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Abstract 

Research was initiated at the Texas Experimental Ranch by 1981 
to quantify the effects of 2 livestock densities on forage quality in a 
rotational grazing (RG) treatment. Livestock densities evabmted 
were equivalent to 14 and 42-paddock RG treatments. Baseline 
data were collected in 1981 from 3 adjacent 30-ha paddocks in a 
465_ha, M-paddock, ceil designed RG treatment stocked at a rate 
of 3.6 ha/cow/year. Near the beginning of tbe 1982 growing season 
the center paddock was subdivided into three, lo-ha paddocks to 
establish tbe RG-42 treatment. Htrbage standing crop was har- 
vested before and after each grazing event during the 40-month 
period, separated by species or species group into live and dead 
tissue, and each fraction analyzed for percentage crude protein 
(CP) and organic matter digestibility (OMD). Livestock density 
bad mbdmial effect on forage quality. Live tissue was of higher 
quality tban senesced tissue regardless of plant species. Increases 
and decreases in overall quality during grazing periods were posi- 
tively associated with rates of plant growth. Number of periods 
when forage quality increased or decreased during grazing and 
magnitude of change were unaffected by treatment. Lack of signif- 
icant treatment effects on forage quality is attributed to tbe general 
absence of significant treatment effects on forage production, spe- 
cies composition, and live/dead ratios. 
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Interest in rotational grazing systems (RG) has increased dram- 
atically in the U.S. during the past IO years. Of particular interest 
has been the claim that proper implementation of a multi-paddock 
RG system will improve livestock carrying capacity of rangeland 
(Savory and Parsons 1980). Although this claimed increase in 
carrying capacity has been attributed generally to increases in 
forage production, it also has been hypothesized that a portion of 
this increase can be attributed to an increase in forage quality 
(Gammon and Roberts 1978, Heitschmidt et al. 1982, Jung et al. 
1985). 

In 198 1 we designed a series of studies to evaluate the effects of a 
RG treatment on quantity and quality of herbage produced and 
consumed, harvest efficiency, animal behavior, watershed condi- 
tion, cow/calf performance, and economic profits. This paper is 
the fourth of a series that report on the effects of 2 livestock 
densities in a RG treatment on quantity of forage produced and 
consumed (Heitschmidt et al. 1987), watershed condition (Pluhar 
et al. 1987), and animal behavior (Walker and Heitschmidt 1986). 
In this paper we report the effects of a 3-fold increase in livestock 
density on forage quality in the RG treatment. Subsequent papers 
will contrast the response of the various parameters in the RG 
treatment to those in a yearlong continuously grazed treatment. 

Methods 

radiating from a common center) RG treatment was initiated in 
March 1981. Rate of stocking was 3.6 ha/cow/year from March 
1981 until June 1984, after which rate of stocking was reduced to 
S.l/ha/cow/year because of drought (Heitschmidt et al. 1987). 

Initially the treatment consisted of 14 paddocks that averaged 33 
ha. In March 1982, one 30-ha paddock was subdivided into three, 
IO-ha paddocks, thereby creating a livestock density equivalent to 
that in a 42-paddock system. The IO-ha paddocks are hereafter 
referred to as the RG-42 treatment and the 27-ha paddocks as the 
RG-14 treatment. 

Immediately before and after every grazing event from March 
1981 to December 1984, the herbaceous vegetation in ten, 0.25-m2 
quadrats was harvested at ground level by species/species group. 
Dominant species/ species groups (hereafter referred to as species) 
and their designated codes were sideoats grama [Boureloucl curli- 
pen&la (Michx.) Torr.] (Bocu); Texas wintergrass [Sripu leucotri- 
cha Trin. and Rupr.] (Stle); annual grasses (Angr); other warm- 
season grasses (Wsgr); annual broomweeds [Xunrhocephlum 
spp.] (Xasp); and other forbs (Forb). Following drying (60” C) and 
weighing, estimates of live/dead ratios were made by weighing 
hand-separated subsamples of each species from each treatment. 
Live tissue was any tissue possessing green color. Before and after 
grazing subsamples were then combined across treatments by cate- 
gory (live and dead) and species for qualitative laboratory ana- 
lyses. Percentage crude protein (CP) was estimated following 
standard A.O.A.C. (1970) procedures. In vitro organic matter 
digestibility (OMD) was estimated according to Tilley and Terry 
(1963) as modified by Van Soest and Wine (1967). 

Live and dead CP and OMD standing crops (kg/ ha) were calcu- 
lated for each species on all sample dates by multiplying live and 
dead organic matter standing crop estimates (Heitschmidt et al. 
1987) by their respective %CP and %OMD values as determined in 
the laboratory. Live and dead CP and OMD standing crop esti- 
mates were summed and divided by total organic matter for overall 
%CP and %OMD. For example, assume for a given sample %CP 
and organic matter standing crops were 10% and 50 kg/ ha for live 
Bocu and 5% and 70 kg/ ha for dead Bocu. Average %CP for Bocu 
was, therefore, 7.08% = [(. 10 X 50) + (.OS X 70)]/ 120. Average %CP 
and %OMD for total standing crop was estimated by summing CP 
and OMD standing crop for each species and dividing by total 
organic matter standing crop. 

All data were subjected to least squares analyses of variance 
utilizing a split block mode1 (Little and Hills 1978) to test for the 
main effect of treatment (RG-14 vs. RG-42) and the subplot effect 
of time (before and after grazing). The error term for testing 
significant treatment effects (KO.05) was pastures within treat- 
ment. The residual was used to test for significant (KO.05) time 
and treatment by time interaction effects. Student Q procedures 
(Snedecor and Cochran 1967) were used for mean separations 
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ally higher in percentage CP and OMD than dead senesced tissue 
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Fig. 1. Mean monthly crude protein concentrations flo)for live and dead 
tissue of 5 specieslspeciesgrotqs over a 40-month period. Vertical lines 
represent range of values. See textfor identtfication codefor speciesls- 
pecks group. 

among sample dates than quality of dead tissue, because quality of 
live tissue is relatively more sensitive to physiological age than dead 
tissue (Uresk and Sims 1975). Rate of tissue maturation is highly 
dependent on environmental growing conditions, and in a highly 
variable environment, quality of forage during a growing season or 
year can vary widely. Quality of live tissue over years generally 
followed the quantitative pattern of plant growth (Heitschmidt et 
al. 1987), increasing during periods of rapid growth and decreasing 
during periods of slow or no growth. The range in values was 
generally greatest in late summer because growing conditions dur- 
ing this period were variable and closely coupled to infrequent 
precipitation events. 

Generally, percentage CP of the live tissue of the cool-season 
grass species (Stle and Angr) was greater than that of the warm- 
season species (Bocu and Wsgr) (Fig. 1). Maximums were about 
16.5% CP for Stle and 13.5% for Wsgr. Minimums were about 
7.5% for Stle and Angr and 5.0% for Bocu. Percentage OMD of 
live tissue (Fig. 2) was generally less variable among species and 
sample dates than was %CP. 

Overall quality of available forage in this study was highly 
variable and reflected strong seasonal patterns (Fig. 3). The sea- 
sonal patterns were related closely to growth patterns as reported 
previously (Heitschmidt et al. 1987). Statistical analyses, however, 
indicated minimal treatment effects. Over the 25 sample dates, 
%CP varied significantly between treatments only in April 1982, 
when CP in the RG-14 treatment averaged 9.7% as compared to 
8.9% in the RG-42 treatment. OMD varied significantly between 
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Fig. 2. Mean monthly organic digestibility @@for live and dead tissue of 5 
species Jspecies groups over a 40-month period. Vertical lines represent 
range of values. See text for identification code for species/species 
group. 

treatments on 3 dates: August 1982, September 1982, and April 
1983. On these 3 dates, OMD in the RG-14 treatment averaged 
54.9,52.0, and 64.1%, respectively, as compared to 56.7,52.5, and 
61.1%, respectively, in the RG-42 treatment. 

There were 9 instances when %CP changed significantly during a 
grazing event and 7 instances when OMD changed significantly 
(Fig. 3). Declines in quality were generally asociated with periods 
of slow or no growth (Heitschmidt et al. 1987) while increses were 
generally associated with periods of rapid growth. Presumably, the 
declines reflected the effects of diet selection on overall forage 
quality. However, during periods of rapid vegetation growth, the 
negative effect of diet selection on overall forage quality was 
apparently less than the positive effect of new growth. 

There were only three instances when the treatment by time 
interaction effect was significant for %CP: June 1981, June 1983, 
and July 1983. However, absolute differences were small and not 
biologically interpretable. There were only 2 instances when the 
treatment by time interaction effect was significant for %OMD: 
October 1982 and June 1983. These interactions were also consi- 
dered to be of little biological importance. 

Conclusion 
Increasing number of paddocks in the RG treatment from 14 to 

42 did not consistently alter forage quality over the year or during a 
grazing period. These results agree with concurrent studies which 
showed that neither forage production, plant species composition, 
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Fig. 3. Crude protein concentration @) and organic matter digestibility 
e/o., of total herbage standing crop in 14 (RG-14) and 42 (RG-42)pad- 
dock rotationalgrasing treatments on 25 sample &tes over a IO-month 
period. Data points are average forage quality values before and after 
grazing. Arrows ( ! 1 ) represent sample dates when forage quality 
values either increased or decreaseda significant (P<O.OJ)amount in one 
(4 drrtes) or both (12 dates) treatments. 

nor live/dead ratios were significantly altered when number of 
paddocks was increased from 14 to 42 (Heitschmidt et al. 1987). 
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