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AbStrrCt 

Proponents of rotational graxing claim that individual animal 
performance in a properly managed rotational graxing (RG) 
treatment will be equal to or greater than that in other, less lnten- 
sively managed treatments even when rate of stocking in the RG 
treatment ls much greater. The objective of this study was to 
examine the effect of a heavily stocked RG treatment, at 2 stock 
densities, on quality and botanical composition of cattle diets. The 
control treatment was a moderately stocked, continuously graxed 
pasture. Diets were colkcted from all treatments on 8 dates over a 
22month period using esophageally flstulated steers. Only minor 
differences occurred among treatments ln dietary crude protein 
(CP), organic matter digestibility (OMD), and botanical composi- 
tion. Diet quality and species composition of diets were closely 
correlated with quality and availability of live herbage, which 
varied more among trials than among treatments. Quality and 
composition of diets collected during the first and last day of 
graxlng ln the RG paddocks were not different. These data support 
the hypothesis that instaBing rotational 8razing at a high stocking 
rate does not lower diet quality and would not be expected to be a 
factor affecting individual animal performance. 
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Interest in rotational grazing systems (RG) has increased dram- 
atically in the U.S. during the past 10 years. Of particular interest 
has been the claim that proper implementation of a multi-paddock 
RG system will improve rangeiand productivity in terms of live- 
stock carrying capacity (Savory and Parsons 1980). This increase 
in carrying capacity has been attributed generally to substantial 
increases in quantity and quality of forage produced as a result of 
the positive effects of the physical impact of the grazing herd on the 
range ecosystem relative to plant growth and ecological succession. 
This claim was made, however, in the absence of any supportive 
scientific data. Thus, in 1981 studies were initiated to evaluate the 
effects of a RG treatment on quantity and quality of herbage 
produced and consumed, harvest efficiency, animal behavior, 
watershed condition, livestock performance (cow/calf), and eco- 
nomic profits. Six previous papers have quantified the effects of 2 
livestock densities in a RG treatment on quantity and quality of 
forage produced (Heitschmidt et al. 1987a, 1987b, 1987c), water- 
shed condition (Piuhar et al. 1987), animal behavior (Walker et al. 
1988), and density of cattle trails (Walker and Heitschmidt 1986). 
This paper reports on the effects of this same RG treatment on 
quality and botanical composition of cattle diets. Our basic 
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hypothesis was that diet quality would be less in the heavily stocked 
RG treatment than a moderately stocked continuously grazed 
(MC) treatment as a result of differences between treatments in 
grazing pressure. 

Methods 

Study Site 
The study was conducted on the Texas Experimental Ranch 

located on the eastern edge of the Rolling Plains (99O 14’W, 33O 20’ 
N). Climate is continental, semiarid. Average annual precipitation 
is 682 mm. Precipitation is bimodaliy distributed with peaks occur- 
ring in May (96 mm) and September (188 mm). Average maximum 
daily temperatures range from 11.4’ C in January to 35.8“ C in 
July. Average minimum daily temperatures range from -2.4” C in 
January to 22.0° C in July. 

Soils at the ranch are mostly deep, welldrained clays and clay 
loams. Dominant range sites are clay loam, clayey upland, and clay 
slopes. Herbaceous vegetation is a mixture of short- and mid- 
grasses. Dominant shortgrasses are buffalograss [Euchloe dncly 
loides (Nutt.) Engeim.] and common curlymesquite [Hihia ber- 
lungeri (Steud.) Nash], both warm-season perennials. Dominant 
midgrasses are sideoats grama [Boutelouo curtipendula (Michx.) 
Torr.], a warm-season perennial, and Texas wintergrass (Stipa 
leucotricha Trin. and Rupr.), a cool-season perennial. The domi- 
nant annual grass is Japanese brome (Bromus juponicus Thumb.). 
The treatment pastures support a light stand of honey mesquite 
(Prosopis glandulosa Torr. var. glandulosa). For a more detailed 
description of the climate, soils, range sites, and vegetation at the 
study site, see Heitschmidt et al. (1985). 

Treatment 
The 465~ha, cell designed RG treatment was established in 

March 1981. The MC treatment was a single, 248~ha pasture 
established in 1960. Both treatments were stocked with mature 
Angus X Hereford crossbred cows and ail treatment pastures had a 
range condition classification of good. Rate of stocking in the RG 
treatment was a near constant 3.7 ha/cow/ yr until June 1984 when 
rate of stocking was reduced to 5.2 ha/cow/ yr because of drought. 
Rate of stocking in the MC treatment was a constant 6.2 
ha/cow/yr. 

The RG treatment initially consisted of 14 paddocks that aver- 
aged 33 ha in size. In March 1982 one 30-ha paddock was subdi- 
vided into three IO-ha paddocks. Data for this study were collected 
in these three IO-ha paddocks and 2 adjacent 27-ha paddocks to 
evaluate the effects of number of paddocks (stock density). To 
maintain equal rates of stocking, length of each grazing period was 
adjusted by an amount proportional to pasture size. Length of 
graze in the flexible rotation schedule ranged from 2 to 5 days in the 
30-ha paddocks and 18 hours to 2 days in the iO-ha paddocks. 
Length of rest between grazing periods ranged from about 30 to 65 
days depending upon vegetation growth rates and the nutrient 
requirements of the cows. The 30&a paddocks are referred to 
hereafter as the RG-14 treatment and the lOha paddocks are 
hereafter referred to as the RG-42 treatment because livestock 
densities in the RG-14 and RG-42 paddocks approximated those 
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of 14- and 42-paddock RG systems, respectively. For a more 
detailed description of the treatments, see Heitschmidt et al. 
(1987a, 1987b, 1987e). 

Sampling Procedures 
Diet samples were collected in both treatments during 8 seasonal 

trials between October 1982 and August 1984. Trials were con- 
ducted during normal rotation schedules. Each trial began when 
cattle entered the first RG paddock and continued until they 
departed the last RG paddock. Length of trial ranged from 6 
(30day rest) to 15 (65day rest) days. Diets were collected during 
the first and last grazing bout in all RG paddocks and at the 
mid-point when length of graxing period exceeded 2 days. Diets in 
the MC treatment were collected approximately every other day. 

Diet samples were collected from 3 to 5 esophageally fistulated, 
Jersey X Angus/Hereford crossbred steers per treatment. Steer 
weights increased from 200 to 450 kg from the beginning to the end 
of the study. The steers were combined with the 2 treatment herds 
approximately 1 week prior to the beginning of each trial. Esopha- 
geal extrusa samples were collected without fasting and in the same 
area as the cow herd was graxing during a 30- to 60-min sample 
period. Regurgitated contribution to the extrusa samples was 
manually removed and discarded. 

Following each sample period, each diet sample was thoroughly 
mixed by hand and frozen. Samples were then lyophilized and a 
subsampk removed for botanical analysis. The remainder was 
ground through a 20.3+x11 Wiley mill to pass a l-mm sieve. Nut- 
rient analyses included determination for percentage crude protein 
(CP) and organic matter digestibility (OMD). Crude protein was 
determined by the micro-Kjeldahl method (A.O.A.C. 1970). 
Organic matter digestibility was estimated in vitro by a 2-stage 
procedure of incubating the sample in strained rumen fluid for 48 
hours, followed by neutral detergent extraction (Van Soest et al. 
1987). In vitro estimates were corrected using the ratio of in 
vitro/ in vivo digestibiities of standard forages of known digestibil- 
ity determined in a feeding trial. Botanical composition of extrusa 
fragments was determined by species using the microscopic fre- 
quency technique as described by Kothmann (1968). Species/ spe- 
cies groups, hereafter referred to as species, were Texas wintergrass 
(Stle), annual grasses (Angr), sideoats grama (Bocu), other warm- 
season grasses (Wsgr), and forbs (Forb). For a more detailed 
description of sampling procedures, see de Moraes (1985). 

Statistical Andyds 
Percentage CP and OMD were statistically analyzed using 

repeated measurements least squares analysis of variance with 
grazing treatment as the main plot and trial as a sub-plot. Botanical 
composition of the diets was analyzed in a similar manner except 
plant species were sub-plots and trial was a sub-sub-plot (Engeman 
et al. 1986). Data from the RG-14 treatment were further analyzed 
to determine if CP or OMD differed between the initial and final 
day of grazing in a paddock using a within paddock split-plot 
analysis. Error variance for statistical tests was based on the 2 
paddocks in the RG-14 treatment and 3 paddocks in the RG-42 
treatment. If the covariance matrix of the repeated measures did 
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Fi6.1. Percentage CPand OMD of cattle diets across 8 trials. Meansfor 
trials wirh same letter are signijiccrnrly dyerent at P = 0.05. 

not satisfy the Huynh-Feldt condition, the probability level of the 
associated F-ratio was based on the Box correction for degrees of 
freedom (Huynh and Feldt 1976). Protected least significant dif- 
ferences were used for mean separation. The paddocks in the RG 
treatment are not independent (Walker and Richardson 1986) and 
any inferences made from this grazing treatment case study to a 
larger population are based on the authors’ experience and sup 
porting literature. 

Relationships between diet composition and herbage parame- 
ters were described using correlations. Herbage data were pub- 

Tabk 1. Correktkm eodfkk& between percentage CP ad OMD in attic d&n and v&m hebceoua ntmdfag uop parameters. 

Live Standing Crop 
JIietcom- (kg/ha) 
ponent Biomass CP OMD 

CP 0.40*+ o.so*+ 0.43.’ 
OMD 0.63’. 0.67+* 0.64** 

l *+Signi!kant at the 0.05 and 0.01 levels. fespcctivety. 

Total Standing Crop 
(kg/ ha) Live/ Dead &UiIlg PrtsSUIe 

Biomsss CP OMD Ratio Live Total 

Correlation Coefficient (r) 
-0.05 0.3tP 0.07 0.66** -0.32’ 0.07 
0.18 0.45++ 0.27 0.68++ -0.31. -0.07 
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lished previously (Heitschmidt et al. 1987a, 1987b, 1987c). Although 
the herbage data were collected on one range site and do not 
represent the entire pasture, we believe the data are representative 
of general pasture differences. 

Results 

Percentage CP in the diet was affected by grazing treatment (P= 
0.02) and trial (KO.OOl), but not by their interaction (m.38). 
Mean percentage CP of diets was greater in the RG-42 (9.3%) and 
MC(9.23%) treatments than the RG-14(8.62%) treatment. Analy- 
sis of CP for each trial separately showed that the only differences 
(PCO. 10) were higher percentages in the RG-42 compared to the 
RG-14 treatments during the January 1983 and March 1984 trials. 
The small average difference among treatments (i.e., <l%) and the 
small number of differences due to treatment when the data were 
analyzed in individual trials indicated that the effect of grazing 
treatment on dietary CP was of minor practical importance. The 
affect of trial on percentage CP (Fig. 1) followed normal seasonal 
trends in forage quality (Heitschmidt et al. 1987b, 1987c). Season- 
ally, diet CP ranged from 6.2% in September 1983 to 12.5% in 
August 1984. Percentage OMD of diets was affected only by the 
main effect of trial (P<O.OOl) which followed seasonal trends 
similar to CP, except that OMD remained low during January 
1984 (Fig. 1). OMD ranged from 53.1% in January 1983 and 1984 
to 63.1% in August 1984. We believe these data provide no evi- 
dence to indicate that increasing the number of paddocks in the 
rotational grazing treatment from 14 to 42 caused an increase in 
diet quality to occur. There were no significant differences in either 
percentage CP (m.24) or OMD (DO.82) between diets col- 
lected at the beginning and end of each grazing period within the 
RG treatment paddocks. 

Botanical composition of the diets (Fig. 2) was affected only by 
species (P<O.OOl) and trial (PCO.001). Seasonal variations in spe- 
cies composition of diets were related to changes in live standing 
crop among the different species caused by temporal differences in 
phenological development among species (Heitschmidt et al. 
1987a). The similarity among treatments in botanical composition 
of diets presumably explains the similarity among treatments in 
diet quality. 

Because estimated live standing crops on clay loam range sites in 
these same paddocks/pastures were not affected by treatment 
(Heitschmidt et al. 1987a, 1987c), it is not surprising that the 
grazing treatments did not affect either the botanical or nutrient 
composition of the cattle diets. Correlations of percentage CP and 
OMD in diets from all trials with various herbage standing crop 
parameters indicated diet quality was more closely related to the 
absolute and relative (live/ dead) amounts of live herbage available 
than to either total amount of herbage available or grazing pres- 
sure (Table 1). This indicates that diet quality varied seasonally as a 
function primarily of availability of live herbage rather than avail- 
ability of total herbage or grazing pressure. 

Nutrient and botanical composition of diets were generally not 
correlated to the amount of live herbage available within a trial. 
This indicates that either differences in standing crop biomass and 
structure among grazing treatments and pastures were insufficient 
to impede diet selection or that the relationship was nonlinear. We 
believe, however, that no relationship existed based on visual 
assessment of the plotted diet composition data against live stand- 
ing crop estimates. The absence of a relationship between diet and 
standing crop is in agreement with the lack of significant differen- 
ces among treatments in the dietary parameters discussed above, as 
well as a lack of differences among treatments in live standing crop 
biomass (Heitschmidt et al. 1987a, 1987c). 
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Fig. 2. Species composition (%) of cattle diets across 8 trials in rotational 
(RG) and continuous (MC) grazing treatments. See text (Sampling 
Procedures) for species identification codes. 

Discussion 

Based on the results of this study, we reject our hypothesis that 
diet quality would be greater in the MC than RG treatment. These 
data indicate that differences in grazing pressure caused by varia- 
tions in stock density did not dramatically affect diet selection. 
This conclusion is supportive of our previous findings that showed 
preference for various plant communities was not affected by these 
grazing treatments (Walker et al. 1988). 

The results from this study are also supported generally by the 
findings of others relative to the effects of rapid rotational grazing 
systems on diet quality and botanical composition. Taylor et al. 
(1980) reported that both botanical and chemical composition of 
diets were similar in a 7-paddock (7-day graze) rotational grazing 
system and a Cpasture, 3-herd deferred rotation grazing system in 
central Texas. In west Texas, Pitts and Bryant (1987) found no 
difference in nutrient composition of diets of fistulated steers graz- 
ing a 16-paddock rotational grazing system compared to continu- 
ous grazing. Differences in botanical composition of diets between 
the 2 grazing treatments were attributed to differences in the floris- 
tic composition of these pastures. New Mexico researchers also 

JOURNAL OF RANGE MANAGEMENT 42(3), May 1989 241 



found differences in botanical composition of cattle diets in rota- 
tion compared to continuous grazing systems (Long et al. 1982) but 
they were not able to separate treatment effects from pasture 
effects. Sharrow (1983) suggested that differences in sheep perfor- 
mance (both positive and negative) between rotational and contin- 
uous grazing treatments on annual hill pastures in Oregon were. 
caused by differences between treatments in diet quality. However, 
he also attributed these dietary differences to differences between 
treatments in available herbage. 

The similarity we observed in quality and botanical composition 
of diets between the first and last day of grazing period in the 
rotationally grazed treatments is also in agreement with most other 
published research (Taylor et al. 1980, Kirby and Parman 1986, 
Pitts and Bryant 1987), although Ralphs et al. (1986) reported that 
significant changes did occur in both sheep and cattle diets during 
3day grazing periods in a simulated rotational grazing treatment 
stocked at various levels. The magnitude of change was directly 
related to the diversity of plant species available in that a shift in 
diet composition occurred only when alternative species were 
available for grazing following depletion of the preferred species. 

The results from these studies tend to sustain Arnold and Dud- 
&ski’s (1978) contention that although grazing behavior may vary 
among grazing treatments in intensive pasture systems as a func- 
tion of differences in forage yield and presentation, it may not vary 
in response to differences in the forage resource in extensive graz- 
ing environments. The absences of differences in diets among 
grazing treatments in this study may also have been caused by a 
lack of large differences in palatability among the major forage 
species in the pastures. This would have important implications 
regarding the long-term effect of various grazing management 
practices on species composition of pastures. 

Lastly, caution should be exercised in the interpretation of these 
data because diet quality is but one aspect of livestock production. 
Still, the results do show that diet quality was maintained in the 
heavily stocked RG treatment at a level near that in the moderately 
stocked continuously grazed treatment. They do not indicate, 
however, that diet quality was enhanced by the RG treatment 
regardless of level of subdivision. Thus, based on the results of this 
study, we simply conclude that our management tactics, relative to 
rate of rotation of the grazing herd (length of graze/ rest in each 
paddock) prevented a serious decline in diet quality within grazing 
trials. 
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