 growth stages, euly flower and full flower. 
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No consistent level of toxicity for water-soluble oxalates has been 
established in ruminants. James et al. (1975) concluded that plants 
with soluble oxalate levels under 160 g oxalate/ kg dry wt are not 
toxic to ruminants but as Kingsbury (1964) points out, oxalate 
poisoning is complex and depends on a number of factors includ- 
ing the amount consumed, the time required for its consumption, 
and the presence of food in the stomach at the time of ingestion. 
Ruminants are more resistant to oxalate poisoning than nonrumi- 
nants, partly because rumen bacteria in animals conditioned to 
oxalates can efficiently degrade oxalates in feed (Reid and James 
1985). Calcium supplements will also reduce or eliminate oxalate 
toxicity when fed with high oxalate feeds (Kingsbury 1964). 

Conclusions 

Forage quality of Russian thistle, as measured by total N and 
fiber constituents, improved with increasing salinity stress. Many 
of the responses of Russian thistle to salinity stress observed in this 
study can be attributed, at least in part, to a delay in plant maturity. 
Potential negative factors (nitrate and water-soluble oxalates) 
decreased with increasing salinity stress for plants harvested at full 
flower; however, neither nitrate nor oxalate concentrations were of 
sufficient magnitude to be toxic to ruminant livestock. These 
results indicate that salinity stress is not detrimental to forage 
quality of Russian thistle, but enhances it, and demonstrate that 
Russian thistle has good forage potential for arid lands. 
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Abstract 

CaldLn (Prosopis cd&n& Burk.) is one of the woody species 
that is increasiag in abundance due to poor grazing management in 
the semiarid region of central Argentina. The objectives of this 
work were to evaluate emergence and seedling survival of caldkn 
under grazed-low herbaceous follar cover, and ungrazed-inter- 
mediate and ungrued-high herbaceous follar cover. Seedling 
emergence was recorded weekly after 3 plantig dates: October 
1987, September 1988, and October 1989. SeedUng survival was 
recorded every 2 weeks until all seedlings died. Precipitation, soil 
water potential, and soil temperature were monitored during the 
study period. Since caldLn only reproduces from seeds, optimal 
conditions for gennlnation under different controlled photoperlod 
and temperature regimes were also studied. In the laboratory, 
greatest germination of freshly harvested unscarifled seeds occurred 
at a diurnally alternating temperature regime of 15 and 300 C with 
light provided for 9 hours. Least germination occurred at 150 C 
and continuous darkness. Acid scarlficatlon significantly increased 
germination percentage and germination rate. Unscarified seeds 
incubated in light exhibited a lower rate of germination than 
scarified seeds under all temperatures. In the field, soil water 
availability was usually similar among the 3 experimental condi- 
tions. Soil temperature was only occasionally higher in the grazed- 
low herbaceous cover site. Only for 1987 data, emergence was 
greater on the grazed area with relatively low herbaceous follar 
cover and similar within the ungrazed area. Treatment effect was 
very little on seedling survival, being lower in the grazed area for 
only 2 evaluation dates in 1989. Regardless of treatment the 
emerged seedlings survived 40 days on the average. The highest 
caldbn seedling mortality was always coincident with higher soil 
temperature and lower soil water availability. 

Key Words: germbtion, soil environmental factors, Prosopis 
coldenia Burk., woody plant invasion 

According to Vallentine (1974) grazing by domestic livestock is 
one of the primary causes for invasion of rangelands by woody 
plants. Jacoby (1986) pointed out that overgrazing, with its direct 
or indirect effects, has allowed and encouraged increasing densities 
of native shrubs in semiarid rangelands. However, results from 
several studies on the importance of the relationship between 
grazing, herbaceous biomass and woody plant invasion do not 
agree (Smith and Schmutz 1975, Young et al. 1981, Walker et al. 
1981, Meyer and Bovey 1982). 

Continuous grazing with excessive stocking rates has occurred 
for many decades in the semiarid phytogeographic region of cen- 
tral Argentina known as the Cald6n District (Cabrera 1976), com- 
monly referred to as the Caldenal. This may have contributed to 
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the increased abundance of woody vegetation evident across the 
region. The decrease in the herbaceous cover due to overgrazing 
may have produced microenvironmental changes, which in turn 
may have created suitable sites for emergence and seedling survival 
of woody plants. The nature of the environment immediately 
surrounding a seedling and its effects on that seedling are of critical 
importance in determining the dynamics of plant populations and 
the composition of plant communities (Fowler 1988). 

Our objectives were to document the effect of varying herbace- 
ous foliar cover, as related to grazing, on emergence and survival of 
caldin (Prosopis caldenia Burk.) seedlings, one of the dominant 
woody species in the Caldenal, and on selected microenvironmen- 
tal factors which may be important in seedling establishment. 
Because caldCn only reproduces from seeds, optimal conditions for 
germination were also studied in the laboratory. 

Study Area 

The study was conducted in a 9-ha exclosure that had been 
fenced 6 years earlier, and in an adjacent continuously grazed area. 
The site is in southeast La Pampa province (38’ 45’S lat. and 63O 
45’ W long.). 

The vegetation on the study site is typical for the region. It has a 
shrub layer of variable density with caldkn, algarrobo (Prosopis 
flexuosu DC.), piquillin (Condaliu microphyllu Cav.), and jarilla 
Lurrea divaricata Cav.). The herbaceous layer is highly productive 
with flechilla negra (Piptochaetium napostaense (Speg.) Hackel) 
and flechilla tina (Stipa fenuis Phil.) as the most abundant species. 
These 2 grasses account for 75% of the total perennial herbaceous 
foliar cover (Distel and Femlndez 1987). Other common grasses at 
the study site include coir6n (Sripa speciosa Trin. et Rupr.), poa 
(Poa liqularis Ness.) and cola de zorro (Pappophorum mucronula- 
turn Ness.). 

Average annual temperature is 15’ C. Annual precipitation 
averages 344 f 98 mm, concentrated mainly in spring and fall, and 
the annual water deficit is about 400 mm (INTA 1980). 

Soil is a typical Paleorthid, well drained, with a medium to heavy 
texture and a slope of 0.5 to 1%. A petrocalcic horizon (“tosca”) is 
present at a depth of 40 to 60 cm. 

Materials and Methods 

Germination 
Caldtn pods were collected within the study area in March of 

1987 and maintained under laboratory conditions (18 to 25’ C). 
See& were manually removed from the pods and incubated in 
controlled-temperature chambers. For each treatment 4 replicates 
of 30 seeds per replicate were used. Seeds were treated with 
Carboxin-Thiram 0.2% to inhibit fungal infections, placed on filter 
paper in transparent plastic boxes (5.5 by 7.5 by 1 cm) and kept 
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moist with distilled water. An open beaker of water was kept inside 
the chamber to maintain a high relative humidity. Seeds were 
incubated at continuous temperatures of 1520, and 25’ C and at 2 
diurnally alternating regimes, 15’ C for 15 hours and 25 or 30° C 
for 9 hours. Germination was determined in each temperature 
treatment with light provided for 9 hours daily and in continuous 
darkness. Light was supplied with both fluorescent tubes and 
incandescent light bulbs. In alternating temperature regimes the 
light was provided during the high temperature regime. In the 
treatments that were exposed to continuous darkness, the boxes 
were wrapped with paper and a piece of black cloth. Germination 
of acid-scarified and unscarified seeds was compared in all temper- 
ature and light regimes. Acid-scarified seeds were soaked in con- 
centrated sulfuric acid for 45 min, then washed with distilled water 
until a neutral reaction was detected. 

Germination was considered to have occurred when the radicles 
emerged. In the treatments under light regimes the number of 
emerged seeds was recorded at 72-hour intervals over the 30day 
exposure period. In the treatments under continuous darkness, 
germination was recorded at the end of the exposure period. 

Germination data were subjected to arc sine transformation. For 
each light-temperature treatment combination, scarified vs. un- 
scarified seed germination means were compared as independent 
samples (Snedecor and Cochran 1980). Ananalysis of variance was 
performed on each set of transformed data (scarified and unscari- 
fied seeds) following a completely random design, differences 
among treatment means were separated with Duncan’s multiple 
range test (Snedecor and Cochran 1980). Germination rate of seeds 
incubated in light was calculated with Maguire’s equation (Maguire 
1962): 

number of germinated seeds + . . . . . . + number of germinated seeds 

days to tirst count days to final count 

An analysis of variance was performed on these data following a 
completely random design. Differences among treatment means 
were separated with Duncan’s multiple range test. 

Emergence and Survival 
Seeds from caldtn pods collected within the study site in March 

of 1987, 1988, and 1989 were scarified with sulfuric acid as des- 
cribed above and used in the emergence and seedling survival 
experiment. Three experimental sites were selected for this trial: 
grazed vegetation with relatively low herbaceous cover, and adja- 
cent ungrazed vegetation with intermediate and higher herbaceous 
foliar cover. Two 20-m permanent transects were placed in each 
experimental area. One seed was planted every 25 cm along the 
transects at a depth of 1 cm in October 1987, September 1988, and 
October 1989. Emergence (seedlings/number of seeds planted) was 
recorded weekly after each planting date. Seedling survival (per- 
centage of surviving seedlings) was recorded every 2 weeks until all 
seedlings died. The herbaceous foliar cover for each experimental 
condition was estimated before each planting date. These data 
were obtained by the canopycover method (Daubenmire 1959) 
with 40 quadrats (20 by 50 cm) located along 2 transects (20 m in 
length). Herbaceous foliar cover was similar in each experimental 
area during the study period. Average and standard deviation for 
the 3 years were: 35 f 4.5% for ungrazed-high cover, 26 f 3.8% for 
ungrazed-intermediate cover, and 22 f 5.6% for grazed-low cover. 
After each planting date, and until the end of the seedling survival 
trials, animals were excluded from the grazed area. 

On each sampling date, soil temperature and water potential 
were measured at a depth of 5 cm with 5-Spanner thermocouple 
psychrometers randomly placed on each experimental area. Tem- 
peratures were recorded at 0900 hour and 1500 hour and water 
potential at 1200 hour. Precipitation was recorded at the site with 
an automatic rain gauge. 

Soil temperature and water potential data were analyzed follow- 
ing a completely random design with an analysis of variance and 
compared by Least Significant Difference test (Snedecor and 
Cochran 1980). Emergence and seedling survival were analyzed 
with a generalized linear model (Nelder and Wedderburn 1972) 
using the REG package (Gilmour 1985). Different grouping of the 
data on different runs allowed testing the model for the 3-year data 
set, or for individual years. This was done in view of the poor 
emergence detected in 1988 as explained in the results section. 
Contrasts between grazed vs. ungrazed and between intermediate 
vs. high cover were used to detect differences among treatments. 

Results and Discussion 

Germination 
The highest germination percentage of unscarified caldtn seeds 

occurred with a daily cycle of 15 hours of darkness at 15” C and 9 
hours of light at 30’ C and at a continuous temperature of 25” C 
under the same photoperiod (Table 1). The lowest germination 

Table 1. Germination percentages of unscarified and scarified caldCn seeds 
under 10 different temperature and light regimes. Values followed by the 
same letter are not significantly dlfferent at JYO.05. 

Treatments Unscarified seeds Scarified seeds 

15” C continuous darkness 
20” C continuous darkness 
25’ C continuous darkness 
15’ C with light (9 hs daily) 
20’ C with light (9 hs daily) 
25’ C with light (9 hs daily) 

H-25” C continuous darkness 
15-30“ C continuous darkness 
15-25’ C with light (9 hs daily) 
15-30’ C with liaht 19 hs dailv) 

(%) 
8.3 e 

29.2 cd 
37.5 b 
23.0 d 
34.2 bc 
46.7 a 
31.7 bc 
36.7 bc 
34.2 bc 
50.8 a 

(%J 
94.2 g 

100.0 f 
98.3 fg 
95.0 fg 
97.5 fg 

100.0 f 
98.3 fg 

100.0 f 
99.2 fg 
99.2 fQ 

percentage was observed at 15’ C and continuous darkness. Acid 
scarification significantly increased (P<O.OS) germination in all 
cases. Light seems to have increased germination at the same 
temperature level for unscaritied seeds (Table l), but differences 
were not always significant (X0.05). 

Unscarified seeds incubated in light exhibited a lower rate of 
germination than scarified seeds incubated in light under all 
temperatures (Table 2). Germination percentages recorded after 72 

Table 2. Germination rate of unscarifled and scarified caldkn seeds incu- 
bated under 5 different temperature regimes with llgbt provided dally for 
9 hours. Valuea followed by the same letter are not slgni5cantly different 
at PCO.05. 

Temperature regime 
15” C 200 C 25O C 15-25“ C 15-30” C 

Unscarified seeds 
Scarified seeds 

_____________(%)_____________ 
0.4a 1.7b 2.0b l.4b 2.8 c 
5.3d 7.9e 8.le 7.9 e 8.2 e 

hours of incubation showed the same trend (Table 3). 
All scarified seeds incubated in light attained 95% or more 

germination after the 30day exposure period (Table 1). However, 
germination of scarified seeds at a continuous temperature of 15O 
C was only 27% after 72 hours of incubation (Table 3), this delay 
would explain the relatively low rate of germination for this treat- 
ment in Table 2. Scarified seeds of Prosopis chilensis incubated in 
darkness over the 5 to 45” C temperature range, responded in 
similar way (Mahmoud and El-Sheikh 1978). 

Caldbn seeds exhibit a degree of dormancy like other members 
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Fig. 1. Soil water potenthd (SWP) and soil temperature (ST) at 5 cm of depth in each experimental site. In each samp5ng date, means with the same letter 
are not 3ignificantly different at PCO.05. 

Table 3. Gennlnation percentage (G.P.) after 72 hour of incubation of 
unscarined and scarified calden seeds incubated at different tempera- 
turns with light provided da5y for 9 hours. 

Temperature Unscariiied seeds Scarified seeds 

1Y c E * SD. 
(%I f SD. 

200 c 18:3 f 3 
27.0 f 6 
93.0 f 7 

25’ C 20.0 f 6 97.0 f 6 
15-25O C 14.2 f 6 90.0 f 7 
15-3o” c 21.7 f 4 98.0 f 4 

ture (Tschirley and Martin 1960). It is common to find many 
caldin seedlings germinated in the livestock feces and this mecha- 
nism of dissemination is likely to encourage spread of caldbn when 
favorable rainfall and temperature occur. Brown and Archer 
(1988) reported a high density of mesquite seedlings on areas with 
cattle, in contrast to absence of seedlings on areas without cattle. 
This suggests that mesquite invasion of grassland would have 
increased in North America following settlement and introduction 
of domestic livestock. 

Emergence and Survival 

of the genus Prosopis (Hass et al. 1973, Mahmoud and El-Sheikh 
1978). Dormancy is probably due to the hard seed coat that may 
restrict water absorption and/ or gaseous exchange and was over- 
come completely by acid scarification. In many seeds dormancy is 
imposed by the presence of a hard seed coat and their germination 
depends on altering the seed coat. Their existence permits plants to 
be distributed in time instead of space which represents an impor- 
tant factor in the continuance of the species (Barton 1965). 

Disturbance caused by grazing produces alterations in the her- 
baceous cover, amount of litter, micro-relief, soil structure, etc., which 
changes ecosystem microenvironmental conditions (Harper 1977). 
However, soil temperatures recorded in the grazed site (Fig. 1) 
were only occasionally significantly higher (PCO.05) than those 
recorded in the ungrazed sites. Differences in soil water potential 
among the different sites were usually not significant (KO.05). At 
least in part, the similarity in herbaceous cover, 22 to 35%, among 
the 3 experimental sites could be responsible for these results. 

Under natural conditions the scarification may take place Annual precipitation and its monthly distribution during 1987, 
through passage of seeds through the digestive tract of domestic 1988, and 1989 are given inTable 4. The lowest values of soil water 
livestock feeding on the caldin pods, such as was pointed out for potential were always recorded in late spring and early summer. 
mesquite (Hass et al. 1973) and P. chilensis (Mahmoud and El- This was coincident with the highest soil temperatures (Fig. 1). 
Sheikh 1978). Deposition of seed in manure provides a favorable When emergence data from the 3 years were included in the 
habitat for germination because of adequate and prolonged mois- model(Table5),analysisofdeviance showed highly significant differences 
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Table 4. Monthly distribution of rainfaii (mm) for 1987,1988, and 1989. 

Year Jan Feb Mar Apr May Jun Jui Ang Sep Ott Nov Dee TOTAL 

1987 _________‘____________________________________(~~)____~*_;___“;;__‘_336“__3o;____;;6____;4oo__ 13.0 33.2 33.4 64.6 3.0 1.0 
1988 3.4 19.0 103.0 24.4 12.8 6.0 1o:o i7:2 58.8 i9:8 52 m:4 3oo:o 
1989 14.6 16.0 27.0 12.0 29.0 48.0 40.8 71.0 155.0 40.0 101.2 99.6 666.2 

(P<O.Ol) for year and treatment, and a significant difference 
(P<O.OS) for the treatment X year interaction. With these data, the 
highest proportion of the deviance was due to the year factor 
(83%). Since emergence was very low for 1988 with 3 replications 
being 0, the model was tested considering only data from 1987 and 
1989 planting dates. The same results were obtained, but this time 
the highest proportion of the deviance (63%) was due to treatment. 
Separate analyses were done with data from 1987 and 1989. 
Results from 1987 data showed a highly significant difference 
(KO.01) for treatment. The contrast of grazed vs. ungrazed 

100 1 \\ 
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g 60- 
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____ UNGRAZED-IMERMEOLATE HERB.ACEOLJS 
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Table 5. Emergence percentage recorded after each planting date under 
grazed-low berbaceous cover (G.L.H.C.), ungrued-intermediate ber- 
baceom cover (U.I.H.C.), and ungrazed-high hcrimceous cover (U.H.H.C.). 

Treatments 
Planting date 

Ott 87 Sept 88 Ckt 89 

-________________ _________________ 

4- 

G.L.H.C. 80.0 
$7 

0:o 
54.0 

U.H.H.C. 42.0 56.0 
U.I.H.C. 43.0 0.6 38.0 

\‘, 
PLANTING \’ 

DATE 
I I I t_-- -_ - 

lga7 0 N N D ,1988 

i 

28 12 27 10 04 
SAMPLING DATE 

showed that emergence was greater (PCO.01) on the grazed area. 
Emergence on intermediate vs. high cover within the ungrazed area 
was similar. A highly significant difference (PCO.0 1) for treatment 
was also found for 1989, but the contrast of grazed vs. ungrazed 
was not significant and the contrast of low vs. intermediate cover 
was highly significant (P<O.Ol). While this may explain the signifi- 
cant interaction (treatment X year) found previously, results may 
be taken cautiously because there are few data when years are 
analyzed separately. 

In other studies on Prosopis establishment, Smith and Schmutz 
(1975) and Meyer and Bovey (1982) suggested that herbaceous 
standing crop or grazing history may have little influence on mes- 
quite establishment. No significant interactions between grazing 
history and level of defoliation were obtained for either mesquite 
seedling emergence or survival (Brown and Archer 1989). How- 
ever, several authors have emphasized the importance of the rela- 
tionship among grazing, grass biomass, and shrub invasion. Con- 
tinuous excessive grazing greatly reduced the perennial grass cover 
and allowed shrubs to increase in the sagebrush/grasslands of 
western United States (Young et al. 1980). Walker et al. (1981) 
considered, in their model of savanna stability, the grass biomass 
as the major factor limiting woody plant encroachment. 

Fig. 2. Caidh seediinp survivai curves during the period 19874988. 

summer period for the zone (Table 4). The rest of seedlings that 
emerged, regardless of herbaceous cover and time period consi- 
dered, survived 40 days on the average. The highest calden seedling 
mortality, regardless of planting date, experimental area and con- 
sidered period, coincided with higher soil temperature and lower 
soil water availability. Auld (1987) reported similar results for 
Acacia suaveolens. Mesquite seedlings did not survive for more 
than 10 days under a moisture stress higher than 2 atm at 37“ C 
(Scifres and Brock 1969). Hodgkinson (1979) pointed out that the 
proportion of shrub seedlings that establish and survive to repro- 
ductive maturity is low, principally due to excessive water stress 
produced by low rainfall and/ or high evapotranspiration rates. 

_.-.- GRAZED- IDW HERB4CfOUS COVER SITE 

100 ___-- UNGRAZED- INTERMEDIATE HERBACECUS COVER YTE 

UNGRXED- HIGH HERBACECUS COVER SITE 

Analysis of seedling survival data for the 1987 planting did not 
show differences (P<O.O5) among treatments (Fig. 2). Too few 
seedlings emerged after the 1988 planting for the survival analysis 
to be meaningful. Seedling survival was similar among treatments 
on the first and second evaluation dates after the 1989 planting date 
(Fig. 3). Results for the rest of the evaluation dates were the same: a 
significantly greater (P<O.Ol) seedling survival on the ungrazed 
area as compared to the grazed area, and no difference within the 
ungrazed area. 

/ 
PLANTING 

I 
DATE 

- 

“” 0 0 0 N N N D 1990 M 

Only a low proportion of caldbn seedlings that emerged in 
ungrazed sites after the October 1989 planting survived for more 
than 5 months. This coincided with an unusually wet spring- 

13 20 25 01 09 22 06 01 
SAMPLING DATE 

Fig. 3. CaidLn seediiog survivai curves during the period 1989-1990. 
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According to Holling (1973) the recruitment pulses are influ- 
enced by the co-occurrence of low probability events. Demogra- 
phic studies (Jordan and Noble 1981, Gutter-man 1986) suggest 
that the recruitment of many woody species, including “woody 
weeds”, from arid and semiarid areas is a rare event. Preece (1971) 
pointed out that favorable germination events in the field for 
Acacia aneura could take place as infrequently as once every 9 
years. 

Percentage herbaceous foliar cover did not consistently affect 
caldin seedling emergence or survival in the present study. Perhaps 
the range in percentage herbaceous cover was too narrow to detect 
a greater effect. Water stress would be the principal cause of 
seedling mortality. Recruitment of caldbn seedlings may occur 
only in years with above normal and well-distributed rainfall. 
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Abstract 

Changes in rangeland vegetation integrate the consequences of 
livestock grazing intensity and possible climate change, as well as 
other factors. Because vegetation changes tend to be very slow in 
dry environments, observational time scales that exceed a human 
generation are needed to separate real trends from year-to-year, 
weather-driven variability. An exhaustive literature search for 
valid starting points within the Intermountain region revealed a 
unique quantitative study that was more than 50 years old. In 1933, 
vegetation along a 37-km transect in southern Pine Valley, Utah, 
was read from 19-mZ plots located every 42 m. The only inten- 
tional, local management treatment in the interim has been moder- 
ation of domestic livestock grazing pressure. During a period 
climatically and phenologically similar to the original study, we 
m-examined representative segments of this transect by a more 
detailed updating of the original “square-foot-density” method. 
We found that vegetation type boundaries and ecotones were little 
changed after 56 years. However, canopy cover was dramatically 
greater in 1989, in some cases by more than tenfold for several 
perennial grasses, and less so for shrubs. Substantially greater 
understory cover as a relative proportion of total plant cover 
occurred in 1989 in all vegetation types examined. Some of the 
observed positive shifts of dominance/diversity are contrary to 
widely accepted expectations in the literature. 

Key Words: Artemisia tridentatu, sagebrush, Clvysothamnus vis- 
cidiflorus, rabbitbrush, Grayia spinosa, spiny bopsage, Ceratoides 
lanata, winterfat, Oryzopsir hymenoi&s, Indian ricegrass, Hihria 
iames& galleta, livestock grazing, canopy cover 

Qualitative evidence that unrestricted domestic livestock graz- 
ing had caused seriously destructive impacts on the vegetation 
cover of federal lands in the western United States led to the 
passage of the Taylor Grazing Act in 1934. Substantial reductions 
in domestic grazing pressure followed. Land management agency 
data, generalized observation, and qualitative photographic com- 
parisons, along with extrapolations from the results of small-scale 
experimentation, have caused range managers to believe that 
improvement at the ecosystem level has occurred on many large 
tracts of public land since 1934, where moderation of grazing use 
has been the sole known treatment (Box 1990). Broad improve- 
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ments, however, have not been substantiated by rigorously scien- 
tific proof within the Intermountain West (Box 1996). 

Analyses of Western U.S. rangelands are complicated by a high 
annual variability in plant production among species. Sharp et al. 
(1990), for example, qualitatively documented that in 1 southern 
Idaho valley the overall vegetation’s appearance can be so different 
as to be almost unrecognizable from 1 year to the next, even for 
observations made on the same month and day during each year. 
This situation is largely a result of short-term fluctuations in 
temperature and precipitation, consequently variable inter-annual 
phenology, and removal of plant growth by livestock and other 
herbivores. Increasing the number and frequency of measurements 
seems to be the only long-term cure for these underlying data 
problems. On the other hand, a careful choice in the timing of field 
observations in relation to climate, phenology, and animal utiliza- 
tion appears to be one practical compromise between the reality of 
shortfalls in funding for monitoring and doing nothing at all. 

Critically, data from any particular set of sites can provide only 
an example, not a definitive conclusion, for what may be occurring 
over wider areas. Results cannot be extrapolated, without further 
confirmation, even to neighboring tracts. Accordingly, they can- 
not be held per se as representative of the overall situation on 
federally managed lands. Further, determination of precise cau- 
se/ effect relationships, including those resulting from livestock 
management decisions, is almost certainly beyond the scope of 
observational science, because there are so many uncontrollable 
variables. 

Within these limits, the primary reason for the lack of scientific 
evidence for whether or not improvements have occurred (at scales 
which make them applicable to management) is the dearth of 
reliable and accurately repeatable baseline measurements made 
before 1934. 

One older published effort (Stewart et al. 1940) proved to stand 
alone in its potential for effective repetition. Concern about appar- 
ent desertification on southwestern Utah’s public lands had 
prompted a small group to survey the status of the vegetation in 2 
neighboring large valleys in 1933. They did so in notable detail. The 
project’s leaders were assisted by an influx of labor made suddenly 
available through the newly commissioned Civilian Conservation 
Corps. 

One of their major efforts involved a single 46-km transect of 920 
regularly spaced 19-m* plots across southern Pine Valley (Stewart 
et al. 1940). They estimated percentage of canopy cover by all 
plants (by species), and counted the absolute number of living, 
dead, and seedling shrubs. Subsequent administrators preserved a 
careful contour map that the field crew drew of the actual transect 
line as it was carried out in the field, including frequent references 
to fixed survey markers as well as topographic details. This map 
was of critical importance to repetition of the original study. A 
legible and complete copy of the original plot-by-plot field data 
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sheets also survived for reuse through the intervening 55 years. 
In our repeat study during 1989, potential sample size was 

limited by a labor pool one-fifth the size available during the 
original effort. Accordingly, we selected 250 plots in the major 
vegetation types and range sites representated. Our goal was to 
establish the magnitude and direction of vegetation change in these 
types over the intervening years. To avoid phenological or metho- 
dological differences in the expression of cover, we resurveyed the 
selected plots at the same time of year, and in essentially the same 
fashion, as was done in 1933. Similarity of climate is, of course, an 
important factor in vegetation examinations that seek information 
about other impacts. We were encouraged to initiate this repetition 
because preceding three-year drought conditions appeared to be 
similar to conditions during the original study (Table 1). 

Table 1. US Weather Service mean precipitation values (k standard error 
of the mean) for Milford, Ut., with crop-year and shorter sununaries as 
per Sneva and B&ton (1983). 

Year 
Average precipitation for period 

Ott-Sept Ott-June Jul-Sept 

A: Large blocks of years 

1908-1932 
___;l_9_~__9_______(mm)________5_,_;_l__ 

169f 8 
1933-1963 *202 f 9 155f 9 *46* 4 
1964-1988 *257 f 12 187 f 10 l 70 f 7 

B: Three years immediately preceding studies 

350 

E300 

y250 

g200 

:B150 
$ $00 

1930-1932 
__210f40__-__;:0m;l)Z;)_____‘M)~;o__ 

19861988 250 f 30 19Of40 6Of 10 

*P<.O5 for similarity of indicated values within a column. 

Year 
Study Site Fig. 1. Annual precipitation totala for Milford, Ut., measured on an 

Vegetation in the lower, southern part of Pine Valley is desert 
shrubland. Dominance along the transect line at the lowest points 
is by low rabbitbrush [ Chrysorhumnus viscidiflorus (Hook). Nutt.] 
and winterfat [ Ceratoides Zunata (Pursh) J.T. Howell]. With rising 
elevation, dominance shifts to spiny hopsage [Gruyiu spinosa 
(Hook.) Moq. in DC.]. Above this, there is a belt of big sagebrush 
[Artemisia tridentata Nutt. spp. tridentata] and black sagebrush 
[Artemisiu nova A. Nels.]. Each segment includes a mixed under- 
story of grasses and forbs. [Nomenclature according to Goodrich 
(1976); growth form assignments for the USDA Soil Conservation 
Service (Anon., 1988).]. 

October to September basis, 1908-1989. 

rainfall during the early 1980’s. Such, if present on the study area, 
could have had a confounding impact on vegetation response over 
time (Laycock 1991). Because of the highly local variability in 
weather during the interstudy period, this concern cannot be 
addressed absolutely. However, as the following will show, the best 
data available indicate that the likelhood of climatic impacts on 
this study may be particularly low. 

Lack of permanent water kept domestic livestock from grazing 
Pine Valley until about 1890, when the development of wells 
brought the first cattle. They were followed in about 10 years by the 
introduction of sheep, at high intensities of year-round use. 
“Seriously destructive”was the phrase of Stewart et al. (1940) used 
for early grazing practices. Consequent erosion was moderate to 
severe, and in places exceeded 15 cm, with some dune development 
(Murdoch and Welsh 1971). 

Milford, Utah, is the nearest continuously recording U.S. weather 
station to Pine Valley which has a similar geographical character 
(i.e., located in a north-south valley). Figure 1 depicts the extant 
precipitation records for Milford, 65 km to the east of the center of 
our transect. A general upward temperature trend would parallel 
that found by Bradley et al. (1987) for the United States as a whole, 
in response to increasing atmospheric greenhouse gas concentra- 
tions. A possible upward trend in precipitation may be seenduring 
the past 30 years, but which seems to have receded before our 
restudy took place (Fig. I). 

Substantial, but undocumented, reductions in stocking rates, 
with restriction of grazing to winter-only at lower elevations, 
occurred in response to inadequate forage in the 1930’s (S. Hansen 
and W. DiAge, Bureau of Land Management (BLM), Cedar City, 
Utah, personal communication). According to this same source, a 
further 33% reduction occurred as a part of the adjudication 
agreements which coincided with fence construction in the transect 
area in 1956. An additional 25% reduction in allotted livestock 
pressure occurred in 1983 for those portions converted from winter 
sheep to winter cattle use. 

Table 1 breaks out equivalently large blocks of years, whose 
duration equals the period where data were available before the 
1933 study. Also detailed is a block for the 3 years immediately 
preceding each study. From the data in Table lA, it can be seen 
that an increase in both yearly and summer rainfall has occurred 
over the most recent 25 years in Milford, which may be statistically 
significant. In contrast, Table 1B indicates a smaller, and nonsig- 
nificant, spread between the 3 years immediately preceding the 
vegetation surveys. 

A free-ranging herd of feral horses was eliminated from the 
general area in the 1940’s (V. Wood, permittee, personal communi- 

Because the center of the actual study area is so far from Milford, 
and because rainfall can be very strongly affected by topography 
and distance in the Intermountain West, all precipitation data 
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cation). An examination of yearly grazing permits disclosed evi- 
dence that the sagebrush-dominated portions of the transect line 
may have been competely rested from sheep grazing during the 
period of 1967 to 1977. Those records are internally inconsistent, 
however, and so must be accepted with caution. 

In 1958, the average Pine Valley stocking rate was estimated 
overall to be 3 ha/AUM (Murdoch and Welsh 1971). Until 
recently, fences have been several kilometers apart, and developed 
water similarly distant. More intensive fence building is currently 
in progress. Current management is described as “rest-rotation” 
(S. Hansen and W. DiAge, personal communication). 

Much of the state of Utah received historically high levels of 

400-1, 



available through the Utah State Climatologist’s office for the 
Desert Experimental Range in Pine Valley are compared with 
those for Milford in Table 2. Over comparable periods, precipita- 
tion at the Desert Experimental Range was lower than might be 
expected from Milford’s records. The most recent block of time, 
which parallels the increase found among the more complete 
records at Milford, shows that the difference in precipitation was 
much smaller, and not statistically significant, within Pine Valley 

Table 2. US Weather Service mean precipitation values (3~ standard error 
of the mean) for Milford, Ut., compared with those for the Desert 
Experimental Range. 

Year 

A: Milford 

Average precipitation for period 

Ott-Sept Ott-June Jul-Sept 

1950-1966 ___l_~_~_l;______l~4~)~~_______________ 45 f 7 
1967-1983 257 f 15 185 f 13 73 f 9 

B: Desert Experimental Range 
________ 1950-1966 ___lbs;;_______(mm) 96f 8 52;s--- 

1967-1983 170 f 12 102 f 9 68 f 8 

itself. This should indicate that in Pine Valley rainfall trends, if 
present, seems to have had less magnitude, and should therefore be 
less likely to have had an impact on vegetation, than elsewhere in 
western Utah. 

Methods 

Establishing the Transect 
Location of plots in the 1933 study was done by visual sighting of 

the chosen end points of the transect line, supplemented as neces- 
sary by a hand-held compass (J. Pechanec, personal communica- 
tion). The distance between regularly spaced plot centers along the 
line was established with a steel tape, since even spacing was the 
method used to provide an unbiased sampling. 

To relocate the transect in 1989, we drew the theoretical 
northeast-to-southwest line on U.S. Geological Survey 7-l/2 min- 
ute quadrangles, connecting the original starting point of Sol’s (or 
Red) Knoll, which is next to Utah State Highway 21, and Indian 
Peak, respectively. As an overlay, we copied unpublished BLM 
delineations of range site boundaries and vegetation categories, 
which the Beaver River Resource Area office had mapped in 
1978-81. Along the transect line, we marked the specific plot 
numbers whose placement could be established from intermediate 
topographical details or from references on the 1933 contour maps, 
noting the relationship of particular plots to 1913 cadastral survey 
posts. From these known points and from the 42 m (132 feet) 
center-to-center distance between plots, we established the rest of 
the plot locations on our 1989 maps. 

Groups of 50 or more plots that fell within a single BLM range 
site classification and within a single fenced grazing allotment were 
marked for restudy. This group size was chosen to minimize obser- 
vational effects of slight inaccuracies in plot relocation (West and 
Hatton 1990). 

The selected plots were subsequently located by distance and 
compass bearing from the 1913 survey markers that were still in 
place; by sighting along the measurement tape to the transect 
endpoints; and by comparing visible contours and roads to both 
the new and the original maps. The dates when the 1933 researchers 
measured individual plots were taken from their original data 
sheets. The 1933 field workers progressed from northeast to 
southwest along the transect line, and we followed their progress as 

closely as possible by date. 

Vegetation Measurement 
Following Stewart and Hutchings (1936) and Stewart et al. 

(1940), we employed a central stake as a pivot on each plot and 
used a nonstretching rope with a 50-cm section of steel rod at its 
other end to mark on the ground a circle enclosing 19 m* (200 ft*). 
The “square-foot-density” method of the 1933 study depended 
upon estimating cover (to the nearest 0.023 m*, i.e., one-quarter of 
a square foot) for each plant species. That cover, in turn, was 
defined as the area where the ground “could not be seen by an 
observer standing directly over it” (Stewart et al. 1940). Any indi- 
vidual plant that did not have such complete coverage (like most in 
practice) was to be visually compressed until it did so. Repeated 
circuits of the plot circle by an observer were made for each plant 
species. A “click counter” was used to enter quarter-of-a-square- 
foot units each time observed cover for individual or groups of 
small plants reached that threshold. The consequent sums were 
recorded at the end of each species-specific circuit (J. Pechanec, 
personal communication). Results from the 19 m* circle were then 
divided by 2 to give “density percent,” which is now called percent 
cover (Bonham 1989). 

Presence of a species that covered less than onequarter square 
foot in total area was recorded as “trace” in 1933. These “trace” 
amounts were converted to an area of .0058 m* for our computer- 
ized analyses, since that is halfway between 0 and the smallest 
estimate that would round up to one-quarter of a square foot. 

Numbers of dead, living, and seedling shrubs or trees are direct 
counts of these plants that had basal stem, or stem cluster, centered 
within the circle. The “seedling” classification was an arbitrary 
choice made by the observer in 1933 (J. Pechanec, personal com- 
munication). In the 1989 reexamination, a seedling was defined as 
a shrub whose canopy cover area was less than 5 cm in diameter, or 
a tree having a canopy diameter of less than 15 cm. 

For better future repeatability, and to permit more types of 
analysis than were possible with the original method, we did not 
just estimate total cover for each species in 1989. Instead, we 
measured the diameter of the top of each plant’s canopy with a 
meter stick. This measure was intended to be equal to the diameter 
of a cylindrical complete shadow cast straight down by the plant. 
Each plant was compressed by hand, if necessary, to estimate its 
complete shadow diameter. This variation on the original tech- 
nique (i.e., recording individual diameters) took very little addi- 
tional time when compared to simply estimating cover. Diameter 
classes were listed in our field notebook under species headings. 
Additional plants of the same size were quickly added as tick- 
marks alongside the original entry. Transfer of these cryptic data to 
a computer spread-sheet allowed for rapid calculation of combina- 
tions and totals. 

From these more direct measurements, frequency, density, and 
cover may be determined for any desired class of plants. Our 
revised technique also aids in providing data to more accurately 
interpret dominance/diversity relationships, especially for minor 
species. For shrubs where only part of the plant was living, we 
estimated and recorded that percentage as well. 

However, for mat-forming and rhizomatous species (whose 
individual plant boundaries are ambiguous), we continued to use 
visual estimates for area. Thin, wispy plants such as dried cheat- 
grass (Bromus tectorum L.), especially when widely, but densely, 
scattered, remains a particularly difficult-toestimate cover prob- 
lem. 

Plot edges were visualized as a cylinder extending upward from 
the circular boundary as it was marked on the ground. Only those 
portions of plants whose shadow fell inside this imaginary cylinder, 
if illumination was at the zenith, were recorded. Plants whose basal 
stem center was outside this boundary, or which had more than 
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half their canopy cover extending beyond the cylinder, were placed 
into separate categories in the detailed records. This information 
could reduce skewing in any future plant size analyses. 

All original data, photographs, and a manuscript having more 
methodological detail will be archived in Special Collections at 
Utah State University’s Merrill Library. 

Plant Identification Accuracy 
Since the 1989 study’s timing followed the mid-to-late summer 

schedule of the original one, the post-grazing expression of cover 
left few seed heads present on the grasses. Some misidentification, 
especially in heavily grazed patches, was inevitable. Many ephe- 
meral forbs will have been missed in both the original and repeat 
studies. Extended recent drought (Fig. 1) and a consequent lack of 
flowering made separations especially difficult between broom 
snakewked [ Gutierriziusarothrae (Pursh) Britt. & Rusby] and low 
rabbitbrush, and among these and young specimens of rubber 
rabbitbrush [ Chrysothumnus nuuseosus (Pallas) Britt.]. The same 
was true for the Mormon teas, Ephedra nevadensis Wats. and 
Ephedra viridis Cov., and for species separations among Eriogo- 
num (Michx.) spp.. Further, on many sites, hybridization appears 
to be occurring between black sagebrush and big sagebrush, since 
many individuals seem to be intermediate between the characteris- 
tics of the more obviously differentiated specimens. Rabbitbrush, 
as Chrysothamnus spp. in Table 3, were larger in stature than those 
listed as C. viscidijlorus. Therefore, percentages and changes 
within these taxa must be interpreted with special caution. 

The above considerations have resulted in condensations which 
produced minor differences between tables and figures. However, 
growth-form groupings aid in getting past practical errors in iden- 
tification at species levels. They also have considerable utility for 
other reasons, not least in gaining a quick overall picture of on-site 
condition, and of an area’s potential practical utility (Friedel et al. 
1987). 

Sampling Error 
Five percent of the 1989 plots were re-read by the same observer, 

and additionally by 2 different observers, with sufficient time 
between such readings to dissipate mental carryover. Density (i.e., 
the absolute number of plants per unit area) varied at most by IO%, 
and was typically less than 5%, both for a single observer’s repeti- 
tion and between observers. Replicate readings of species cover 
also fell within this same quite satisfactory pattern, when made by a 
single observer. 

However, cover estimates for the same plot, when made by 
different observers, varied much more widely. This is as might be 
expected from what seems to be an unavoidably subjective com- 
pression of plants to derive continuous shadows (West and Hatton 
1990). This variation in apparent cover reached as much as 50% for 
more openly structured species. However, each observer did tend 
to have a consistent bias. 

Cover estimation can be further subject to confusion because of 
the effects of leaf and stem utilization during grazing. Removal of 
early growth among canopies by grazing animals was missed in 
both 1933 and 1989. Any individual plant which had been heavily 
grazed, and accordingly down-rated in recorded size and cover, 
may also have lost competitive advantage from that heavy use. 
What we measured was essentially basal cover for the bunch- 
grasses, as was likely to have also been the case in 1933. Addition- 
ally, drought kept rhizomatous grasses and turf-formers from 
leafing out in 1989. Their cover as reported here may be taken as 
effectively basal. 

Calculations 
We have generally adopted the convention of Wheeler et al. 

(1989) for rounding all calculations, or have been even more con- 

servative in its expressed accuracy. 
The “trace” category from the 1933 data creates some difficulties 

in interpreting dominance/diversity because it produces what 
might best be described as an “artifact floor” for the relative cover 
of the rarest plants. The value assigned to it is an arbitrary logical 
choice, as described above. Our direct measurement of plant size in 
1989 allows a more accurate reading of dominance/diversity for 
the less common taxa. 

An observational study such as this one has a great many poten- 
tially confounding environmental and biological interactions 
(Hairston 1989). Accordingly, we have chosen a conservative sta- 
tistical approach to highlight changes which are most likely to be of 
special interest. “Significant” is defined herein as a difference 
between 2 means that is greater than the sum of twice the standard 
error for each of those means (or 4 times that of 1 when the other is 
0), which gives PC.05 that the difference in question would have 
resulted from random chance. 

Other Considerations 
Shadscale [Atriplex confertifoha (Torr. & Frem.) Wats.] is a 

dominant species in some portions of Pine Valley. However, the 
overall transect is only tangential to the locations where the plant is 
characteristic. The portion of the transect where shadscale is found 
is coincidentally at the point where the transect line crosses the 
state highway. This area is also now paralleled by a secondary road 
(and so received heavy vehicular disturbance), and has been used as 
a sheep bedding ground. Because of these localized impacts, which 
were visibily unrepresentative for the wider valley, we did not 
repeat measurements on that section. Although repeat readings of 
pinyon-juniper plots were done, they are, in the interests of brevity, 
to be reported elsewhere. 

Results 

A manyfold greater total live plant cover was found in 1989 
compared to that in 1933 in all 3 of the vegetation types (Table 4). 
These differences are statistically significant, and are of such mag- 
nitude that they would seem to far exceed even the several pre- 
viously noted sources of possible error. Furthermore, relative vari- 
ability (as a percentage of absolute cover) was less in 1989. This 
should correlate with a more spatially consistent pattern for the 
increase in overall cover. Physical size of the dominant species 
varies with elevation, following the probable concomitant rise in 
average precipitation at higher altitudes. This will, by itself, bring 
about a likelihood of increased variability among plots at higher 
elevations. 

The Low Rabbitbrush Type 
Figure 2-A1 gives a comparison of live plant cover, by growth 

form, between years. Table 3 includes details of differences in the 
absolute magnitude at the species level. A significant, fourfold 
difference in shrub cover is apparent. This was confined almost 
entirely to low rabbitbrush. Broom snakeweed is also more abund- 
ant in 1989, in this case threefold over the 1933 value. 

The most dramatic difference in live plant cover is found in the 
perennial grass category (Fig. 2-Al). This comes primarily from a 
twenty-fold greater amount of Indian ricegrass [ Oryzopsis hyme- 
noides (R. & S.) Ricker in Piper], although a second species 
[ Hilariujumesii(Torr.) Benth.] was also ten-fold greater in the low 
rabbitbrush vegetation type during 1989 (Table 3). 

The relatively dry preceding seasons, and summer timing for 
data collection, in both years might be expected to reduce the cover 
of moisture-sensitive forbs and annuals most strongly. Neverthe- 
less, notable differences in introduced annuals, cheatgrass, and 
halogeton [Hulogeton glomeratus (Bieb.) Mey. in Ledeb.] were 
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Fig. 2. Absolute cover among growth forms (A), dominance/diversity among species(B), and average shrub density (C)for rabbitbrush (1) hopsage (2), 
and sagebrush (3) dominated community types in Pine Valley, Ut., 1933 and 1989. 

detected (Table 3), although their variability kept these differences 
from being statistically significant. 

By examining the results of each plot displayed by position along 
the transect line (Fig. 3) one can readily see that these invading 
annuals are confined almost entirely to less than one-fifth of the 
locations. Most of the total comes from just 4 plots. These concen- 
trations tend to be circular in shape and therefore appear to be the 
location of old anthills. Some of these may also be associated with 
former campsites of shepherds or other human visitors, since we 
tended to observe relatively high concentrations of rusted cans and 
older glass bottles on and near them. 

The format of Figure 3 dramatizes spatial data concentrations 
that otherwise might be missed with simple averaging of plots 
within types. The difference between the highly localized appear- 
ance of the annuals’ and the perennials’ more consistent increase 

across space becomes especially clear by comparing Figure 3 with 
Figure 4. 

Table 3 shows the absolute magnitude of species was different 
between years while Figure 2-Bl illustrates that the relative 
number of species that have importance has also increased. West- 
man (1978) considers this to be one indicator of possible commun- 
ity “health”, its potential for resilience. Five species (Ceratoides 
lanata, Chrysothamnus viscidiflorus, Oryzopysis hymenoides, 
Bromus tectorum, and Hilaria jamesii), instead of just 2 in 1933, 
now play major roles in overall cover during 1989. 

Density of living shrubs (number per unit area) of all species in 
1989 was not much different from 1933 (Fig. 2-Cl). However, since 
cover increased in 1989, this result suggests that in 1933 individual 
plants, while somewhat more numerous, were smaller. This finding 
correlates with the observations by Stewart et al. (1940) of severe 
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Table 3. Pine Valley species comparison by vegetation type, by year (live plants, percent cover). 

Growth Form 
Taxa 

Low Rabbitbrush 
1933 1989 

Spiny Hopsage 
1933 1989 

Sagebrush 
1933 1989 

Trees: 
Juniperus osteosperma 

Shrubs: 
Chrysothomnus nouseosus 
Artemisia spinescens 
A triplex canescens 
Atriplex nuttollii 
Chrysothamnus viscidjlorus 
Ephedra nevodensis 
Opuntio spp. 
Groyia spinosa 
Artemisia tridentato 
Chrysothamnus spp. 
Ephedro viridis 
Eehinocereus spp. 
Artemisia novo 

Half Shrubs: 
Ceratoides lanato 
Gutierrezio sorothrae 
Eriogonum microthecum 
Leplodactylon caespitosum 

Perennial Grasses: 
Sporobolus spp. 
Hilaria jamesii 
Oryzopsis hymenoides 
Sitanion hystrix 
Aristida spp. 
Slip0 coma10 
Bouteloua grocilis 
Poo spp. 

Annual Grasses: 
Bromus lectorum 

Perennial Forbs: 
Machaeranthera conescens 
Aster adwendens 
Eriogonum spp. 
Sphaeralcea grossuloriiefolia 
Astrogolus spp. 
Brickellia oblongifolia 
Laphomia spp. 
Cryptontha spp. 
Euphorbia fendleri 
Penstemon spp. 
Phlox spp. 

Annual Forbs: 
Iv0 axillaris 
Solsola kali 
Halogeton glomeratus 
“Fern weed” 
“Red weed” 
Gilia spp. 

______________________________________%_______________________________________ 

0.005 f 0.004 
T 
0.03 f 0.02 
0.011 f 0.008 
1.17 f 0.04 
T 
0 

0.51 f 0.03 
0.002 f 0.001 

0.005 f 0.002 
0.016 f 0.008 
0.041 f 0.005 
0.001 f 0.001 
0 

0 

0 
0.004 f 0.002 
0 
0.032 f 0.04 

T 
0.07 f 0.02 
0 

0.02 f 0.02 
0 0.007 f 0.003 
0.09 f 0.05 0 
0 0.001 f 0.001 

*4.6 f 0.3 0.61 f 0.08 
0 0.014 f 0.004 
0.008 f 0.004 0.008 f 0.003 

0.43 f 0.05 
0 
0.012 f 0.006 
0 
0 

0 
0.04 f 0.03 
0 
l l.8 f 0.2 
0.4 f 0.1 
0.019 f 0.007 
l 2.5 f 0.4 
*2.0 f 0.4 
*1.3 f 0.3 
0.005 f 0.005 
0.0001 f 0.0001 

*I.5 f 0.08 0.004 f 0.002 
0.001 f 0.0003 

0.003 f 0.002 
0.006 f 0.003 

0.010 f 0.007 

8 

0.006 f 0.005 0.001 f 0.001 0 
l 0.21 f 0.09 0.41 f 0.08 0.24 f 0.06 
*2.4 f 0.2 0.042 f 0.005 *0.33 f 0.04 
0.003 f 0.001 0.032 f 0.009 *0.24 f 0.06 
0.02 f 0.01 0.02 f 0.01 0.12 f 0.04 

0.15 f 0.006 *Lo.8 f 0.2 
1.7 f 0.2 *4.0 f 0.6 
0.001 f 0.001 0 

1.3 f 0.9 0.16 f 0.08 0.03 f 0.01 

0.006 f 0.002 
0 0.001 f 0.001 
0.009 f 0.007 0.007 f 0.002 

*0.0014 f 0.0008 0.049 f 0.005 
0.015 f 0.004 
0 
0.004 f 0.002 
0.008 f 0.003 
0.010 f 0.003 
0 

0 
*0.05 f 0.02 
*0.012 f 0.004 
0.008 f 0.003 
0.02 f 0.02 
0 
0.09 f 0.05 
0.003 f 0.002 

*0.018 f 0.007 

0 
0.03 f 0.02 0.001 f 0.001 
0.7 f 0.3 

0 

0.5 f 0.5 

1.2 f 0.1 
0.049 f 0.005 
0.010 f 0.003 
0.023 f 0.008 
0.5 f 0.2 
0 
0 
0 
1.7 f 0.2 

0.005 f 0.005 

0.004 f 0.002 
0.029 f 0.005 
0.035 f 0.005 

00 

0 

0.001 f 0.001 
0.031 f 0.005 
0.060 f 0.007 

0.004 f 0.02 
0.004 f 0.002 
0 

0.001 f 0.001 
0.01 f 0.01 
0.001 f 0.001 

0.8 f 0.4 

52.6 f 0.4 
50.20 f 0.07 
*0.04 f 0.01 
51.4 f 0.5 
l 13. f I 
*1.2 f 0.3 
0.02 f 0.2 
0.0003 f 0.0002 

*4.0 f 0.6 

0.016 f 0.008 

*0.05 f 0.02 
*0.24 f 0.04 
*0.31 f 0.03 
0.004 f 0.003 
0.02 f 0.01 

0.05 f 0.03 

0 
0.03 f 0.01 
0.04 f 0.01 

0 
0.005 f 0.003 
0.0009 f 0.0006 

0 

*K.OS for similarity of 1989 value to that for 1933, within a vegetation type. 

shrub hedging by livestock in 1933. Of related importance in 
Figure 2-Cl is the greater number of dead plants in 1933 and the 
greater number of seedlings in 1989, which should also correlate 
with an improving overall community health. 

The Spiny Hopsage Type 
By comparison of dominance/diversity in Figure 2-B2 to that of 

Figure 2-Bl, one can observe that the spiny hopsage vegetation 
type had a somewhat more balanced relationship among the most 
dominant species present in 1933 than was apparent in the low 
rabbitbrush area during that year. Between 1933 and 1989, the 

574 

greatest difference in the low rabbitbrush type occurred in the most 
dominant portion of species cover (Fig. 2-Bl). For the spiny hop- 
sage area, however, it is the middle range of cover that exhibits the 
most noticeable (and positive) difference (Fig. 2-B2). 

An indicated difference in total species number from 31 species 
in 1933 to 25 in 1989 (Fig. 2-B2) is partly due to a more complete 
splitting out of buckwheat species by the 1933 observers, along 
with the likely problem of identification among the grasses that 
was mentioned in the methods section. The “artifact floor”created 
as a result of converting 1933 trace cover to a single number is also 
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Fig. 3. Live plant cover by introduced annuals in the low rabbitbrush type, illustrating distribution along the transect line. 
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Table 4. Comparison of total percent live plant cover across vegetation Table 5. Perennial grass growth season relationships, with season of 
types. growth for species, per Stuhbendieck et al. (1982). 

Vegetation type No. of plots 
1933 Mean 1989 Mean 
live cover live cover 

_____%_____ _____%_____ 
Low rabbitbrush 100 1.9 f 0.04 *11 f 0.9 
Spiny hopsage 50 3.9 f 0.2 *14 f 0.7 
Sagebrush 50 4.1 f 0.5 ‘24 f 0.9 

*P<.OS for similarity of 1989 value to that for 1933. 

apparent here. 
A comparative species breakdown for the spiny hopsage type is 

given in Table 3, and illustrated at the growth form level of aggre- 
gation in Figure 2-A2. In this second vegetation type, a six-fold 
overall difference in shrub cover is spread among 4 major species, 
instead of being concentrated only in 1 as it was in the low rabbit- 
brush type. Also, the greater grass cover and species richness in 
1989 are more widely distributed within the spiny hopsage type. 
Annuals in 1989 are far less important here than in the rabbitbrush 
type. 

A point of special historical interest is the appearance of “Bra- 
mus”in 1933 in the spiny hopsage type, almost certainly an early 
penetration of cheatgrass. This species was not commonly recog- 
nized in the eastern Great Basin at the time (Mack 1981). 

The greater diversity of shrub species in the hopsage type, as 
expressed in cover (Table 3), is reflected in that growth form’s 
greater overall dominance in 1989 (Fig. 2-B2). This must be bal- 
anced, however, against the doubly greater total grass cover during 
1989 (Fig. 2-A2). 

Relative shrub densities in Figure 2X2 indicate an even higher 
total number of living shrubs in 1933 as compared to 1989 than was 
the case in the rabbitbrush area (Fig. 2X1) in 1933 as compared to 
1989. Once again, this reflects smaller individuals, since a greater 
number of shrubs covered a more limited area in 1933 (Fig. 2X2). 

There were also many more dead shrubs reported in 1933 (Fig. 
2X2). This latter situation must be appreciated in the context of a 
practical difficulty, however. This arises when attempting to assess 
the degree of life among drought-deciduous spiny hopsage plants 
during a low-rainfall period. Thus some shrubs which were 
assessed as dead in 1933 may not actually have been so. 

Tbe Sagebrush Type 
This type is found on a semidesert loam range site (BLM, unpub- 

lished), and varied in general character from a relatively open 
canopy to an almost completely closed one. Beginning the compar- 
isons by dominance/diversity for the sagebrush type (Fig. 2-B3) 
between 1933 and 1989, one finds a rather close similarity over 
time. The exception is a nearly 20% greater number of species in 
1989 (Table 3). These data indicate that the overall dominant, big 
sagebrush, has not negatively affected the proportion of other 
species, as it might have been expected to do from the conclusions 
of many other studies (Laycock 1991). 

On the other hand, the increase in total shrub canopy cover 
expected to occur with sagebrush when there is livestock grazing, 
without other major treatment, is indeed happening (Fig. 2-A3). 
What was not anticipated from more controlled experimental 
studies (Laycock 199 1) was a concurrent tenfold greater cover of 
perennial grasses in 1989 (Table 3). Not only has the absolute cover 
of grasses increased, but they have also made headway in the 
proportion of area they cover relative to other growth forms (Fig. 
3A-3). While this proportional increase in perennial grass cover 
was not as dramatic as it was among the shrubs, the fact that it 
happened at all is worthy of special emphasis. 

A (nonsignificant) relative increase in tree cover may be seen in 

Vegetation type: 

Classification 
Spiny 

Rabbitbrush Hopsage Sagebrush 

Perennial grasses, 
percent cover: 

1933 cool season (%) 
1989 cool season (%) 

1933 warm season (%) 
1989 warm season (%) 

Ratio, cool season/ 
warm season: 

1933 
1989 

0.043 0.093 0.064 
2.4 1.4 0.56 

0.021 2.1 0.0042 
0.23 4.3 0.066 

2.0 0.33 15. 
11. 0.044 9.6 

Figure 2-A3, and in more detail in Table 3. Since this portion of the 
transect does run up to near the lower edge of the valley’s juniper 
belt, these data might suggest a slightly greater penetration into 
this sector by trees with the passage of time, as has been noted to be 
occurring in other parts of Pine Valley (Murdoch and Welsh 197 1). 
However, any downward movement by junipers appears to be, at 
most, quite modest here. It was actually limited to just a single tree, 
which was found 200 m further downslope than those already 
present in 1933. 

Figure 2-C3 illustrates that there were about twice the number of 
living individual shrubs in 1989 as compared to 1933. Fewer dead 
shrubs were also present in 1989. In this sagebrush-dominated 
community, considerably more shrub seedlings were apparent in 
1989 (Fig. 2X3), as was the case in the rabbitbrushdominated type 
(Fig. 2-Cl). Once again, the overall data suggest that a filling out of 
mature individual plants, rather than a larger number of them, 
primarily accounts for the greater overall canopy cover (Fig. 2-C3). 

The greater 1989 shrub cover in this community type is concen- 
trated in the 2 species of Artemisiu (Table 3). However, there is a 
problem in assessing the ratios and relationships among the listings 
for sagebrush. As was noted in the methods section, there was 
difficulty in separating black and big sagebrush because of their 
apparent hybridization. 

Cool-Season to Wamdeason Grass Relationships 
Sims (1988) has argued that, over time, climate (i.e., mainly 

temperature and precipitation) changes may be expected to shift 
the relative percent of cool- to warm-seasongrasses (i.e., those with 
Cs to Cd photosynthetic pathways). Accordingly, in Table 5, we 
have summarized the totals from these 2 classes of grasses across 
each of the 3 vegetation types. These totals do dramatize the 
magnitude of the difference in grass cover along the transect 
between 1933 and 1989. However, no consistent seasonal growth 
pattern for that difference is apparent. Only in the sagebrush sector 
could this phenomenon possibly be said to be occurring in Pine 
Valley. This would seem to provide additional evidence that the 
differences between 1933 and 1989 which we have observed are not 
simply a result of trends in precipitation and/or temperature. 
Moreover, the warm-season grasses noted in our study represent 
some of the same low-growing species that have been shown to 
selectively increase under heavy domestic grazing pressure in the 
shortgrass prairie (Milchunas et al. 1988). 

Discussion 

The key points for this paper are evidence for an expansion of (1) 
overall live plant cover and (2) relative cover contributed by peren- 
nial grasses, both of which can best be described as dramatic (as 
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well as statistically significant) in all 3 shrubland types. These are 
rather unexpected trends in what was a previously more shrub- 
dominated community that is still primarily grazed by livestock 
(Blaisdell and Holmgren 1984). The dynamics are not those of the 
zero-sum game for grazing exclusion described in West et al. ( 1984) 
and Anderson and Holte (1981), or for the selective shrub reduc- 
tions suggested by Orodho et al. (1990). The shifts are greater than 
the modest grass increases described for moderate grazing by 
Daddy et al. (1988), and are more clearly expressed than in a more 
intensely studied area of Pine Valley (Clary and Holmgren 1987, 
Whisenant and Wagstaff 1991). 

While the total number of species is more or less unchanged in 
each vegetation type, the clear indication from examination of 
dominance/diversity (Fig. 2-B) is that more of the species found in 
all 3 community types are playing an appreciable role, and so could 
serve as a set of buffers against specialized environmental pressures 
(Archer and Smeins 1991). This should result in a heightened 
responsiveness to climatic variations, thus allowing overall growth 
to occur over a wider range of conditions (Westman 1990). Accord- 
ingly, these communities appear to have become more “robust”. 

While our data are insufficient to deduce even general patterns 
of causation, similarity in climate during and directly preceding 
1933 and 1989 should minimize differences resulting from short- 
term vegetation responses to precipitation (Olson et al. 1985). The 
observed differences have been paired in time with reduced domes- 
tic livestock grazing, which has declined both in length of season 
and in absolute magnitude. Also, the study has been carried out on 
not-otherwise-specially-managed public lands in Pine Valley. Such 
ordinariness can be an important consideration in comparison to 
more controlled experiments, where subtle secondary effects can 
so easily be imposed inadvertently. While our observations are 
empirical, they do have the compensating advantage of directly 
reflecting federal land management as it has been done when no 
one is even thought to be watching. 

Regarding introduced annuals, halogeton should not have 
reached the Pine Valley area at all by the time of the initial study 
(Dayton 1951), to which these data lend support. On the other 
hand, the early observation of cheatgrass (Table 3), even though in 
a small quantity, remains worthy of note. There is a smaller current 
presence of introduced annuals along the transect than has been 
reported for nearby areas (Sparks et al. 1990, Whisenant and 
Wagstaff 1991), especially under the droughty conditions of this 
study. 

Greater shrub cover diversity by 1989 is reflected in that growth 
form’s increased overall dominance with the passage of time, as is 
commonly expected for systems primarily grazed by domestic 
livestock (Archer and Smeins 1991). However, this abundance of 
shrubs must be balanced against the increases in total grass cover, 
exceeding those noted elsewhere by Daddy et al. (1988) for moder- 
ate grazing. This means, in part, that the overall dominant shrubs 
have neither negatively affected the proportion of other species, 
nor simply retained the same proportional balance, as might have 
more commonly been expected (West 1988, Laycock 1991). 

The overall increase in perennial grasses in all 3 vegetation types 
is a central conclusion of our study. This is precisely the growth 
form shown by a great many experimental studies to be heavily 
stressed by domestic livestock grazing (Archer and Smeins 1991) 
and, in shorter-term studies, to respond most slowly to reduced 
grazing pressure (e.g., Wester and Wright 1987). 

Such an increase in perennial grasses is encouraging in the Pine 
Valley area, where desertification was reported to have been in 
obvious process (Stewart et al. 1940, Murdoch and Welsh 1971, 
Blaisdell and Holmgren 1984). This change is especially notable 
because it occurred on land that received no substantial treatment 
subsequently, except reduction-not elimination-of domestic 

grazing pressure. This remains true even if the increase was the 
partial result of threshold influences of precipitation (Laycock 
1991). We could appropriately choose to use the word “recovery” 
at the growth form level to characterize our measured increase by 
assuming that accounts by early explorers depicting a notably 
greater grass presence before white settlement (Cottam 1961) have 
the breath of truth. 

On the other hand, extensive citations should not be required to 
underline that all grazed lands in the United States do not have the 
same trends observed here. The differences which were observed 
between 1933 and 1989 in the studied portion of Pine Valley can 
only be held as strong evidence that in at least 1 publicly owned 
area, improvement in the condition of vegetation has indeed 
occurred, and that this is concurrent with changes in livestock 
management as a result of the Taylor Grazing Act. A cause-effect 
relationship cannot, however, be drawn from this nonexperimental 
study. Furthermore, our results should not be extrapolated with- 
out extreme caution, especially to areas where shorter times for 
recovery, wildfire, or less conservative human or animal use, in any 
form, has occurred. 
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Abstract 

Little evidence has been found to relate fire intensity to berbace- 
ous vegetation response. Our objective was to determine if compo- 
nents of post-fire berbaceous standing crop in a tallgrass prairie 
could be related to either fire behavior variables or to time- 
temperature relationships. We used canonical correlation to relate 
standard fne behavior variables (fireline intensity, rate of spread, 
and beat per unit area) and time-temperature relationships (degree 
seconds at 3 vertical strata) to post-fire components of the her- 
baceous standing crop of tallgrass prairie. Spring headfues and 
backfires were applied to 10 X 20-m plots on a moderately grazed, 
shallow prairie range site in good to excellent range condition. The 
first canonical correlation of the 3 fire behavior variables and the 
standing crop variables generally indicated a strong relationship 
between the 2 sets of variates. The canonical correlation between 
the degree seconds and standing crop sets of variates was slightly 
less than the canonical correlation between the fire behavior 
parameters and standing crop. Neither the fire behavior canonical 
variate nor the degree second canonical variate was strongly 
related to any single component of the June or August standing 
crop, but this study demonstrates that fire behavior is a factor 
affecting community berbaceous vegetation response to fire in 
tallgrass prairie. 

Key Words: canonical correlation, fire effects, fire intensity, Great 
Plains, Oklahoma, true prairie 

Relating fire behavior to vegetation response in forests and 
shrublands has received considerable research attention (Byram 
1959, Alexander 1982), but research of this nature has been limited 
on fires in grassland communities (Roberts et al. 1988). Fireline 
intensity and other measurements of tire behavior related to the 
combustion process are used in forest fire ecology and fire behavior 
studies and have been suggested for relating vegetation responses 
in other wildland ecosystems (Alexander 1982, Albini 1984). How- 
ever, little evidence has been found to relate fire intensity to her- 
baceous vegetation response (Armour et al. 1984, Roberts et al. 
1988). If this is true, prescriptions can be written to achieve a high 
intensity fire for scorching the crowns of woody plants and to 
accomplish other objectives requiring an intense fire without con- 
cern for negative effects on herbaceous vegetation. 

Temperature and time-temperature relationships have been 
used to explain the response of herbaceous vegetation and plants to 
fire (Stinson and Wright 1969, Wright 1971, Hobbs and Gim- 
ingham 1984, Engle et al. 1989). Fire temperature is difficult to 
interpret because it is not a measure of heat flux (Alexander 1982). 
However, if time-temperature relationships can be related to her- 
baceous vegetation response when standard measures of fire 
behavior can not, then it is likely that time-temperature relation- 
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ships can substitute as an index of the flow of heat from the 
combustion process. This index may then be useful for relating 
herbaceous vegetation response to fire. Our objective was to 
determine if components of post-fire herbaceous vegetation stand- 
ing crop in a tallgrass prairie are related to either standard fire 
behavior variables or to time-temperature relationships. 

Study Area 

Our study area is located at the Oklahoma State University 
Research Range approximately 15 km west southwest of Still- 
water, Okla. Mean annual precipitation is 81 cm (Meyers 1982). 
The study area is on a shallow prairie range site in the Central 
Rolling Red Prairies Land Resource Area (USDA Soil Conserva- 
tion Service 1981). The soil is a Grainola clay loam with a clay B 
horizon (fine, mixed thermic Vet-tic Haplustalf). Dominant grasses 
include big bluestem (Andropogon gerurdii Vitman), switchgrass 
(Punicum virgutum L.), indiangrass [ Sorghustrum nutuns (L.) 
Nash], and little bluestem [ Schizuchyrium scoparium (Michx.) 
Nash]. The study area was grazed at a moderate to heavy stocking 
rate (2.4 AUM ha-‘) from mid-July to mid-November in 1985 and 
1986 before the treatments were applied in the spring of 1986 and 
1987. 

Methods and Materials 
Fire behavior and standing crop responses were measured on 10 

X 20-m plots. Eight plots were burned in 1986 and 8 plots were 
burned in 1987. Plots were located on almost level land (<2% 
slope) and were oriented southeast to northwest to correspond to 
the southeast winds which prevail during the spring. Eight plots 
were burned with headfires and 8 were burned with backfires. Plots 
were burned in March and April as growth of C* grasses was 
beginning, as recommended by Launchbaugh and Owensby (1978). 
Plots were burned with line headtires and backfires ignited with a 
drip torch at plot borders. 

Weather and fuel were sampled immediately before each fire 
(Table 1). Fuel load was measured by clipping herbaceous vegeta- 
tion in 5 quadrats (0.5 X 0.5 m) per plot immediately before each 

Table 1. Weather and fuel conditions present immediately before the firm 
in tallgrass prairie. 

Variable Min Max Mean SE 

Relative humidity (%) 18 51 34 2 
y;e-;y;_J C) 15 26 21 1 

3 24 10 1 
Fuel load dry (kg ha-‘) 2,370 5,580 3,570 260 
Fuel moisture (standing) (%) 5 59 28 4 
Fuel moisture (fallen) (%) 13 148 48 9 
Fuel moisture (total) (%) 12 60 31 4 
Fuel load CV (%)I 15 70 37 15 

lCoefticient of variation within a bum plot. 
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Table 2. Fire behavior and degree sounds variables wed in canonical variates to relate to herbage production in trllgrlss prairie in north central 
Oklahoma, 1986 and 1987. 

Variable 

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

Degree seconds 
Degree seconds 0 cm (” CXS) 
Degree seconds 30 cm (O CXS) 
Degree seconds 60 cm (O CXS) 

Code 

BFI 
ROS 
HA 

DSO 
DS30 
DS60 

Mitt Max 

31 2,778 
I 35 

3,619 8,593 

110 44,765 
207 26,85 I 
63 10,183 

Mean SE 

543 235 
6 3 

5,750 12 

IO,71 I 1,870 
8,511 925 
4,446 464 

fire. Clipped herbage was separated into standing and fallen (litter 
and mulch) and weighed immediately in the field. Fuel moisture, 
expressed on a dry weight basis, was determined after samples were 
oven dried at 70’ C for 72 hours. Weather variables measured 
using a belt weather kit included ambient air temperature, relative 
humidity, and wind speed at 2 m above the soil surface. 

Standard parameters of fire behavior used as independent vari- 
ables included rate of spread, Byram’s fireline intensity (Byram 
1959), and heat per unit area (Table 2). Byram’s fireline intensity is 
the product of the fuel low heat of combustion (kJ kg-‘), the weight 
of the fuel consumed per unit area (kg m-‘), and rate of spread (m 
s-r). Low heat of combustion was determined by bomb calorimetry 
for the total fuel sample (standing and fallen). Rate of spread was 
measured with a stopwatch and photographically in a manner 
similar to that of Britton et al. (1977). Heat yield was determined by 
bomb calorimetry for the total fuel sample (standing and fallen). 
Heat per unit area (kJ/mz) is 60 times the quotient of Byram’s 
fireline intensity and rate of spread (Rothermel and Deeming 
1980). Because of mid-fire changes in wind direction, rate of spread 
was not measured on 4 plots. This resulted in Byram’s tireline 
intensity and heat per unit area estimates on 12 (5 headfires and 7 
backfires) rather than 16 plots. 

samples were separated by hand into 5 categories: (1) tallgrasses 
including big bluestem, indiangrass, and switchgrass; (2) little 
bluestem; (3) other perennial grasses and grass-like plants, primar- 
ily tall dropseed (S’orobolus asper (Michx.) Kunth.), silver blue- 
stem (Bothriochloa sacchuroides (SW.) Rydb.), scribner panicum 
(Panicum oligosanthes Schultes), fall witchgrass (Leptoloma cog- 
natum) Schult.), rattail grass (Manisuris cylindrica (Michx.) 
Ktze.), sedges (Cyperur spp.), (Carex spp.), rushes (Juncus); (4) 
forbs, primarily common broomweed (Xanthocephalum dracun- 
culoides (DC.) Shinners), trailing ratany (Krameria secundiflora 
DC.)., western ragweed (Ambrosia psilostachya DC.), yarrow 
(Achilles lanulosa Nutt.), purple prairie clover (Petulostemum 
purpureum (Vent.) Rydberg), scurfpea (Psorulea simplex (Nutt.) 
T. & G.), wild indigo (Baptisiu australis (L.) R., Br.); and (5) total 
herbaceous standing crop. We selected these 5 vegetation catego- 
ries because of their relative importance as forage and cover sour- 
ces for both cattle and wildlife, or because of their expected 
response to tire. 

Time-temperature relationships were determined from tire tem- 
peratures measured at 2-second intervals using high-temperature, 
chromel-alumel thermocouples at 3 stations per plot and at 3 
heights relative to the soil surface (0 cm q  soil surface; 30 cm = top 
of herbaceous canopy; 60 cm q  above the herbaceous canopy). The 
thermocouple wire was 24 AWG with thermojunctions approxi- 
mately 6-mm long and l-mm in diameter and with 5- to 7-m leads 
overbraided with high temperature ceramic fiber insulation. An 
electronic data logger (Campbell Scientific model 21X with multi- 
plexer) with tape data storage was used to record time-temperature 
data. Traces of time-temperature that were recorded for each 
thermocouple allowed estimates of degree sounds above ambient 
temperature as described by Potter et al. (1983). Several other 
parameters are also available from these fire temperature traces, 
including the maximum fire temperatures and residence time 
(Rothermel and Deeming 1980). Of these, we chose to relate degree 
sounds to vegetation response because degree seconds has been 
suggested to relate to fire intensity (Albini 1976, Trollope 1984) 
and to fire effects on herbaceous plants (Wright 1971). A program 
in Turbo Pascal for IBM compatible microcomputers was used to 
generate the time-temperature parameter from the thermocouple 
data. A discrete summation algorithm was used to arrive at an 
estimate of degree sounds, which is the area above ambient 
temperature and under the time-temperature curve (Engle et al. 
1989). 

We expected burning date to have an effect on the relative 
responses of these categories as demonstrated in Kansas tallgrass 
prairie (Towne and Owensby 1984), but no category of standing 
crop differed (nO.05) with respect to burning date (Bidwell et al. 
1990). Therefore, we assumed fire effects to be a function of fire 
behavior, and we did not use burning date as a variable in the 
analysis. Other independent variables, including fire type (Bidwell 
et al. 1990), weather conditions, fuel loading, variation in fuel 
loading, fuel moisture, and burn year, were also not included in the 
analysis. Although these variables significantly affected vegetation 
response as determined by multiple regression analysis (SAS Insti- 
tute Inc. 1988), including them was not germane to the study 
objectives of relating fire behavior and time-temperature relation- 
ships to herbaceous vegetation production. 

The relationships between herbaceous production the growing 
season following burning (Table 3) and fire behavior and time- 

Table 3. Standing crop of tallgrass prairie vegetation the growing season 
following spring fire io north central Oklahoma, 1986 end 1987. 

Variable Min Max Mean SE 

Herbage standing crop was measured the year following the 
burn by clipping five 0.5 X 0.5-m quadrats per plot in early July 
and August as previously reported by Bidwell et al. (1990). Clipped 

Tallgrasses, June 
Tallgrasses, August 
Little bluestem, June 
Little bluestem, August 
Other grasses, June 
Other grasses, August 
Forbs, June 
Forbs, August 
Total standing crop, June 
Total standing crop, August 

____ ______ (kg/ha) _______ ii_ 
260 1,020 640 
880 2,570 1,690 130 
I50 740 370 
300 1,620 760 zl 
700 1,620 1,090 60 

1,580 3,960 2,280 I50 
I40 730 320 40 
150 580 320 30 

1,700 3,580 2,530 140 
4,170 6,890 5,100 190 
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Table 4. Standardized canonical coefficients for the first canonical correlation between fire behavior vuiebies and standing crop, and the canonical 
correlationl. 

Fire behavior variables Standing crop variables Canonical 
ROS BFI HA TG LB OG Forbs Total correlation P>F 

June standing crop 
-2.8956 2.2441 -1.0119 0.1793 0.6190 -0.5626 0.2609 0.7647 0.88 0.75 

August standing crop 
-5.4609 4.8306 -0.6438 -4.5447 -1.6093 -6.3127 -0.4380 8.4112 0.93 0.07 

‘Fire behavior variables: ROS = Rate of spread, BFI = f&line intensity, HA = Heat per unit area. Standing crop variables: TG = tallgras~es, LB = little bluestem, OG = other 
grasses. 
2Signiticance of the canonical correlations according to the likelihood ratio test. 

temperature relationships were analyzed by canonical correlation 
(SAS Institute Inc. 1988). Canonical correlation analysis is a 
procedure that can be used for simultaneously analyzing a mixture 
of species variables and environmental variables (Ludwig and 
Reynolds 1988). This is a multivariate procedure that uses linear 
canonical equations with multiple dependent and independent 
variables in contrast to multiple linear regression that uses multiple 
independent variables. The procedure finds a linear combination 
from each set of variables, such that the correlation between each 
set is maximized. The procedure then finds a second set of canoni- 
cal variables, uncorrelated with the first pair, that produces the 
second highest correlation coefficient. The process continues until 
the number of pairs of canonical variables equals the number of 
variables in the smaller group of original variables (SAS Institute 
Inc. 1988). 

The results of the first canonical correlation are presented. Addi- 
tional canonical correlations added little interpretive power. 
Correlations between the canonical variables and the original vari- 
ables are presented to aid in interpreting these relationships. Plots 
of the 2 sets of canonical variables of the first canonical correlation 
were used to aid in interpreting the canonical correlations and the 
correlation coefficients (Johnson and Wichern 1988:455). Selected 
original variable sets (i.e., components of the standing crop and 
degree seconds variables) were regressed to illustrate the relation- 
ships suggested by the canonical correlation. 

Results and Discussion 

Fire Behavior 
Armour et al. (1984) and Roberts et al. (1988) found little 

evidence that fire intensity affects herbaceous vegetation, but we 
found a strong relationship between fire behavior and components 
of herbaceous vegetation standing crop in this tallgrass prairie. The 
first canonical correlation indicates a strong relationship between 
the 2 sets of canonical variates composed of the standard tire 
behavior variables and the standing crop variables although the 
canonical correlation for the June data is not significantly different 

from zero (Table 4). The canonical coefficients for the tire behavior 
variables differ somewhat in relative size between the June and 
August standing crop models, but the signs of the coefficients are 
consistent. In general, the fire behavior variables correlated well 
with all the canonical variates, except for the heat per unit area 
variable, which was poorly correlated with the variate pairs for the 
August standing crop (Table 5). 

The first pair of canonical variates for the June and August 
standing crop data indicate a close relationship between the fire 
behavior and standing crop variates (Fig. 1). We interpret the fire 
behavior variate as representing overall fire intensity in which fire 
intensity decreases with increasing values of the variate. The fire 
with the lowest fire behavior and standing crop set of variate 
coordinates had the greatest tireline intensity, 2,778 kW m-l. The 
standing crop variate generally increased as the fire behavior var- 
iate increased numerically (i.e., decreased in intensity) (Fig. 1). The 
relationship between August standing crop and fire behavior 
appears to be best explained by the variation in little bluestem 
standing crop. 

August little bluestem standing crop was most highly correlated 
with the fire behavior variate (0.62) (Table 5). A scatter plot (not 
shown) revealed that August little bluestem standing crop increases 
as fire behavior decreases (i.e., increasing values of the fire behav- 
ior variate). August little bluestem is also best correlated with the 
canonical variates for August standing crop (0.66) (Table 5). In 
nearby tallgrass prairies, little bluestem was reduced by high inten- 
sity late-summer fires, but total standing crop was not reduced 
(Ewing and Engle 1988). 

Degree Seconds 
Scatterplots of the first pair of canonical variates for the June 

and August standing crop data indicate a relationship exists 
between the 2 sets of variables (Fig. 2). Noticeable in the scatter- 
plots is the absence of the outlier observation that occurred in the 
fire behavior models. The canonical correlations are about as high 

Table 5. Correlations between the original fire behavior vuiablee end stending crop veriebiea and the canonical varietes of the first cenonical correlation.1 

Fire behavior variables 
ROS 
BFI 
HA 

Standing crop variables 
Tailgrasses 
Little biuestem 
Other grasses 
Forbs 
Total 

IV&able names are given in Table 4. 

Canonical variates for June Canonical variates for August 

Fire behavior Standing crop Fire behavior Standing crop 

-0.6586 -OS811 -0.7089 -0.6617 
0.6975 -0.6154 -0.5808 -0.5421 

-0.6506 -0.5740 0.1023 0.0955 

0.1256 0.1423 0.2264 0.2425 
0.5951 0.6745 0.6200 0.6642 
0.1730 0.1960 -0.1854 -0.1986 
0.4025 0.4561 -0.1713 -0.1836 
0.6325 0.7169 0.2039 0.2184 
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Fig. 1. The fust canonical variate of fire behavior plotted against June 
standing crop (top) and August standing crop (bottom). 

between degree seconds and standing crop responses (Table 6) as 
the canonical correlations between fire behavior and standing crop 
responses (Table 4). 

No thermocouple height was consistently better than another at 
representing fire temperature effects on herbaceous vegetation. 
The canonical variate coefficients for the degree seconds variables 
differed considerably in relative sire and sign between the June and 
August standing crop models (Table 6). Furthermore, the degree- 
seconds variate for June standing crop correlated best with the 
DSO variable (0.96), whereas the degree-seconds variate for the 
August standing crop data correlated best with the DS60 variable 
(0.99) (Table 7). The June standing crop variate also best corre- 
lated with the DSO variate, whereas the August standing crop 
variate best correlated with the DS60 variate. 

Similar to the fire behavior canonical variate, the degree second 
canonical variate is not highly correlated to any individual compo- 
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Fig. 2. The first canonical variate of degree seconds plotted against June 
standing crop (top) and August standing crop (bottom). 

nent of the June or August standing crop (Table 7). The positive 
correlation between the degree seconds variate and the June little 
bluestem variable (Table 7) may reflect a time-temperature effect 
on this species. Little bluestem June standing crop responded 
positively to increasing values of DSO that was offset by a decline in 
June standing crop of tallgrasses (Fig. 3). The correlations are not 
high, and having only 1 fire with DSO over 20,000 limits the 
strength of the inferences that can be drawn about these relation- 
ships. However, we would expect little bluestem to be more intol- 
erant of high levels of heat near the soil surface than tallgrasses 
because of its caespitose growth form that elevates a high propor- 
tion of apical meristems to near or aboveground level. For exam- 
ple, little bluestem standing crop was reduced the next year follow- 
ing a late-summer fire with DSO of 44,000, but not following a fire 
with DSO of 10,000 (Ewing and Engle 1988). 

Towne and Owensby (1984) concluded that little bluestem 

Table 6. Standardized canonical coefficients for the fimt canonical correlation between degree seconds variables and standing crop, and the canonical 
correlationl. 

Degree seconds variables 
DSO DS30 DS60 

June standing crop 
1.0813 -0.4132 0.2989 

August standing crop 
-0.1351 0.1822 0.8858 

TG 

-0.5078 

4.2962 

Standing crop variables Canonical 
LB OG Forbs Total correlation P>F2 

0.5735 0.2881 -0.4697 -0.1043 0.87 0.12 

3.0289 5.2841 1.1809 -6.2459 0.85 0.19 

1 Degree seconds variables: DSO = degree seconds at soil surface, DS30 = degree seconds at 30 cm, DS60 = degree seconds at 60 cm. Standing crop variables: TG = tallgrasses, LB = 
little bluestem, OG = other grasses. 
*Sign&awe of the canonical correlations according to the likelihood ratio test. 
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Table 7. Correlations between the original degree seconds variables and standing crop variables and the canonical variates of the first C~IIOIIM 
correlation.’ 

Degree seconds variables 
DSO 
DS30 
DS60 

Standing crop variables 
Tallgrasses 
Ljttle bluestem 
Other grasses 
Forbs 
Total 

Canonical variates for June Canonical variates for August 

Degree seconds Standing crop Degree seconds Standing crop 

0.9611 0.8365 0.0712 0.0657 
0.2289 0.1992 0.7349 0.6249 
0.1850 0.1610 0.9896 0.8515 

-0.5822 -0.6689 0.1114 0.1310 
0.6576 0.7556 0.0722 0.0849 
0.0395 0.0454 0.5719 0.6726 

-0.3501 -0.4023 0.2176 0.2559 
-0.2079 -0.2389 0.5005 0.5886 

1Variable names are given in Table 6. 
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Fig. 3. Degree seconds at the soil surface (DSO) plotted against June 
standing crop of little bluestem (top) and June standing crop of tall- 
grasses (bottom). 

declines under burning unless conditions are moist because the 
plant crown is susceptible to fire injury. We interpret the response 
in the present study as a stimulation in some way by “hotter” tires 
to produce more relative production of little bluestem in the early 
growing season, which is accompanied by less relative production 
of big bluestem in the early growing season. By August the differ- 
ing responses of the 2 species are no longer present. If this early 
growing season relationship is valid, then time-temperature rela- 
tionships may be better suited for relating to this influence than are 
standard fire behavior variables. More detailed research on the 
dynamics of seasonal growth patterns of these standing crop com- 
ponents are needed to test this hypothesis. However, our data 
should be cause for a measure of caution when broadly applying 

results from fire effects studies based on a single clipping date. 

Conclusions 

Season of burn is likely the over-riding factor in standing crop 
response to burning (Towne and Owensby 1984), but fire type also 
affects standing crop responses to spring fires (Bidwell et al. 1990). 
This study demonstrates that tire behavior is related to herbaceous 
vegetation response in tallgrass prairie. This conflicts with the 
results of Armour et al. (1984) whose work was in forested vegeta- 
tion where litter and duff components of the fuel burn independ- 
ently of each other and have contrasting effects on fire behavior 
and tire effects. The 2 grasslands studied by Roberts et al. (1988) 
were each dominated by single species of grass, so a multivariate 
response would not be expected to result from tires of differing 
behavior. 

Production of herbaceous vegetation in tallgrass prairies, and 
perhaps in other grasslands with diverse species composition, can 
be described as a multivariate relationship with fire behavior. 
Production response is complex and can not be viewed as a univar- 
iate response of a single vegetation component responding to a 
single measured attribute of fire behavior. Neither the fire behavior 
canonical variate nor the degree seconds canonical variate was 
highly correlated with any single component of the June or August 
standing crop, but both sets of variates were generally correlated 
with overall community response. 

Despite the criticism of using temperature as an index to the heat 
energy released in fires, time-temperature relationships are posi- 
tively correlated with fire intensity and have been used elsewhere as 
an index of fire intensity in grassland fires (Trollope 1984). Our 
results suggest time-temperature relationships could also be useful 
for relating grassland community production responses to fire. 

Generalizations are difficult to make about herbaceous vegeta- 
tion responses to tire because the fire environment and vegetation 
are highly variable and they interact, e.g., vegetation production 
determines fuel load which affects fire behavior. However, it 
appears that herbaceous vegetation production is related to fire 
behavior. The exact nature of the relationship and the mechanisms 
involved in grassland ecosystems deserve further investigation. 
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Abstract 

Honey mesquite (Prosopis ghndu~osa Torr. var. ghndulosa 
populations continue to expand and become more dense, even on 
areas once “successfully” treated either with herbicides or by bull- 
dozing in southern New Mexico. Areas treated from 1958-1964 for 
mesquite control on the USDA-ARS Jornada Experimental 
Range and the New Mexico State University College Ranch were 
sampled to determine mesquite density changes. On herbicide 
treated areas sampled in 1976 and again in 1988, mesquite densities 
increased 10% to 128% and had densities from 67 to 494 plants/ha. 
Two areas treated by either bulldozing or fenuron in 1959-60, and 
with original kills near lOO$‘& had an average density of 377 plant- 
s/ha by 1988, with an establishment rate of 13.5 plants/ha/year. 
On the College Ranch, mesquite densities increased 
ll%, from 130 (1982) to 147 (1988) plants/ha. Only 19% of a 
cohort of mesquite seedlings which germinated in 1989 were still 
alive in May 1990. Even though only a small percentage of the 
mesquite that germinated survived into the second year, this is 
enough to change former grasshmds into mesquite-dominated 
rangelands. 

Key Words: Prosopis glandulosa, arid rangelands, shrub inva- 
sion, desert grasslands, seedling establishment 

The historical increase of shrubs on western rangelands has been 
well documented (Buffington and Herbel 1965, York and Dick- 
Peddie 1969). Vast areas of former grasslands in the Chihuahuan 
and Sonoran Deserts are now dominated by shrubs. Honey mes- 
quite (Prosopis glandulosa Torr. var glandulosa) has been one of 
the principal shrubs encroaching on grasslands occupying sandy 
soils in the Chihuahuan Desert. Velvet mesquite (P. velutina Woo- 
ton) has a similar role in the Sonoran Desert (Humphrey and 
Mehrhoff 1958, Hastings and Turner 1965, Martin and Turner 
1977). 

Mesquite seeds are being continually scattered over rangelands 
in cow pats (Brown and Archer 1987) and are frequently left in 
rodent caches (Reynolds and Glendening 1949). Mesquite germi- 
nates and establishes over a range of soil water regimes (Scifres and 
Brock 1969, Scifres and Brock 1971), light regimes (Scifres et al. 
1973), and soil types (Ueckert et al. 1979). While in some cases, 
stands of grasses reduce mesquite seed germination and establish- 
ment (Glendening and Paulsen 1955), in other situations, mesquite 
seeds germinate and seedlings survive in grass stands, even those 
long-protected from grazing by livestock (Brown and Archer 
1989). Higher rates of mesquite establishment have been found on 
plots protected from grazing by cattle and rabbits than on areas 
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open to these animals (Glendening 1952). Large mesquite plants 
are fire-resistant, but mesquite plants <1.5 yr old are easily killed 
by fire (Wright and Bailey 1982), and it is quite possible that fire 
played a role in suppressing mesquite in pristine grasslands 
(Humphrey 1958). Long-established plots have shown that mes- 
quite has increased in density in spite of drought, herbicide treat- 
ment, and protection from grazing (Wright 1982). 

This study was undertaken to determine if honey mesquite is 
continuing to increase on remnant grasslands in the northern 
Chihuahuan Desert during the period 1958 to 1988. 

Materials and Methods 

This study was conducted on the Jornada Experimental Range 
(JER) and the adjacent New Mexico State University College 
Ranch (CR) 37 km north of Las Cruces, N.M. Both properties lie 
principally on undulating plains of the closed Jornada Basin at an 
elevation of about 1,260 m. Mean monthly maximum tempera- 
tures are highest in June (36O C) and lowest in January (13O C). 
Long-term (1915-1990) average annual precipitation is 259 mm 
with 52% occurring in July, August, and September. Summer 
precipitation is mostly from high intensity, short-duration, convec- 
tive storms covering small areas. Winter precipitation comes from 
low-intensity frontal storms covering broad areas. Snow is infre- 
quent. The frost-free period averages 200 days, but the effective 
growing season, when soil water and temperature are favorable, is 
often 90 days or less (Paulsen and Ares 1962). 

Study areas were on shallow sand and sandy range sites (Table 
1). Several soil series are included, all of which are in the thermic, 
typic Paleorthid, or Haplargid families (Bullock and Neher 1980). 
All of the study areas on both the JER and CR have been grazed by 
cattle at light to moderate rates (20-35s use of key species) for 
many years. 

On both the JER and CR the study areas had been treated with 
either monuron [3-(p-chlorophenyl)-1, Idimethylurea] or fenuron 
(l,l-dimethyl-3-phenylurea) applied to individual plants, 2,4,5-T 
[2,4,5-trichlorophenoxy)acetic acid] aerially sprayed, or bulldozed 
between 1958 and 1964(Table 1). Sampling to determine mesquite 
density was first done in 1976 on the JER and in 1982 on the CR. 
Mesquite density was again determined in 1988 on all areas. 

On the JER, density of mesquite was determined on 5 randomly 
located (a new random set for each sampling, 3 m X 305 m plots in 
10 herbicide treated areas. Density was also determined on 5 
randomly located plots (3 m X 305 m) on 2, g-ha areas, 1 bulldozed 
and the other treated with fenuron. On these latter 2 areas, percen- 
tage of mesquite killed by original treatments was near 100% (JER 
unpublished data). On the CR, mesquite density was determined 
on 15 randomly located, permanent plots (12.2 X 68 m or 830 m2). 

All mesquite plants within the plots were counted. Plants at the 
edge of the plots were counted if more than 50% of the base and 
canopy were in the plot. On the JER, canopy diameter was mea- 
sured on each plant and recorded by size class. On the CR, diame- 
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Table 2. Mesqoite densities, probabilities (P) of differences between beghming and ending total densities, ratea of increase and canopy cover on Jornada 
Experimental Range (JER) and College Ranch (CR) sites. 

Site Year 

Size class 

O-.6m .6-1.2m 1.2-1.8m 1.8-2.4m >2.4 Total P Increase Rate Canopy cover 

JER Fenuron 1958 
__________________(No./ha)__________________ (T&l) (%) No./ha-‘/yi’ (%) 

49 
80 
13 
73 

179 
86 
80 
30 

56 
140 
80 
54 

327 
364 
198 
220 

>0.05 

x.05 

11 3.0 

11 1.8 

204 108 
108 192 

9 65 
24 47 
37 58 

155 58 
24 37 
39 43 
26 8 
22 35 
20 I1 
21 37 
26 60 

120 73 
50 77 

200 155 

56 
75 
49 
39 
17 
37 
19 
41 

17 26 
28 30 
17 8 
33 30 

4 0 
6 0 
4 2 

19 28 
8 24 

17 17 
4 0 

15 6 
0 2 
6 0 
4 2 
0 0 

15 30 
22 19 
32 32 
9 24 

41 52 
56 54 
6 12 

12 15 

372 
381 
129 
157 
144 
284 

100 13.3 
100 13.6 

>0.05 

<O.Ol 

<o.oi 

co.01 

<O.Ol 

<0.05 

<O.Ol 

22 2.3 

97 11.7 
84 

144 
36 
82 
41 
67 

166 
288 
230 
463 

71 5.0 
0 

19 
4 
9 

128 3.8 

63 
35 
54 
39 
75 

73 

101 

2.2 

10.2 

19.4 

1976 90 142 123 
1988 148 99 136 
1982 72 31 9 
1988 40 50 30 

448 
493 
130 
147 

>0.05 

co.001 

10 

13 

3.8 
7 
8 

2.8 2 

1976 
1988 
1976 
1988 

JER Fenuron 1959 

JER Bulldozed 
1959-60 

JER Fenuron i96OA 
JER Fenuron i96OB 

1988 
1988 
1976 
1988 

JER Fenuron 1962 1976 
1988 

JER Fenuron 1963 1976 
1988 
1976 JER Fenuron 1964 

1976 
1988 

JER Fenuron 1965 

JER Monuron 1961 1976 
1988 
1976 
1988 

JER Monuron 1962 

JER 2,4,5-T 1959 8t 
61 

CR Monuron 1964 

Mesquite increased in density on all of the study areas (Table 2). 
The increase in density was significant (P<O.O5) except on JER 
Fenuron 1958, JER Fenuron 1959, JER Fenuron 1960B, and JER 
2,4,5-T 1959 and 61. There was a 10 to 22% increase in mesquite 
density on the areas without significant (-0.05) increases. On 
areas with significant (P<O.O5) increases in density, the percentage 
increase in mesquite density ranged from 13 to 128% (Table 2). 
While not always significant, the increase in mesquite density was 
consistent across areas differing widely in original mesquite density 
on both sandy and shallow sand range sites. This consistent 
increase probably reflects the relatively large number of years with 
above-average precipitation in the 1970’s and 1980’s (Fig. 1). From 
1970 to 1988, 50% of the years had precipitation above average 
while from 1915 to 1969 only 29% of years had above-average 
precipitation. 

canopy cover was 8%. 
For the 12-year period from 1976 to 1988, the rate of increase in 

mesquite density ranged from 1.8 (Fenuron 1959) to 19.4 (Monuron 
1962) plants/ha/year. The rate of increase was 13.6 plants/ha/yr 
for JER Fenuron 1960A and 13.3 plants/ ha/ yr for JER Bulldozed 
1959-60 over the 28-year period. Rate of increase on the CR area 
between 1982 and 1988 was 2.8 plants/ ha/ yr. Wide variations in 
establishment rates among sites are expected because of the local- 
ized nature of summer rains which influence amount of herbaceous 
cover, success of mesquite seed production, seed germination, and 
seedling establishment. Shrubs are adapted for establishment in 
both drought and high rainfall years (Friedel 1991). 

There was in increase in smaller (<0.6 m diameter), and presum- 
ably younger, plants on 9 of the study areas, indicating recent 
establishment (Table 2). Statistical comparisons of size classes 
were not made because of low numbers, particularly in larger size 
classes. There was also a shift of small size classes into larger ones, 
indicating increase in plant size over time, e.g., JER Fenuron 1958 
and CR Monuron 1964 (Table 2). During the 6-year period 
between measurements on the CR there was a striking increase in 
average plant diameter from 0.99 to 1.25 m and average plant 
height from 0.45 to 0.73 m. The increase in plant size reflects the 
above-average precipitation which occurred in all 6 years (Fig. 1). 
We do not know at what age or size mesquite plants begin to 
produce seed but an increase in seed-producing plants would cer- 
tainly accelerate increases in density. Mesquite canopy cover was 
3% or less on most of the study areas (Table 2). On the JER 1959 
and 61 2,4,5-T area, where large plants were relatively abundant, 

On the Santa Rita Experimental Range (SRER) in Arizona, 
velvet mesquite densities increased in a 17-year period (calculated 
from data presented by Glendening 1952) at rates of 9.2 plants/ 
ha/ yr on areas open to cattle and rodents and at 15.7 plants/ ha/ yr 
on areas with cattle and rodents excluded. Also on the SRER, 
Glendening and Paulsen (1955) reported velvet mesquite densities 
increased at rates of 4.4 to 26.7 plants/ha/yr on plots protected 
from cattle for 18 to 25 years. Both minimum and maximum rates 
of mesquite establishment were higher on the SRER than those 
found in the Jomada Basin but mean annual rainfall is 61 mm 
higher on the SRER than in the Jornada Basin. The mesquite 
establishment rates found in the Jornada Basin are high enough to 
be of major concern to land managers. 

A fortuitous event permitted some field observations of the fate 
of mesquite seedlings. Large numbers of mesquite seedlings germi- 
nated in the track of a rainstorm on the JER which occurred on 3 1 
July 1989. Over 100 of these seedlings were individually marked in 
areas where livestock were excluded (JER files). Of the 89 seedlings 
relocated the following May, 2% had succumbed to drought and 
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the dry stems were still present. Another 79% of the seedlings were 
dead because they had been bitten off, presumbly by lagormorphs, 
at or slightly below the cotyledonary node, which causes death 
(Meyer et al. 1971). All of the living seedlings had been partially 
bitten-off and new growth was from axillary buds. Lagomorphs or 
other herbivores can obviously play an important role in limiting 
the establishment of mesquite. However, as in this case, some 
seedlings usually survive and contribute to a steadily increasing 
population of mesquite plants. 

Conclusions 
This study shows that mesquite has increased in recent years 

even on well-managed rangelands where stocking has been light to 
moderate. Years when mesquite can become established obviously 
occur quite frequently, although in a spatially discontinuous pat- 
tern. Unless effective mesquite control measures are implemented 
fairly frequently, large areas still dominated by grasses are likely to 
become coppice dunelands. Control efforts such as those carried 
out from 1958 to 1965 can reduce mesquite populations. However, 
the mesquite establishment rate is so rapid that control efforts must 
be repeated at 20-30 year intervals. Failure to implement control 
efforts will result in a reduction of forage for livestock and loss of 
habitat for pronghorn antelope (Antilocapraamericana)and other 
grassland-dependent species. 
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Abstract 

Nutritional quality of range plants eaten by white-tailed deer 
(Odocoileus virginiimus Raf.) in southern Texas is lowest during 
summer and fall. Nutritional quality of shrub regrowth is typically 
elevated for several months following top growth removal. We 
tested a strategy to temper the summer-fall decline in nutritional 
quality of guajillo (Acacia benkn&eri Benth.) and blackbrush 
acacia (A. rigid&a Benth.) by roller chopping separate, adjacent 
portions of the habitat each year during early July. ParaUel strips 
of brush 48-m wide and about 1.6 km-long were roller chopped 
during 1986-87 in a pattern of alternating roller-chopped and 
nonbeated strips. Leaves and twig tips of nontreated plants and of 
regrowth from roller-chopped plants were collected bimonthly and 
analyzed for crude protein (CP) and in vitro organic matter diges- 
tibility (IVOMD). Crude protein of guajillo leaves and stems was 
higher for regrowth than for nontreated plants for 6 and 8 months, 
respectively, after roller chopping in 1987, and IVOMD of leaves 
increased for 2 months. The CP of blackbrush leaves from 
regrowth was higher than CP of leaves from nontreated plants for 6 
months after roller chopping in 1987 but IVOMD temporarily 
decreased. Roller chopping in early July may temporarily increase 
CP of guajillo browse during the hate summer and early fall nutri- 
tional stress period, but it is not a promising method for rejuvena- 
tion of blackbrush browse. 

Key Words: Acacia berlondier& Acacia rigid&a, blackbrush aca- 
cia, brush management, guajillo, Odocoifeus virginiunus 

Nutritional value of range plants eaten by white-tailed deer 
(Odocoikus virginianus Raf.) in southern Texas is generally high- 
est in the spring and lowest in the summer and fall (Varner et al. 
1977, Meyer et al. 1984). Deer are primarily browsers during late 
summer and fall, whereas forbs constitute the bulk of diets in late 
winter, spring, and early summer (Meyer et al. 1984, Nelle 1984). 
Barnes et al. (1991) concluded that late summer is the most stressful 
time for deer in south Texas because of low dry matter digestibility, 
digestible energy, and digestible protein in browse. Meyer et al. 
(1984) speculated that the low quality of late summer diets may 
limit white-tailed deer populations in the Texas Coastal Bend 
region. 

Manipulating deer habitat to stimulate forb production during 
late summer is generally precluded by unfavorable growing condi- 
tions; however, shrubs will resprout following top growth removal 
during this period (Everitt 1983). Browse rejuvenation (top growth 
removal of woody plants) temporarily increases crude protein (CP) 
and availability of certain browse species (Scifres 1980, Vallentine 
1980) but effects of the treatment on CP and in vitro organic matter 
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digestibility (IVOMD) of shrubs during the late summer-fall nutri- 
tional stress period in southern Texas is unknown. Mechanical 
browse rejuvenation would be a potential method of increasing the 
availability of nutritious forage if it resulted in production of 
sprouts with higher quality during the late summer that is charac- 
teristically unfavorable for plant growth. We hypothesized that (1) 
by roller chopping brush in early July, resprouts with greater CP 
and digestibility than browse of nontreated plants would be avail- 
able during late summer and early fall and, as a corollary, (2) by 
roller chopping separate strips of brush each year, browse with 
high CP and digestibility relative to nontreated plants would be 
available in a portion of the habitat on a year-around basis. 

Our objectives were to (1) determine the effects of roller chop- 
ping on temporal trends in CP and in vitro organic matter digesti- 
bility (IVOMD) and on height of guajillo (Acacia berlandieri 
Benth.) and blackbrush acacia (Acacia rigidula Benth.), and (2) 
test the hypothesis that regrowth of these 2 species following roller 
chopping in July would be higher in CP and IVOMD than mature 
growth during the late summer-fall nutritional stress period. Gua- 
jillo and blackbrush acacia are important browse species for white- 
tailed deer and often dominate shrub communities in southern 
Texas and northern Mexico (Smith and Rechenthin 1964). Either 
species may occur in almost pure stands. Varner and Blankenship 
(1987) found that guajillo and blackbrush acacia comprised 14.8 
and 14.wc, respectively, of white-tailed deer diets during August in 
the northern Rio Grande Plains. 

Materials and Methods 

The study was conducted on the 4,8OO-ha Esperanxa Ranch in 
Duval County, Texas. Climate, soils, and vegetation of the study 
area are described in Fulbright et al. (199 1). 

Parallel strips of brush 48-m wide and l.2-1.8-km long were 
roller chopped annually in a 405-ha study area using a 6.4m-wide 
(about 27,300 kg) roller chopper pulled by a crawler tractor in a 
pattern of alternating roller-chopped and nontreated strips during 
early July 1986 and 1987. Separate strips were treated each year. 

Leaf and stem samples from the outer 5 cm of current year’s 
guajillo and blackbrush acacia growth were collected bimonthly 
from September 1986 to July 1988 from 20 randomly selected 
unbrowsed plants/ treatment/series of strips in 5 series of roller- 
chopped and nontreated strips. Each series, consisting of a non- 
treated strip and strips roller chopped each year, was a block in 
statistical analyses. Samples were dried initially at 40° C then to a 
constant weight at SO0 C, separated by hand into leaves and stems, 
ground in a Wiley mill through a l-mm mesh screen, stored in 
sealed plastic bags, and analyzed in duplicate to determine percent 
organic matter, CP, and IVOMD. Organic matter was determined 
by ashing duplicate samples in a muffle furnace at 600° C for 6 
hours and subtracting ash from 100%. Crude protein was deter- 
mined by the micro-Kjeldahl procedure (AOAC 1987). In vitro 
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organic matter digestibility was determined following a modified 
Tilley and Terry (1963) method. Rumen inocula were collected 
from a Jersey cow (Bos taurus) on a diet of 33% alfalfa (Medicago 
sativa L.) and 66% coastal bermuda grass [Cynodon dactylon (L.) 
Pen.] hay. Blankenship et al. (1982) reported in vitro dry matter 
digestibility (IVDMD) of guajillo using deer inocula (34.4%) to be 
higher (P<O.OS) than digestibility using steer inocula (28.7%). In 
vitro dry matter digestibility of blackbrush acacia was similar 
130.05) for steer (20.7%) and deer (28.5%) inocula. Using bovine 
rumen inocula for in vitro digestion of deer foods is more practical 
than using deer rumen inocula because rumen fluid is difficult to 
collect from tistulated deer (Crawford 1984). Campa et al. (1984) 
suggested that IVDMD values obtained using inoculum from cap- 
tive and domestic animals on commercial diets can be used to make 
comparisons of forages and to determine dietary trends, but not to 
predict digestibility by wild ungulates. 

Height of guajillo and blackbrush acacia was determined by 
measuring 6 randomly selected shrubs of each species in each of 5 
strips roller chopped in 1986, 5 roller chopped in 1987, and in 5 
nontreated strips during July 1986-88 and October 1986-87. 

Guajillo and blackbrush acacia chemical composition and 
height data were analyzed with a complete-block design with anal- 
ysis of variance and conservative F tests (Gill 1981). Gill (1981) 
recommended this design and method of analysis when treatments 
are not randomized within blocks. Tukey’s test was used to separ- 
ate means (FSO.05). Percentage data were arcsine transformed for 
analysis; untransformed values are reported. The sampling date X 
treatment interaction was significant for chemical analyses; there- 
fore, a separate analysis was done for each sampling date. 

Results 

Differences in CP between roller-chopped and nontreated gua- 
jillo were greatest 2 months after treatment and narrowed thereaf- 
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ter, except during January 1987 (Table 1). Leaves from roller- 
chopped guajillo were higher in CP than leaves from nontreated 
guajillo 2, 6, and 12 months after the 1986 treatment and for 6 
months after the 1987 treatment. 

Table 1. Temporal trends in crude protein of guajillo lerves and stems of 
plants Wm nontreated (Non.) strips snd plants roller chopped in July 
1986 (RC1986) and 1987 (RC1987,, Duval County, Tel., Se,,tember 
1986-July 1988. 

Sampling Leaves stems 

date No*. RC1986 RC198.7 NO”. RC1986 RC1987 

____________________-%----_______-_____._____ 
Sep. ,986 15bl *oa _ 9b ,,a _ 
Nov. 1986 22a 22a _ Ilb 16a _ 
Jan. ,987 1% 23a ,Ob ,*a 
Mar. 1987 28a 26a _ 1% 22a _ 
May ,987 2,a 22a 13b 16a _ 
Jul. ,987 ,6b 1&l _ ,Ob ,3a 
Sep. 1987 13b ,‘a 22a 7b ,Ob ,4a 
Nov. 1987 14b 16b 2Oa IOC Ilb ,3a 
Jan. ,988 ,4c 15b 18a ,,b 12ab 13a 
Mar. 1988 24a 22a 16b ,Ob 1Ob 12a 
May 1988 22a 23a 23a 15a ,5a 15a 
Jul. ,988 ,,a ,8a 19a 14a 13ab 12b 

#Leaf or Stem means in a row followed by the Same letter are similar (p>o.OS). 

During March 1988, leaves of plants roller chopped in 1987 had 
lower CP than leaves of nontreated plants or plants roller chopped 
in 1986. This difference occurred because regrowth from roller- 
chopped plants retained leaves during January and February. 
Leaves of nontreated plants and regrowth of plants roller chopped 
in 1986 senesced in January 1988 and new growth occurred during 
February and early March 1988. 
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Leaves on roller-chopped guajillo were Z 18% CP on 11 of 12 
sampling dates within 1 year posttreatment, whereas those on 
nontreated plants were 516% on 6 of these 12 dates. Additionally, 
14-18 months posttreatment, CP of roller-chopped plants had 
declined to 14-16%. Therefore, the strategy of roller-chopping at 
l-year intervals circumvented the natural pattern of peaks and 
troughs in leaf CP. 

Crude protein of regrowth stems was double that of stems from 
nontreated plants 2 months after treatment (Table 1). Stems from 
roller-chopped plants were higher in CP than stems of nontreated 
plants for 12 months after the 1986 treatment and for 8 months 
after the 1987 treatment. 

Table 2. Temporal trends in in vitro organic matter digestibility of guajillo 
leaves and stems of plants from nontreated (Non.) strips and planta from 
strips roller chopped in July 1986 (RC1986) and 1987 (RC1987), Duval 
County, Tex., September 1986-July 1988. 

Sampling Leaves Stems 

date Non. RC1986 RC1987 Non. RC1986 RC1987 

Leaves from blackbrush acacia roller chopped in summer 1987 
had higher CP than leaves from nontreated plants 2,4,6, and 12 
months posttreatment (Table 3). Leaf CP of roller-chopped plants 
was similar to that of nontreated plants during the first few months 
following roller chopping in 1986, although CP was slightly higher 
10 and 12 months after treatment. Crude protein content of black- 
brush acacia stems from plants roller chopped in summer 1986 was 
lower than CP of plants from nontreated strips 6,8, and 16 months 
posttreatment and higher than CP of plants from nontreated strips 
10 months posttreatment. Stems of plants roller chopped in 
summer 1987 were higher in CP than stems of nontreated plants 2 
months posttreatment and lower 4 months posttreatment. 

In vitro organic matter digestibility of leaves from roller- 
chopped blackbrushacacia was lower than IVOMD of leaves from 
nontreated plants for 4 months after treatment in 1986 (Table 4). 

Table 4. In vitro organic matter digestibility of blackbrush leaves and 
stems of plants from nontreated (Non.) strips and plants from strips 
roller chopped in July 1986 (RC1986) and 1987 (RC1987), Doval 
County, Tex., September 1986-July 1988. 

Sep. 1986 
Nov. 1986 
Jan. 1987 
Mar. 1987 
May 1987 
Jul. 1987 
Sep. 1987 
Nov. 1987 
Jan. 1988 
Mar. 1988 
May 1988 
Jul. 1988 

____________________%_ 
24al 28a - 
28a 28a - 
29a 29a - 
27a 28a - 
20a 23a - 
23a 22a - 
28b 28b 34a 
28a 30a 28a 
29a 29a 30a 
38a 37a 29b 
22a 23a 22a 
27a 28a 27a 

_______ 
24a 
32a 
33b 
33a 
23b 
25a 
29a 
29a 
31a 
30b 
32a 
31a 

____________ 
28a - 
33a - 
38a - 
36a - 
29a - 
24a - 
30a 33a 
29a 29a 
32a 37a 
28b 33a 
31a 
31a 

35a 
29a 

‘Leaf or stem means in a row followed by the same letter are similar (m.05). 

Roller chopping had little effect on IVOMD of guajillo leaves 
and stems (Table 2). Leaves were higher in IVOMD 2 months after 
treatment in 1987 but were similar thereafter except in March 1988, 
when leaves of plants roller chopped in 1987 had lower IVOMD 
than leaves of nontreated plants or plants roller chopped in 1986. 
This difference occurred because regrowth from 1987-roller- 
chopped plants retained leaves during January and February 1988 
whereas nontreated plants and plants roller chopped in 1986 were 
producing new growth during February and early March, as pre- 
viously discussed for CP. 

Table 3. Crude protein content of blackbrush leaves and stems of plants 
from nontreated (Non.) strips and plants from strips roller chopped in 
July 1986 (RC1986) and 1987 (RC1987), Duval County, Tex., September 
1986-July 1988. 

Sampling Leaves Stems 

date Non. RC1986 RC1987 Non. RC1986 RC1987 

_____________________%-______________________ 
Sep. 1986 12a’ 14a - 7a 7a - 
Nov. 1986 15a 16a - 6a 6a - 
Jan. 1987 18b 2Oa - lla 9b - 
Mar. 1987 23a 21b - 14a llb - 
May 1987 14b 16a - 7b 8a - 
Jul. 1987 15b 17a - 8a 9a - 
Sep. 1987 12c 14b 17a 6b 8a 9a 
Nov. 1987 12c 14b 15a 7a 6b 6c 
Jan. 1988 12b 13ab 14a 8a 6a 6a 
Mar. 1988 8a 8a 5a 6a 5a 6a 
May 1988 15a 16a 16a 7a 7a 7a 
Jul. 1988 14b 14b 15a 7b 7ab 7a 

‘Leaf or stem means in a row followed by the same letter are similar (130.05). 

Sampling Leaves Stems 

date Non. RC1986 RC1987 Non. RC1986 RC1987 

__________________-_- % 
Sep. 1986 26al 16b - 
Nov. 1986 25a 21b - 
Jan. 1987 28a 28a - 
Mar. 1987 24a 26a - 
May 1987 22a 19a - 
Jul. 1987 19a 2Oa - 
Sep. 1987 25a 24a 22a 
Nov. 1987 25a 25ab 22b 
Jan. 1988 33a 31a 29a 
Mar. 1988 29a 26a 18b 

,______ 
21a 
21a 
27a 
22.a 
20a 
20a 
20a 
23a 
26a 
25a 

___________--_ 
16b - 
17a - 
19b - 
22a - 
18a - 
19a - 
21a 22a 
19b 
23a 
20b 

16C 
24a 
18b 

May 1988 25a 22ab 21b 21a 17ab 16b 
Jul. 1988 22a 18ab 17b 23a 20a 19a 

‘Leaf or stem means in a row followed by the same letter are similar (t30.05). 

Stems from roller-chopped plants were lower in IVOMD 2 months 
after treatment. Following the 1987 treatment, leaves and stems 
from roller-chopped and nontreated plants had similar or slightly 
lower IVOMD. 

Most regrowth of guajillo and blackbrush acacia occurred dur- 
ing the first 3 months after treatment. Guajillo was 0.83 f 0.05-m (? 
f SE) tall 3 months after treatment in July 1986 compared to 1.76 
f 0.14 m for nontreated plants. In July 1988, roller-chopped 
guajillo plants in July 1986 averaged 0.95 f 0.08 m tall compared 
to 1.71 f 0.21 m for nontreated plants. Blackbrush acacia plants 
roller chopped in July 1986 were 0.48 f 0.03-m tall 3 months after 
treatment compared to 1.64 f 0.12 m for nontreated plants. Black- 
brush acacia plants roller chopped in 1986 averaged 0.74 f 0.04-m 
tall in July 1988 compared to 1.57 f 0.16 m for nontreated plants. 

Discussion 
The low IVOMD of guajillo and blackbrush acacia found in this 

study agrees with results of Barnes et al. (1991), who found that in 
vivo digestibility of guajillo in white-tailed deer was 48.1% in the 
spring and 35.2% in the summer. In vivo digestibility of blackbrush 
acacia averaged 36.3% (Barnes 1988). Barnes et al. (1991) found 
that protein digestibility of guajillo was only 45.8% in spring and 
13.7% in late summer. Thus, although roller chopping increased 
CP in our study, digestible protein may be considerably lower. 

The lower IVOMD of blackbrush acacia regrowth, as compared 
io leaves and stems from nontreated plants, possibly resulted in 
part from increased secondary compounds. Barnes et al. (1988) 
and Barnes et al. (199 1) reported that low dry matter and protein 
digestibilities in guajillo and blackbrush acacia are positively 
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related to high condensed tannin, lignin, and fiber-bound nitrogen 
levels. Although young leaves of tropical species are more nutri- 
tious and less fibrous, they have 2-3 times the concentrations of 
phenols (Coley 1983). Elevated concentrations of phenols and 
increased protein binding of phenolic compounds of leaf extracts 
in poplar (Populus euroamericana Moench.), sugar maple (Acer 
saccharum Marsh), and red oak (Quercus rubra L.) occurred after 
7% removal of leaves by mechanical defoliation (Schultz and 
Baldwin 1982, Baldwin and Schultz 1983). Synthesis of these com- 
pounds apparently increases in response to damage. 

Guajillo and blackbrush acacia browse is available to deer soon 
after roller chopping, as evidenced by the height of regrowth 3 
months after roller chopping and by increases in canopy cover 
reported by Bozzo et al. (1992a). Bozzo et al. (1992a) reported that 
canopy cover of guajillo increased from 2.6% immediately after 
roller chopping during July to 16.2% 3 months posttreatment. 
Blackbrush acacia cover increased from 2.8% immediately after 
roller chopping to 6.5% 3 months posttreatment. 

Bozzo et al. (1992b) reported that white-tailed deer densities 
were greater in the 405ha strip-treated area in our study than in a 
control area of 1.6 km distant. Deer use increased relative to 
nontreated sites after 20% of 3 guajillo-blackbrush acacia-dominated 
sites ranging from 30- to 125-ha were roller-chopped each year for 
2 years. Reasons for increased use were unknown. 

Conclusions 
Roller chopping separate strips of brush each year during each 

July may be a potential strategy to moderate the summer-fall 
decline in nutritional quality of guajillo. Woody plant stands are 
essentially replaced in 3 to 4 years after top growth removal (Welch 
et al. 1985, Scifres 1980). Different strips of guajillo might be roller 
chopped each year during early July for 3 to 4 years then the strips 
could be roller chopped again each year in the temporal order that 
they were originally treated to maintain availability of browse regrowth. 
Guajillo height and canopy cover increases rapidly following initial 
treatment; however, further research is needed to determine physi- 
ological responses of the shrub to repeated roller chopping to 
ascertain if the cycle could be repeated indefinitely. The strategy 
could hypothetically be applied to stands of other shrub species 
that produce regrowth higher in nutritional quality than mature 
growth, such as spiny hackberry (Celzis pallida Torr.) (Everitt 
1983) and huisache (Acacia smallii Isely) (Rasmussen et al. 1983). 
Roller chopping does not appear to be a promising method of 
rejuvenating blackbrush acacia browse during the late summer and 
early fall because differences in CP between roller-chopped and 
nontreated plants were small and IVOMD of roller-chopped 
plants was temporarily lower. 

Because of the potential of roller-chopping to ameliorate 
summer and fall nutritional quality of guajillo, further research on 
the ability of browse regrowth and mature growth to meet nutri- 
tional requirements of deer is warranted. Barnes et al. (1991) 
pointed out that digestible protein rather than CP is the nutrition- 
ally important factor in meeting animal requirements and that 
complex relationships exist between nutrient digestibilities and 
secondary compounds. These relationships for mature browse and 
regrowth must be understood before definitive conclusions regard- 
ing the ability of guajillo and blackbrush acacia browse to meet the 
nutritional needs of deer can be drawn. A final caveat regarding 
inferences based on our laboratory analyses on the ability of 
browse from nontreated or roller-chopped guajillo and blackbrush 
acacia to provide adequate CP for herbivores is that animals may 
select more nutritious plant parts than researchers sampling the 
plants (Kam and Hofmann 1990). 
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Abstract 

We evaluated winter weight gain of captive male white-tailed 
deer (Odocoileus virghdanus) that grazed pastures of berseem 
(Trifolium alexan&inium L.), white (T. repens L.), crimson (T. 
incarnatum L.), or subterranean (T. subterraneum L.) clover their 
first winter and pastures of berceem, wbite, or crimson clover or 
Italian ryegrass (LoHum mult&wum Lam.) their second winter. 
Weight gains the f’irst winter (14.7 f 0.7 kg) did not differ (p>O.lO) 
among the clover% Bucks that grazed berseem, white, or crimson 
clover the second winter gained 3.0 f 0.5 kg, while bucks tbat 
grazed Italian ryegrass gained 0.9 f 0.9 kg. 

Key Words: clover, cool-season forages, Liliim multifIorum, 
Odocoileus virgM?nus, Trffolium spp., white-tailed deer 

Many clovers and clover mixtures are being promoted by com- 
mercial seed companies to enhance rangelands for deer. However, 
there is little information on potential effects of different clovers on 
deer growth. The purpose of this study was to compare effects on 
growth of male white-tailed deer (Odocoileus virginianus)among 4 
cool-season clovers. 

Materials and Methods 

We studied captive deer at the Louisiana Agricultural Research 
Station’s Ben Hur Farm, East Baton Rouge Parish, La. Levels of 
soil phosphorus (P), potassium (K), and calcium (Ca) were high. 
Soil pH was 6.3. These soils do not require liming or fertilization 
for good clover production (Peevey 1972). 

In late August 1986,4 deer paddocks (about 0.4 ha each) were 
roto-tilled. Rhizobium spp. inoculated berseem (Trifolium alex- 
andrinium L.), white (T. repens L.), crimson (T. incarnatum L.), or 
subterranean (T. subterraneum L.) clover seed was broadcast in 
each paddock on 2 September 1986. Seeding rates were l5,8, 15, 
and 15 kg/ ha, respectively. Seed was lightly covered by tooth- 
harrowing after broadcasting. 

Thirty-three male white-tailed deer fawns were weighed to the 
nearest pound and randomly assigned to the paddocks on 11 
November 1986; 8 fawns to each of the berseem, white, and crim- 
son clover paddocks and 9 to the white clover paddock. Bucks were 
provided water and feed (9.0% crude protein, I .7% crude fat, 1.1% 
Ca, 0.2% P, and 25.0% crude fiber) simulating the quality of deer 
diets on upland pine-hardwood habitats during winter in Louisi- 
ana (Causey 1964, Thill and Martin 1980) ad libitum throughout 
the study. On 10 March 1987, fawns were tranquilized and 
reweighed to the nearest pound. Bucks grazed pastures of native 

Funding was provided by the Louisiana Agricultural Experimental Station under 
Project LABO2516. Sacramento Valley Milling, and Delta and Pineland Seed Com- 
panies donated seed. Approved for publication by the Director, Louisiana Agricultu- 
ral Experiment Station as Manuscript 90-22-4336. 
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grasses and were maintained on water and feed from 10 March-12 
October 1987. 

Paddocks were replanted to the same clovers during September 
1987. However, little subterranean clover was available because 
Italian ryegrass (Lolium multlflorum Lam.) volunteered heavily in 
that paddock and dominated forage production. Therefore, the 
paddock intended as a subterranean clover treatment effectively 
became an Italian ryegrass treatment. Bucks were tranquilized, 
weighed, and randomly redistributed to the paddocks on I2 
October 1987-8 bucks to each of the berseem clover, crimson 
clover, and ryegrass paddocks and 7 to the white clover paddock. 
Bucks were maintained as during the first trial and reweighed on 11 
April 1988. 

Sward conditions were monitored each winter to ensure there 
was an abundance of each forage at all times such that consump- 
tion was not limited. Pearson’s correlation coefficient (r) was used 
to describe the assocation between initial study weight and weight 
gain during the first winter. Analysis of covariance was used to 
evaluate differences in deer weight gains among forages each win- 
ter. Initial study weight was the covariable. All data presented are 
means f standard errors. 

Results and Discussion 

First Winter 
Two bucks (1 each from the berseem and crimson paddocks) 

died from unknown causes. Weight gains averaged 14.7 f 0.7 kg 
and were negatively associated with initial study weights (r = 
-0.641, P<O.OOl). However, there were no differences (DO. 10) in 
weight gains attributable to the clover treatments (Table 1). Fawns 

Table 1. Body weights and weight pine (kg) of captive mak white-tailed 
deer that grazed different cool-eeaeon forages their first (11 Nov. 1986-10 
Mu. 1987) snd second (12 Oct. 1987-11 Apr. 1988) winters; Ben Hur 
Biological Research Area, Eeet Baton Rouge Pa&h, La. 

Initial Final Weight 
weight weight gain’ 

Forage N X SE X SE X SE 
______________(kg)____________ 

First winter 
Berceem clover 7 27.4 2.4 40.1 1.9 12.7 1.1 A 
White clover 9 26.1 1.0 39.9 0.7 13.7 0.8 A 
Crimson clover 7 22.7 2.0 40.2 2.1 17.7 0.8 A 
Sub. clover* 8 24.6 1.9 39.8 1.3 14.9 1.8 A 

Second winter 
Berceem clover 8 59.1 3.0 61.1 2.6 2.0 l.OA 
White clover 7 56.0 1.7 59.7 2.3 3.8 2.0 A 
Crimson clover 8 54.6 2.5 57.8 2.6 3.2 1.3 A 
Italian ryegrass 8 57.6 2.3 58.5 1.8 0.9 0.9 B 

‘Weight gains each winter followed by different letters are signifkntly diierent 
(P<O.OS). 
2Subterranean clover. 
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that grazed subterranean clover during this 129day trial gained an 
average of 117.8 g/day, consistent with previous studies (Johnson 
et al. 1985, 1987). 

Second Winter 
Weight gains of bucks in the berseem, crimson, and white clover 

paddocks (3.0 f 0.5 kg) were similar (00.10) and greater 
(X0.05) than gain of bucks in the ryegrass paddocks (0.9 f 0.9 kg) 
(Table 1). These results were similar to those of previous studies 
comparing deer weight gains on clover versus ryegrass (Johnson et 
al. 1985, 1987). 

Conclusions 
Our results suggest that many cool-season clovers may produce 

high winter gains in young male deer, but do not support conten- 
tions that 1 type or variety will produce greater body growth than 
others. Differences in preference by deer among clover species and 
the practical advantages or disadvantages of utilizing different 
clovers to enhance deer range should be addressed before recom- 
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mending any clover species or mixture for management applica- 
tion. However, the most effective clovers for supplementing deer 
nutrition may be those best adapted to soil and climatic conditions 
in different regions. 
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Hofmann and Ries (1990) address the question of determining 
the required sample size in point analysis of ground cover for 
proving successful reclamation of a mining site according to 
government regulations from a sample of IO-pin point frames. The 
formulas presented are different forms of equation (1) 

i-i = (ts)*/(.lop)2 (1) 

where .lOp is 10% of the reference cover. Hofmann and Ries 
analyze the behavior of this formula onactual data sets, criticize it, 
and suggest an alternative that seems to reduce the sample size by a 
(suspiciously) considerable amount. This short paper is at best 
inaccurate and at worst seriously misleading. Their critique com- 
pares the wrong numbers and we suggest that the authors are using 
the right formula but for the wrong problem. A further confound- 
ing issue is that the federal rules and regulations do not give a clear 
path to resolving the question of how to establish the proper 
sample size. 

The idea that increasing sample size should produce more ‘con- 
sistent’means and variances is one that merits close attention. It is 
well known that X is an unbiased estimate of p and that sr is an 
unbiased estimate of ur. That is, on average the mean of the x’s is 
the population mean regardless of the sample size. However, varia- 
tion of x’s about the population mean decreases with increasing 
sample size. This is expressed in the formula that the variance of a 
sample mean is ar/ n. The population mean and variance (that is, 
the mean and variance of the x’s) do not change with increasing 
sample size, but the variance of the sample mean and sample 
variance do decrease. Note that the variances presented in Table 1 
of Hofmann and Ries’s paper are not variances of x’s but rather 
estimates of the population variances. The data in Table 1 do not 
address the issue of the consistency of the 5’s. It is inaccurate to 
look at the means presented and decide that increasing sample size 
did not produce more ‘consistent’ means. 

The authors correctly point out that equation (1) is inapprop- 
riate when the original population of values is not normal. It is 
sufficient, however, that the x’s be normally distributed. This is 
usually assured by the Central Limit Theorem with large sample 
sizes. 

Equation (2), which the authors propose as a better solution, has 

fi = (t* pq)/.w (2) 

a couple of drawbacks. Note especially that the denominator has 
been set to be exactly 0.10. This is quite different from the required 
10% of the mean as before! The proper denominator is 0. lop so 
that 

fi = (t2 pq)/(O.lOp)2. (3) 

Using this change, the first 4 values of fi in Table 1 should be 
about 570,430,450, and 480 instead of 33,35,34, and 33. 

Secondly, since the readings for pins on a frame are not inde- 

This work was supported by the NMSU Agricultural Experiment Station. 
Manuscript accepted 26 Dec. 1991. 

pendent, the binomial distribution is incorrect anyway; i.e., does 
not correctly describe the distribution of the number of pins hitting 
plant material. 

These are minor quibbles. The major problem with the above 
approach is that it is the correct solution but to the wrong problem. 
The federal regulation states: “the ground cover and productivity 
of the revegetated area shall be considered equal [to the reference 
area] if they are at least 90% of the ground cover and productivity 
of the reference area with 90% statistical confidence.” This must 
mean that, after taking a sample, if a one-sided t-test can reject the 
hypothesis that the cover of the reclaimed site is less than or equal 
to 90% of the reference site with a Type I error rate of IO%, then the 
site is considered successfully reclaimed. Consider the following 
example: if the cover for the reference area is 25%, we want to 
prove that the cover for the reclaimed site is at least 22.5%. Using 
the sample size calculated from the equations in the Hofmann and 
Ries paper we can be 90% confident that we can estimate the cover 
of the reclaimed site to within 2.59+whether this cover is actually 
10% or SO$& which does not address the issue of whether the mean 
at the reclaimed site is or is not greater than 22.5%. Even if the 
reclaimed site has the same cover as the reference site, the hypothe- 
sis we want to reject will only be rejected about half the time using 
this sample size. The question that should be asked is: how large a 
sample is necessary to prove with a 10% Type I error rate that the 
mean is at least 90% of the reference mean? (The next question is: 
how confident do you want to be that the sample size will be 
sufficient to prove the mean is at least this amount?) Unfortu- 
nately, this question cannot be answered because it depends on the 
true value of the unknown mean cover and unknown variance. 
Let’s assume that the reclaimed site’s cover is greater than .9p. If it 
is barely greater, then a larger sample size would be necessary to 
prove the mean is above .9p than ifit were much greater than .9p. If 
the reclaimed site’s cover were less than .9p, then there is no sample 
size that will assure us that we can prove the mean is greater than 
.9p. 

This problem is not solved with the methods given in the Hof- 
mann and Ries paper. 

Literature Cited 

Hofmann, L., and R.E. Ries. 1990. An evaluation of sample adequacy for 
point analysis of ground cover. J. Range Manage. 43545-549. 

JOURNAL OF RANGE MANAGEMENT 45(6), November 1992 595 



J. Range Manage. 
45595, November 1992 

Reply to Ortiz and Ames’ 
Viewpoint: Sample adequacy for point analysis 
depends on the objectives 
L. HOFMANN AND R.E. RIES 

Authors are research agronomist and range scientist, Northern Great Plains Laboratory, P.O. Box 459, Mandan, 
ND 5MS4. 

We conducted our study (Hofmann and Ries 1990) after numer- 
ous questions from regulatory agencies and mining companies 
concerning the use of sample size adequacy formulas to determine 
the number of points needed to estimate ground cover. They noted 
that when the recommended equation was applied to some ground 
cover measurements, an excessive number of frames were required 
to meet federal statistical requirements. In response, we conducted 
sampling trials to determine how means of various cover compo- 
nents would be changed by the number of point frames taken. Our 
purpose was not to provide an alternate formula to reduce sam- 
pling requirements or to help prove successful reclamation. We 
analyzed sample size equations; studied the problem of excessive 
point numbers; provided, with limitations, a statistically sound 
explanation of why the recommended formula caused problems; 
and then proposed a solution to the problem of excessive sample 
size requirements. 

The viewpoint of Ortiz and Ames expresses several “minor 
quibbles”. It noted that ‘5 is an unbiased estimate of cc” and that 
“on average the mean of thex’s is the population mean regardless of 
the sample size”. This is essentially (within limitations) what we 
concluded and stated when we discussed the consistency of the 
means. 

Regarding normal population and binomial distribution, both 
the literature and our sampling results show that some components 
of biological communities are indeed non-normally distributed. 
Bonham (1989) noted that “presence-absence type of data for a 
plant characteristic” give rise to a “point binomial” distribution. 
Also, clustered plant field data may be a “count binomial” or 
“Poisson” distribution. 

We agree that a set value for the denominator “d”in the equation 
is quite different than a required 10% of the mean. Chambers and 
Brown (1983), Steel and Torrie (1980), and Cochran (1977) sug- 
gested that the value of “d” should be a fixed width of the size 
difference we wish to detect; therefore, we used a fixed width for 
the value of “d” in our paper. 

The major argument of the viewpoint appears to be a question of 
whether sample size can be used to prove reclamation. The purpose 
of our study, as stated in the paper was, “to determine how the 
number of point frame samples affects the estimated mean and 
variance of ground cover components and to examine how sample 
size estimates calculated by the equation (1) change as sample size 
changes.” Our study was not undertaken or designed to answer 
whether it is proper to use sample size as a criterion to prove 
reclamation. 

Contribution from Northern Great Plains Research Laboratory, USDA-AR.% 
Manuscript accepted 3 1 Aug. 1992. 

The viewpoint illustrates the limitation of using only sample size 
and mean confidence widths to prove reclamation. Regulatory 
agencies are probably aware of these limitations as well. In addi- 
tion to sample size requirements, regulatory agencies also require 
an additional statistical test, such as the t-test, to determine 
whether cover of a reclaimed area is within 10% of the cover on a 
reference area or other approved standard. 

The concerns of Ortiz and Ames underscored the intent of our 
paper, i.e., to show that in point analysis of ground cover, statisti- 
cal formulas to determine sample size, based on normal distribu- 
tion, are of questionable value for estimating point numbers to 
prove successful reclamation of a mining site according to govern- 
ment regulations. The viewpoint presents problems and arguments 
that can occur when point numbers are used to provide statistical 
confidence to cover data. Other statistical tests that compare 
means are more appropriate. However, there should be some 
guideline so that an adequate number of samples are taken. 

Our sampling data and the literature (Levy 1933, Drew 1944, 
and Cracker and Tiver 1948) suggest that 400 to 500 points are 
adequate to sample cover on areas with similar range sites or plant 
community, regardless of the area size. Sample size formula and 
requirements cause disagreement, excessive sampling input, and as 
Ortiz and Ames point out, a questionable conclusion. Sample size 
requirements could be omitted from regulatory criteria because 
other statistical tests such as confidence intervals, t-tests, or 
ANOVA that compare the mean of reclaimed areas and reference 
areas are a more appropriate solution to the problem. 
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Book Reviews 
Management of Agropastorrl Systems in a Semiarid Region. 

By E.D. Ungar. 1990. Center for Agricultural Publishing 
and Documentation (Pudoc), Wageningen, Netherlands. 
221 p. US $49.00 cloth. ISBN 90-220-0946-7. 
The measure of success of a model is how well it accomplishes 

the builder’s objectives. To measure success, concise, measurable 
objectives are essential. This short book, identified as Simulation 
Monograph 3 1, is essentially a sheep-wheat production model, so 
the first descriptions I expected to find were objectives. But I did 
not find an objectives section. I did find a broad-goaled, region- 
specific, multi-subroutine computer model to allocate land to dif- 
ferent uses, and to make other strategic and tactical decisions in 
management. 

The objectives I did find are dispersed throughout the first four 
chapters, the Introduction, Theoretical Framework, Outline of the 
Agropastoral Model and Strategic Management Decisions. These 
chapters, which are overstocked with systems jargon, focus on the 
theoretical aspects of model building and on describing the com- 
ponents and decisions of the model. Conspicuously absent from 
Chapter 3 is a visual conceptual model showing the entire compu- 
ter model. In its place is an uncommunicative, informal flow chart 
of the main program linked to the program’s subroutines. 

The deficiencies in objectives and conceptual description give 
the impression that the model has little identity outside of the 
computer program, and that the simulation model is its own objec- 
tive. Because the objectives are vague, the summary chapter inevit- 
ably is equally vague. For the reader, evaluation of the model is 
difficult. 

My impression is that the book is like a good car with an overly 
technical owner’s manual. The entire computer model (44 pages of 
it) and all the acronyms of variables and parameters (30 pages of 
them) are included, so the book is more one for study and reference 
than for reading. The index is detailed. References, 45 in all, are 
surprisingly few considering the size of the model, indicating that 
the model was as much created as borrowed. 

As a book mainly of interest to modelers, the sheep production 
functions, crop growth functions, and computer modeling tech- 
niques described should be of use. Because the model was deve- 
loped for the Middle East, modelers involved in research on com- 
parative sheep production systems should also find value. Dis- 
cussions of choices of driving variables and target-oriented variables, 
and discussions of other modeling techniques will interest those 
developing modeling skills. Application of the model itselfin man- 
agement will require detailed study, and more simplified interpre- 
tations than those provided in the book.-David L. Scamecchia, 
Washington State University, Pullman, Washington. 

Mexican Game Trails: Americans Afield in Old Mexico, 
1866-1940. Edited by Neil B. Carmony and David E. 
Brown. 1991. University of Oklahoma Press, Norman, 
Oklahoma. 270~. US$24.95 hardbound. ISBN O-8061- 
2361-3. 
This collection recounts hunting adventures of American sports- 

men and naturalists who experienced the rich and colorful culture 
of Mexico prior to World War II. Different from the game fields of 
East Africa and India, Mexico never attained great fame as game 
country. Yet, for a select group of Americans, Mexico provided 
many a rich hunting experience. 

This book is divided into four parts, each representative of a 
geographic region of Mexico and the wildlife peculiar to it. The 
stories have been selected not only for their literary merit and 
accurate descriptions of the game and habitats but also for their 
portrayal of the people and customs encountered. 

Part One, Plains, Deserts, and Mountains: Visits and Vistas in 
Northern Mexico includes stories of a buffalo hunt, a peccary 
chase in central Sonora (1890), the blue quail of the cactus, and 
hunting bighorn sheep and pronghom antelope in Baja California 
(1909). Part Two, Down to the Sea of Cortez: Exploring the Gulf 
of California, includes hunting with the Seris on Tiburon Island 
(1921) and a half-hearted hunt for bighorn sheep (1940) by John 
Steinbeck. Part Three, High-Country Treasures: Travels in the 
Sierra Madre includes a story of the imperial ivory-billed wood- 
pecker (1892), and bear and lion hunting in Mexico (1908). Part 
Four, Trails through Tierra Caliente: In Pursuit of Tigres and 
Other Exotica in the Tropics including a story of an iguana ban- 
quet (1927). 

Included are stories by famous author-sportsmen Lew Wallace, 
Frederic Remington, Charles Sheldon, Jack O’Connor and Aldo 
Leopold. Other contributors are Edward W. Nelson (later Director 
of the U.S. Biological Survey), tropical ornithologist Edward 
Blake, and naturalist-adventurers John Steinbeck and Kermit 
Roosevelt (Teddy’s son), who sought bighorn sheep in the Sonoran 
Desert. 

In days past an American hunter in Mexico had to be an 
explorer, a seasoned traveler and a diplomat. One made one’s own 
way to game country, obtained the necessary permisos, and 
arranged for a local guide. Not so today, where all nonresidential 
hunters must be accompanied at all times by a licensed guide 
assigned by an outfitter. Cost of these services varies with the kind 
of hunt, length of hunt, and hunting locale. A non-Mexican must 
present a contract with one of Mexico’s licensed outfitters before 
he can be sold a state hunting license and gun permit. Gone are the 
days when an American could strike out on his own in Mexico with 
a local guide of his choosing. 

Written before motion pictures, television and video cameras, 
these stories of outdoor adventure display a writing craft using the 
descriptive word with the visual image. Selecting the best accounts 
from individual articles scattered throughout dozens of magazines 
and journals, the editors bring the first collection of stories by 
American hunters in Mexico-stories which depict not only a 
Mexico that is no more, but a kind of American-the hunting 
adventurer-who has also all but vanished. 

Mexican Game Trails is a collection of rich and colorful stories 
to be enjoyed by the serious historian or the mildly interested 
reader of hunting in Old Mexico.-Jan Wiedemann. Texas Sec- 
tion, Society for Range Management, Vernon, Texas. 
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