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ferent months or combinations 
of months determined the effec- 
tive forage production available 
for use at each season. Precipi- 
tation in April primarily deter- 
mined forage yields on ranges 
grazed only in the spring; for 
ranges grazed only in the fall, 
May and July rainfall was most 
useful for predicting yields. When 
ranges were grazed both spring 
and fall, April-May precipitation 
determined spring yields, and 
June-July moisture determined 
fall yields. Equations are given 
for estimating yields of crested 
wheatgrass grazed during these 
seasons. 

Stocking rates in relation to 
forage yields during the differ- 
ent grazing seasons were also de- 
termined by ordinary regression 
analysis. Correlation coeffi- 
cients between stocking rates 
(y) and effective forage produc- 
tion at each season (x) ranged 
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from 0.94 for spring grazing on 
spring-fall ranges to 0.99 for 
ranges grazed only in the fall. 
It is suggested that comparable 
relations of production and 
stocking rates could be worked 
out from existing data for many 
of our rangelands. In addition to 
its use for predicting production 
from precipitation data, the 
method is also suggested as a 
means of accounting for varia- 
tion in certain types of research 
studies. 
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Highlight 
Changes in nutritive constituents of 
kikuyu grass with regrowth period 
and season were considered. The 
hemicellulose fraction of kikuyu 
grass collected during February and 
April contained xylose, arabinose, 
glucose, and galacfose regardless of 
length of regrowth period. Protein 
decreased while fibrous components 
and lignin (72% sulfuric method) 
increased as regrowth was extended. 
The highest in vitro cellulose di- 
gestibility occurred at six weeks re- 
growth. Grazing rate or clipping 
practices should influence the value 
of kikuyu in feeding programs de- 
signed to produce acceptable beef 
from animals slaughtered directly 
from grass. 
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Kikuyu grass (Pennisetum 
clandestinum Hochst. ex Chiov.) , 
a native grass of tropical Africa, 
was introduced in Hawaii from 
California about 1924. Kikuyu 
has become one of the major 
range grasses on the island of 
Hawaii. The extensive use of 
this grass appears to be based on 
its resistance to trampling and 
grazing, ability to provide ground 
cover against undesirable brush 
and especially its ability to adapt 
to altitudes from sea level to 
over 5,000 ft. Much less is known, 
however, concerning the nutri- 
tive value of kikuyu grass for 
fattening cattle on pasture. This 
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is an important consideration 
since the major portion of the 
beef produced by the State of 
Hawaii is grass-fattened only. 
The term “grass-fattening” as 
used in Hawaii would mean pro- 
duction of slaughter cattle di- 
rectly off grass which grade at 
least high good at approximately 
two years of age. 

Whitney et al. (1939) noted 
that ranchers were in disagree- 
ment as to the nutritive value of 
kikuyu. Younge and Otagaki 
(1958) indicated that kikuyu was 
among the grasses which were 
too low in protein to meet mini- 
mum standards for young grow- 
ing cattle or for fattening cattle. 
Ishizaki (1963) showed kikuyu 
grass harvested in November and 
December to be of lower digesti- 
bility than panicum or paragrass 
(Panicum purpurascens Raddi) 
harvested during January, 
March, July, or August. Since the 
carbohydrates other than crude 



fiber have not been studied in 
detail, the potential of kikuyu 
grass in a grass fattening pro- 
gram with cattle remains in 
doubt. 

The purpose of this study was 
to investigate the changes oc- 
curring in various nutritive con- 
stituents of kikuyu grass with re- 
growth periods during different 
seasons. The carbohydrates of 
the holocellulose fractions were 
given special consideration. 

Meihods 

Samples of kikuyu grass were ob- 
tained from a 0.25 acre plot, 40 ft 
above sea level, located at the 
Waialua Livestock Research Farm 
on the northern (windward) side of 
the Island of Oahu. The soil, belong- 
ing to the Waialua Family (low 
humic latosol derived from alluvi- 
um), was very low in phosphorus 
and potassium, with a moderate 
level of calcium. The soil had a pH 
of 7.2 prior to planting or fertiliza- 
tion. The plot received approximate- 
ly 100 inches of moisture annually, 
30 inches in the form of rainfall and 
6 inches monthly by irrigation. Four 
hundred lb/acre of 10-30-10 fertilizer 
was applied prior to each sampling 
series. Samples were collected after 
4, 6, 8 and 10 weeks of regrowth dur- 
ing February and at 6, 8 and 10 
weeks regrowth in April of 1964. 
Although yields were generally good, 
no 4-week regrowth collection was 
possible in April. Yields of grasses 
for the February collections were 
determined to be 3,006, 7,492, 15,333 
and 14,636 lb/acre for the 4, 6, 8 
and lo-week regrowth periods, re- 
spectively, and 6,795, 12,676 and 
23,174 lb for the 6, 8 and 10 week- 
regrowth periods, respectively, for 
the April collections. All samples 
were hand cut approximately 2 
inches above ground level, placed in 
plastic bags and’ stored at -20 C. 
until dried. The samples were dried 
in a forced air dryer at 65 C., ground 
in a Wiley Mill to pass a 40 mesh 
screen and stored at -26 C. in capped 
glass jars until analyzed. 

Cellulose was determined by the 
method of Crampton and Maynard 
(1938). Holocellulose was prepared 
by the method of Whistler et al. 
(1948) using 5 g samples of forage. 
The cellulose and hemicellulose com- 
ponents of holocellulose were sepa- 
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rated and isolated according to the 
procedure of Myrhe and Smith 
(1960). Following acid hydrolysis of 
a 1 g sample of hemicellulose (Myrhe 
and Smith, 1960), the neutral sugars 
were separated on Whatman 3MM 
filter paper using a butanol-pyridine- 
water (6:4:3: v/v) solvent system. 
Duplicate 25 lambda applications of 
each sugar were spotted on the paper 
from a 10 cc solution of the syrup 
hydrolysate. After a 32-hr irrigation 
period, the chromatograms were re- 
moved and dried at room tempera- 
ture. Only one of a duplicate set of 
chromatograms was sprayed with 
aniline hydrogen phthalate (Part- 
ridge, 1948) to locate the separated 
sugars. Each sugar was eluted from 
the unsprayed counterpart with 10 
cc distilled water and determined 
quantitatively by the phenol and 
sulfuric acid method recommended 
by Dubois et al. (1956). Protein and 
crude fiber were analyzed by the 
method of the A.O.A.C. (1960). Acid- 
detergent fiber and lignin (Van 
Soest, 1963) and lignin (Patton, 1943) 
was also determined on all kikuyu 
grass collections. Forty-eight hour 
in vitro cellulose digestibility deter- 
minations were made according to 
the method of Kamstra et al. (1958). 

FkSUliS 

Interrelationship of Fibrous 
Components, Crude Protein and 
Lignin.-As indicated in Table 
1, the fibrous components of 
kikuyu grass as represented by 
crude fiber, detergent fiber, cel- 
lulose, hemicellulose and holo- 
cellulose were affected by period 
of regrowth and seasons. As 
shown in Table 2, the crude pro- 
tein decreased with regrowth 
interval during the December to 
February and February to April 
regrowth periods. Holocellulose 
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and hemicellulose increased with 
regrowth during the December 
to February period and all fi- 
brous fractions, except crude 
fiber, increased during the Feb- 
ruary to April regrowth inter- 
vals. Lignification increased with 
regrowth during the two collec- 
tion periods as indicated by the 
72% sulfuric acid method. No 
consistent increase in lignin was 
demonstrated by the acid-deter- 
gent method during the Decem- 
ber collection. Many workers 
have demonstrated that lignin, 
crude fiber or cellulose increase 
and crude protein decrease as 
plants mature (Patton, 1943; 
Kamstra et al., 1958; Quicke and 
Bentley, 1959). These and other 
authors suggest increase in lignin 
as a cause for decreasing plant 
digestibility with approaching 
maturity. Kikuyu grass cellulose 
also shows decreasing digesti- 
bility with maturity especially 
after 6 weeks regrowth (Fig. 1). 
This could be a reflection of an 
increase in lignin along with a 
decrease in protein. It must be 

Table 2. Lignin and protein content 
of kikuyu grass, 1964. ~__ 

Growth % of plant, dry basis 
period Cut. SAi AD2 Crude 

(weeks) date lignin lignin prot. ~~ 
4 2-12 9.7 5.9 11.8 
6 2-12 10.2 5.2 9.7 
8 2-12 11.6 5.6 8.6 

10 2-12 12.4 4.0 7.3 
6 4- 1 14.1 3.4 11.8 
8 4-15 15.8 3.7 9.4 

10 4-29 16.9 4.8 6.8 

1 SA=72 % sulfuric acid lignin. 
zAD=Acid-detergent lignin. 

Table 1. Fibrous fractions of kikuyu grass as determined by various meth- 
ods, 1964. 

Growth 
-~ - 

Percent of plant on dry basis 
period Cutting Crude Detergent Holo- Hemi- 

(weeks) date fiber fiber Cellulose cellulose cellulose -~ ___~ 
4 2-12 27.1 38.8 33.4 67.4 30.3 
6 2-12 28.7 38.1 32.5 67.9 35.6 
8 2-12 30.2 40.5 34.5 69.6 36.6 

10 2-12 30.3 37.4 36.5 72.8 36.8 
6 4- 1 28.3 35.3 34.9 68.5 29.6 
8 4-15 31.6 37.6 35.4 72.1 32.7 

10 4-29 34.2 39.5 36.2 76.6 39.2 ~- 
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FIG. 1. Seasonal and regrowth changes in 
in vitro cellulose digestibility of kikuyu 
grass. 

IDO- 

90 - 

a0 - 

20 - 

10 - 

i3.1 

T &$ 
gJ$ 

;+_; 
. . . . . . . . . . . . . . . . . . . . . . . . 

.:.:.: 

. . . . . . . . . . . . . . . . . . . . . 
:::::: 
26.8 
-. . . . . . . . . . . . .-.*.* . . . . . . .v.. . . . . . . .‘.... . . . . . . . . . . . . . ..‘.. _. . . 

12.0 

4 
- 

FEBRUARY 

COLLECTION PERIOD 

kg; 
g 
. . . . . . . . ...’ . . . 

.3.0 

. . . . . . . . . . . . . . . 
m:.:.: 
I.., 
m:.:.:, 

a.0 

8 

. . . . . . 9...-. . . . .‘.... . . . . . . . ..‘.. . . . 
l .*.*. . . . . . . v... =_=_-_ 
11.8 
.-.-.- . . . . . . . . . . . . . . . 
..*.*. . . . . . . 
..v. . . . 
. . ...’ . . . . . . 
. . . . . . . . . . . 
. . . . . . . . se._*. 

)2.6 

10 

KAMSTRA ET AL. 

noted, however, that cellulose 
digestibility was higher for the 
6 and 8-week regrowth periods 
in April than for similar periods 
in February even though lignifi- 
cation (72% sulfuric method) 
was higher in April. Perhaps dif- 
f erences in hemicellulose com- 
position could also account for 
changes in digestibility or feed 
value as suggested by Myrhe and 
Smith (1960). 

Neutral Sugar Components of 
the Hemicellulose Fraction. - 
The hemicellulose fractions of all 
regrowth stages during each col- 
lection period, upon hydrolysis, 
produced the neutral sugars 
xylose, arabinose, glucose, and 
galactose in order of decreasing 
concentration. The percentage 
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FIG. 2. Seasonal and regrowth changes in the neutral sugar components of kikuyu grass. 

composition of each sugar com- 
prising the hemicellulose hydro- 
lysate varied with growth period 
and season (Fig. 2). The greatest 
proportion of xylose in hemicel- 
lulose occurred during the eighth 
week of regrowth in each cutting 
series during February and 
April. Arabinose, glucose, and 
galactose were at their lowest 
levels during this period. In sam- 
ples taken two weeks later, how- 
ever, xylose reached its lowest 
concentration with arabinose and 
glucose at maximum levels (Fig. 
1). Schentzel (1963) showed a 
progressive increase in the xy- 
lose and glucose content of west- 
ern wheatgrass hemicellulose 
from June through August with 
a sharp decline in September. 
Sullivan et al. (1960) noted a 
marked decrease in glucose with 
the approach of maturity in 
grasses. 

The sugar composition of 
hemicellulose which would pro- 
vide maximum palatability and 
energy for animals has not been 
ascertained. The determination 
of the season and growth period 
at which the total carbohydrate 
content of the plant is high 
should be of assistance in de- 
veloping a grass-fattening pro- 
gram for ruminant animals. It 
would not be sufficient, however, 
to consider only plant carbohy- 
drate since other plant compo- 
nents such as lignin may prevent 
efficient utilization by animals. 
Factors such as altitude, soil 
type, or plant height may also 
affect plant metabolism. For ex- 
ample, Hosaka (1958) noted that 
seed production in kikuyu grass 
was frequent only at elevations 
of 3,000 ft or more. Edwards 
(1937) suggests that flowering in 
kikuyu is not usual in longer 
herbage. 

Summary and Conclusions 

A composition study was made 
with regrowths of kikuyu grass 
collected in February and April. 
Fibrous components, lignin and 
neutral sugars comprising the 
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hemicellulose fractions were 
considered. Comparative 48-hour 
in vitro cellulose digestions were 
determined for each regrowth 
period. 

Both the length of regrowth 
period and seasonal effects on 
composition were indicated. Pro- 
tein decreased and fibrous com- 
pounds increased with the length 
of regrowth in forage collected 
in February and April. Cellulose 
digestibility was highest after 6 
weeks of regrowth, then de- 
creased at each regrowth period. 
The hemicellulose fractions of all 
collections contained xylose, 
arabinose, glucose and galactose. 
Xylose accounted for the greater 
proportion of the sugars and its 
concentration increased up to 8 
weeks of kikuyu regrowth re- 
gardless of collection date. It 
would appear that the hemicellu- 
lose sugars found in the tropical 
kikuyu grass are also present in 
the grasses growing in more tem- 
perate climates although the 
relative concentrations of indi- 
vidual sugars with growth period 
and season may well be differ- 
ent. Temperate climates provide 
seasonal resting or dormant pe- 
riods for grasses whereas the 
seasons of the Hawaiian Islands 
are marked only by changes in 
the length of daylight, moisture 
and minor temperature varia- 
tions. Under such a continuous 
growing regime, range grasses 
including kikuyu could be sub- 
jected to year-long grazing. 
Proper grazing or clipping prac- 
tices, fertilization, and periodic 
resting should increase the value 
of this grass. Considering its di- 
gestibility and composition, a 
rotation grazing system allowing 
6 to 8 weeks of rest for regrowth 
followed by a short period of 
close grazing or mowing would 

be suggested for maximum utili- 
zation. Kikuyu has a tendency 
to become woody and matted if 
allowed to mature and even the 
less mature forage is considered 
to be of only medium palata- 
bility (Hosaka, 1957). Mixing 
legumes with kikuyu pasture 
would compensate for any lack 
of protein. Ranchers criticize 
kikuyu for being too aggressive 
in mixed-grass pastures. Proper 
management and more knowl- 
edge concerning its nutritive po- 
tential at any particular growth 
period or season should reaffirm 
kikuyu as an important range 
grass, especially for areas not 
suited for other grasses or where 
weed control is difficult. 

LITERATURE CITED 

A.O.A.C. 1960. Official Methods of 
Analysis (9th ed.) . Association of 
Official Agricultural C hem i s t s . 
Washington, D. C. 832 p. 

CRAMPTON, E. W., AND L. A. MAYN- 
ARD. 1938. The relation of cellu- 
lose and lignin content to the nu- 
tritive value of animal feeds. 
J. Nutr. 15: 383. 

DUBOIS, M., K. A. GILLIS, J. K. HAM- 
ILTON, P. R. REBERS, AND F. SMITH. 
1956. Calorimetric method for de- 
termination of sugar and related 
substances. J. Anal. Chem. 28: 250. 

EDWARDS, D. C. 1937. Three ecotypes 
of Pennisetum clandestinum 
Hochst. (kikuyu grass). Empire 
J. Exp. Agr. 5:371. 

HOSAKA, E. Y. 1958. Kikuyu grass 
in Hawaii. Hawaii Agr. Exp. Sta- 
tion Circ. 384. 18 p. 

ISHIZAKI, STANLEY M. 1963. The ef- 
fect of length of regrowth period 
on yield, chemical composition 
and nutritive value of panicum 
and kikuyu grasses. M. S. Thesis, 
University of Hawaii. 

KAMSTRA, L. D., A. L. MOXON, AND 
0. G. BENTLEY. 1958. The effect of 
stage of maturity and lignification 
on the digestion of cellulose in 
forage plants by rumen microor- 

ganisms in vitro. J. Anim. Sci. 
17: 199. 

MYRHE, D. V., AND F. SMITH. 1960. 
Constitution of the hemicellulose 
of alfalfa (Medicago sativa). Hy- 
drolysis of hemicellulose and 
identification of neutral and acidic 
components. Agr. and Food Chem. 
8: 359. 

PARTRIDGE, S. M. 1948. Filter-paper 
partition chromatography of su- 
gars. I. General description and 
application to the qualitative anal- 
ysis of sugars in apple juice, egg 
white and foetal blood of sheep. 
Biochem. J. 42:238. 

PATTON, A. R. 1943. Seasonal 
changes in the lignin and cellulose 
content of some Montana grasses. 
J. Anim. Sci. 259. 

QUICKE, G. V., AND 0. G. BENTLEY. 
1959. Lignin and methoxy groups 
as related to the decreased digesti- 
bility of mature forages. J. Anim. 
Sci. 18: 365. 

SCHENTZEL, DENNIS L. 1964. The car- 
bohydrate composition and in 
vitro digestibility of western 
wheatgrass at various growing 
stages as determined by leaf num- 
ber and cutting date. M. E. Thesis, 
South Dakota State University. 

SULLTVAN, J. T., T. G. PHILLIPS, AND 
D. G. ROUTLEY. 1960. Watersol- 
uble hemicellulose of grass holo- 
cellulose. Agr. and Food Chem. 
8: 152. 

VAN SOEST, P. J. 1963. Use of deter- 
gents in the analysis of fibrous 
feeds. II. A rapid method for the 
determination of fiber and lignin. 
J.A.O.A.C. 46: 829. 

WHITNEY, L. C., E. Y. HOSAKA, AND 
J. C. RIPPERTON. 1939. Grasses of 
the Hawaiian ranges. Hawaii Agr. 
Exp. Sta. Bull. 82 p. 100-101. 

WHISTLER, R. L., J. BACHRACH, AND 
D. R. BOWMAN. 1948. Prepara- 
tion and properties of corn cob 
holocellulose. Arch. Biochem. and 
Biophys. 19: 25. 

YOUNG, 0. R., AND K. K. OTAGAKI. 
1958. The variation in protein and 
mineral composition of Hawaii 
range grasses and its potential ef- 
fect on cattle nutrition. Hawaii 
Agr. Exp. Sta. Bull. 119. 27 p. 


