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ABSTRACT

Influence of Frequency and Intensity of Clipping on Forage
Yield, Crude Protein Content and Digestibility
of Six Kenyan Range Grasses. (December 1984)
Benson Mulwa Woie, B.S., Texas A&M University;
M.S., New Mexico State University

Chairman of Advisory Committee: Dr. Joseph L. Schuster

This 1investigation was conducted at two experimental sites on the
National Range Research Station, Kiboko, to evaluate forage yield,
leaf-to-stem ratio, crown area, tiller number, regrowth height, forage
digestibility, and crude protein content of six native range grasses
following defoliation at three frequencies (3. 6, and 9 weeks) with
three cutting heights to leave 5-cm, 10-cm, and 15-cm stubble heights.

Digitaria macroblephara, Panicum maximum, and Cenchrus ciliaris
produced higher forage amounts and tiller number than Chloris roxbur-
ghiana, Eragrostis superba , and Themeda triandra. The large number of
tillers and leaf area produced by Digitaria macroblephara, Panicum
maximum, and Cenchrus ciliaris, especially at the 6-week harvest
frequency, allowed the three grasses to attain a maximum growth rate at
an earlier age and recover soon after defoliation. Defoliation at the
3-week harvest frequency significantly suppressed tillering in all
grasses and resulted in significant reductions in forage yield.
Furthermore, plants defoliated at the 3-week interval with the 5-cm
cutting height produced the lowest forage yield and tiller number.

Forage yield, tiller numbers, regrowth height, and crown area for



the six grasses were highest at the 6-week harvest frequency and lowest

at the 3-week harvest frequency. In contrast, leaf-to-stem ratio, crude

protein content, and digestibility values were highest at the 3-week

harvest frequency and lowest at the 9-week harvest frequency. Crude

protein content and digestibility values of the leaf fraction were

higher than crude protein content and digestibility values of the stem

fraction. Furthermore, crude protein content and digestibility showed a

decline for all grasses as the interval between defoliations increased.

Recommendations for further research include studying the responses

of grazing animals and native range plants to a grazing plan that

utilizes a 42-day defoliation frequency leaving stubble heights of 10 cm

to 15 cm, and continuing to explore the impacts of defoliation treat-

ments at various phenological stages on native range plants.
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CHAPTER 1
INTRODUCTION

In the Kensi "ational Livestock Development Policy published in
1980, it was observed that "despite warnings sounded as far back as
1929 on the overstocking conditions in pastoral areas, no satisfactory
solution has been found to this problem yet.™ It is quite clear from
the above statement that grazing management has not received the
serious attention it deserves, particularly in the pastoral ranching
areas. Prior to the recent land demarcation, consolidation and settle-
ment programs, the majority of the range areas in Kenya were subjected
to communal grazing and in some cases overgrazing. Extended periods of
overgrazing have lowered the potential of the rangelands in a number of
districts and generally have led to reduced protective cover, lowered
soil organic matter, decreased infiltration rates, and increased
runoff and erosion (Pratt and Gwynne 1977). More often than not native
ranges are being subjected to abuse from overgrazing or to systems of
grazing that may or may not be beneficial to the grazing animals and to
the recovery process or production capacity of various range plants.

At the present time the utilization of grass in Kenya is confined
almost entirely to the natural vegetation types and the bulk of the
livestock is supported by the natural vegetation woodland or bush-
land and the dv.as*f shrub grassland or bushed grassland types. Pereni-

al grasses such as Cenchrus ciliaris, Chloris roxburghiana, Digitaria

The Journal of Range Management 1is used as a pattern for format
and style.



macrobl ephara, Fracrpstl s suoerba , Panicum maxi mum. and Thereda
triandra can dominate but succumb readily if the range is harshly
managed (Pratt et al. 1966). In the bushed grassland and the dwarf-
shrub grass lanc, oractically all the grasses present contribute to the
forage supply. -~o0 a considerable degree the animals are always depen-
dent upon browse derived from small shrubs and bushes (Edwards and
Bogdan 1951).

Cenchrus ciliaris L., a perennial grass that forms spreading tufts
and sends out stout rhizomes, is widely distributed in Kenya from sea
level up to approximately 2000 m. It is one of the important grass
constituents of the dwarf-shrub grassland and the bushed grassland
over extensive northern and eastern regions. Chloris roxburohiana
Schult., a tufted perennial that is widely distributed from sea level
to 1200 m altitude, is a Dalatable native grass that frequently forms
the main grazing in dry areas. Digitaria macroblephara (Hack.)
Stapf., a perennial that forms tufts and produces rooting runners,
grows 1in dry grassland or scattered bushland from 600 m up to approxi-
mately 1400 m altitude, and is frequently abundant or even dominant
over considerable areas (Edwards and Bogdan 1951). It is considered
among the more palatable species in East Africa because of its high
leaf-to-stem ratio (Sinclair and Gwynne 1972). It is the most impor-
tant grass species at Kiboko in terms of abundance and palatability
escecially, in the northern half 0* the station on sand\-clay to cl.w
soils of the basement system plains. Eragrostis surerba Peyr. is a
tufted perennial with fairly stout and hard stems, but is moderately

palatable in spite of its hard stems. Eragrostis superba is



distributed from .-ea level up to 2000 m altitude. |Its seeding quali-
ties are good and it is easy to establish from seed (Edwards and Bogdan
1951). It is frequent on sandv-clay and clay soils throughout the
Kiboko station. Fam"cum maximum Jaco., a tufted perennial with rather
stout stems, is widely distributed from sea level to 2000 m altitude,
chiefly in the wetter rangelands receiving more than BOO mm of rain-
fall per annum. Canicun maximum is widely distributed in the tropics
both in natural vegetation and as a cultivated plant and is considered
very valuable for grazing and for cutting as green fodder. It is pala-
table to cattle, although at the later stages of growth it becomes
coarse and is not readily eaten (Edwards and Bogdan 1951). Themeda
triandra Forsk., probably the most widely distributed and important
grass of East Africa, occurs in all zones except that of the semidesert.
vegetation and the highest elevations of mountain masses above 3000 m.
The grass does not assume iImportance in Kenya below about 1200 m
altitude (Edwards and Bogdan 1951). In all regions where Themeda
triandra is dominant under natural conditions, grass fires sweep
through the herbage in the dry season. This grass is successful be-
cause it appears to be specially adapted to withstand these conditions
(Pratt and Gwynne 1977).

Numerous experiments have been conducted to quantify the response
of forage plants to defoliation, but the majority of these experiments
have generally been carried out in the temperate areas of the world,
particularly in the United States (weady 1975". Since t™e main use cf
the grasses selected for study is the production of forage for live-

stock, an understand”™c cf their responses to defoliation would allow



use of vecetat’™ anidilation plans that v.ruld benefit the” and
sjsl2'n range!s”: productivity. The ccjectives of this research were
(1) to evaluate certain plant Growth parameters unde** various de*ol;:
tion regimes in which harvesting dates, frequencies of harvest and

heights of cut x,c _ege varied and (2) to determine the forace proauc

tion potential 5,y forage quality of six rarne Grasses



CHAPTER 1l
LITERATUPE REVIEW

Forage Production

The relative persistence and production of range plants when sub-
jected to defoliation at various stages of growth have been studied bv
imposing various intensities and frequencies of defoliation by clip-
ping- Information from such studies is used to suggest the periods of
rest and grazing that would have beneficial effects on plant growth

(Heady 1961). Grazing on rangelands is, however, a little different

from clipping in that it is more selective and perhaps less severe
than clipping. Clipping studies do not consider the animal-associated
physical effects such as mineral distribution and soil surface
changes due to hoof action. Clipping removes all herbage above a
given stubble height from all plants; whereas, grazing removes herbage
at heights varying from plant to plant and even within the same plant
(White 1973). For example, grazing of Festuca idahoensis by cows in an
opening of ponderosa pine in California was not uniform from plant to
plant. When the overall utilization of F. idahoensis herbage was 43 ,
for example, 40 of the plants were grazed to 2.5-cm stubble heinht,
X~ to 5.1 cm. 13 to 7.6 cm, 3 to 10.2 cm and 15 were not grazed at
all (Hormay and Talbot 1961).

Responses of plants to defoliation are influenced largely by the

intensity and frequency of defoliation and the phenology of the plants

at the time of defoliation. Defoliation according to any one of these



three factors or any combination of the-; can cause nlant deterioration,
no obvious effects or even stimulation, depending uron the level or
timing of application {Heady 1975). Singh and Mai 1 (1976) reported
that greater herbage was produced when Androoogon pumilus (Roxb.)
plants were clipped at a height of 15 cm and at an interval of 45 days
as compared to 10-cm and 5-cm stubble heights and 15-day and 30-day
intervals. Perry and Chapman (1976) reported that yield and survival
of Elymus cinereus were reduced with close and frequent clippings;
6 versus 9-week freauencies and 15-cm versus 30-cm stubble heights.
Albertson et al. (1953) and Aldous (1930) obtained higher annual
herbage yield from infrequent clipping of Bouteloua gracilis, Buchloe
dactyloi des , Bouteloua hi rsuta , Andropogon furcatus, Andropoaon
scopari us, Bouteloua curtipendula and Sorghastrum nutans. Perry and
Chapman (1975) reported that total seasonal dry matter yields of
Elymus cinereus Diants cliooed to three heights and reclipped at three-
time frequencies declined drastically each successive year from 1970
ethrough 1973. Dry matter yields of plants clipped to 15 cm or at 3-
week time frequencies declined the greatest with each successive year
of clipping. Time of clipping during the growing season had less in-
fluence on total seasonal dry matter yields than did clipping height
and frequency. Holt and McDaniel (1963) studied dry matter production
of kleingrass plants subjected to two frequencies of harvest and two
heichts of cull’rc. Their highest yields v*™e obtained when the crass
was cut at a 5-cm height and harvested less frequently.

In East Africa, the use of habitats varies widely, depending on

growth form, height, density. and composition of the vegetation, all of



which can influence livestock production (Western 1932). Within savan-
na grasslands, tall fibrous grasses are less’suitable for cattle,
sheep and goats than shorter swards with a high ratio of protein to
crude fiber (Bell 196?). Although numerous studies have addressed the
effects of frequency and intensity of defoliation on range plants in
many parts of the world, very few such studies have been carried out
in East Africa. From his clipping studies at Buchuma in Kenya,
Cassady (1973) found that close repeated defoliation four to eight
times during the first year produced yields equal to or higher than
check plots, but when severe defoliation was continued for 2 and

3 years, yields were reduced 2" and 63% and most of the grass stand
was destroyed. In Tanzania, Voorthuizen (1972) reported that

various intensities and frequencies of clipping induced varying

grass growth responses. Panicum maximum yields, for example, were
highest with close cutting (leaving 5-cm stubble height) and with
longest intervals (8 weeks). Cenchrus ciliaris yields were highest
with short intervals (4 weeks) and medium stubble heights (10 cm).
Hyparrhenia rufa yields were highest with medium intervals (6 weeks)

leaving 20-cm stubble heights on the plants. Close cutting or grazing

of Cenchrus ciliaris to 5-cm to 10-cm stubble heiohts in Pakistan was
reported to give higher yields and better Quality herbage than cutting
at higher levels (Khan 1970), but in India. Pandeya and Javan (19701
found that frequent close clipping reduced the yields of the next cut
and carbohydrate levels in Cenchrus ciliaris. In South Africa, Themeda
triandra appears to withstand heavier grazing pressure under rotation-

al grazing than under continuous grazing. Acocks (1966) found that



2 weeks of rest resulted in rapid recovery of The-reda triandra pre-
viously suppressed by heavy continuous grazing, “ch"auahton (197?"°
studied grass-ungulate relationships in the natural grassland eco-
system of the Serengeti region of Tanzania. He concluded that rhoto-
synthetic and other physiological properties of Serengeti plants are
modified by defoliation in a fashion that will tend to compensate fc**
reductions in leaf area accompanying grazing. The activation and
proliferation of meristems, tillering and increased rates of leaf
elongation are important mechanisms that allow grass plants to tole-
rate severe defoliation. Potter (1980) investigated the influence of
frequency and intensity of defoliation on a grass stand situated in
ecological zone IV in Kenya. He concluded that the grass stand,
dominated by Themeda triandra and Pennisetum mezianum, could withstand
frequent severe defoliation even at a 3-week harvest freauency with a
5-cm cutting height provided that the animal-associated physical
damage to the grass stand was avoided. Taerum (1970) found that j -
week harvest intervals significantly reduced the total dry weight of

Panicum maximum.

Tillerina

Many range plants have morphological adaptations that permit them
to survive repeated partial defoliation. Hyder (1977) reported that
species that elevate apical ~eristems witnin vegetative tillers or
that produce a large proportion of reproductive tillers are considered
least tolerant of grazing md are most productive when grazed periodi-

cal ly, coincident with tiller maturity. Furthermore, the response of



perennial grasses, such as Themeda triandra, Eragrosti s curvula,
Tristachya hi spida, and Hyparrhenia hirta, to defoliation has been shewn
to be related to the seasonal development of their adical reristeTs
(Booysen et al. 1968). Branson (1953) reported that grasses,such as
Panicum virgatum, Agropyron smithii and Androppoon gerardi, in which
apical reristems reached a height permitting their removal by grazi®g
were generally less resistant to intensive grazing than grasses such
as Poa pratensis, Buchloe dactyloides and Bouteloua gracilis with
growing points remaining at ground level. Langer (1963) reviewed
tillering in the grass family and reported that a shoot required a
certain number of leaves before it could oroduce a tiller. The effect
of defoliation on tiller numbers is auite variable depending on
species, degree of defoliation, and environmental factors. Reasons r
differences in tillering response to defoliation also relate to photo-
synthate supply and apical dominance (Troughton 1957). Cutting of
stem apexes stimulates tillering by removing the ~ajor source of au>im
which inhibits lateral bud development. Inactive lateral buds are
then free to develop (Leopold 1949). Defoliation to remove leaves
only retards tillering through a reduction of photosynthetically
active tissue with a resulting reduction in carbon assimilation
(Troughton 1957). Huokuna (1966) reported that tiller production in
meadow fescue swards was reduced by cutting heinht only at a short
harvest rreo”"jercy while Tjrre'r and Segg "1973) found that reducer
tillering and wore raoid death of leaves and tillers resulted fr<r
moisture stress. Peterson (196?) reported that certain changes in

structure and response induced by prolonged heavy grazing appeared to
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favor persistence of Stipa comata plants. These changes included a
relatively rapid regrowth after clipping and a more prostrate growth
which further facilitated escape from grazing. This resulted in rore
leafage being concentrated near the soil surface. Some of this
leafage was not grazed and thereby permitted more rapid replenishment
of reserves (Hyder and Sneva 1959). It appears, therefore, that in-
jury from foliage removal during any stage of plant growth is not due
primarily to loss of apical meristems but to loss of photosynthetic
tissue and potential seed production (Vogel and Bjugstad 1963).
Branson (1956), for example, found that recovery from a 2-week harvest
interval was much slower than for the intermediate frequency of 4
weeks. Owensby et al. (1974) reported that as clipping frequency in-
creased, tiller density in Andropogon gerardi decreased. Tiller
densities on plots clipoed more than once did not differ but were
significantly lower than those on unclipped or clipped-once plots.
Panicum virgatum plants tolerated one clipping during the growing
season with little or no reduction in herbage production, clonal
survival, tiller number per clone or tiller height, but two or more
clippings per season reduced all of the above (Beaty and Powell 1976).
Although basal tillering occurs in tropical grasses, a reproduc-
tive culm does not die after one growing season but continues to
produce nodal tillers on primary, secondary and tertiary branches that
live for several seasons (Jewiss 1972). Plants that tend to branch
prolifically from elevated leaf axils provide better adaptation to
endure grazing, particularly among nongrass forages. Numerous branches

with enough of then decumbent to assure that some apical meristems



escape removal by nrazing animals is therefore an important adaptation.

Leaf Production

In order to maintain a maximum rate o” dry matter production,
sufficient lea* area must be present to effectively intercept incoming
radiation. A forage species that produces a large number of tillers
early will also produce sufficient leaf area to attain a maximum
growth at an earlier age and recover soon after defoliation (Troughton
1957). The importance of energy reserves in regrowth after defolia-
tion depends in part on the amount of leaf area removed and the
environmental factors affecting growth and photosynthesis at that time
(Larcher 1980). Wilson and Ng (1975) reported that moisture stress
was associated with a reduced leaf-to-stem ratio. Davidson and
Milthoroe (1965) found that when orchard grass (Dactyl is glonerata L.)
was severely defoliated, photosynthesis by remaining leaf area was
insufficient to supply substrate demands of the plant for the first

4 days.
Forage Quality

The quality of herbage is of great practical and economic iImpor-
tance to livestock owners since livestock performance is not only a
reflection of dry matter production but also a reflection of nutrient
oroduction. -e""centace c’ude nv'Cte*n c~ i olar.t w$ dererce™. on
many factors including growing conditions, class of herbage, plant
species, plant part, soil fertility, and stage of maturity of tissue

(Kothmann 1930). ror example, Cook and Harris (1963) reported large

tjHIVERSITY OF NMBOBI
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differences in crude protein contents between three forage classes as
well as various plant parts in northern Utah rangelands. Percentage of
crude protein was greater in leaves than stems of grasses, forbs, and
shrubs, with all three forage classes declining in crude protein as the
season progressed. Huston et al. (1981) reported similar findings in
the Edwards Plateau region of Texas. However, Heitschmidt et al.
(1982) reported that the major factor altering crude protein content of
grasses was the stage of maturity of plant tissue, not differences
among grasses. Crude protein content of both leaves and stems of
grasses tended to rise to a peak at ear emergence, whereas the digesti-
bility tended to decline with advancing maturity, which was more marked
in the case of the stem (Haggar and Ahmed 1971). Pine and Burton
(1956) reported that percentage of crude protein of Cynodon dactylon
decreased with increased clipping frequency. Osman (1979) found that
percentage of crude protein in grasses clipped at 2-week intervals was
double (13.5") that in grasses clipped at 6-week intervals (6.5 ).
Cook et al. (1958) reported that plants harvested most frequently dur-
ing the growing season produced herbage in the fall that was more leary
and consequently higher in percentage of crude protein than herbage
harvested less frequently.

Relative digestibility of leaves and stems was found to vary
among species. Both leaves and stems exhibited decreased digesti-
bility with advancing maturity but the leaf sheath and stem fractions
decreased more rapidly (Pritchard et al. 1963, Terry and Tilley 1964,
Haggar and Ahmed 1971). Kilcher and Troelsen (1973) reported a

decline in digestibility of smooth bromegrass (Bromus inermis Leyss.)



from IV; to 57* ip the leaves and from 73 to 35 in the stems as the
plant progressed from a very immature to mature stages. Similarly, tHe
digestibility of dead tall fescue (Festuca arundinacea Schred.) was less
than half that of the same forage while green "Tavl”™r and Templeton
1976). These responses to defoliation may be modified by other factors
such as soil, climate, nutrients, light, and the time of clipping

(Alberda 1966).



CHAPTER 111
MATERIALS AND METHODS
Study Area

Field research was conducted on the National Range Research
Station, Kiboko, situated about 168 km from Nairobi on the Nairobi-
Mombasa Highway. The station lies between latitudes T 10" S and 2°
25" S and longitudes 37" 40" E and 37~ 55" E. The station land area
is approximately 30,000 ha and the elevation is about 1000 m above
sea level (Fig. 1).

The climate of Kiboko falls under the influence of the Inter-
tropical Convergence Zone (Whyte 1963) characterized by a bimodal
distribution of rainfall. The months of January and February charac-
terize the short dry season, followed by a long rainy season from
March through May. The period from June to October is usually a
harsh dry season which is followed by a rather short rainy season from
November to December. Data from the general area over the last 45
years indicate a long-term annual averaae rainfall of approximately
600 mm and an annual mean relative humidity of 62.5 (Michieka and
Van der Pouw 1977).

Two separate study areas were selected early in 1981, one within
the Wildlife Center in the southern ranch and the other within
the Old Plant Nursery near Cattle bona 1 in the northern ranch
(Fig. 2). The t o stud/ areas were situated ir. ecological zone 7,
which comprises the bulk of rangelands in Kenya (Pratt et al. 1966).

The study areas were located within the basement system plains that



Fig.

1.

A map of Kenya showing the location of the National

Research Station, Kiboko, and the ecological zones.
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Ficj- 2. A nijp of the National Range Research Station, Kiboko, showing the location of the study areas.



account for the largest portion of the research station. The slope .a
generally less than 5%« Soils were mostly derived from relatively
undifferentiated basement system rocks, predominantly gneisses.

Soil types were ferrosols - deep, well drained, dark red-brown to dark
brown and luvisols - red to dark reddish brown of firm sandy clay

with a top soil of loamy sand (Michieka and Van der Pouw 1977). Vege-
tation in the vicinity of the study areas was characterized by Acacia
tortilis, Acacia Senegal, Commiphora riparia, and Commiphora africana
in the upper story with perennial grasses such as Cenchrus ciliaris,
Chloris roxburghiana , Digi taria macroblephara, Eragrostis superba ,
Panicum maximum, Themeda triandra and many others in the herbaceous
understory. The above six grasses were all native grass species and
have been reported as important range forage plants in Kenya (Pratt

and Gwynne 1977).
Field Methods

The experimental sites were initially hand-cleared and then
cultivated with hand hoes. Sixty 2 x 2 m plots were marked out with
steel pegs in rows allowing 1 m wide paths between rows. Sprigs
of the six range grasses were transplanted in the plots at the
beginning of the long rainy season in April 1981. The original
transplantation was very successful for Cenchrus ciliaris, Digi taria
~acroblerhara. Eramostls surerba, and E\anicu...a\i-it-. ucwe".er.
Themeda triandra and Chloris roxburcni ana had sc™e die-off» but the
dead plants were replaced during the 1931 long rainy season, resultin®

in good stand establishment for all species.



Each of the six grasses was assigned randomly to nine 2 x 2 n
plots. Each plot was subsequently subdivided into four parts. Three
stubble heights and a control were randomly assigned to the four sub-
divisions of eacn plot resulting in a split-split plot design with
2x 6 xJ x 3 x 3x 3 arrangement of treatments (2 experimental sites,
6 grasses, 4 seasons, 3 frequencies of harvest, 3 heights of cutting,
and 3 replications).

In addition to forage yield and leaf-to-stem ratio, growth re-
sponses to frequency of harvest and height of cutting were analyzed by
measurements of crown diameter, counts of tillers and measurements of
regrowth height just before clipping on predetermined individual plants
in each quadrant three weeks after the onset of the 1983 short rainy
season.

Plants were clipped at three heights (6 cm, 10 cm, and 15 cm) and
at three frequencies of harvest to give one, two, and three clippings
during the growing season at an interval of 9, 6, and 3 weeks, respec-
tively. An additional clipping was carried out during each of the dry
seasons at each frequency of harvest and height of cutting combination.
Forage yield data consisted of herbage above clipped heights and
samples were collected during the 1982 lono rainy season through the
1983 short rainy season. Leaf and stem parts were separated, but no

separation of live and dead plant material was made.

Laboratory Methods

The clipped grass material was put into DaDer bags, dried at 60 C

in a forced air drvina oven for about 24 hours and thereafter separated



into leaf and stem portions. The oven-dried samples of leaves and
stems were ground in a Wiley mill fitted with a 1.00 mm screen in the
case of samples for nylon bag digestion and with a 0.5 mm screen in the
case of samples for nitrogen determination. All chemical constituents
analyzed in the herbage samples were expressed on an oven-dry matter
basis.

Total nitrogen content of all samples was determined by the micro-
Kjeldahl procedure (A.0.A.C. 1970). This procedure consisted of the
following steps. A 0.5 g herbage sample was digested in sulfuric acid.
Sodium hydroxide was then added to release the ammonia, which was then
distilled into a boric acid solution. This solution was titrated with
hydrochloric acid. Percentage of crude protein was calculated by
multiplying percentage of total nitrogen by 6.25.

The procedure used to estimate digestible dry matter of the clip-
ped plant samples was the in vivo microdigestion nylon bag (Van Dyne
1962, Simonson et al. 1932). In this procedure 2-g of ground forage
were placed inside a bag made of fine-weave nylon and suspended for -F?
hours in the rumen of a fistulated steer. After removal from the
steer™s rumen, the samples were washed alternately in cold and hot tap
water until no color in the wash water was evident. After rinsing, the
samples were oven-dried and then weighted to determine material lost

through digestion expressed as a percentage of original material.
Statistical Analysis

The experiment was laid out as a split-split plot trial with three

reolications. The whole plots were experimental sites, crass species



and frequencies of harvest. The split plots in whole plots were
heights of cutting and the within split plots were seasons.

Data were analyzed using the Statisticsl Analysis System (SAS)
software package (Barr et al. 1976). Analysis of variance techniques
were employed to analyze forage yield, leaf-to-stem ratio, crown dia-
meter, tiller number, regrowth height, percentage of crude protein, and
percentage of dry matter digestibility. All 3- and 4-factor inter-
actions had been pooled into their appropriate error terms. Duncan’s
new multiple range test was performed for variables having significant
F-values (P < .05). In all analysis of variance tables, F-values
followed by an * were significant at P 1 .05 unless otherwise stated.
All references to significant differences in the text related to

differences at the .05 level of significance.



CHAPTER IV
RESULTS
Forage Yield

An analysis of variance on forage yield shown in Table Al revealed
that there were significant differences in forage yield among grasses,
experimental sites, frequencies of harvest, and seasons,

The rank in forage yield in g/m2 from highest to lowest was
Panicum maximum, Cenchrus ciliaris, Diqitaria macroblephara, Eragrostis
superba, Chioris roxburghiana, and Themeda triandra. Except for
Pani cum maximum and Cenchrus ciliaris, all differences in mean forage
yield for the six grass species were sionificant (Table 1). Although
the experimental site by grass interaction was significant, Pani cum
maximum, Cenchrus ciliaris, and Pigitaria macroblephara consistently
produced highest forage yield values at both experimental sites while
Themeda triandra produced the lowest forage yield with Chloris rox-
burghiana and Eragrostis superba producing intermediate forage yield
values (Table 2).

Forage yield was lowest at the 3-week harvest interval, “he high-
est amount of forage was produced at the 6-week harvest frequency while
intermediate amounts were produced at the 9-week harvest interval
(Table 3). Cenchrus ciliaris, Diaitaria macroblephara, and Themeda
triandra produced the highest amount of forage at the 9-week interval
while the 6-week interval >*esulted in highest forage yield in Chioris

roxburghiana , Eraprostis superba , and Pani cum maximum. Forage yield



Table 1. Mean forage yield, leaf-to-stein ratio, crown diameter, tiller number, regrowth height, percen-

tage of digestibility, and crude protein of six grasses across experimental sites, frequencies,
intensi ties and dates of clipping.

Forage Leaf to Crown - Regrowth
Grass Jield sten | diameter ol MM 6Ty Goomy gy G op
C. ciliaris 171.2 ab 4.3 d 11.6 a 25.3 b 21.8 abc 72.8 b 57.4 ab 10.3 b 6.3 cC
C. roxburghiana 93.7d 49 c 9.2 b 13.3 ¢ 18.6 bhe 65.7 d 56.3 b 11.4 ab 7.6 ab
D. macroblephara 161.4 b 5.5 b 11.8 a 60.3 a 25.4 a 76.3 a 51.6 c 11.5 ab 7.9 a
L. superba 137.3 ¢ 4.2 d 7.3 C 12.9 ¢ 17.7 c 71.6 be 56.0 b 10.8 b 7.3 Db
P. maximum 182.9 a 7.9 a 10.3 ab 30.6 b 22.9 ab 73.2 b 59.4 a 11.8 a 7.6 ab
T. triandra 50.1 e 4.2 d 6.1 c 10.6 ¢ 22.0 abc 70.6 ¢ 52.7 ¢c. 9.4 c 5.7d

Means for the grass species followed by the same letter are not significantly different at the .05
level.



Table 2. Mean forage yield,

and dates of clipping.

leaf-to-stem ratio,

crown diameter,

tiller numbers, and regrowth heights of

six grasses at the Old Plant nursery (OPN) and Wildlife Center (WC) across frequencies, intensities

Forage yield

@/m?)
Grass
OPN WC
C. ciliaris 130.9 b 211.5 a
C. roxburghiana 106 c 90.9 c
D. macroblephara 142.3 ab 180.4 b
E. superba 94.3 c 180.3 b
P. maximum 156.3 a 209.5 a
T. triandra 53.2 d 47.1 d

Means for grass species within an experimental

different at the .05 level.

Leaf-to-stem Crown

Tiller number

ratio diameter (cm)

OPM wC OPN wC OPN wC
39 ¢ 46 c 10.3 ab 13.0 a 16.2 b 34.4 c
49 b 5.0 be 8.9 be 9.4 b 13.3 b 14.3 d
54 Db 5.7b 11.4 a 12.2 a 51.5 a 69.1 a
42 c 4.2 c 5.3 e 9.4 D) 3.3 b 22.5 cd
7.6 a 8.3 a 7.8 cd 12.9 a 9.3 b 51.9
4.2 ¢ 4.3 c 6.1 de 6.1 c 6.8 b 13.4 d

site

b*

Regrowth height

OPN

18.4 be

18.9 be

27.3 a

13.1 c

18.2 be

23.0 au

wC

25.2 ab

18.3 b

23.6 ab

22.3 ab

27.7 a

20.9 ab

followed by the same letter are not significantly



Table 3. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller numbers, regrowth height, percen-

tage of DMD and CP in leaves and stems resulting from three frequencies across grasses, intensities and
dates of clipping, and experimental sites.

1requency 1(_)rage Leaf to (_Zrown Tiller Regl_'owth Leaf Stem CP in leaves <P in stems

(weeks) yield stem diameter number height {% DMD) (% DND) Y ”
(g/m2) ratio (cm) per plant (cm) O )

3-week 116.3 b 6.0 a 9.2 b 21.4 c¢ 20,1 b 749 a 57.6 a 13.4 a 7.7 a

6 -week 1456 a 5.2 b 10.1 a 29.3 a 24.2 a 71.6 b 57.3 a 9.9 b 7.3 b

9-week 130.9 a 4.3 c 9.0 b 26.1 b 19.9 b 68.6 ¢ 51.8 b 9.6 b 6.1 c

Means for the frequencies of harvest followed by the same letter are not significantly different at the
.05 level.



values for the 6-week and ?-week harvest frequencies were significant”
different onl_. in Emeaorostis superba and F;nicun- -a/imum (Table %2 .
*lean forage yield for the three harvest freouencies with three
cutting heights is shown in Table 5. Plants clipped at 3-week inter-
vals produced highest amount of forage with the 15-cm cutting height
and lowest amount of forage with the 5-cm cutting height. Intermediate
forage yield values were produced by Diants harvested at 3-week inter-
vals with the 10-cm cutting height. The three cutting heights at the
9-week interval resulted in forage yield values that were not signifi-
cantly different. Plants clipped at 6-week intervals, however, produc-
ed highest forage yield values with the 5-cm cutting height. The 10-cm
cutting height resulted in lowest forage yield values while the 15-cm
cutting height resulted in intermediate forage yield values (Fig. 3).
Seasonal effects on forage yield are shown in Table 6. The re-
sponse patterns of the six grasses under investigation denended
strongly on the amount of rain received. For example, the 1982 short
rainy season had the highest amount of rainfall and consequently pro-

ducted the highest amount of forage.
Leaf-to-Stem Ratio

There were significant differences in leaf-to-stem ratio among
grasses, frequencies of harvest, cutting heights, experimental sites,
and seasons (Table ~2). The rank in mean leaf-to-stem ratio values
from highest to lowest was Fanicum maximum. Digitaria nacrobleoha”a,
Chloris roxburohiana , Cenchrus ciliaris, Themeda triandra, and

Eragrostis superba (Table 1). Differences in mean leaf-to-stem ratio



Table 4. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller numbers, and regrowth height of
six grasses harvested at three frequencies across experimental sites, intensities and dates of
clipping.

Frequenc Forage yield Leaf- Crown Tiller Regrowth
Grass (wctlaeks)y gey to-stem di ameter number height
ratio (cm/plant) (cm)
3 120.2 ¢ 5.1 a 10.5 b 20.2 b 17.3 ¢
C. ciliaris 6 137.3 ab 4.3 ab 12.9 a 33.0 a 27.5 a
9 198.1 a 3.4 b 11.5 ab 22.8 b 20.0 b
3 92.0 a 6.2 a 10.0 a 14.9 a 215 a
C. roxburghiana 6 111.2 a 4.8 b 10.3 a 17.3 a 21.8 a
9 93.1 a 3.9 ¢ 7.3 b 9.3 a 12.6 b
3 134.6 b 6.7 a 10.1 b 40.5 b 23.3 b
D. macroblephara 6 174.1 a 5.4 b 14.0 a 69.8 a 27.6 a
9 175.4 a ~* 4.4 c 11.3 b 70.5 a 25.4 ab
3 125.1 c 4.9 a 7.3 a 13.6 a 15.4 ¢
E superba 6 151.0 a 4.1 ab 7.0 a 15.2 a 19.3 a
9 135.9 b 3.5 b 7.6 a 9.9 a 17.8 b
3 181.3 ab 3.1 ab 10.6 a 28.5 a 28.3 a
P. maximum 6 196.2 a 3.5 a 10.5 a 31.6 a 23.9 b
9 170.7 b 7.2 b 9.9 a 31.8 a 21 1 c
3 36.0 b 5.1 a 6.5 a 10.5 a 13.8 b
T. triandra 6 54.0 a 3.9 b 55 a 9.1 a 24.7 a
9 60.3 a 3.7 b 6.2 a 12.2 a 22.5 ab

Means for a given grass species for different frequencies of harvest followed by the same letter are
not significantly different at the .05 level.



Table 5. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller numbers, and regrowth height of
six grasses harvested at three frequencies and three intensities.

’ ’ Height of Forage yield Leaf-to _Crown Tiller Regl_'owth
legucncy cutting (cm) (9/m2) sterp di ameter number height
ratio (cm/plant) per plant (cm)
0 - - 10.6 a 3.2 a 33.9
5 100.7 b 6.2 a 9.1 ab 4.7 b 1.8
1 weeks 10 116.2 ab 5.6 b 8.9 ab 17.1 b 15 .7 be
15 124.1 a 6.2 a 1b 22.5 ab 19.10b
0 10.9 a 36..0 a 36.1 a
151.9 a 5.9 a 9.8 a 23.6 b 174 b
6 weeks 10 136.8 b 4.4 ¢ 6 a 30,.4 ab 21 .4 b
15 148.2 ab 5.2 b 9.8 a 27..3-ab 219 b
0 - - 9.1 a 25 4 ab 28 .0 a
5 136.4 a 3.7 b 8.2 a 221 b 70b
9 weeks 10 137.0 a 4.6 a 8.9 a 2 5a 171 b
15 143.3 a 4.7 a 9.6 a 24 3 ab 176 Db

Means for a given harvest frequency for di fferent cutting heights followed by the same letter are not
significantly different at the .05 level
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Table . Mean forage yield and leaf-to-stem ratio of four seasons across six grasses, two experimental
sites, frequency and intensity of defoliation from 1982 lony rains (LR) through 1083 short rains (SR).

Rainfall (mm) Forage yield (g/m2) Leaf-to-stem ratio

Seasons OPN We OPN we OPM we
1982 LR April-June 127.0 197.1 110.4 b 202.8 b 2.8 d 3.0d
1982 SR September-December 435.6 515.7 279.8 a 270.5 a 3.9 ¢ 4.4 c
1983 LR February-May 111.9 99.7 28.0 c 23.6 d 7.6 a 7.5 a
1983 SR October-December 169.4 186.9 37.5 ¢ 76.8 ¢ 57 b 6.4 b

Means for seasons within an experimental site followed by the same letter are not significantly
different at the .05 level.



between the last three grasses in the rank order were not significantly,
di fferent.

Plants defoliated at the 3-week interval produced highest leaf-to-
stem ratio values in all six grasses. The 9-w/eek harvest frequency re-
sulted in lowest leaf-to-stem ratio values while the 6-week harvest
frequency resulted in intermediate values (Table 4). Plants clipped at
3, 6 and 9-week harvest frequencies produced 6.0, 5.2 and 4.3 mean
leaf-to-stem ratios, respectively. These leaf-to-stem ratio values
were all statistically significant (Table 3).

The effects of frequency and height of cutting on leaf-to-stem
ratio are shown in Table 5. The 3-week harvest frequency resulted in
higher leaf-to-stem ratio values with the 5-cm and 15-cm cutting
heights. The 10-cm cutting height resulted in significantly lower
values. Plants clipped at 6-week intervals with the three cutting
heights produced leaf-to-stem ratio values that were significantly
different. The 10-cm and 15-cm cutting heights resulted in leaf-to-
stem ratio values that were not different, but values from the 5-cm
cutting height were statistically different at the 9-week harvest
frequency (Fig- 4).

Growing seasons that received the least rainfall produced the
highest leaf-to-stem ratios. Thus, the 1982 long rainy season pro-
duced the lowest while the 1983 long rainy season produced the highest

mean leaf-to-stem ratio values (~able 6).

Crown Diameter

There were significant differences in crown diameter among
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Fig. 4. Mean leaf-to-stem ratio resulting from three frequencies
of harvest with three cutting heinhts across exnerinental
sites, grasses, and dates of clipping.



grasses, experimental sites, and cutting heights (Table A3). At both
experimental sites. Digitaria macroblephara, Cenchrus ciliaris, and
Panicum macimum maintained significantly higher crown diameter values
than Chioris roxburghiana, Eraarostis superba. and Themeda triandra
(Table 2). For example, Digitaria macroblephara maintained a mean
crown diameter of 11.8 cm per plant while Themeda triandra maintained a
mean crown diameter of 6.1 cm per plant (Table 1).

Plants clipped at 6-week intervals produced the highest mean crown
diameter. Differences in mean crown diameter values produced by plants
clipped at 3-week and 9-week intervals were not significantly different
(Table 3).

Mean crown diameter values for the three freouencies of harvest
with the four cutting heights are shown in Table 5. Mean crown diameter
values obtained with 0-cm, 5-cm, 10-cm, and 15-cm cutting heights did

not appear to vary greatly in magnitude at each harvest frequency.

Tiller Number

An analysis of variance on tiller numbers for the six grasses re-
vealed that there were significant differences in tiller production
among grasses, experimental sites, and cutting heights (.able A4).
Digitaria macroblephara produced significantly more tillers than the
other species. Mean tiller number values produced by Panicum maximum
and Cench»*us cilisris were intermediate while "ean tiller number value*"
produced by Chioris roxburghiana, Eragrostis superba, and Themeda

triandra were the lowest (Table 1).

Tiller numbers were highest at the 6-week interval and lowest 3t



the 3-week interval. The 9-week interval resulted in intermediate
tiller number values (Table 3). Tiller number values for the six crass
species were higher at the Wildlife Center site than at the Old Plant
Nursery site (Table 2).

The 5-cm cutting height resulted in lowest tiller numbers for
plants clipped at the three frequencies of harvest. Plants clipped at
6-week and 9-week intervals appeared to produce higher mean tiller
numbers with the 10-cm cutting height. Differences in mean tiller
number values between the control and defoliated plants were not sig-
nificantly different (Table 5). Plants clipped at 3-week intervals
with the 5-cm cutting height produced the lowest mean tiller number
(Fig. 5). Both aerial (nodal) and basal tillers were recorded to-

gether.

Regrowth Height

There were significant differences in regrowth height prior to
clipping among grasses, frequencies of harvest, experimental sites, and
cutting heights (Table A5).

The rank in mean regrowth height values from highest to lowest was
Pigitaria macroblephara, Panicum maximum, Themeda triandra, Cenchrus
ci liaris, Chioris roxburghiana, and Eraarosti s superba. Except ~or
Chioris rosburghiana and Eraarostis superba whose mean regrowth height
values were in the upper 10s, the rest of the grasses had mean regrowth
height values between 21 cm and 25.4 cm (Table 1).

Plants clipped at 6-week intervals produced the highest regrowtn

height values, while the 3-week and 9-week intervals resulted in lowest
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Fig. §- Mean tiller number resulting from three frequencies of harvest with
four cutting heights across experimental sites, grasses, and dates of clipping



regrowth height values (Table 3).

Tne control plants produced regrowth height values that were sig-
nificantly different from values obtained from defoliated plants, “lean
regrowth height values obtained with the 5-cm, 10-cm and 15-c~ cutt*> :
heights were not significantly different at each freouency of harvest

(Table 5).
Digestibility
Leaf Digestibility

There were significant differences in percentage of leaf dry matter
digestibility among grasses and frequencies of harvest (Table AB).

The rank in mean percentage of leaf dry matter digestibility from
highest to lowest was Pigitaria macroblephara, Panicum maximum,
Cenchrus ciliari s, Eraqgrostis superba, Themeda triandra, and Chlori s
roxburghiana. Mean percentages of leaf dry matter digestibility
ranged from 65.7 for Chlori s roxburghi ana to 76.3 for Pigitaria
macroblephara. Mean percentages of leaf drv matter digestibility
for the rest of the grasses were in the low 70s (Table 1).

Plants clipped at 3-week intervals produced the highest mean per-
centage of leaf dry matter digestibility values while Diants clipped at
9-week intervals produced the lowest leaf digestibility values. Inter-
mediate mean percentages of leaf drv matter digestir*litv were
obtained from plants clipped at 6-week intervals. Differences in mean
percentage of leaf dry matter digestibility values for the three fre-
guencies of harvest were significantly different (Table 3). The dif-

ference in mean leaf digestibility between the 3-week and the 9-week
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harvest frequencies was 10 units for Diqgitaria macreblechara , 6.6 units
for Chloris roxburchiana and Eragrostis superba, 6.1 units for Cenchr jz
ciliaris, 5.2 units for -anicu”™ maxinun, and 3.J units for Themeda
triandra (Table 7).

The height of cutting appeared to have little effect on percentage

of leaf dry matter digestibility (Table 8).

Stem Digestibility

There were significant differences in mean percentage of stem dry
matter digestibility values among grasses, experimental sites, and
harvest frequencies (Table A7).

The rank in mean percentage of stem dry matter digestibility from
highest to lowest was Panicum maximum, Cenchrus ciliaris, Chloris
roxburghiana , Eragrostis superba , Themeda triandra , and Digitaria
macroblephara. Mean percentage of stem dry matter digestibility ranged
from 51.6% for Digitaria macroblephara to 59.4% for Panicum maximum.
Percentages of stem digestibility for Cenchrus ciliaris. Chloris
roxburghi ana, and Eragrosti s superba were in the mid 50s (Table 1).

Plants clipped at the 3-week and the 6-week intervals produced
mean percentages of stem dry matter digestibility that were
significantly different from stem digestibility values obtained from
plants clipped at the 9-week intervals (Table 3).

There were s”all differences in mean percentage of stem dr;, ~atte™
digestibility values between heights cf cutting at each harvest *>e-

gquency (Table 8).



Table 7. Mean percentage of DMD and crude protein of six grasses harvested at throe frequencies across
experimental sites, intensities and dates of clipping.

Grass Frequency Leaf Stem CP in leaves CP in stems
(weeks) {% DMD) (% DMD) ) )
3 76.6 a 61.7 a 13.1 a 6.8 a
C. ciliaris 6 71.4 b 56.0 b 9.2 c 6.2 b
9 70.5 ¢ 54.6 c 10.2 b 6.0 b
3 69.8 a 63.5 a 13.6 a 8.1 a
C. roxburghiana 6 64.0 b 58.1 b 10.5 b 8.4 a
9 63.2 b 47.2 ¢ 10.2 b 6.5 b
3 30.3 a 50.0 b 15.0 a 9.3 a
D. macroblephara 6 78.2 a 54.5 a 9.7 b 8.0 b
9 70.4 b 50.2 b 9.0 b 6.4 c
3 74.8 a 55.8 b 13.0 a 0.7 a
£. superba 6 71.7 b 58.6 a 9.8 b 7.5 b
9 68.2 c 53.6 ¢ 9.6 b 5.7 ¢
3 76.3 a 60.7 a 14.5 a 7.6 b
P. maximum 6 72.1 b 60.3 a 11.2 b 8.5 a
9 71.1 b 57.3 b 9.7 c 6.6 C
3 71.5 a 53.8 b 10.4 a 6.0 a
T. triandra 6 72.1 a 56.3 a 9.1 b 5.8 ab
9 68.1 b 48.0 c 8.8 b 5.4 b

Means for a given grass species for different frequencies of harvest followed hy the same letter are
not significantly different at the .05 level.



Table 3. Moan percentage of dry matter digestibility and percentage of crude protein in leaves and
stems of grasses harvested at three frequencies and three

Height of

Frequency cutting (cm)

5
3 weeks 10
15

5
6 weeks 10
15

5
9 weeks 10
15

Means for a given harvest frequency for different cutting heights followed by
level.

significantly different at the .05

Leaf

(" DMD)

74.
75.5
74.

73.
69.
71.

68.7
67.8
69.3

intensities across grasses and sites.

Stem CP in leaves CP in stems
(% DMD) Q) )
60.1 a 13.7 a 7.5 a
57.8 ab 13.2 a 7.8 a
54.9 b 13.3 a 7.3 a
57.6 a 10.2 a 7.3 a
58.5 a a 7.4 a
55.9 a 9.3 a 7.4 a
51.2 a 4 a 6.0 a
51.4 a 6 a 6.0 a
52.8 a 7 a b.3 a

the same letter are not



Crude Protein

CP In Leaves

There were significant differences in mo™ percentage of crude
protein in leaves among grasses and frequencies of harvest (Table A2).
The rank in mean percentage of leaf crude protein from highest to
lowest was Pani cum maximum, Digi taria macroblephara , Chioris roxbur-
ghiana, Cenchrus ciliaris, Eragrostis superba, and Themeda triandra.
Not all differences in percentage of leaf crude protein values for the
six grasses were statistically different (Table 1).

Plants clipped at the 3-week frequency produced the highest mean
percentage of crude protein. Percentages of crude protein at the
6-week and 9-week harvest frequencies were not statistically differert
(Table 3).

The 3-week harvest frequency resulted in highest mean percentage
of leaf crude protein values across the three heights of cutting. Per-
centages of crude protein for the 5-cm, 10-cm, and 15-cm heights
of cutting were not statistically different at each frequency of

harvest (Table 8).

CP in Stems

There were significant differences in mean percentage of stem
crude protein 2~cr: -rasses and frequencies of harvest ( able «-<e
rank in mean percentage of stem crude protein values from highest to
lowest was Digi taria macroblephara , Panicum maximum. Chioris roxbur-

ghiana, Eragrostis suoerba, Cenchrus ciliaris. and Themeda triandt a.
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Not all differences in mean percentage of stem crude protein values for
the six grasses were statistically different (Table 1).

Plants clipped at the 3-week harvest frequency produced the high-
est mean percentage of stem crude protein values while plants clipped
at the 9-week harvest frequency produced the lowest crude protein
values. The 6-week harvest frequency resulted in intermediate crude
protein values. Differences in percentage of crude protein values
among the three harvest frequencies were statistically significant
(Table 3).

Mean percentaaes of stem crude protein for the 5-cm, 10-cm,
and 15-cm heights of cutting were not statistically different at each

harvest frequency (Table 8).



CHAPTER V

DISCUSSION AMD CONCLUSIONS

Variability in both total rainfall and seasonal rainfall was high.
The period was characterized by poor rainfall during the 1982 LR at the
Old Plant Nursery and during the 1983 LR at the two sites. The 1982 LR
was fair at the Wildlife Center while the 1983 SR was fair at both
sites. The 1982 short rainy season received the highest rainfall. In
addition to defoliation treatment effects, forage yield, and leaf-to-
stem ratio of the six grasses showed a seasonal response pattern. In
addition to clipping treatments, lack of effective rainfall in 1983 was,
therefore, partly responsible for the reduction in forage yield, tiller-
ing, and regrowth height, especially in plants clipped most frequently.
Reduced forage response pattern due to inadequate soil moisture agreed
in trend with the response pattern reported by Turner and Begg (1978),
and Wilson and Ng (1975).

Forage yield, tiller number, regrowth height, and crown diameter of
the six grasses showed similar response patterns to defoliation treat-
ments. The values of these dependent variables were highest at the 6-
week harvest frequency and lowest at the 3-week harvest frequency.

These results agreed with results reported by Singh and Mall (1976),
Perry and Chapman (1976), Albertson et al. (1953), Aldous (1930). Hcl*
and McDaniel (1963), Cassady (1973), Voorthuizen (1972), and Taerum
(1970). Under the most frequent and intense cutting, new tillers ap-
parently never fully expanded. Less of each tiller was removed at the

3-week harvest frequency than either at the 6-week or 9-week harvest



frequency, which resulted in lower yields at the 3-week harvest fre-
qguency. The more frequent defoliation at 3-week intervals removed
mostly grass leaves and retarded tillering through a reduction of
photosynthetical ly active tissue as reported by Troughton (1957),
Davidson and Milthorpe (1965), Vogel and.Bjuastad (1968), Beaty and
Powell (1976). It appears that the 6-week harvest frequency was
sufficiently long to permit a large number of tillers to develop to
the point that their removal did not reduce growth rate.

Tillering is important in forage plants because of its effect on
leaf area production and dry matter yield. A high rate of tiller pro-
duction would be beneficial in attaining high yields and maintaining a
stand under severe defoliation. Digitaria macroblephara, Panicum
maximum, and Cenchrus ciliaris were found to produce large numbers of
tillers and sufficient leaf area to attain a maximum growth height a: an
earlier age and recover soon after defoliation, especially at the 6-
week harvest frequency. With increased defoliation interval, tillers
were allowed to reach a more mature stage, which resulted in increased
forage yield. Furthermore, tiller numbers also increased since the
older tillers could initiate nodal tillers before they were removed,
thereby enlarging the crown area. Tillering and expansion of the crown
area were suppressed by the 3-week harvest frequency.

In contrast, defoliation treatments resulted In a response pattern
whereby leaf-to-stem ratio, percentage of dr. matter digestibility, 2nd
percentaae of crude protein values were highest at the 3-week harvest
frequency and lowest at the 9-week harvest frequency. Most of the

treatment differences appeared to be due to the frequency of harvest.
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Effects of cutting heights on forage yield and tillering resulted in
large differences at the 3-week frequency. Plants clipped at 3-week
intervals with the 5-c*1 cutting height produced the lowest forage yield
and tiller numbers. As frequency of defoliation decreased, intensity
of defoliation had less influence on forage production.

Grass species that produced relatively high leaf-to-stem ratios
correspondingly gave high mean percentage of dry matter digestibility
values and mean percentage of crude protein values. The digestibility
of the leaf fraction exceeded the digestibility of the stem fraction by
as many as 9 units in Chloris roxburghiana, 14 units in Panicum maxi-
mum, 15 units in Digitaria macroblephara, Cenchrus ciliaris, and
Eragrostis superba and 18 units in Themeda triandra. These results
indicated that the leaf fraction was more digestible than the stem
fraction and that digestibility declined as the interval between defo-
liations increased. These results agreed in trend with results re-
ported by Heitschmidt et al. (1982), Haggar and Ahmed (1971), Pritchard
et al. (1963), Terry and Tilley (1964), and Kilcher and Troelsen
(1973).

Crude protein content of grass leaves and stems showed a pattern
similar to that shown in leaf and stem digestibility. The crude pro-
tein content of the leaf fraction exceeded the crude protein content of
the stem fraction by 45" , 4.2 , 3.8", 3.7 , 3.6" and 3.5 for Cenchrus
ciliaris. PanleWO -aximum, Chloris roxburghi ana. Themeda tri andra,
Digitaria macroblephara. and Eracrostis superba, respectively.
Similarly the crude protein content of both leaf and stem fractions

declined as the interval between defoliations increased. These



results agreed in trend with results reported by Cook and Harris
(1968), Huston et al. (1981), Heitschmidt et al. (1982), Pine and
Burton (1956), and Osman (1979).

The response patterns exhibited by the six grass species indicated
that Digitaria macroblephara, Panicum maximum, and Cenchrus ciliaris
were the most important grasses in this study in terms of forage yield,
tillering, forage digestibility, crude protein content, and regrowth
characteri sties.

Digitaria macroblephara, Panicum maximum, and Cenchrus ciliaris
showed a strong tiller producing capacity, especially at the 6-week
harvest frequency. The three grass species produce abundant _basal
tiV[e_rs which develop from axillary buds at a series of very short
internodes and nodes at ground level of the basal shoot. In addition
Digi taria macroblephara and Cenchrus ciliaris produce stolons at which
nodal tillers may develop at various stages of development, "he pros-
trate growth habit and closely overlapping leaves, characterisec of
Cenchrus ciliaris and Digitaris macroblephara permit a large portion of
green leaves to remain after moderate defoliation, thus a high level o"
photosynthesis can be maintained as found by ".-."eimreamn and Goldsmith
(1948) iIn their investigations.

In contrast. Chioris roxburghiana, Eragrostis superba , and Therdeda
triandra produce abundant nodal tillers. The nodal tiller originates
at axillary buds and it differs from the basal tiller in that there ire
no root primordia at the nodes. As recorted by Jewiss (1972), a
reproductive culm does not die after one growing season but continues

to produce nodal tillers on primary, secondary, and tertiary branches



that live for several seasons. The 3-week interval between defolia-
tions was not sufficiently great to permit a large number of secondary
tillers to develoD to the point of being removed, thus resulting in
lower forage yields in Chloris roxburchiana, Eragrostis superba, and
Themeda triandra.

There were no apparent die-offs in plots planted with Digitaria
macroblephara, Panicum maximum, and Cenchrus ciliaris, but significant
die-offs occurred in Chloris roxburghiana, Eragrostis superba, and
Themeda triandra. Forage yield and tiller numbers from the six grasses
decreased with the more frequent clipping and closer harvesting. As
frequency of defoliation decreased, however, intensity of defoliation
had less influence on forage yield and tiller production. These re-
sults agreed in trend of response with results reported by Cassady
(1973), Holt and McDaniel (1963), Perry and Chapman (1975), and Huokuna
(1966) . In contrast, Potter (1930) reported that clipping Themeda
triandra and Penni setum mezianum plants at 3-week intervals with a 5-cm
stubble height did not suppress forage yield. His investigations were
carried out at Athi River plains presumably under wetter conditions
than at Kiboko National Range Research Station.

Large herbivores have been reported to consume an average of 66
and a maximum of % - of aboveground biomass at the Serengeti region of
Tanzania (McNaughton 1979). Although grasses in this reoion appeared
to have mechanises cc~censatory growth following g@>*2z*ng, heavy
grazing led to the evolution of dwarfed cenotvres that produced dense
canopies with a high concentration of plant biomass in the canopy

volume. This growth form enabled the grasses to escape excessive



grazing.

Examination of tillering and forage yield of t"e six grasses re-
vealed that the amount of forage yield under the three frequencies and
the three intensities of clipping was not proportional to the number of
tillers recorded. Apparently residual plant material below the clipped
heights consisted of a number of tillers which had not fully expanded
enough to be harvested at the time of clipping. This morphological
character!stic allowed Digitaria macroblephara, Panicum maximum, and
Cenchrus ciliaris to have adequate leaf area to carry on photosynthesis
and thus enabled the plants to tolerate removal of foliage especially
at intensities that left 10-cm and 15-cm stubble heights. Such charac-
teristics allowed Digitaria macroblephara, Panicum maximum, and Cenchrus
ci liaris to avoid excessive defoliation, and rerhaps gave these specie”
a comparative advantage in grazing resistance. Because total above-
ground forage production of the six grasses was not quantified in this
investigation, the amount of residual forage could not be estimated in
order to determine total herbage production. “*uture studies of this
nature should include some measurement of total herbage yield to ade-
quately test this relationship.

In addition to using total herbage production as a ba
differentiating species response to clipping, the length of growma
seasons and dormant seasons would need to be considered when analyzing
results and planning grazing systems. The southern region of K«nya 1$
characterized by relatively short growing seasons and a long dormant
season. In developing a grazing plan, total herbage production canac--.

of the forage species involved, their response to defoliation during the
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growing season, and the total feed requirement for the entire year must
be considered. IT the range is in poor condition and range improvement
is the main emphasis, a grazing plan which optimizes plant growth would
offer the best option. Such a plan should provide utilization of the
forage at the intensities and frequency which would result in the most
forage production yet utilization of the forage during its high nutri-
tional stage.

IT the range is already in good condition, frequent and less in-
tensive grazing during the growing season might give greater livestock
production than moderate, continuous seasonal grazing. Frequent utili-
zation would produce a stand of vegetation in which differences in plant
maturity within and among plant species would be minimal. This would
aid in reducing selective grazing because available forage would be
young and readily acceptable to livestock. Less intensive utilization
during the growing season, leaving a stubble height of about 10 cm,
would assure adequate residual forage in the stubble for providing
yearlong availability of forage to support livestock maintenance during
dormant seasons. Therefore, based on results of this study, a short
duration grazing system which provided uniform defoliation to a stubble
height of 10 cm in about 42-day intervals would yield best livestock
performance during growing periods and provide maximum herbage for use
during dormant seasons. Defoliation to a stubble heinht of 15 cm would
probably be needed during the April-May growing season, which precedes
the June-October dormant season, in order to leave enough residual
forage to support livestock during the rather long dormant seasons.

During the 1933 short rainy season, cliored plant samples for



forage digestibility and nitrogen determinations consisted largely of
leaf material as indicated by the high leaf-to-stem ratios. The crude
protein content and digestibility of the six grasses in this study were
higher than CP and PMD values generally reported for tropical grasses
and do not corroborate results reported by Stobbs and Minson (1980).
For example, 1in comparing tropical and temperate pasture species, Stobbs
and Minson (1980) found that tropical grasses had lower crude protein
and digestibility than temperate grasses. For a wide range of samples,
the mean protein levels were 9.5" for tropical grasses and 13.2°. for
temperate grasses. Mean dry matter digestibility levels of immature
tropical and temperate pastures were 60" and 7"-, respectively.
Digitaria macroblephara , Panicum maximum, and Cenchrus cillaris produced
higher forage yield, leaf-to-stem ratio, tiller number, regrowth height,
and percentages of DMD and CP than Chloris roxburghiana, Eragrostis
superba, and Themeda triandra. In mixed stands, seasonal preference and
utilization of different species will probably vary. Although chemical
differences in crude protein and digestibility may be important,
differences in animal preference will probably be as a result of the
leaf-to-stem ratio and morphological characteristics of the grasses.
Therefore, Pigitaria macroblephara, Panicum maximum, Cenchrus ciliaris,
and Chloris roxburghiana would probably be the most preferred species.
Recommendations for further research include (1) studying the
responses of foraae rlants and grazing animals to a grazing plan which
utilizes frequent arazing at 42-day intervals, and less intensive graz-
ing leaving 10-cm to 15-cm stubble heights, (2) determining total

herbage production, and amount and distribution cf forage resulting from
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various clipping intensities, and (3) continuing to explore the respon-
ses of plants to defoliation treatments at different phenological
stages, such as, vegetative, reproductive, flowering, seed set and

senescence stages.



CHAPTER M
SUMMARY

A study was conducted at two experimental sites on the National
Range Research Station, Kiboko, to evaluate forage yield, leaf-to-ste®
ratio, crown diameter, tiller number, regrowth height, forace digesti-
bility, and crude protein content of six native range grasses following
defoliation at three frequencies (3, 6, and 9 weeks) with three cutting
heights to leave 5-cm, 10-cm, and 15-cm stubble heights.

The original transplantation was very successful for Cenchrus
ciliaris, Digitaria macroblephara, Panicum maximum, and Eragrostis
superba. However, Themeda triandra and Chloris roxburghiana had some
die-off but the dead plants were replaced during the 1981 long rainy
season resulting in good stand establishment for all species.

Forage yield data consisted of total biomass and were collected
during the 1982 long rainy season through the 1983 short rainy season.
Leaf and stem parts were separated, but no separation of live and dead
plant material was made. Tiller counts, crown diameter and regrowth
heiaht measurements were carried out during the 1933 short rainy season
just before clipping on predetermined individual plants in each plot.

Total nitroaen content of ground forage samples collected during
the 1983 short rainy season was determined by the micro-kjeldahl pro-
cedure while the ,r>vvo micrpdiocesticn nylc bag procedure was user
estimate digestible dry ratter.

The experiment was laid out as a split-split plot trial with three

replications. The whole plots were experimental sites, arass species.
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and frequencies of harvest. The split plots in whole plots were
heights of cutting, and the within split plots were seasons.

Analyses of variance techniques were employed to analyze forage
yield, leaf-to-stem ratio, crown diameter, tiller number, regrowth
height, percentage of dry matter digestibility, and percentage of crude
protein. All 3- and 4-factor interactions were pooled into their
appropriate error terms. Duncan"s new multiple range test was perform-
ed for variables having significant F-values (P i .05).

Following defoliation treatments, responses of six range grasses
were investigated in 1982 and 1983 at two experimental sites on the
National Range Research Station, Kiboko. Of the six grasses under in-
vestigation, Digi taria macroblephara, Rani cum maximum, and Cenchrus
ciliaris exhibited a strong capacity to produce relatively higher
forage yield, larger tiller numbers, and higher digestibility and crude
protein content values than Chioris roxburghiana, Eragrostis superba,
and Themeda tri andra.

Maximum forage yields, tiller number, crown area and regrowth rate
values were obtained when plants were harvested at the 6-week fre-
quency. In all grasses, however, the undefoliated plants produced
highest crown area, tiller numbers and regrowth rate. Minimum forage
yields, tiller numbers, crown area, and regrowth rate values were ob-
tained for all grasses at the 3-week frequency.

In contrast, maximum leaf-to-stem ratio, digestibility, and crude
protein content values for the six grass species were obtained by
harvesting plants at the 3-week frequency. The digestibility values

and crude protein content values of the leaf fraction were higher than



digestibility values and crude protein content values of the stem
fraction. As the interval between defoliations increased, digesti-
bility values and crude protein content values of both leaf and stem
fractions declined.

In general, the values of the characteristics under investigation
did not vary greatly in magnitude over the cutting heights at each
harvest frequency. However, plants clipped at the 3-week frequency
with the 5-cm cutting height produced the lowest forage yield and
tiller number.

Although results obtained from this study did not adequately
address the long-term effects of defoliation on these six range grasses,
it would be appropriate to suggest that anticipated response patterns in
forage yield, forage quality, and persistence for these grasses would be
similar to response patterns exhibited by the six grasses in 1982 and
1983. These data did not consider, however, the animal-associated
physical damage to the grass plants in a grazing situation.

Frequent utilization would produce a stand of vegetation in which
differences in plant maturity within and among Diant species would be
minimal. This would aid in reducing selective grazing because available
forage would be young and readily acceptable to livestock. Less inten-
sive utilization during the growing season, leaving a stubble height of
about 10 cm, would assure adequate residual forage ip the stubbie for
providing >earlcnc availability of forage to support livestock mainte-
nance during dormant seasons.

Decorrmendations for further research incljde (1) studying the re-

sponses of forage plants and grazing animals to a grazing plan which



utilizes frequent crazing at 42-day intervals, and less intensive graz-
ing leaving 10-cm to 15-cm stubble heights, (2) determining total her-
bage production, and amount and distribution of forage resulting from
various clipping intensities, and (3) continuing to explore the re-
sponses of plants to defoliation treatments at different phenological

stages, such as, vegetative, reDroductive, flowering, seed set and

senescence stages.
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Table 1.

Source of variation

Grasses

Si tes

Grasses * sites

Frequency

Frequency * sites

Frequency * grasses
Error (@)

Intensity

Intensity * sites

Intensi ty * grasses

Intensity * freauency

Error (b)

Seasons

Seasons * sites
Seasons * grasses
Seasons * frequency
Seasons * intensity

Error (©)

* Significant at the
** Significant at the

df

10

82

10

193

939

.05 level.
.01 level.

intensities.

MS

553464.

501803.

99115.

102091.

141541.

16464 .

17763.

8362.

11160.

11360.

5605.

5351.

3322460.

233423.

147341.

34567.

11307.

5273.

44

01

97

68

45

14

96

45

41

31

93

56

65

76

48

98

81

77

31.

28.

724.

44 .

28.

69

Analysis of \?riance on the dry ratter yield of six grasses
harvested at tivee freauencies and three

16**

25**

.53**

. 75%*

L97F*

.93

.04**

.43

91

.94*

.96

11

31**

26**

03**

.55**

.14*



Jat'le Al. Anal]ys,=

ance on the leaf-‘c*ste~ ratio data gf

msix grasses harvested at three frequencies and three intensities.

Source of variation df
Gras ses 5
Sites 1
Grasses * sites 5
Frequency 2
Frequency * grasses 10
Frequency * sites 2

Error (a) 82
Inten sity 2
Intensity * sites 2
Intensity * grasses 10
Intensity * Ffrequency 4

Error (b) e
Masons

Seasons * sites

Masons * (Qrasses

~easons * freqcenc”

~easons * intensity

Eri-Or (c)

939

VB

450.27

36.17

5.82

307.04

10.92

7.81

8.30

27.59

6.22

7.81

51.40

311

1362.51

9.48

83.39

97.56

38.09

6.24

54.24**

4.36*

0.70

36.98**

1.32

0.94

2.67**

3.37**

2.00

2.51**

16.52**

0.50

218.42**

1.52

13.37**

15.64**

6.11**



Table A3.

Source of variation

Grasses

Sites

Grasses * sites

Frequency

Frequency * grasses

Frequency * sites
Error (@

Intensi ty

Intensity * grasses

Intensity * sites

Intensity * frequency

Error (b)

* Significant at the
** Significant at the

.05
.01

df

10

82

15

297

level.
level.

MS

393.

522.

80.

46.

31.

109.

19.

37.

14.

27.

14.

10.

08

06

89

11

75

11

48

05

69

04

47

61

20.

26.

4.

Analysis of variance on the crown diameter of six grasses
harvested at three frequencies and four intensities.

18**

30**

15**

.37

.63

.60**

.84**

-49*

.33

.55

.36



Table M. Analysis of variance on the tiller numbers of six grasses

harvested at three frequencies and four intensities.

Source of variation

Grasses

Si tes

Grasses * sites

Frequency

Frequency * grasses

Frequency * sites
Error (@)

Intensity

Intensity * sites

Intensity * grasses

Intensity * frequency

Error (b)

* Significant at the

df

10

82

15

297

.05 level.

** Significant at the .01 level.

MS

25255.

32552.

3733.

1304.

1308.

912.

866.

2155.

1163.

933.

745.

379.

60

08

47

83

53

13

62

54

78

80

22

29.

37.

16**

58**

37

.66

51

.05

.28**

.68**

.07*

.46%*

.97



~able A5. Analysis of variance on the regrowth height of six grasses

harvested at three frequencies and four intensities.

Source of variation

Grasses

Si tes

Grasses * sites

Frequency

Frequency * sites

Frequency * grasses
Error (@)

Intensi ty

Intensity * sites

Intensity * grasses

Intensity * frequency

Error (b)

df

10

82

15

297

* Significant at the .05 level.
** Significant at the .01 level.

NS

580.

1095.

645.

848.

1288.

131.

174.

6336.

591.

142.

239.

126.

56

11

64

78

63

97

69

35

13

61

51

3.32*

.26%

.69*

.85*

.37*

.04

.38*

.09*

.67*

.12

.89



b5

Table A6. Analysis of variance on the percentage of leaf dry
matter digestibility of six grasses harvested at three frequencies
and three intensities.

Source of variation df MS F
Grasses 5 663.66 25_25**
Sites 1 12.72 0.48
Grasses * sites 5 68.39 2.58*
Frequency 2 1075.53 40.61**
Frequency * sites 2 50.85 1.92
Frequency * grasses 10 51.79 1.96%
Error (a) 82 26.43 0.89
Intensity 2 59.91 2.01
Intensity * sites 2 123.94 4.16*
Intensity * grasses 10 67.95 2.28*
Intensity * frequency 4 62.36 2.09
Error (b) 198 29.73

* Significant at the .05 level.
** Significant at the .01 level.



Table A7. Analysis of variance on the percentage of stem dry

matter digestibility of six grasses harvested at three frequencies
and three intensities.

Source of variation

Grasses

Si tes

Grasses * sites

Frequency

Frequency * sites

Frequency * grasses
Error (@)

Intensity

Intensity * sites

Intensity * grasses

Intensity * frequency

Error (b)

* Significant at the
** Significant at the

df

10

82

10

198

.05 level.
.01 level.

MS

468.

429.

87.

1143.

53.

196.

29.

89.

11.

48.

121.

32.

59

18

54

97

35

01

62

32

67

51

66

15.32%*

14..4Q**
2.96*

38.62%*
1.97
6.62**
0.91
2.75
0.34
1.49

3.72**



Table A3. Analysis of variance on percentage of crude protein

in

leaves of six grasses harvested at three frenuencies and three

intensities.

Source of variation

Grasses

Sites

Grasses * sites

Frequency

Frequency * sites

Frequency * grasses
Error (@

Intensity

Intensity * sites

Intensity * grasses

Intensity * frequency

Error (b)

Significant at the

df

10

82

10

198

.01 level.

MS

39.

439.

18

92

.34

-89

03

.48

.41

.65

31

.49

.80

.83

.14

8.59**

2.01

0.84

105.25**

0.10

3.96**

1.12

0.44

1.33

0.68

0.44



Table A9. Analysis of variance on percentage of crude protein in

stems of six grasses harvested at three frequencies and three

intensi ties.

Source of variation df
Grasses 5
Si tes 1
Grasses * sites )
Frequency 2
Frequency * sites 2
Frequency * grasses 10

Error (&) 82
Intensity 2
Intensity * sites 2
Intensity * grasses 10
Intensity * frequency 4

Error (b) 198

Significant at the .01 level.

MS

39.

04

.74

.75

.65

.55

.50

.44

.09

.93

.62

.64

.17

27.03**

0.51

6.76**

55.25**

1.07

5.21**

1.23

0.93

0.80

0.53

0.55



Table A10. Mean percentage of dry matter digestibility and crude protein in leaves and stems of six

grasses at two experimental sites harvested at three frequencies and three intensities during the
1903 short tains.

Leaf Stem CP in leaves CP in stems
Grass (- DVD) {I DVD) (X9 ™

OPN wC OPM wC OPN wC OPN wC

C. ciliaris 73.3 b 72.3 ab 59.2 ab 55.7 ab 11.1 a 10.6 be 7.3 ab 5.4
C. roxburyhiana 67.0 d 64.4 c 58.0 b 54.5 b 11.3 a 11.5 ab 7.5 ab 7.8
D. macroblophara 77.2 a 75.4 a 53.1 c 50.0 c 11.5 a 11.5 ab 7.8 a 7.9
E. superba 70.3 ¢ 72.8 ab 54.6 c. 57.4 ab 10.3 ab 11.3 ab 7.1 b 7.4
P. maximum 72.0 be 74.4 a 60.9 a 58.0 a 11.4 a 12.2 a > 7.6 ab 7.6
T. triandr.i 71 .5 be 69.7 b 54.5 ¢ 50.9 c 9.2 b 9.6 c 5.5 ¢ 5.9

Means for grass species within an experimental site followed by the same letter are not significantly
different at Mu? .05 level.



Table All. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller number, regrowth height, and

percentage of DMD and crude protein of Cenchrus ciliaris following clipping at three frequencies
with three cutting heights.

Frequency CE;:;E% F;;:?Z Leaf-to- d?ggz:er Tiller Rﬁgggg:h Leaf Stem Leaf Stem
(weeks) (cm) (a/n2) stem ratio (cm) number (cm) (% DMD) (Z DMD) (2 CP) {% CP)
5 143.4 5.2 10.1 21.4 15.9 73.9 57.3 12.3 6.9

3 10 131.2 4.8 10.8 21.4 18.3 73.1 58.3 11.8 7.1

15 156.7 5.3 9.7 21.5 17.9 74.6 56.4 12.2 7.1

5 155.0 5.0 10.4 25.8 18.6 73.4 56.6 10.6 6.9

6 10 141.5 4.3 11.2 28.0 21.2 70.2 58.7 10.1 6.9

15 168.3 4.8 10.6 23.8 19.3 73.0 56.9 10.5 6.8

5 157.3 4.0 9.7 25.0 18.8 70.8 53.4 10.1 6.2

9 10 141.6 4.3 11.4 29.0 19.0 69.2 55.1 10.0 6.1

15 166.3 4.5 10.2 22.4 16.8 72.0 55.4 10.4 6.3



Table Ale. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller number, regrowth height, and

percentage of DMD and crude protein of Chloris roxburghiana following clipping at three frequencies
with three cutting heights.

Frequency CEEE;E% F;:s?g Leaf-to- d?gzgier Tiller Rﬁgggx:h Leaf Stem Leaf Stem
(weeks) (cm) (9/m2) stem ratio (cm number (cm) (% DMD)  {% DMD)  {% CP) {% CP)
5 102.0 5.7 9.9 10.8 11.4 72.2 59.0 12.5 7.5

3 10 105.8 5.1 8.7 13.5 14.7 68.9 57.6 12.5 7.7

15 114.7 5.5 8.0 18.4 20.2 69.8 541 12.2 7.7

5 113.6 5.6 10.3 15.3 14.2 71.7 57.8 10.7 7.4

6 10 116.2 4.5 9.0 20.2 17.5 65.9 57.9 10.7 7.5

15 126.8 5.0 8.8" 20.8 21 .6 68.2 54.7 10.5 7.5

5 115.8 4.5 9.4 14.5 14.3 69.1 54.6 10.3 6.8

9 10 116.3 4.6 9.0 21 .2 15.4 65.0 54.4 10.7 6.8

15 124.3 4.8 8.4 19.3 19.1 67.2 53.1 10.4 7.0



Table A13. Mean forage yield, leaf-to-stein ratio, crown diameter, tiller number, regrowth height, and

percentage of DMD and crude protein of Digitaria macroblephara following clipping at three
frequencies with three cutting heights.

Frequency CE:;}E% FSir:gllz Leaf-to- d(i:;z\grt]er Tiller Rﬁg:orlv:h Leaf Stem Leaf Stem
(weeks) (cm) (a/m?) stem ratio (cm) number (cm) (% DMD) (% DMD) (- CP) (2 CP)
5 131.6 6.1 6.1 10.0 141 75.9 56.0 12.7 7.6

3 10 146.6 5.4 10.3 42 .2 18.2 75.9 54.7 12.3 7.3

15 138.2 5.7 9.7 33.7 21.4 74.9 53.0 12.4 7.9

5 143.2 5.9 10.4 31.3 16.9 75.4 54.8 10.9 7.4

6 10 156.9 4.8 10.6 48.9 21.1 73.0 55.0 10.6 7.6

15 150.3 5.3 10.5 41.2 22.3 73.4 53.6 . 10.7 7.8

5 145 .4 4.9 9.6 31.1 17.0 72.9 51.6 10.5 6.8

9 10 157.1 4.9 10.6 49.8 18.9 72.0 51.5 10.5 6.9

15 147.3 5.0 10.0 39.7 20.4 72.3 52.0 10.7 7.2



Table Al4. Mean forage yield, leaf-to-steni ratio, crown diameter, tiller number, regrowth height, and

percentage of DMD and crude protein of Eragrost®is superba following clipping at three frequencies
with three cutting heights.

Frequency Cl;}g;ﬂ% FSir:glls Le_af—to—_ d?gxrt]er Tiller Rﬁgzgvr\\’:h Leaf Stem Leaf Stem
(weeks) (cm) (a/m?) stein ratio (cm) number (cm) (¢ DMD) (= DMD) (M. CP) G- o)

5 122.9 5.2 7.9 14.0 13.0 73.0 58.3 12.3 7.3

3 10 128.7 4.7 8.4 14.6 15.1 74.3 57.1 11.9 7.5

15 128.8 5.5 7.3 17.0 16.7 72.4 55.0 12.1 7.6

5 134.5 5.0 8.2 18.5 15.8 72.4 57.0 10.5 7.3

6 10 139.1 4.1 3.7 . 21.3 17.9 71.4 57.4 10.1 7.3

15 140.8 4.9 8.1 19.4 18.1 70.9 55.5 10.4 7.4

5 136.7 3.9 7.4 17.8 15.9 69.9 53.8 10.1 6.6

9 10 139.2 4.2 8.7 22.3 15.7 70.4 53.9 10.1 6.6

15 138.4 4.7 7.7 17.9 15.6 69.9 54.0 10.4 6.8



Table Al15. Mean forage yield, leaf-to-stem ratio, crown diameter, tiller number, regrowth height, and

percentage of DMD and crude protein of Panicum maximum following clipping at three frequencies with
three cutting heights.

Frequency CE;E;E% Fggzgg Leaf-to- d?;;zzer Tiller Rﬁggoﬁ:h Leaf Stem Leaf Stem
(weeks) (cm) (a/nr ) stem ratio (cm) number (cm) (% bDMD) (% DMD)  {% CP) CP)

5 142.7 6.9 9.2 19.7 13.4 73.7 60.4 13.2 7.4

9 10 145.7 6.5 9.7 25.4 17.8 74.3 57.8 12.3 7.7

15 160.4 7.4 9.4 29.4 20.2 74.1 57.3 12.4 7.9

5 154 .3 6.8 9.5 242 16.2 73.1 59.2 11.4 7.3

6 10 156.0 5.9 10.0" 32.1 20.6 71.4 58.2 10.5 7.5

15 172.4 6.9 10.2 31.9 21.6 72.5 57.8 10.7 7.7

5 156.5 5.7 8.7 23.4 16.3 70.5 55.9 11.0 6.7

9 10 156.1 6.0 10.0 33.1 18.4 70.5 54.7 10.4 6.7

15 170.0 6.6 9.8 30.4 19.2 71.6 56.2 10.6 7.2



Table Al6.

Mean forage yield,

leaf-to-stem ratio,

crown diameter,

tiller number,

regrowth height, and

percentage of DMD and crude protein of Themeda triandra following clipping at three frequencies with

three cutting heights.

Frequency
(weeks)

Cutting
height
(cm)
5
10
15
5

10

10

15

Forage
yield
(9/nv )

80.
80.
88.
92.
90.
100.
94.
90.

98.

5

2

9

Crown

stom ratio dianeter

(cm)
5.2 7.4
4.9 7.0
5.3 7.0
5.0 7.3
4.3 7.4
4.8 7.9
4.0 7.0
4.4 7.4
4.5 7.4

Tiller
number

11.
14.
16.
15.
20.
18.
14.
21.

17.

2

2

Regrowth
hei ght

(cm)

14.
17.
19.

| 17.
20.
20.
17.
18.

17.

5

3

LeaF
(% DMD)

73.
72.
71 .
72.
70.
70.
70.
69.

69.

4

Stem
(2 DMD)

57.5
55.5
52.4
56.3
55.8
52.9
53.1
52.3

51.4

Leaf
(% CP)

11.6
11.4
11.3
9.8
9.7
9.5
9.4
9.6

9.5

Stem
C

6.7
6.8
6.7
6.6
6.6
6.5
5.9
5.9

6.0
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