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I - Simulated Short Duration Grazing System: Effects on

Production of Big Bluestem and Associated Species



Introduction

Increased livestock production and maintenance of desirable range
plant vigor are the primary goals of most grazing systems. Smith (1895)
formulated a rotation-grazing system that divided the range into units
which were grazed successively thereby allowing the grasses to maintain
their vigor and set seed.

Smith and Owensby (1978) found that livestock gains may be improved
by intensive stocking (twice the normal rate) during the first half of
the season from May 1 to July 15. The total grass yield as well as the

percent basal cover of big bluestem (Andropogon gerardi Vitman) were

greater under intensive early stocking (IES) than under continuous
season-long stocking (CSLS) at the normal rate in Kansas Flint Hills
range. They also showed that under both IES and CSLS, the later part
of the growing season is most critical for carbohydrate and nitrogen
reserve build-up in big bluestem.
Trlica and Cook (1972) noted that clipping during the later part
of the growing season was detrimental to plant vigor and that the ex-
pected amount of new growth from the defoliated plants was positively
correlated with the length of the remaining period in the growing season.
Although clipping results in more severe injury to grasses than
does grazing (Whitman et al. 1961), considerable information may be
obtained fram the reaction of plant species to defoliation (Sarvis 1923).
The effects of intensive clipping on big bluestem and other major

grass constituents of the Kansas Flint Hills Prairie have been reported



by different authors. Aldous (1930) and Biswell and Weaver (1933)
found that the yield of prairie grasses decreased significantly with
increased frequency and intensity of clipping, especially during the
second half of the season.

Frequent clipping, particularly late in the season, depresses
plant food reserves. Severe clipping intensities are likely to injure
plant meristems resulting in delayed production of new tillers and as
a consequence, both herbage yield and plant food reserves are lowered
(Daubenmire 1947, Singh and Mall 1976).

Goodloe (1969) reported a new ranching method referred to as
the Short Duration Grazing (SDG) system which would improve the range
condition even with intensive harvesting. Under SDG, the range is
divided into several pastures. The period of occupation of any given
pasture must be short enough so individual tillers are not grazed a
second time, whereas the period of nonuse must be long enough to allow
for recovery of the vegetation (Voisin 1959, Voisin and LeComte 1962,
Lewis 1981).

The present study was designed to determine the response of
big bluestem as well as the other associated'species to clipping treat-
ments at 2.5, 10, and 15 am stubble heights under an 8-pasture SDG
system. Two clipping frequency regimes were tested. The first consisted
of 4-day intervals between pasture clippings season long. The second
consisted of the same 4-day intervals from May 4 to July 15, then of

6-day intervals from July 16 to Octcber 1.



Study area and methods

Study area
The study was conducted on a clay upland range site in the Flint

Hills of the True Prairie, 7 miles northwest of Manhattan, Kansas. The
soil was an Irwin silty clay loam (fine, mixed, mesic, Pachic Argiustoll).
The study site had not been grazed the previous year, but it had been

burned in the late spring, for the previous 2 years.

Plant community

The clay upland range site constitutes over 26% of the Flint Hills
grasslands and is dominated mainly by big bluestem, little bluestem

(Andropogon scoparius Michx.) and Indiangrass (Sorghastrum nutans (L.)

Nash) (Anderson and Fly 1955). The species scientific names reported
here follow Anderson and Owensby (1969).
The botanical composition of the study area was sampled on October 20,
1981, using the modified step-point method developed by Owensby (1973).
A sample of 125 points was read. It showed that the total basal cover

was 8.8% (Table 1). Range condition was excellent, 81.8% (USDA-SCS 1968).

Experimental design

The experimental design consisted of a split-split-plot replicated
three times. Whole plots were eight randomized adjacent pastures. Two
sub-plot treatments were applied. The first consisted of a 4-day clipping
interval from one pasture to the next throughout the growing season; thus,
resulting in five rotations. The vegetation was allowed a uniform rest
period of 32 days within each rotation (clipping frequency regime (1) }.

The second sub-plot treatment consisted of a 4-day clipping interval from



Table 1. Botanical composition and basal cover of species on the clay

upland range site of the study area. October, 1981

Species | Botaz}ic_:al Basal
Composition % Cover %
Sorghastrum mutans 20.8 1.83
Andropogon gerardi 17.6 1.55
Andropogon scoparius 14.4 1.27
Panicum scribnerianum 8.8 0.77
Bouteloua curtipendula 8.0 0.70
Carex sp. ° 8.0 0.70
Artemisia ludoviciana 3.2 0.28
Symphoricarpos: orbiculatus .2 0.28
Eragrostis spectabilis 2.4 0.21
Poa pratensis 2.4 0.21
Sporobolus asper 2.4 0.21
Antennaria neglecta 1.6 0.14
Buchloe dactyloides 1.6 0.14
Leptoloma cognatum 1.6 0.14
Panicum virgatum 1.6 0.14
Cornus drummondi 0.8 0.07
Sisyrinchium angustifolium 0.8 0.07

Solidago altissima 0.8 0.07




pasture to pasture during the first half of the season from May 4 to July
15 of 1981; then a 6-day clipping interval between pastures during the
second half of the season from July 16 to October 1 of the same year,
resulting in four rotations only. This second sub-plot treatment (clipping
frequency regime (2)) differed fram the first by the progressive shift
of the rest period given to the vegetation, from 32 to 48 days in a pasture
during the later part of the growing season. Each pasture was clipped
on a- single day. The clipping calendars are given in Table 2.

The sub—-sub-plot treatments were three cutting heights of 2.5, 10,
and 15 cm from the ground.

The three replications were made within three blocks located within
each pasture. Blocking was made against a gentle slope gradient.

The plots were 3 x 3 m in size. Within each of these plots, square
0.25 m? experimental units were selected such that they contained enough
big bluestem plants to ensure measurement taking throughout the growing
season, and avoid destruction of experimental material by excessive defoli-
ation treatments.

The same process of experimental unit selection was carried out for
two other important warm—-season grasses which were little bluestem and

Indiangrass.

Methods

Defoliations were made on the experimental units within the plots
at the assigned intensity and frequency, using hand manipulated mechanical
shears. Clipping was first made on the species for which the experimental
unit was selected, then other grasses, forbs and shrubs separately. Each
of the listed categories of herbage were stored in a properly labelled

paper sack after removal of the dead material. Aall samples were stored



Table 2. Clipping calendars using two different clipping frequency

regimes throughout the growing season.

Successive pastures

1 2 « o 4 5 6 7 8
Clipping frequency regime (1): CFR1
4-day interval between pastures all season long.
Rotation 1 May 4 May 8 May 12 May 16 May 20 May 24 May 28 Jun 1
2 Jun5 Jun 9 Jun 13 Jun 17 Jun 21 Jun 25 Jun 29 Jul 3
3 Jul 7 Jul 11l Jul 15 Jul 19 Jul 23 Jul 27 Jul 31 Aug 4
4 Aug 8 Aug l2 Aug 16 Aug 20 Aug 24 Aug 28 Sep 1 Sep 5
5 Sep 9 Sep l3 Sep 17 Sep 21 Sep 25 Sep 29 Oct 3 Oct 7
Clipping frequency regime (2): CFR2
4-day interval from May 4 to July 15,
then 6-day interval from July 16 to Oct 1.
Rotation 1 May 4 May 8 May 12 May 16 May 20 May 24 May 28 Jun 1
2 Jun5 Jun 9 Jun 13 Jun 17 Jun 21 Jun 25 Jun 29 Jul 3
3 Jul 7 Jul 11 Jul 15 Jul 21 Jul 27 Aug 2 Aug 8 Aug 14
4 Aug 20 Aug 26 Sep 1 Sep 7 Sep 13 Sep 19 Sep 25 Oct 1




in a dark nylon bag while in the field, then they were dried at 60 C for
2 days in a forced—-air oven and weighed to the nearest decigram.
Because of initial variability in the vegetation density of the experi-
mental units, the yield at the first rotation (yield kl) was used as
a covariate in all subsequent rotations. Thus the response variables
for either big bluestem alone or total vegetation (including big bluestem)
were changes from initial Yieldg:]_ throughout the groﬁmg season. Since
the two clipping frequency regimes differed in the number of rotations,
a compination of two mathematical models was used for a split-split-plot
analysis of variance of the change in production gs follows:
-If clipping frequency regime (1): "change" =R£l yield - 5 {yieldR=l)
4
-If clipping frequency regime (2): "change" =R£l yield - 4 (yieldR=l)
In order to study the effect of rotation, clipping height and their
interaction, the observations relative to the fifth rotation were deleted
in order to have a balanced design in regard to the number of rotations

which were added as a sub-sub-sub-plot treatment.



Results and discussion

Big bluestem responses

Pasture effect

There was a significant (P<0.0l) effect due to the sequence
of pasture clipping on the change of big bluestem production during
the growing season (summed over rotations) using the initial clipped
yield at the first rotation (Rl) as a covariate after averaging over
clipping frequency regimes and heights (Fig. 1). This general declining
trend in productivity from the first pastures to the last sequentially
clipped ones was earlier documented by Owensby and Anderson (1969) who
found that with a single clipping, the bluestem plots that were clipped
earlier in the season regrew quicker than those clipped later.

A significant (P<0.0l) interaction between pastures and rotations
was . found (Fig. 2). Because of the initial variability in big bluestem
stands, Rl vields were not included in Fig. 2. At the second rotation
(R2) , the change in big bluestem herbage yield was significantly lower
in two of the last sequentially clipped pastures (6 and 7) compared
to the other preceding pasturés (Fig. 2). Furthermore, except for these
pastures (6 and 7), all others yielded more big bluestem herbage at
the second cut (R2) than initially (at Rl). At the third rotation (R3),
the change in big bluestem herbage yield was on the positive side for
all pastures indicating an accelerated growth period particularly for
the last four pastures (5, 6, 7, and 8) which yielded significantly

more at R3 compared to R2 (Fig. 2). However, at the fourth cut (R4)
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(Fig. 2), the general shape of the curve indicated that big bluestem
growth may have levelled off and the variable "change" started to drop
significantly (P<0.05) as one proceeded from pasture to pasture and
became negative for pastures 4, 6, 7, and 8. Except for pasture 2,
big bluestem herbage yield was significantly lower (P<0.05) at the
fourth cut compared to that of the third cut. Owensby et al. (1974)
found that with increased clipping frequency big bluestem herbage
yields decreased linearly the following year.

Although the observations of the fifth cut (R5) were analyzed
separately fram the rest of the data, they still showed the slowing
growth process by the season's end (Fig. 2).

Knowing that plant growth over time is sigmoidal in nature
(Salisbury and Ross 1978), it may be assumed that the initial slow
growth period started early in the season with Rl. Rotations 2 and 3
might correspond to the accelerated growth phase of a general sigmoidal
growth curve, and R4 and R5 cbviously correspond to the second slow
growth portion of the sigmoidal curve. The fourth cut (R4) started on
August 8 and August 20 for clipping frequency regimes (1) and (2) respec-
tively, but the "change" became negative at the fourth pasture which was
clipped on August 20 and September 7 under clipping frequency regime (1)
and (2) respectively. This corroborated earlier results of Hyde and
Owensby (1975) and Owensby and Anderson (1969) who found that maximm

bluestem production occurred in late August.

Clipping frequency regime effect

When averaged across pastures and clipping heights, plots cut
five times at uniform intervals under clipping frequency regime (1)

(CFR1) yielded significantly (P<0.05) less big bluestem herbage than
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those clipped four times only, at increased intervals during the second
half of the season under clipping frequency regime (2) (CFR2) (Fig.3).
This is in agreement with the results of Owensby et al. (1974) which
showed that under increased clipping frequency, big bluestem herbage
yield, tiller density and carbohydrate reserves decreased. However,
when the observations of the fifth cut (R5) were deleted, thereby making
both clipping frequency regimes equal in regard to the number of suc-
cessive defoliations, there was no significant (P<0.44) difference between
big bluestem herbage yields at any clipping frequency regime. Thus,
increased rest periods during the second half of the season under CFR2
did not result in increased yields campared to clipping at regular inter-
vals throughout the growing season under CFR1 (Fig. 4). Although this
may seem contradictory to the findings of Trlica and Cook (1972) who
reported that the expected amount of growth from the defoliated plants
was positively correlated with the time remaining for favorable photo-
synthesis processes before the onset of dormancy, the increased rest
periods under CFR2 were in fact beneficial to big bluestem plants in
that the excess photosynthates were translocated downward to replenish
carbchydrate reserves. Indeed, Ben Mansoura (1983) found that by the
third rotation big bluestem rhizomes in the plots clipped at increased
rest periods had significantly higher total nonstructural carbohydrates
than those in the plots clipped at regular intervals. He also observed
the same difference by the next spring following defoliations. Thus,
defoliation frequency is a two-fold matter in that not only the number
of defoliations is of importance, but at equal numbers of defoliations,
the time allowed for regrowth between successive defoliations is also

equally important particularly for recovery of plant vigor.



13

*(S0°0>d) 3Ise3 obuex sTdrT3Tnur S, UPOUNg

0} burproooe JuexeIITP ATIUROTITUDTS SIe SIS JUSISIITP YT sIxed sjybrey burddi(o pue

soanised Jan0 peberaay *sawrbox Aousnbexay butddrio jusaeIITp amy Aq pejooyie Se ‘S3eTIenco e
se preTA T buTsn (SUOT3P]OI JI9A0 PSULNS) UOSESS aU3 I9A0 PTOTA obeqroy uegsentq btq ur sbueyd ¢ *bra

SAWIHAY AO9NINOIT A HNIJJAITD

(2) (T)
0
0°'T
q 8
{0°¢ mm
lo-c mw
Q
o'y © uo
i
10°9 ) m
T B
=) 0°9 2

*T "3090 03 9T ATnr woxy sTeArsjuT Aep-9 usyz ‘g1 Ao o3
¥ Aew woxz sbutddrTo samased usamisq sTeAIDjuT Aep-j

*buor uosesas e
sbutddrTo sanjsed usemisq STeRAISJUT Aep-§ Jenbsy




14

Regular 4-day intervals between pasture clippings
all season long.
4-day intervals between pasture clippings from May 4
to July 15, then 6-day intervals from July 16 to Oct. 1.
+2.0
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CLIPPING FREQUENCY REGIMES

Fig. 4. Change in big bluestem herbage production as affected by two clipping
frequency regimes at different rotations using Rl yield as a covariate.
Averaged over pastures and clipping heights. Bars of a given rotation
with same letter are not significantly different according to Duncan's
multiple range test (P<0.05)
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Clipping height effect

The entire data analysis of variance showed a significantly
(P<0.01) increasing big bluestem herbage yield as the clipping height
increased from 2.5 to 10 and to 15 cm from the ground when averaged
over pastures and clipping frequency regimes but summed over rotations
(Fig. 5). Neiland and Curtis (1956) reported a similar big bluestem
response to defoliation intensity. Under the severe defoliation of
2.5 am cutting height, the cumulated change in big bluestem herbage
production over the different rotations using Rl yield as a covariate
was negative (Fig. 5). This suggested that the photosynthetic area
left at this clipping height (2.5 cm) was insufficient and growth limiting. -

There was a significant pasture by clipping height interaction
effect (P<0.05) which was due to big bluestem pfoduction being depressed
in pastures 6and 7 at the 2.5 cm stubble height and in pastures 7 and 8
at the 10 am stubble height (Fig. 6). At the 15 cm cutting height,
there was no pasture sequence effect (Fig. 6). The severe defoliation
of 2.5 cm had a tremendous effect in that it masked the effects of the
other two defoliation intensities when big bluestem change in yield
was averaged across the three cutting heights in Fig. 1. Indeed there
was a striking resemblance between the shape of the curve in Fig. 1
and that in Fig. 6 at the 2.5 cm stubble height. Hence, contrary to
the belief that yield is supposed to be a reflection of the cutting
height (Singh and Mall 1976), it may not always be so, particulary when
dealing with severe defoliations. Although there was no significant
difference (P<0.05) between big bluestem yields at 10 and 15 am cutting
heights when considering individual pastures (Fig. 6), the total above-

ground big bluestem yield was significanlty higher at 15 cam than at
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10 am clipping height when averaged over pastures (Fig. 5). In both
cases, yields at 2.5 cm were significantly less than at the other clip-
ping heights.

No significant interaction effect between clipping frequency
regime and height existed (P<0.34). However, Fig. 7 showed that when
big bluestem plants were subjected to the 15 cm éuttmg height, the
change in yield over the season (summed over rotations using Rl yield
as a covariate) was not affected by the difference in the two clipping
frequency regimes, when averaged across the eight pastures. This sup-
ports the finding of Perry and Chapman (1976) who concluded that the

survival of basin wildrye (Elymus cinereus Scribn. and Merr.) plants

was not affected by clipping frequency when subjected to the highest
clipping height. However, at the most severe clipping intensity, the
same authors found that basin wildrye survival was proportional to clip-
ping frequency.- An analogous result was found here since at the defoli-
ation of 2.5 cm from the ground, the less intensive clipping frequency
regime (2) favored a significantly better big bluestem regrowth compared
to that under clipping frequency regime (1) (Fig. 7).

At the critical 10 cm clipping height, big bluestem plants
yielded significantly less herbage than when clipped at 15 cm under
the same CFRl. Thus in order to eliminate the deletrious effect of
more frequent clipping, an increase in cutting height was necessary
(Aldous 1930). Nonetheless, under CFR2, less defoliations and increaéed
rest periods during the late season allowed big bluestem plants clipped
at 10 cm stubble height to regrow and produce herbage at levels com-

parable to those of plants subjected to the 15 cm stubble height treatment.
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Rotation effect

Averaging over all treatments, the third cut (R3) showed the
highest (P<0.05) yield in big bluestem herbage compared to that of the
second or fourth cut using the initial cut (Rl) yield as a covariate
(Fig. 8). At R2 which occurred earlier in the season, big bluestem
plants had a positive change in yield compared to that of Rl, but their
regrowth was significantly slower than at R3. Late in the season however,
the aboveground regrowth of big bluestem between the third and fourth
cut was significantly depressed resulting in negative yields which meant
that the yields at R4 were less than those of the initial cut (Rl)

(Fig. 8). These results agreed with Buwai and Trlica (1977) and Trlica
and Cock (1971) who found that with late season defoliations plant regrowth
and consequently plant herbage yields were drastically reduced.

A highly significant (P<0.0l) interaction effect due to rota-
tion by clipping height was found. Fig. 9 showed that at the two cutting
heights of 10 and 15 cm, the cumlative change in big bluestem production
culminated by the time of the third cut, then dropped by late season
(R4) . Under close defoliation (2.5 cm stubble height), the change in
big bluestem yield was negative at all subsequent cuts compared to the
initial one. Early in the season there was no difference between the
growth rate after one or two clippings under close use (Fig. 9). How-
ever, after a third cut, herbage production ability of big bluestem
worsened significantly. Hence, close clipping, particularly late in
the season, reduced big bluestem herbage yield drastically. Owensby
et al. (1974) working in the Tallgrass Prairie warned a'gainst intensive
use during the entire growing season as it resulted in lower tiller

density, herbage yield, and carbohydrate reserves the following year.
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Ben Mansoura (1983) confirmed this carry-over mechanism since he found
that by the spring following the defoliations, big bluestem plants clipped
at 2.5 am fram the ground in the eighth pasture of an 8-pasture SDG
system had significantly less carbohydrate reserves in their rhizomes
compared to those cut at 10 or 15 cm stubble height. Fig. 9 showed
also, that early in the season there was no statistical difference in
big bluestem herbage production when subjected to either 10 or 15 cm
stubble height (R2). However, Ben Mansoura (1983) reported that big
bluestem plants subjected to the 15 cm cutting height had at R2 signifi-
cantly more carbohydrate reserves in their rhizomes than those subjected
to the 10 cm defoliation height. Thus, when comparing the effects of
different clipping heights, herbage yield alone may not be a safe cri-
terion. During the accelerated phase of big bluestem regrowth at R3,
there was an indication that the lower photosynthetic area left at the
10 cm stubble height was limiting ccmpaﬁ:ed to that left at the 15 cm
cutting height since the change in big bluestem herbage production was
significantly lower at 10 can than at 15 cm stubble height. Although
there was no signficant difference in the late season (R4) between the
change in big bluestem herbage production when subjected to 10 or 15
cm defoliation height, a subtle clarification should be made. Indeed
Fig. 7 confirmed this result but only under the less severe CFRZ.

A fifth cut under CFRl (analyzed separately) resulted in further
depression of big bluestem herbage yields under all cutting heights
(negative change values). The more severe the cutting height was, the

more accentuated the depression.
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Total vegetation responses

Pasture effect

The regular clipping sequence of pastures 1 thru 8 throughout
the growing season sigrﬁficahtly affected (P<0.0l) the cumulated change
in total vegetation production summed over rotations and averaged over
clipping frequency regimes and heights, using Rl yield as a covariate
(Fig. 10). Each pasture was subjected to nine clipping dates (five
under CFR1 and four under CFR2). Pastures 1, 2 ard 3 had six clipping
dates that occurred during the first half of the season from May 4 to
July 15, whereas pastures 4 thru 8 had only four clippings that occurred
during the same period. The remaining five clipping dates took place
during the second half of the season (Table 2). Although July 15 may
not be a clear cut division between two deliberate halves of the sea{son,
the environmental conditions usually deteriorate in the Flint Hills
during the later part of the season (higher summer temperatures and
less soil moisture). Thus, under short duration grazing, the earlier
a pasture is used, the better its vegetation performance would be. Earlier,
Smith and Owensby (1978) found that with intensive early use from May 1
to July 15 at twice the recommended stocking rate the yield of perennial
grasses as well as animal weight gains/ha were higher than under contin-
uous year-long use at the normal stocking density.

The declining trend in total vegetation production as one moved
fram one pasture to the next in Fig. 10 was even more accentuated than
with big bluestem alone (Fig. 1).

After deletion of R5 observations, the analysis of variance

showed a significant (P<0.0l) pasture x rotation interaction. Fig.1ll
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showed the deleterious effects of successive clippings particularly late
in the season (Aldous 1930, Owensby et al. 1974), since at the fourth

and fifth clippings, the change in total végetation production was mostly
negative and had a decreasing trend particularly at R4 (Fig. 11). Early
in the season however, only the later pastures were affected. Indeed,

all pastures yielded equally well excépt pastures 7 and 8 whose producticn
was depressed at the second and third cuts campared to the previous ones.
There was also no difference between the pasture yields at R2 or R3

except for pastures 76 and 7 which yielded significantly less at R2 than
at R3. _

Clipping frequency regime effect

Clipping frequency regime (1), which consisted of five successive
defoliations at regular intervals, significantly (P<0.0l) depressed the
production of big bluestem and its associated species compared to only
four clippings at increased rest periods during the second half of the
season. Because of the negative change (Fig. 12), the cumulative effects
of CFRL were more drastic on the total vegetation production than on that

of big bluestem alone (Fig. 3).

Clipping height effect

When summed over rotations and averaged over pastures and clip-
ping frequency regimes, the defoliation intensity had a significant
(P<0.01) effect upon the change in total vegetation production using
Rl yield as a covariate. As the clipping héight increased, the total
vegetation yield significantly increased (Fig. 13). The severe clipping
height of 2.5 cm from the ground had a pronounced detrimental effect

upon the total vegetation as the variable "change" was on the negative
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side (Fig. 13) as was the case with big bluestem alone (Fig. 5). Further-
more, this cutting height deeply affected the overall response of the
total vegetation production (similarly to big bluestem alone) since

the yield pattern due to the 2.5 cm defoliation height in Fig. 14 was
remarkably similar to that in Fig. 10 which depicted the significant
(P<0.01) height x pasture interaction effect.

The last pastures (7 and 8) were mostadversely affected at
the 2.5 cm cutting height. The increase in clipping height to 15 cm
partially removed the effect of pastures since there was no significant
difference among pastures clipped at 15 cm (Fig. 14). With the earliest
pasture use (Pasture 1), the "change" variable was on the positive side
even under the most severe clipping height. In contrast, the last pas-
tures 7 and 8 had a negative "change" not only at 2.5 am but alsc at
the 10 am stubble height, a fact that did not occur for the other pas-
tures. Besides, only pasture 8 yielded significantly less at 10 am
than at the 15 am cutting height. All these observations supported
the conclusion that earlier pasture use under an SDG scheme may result
in better vegetation herbage yields. Later pasture use, on the other
hand, may call for some concern not only in regard to herbage production
but also towards vegetation persistence and survival particularly with
increased use intensity.

Height x clipping frequency regime interaction was significant
(P<0.01). At the 15 cm cutting height, there was no significant (P<
0.05) difference between the total vegetation yields under either clip-
ping frequency regime (Fig. 15). The same result was observed at the
10 cm cutting height which however resulted in yields comparable to

those at the 15 am stubble height when the vegetation was allowed more
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regrowth time late in the season and saved fraom a fifth cut under CFR2.
At the 2.5 cm cutting height (Fig. 15) four cuts at increased regrowth
time during the second half of the season resulted in significantly
higher production of big bluestem and its associated species than under
five regularly spaced cuts. Nevertheless, clipping bluestem vegetation
at 2.5 an from the ground was detrimental under both clipping frequency
regimes because of negative ordinates in Fig. 15 which did not occur
under the two other clipping heights. The grass stands subjected to
this heavy defoliation were by the season's end remarkably reduced com-—
pared to those subjected to lesser defoliation intensities. Aldous
(1930) , clipping Kansas Flint Hills vegetation yearly at either 30 or
42-day intervals found that by the third year, the vegetation green
weights decreased by about 80% compared to the first year clipping
yields. Thus repeated heavy defoliations on bluestem vegetation may

be detrimental to Tallgrass Prairie vegetation particularly when no

late season rest was provided (Owensby et al. 1974).

Rotation effect

A significant (P<0.0l) rotation effect upon the total vegetation
production was found. Increasingly higher vegetation growth rates
occurred during early and mid~-season with peak ?roduction of the total
vegetation in early to mid-August by R3 (Fig. 16). After that, negative
yields (campared to those of the initial clipping) were recorded at R4
as well as at R5. Kothmann et al. (1983) experimenting a l6-pasture SDG
system in Texas reported that grasses and forbs had negative net growth
rates after an August peak in standing crop. This sugges{:ed that more
rapid movement from one pasture to the next during accelerated growth

phases at R2 and R3 could probably be advantageous in terms of vegetation
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production and may help reduce plant senescence losses which were found
to be important even early in the season (Brown and Stuth 1983).

A significant interaction effect between rotation and clipping
height (P<0.0l1) is depicted in Fig. 17. Under the 2.5 cm clipping
height, the total vegetation production worsened from one rotation to
the next and was significantly lower than that at any of the two other
cutting heights at all rotations excluding the first clipping. A com-
parison between Fig. 16 and Fig. 17 at R4 illustrated how deeply the
severe 2.5 cm clipping height affected the overall response of the vege¥
tation. In fact, even at R4, plots subjected to either 10 or 15 cm
clipping height continued to exhibit positiwve changes in production
(Fig. 17) . Moreover, at the 15 am clipping height there was no signi-
ficant difference between the vegetation growth rates at R2 or R4.
Although the difference in production change between 10 and 15 cm cutting
height treatmenté was not significant at any given rotation, the growth
rate late in the season (R4) was sign:i:ficantly lower than that in early
season (R2) contrary to the 15 am clipping height treatment. Thus, the
10 om clipping height treatment could be labelled as critical.

A fifth cut adversely affected the total vegetation production
(Fig. 17). A further worsening trend occurred within R5 as the defoli-
ation intensity increased.

Rotation by pasture by clipping frequency regime and rotation
by pasture by cutting height interactions were significant (P<0.0l).
This was primarily due to the declining trend in pasture yields (Fig. 10),
the cubic response of the vegetation to rotation effect (Fig. 16) and
the overriding effect of the 2.5 cm clipping height compared to the

effects of 10 and 15 cm stubble height treatments.
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Conclusions and Management Implications

Under a simulated 8-pasture SDG system there was an indication
that the production of big bluestem and its associated species was
reduced in at least the last three pastures. Vegetation production
in the first pasture was significantly higher than any of the others.

An increased growth rate was observed in the first three rotations
which suggested that a more rapid movement from pasture to pasture in
early to mid-season might be advantageous. After an early August peak
in standing crop, the production diminished appreciably by late season
but was still satisfactory at the fourth clipping particularly at the
optimm 15 cm stubble height treatment. A fifth rotation resulted in
yields lower than those obtained at the initial clipping at all cutting
height treatments.

A clipping frequency regime based on regular 4-day intervals
between pastures throughout the growing season resulting in five rota-
tions was not significantly different from that consisting of the same
4-day intervals between pasture clippings during the first half of the
season, then shifted to 6-day intervals in the second part of the season
resulting in only four rotations, when the clipping height was 15 cm.

At the lower cutting heights of 10 and 2.5 cm from the ground herbage
production of both big bluestem and total vegetation were significantly
favored by the four rotation clipping frequency regimes which in addition
to a lesser number of defoliations provided increased rest periods late

in the season.
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Big bluestem and associated species had their production drastically
depressed when subjected to a 2.5 cm cutting height and showed a worsening
trend over rotations. The overall response of big bluestem and the
total vegetation to the different treatments applied tended to be masked
by the pronounced effect of such a heavy defoliation treatment.

Therefore, at an optimum stocking rate, yet to be determined by
further grazing studies, a more rapid rotation over the pastures during
the first half of the season should be insured in order to take advan-
tage of higher growth rates and higher nutriticnal quality as well as
to minimize early season leaf senescence (Brown and Stuth 1983). ILate
in the season, as also recommended by Voisin (1959), increased rest
periods between pastures and/or lighter stocking rates ought to be the
key factors to be balanced. These recommendations are not different
from those outlined by Owensby et al. (1977) and Smith and Owensby (1978)
for intensive early use. From a ranching point of view, a comparison
between these two methods of grazing might be in favor of intensive
early use given the sophisticated managerial ability and investment
(fencing and water development) required under SDG, particularly when
the objectives sought (higher herbage and animal production while im-
proving the range conditions) are fulfilled under intensive early use.

At a stocking density equivalent to the defoliation intensity of

15 cm stubble height, an 8-pasture SDG system may be satisfactorily imple-
mented using a regular pasture occupancy time (4 days) and a regular pasture
rest period (32 days) throughout the season. A shift to a 6-day grazing
period by pasture in the late season resulting in increased pasture rest
periods, may allow greater forage removal by increasing the stocking den-
sity to the equivalent of 10 cm stubble height defoliation intensity, and

yet maintain herbage production at satisfactory levels.
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II - simulated Short Duration Grazing System: Effects on Acid

Detergent Fiber and Crude Protein Content of Big Bluestem
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Introduction

Big bluestem (Andropogon gerardi Vitman), one of the key dominant

grasses in the True Prairie, was reported by Rao et al. (1973) and
Angell (1978) to show a declining trend in digestibility and crude pro-
tein (CP) content with advance in the growing season. At the same time,
the acid detergent fiber (ADF) content showed an increasing trend
reducing the plant forage quality status.

Early in the season however, a relatively higher plant growth rate
was responsible for maintaining better forage quality and as a result,
animal performance was not adversely affected even under increased
stocking rates (Launchbaugh 1957, Smith and Owensby 1978).

Kilcher (198l) recommended increased stocking rates to draw maxi-
mun benefits from forage quality such that ". . . the crop, so to speak,
does not get too far ahead of the animals.”

Beaty and Engel (1980) proposed frequent harvesting near the plant
growing points as a management tool to reduce the shading of the older
leaves by the newly developed ones, and prevent the build-up of dead
tissue; processes that occur during achievement of plant maturation.

By keeping the plants in younger stages of development, greener
and less stemmy, frequent defoliations could reduce the forage quality
deterioration through the season (Osman, 1979).

Savory and Parsons (1980) adopted these basic principles of fre-
quent defoliations and increased stocking densities ina short duration
grazing (SDG) system they called the Savory Grazing Method, which was
reported earlier by Goodloe (1969).
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Heitschmidt et al. (1982) found that a properly managed SDG system
increased the average quality of forage if the rate of rotation of ani-
mals kept up with that of plant leaf senescence.

Although animal grazing is not identical to hand clipping, signi-
ficant information may be gained when testing the effects of a particular
treatment or grazing system upon the quality components of plant species
(White 1973).

The present study monitored the changes in CP and ADF in big blue-
stem under an 8-pasture SDG system at three levels of cutting intensities:
2.5, 10 and 15 cm stubble height. The following two clipping frequencies
were studied: 4 days between pastures throughout the growing season;
and a 4-day interval between pastures during the first half of the season

with a 6-day interval between pastures in the second half of the season.
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Study area and methods

The study area and the experimental design were described by
Ben Mansoura (1983a). The clipped big bluestem samples were, after
drying at 60 C for 2 days and weighing, ground in a Wiley mill to pass
through a 1 mm screen. They were then stored in glass vials under dark
conditions until needed for ADF and CP analyses. At each clipping date
and treatment the most advanced develcopmental stage achieved by big

bluestem was recorded.

Acid detergent fiber

Duplicate ADF analyses were run on each sample in the laboratory
(Goering and Van Scest 1970). The sample size was reduced to 0.5 g

instead of 1.0 g, due to small samples.

Crude protein

Total nitrogen x 6.25, was determined by a reagent grade sulfuric
acid digestion of the samples (Isaac and Johnson 1976). Duplicate
aliquots were taken from each sample to read the concentration of the
ammonia-salycilate complex through a Bausch and Lomb spectrophotometer
set at 660 nanometers (Anonymous 1976) .

For rotation 5, the first three pastures in rotation 1, and the
last two pastures of rotation 4, there was little material left to
conduct CP analyses because the samples were initially small and ADF
was run first. For this reason, the partial data relative to those
samples was disregarded.

Standard analysis of variance was made using pastures as whole
plots, rest periods as sub-plots, cutting heights as sub-sub-plots,

and finally rotations as sub-sub-sub-plots.
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Results and discussion

Acid detergent fiber

The overall analysis of variance showed a significant pasture
and rotation effect on the ADF component of big bluestem herbage (P«
0.01). There was no significant difference in ADF due to clipping fre-
quency regimes (P<0.40) or heights (P<0.17). Table 3 showed the ADF
content of big bluestem in each of the eight pastures at the different
rotations when averaged over the clipping frequency regimes and heights.
In the first two rotations the pastures clipped laét, mainly 5, 7, and
8, had consistently higher ADF levels, while pastures 2 and 3 had signi-
ficantly lower levels. 1In the last two rotations however, the trend
was reversed. The early clipped pastures 1, 2 and 3 ended up with higher
ADF' content in their herbage at R4 than pastures 6 or 8. In the pasture
means (Table 3) the ADF content was significantly lower, in the first
sequentially clipped pastures 2 and 3, and highest in 5, 7, and 8.

There was a statistically significant (P<0.05) increasing trend
in the ADF fraction from rotation 1 (R1) to rotation 3 (R3) (Table 3).

Kamstra et al. (1966) working with Kikuyugrass (Pennisetum clandestinum

Hochst. ex chiov.) reported similar crude fiber increases in plant regrowth
with time after the last applied clipping. However at the fourth cutting
(R4) , the ADF component levels did not statistically differ fram those of
the third clipping except in pasture 8 (Table 3). The fourth rotation
occurred between August 8 and September 5 using clipping frequency regime
(1) (CFR1l), and between August 15 and Octcber 1 using clipping frequency
regime (2) (CFR2). The cbserved peak of the ADF fraction in pastures 1,

2, and 3 at R4 which started occurring in early August is in agreement
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with Allen et al. (1976) who reported a similar trend in camposite unde-
foliated bluestem samples. However, Angell (1978) found a continued
increase in ADF content of hand-clipped big bluestem samples throughout
the season with rotation late-season rest or continuous grazing.

Separate analyses of the ADF determinations by rotation showed
that as éxpected there no statistical difference between the two
clipping frequency regimes at Rl and R2 since they were the same (Fig.
18) . But at R3, the plants subjected to CFR2 accumulated significantly
more structural lignocellulosic material than those under CFR1 (Fig.

18). That corroborates the results of Kamstra et al. (1966) since the
time period allowed for the third regrowth was increasingly greater in
the last five pastures under clipping frequency regime (2) than (1).
However, the cbserved difference in ADF content at R3 (45.21% under CFR1
versus 45.83% under CFR2) is not likely to affect animal performance.

In contrast, at the last clipping (R4) (Fig. 18) the increased time al-
lowed for regrowth under CFR2 did not result in higher ADF levels (P<0.39)
campared to those under CFR1, even though the developmental stages of the
plants were more advanced under CFR2 when subjected to the same cutting
height (Table 4).

The similarity in the ADF fraction levels between R3 and R4 as well
as between the two clipping frequency regimes wtihin R4 could be due to
downward translocation of photosynthates, primarily nonstructural carbo-
hydrates in response to root growth demands particularly at the higher
cutting heights of 10 and 15 cm. Consequently, the remaining herbage
would primarily consist of fibrous material. According to earlier
phenological studies on big bluestem by Neiland and Curtis (1956) and

McKendrick (1971) the time period of the fourth cut (R4) in this study
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Table 4. Most advanced developmental stages achieved by big bluestem
plants at the fourth rotation (R4) under a simulated 8-pasture
SDG system as affected by clipping frequency regimes and
heights.
Clipping frequency regimes
(1) (2)
4-day interval between pas- 4-day interval from May 4
tures all season long to July 15, then 6-day
interval from July 16 to Oct 1
Clipping height (cm) Clipping height (cm)
Pastures 2.5 10 15 2.5 10 15
1. 5 IPE-  boot  late boot early boot boot late boot
2 5 LPE early boot boot boot head head
3 boot 5 LPE 5 LPE 5 LPE head head
4 5 LPE head head boot head head
5 3 LPE head boot 3 LPE 4 LPE head
6 boot 5 1LPE head 3 IPE head early boot
7 4 IPE head head 4 ILPE 4 LPE 5 LPE
8 2 LPE 4 1PE head 3 ILPE 5 LPE 4 IPE

L1pE: Leaf pre—elongation.
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corresponded to that of the development of new roots. Furthermore, Owensby
et al. (1977) found that the carbohydrate and nitrogen reserve build-up in
big bluestem rhizomes to occur during the same time period correspondihg to R4.

In the early season (Rl), big bluestem herbage clipped at 2.5 cm
from the ground contained a significantly (P<0.05) higher fraction of
lignocellulose than herbage clipped at either 10 or 15 am from the soil
surface (Fig. 19). This is consistent with the fact that plant tips and
growing shoot apices are generally more palatable and of higher quality
than whole tillers. As a result, a significantly lower structural mat-
erial in the herbage cut at 10 or 15 cm compared to that cut at 2.5 cm
was expected. Almost the same relationship between cutting height and
percent ADF was cbserved at the second cut (R2) (Fig. 19) apart from the
fact that plants clipped at 15 cm had ADF levels comparable to those of
plants cut at 2.5 and 10 cm.

The closely clipped plants (2.5 cm) in R3 had significantly (P<
0.10) more ADF material than those subjected to the 15 cm clipping height.
This result could not be explained apart from the fact that continued
old age and senescence rate in the heavily defoliated tillers could have
accounted for higher ADF levels. In R4, ADF increased significantly (P<
0.10) as the cutting height increased (Fig. 19). One plausible explan-
ation lies in an increased stem to leaf ratio at the higher cutting
height of 15 cm which predominated over the ratio of young to old til-
lers in the closely clipped plants (2.5 cm). Thus the stem to leaf ratio
could have become the overriding factor by mid to late season in deter-
mining big bluestem ADF content and subsequently its overall quality.
Because of the extreme importance of this ratio, Beaty and Engel (1980),
in a review and critique of forage quality measurements, suggested that
whenever "grasses high in stem content are harvested, percent stem would

be a useful data in evaluating nutritional quality of the forage."
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Crude protein

The overall analysis of variance of the data showed significant
differences in percent CP content of big bluestem (P<0.05) due to pas-
tures, clipping frequency regimes and rotations. Table 5 showed a
significant declining trend (P<0.05) in the CP fraction of big bluestem
herbage between rotations within individual pastures. A2Angell (1'978)
studying the effects of rotation of late-season rest and season-long
grazing reported a similar progressive drop in CP content of hand-clipped
big bluestem samples with advance of the season. | Thus, it may be assumed
that lowered CP levels in big bluesi;em through the season was unavoid-
able even under a simulated 8-pasture SDG system that is based on fre-
quent defoliations which were thought to maintain forage quality (Savory
1978) . The separation of the pasture means within each of R2 and R3
(Table 5) showed that the first clipped pastures 1, 2, 3, and 4 were
consistently ranked higher in CP levels than the last ones: 5, 6, 7,
and 8.

The two clipping frequency regimes did not differ within each of
the first two rotations R1 and R2, because the interval of clipping
from pasture to pasture was the same (4 days) (Fig. 20). However at
R3 and R4, separate analyses indicated that the uniform 4-day clipping
interval between pastures throughout the season resulted in signifi-
cantly (P<0.05) higher crude protein content in big bluestem herbage
than under the frequency regime where there was a shift from 4 to 6
days of interval between pasture clippings during the second half of
the season (Fig. 20). That is in agreement with Burton et al. (1963)
who proposed shorter cutting intervals in order to keep the plants and

plant parts in younger stages of development and consequently maintain
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higher forage quality. Table 4 where the most advanced developmental
stages achieved by big bluestem plants at R4 are shown supports this
in general, since the plants under CFRlL had a less advanced stage of
maturity than those under CFR2, when compared at the same cuttihg height.
In the case of R3, the difference in CP 'conte.nt between CFR1 (6.49%) and
CFR2 (6.35%) may not cause a noticeable difference in animal weight gains.
However at R4, the difference in CP content of big bluestem herbage be-
tween CFR1 (6.29%) and CFR2 (5.64%) became greater, and as a result animal
performance would most likely reflect this difference.

The overall analysis showed no significant effect attributable
to the three different clipping heights (P<0.41). However, analyses
within each rotation showed that the crude protein content in big blue-
stem herbage varied significantly (P<0.05) at Rl and R4 (Fig. 21). At
Rl, the highest cutting height of 15 cm contained more pi:otein than
herbage removed at the 2.5 and 10 cm heights. This was probably due
to the fact that the leafier shoot apices made up a higher proportion
of the aboveground material of big bluestem plants at the 15 cm cutting
height than at the other lower cutting heights. At the second and third
cut (R2 and R3), the different cutting heights failed to exhibit any
significant effect upon the crude protein component. This could have
resulted from a compensation between increased stemminess at the cutting
heights of 10 and 15 cm on one hand, and an increased senescence rate in
the mostly vegetative herbage clipped at 2.5 cm on the other hand. At
the fourth regrowth however, big bluestem plants previously clipped at
2.5 cm from the ground showed significantly higher crude protein content
than those clipped at either 10 or 15 cm stubble height. The reason lies

in an overriding percent stem factor which according to Table 4 was
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system. Averaged over pastures and clipping frequency regimes.
Means of a given rotation with same letter are not significantly
different (P<0.05).



predaminant in the fourth rotation at the higher cutting heights. The
2.5 cm cutting height apparently helped maintain significantly higher
crude protein content and also a lower ADF by mid to late season (R4
occurred from August 8 to September 5 under CFR1 and from August 20 to
October 1 under CFR2). This is in agreement with Kilcher (1981) who
proposed increased stocking intensities in order to benefit from better

forage quality.

56
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Conclusions and Management Implications

There was a significant declining trend in big bluestem herbage
quality from one rotation to the next under a simulated 8-pasture SDG
system. This decline was analogous to that described by Angell (1978)
camparing rotation of late-season rest and continuous season-long use,
except that the ADF fraction levelled off in August through the end of
the season, an cbservation that was also reported by Allen et al. (1976)
working with undefoliated plants of bluestems. This might be tied to
belowground translocation of total nonstructural carbohydrates particu-
larly at the higher cutting heights of 10 and 15 cm (Ben Mansoura 1983b) .

Increased interval of use from pasture to pasture, resulting in
longer regrowth time during the second half of the season decreased
big bluestem forage quality compared to a uniform interval of use parti-
cularly in the mid season (R3) when the ADF component continued to show
an increasing trend. Late in the season (R4), although the ADF fraction
levelled off, the CP content continued to decrease with increased re-
growth time, confirming thereby that more frequent defoliations help
maintain an improved nutritional quality in forages. Nevertheless,
because of the unavoidable drop of big bluestem herbage quality with
the advance of the season regardless of the management practice, inten-
sive early use might be the best management option in the Flint Hills,
since it was shown by Smith and Owensby (1978) to provide better animal
performance as well as a preserved plant vigor (Owensby et al. 1977).

Although the clipping height or degree of use did not have a signi-

ficant effect upon the ADF and CP measurements in the overall data analysis
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there was a significant effect within individual rotations. The height
effects were closely tied to phenological stages achieved by plants
subjected to different clipping heights as well as to the compensaticn
of the stem ratio in plants cut at 10 and 15 cm from the ground with
the age and senescence rate in the plants cut at 2.5 cm from the soil
surface which generally remained vegetative and had thinner stands by
the close of the season. But in the early season (R1), although the
closely clipped plants (2.5 cam) had a lower nutritive value (higher
ADF and lower CP) than those cut at 10 or 15 cm, forage quality was
still high enough to justify increased degree of use in the early
season and probably a more intensive frequency regime of defoliation
than those tested.

It would, however, be detrimental to continue the intensive use
in the second part of the season as this was shown to lower plant carbo-
hydrate reserves and may endanger their survival (Owensby et al. 1977,
Smith and Owensby 1978) . Besides little advantage in higher crude pro-
tein levels was gained in plants clipped at 2.5 cm compared to plants
clipped at 10 and 15 cm by the end of the season (R4) to justify close
use as a remedy to increased stemminess and thereby a lowered quality
in the second half of the season.

Apart from the fact that the results of this study are clearly
in favor of the intensive early use proposed by Smith and Owensby (1978)
as the best management practice to maximize the returns from the Flint
Hills rangeland and preéerve the vigor of the desirable key species;
there remains some lack of evidence on whether a short duration grazing
system over the entire growing season such as tested here would have

an advantage or not over intensive early use because animals have the
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ability to upgrade the composition of their diet compared to the chemical
composition of the available grasses (Launchbaugh and Owensby 1978),

as well as to shift their preference fram one species or group of species
to others as different species become more palatable at different times

of the season (Rosiere et al. 1975).
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Introduction

McKendrick (1971) stated that quality and quantity of reserve carbo-
hydrates in the storage organs of grasse's constitute critical factors
in plant regrowth and its survival. Range grasses store carbohydrate
reserves primarily in roots, rhizomes and stem bases (Graber et al.

1927, Weinmann 1948). Changes in carbohydrate reserve cycles throughout
the growing season have been well documented for range grasses by several
authors (Aldous 1930, McCarty 1935, Graber et al. 1927).

By reducing the photosynthetic area of plants, grazing or cutting
can lower carbchydrate reserves (Thaine 1964, Owensby et al. 1974).
Frequent clipping, particularly during the second half of the growing
season may drasticélly reduce plant food reserves {(Owensby et al. 1970,
Trlica and Cook 1972), while clipping early in the season followed by
subsequent rest may be beneficial to warm—season plant communities
(Owensby et al. 1970).

Singh and Mall (1976) and Trlica and Coock (1972) showed that the
carbohydrate reserve build-up before the onset of dormancy was directly
affected by the time allowed for photosynthesis between the last clipping
applied and the onset of dormancy. However, Owensby et al. (1974)
suggested that the effects of intensive clipping on carbohydrate reserves
apparently carry over into the next growing season and consequently
he warns against intensive use particularly during the second half of
the season.

Alberda (1957) found that tillers did not form after clipping for

some time due to root and rhizome growth inhibition and that recovery
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periods varied with conditions and plant species. Crider (1955) and
Jameson and Huss (1959) noted similar reponses to clipping.
The present study investigated the total nonstructural carbohydrate

(TNC) reserve fluctuations in big bluestem (Andropogon gerardi Vitman)

rhizomes in the eighth pasture of an 8-pasture short duration grazing
(SDG) system throughout the growing season and shortly before the initi-
ation of new growth the next spring. This pasture had the least time
to continue growth between the last applied clipping and the onset of

dormancy.
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Study area and methods

S area
The study area was located on a clay upland range site of the Tall-
grass Prairie, 7 miles northwest of Manhattan, Kansas. The major domi-

nant species were big bluestem, Indiangrass (Sorghastrum Nutans (L.) Nash)

and little bluestem (Andropogon scoparius Michx.). Anderson and Fly (1955)

studied in further detail the soil-vegetation relationships in the Flint

Hills.

Experimental design

The experimental design consisted of a split-plot design with one
of the following two mowing frequencies being the whole plot treatment:

(1) Mowing each 32 days throughout the entire growing season of 1981
(June 1, July 3, August 4, September 5, and October 7), resulting in five
rotations.

(2) Mowing each 32 days during the first half of the season (June 1
and July 3), and mowing thereafter at an increased rest period of 42 days
(August 14) and then 48 days (October 1 of the same year), resulting in
only four rotations. The mowing dates correspond to those of the last
sequentially defoliated pasture under an 8-pasture SDG system (Table 6).

On March 18 of the following year (1982), before growth initiation
took place, all experimental units were again sampled. This was labelled
a late dormant season sample.

The sub-plot treatments were three mowing intensities of 2.5, 10
and 15 cm from the ground surface.

All treatments were replicated three times in adjacent blocks along

a gentle slope gradient. The experimental units were 9 x 9 m in size.
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Table 6. Mowing and TNC sampling dates.

Rotations RL R2 R3 R4 R5 LDSs*
Mowing

Jun 1 Jul 3 Aug 4 Sep 5 Oct 7 Mar 18
frequency (1)
Mowing

Jun 1 Jul 3 Aug 14 Oct 1 -2 Mar 18
frequency (2)

IDSS: late dormant season sample. No mowing, only INC sampling.

?No mowing and no TNC sampling.
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Sampling

For all the sampling dates (Table 6) except on June 1, big bluestem
rhizomes were dug by hand from within the experimental units at a depth
of approximately 15 acm. All holes were refilled and mowing took place
thereafter at the assigned stubble height, by means of a gas-propelled
mower equipped with an adjustable sickle cutting bar of 0.9 m width. On
June 1 however, the first sampling date, the vegetation was still undis-
turbed and was consequently supposed to be uniform as to the status of the
TNC reserves for a given species. For this reason, and in order to ensure
minimal disturbance within the experimental units; sampling for big blue-
stem rhizomes on that date (June 1) was made from the surrounding vegetation.

On all sampling dates, the most advanced developmental stage achieved
by big bluestem plants under a given treatment was recorded.

While in the field, the samples were stored in properly labelled
paper sacks that were placed in a dark nylon bag. In the laboratory,
they were washed with tap water to remove soil, roots and dead organic
material. Careful hand plucking was also used during the cleaning process.

The rhizome samples were oven-~dried at 60 C for 48 hours, ground
in a Wiley mill to 1 mm size, and stored in glass vials under dark con-
ditions until needed for chemical analyses.

Duplicate sub-samples of 500 mg each were used to determine the
TNC content by use of an enzyme extraction (mycolase) and copperiocdo-
| metric titration (Smith 1969). Sample TNC content was expressed as an

average of the duplicates on a percent dry matter basis.

Statistical analyses

Although the June 1 samples were informative in regard to the initial
TNC reserves of the plants, they were considered as statistically invalid

and thus were disregarded.
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In order to add another split over time and include rotations, two
different stages of analysis of variance were undertaken. The first was
an analysis of variance of a split-split-plot design by omitting the
fifth rotation, thereby making a balanced design for this purpose. The
second stage was a split-plot analysis of variance within each of the
whole plot treatments. The statistical classes were: mowing height,

rotation, and their interaction.
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Results and discussion

The initial TNC content of big bluestem rhizomes at the first rota-
tion (Rl) on June 1, before any mowing took place, was 3.85%. This
relatively low level of carbohydrate reserves could be explained by
an upward translocation in response to growth demands early in the season
which usually starts in late April to early May (Launchbaugh and Owensby

1978).

Mowing frequency

The analysis of variance of the subsequent observatiops, except
those of the fifth rotation (R5), showed that the TNC content was signi-
ficiantly affected by the mowing frequency (P<0.07) when they were aver-
aged across the cutting heights and the different rotations. The mowing
frequency that allowed plants greater rest during the second half of
the season permitted higher TNC reserve accumilations. This was expected
since more frequent clipping was shown to lower herbage yield, vigor
and carbohydrate reserves of plants (Aldous 1930, Singh and Mall 1976);
especially late in the season (Owensby et al. 1974, Trlica and Cook
1971).

Fig. 22 showed the TNC variation between the two mowing frequencies
used, across the different rotations after averaging over the mowing
heights. At the second rotation (R2), the two TNC levels were the same
since the plots in both cases rested 32 days after the previous initial

clipping. However at the third rotation (R3), the plots under mowing
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frequency (2) had 42 days of rest compared to 32 days only for those
under mowing frequency (1). The 10 additional days of rest had a signi-
ficant beneficial effect upon big bluestem growth that subsequently made
significantly more photosynthates available for belowground storage.
At the fourth rotation (R4), although the plots under mowing frequency
(2) had 48 days of rest, while those under frequency (1) continued to
receive the uniform 32-day rest period, there was no significant advan-
tage upon the carbohydrate reserve build-up (P<0.32).

It has been established that carbohydrate translocation is tied
to a "dynamic source-sink relationship" (Moser 1977, Trlica 1977); there-
fore, the mentioned f-ailure could be explained by the development of
strong sinks such as during root growth initiation, particularly at the
higher cutting heights of 10 and 15 cm, since the severe 2.5 cm stubble
height may result in root growth inhibition and eventually in plant death
(Alberda 1957, Biswell and Weaver 1933, Crider 1955). Table 7 showed
that big bluestem plants subjected to the severe 2.5 cm cutting height
were mainly vegetative by the season's end (R4) as a result of depressed
tillering capability. Those mowed at the higher cutting heights reached
generally more advanced stages of development at R4 under mowing fre-
quency (2) than under mowing frequency (1) (Table 7). Phenological
studies on big bluestem (Neiland and Curtis 1956, McKendrick 1971) showed
that root growth processes occur during the interval of time allowed
between R3 and R4 under the two mowing frequencies.

Differences in root growth could have occurred between plants sub-
jected to different frequencies and intensities of clipping. If so, a
measurement of the TNC content in varying weights of storage organs

could have explained the response of the species to an increased rest
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Table 7. Most advanced developmental stages achieved by big bluestem

plants subjected to two mowing frequencies and three cutting

heights at four different rotations.

Mowing frequencies

(1)

Regular 32-day intervals
between rotations.

(2)
Mowing intervals of 32 days
(R1 and R2), then 42 days
(R3), and 48 days (R4)

Mowing height (cm)

Mowing height (cm)

Rotations 2.5 10 15 2.5 10 15
R2 4 IPE' 5 LPE 5 LPE 4 LPE 4 TPE boot
R3 5 LPE 6 LPE boot boot head  head
R4 2 LPE 4 LPE head 3 LPE 4 IPE head
R5 2 LPE 4 LPE 5 LPE

ILPE: Leaf pre-elongation
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period during the second half of the season better than the simple %
TNC measurement.

On March 18 of the following year, the final sampling date, the
plots under mowing frequency (1) showed a significant decrease in TNC
levels of big bluestem rhizomes (Fig. 22), because of a fifth cut (R5)
that occurred on Octcber 7 a date between R4 and the late dormant season
sample (ILDSS). Under mowing frequency (2) there was no change in TNC
content of big bluestem rhizomes between R4 (October 1) and LDSS (March
18). A comparison of the TNC levels between the two mowing frequencies
at IDSS (Fig. 22) indicated a definite advantage to big bluestem vigor
due to increased rest periods between defoliations given in the late
season (P<0.05). Earlier research work by Trlica and Cook (1971) confirmed
the necessity for less intensive use at the close of the growing season
in order to preserve plant vigor.

In the Flint Hills, Smith and Owensby (1978) found that doubling
the stocking rate during the first half of the season followed by nonuse
during the second half significantly favored a big bluestem dominated
botanical composition campared to a continuous season-long grazing system

at the normal stocking rate.

Mowing height

Significant differences in carbohydrate reserves of big bluestem
were found (P<0.01) due to the effect of mowing height (Fig. 23). The
lowest cutting height (2.5 cm) caused the lowest INC reserves when aver-
aged over the mowing frequencies and rotations. As the defoliation
heights increased, the TNC reserves in big bluestem rhizomes signifi-

cantly increased. Neiland and Curtis (1956) reported a similar trend.
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Thus, photosynthetic processes and the resulting food material available
for downward translocation were correlated with the remaining photosyn-
thetic areas left at the different clipping heights.

Fig. 24 showed that the TNC levels increased significantly (P<0.05)
from R2 to R3 under each one of the three cutting heights. At R3, the
TNC reserves in big bluestem plants subjected to either 2.5 or 10 cm
mowing heights did not significantly differ. This corrcborates the tol-
erance of big bluestem plants to higher clipping or grazing pressure in
early and mid—seaéon (Owensby et al. 1977, Smith and Owensby 1978). At
R4, there was a drop in INC reserves at the cutting height of 15 em (P<
0.05) due to root growth processes; while at the lower cutting heights
of 2.5 and 10 cm, the TNC levels remained unchanged from those at R3.

At the final sampling date of March 18 (LDSS), the carbohydrate re-
serves of plants subjected to the severe 2.5 cm mowing height, were dras-
tically reduced (Fig. 24). Those under the 10 am mowing height remained
unchanged from the previous rotation; whereas the plants subjected to
the 15 cm cutting height showed a significant increase in TNC reserves
which could be explained by a continued downward translocation through
the fall period before respiratory losses began (Rains et al. 1975) or
by a conversion of storage materials from other forms to nonstructural
carbohydrates.

A second stage of analysis of variance where the cbservations within
each mowing frequency were analyzed separately (Fig. 25 and 26) showed
that by July 3 (R2), the TNC levels were comparable for the respective
heights under both mowing frequencies. That is, TNC levels were greatest

under the 15 cm clipping height regime and equal for the 2.5 and 10 cm
cutting height treatments. This was expected since the two mowing fre-

guency regimes were the same at R2 (32 days of rest).
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By early Octcber, at the season's end, big bluestem plants cut at
2.5 cm fram the ground under mowing frequency (1) (Fig. 25) had signi-
ficantly less TNC reserves in their rhizomes than those cut at either
10 or 15 cm; whereas under mowing frequency (2) (Fig. 26), plants of
big bluestem that were subjected to only four cuttings at 2.5 cm from
the soil surface had their TNC reserves comparable to those subjected
to 10 or 15 cm stubble height. This is in agreement with the findings
of Perry and Chapman (1976) who found that the survival of basin wildrye

(Elymus cinereus Scribn and Merr.} plants clipped at the lowest height

of 15 cm was proporticnal to clipping frequency, while those clipped at
30 and 45 cm from the soil surface did not have their survival affected
by the defoliation frequency.

At the last sampling date (LDSS), the INC levels were not signifi-
cantly different from those of the last cutting (R4) at the respective
heights under mowing frequency (2) (Fig. 26). This was not the case
under mowing frequency (1) (Fig. 25) where the two lower cutting heights
of 2.5 and 10 cm caused their respective TNC levels to drop significantly
from R5 to IDSS. Thus, under the more frequent defoliation regime, only
the highest cutting height of 15 am did not cause the TNC reserves of
big bluestem to drop from the last defoliation (R5) to IDSS. Furthermore,
within mowing frequency (1) (Fig. 25) only the plants that were subjected
to the lowest defoliation intensity of 15 am stubble height benefited at
R5 and showed significantly higher TNC content compared to the previous
rotation. The other two cutting heights caused the carbohydrate reserves
to remain unchanged at R5.

This suggested that the 15 cm stubble height may represent the cri-
tical amount of leaf area necessary in order not to hinder carbchydrate
reserve build-up in big bluestem rhizomes during the late summer (between

September 5 and October 7) (Fig. 25).
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Conclusions and Management Implications

A regime of four consecutive defoliations with progressively increased
rest periods in the second half of the season was consistently more bene-
ficial to big bluestem TNC reserves than that consisting of five suc-
cessive defoliations at regular intervals throughout the season.

The lowest defoliation intensity of 15 cm stubble height maintained
higher TNC reserves in big bluestem rhizomes through the next fall and
winter particularly under the more frequent mowing regime.

Under close use (2.5 cm height), the carbohydrate reserves in big
bluestem rhizomes declined significantly under both mowing frequency
regimes. Although this intensity appeared tolerable early in the season;
nearly all big bluestem plants subjected to this cutting height remained
vegetative because of reduced tillering activity that was reflected by
thinner stands in the plots corresponding to this treatment.

Grazing systems based on continued heavy defoliations throughout
the entire growing season should be avoided on bluestem range (Owensby
et al. 1974), as this may result in the destruction of the desirable
plant species over a period of a few years (Kinsinger and Hopkins 1961,
Bukey and Weaver 1939).

In the Flint Hills, early season defoliations of big bluestem was
found to promote secondary shoot production (McKendrick et al. 1975),
since the removal of the plant growing points overcomes apical dominance
and promotes lateral bud development. Accordingly, intensive early use
(Owensby et al. 1977, Smith and Owensby 1978) could be satisfactorily
implemented, as this practice was shown to be campatible with animal

production as well as with plant growth and survival.
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Similarly, short duration grazing systems, ocught to be practiced
with these concepts in mind in order to preserve the vital quantity and
quality of carbohydrate reserves (Cook 1966, McKendrick 1971} of the
desirable range species, particularly big bluestem.

Under an 8—pasture short duration grazing system, increased rest
periods late in the season may be qualified as mandatory in the Flint
Hills because of reduced tillering capability (McKendrick et al. 1975).
However, early in the season, there was same evidence that more frequent
defoliations could be given at the proper intensity without harming plant
vigor if followed by appropriate rest periods late in the summer. Future
research work ought to clarify this.

At uniform pasture rest periods throughout the season, a stocking
density equivalent to the 15 cm stubble height could be implemented with-
out hurting big bluestem carbohydrate reserves and its recovery. Under
increased pasture rest periods during the second half of the season, a
higher stocking density equivalent to the defoliation intensity of 10 cm
stubble height, could be allowed without sacrificing big bluestem reserve

carbohydrates.
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REVIEW OF LITERATURE

In the past, the low value of range led to abuse by overstocking in
an attempt to increase returns from the land. With the introduction of
cattle into the United States and the advent of commercial ranching, the
initial equilibrium that previously existed between ra.ngé resources and
various wild herbivory species was upset (Angell 1978). This led early
researchers to warn against overgrazing. They proposed grazing sys-
tems to improve the quality, vigor, and seed fertility of forage grasses
(Smith 1895, Sampson 1913, Sarvis 1923). Sims (1970) defined grazing
management systems as being the control of the grazing animals in time
and space by proper changes of stocking rate, season of use, and kind
of animal, as well as an even distribution and frequency of use.

Lewis (198l) classified the major kinds of grazing systems and
their respective procedures including the Short Duration Grazing (S.D.G.)

system.

The Short Duration Grazing System

S.D.G. bears the concept of "High Performance Grazing" which would
require the division of the range into a large number of pastures with
a high stocking rate to achieve uniform grazing distribution and utili-
zation of high proportion (virtually all) of the tillers (Lewis 1981).

The S.D.G system was earlier implemented in Zimbabwe and later
reported in the United States by Goodloe (1969) who gave an account of

its major principles.



The period of occupation under S.D.G. must be short enough in
order to avoid regrazing of individual tillers (Voisin 1959, 1960;
Savory 1978,1981) because regrazing of recent regrowth is detrimental
and retards recovery (George 1981). The period of nonuse, on the other
hand, should be long enough so that regrowth can take place (George
1981). Voisin (1959) suggested that this rest period varies with the
growth rate of the vegetation. He found that the optimum nonuse period
in France to be about 18 days in May and 36 days in August. Savory
(1978) recommends a minimum nonuse period of 30 days and a maximum of
60 days even in the desert.

In order to minimize animal disturbance, labor and cost, Voisin
and LeCamte (1962) proposed the development of a central watering and
working area from which the pastures called "paddocks” would radiate
outwardly. Williams (1962) developed relatively inexpensive fencing
designs for usage around rotationally grazed paddocks for different
kinds of animals or hem combinations. Savory (1979) proposed other
improved fencing designs with solar electrification. -

Savory (1981) affirmed that every area of range in the United
States he visited is suffering from understocking. He suggested to
double or more than double the usually recammended stocking rate, as
this results in tiller stimulation and increased productivity
(Heitschmidt et al. 1982a); break the soil surface crusting by the
hoof action of a larger herd size as well as to lay litter into the
soil which will improve water infiltration into the soil and provide
mulching that can enhance seed germination (George 1981). Double stocking

would also result in an improved animal distribution; but individual



animal gains may be lowered due to the non selective utilization of
both palatable and unpalatable species (Taylor et al. 1980) unless sup-
plementary feeding is provided from outside the system (Corbett 1978).
Heitschmidt et al. (1982b) found no significant differences in average
daily gain of growing heifers under continuous and S.D.G. systems; but
the animal production per hectare was significantly higher under S.D.G.,
concluding thereby that a properly managed S.D.G. system may support
greater stocking rates satisfactorily.

In the context of holistic range management, Savory reccammends
the use of the flexible "Sawvory Grazing Method" instead of the inflex-
ible "S.D.G. system." This flexibility concerns the day to day manage-
ment decisions as well as the possibility of a desirable increased
paddocking level depending on the managerial ability and the adequacy
of cash flow (Savory and Parsons 1980). |

However, Kothmann (1980) stated that " . . . no quantitative, sta-
tistically sound data evaluating the animal production responses to
S.D.G. under a range of stocking rates. In an "exclusive report"
Livestock magazine (1979) raised the question whether the Savory Grazing
Method will work in the United States or not. This question remains
largely unanswered. Lewis (198l) stressed the need for further research
in the next several years so that reliable guidelines be provided for

the management of this system.

Clipping Versus Grazing

Clipping removes uniformly the same amount of material between
and within different plants. Removal of photosynthetic material by

grazing may not be uniform between and within plants. Hormay and



Talbot (1961) found that when the average utilization of Idaho fescue

(Festuca idahoensis Elmer) was 43%; 15% of the plants remained totally

ungrazed; 3% were grazed to 10.2 cm stubble height or taller; 13% to
7.6 cm; 29% to 5.1 cm; and 40% to 2.5 cm.

When selective grazing is allowed, particularly with continuous
grazing systems or understocking, recurrent defoliation by grazing on
new growth of previously grazed plants would be detrimental to overall
plant vigor resulting in patchy thinned stands of grass although it
is beneficial to animal weight gains. Likewise, selective grazing could
be more severe to plant vigor than a single clipping at the same degree
of herbage removal. On the other hand, clipping may result in more
severe injury to the grasses than defoliation by grazing (Whitman et
al. 1961). Because of animal selectivity, the ungrazed vegetation would
have a campetitive advantage over the clipped plants for nutrient and
water uptake (Mueggler 1970).

Marshall and Sagar (1965) reported the translocation of labelled
carbon products to the defoliated tillers from a remaining single unde-
foliated tiller within the same plant. Fick and Moser (1978) found
that the translocation of carbon compounds from tiller to tiller was
limited to less than 6% of the initially applied tagged carbon. The
most independent tillers were those already elongated. Marshall and
Sagar (1965 1968) observed that most of the tagged carbon was trans-
ferred to the roots and that the older tillers were the most independent
ones. They also found that the transfer of assimilates from undefoli-
ated tillers to the defoliated sister tillers did not occur beyond the
third day following defoliation.

Crider (1955) found that partial clipping of a group of tillers

of Weeping lovegrass (Eragrostis curvula (Scrad.) Nees) resulted in
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stopped root growth for the defoliated tillers only. Under grazing situ-
ations, leaving undefoliated tillers resulted in an increased net primary
production not only due to the transfer of carbohydrates, but also because
of more photosynthetic area left, and consequentljr more reserves could

be manufactured and subsequently stored (White 1973).

Thus, the effect of grazing on plant vigor can be more or less
harmful than that of clipping depending on the circumstances.

Mechanical clipping or mowing removes virtually all of the nutrients
contained in the forage from the ecosystem. By grazing, however; about
75% to 96% of the nitrogen and phosphorus and 90% of the potassium con-
tained in the forage grazed by animals was returned to the range in
the form of feces (Peterson et al. 1956, Sears 1951).

Vittoria and Rendina (1960) suggested that the grazing animal caused
a stimulation of plant regrowth by deposition of saliva during grazing.
This was later verified by Reardon et al. (1972) who showed that animal
saliva contained thiamine (Vitamin Bl} at concentrations reported earlier
by Bonner and Greene (1939) to stimulate growth of some grass plants.

Reardon et al. (1972) found that sideocats grama (Bouteloua curtipendula

(Michx.) Torr.) plants which were treated by bovine saliva after clipping
had significantly higher top and root growth. '
However, Johnson and Bailey (1972), in a similar experiment, reported

that the addition of bovine saliva to clipped plants of Festuca scabrella

Torr. and Festuca idahoensis Elmer did not stimulate regrowth. The latter

authors collected the saliva directly fraom the rumen. This procedure
was criticized by Reardon et al. (1974) arguing that rumen-saliva could
be contaminated by bacterial enzymes and rumen microflora.

Using saliva collected fram the animals' mouth, Reardon et al.

(1974) observed a growth stimulation only with the low clipping intensity
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of 15 cm stubble height. Pramotion of regrowth did not occur when the
intensity of defoliation was excessive (7.5 cm stubble height) at either
3 or 6 week interval between clippings.

Jameson (1964) suggested the need for further research on the effect
of thiamine upon the regrowth of defoliated plants. This is still valid
today because of the lack of definite evidence on whether the deposition
of saliva is effective or not in plant growth stimulation.

Robinson et al. (1937) and Stapledon and Jones (1927) suggest that
although plant responses to clipping and grazing are similar, it may
not always be wise to consider that one would substitute for the other.
White (1973) reviewing the same subject matter of clipping versus grazing,
stated that both are similar but not identical.

Sarvis (1923) noted that simulating grazing by clipping does indeed
provide a considerable amount of information by studying the responses

of plant species to defoliations.

Effect of Clipping Frequency and

Intensity on Plant Productivity

The effect of photosynthetic tissue removal upon the growth of
plant tops has been well documented by numerous authors. Aldous (1930)
found that the vegetation yield varied inversely with the frequency
of cutting. He also found that the vegetation density decreased about
60% in three seasons under a two-week clipping interval treatment. Clip-
ping at three-week intervals resulted in only a 13% reduction.

Graber et al. (1927) showed that the productivity of bluegrass

(Poa pratensis L.) was reduced after two years of frequent cuttings

to less than one-fourth of adjacent bluegrass cut only once at maturity.
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Owensby et al. (1974) found that with increased clipping frequency during

one growing season, the herbage yields of big bluestem (Andropogon gerardi

Vitman) declined linearly the following year.

Multiple defoliation studies showed that, in general, as the inten-
sity of cutting increased, the herbage yield, vigor, and total nonstruc-
tural carbohydrate (T.N.C.) reserve levels of plants were greatly reduced
(Trlica and Cook 1971 1972, Owensby et al. 1974).

Welch (1968) reported similar plant responses to varying grazing
intensities.

Branson (1953) pointed out the importance of the position of the
apical meristem in the response of a grass to defoliation. Indeed,
heavy clipping treaments may injure or remove the plant growing points,
resulting in reduced tillering capability. McKendrick and Sharp (1970)
found a high correlation between tiller density and herbage production.
Owensby et al. (1974) reported identical results.

Biswell and Weaver (1933), Crider (1955), and Alberda (1957) found
that repeated intensive defoliations resulted in an inhibition of under-
ground stem growth and sometimes led to the death of the pre-existing
roots and rhizomes.

Trlica (1977) documented how renewed plant regrowth was directly
linked to the underground stored food reserves. Repeated defoliations
may cause the depletion of the reserve carbohydrates. Thus, regrowth
éan no longer occur and as a consequence yields get depressed, particu-
larly when the intervals between defoliations are not long enough to
allow the replenishment of the storage organs in reserve substances.

Laycock and Conrad (1969) found that foliage removal during periods

of active growth was less detrimental than when plants were flowering
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or fruiting. Herbage yields were also greater in early and mid season,
than in late season. Cook (1966) found that late season clipping resulted
in lowered yield and vigor of warm-season grasses. The lowered herbage
production in late season was attributed to the less favorable environ-
mental factors for photosynthesis such as moisture (Bukey and Weaver
1939) and higher temperatures (Owensby et al. 1970a). Trlica et al.
(1977) reported that after a rest period of 26 months, the root T.N.C.
levels of previously defoliated blue grama plants had been restored

to those of the control ones. Nevertheless, the same rest period was
insufficient for the recovery of herbage yield. They attributed this
ﬁo the reduction of the underground bicmass that resulted from the pre-
vious intensive defoliations.

Cook and Child (1971) predicted that more than 7 years of nonuse
was required to allow several salt desert specieé to rebuild normal
vigor after cessation of various defoliation treatments.

Grazing, similarly to clipping, does result in lowered carbohydrate
reserves. Rains et al. (1975) found that grazed big bluestem had lower
T.N.C. levels during the growing season. Lowered food reserves could
have detrimental effects on subsequent plant growth (Jameson 1964).

Under grazing situations, animals usually select palatable plant
parts and nutritious forage species first. As animals continue to graze
the same plants over and over, they place additional stress on those
species (Angell 1978); resulting in a decrease of the desirable range
species and an increase of the undesirable ones (Aldous 1930). This
is likely to occur under the grazing systems that allow continued selec-

tivity to the animals (Smith and Owensby 1978).



Forage Quality

A primary role of forages in the diet of animals is to provide
energy (Reid et al. 1959). Several plant factors as well as animal
factors intervene in the determination of digestible energy which is
of utmost importance in terms of forage conversion to animal product,
along with the environmental factors. Among the plant factors we would
list chemical composition, cell wall constituents, protein content,
stage of maturity, leaf to stem ratio, green to dead ratio, to name
a few.

Hanna et al. (1976) suggested that plant stems reduce both animal
intake and forage digestibility because of their secondary thickened
and lignified cells; as well as their lower protein content (Aldous
1930) especially with advanced maturity.

Kilcher and Troelsen (1973) monitored the change of crude protein

(C.P.) and cell wall lignin in bromegrass (Bramus inermis Leyss.) from

the juvenile stage to full maturity. The C.P. content declined fram
25% to 8% while the lignin content increased from 45% to 60% in leaves,
and from 55% to 70% in stems over the same period, thereby lowering
the energy digestibility of both leaves and stems.

Iewis et al. (1975) showed that the C.P. content of several blue-
stems in the pine-wiregrass range, declined from 10.2% in April to
3.2% in October. In vitro dry matter digestibility fell from 54.0%
to 34.0% over the same period.

Frequent defoliations had been suggested as a means to prevent
shading of the older leaves by the newly developed leaves and tillers.

The collected herbage would in consequence be greener, with younger
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forage, less stems, and a higher green to dead leaf ratio. As a result,
higher nutritional quality would be expected (Beaty and Engel 1980).

McKendrick et al. (1975) found that when big bluestem plants were
subjected to grazing, the secondary shoots failed to joint. Thus stem-
miness could be avoided by defoliation. However, the same authors found
no tertiary shoots which meant that big bluestem forage quality may
depend on leaf senescence rate that could also be controlled to some
extent by frequency of defoliation.

Owensby et al. (1970a) found that the nitrogen content in big blue-
stem herbage declined in each successive month such that by September 1
the nitrogen content was one-third of that found on June 1.

Murneek (1932) suggested another reason for the herbage nitrogen
decline. He found increased amounts of nitrogen reserves stored in
the roots and rhizomes with advancing maturity. Owensby et al. (1977)
confirmed this by their finding that the build-up of belowground nitrogen
reserves in big bluestem occurred between mid-August to late season
when roots were growing and new rhizomes being formed. The nitrogen
reserves decreased in the early season with the initiation of growth
in the aboveground material.

Although Prates et al. (1975) found that C.P. levels remained fairly
constant throughout the season, there was an ascendant trend in lignin
content which significantly reduced the digestibility of bahiagrass

(Paspalum notatum Flugge). Kamstra (1973) found the same increasing

trend in fiber, lignin and cuticular material in some important range
species in South Dakota with advancing maturity.
Other aspects associated with lower quality forage in the summer

have been found. Smith (1977) noted a decrease in the levels of soluble
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carbohydrates, whereas Bush et al. (1972) found increased alkaloid con-
centrations. Eck et al. (1975) found that although the levels of some
important mineral constituents (nitrogen, phbsphorus, potassium, and
nlégnesimn) remained quite constant during the 'grcwing season, there
was a declining trend in the concentration of these elements with aging
and weathered forage. The relative constancy in element concentration
was primarily maintained by the more frequent defoliation treatments.

In the late season, not only plant maturation is of concern, but
also unfavorable environmental factors may contribute to lower forage
quality. Kaiser et al. (1974) and Smith (1977) found that summer temp-
eratures reduced the growl:h rate and resulted in lowered quality herbages
because high temperatﬁres cause protein denaturation and disruption
of protoplasmic structure. Haferkamp (1982) found that very dry and
hot periods would enhance maturation of forage and reduce regroﬁrl:h of
defoliated plants. However, in the spring and early summer when moisture
was adequate and temperatures were not excessive, forage quality was not
affected.

Owensby et al. (1970b) showed that nitrogen fertilization increased
water use efficiency and C.P. content of big bluestem except in the
late season because of less favorable weather conditions.

Burton et al. (1963) proposed the imposition of shorter cutting
intervals to maintain high forage quality throughout the seascn by
keeping plants and plant parts in a ybunger stage of development. This
was substantiated by Osman (1979) who found that with a six-week clipping
interval, the C.P. content of same tropical grasses was reduced by 50%
or more, depending on the species, compared to the protein levels of
bi-weekly cut herbage.
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Kilcher (198l) suggested another management practice in order to
benefit from maximum forage quality. He recommended increased stocking
rates so that, in his words ". . . the crop, so to speak, does not get
too far ahead of the animals.".

Both increased defoliation frequency and stocking rate constitute
the primary management tools of S.D.G. systems. Heitschmidt et al.
(1982c) found that the C.P. content of live herbage remained relatively
constant throughout the season. However, Taylor et al. (1980) found
that under S.D.G., forage digestibility was lowered in the late season,
and so were intake and overall nutritional quality, resulting in lower

animal gains (Corbett 1978).

Carbohydrate Reserves

Range grasses store carbohydrates primarily in the stems including
rhizomes and stolons (Sampson and McCarty 1930, White 1973) during fav-
orable periods of surplus photosynthates. They are translocated fram
the leaves where they are manufactured to the storage organs in a
"dynamic source-sink relationship" (Moser 1977, Trlica 1977). These
substances are mobilized and retranslocated during periods of regrowth
following a period of dormancy, periods of stress when normal photo-
synthesis processes are hindered such as after a severe reduction in
leaf area, drought, or winter respiration; and finally during periods
when the need for these carbohydrates exceed its productivity and/or
its availability particularly with the development of strong sinks such
as during production of roots on new rhizomes (McKendrick 1971).

Although Graber et al. (1927) included nitrogenous campounds in

plant reserve constituents; most researchers investigate only carbohydrates,
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because they are the most important substances in supporting regrowth
(White 1973). Smith (1969) suggested the term of total nonstructural
carbohydrates (T.N.C.) to designate the readily available carbohydrate
energy to the plant. Structural carbohydrates, hemicellulose, cellulose
and pentosans, are thought to be less important reserve constituents
(Weinmann 1948) .

De Cugnac (1931) distinguished two groups of grasses. Those of
tropical or subtropical regions, or "sacchariferes"; and the others
of temperate regions or "levuliferes". The former accumulate their
reserve carbohydrates essentially as starch; the latter as fructosans
(Smith 1968).

The main form of carbohydrate translocated is as sucrose molecules
(Smith and Leinweber 1973) by symplastic movement along with water in
the phloem (Moser 1977). 7

Several authors monitored the fluctuations of T.N.C. reserves on
a daily basis (White 1973). Although some slight variations occur from
one species to another, the trend of daily fluctuations is primarily
the same (Holt and Hilst 1969). The highest T.N.C. concentrations in
the aerial plant parts occurred about 6 pm. By contrast, the lowest
values occurred at 6 am.

The annual cycle of carbohydrate reserve levels in the storage
organs of plants follow what Trlica (1977) termed as a V- or U-shaped
curve. In both cases, the cycle starts by an upward translocation in
response to growth initiation demands. McCarty and Price (1942) found
that the first 10% of the annual growth consumed about 75% of the root
reserves. Then, with the V-shaped curve species a rapid build-up of
the reserves occur; whereas with the U-shaped pattern, the build-up

occurs later when the plant approaches maturity.
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Environmental factors and defoliations can affect seriously the
dynamic source-sink relationship. For instance, by hindering photo-
synthesis, water stress would decrease T.N.C. accumulation levels (Bukey
and Weaver 1939). Brown and Blaser (1970) reported increased T.N.C.
levels following a drought. This was due to a breakdown of the carbon-
containing nitrogenous compounds into carbohydrates.

Owensby et al. (1970a) showed that clipping in the late season
was detrimental to carbohydrate reserve replenishment before the onset
of dormancy. Trlica and Cook (1972) made similar observations about
late season clipping. They found that the expected amount of growth
fram the defoliated plants was positively correlated with the time re-
maining for favorable photoshynthesis processes in late season.

Reardon and Merrill (1974) reported that grazed cane bluestem

(Bothriochloa barbinodis Lag.) plahts exhibited betﬁer vigor than ungrazed

plants. Late in the season, the grazed plants benefited from adequate
moisture and temperature to make same growth resulting in increased
T.N.C. reserves. The undefoliated plants, however, failed to do so,
because of an already achieved maturity.

Under intensive early stocking (E.I.S.), the T.N.C. reserves of
big bluestem were, by the end of the growing season, comparable to those
under continuous season long stocking (C.S.L.S.). The rest period during
the second half of the season provided under E.I.S. allowed the species
to regain vigor despite the double stocking rate in the early season
(Owensby et al. 1977).

Buwai and Trlica (1977) proposed 5- and 6-pasture rest rotation
grazing systems in order to allow the key range species to regain vigor

by giving them sufficient rest periods following late season utilization.
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Repeated defoliations on plants would cause a repeated drawdawn
of the T.N.C. reserves during primarily the first few days of subsequent
regrowth (White 1973). Depending on the intensity of defoliation and
the length of the rest period, subsequent T.N.C. 'storage replenishment
will be affected by the amount of regrowth achieved or in other words
amount of leaf area left. Donart and Cook (1970) and Trlica and Cook
(1971) found that plants that were allowed to make 20% of the total
anticipated growth had higher T.N.C. reserves than those allowed to
make 10% only.

Nevertheless, severe clipping intensities are likely to injure
plant meristems, thereby delaying the production of new tillers resulting
in lowered yields and plant food reserves (Daubermire 1947, Singh and
Mall 1976).

Neiland and Curtis (1956) found that regardless of defoliation
intensity, the number of total shoots produced by big bluestem were
significantly reduced when it was subjected to clipping. They related
the species decrease to the removal of the dormant buds by defoliation.
This decline was shown by Owensby et al. (1974) to be carried over in
subsequent years in the case of continued clipping or grazing. Thus
a prolonged reduction in photosynthetic area will eventually be accom-
panied by impaired root production and lowered food reserves. McKendrick
(1971) reported that no teritary shoots developed on big bluestem plants
that were intensively defoliated. This reduced tiller formation was
attributed to an inhibition of root and rhizome growth over the subse-
quent years, following intensive multiple defoliations (Alberda 1957,
Crider 1955, Biswell and Weaver 1933).

Owensby et al. (1974) made similar cbservations, and found that

even after one year rest; big bluestem plants did not recover from
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previous intensive clipping treatments. It was then concluded that
intensive use on bluestem range should be avoided even if it was over
only one season, because of a carry-over mechanism of lowered vigor
into the following years as a result of intensive defoliation given
earlier; thus resulting in big bluestem plant destruction over a period
of a few years (Kinsinger and Hopkins 1961, Bukey and Weaver 1939).

Quantity and quality of carbohydrate reserves that are necessary
for plant growth and survival (McKendrick 1971), should be the corner-
stone of any grazing system or management practice in order to maintain
"critical levels" of carbohydrate reserves (Cock 1966) so that persis-
tence of the key range species is guaranteed.

To do so, knowledge of both top and belowground plant parts behavior
pattern is needed. Any use should be based upon the minimum photosyn-
thetic leaf area necessary in order not to hinder the light energy inter-
ception and conversion processes. Intensity and frequency of use should
also take account of the environmental conditions that prevail at any
time of the season; as well as tiller production and root growth periods

of the key range species.
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ABSTRACT

A clipping study was conducted to simulate an 8-pasture SDG system.
Big bluestem and associated species were subjected to 2.5, 10 and 15 cm
clipping heights. Two clipping frequency regimes were used. The first
consisted of 4-day intervals between pasture clippings season long. The
second consisted of the same 4-day intervals from May 4 to July 15, then
of 6-day intervals from July 16 to October 1. Production of big bluestem
and total vegetation was assessed by using initial clipped yield of the
first rotation as a covariate. Clipped big bluestem samples were analyzed
for ADF and crude protein contents. Big bluestem rhizomes were sampled
at dates corresponding to those of the eighth pasture clippings and the
following spring, for total nonstructural carbohydrate (INC) determin-
ations.

A decreasing trend in production was observed due to the pasture
sequence effect. Yields were lower in the last three pastures. Because
of less defoliations and increased rest periods in late-season under the
second clipping frequency regime, big bluestem and associated species
produced more herbage than under the first clipping frequency regime.
Production was greatest at 15 cm stubble height and was camparable to
that obtained at 10 am clipping height under the second frequency regime.
Clipping at 2.5 cm was detrimental to herbage production. Maximm standing
crop occurred in August, then decreased thereafter. At the fifth rotation,
prodﬁction was severely depressed at all defoliation intensities.

ADF increased with the season advance, peaked by August and levelled
off thereafter. Crude protein decreased steadily throughout the season.

Increased rest periods in late-season adversely affected forage quality.



Higher forage quality was obtained from herbage cut at 15 cam in early-
season. Late in the season however, higher crude protein and lower ADF
were found in herbage clipped at 2.5 cm.

less defoliations and increased rest periods in late-season resulted
in more carbohydrate reserve storage. Greatest TNC build-up occurred at
the least defoliation intensity. Clipping at 2.5 cm resulted in depressed

TNC levels the following spring.





