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Abstract

Variation in percent crude protein (% CP) of available forage
was examined at the Texas Experimental Ranch as a function of
grazing treatment, plant species, physiological age of plant tissue,
and season. Results indicate that % CP content varied as much as
function of physiological age of plant tissue as a function of plant
species. Although quantity of crude protein of total standing crop
averaged significantly more in an ungrazed treatment than in a
short duration grazing treatment, % CP was generally greater in
the grazed than the ungrazed treatment. It is suggested that an
increase in quality of forage may be a primary mechanism facilitat-
ing energy flow through short duration grazing systems whereby
dramatic increases in livestock carrying capacity may be realized.

Various parameters may be utilized to reflect quality of a forage.
For example, low quality forage has often been associated with
reduced levels of crude protein, phosphorus, and dry matter diges-
tibility and increased levels of crude fiber and lignin (Streeter et al.
1968, Sims et al. 1971, Wallace et al. 1972). But regardless of the
parameter utilized to measure the quality of a forage, each parame-
ter can be related in some manner to the potential net energy gain
of the consuming animal. Thus, forage quality may be defined in
general terms as any forage parameter altering the net energy gain
of the consuming animal.

Since quality of forage declines with plant maturation (Cook
and Harris 1968, Simsetal. 1971, Stoddart et al. 1975), any grazing
management practice reducing plant aging processes should
increase the quality of forage available to the grazing animal. The
objective of this study was to evaluate the effect of short duration
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grazing (SDG) on quality of standing crop as measured by percent
crude protein content. A basic underlying hypothesis was that a
significant increase in forage quality may at least in part account
for the dramatic increases in livestock carrying capacity reported
by Savory (1978) following implementation of a SDG system
(Heitschmidt et al. 1981a).

Study Area and Methods

Data were collected at the Texas Experimental Ranch during the
1978 growing season as part of a preliminary study to evaluate the
effects of SDG on vegetation growth dynamics and livestock
weight gain (Heitschmidt et al. 1982a, 1982b). Sample plots con-
sisting of two 30 X 60-m replicates located within a fenced exclo-
sure (ungrazed treatment) and in one pasture of a 10-pasture SDG
system (grazed treatment). The SDG system was stocked with
growing heifers at a rate of 0.24 ha/ AUM from early April to early
October. Long-term cow-calf performance data at the ranch indi-
cate a moderate rate of stocking for mature cows under year-long
continuous grazing is near 0.54 ha/AUM (Heitschmidt et al.
1982¢). Rate of rotation of the heifers was such that the grazed
treatment plot was grazed every 35 to 42 days for 3 to 7 days.

Plant tissue for percent crude protein (9% CP) determinations
was initially harvested for estimates of standing crop (Heitschmidt
et al. 1982b). Standing crop was harvested by species in 10 ran-
domly located 0.25-m? quadrats in each replicate on each sample
date. Tillers were separated by stage of maturity into either live,
recent dead (current year’s production), or old dead (previous
year’s production). Samples were oven dried at 60° C to a constant
weight, weighed, and then ground in a Wiley mill utilizing a
40-mesh screen. Samples were collected in both treatments at the
beginning and end of the growing season and immediately prior to
each grazing event. Another sample was collected in the grazed
treatment after each grazing event.

Because quantity of plant material within a replication was often
insufficient for laboratory analyses, duplicate material within a
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treatment was combined and replications were disregarded. Still,
after combining only four species yielded sufficient biomass for %
CP determinations for all age categories across several dates.
species were and their text reference codes are: Texas wintergrass
(Stipa leucotricha Trin. and Rupr.), STLE; Texas cupgrass [Eri-
ochloa sericea (Scheele) Munro], ERSE; sideoats grama {Boute-
loua curtipendula Michx.) Torr.], BOCU;
{Buchloe dactyloides (Nutt.) Engelm], BUDA. Biomass samples of
lesser species were combined into phenologically similar species
groups. Species groups and their text reference codes are warm-

aracgac IWQ(‘.?\ and warm-season forbs (WQFO\ After

season grasses {(WSG
combining, % CP was determined in duplicate by mxcrokjeldahl
techniques (A.O.A.C. 1970) and expressed on a dry matter basis.
For a more detailed description of both the study area and field
sampling procedures, see Heitschmidt et al. (1982a, 1982b).
Standard analysis of variance (AOV) procedures were utilized
for statistical analyses with mean separation following Tukey Q
procedures (Snedecor and Cochran 1967). Variables inciuded in
the AOV models were treatment, date, species, and age category.
Three treatments were compared: ungrazed, before grazing, and

after grazing.

Thaga
1IIUOL

and buffalograss
and ogr

DUL U, ouil

Results

Statistical analyses indicated that the % CP of similar aged tissue
for any given species was not significantly (P<0.05) altered by
grazing treatment. However, significant (P<0.05) differences were

farind
found to exist among species, categories, and dates. Live tissue of

WSFO averaged 149 CP which was significantly (P<0.01) greater
than all other species or species group (Table 1). A portion of the
differences among species in % CP of the live tissue was attributed
to sampling error. For example, a considerable portion of the
individual tillers of both BUDA and BOCU consisted of both live
and recent dead tissue. Since separation into the three age catego-
ries was done in the field by individual tiller, a greater percentage of
recent dead tissue probably contaminated the live tissue for these
two species than for any other species.

Percent CP of WSFO remained 51gn1ﬁcantly (P<O Ol) hlgher as
pldlllb matured ucu:ut ucau; with the 9% CP of BOCU remammg
the lowest (Table 1). Percent CP of old dead varied little among
species except for WSFO's which were significantly (P<<0.01) less
than all other species (Table 1).

Table 1. Crude protein (%) of four plant species and two phenologically
similar species groups for three age categories of tissue averaged across
grazing treatments and dates.

Species/species group'

Category WSFO ERSE STLE WSGR BUDA BOCU
Live 14.0a2 119b 11.7b  10.3bc  9.7¢ 9.1c
Recent dead 9.0a 7.4bc 7.7ab 8.3ab 7.4bc 6.1c
Qld dead 49a 6.4c 6.2¢c 6.3¢c 59bc 5.5b

'WSFQ = Warm season forbs; ERSE = Eriochloa sericea; STLE = Stipa leucotricha;

WSGR = Warm season grasses; BUDA = Buchloe dactyloides; BOCU Bouteloua

curtipenduia.

2Means in a row followed by same letter are not significantly different at P<0.05.
There were no significant (P<0.05) differences among datesin %

CP of the live tissue althoughasthe live tissue aged % CP tended to

decline (Table 2). This trcnd was evident during April, May, and

June and again during September and October.

rClLCIll \,l‘ Ul Lllc recent ucau l.laauc dcuuucd msuuluauu_y
(P<0.05) with age (Table 2). The significant (P<0.01)increase in %
CP in old dead tissue from April to June was most likely the result
of sampling error in that a small portion of recent dead tissue may

have been misclassified as old dead in Mau and June. This small

amount of recent dead tissue could have s1gmf1cantly increased
average % CP values for old dead tissue since total quantities of old
dead tissues were smalli by May and June (Heitschmidt et al.
1982h).
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Table 2. Crude protein (%) for three age categories of tissue on six dates
averaged across four species and two phenologicaily simiiar species
groups.

Month
Category Apr. May June  Aug. Sept. Oct.
Live 11.9a 10.3a 10.5a — 11.9a 11.0a
Recent dead — — — 8.0a 7.8ab  7.2b
Old dead S.4a 5.95 6.3c — —
‘Means in a row followed by same letter are not significantly different at P<0.05.

date within each treaiment was caiculated \rlg l; Uy muluplymg %
CP of individual species by their respective dry weights (Heit-
schmidt et al. 1981b). Statistical analyses indicated significant
(P<0.05) differences among treatments in quantity of total stand-
iﬁg CP. S avulas\.u 18.8, 14.5
ungrazed treatment, the grazed treatment prior to grazing, and the
grazed treatment immediately after grazing, respectively. Relative
contribution of each age category to total standing crop of crude

P‘U‘Cln gene'al!" reflected a graqtpr contribution of live tissue to

the total in the grazed than the ungrazed treatment.
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Fig. 1,
ungrazed treatment (a ) and the short durauon grazing treatment prior to
grazing (b) and after grazing (c) for three age categories of plant tissue.

Total clnnlhna crop crude protein (g/m?) fnr seven dates in the

Average %, CP of total standing crop was calculated by dividing
grams of crude protein by grams of total standing crop (Fig. 2).
Although differences among treatments were not statistically sig-
nificant \r\u UJ}, /o CPin the slnLCd treatmcent a cuwa_ya exceeded
that of the ungrazed treatment with the exception of August. In
addition, % CP was always less at the conclusion of each grazing

event than betore grazmg indicating the heifers selectively
h

Discussion and Conclusion

These data suggest that 9% CP of forage is primarily a function of
the physioiogicai age of the piant tissue. Aithough % CP may vary
as a function of \anPc {ank and Harris 1968, Sims et al, 1971,
Willard and Schuster l973) these data indicate that greater dlfﬁ.r-
ences often occur as a function of age of tissue than as a function of
species. The effects of such factors as fertilization, climate, and
range site on forage quality (Sims et al. 1971, Goetz 1975) can at
least in part, be attributed to alterations in the live/dead tissue
ratio, which is a function of the physiological age of the plant. Thus
ally ulauas\,ul\,lu PI ﬂ\rll\v\r I\'du\rllls lﬂl.\, Uf]\-ﬂf DLII\-O\-\-IIL\- Ul WtimU‘

lating growth should increase average forage quality.
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Fig. 2. Average crude protein (%) of total standing crop for seven dates in
the ungrazed treatment and the short duration grazing treatment prior to
grazing and after grazing.

A reduction in rate of leaf senescence and increased rates of
vegetative growth have both been reported following actual or
simulated grazing (McNaughton 1979) while increases in % CP of
leaf tissue following various levels of defoliation have been
reported by others (Kathju et al. 1979). In each instance, severity
and frequency of tiller defoliation have caused a plant response
which would increase forage quality. Since severity and frequency
of tiller defoliation are major factors controlled by SDG (Heit-
schmidt et al. 1982a), it can be assumed that a properly imple-
mented SDG system will increase average quality of forage
available to the grazing animal if rate of rotation provides the
animals an opportunity to graze pasture regrowth prior to the
onset of appreciable amounts of plant senescence.

Although % CP is not a direct measure of digestible energy, a
positive relationship does exist. Allison (1978) evaluated changes
in in vitro digestible organic matter, % CP, and digestible energy of
cow diets at the Texas Experimental Ranch as a function of grazing
pressure. Utilizing his values, digestible energy (kcal/kg) was pre-
dictable from 9 CP values from the model y = 1273+ 104x where y
equaled digestible energy and x equaled % CP(R?=0.87, P<0.01,
d.f. = 35). Although the quantitative values established by this
regression are of limited value to this study, the positive relation-
ship established between digestible energy and % CP supports a
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general hypothesis that grazing may facilitate energy flow through
an ecosystem (McNaughton 1976). In essence, we suggest that an
increase in quality of forage may prove to be a primary mechanism
facilitating energy flow through a SDG system if a sustained
increase in carrying capacity is realized.
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