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PROTEIN CONTENT. AND YIELD OF GRASSES 
IN THE WET TROPICS AS INFLUENCED BY 

SEASONAL PRODUCTIVITY, FREQUENCY 
OF CUTTING AND SPECIES. 

By J. L. SCHOFIELD, B.Sc. (Mane.), Agrostologist, Agriculture Branch, 
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r. Grasses cut at 1nonthly) two-nionthly and three-11ionthl31 intervals 
showed (a) niininiimi values for protein content during the "zenith)) period of 
Proditctivit·y) ( b) a high level of protein content in the period following establish
ment and during the "lair/) period ~f prod1tctivit31) and ( c) transition from high 
to low protein valites and vice versa during the "rapid increase)) and "rapid 
.decrease)) periods of prod·uctivity) i.e.) there is a negative correlation between: 
ilr31-1natter yield and protein content. 

2. The majority of the grasses showed a considerabl31 higher yield of 
protein itnder three consecutive monthly citts than itnder a single three-monthl31 
mt in the period after establishment. M elinis minutifiora is e.rceptional in that 
it 31ielded 92 per cent. more protein under a system of three-monthl31 cutting 
during the first three months than imder monthly cittting. 

*Formerly Director, Bureau of Tropical Agriculture. 
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3. Under monthl31 rntting the highest 11iean protein content for five C'Uts 
was shown b31 Digitaria milanjiana ( 14.4 per cent.), Pennisetitm clandestinwn 
( 13.7 per cent.) and Urochloa bolbodes ( 13.2 per cent), all of which are leafy 
grasses. 

4. Three grasses-Brachiaria decimibens) H31parrhenia aucta and Panicimi 
ma.-i:i1wu1n No. 1202-yielded more than l,ooo lb. protein per acre per annitm 
imder three-11ionthly rntting. The grasses with the smallest 31ields were Chloris 
ga')1ana No. 6585, Panicum maximitm var. trichoglitme and P. 11ia.ximum var. 
coloratum. 

5. The significance of the leaf to stem ratio relative to prote·in content is 
emphasized) and it is demonstrated that the leafJ1 grasses show the highest 
increases in protein content following fertil-izer application during the second 
year. 

6. An exception to the general pattern of protein 31ield throitghm.tt the· 
31ear is shown b31 H31parrhen-ia aucta) ivhich differs from, all the other grasses 
in that from JuZ,y to October the '.Yield of protein rises to a ma.-i:·imum whereas 
with the other grasses it falls. 

7. An inverse relationship between fibre and protein content is shown under 
each cntting s31stem. 

:(NTRODUCTION. 
Investig:ation of the chemical composition of pastures has received 

considerable attention in the temperate zone during the past 25 years. In the 
tropics, hmvever, comparatively little work has been carried out on the subject. 
This paper deals vvith the protein content and yield of various grasses in the vvet 
tropics as influenced by productivity period, frequency of cutting, and species. 
The term protein is used without qualifying adjective throughout the follovving 
pages to denote the value obtained by muJtiplying by 6.25 the total nitrogen as. 
determined by the method of analysis of the American Association of Official 
Agricultural Chemists ( 1935). The seasonal producthrity of these grasses has. 
been discussed in a previous publication (Schofield, 1944), which should be reacl 
in conjunction ·with the present paper. 

REVIEW OF PREVIOUS WORK. 
As this paper is concerned with the performance of grasses lmder tropical 

conditions, it has been deemed appropriate to consider, :first, some work which 
has been carried out in the tropics, and to follow with a review of several 
publications referring to results obtained in the temperate zone. 

Ed-wards and Goff ( 1935), in Havmii, examined the effect of location, 
species and season on the chemical composition of five grasses and showed that 
the ''average per cents of protein for all grasses were practically id·entical for 
the four locations." Paterson ( 1938), in Trinidad, selected a two-months' 
cutting rotation as the most likely to ful:fii the average requirements of the 
three grasses: elephant grass, Guatemala grass and Para grass, and he calculatecl 
the yields of crude protein obtained under a high-cut and a low-cut respectively. 
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Harrison ( 1942) carried out digestibility trials with a number of green fodder 
.grasses in the West Indies and showed that the :figures ''do not differ greatly 
from the results obtained in other countries with material of similar age, gTown 
tmder similar conditions and rainfall." Cartmill (1944) examined the effect 
·of season on the protein content of three grasses in coastal northern Queensland: 
the results obtained will be referred to later. 

Fagan and Jones (1924), vrnrking in ·wales, stated that "the leaf portion 
·Of the plant is distinctly richer than the stem, and a knovvledge of the relative 
}Jroportions of these parts will prove a fair .guide to the nutritive value of a 
pasture at any period of the year.'' 

Woodman and associates (1926, 1927, 1928, 1929) i.n England found that 
the average seasonal crude-protein content of unfertilized pas.ture under a weekly 
system of cutting was 24·7 per cent. (dry matter); und~r a fortnightly cutting 
·system the :figure was 23·5 per cent. and ·with three:..weekly cutting a value of 
:21·1 per cent. was obtained. 

Sln1tt, Hamilton and Selvvy,n (1928 and 1930) in Canada demonstrated 
that frequency of cutting and development of white Dutch clover induced a 
higher protein content in the herbage aJ1d that the latter factor was ''the more 
potent of the two''; another factor contributing to the higher p'rotein percentages 
vrns the application of sulphate of ammonia and nitrate of soda. 

Greenhill ( 1930) in England showed that herbage from pasture managed 
under the Intensive System of Grassland Management and of from three to five 
weeks' gTOVirth 1vas closely comparable in respect of chemical composition and 
·dry matter with that obtained by other workers from ''pasture cuts'' at one- to 
three-weekly intervals from unmanured pastures. 

Richardson and associates ( 1931) in southern Australia found that the 
growth stag:e had a determining influence on the nitrogen and mineral content 
·of a pasture species. 

Archibald and a_ssociates (1932) in l\1assachusei;ts studied the chemical 
·composition of grass fertilized and grazed intensively and showed the marked 
€f'fect of nitrogep in producing a succulent g·rass with a relatively large amount 
·of dry matter. 

Du Toit and associates (1935) in the Union of South Africa have 
·dem<;mstrated that pure species grown on the same soil and under the same 
climatic conditions show appreciable differences in mineral and protein content 
vvhen harvested after definite intervals, e.g., one mo.nth. 

Taylor (1941) in Natal carried out rotational grazing experiments on 
Kikuyu grass pasture liberally fertilized with a mixture in which nitrogen in 
the form of sulphate of ammonia predominated and showed that the protein 
value often exceeded 25 per cent. 

EXPERIMENTAL PROCEDURE. 
Certain details of the productivity experiment with which this investiga-

, tion was linked have been .given in a previous publicatioii (Schofield, 1844). 
At selected cutting periods a sample of herbage for chemical analysis was taken 
from the bulked material of each of the grasses afte1~ cutting and 1veighing, and 
the protein content was determined by the standard method. 
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DA'TA FOR FIRST 12 MONTHS. 

Monthly Cuts. 
Protein Content. 

Table 1 shows the protein percentages, on a dry-matter basis, of 19 grasses 
sampled for chemical analysis five times during the first 12 months under a 
system of monthly cutting. Figure 1 shows in graphical form the seasonal 
variation in protein content of six of these grasses: Panicit.ni nicixiniimi vars. 
colorcttumi) frichoglil1n.e and typicn, Brachiarict purp11mscens, Paspctlil:nt 
di:zcifotii11i and Pennisefom clandestinmn. 

Table 1. 

PROTEUT CONTENT OF VARIOUS GRASSES AT DIFFERENT DATES DURING THE FIRST 
12 MONTHS UNDER A SYSTEM OF MONTHLY CUTTING. 

Protein Percentage (Dry-matter Basis). Mean. 

SERIES 1. 

Date of cut 26/4/40 28/5/40 25/6/40 22/10/40 19/2/41 
Number of cut 1st 2nd 3rd 7th 11th 
U r•ochloa bolbodes 14·6 13·2 15·6 14·3 8·1 13·2 
Panicimi rnaxirnwn vair. trichoglurne 10·9 11·0 13·9 10·5 6·3 10·5 

P. maximwn No. 1202 14·7 11-5 14·0 9·7 6·7 11·3 

P. maximwm No. 3783 11·4 10·8 14·3 8·7 7·3 10·5 

Digitaria rnilanjiamcl 16·7 16·7 18·0 12·5 8·1 14·4 

Paspalum dilatatum 16·4 J 3·6 13·4 11·6 6·9 12·4 

a enchrus ciliaris 14·0 14·3 14·6 10·4 8·2 12·3 

SERIES 2. 

Daite of cut 6/5/40 5/6/40 5/7/40 1/11/40 30/ 1/41 
Number of cut 1st 2nd 3rd 7th 10th 

H ypm·rhenia aucta 12·7 13·6 15·5 8·6 5·2 11·1 

Oynodon plectostachyiwn 13·1 14·9 12·8 7.4 8·2 11·3 

Panicum maximum vair. coloratwn 14·0 15·7 13·3 iO·l 5·3 11-7 
P. maximwn No. 1200 · 11·1 12·9 13·8 8·2 6·3 10·5 

Brachiaria pitrpitrascens 12·8 12·3 12·7 8·8 6·9 10·7 

B decumbens. 12·8 12·0 11·6 8·5 5·1 10·0 

Chloris gayana No. 6586 11·2 10·1 10·0 6·9 5·4 8·7 

SERIES 3. 

Daite of cut 16/5/40 14/6/40 15/7 /40 11/11/40 10/2/4:1 
Number of cut 1st 2nd 3rd 7th 10th 

Pennisetitm clandestinum 18·3 17·9 14·7 8·3 9·1 13·7 

Panicum maxirnwm var. typicct 9·5 15·3 11·6 7·5 5·8 9·9 
P. maximum No. 3820 12· l 12· l 12·6 8·7 5.7 10·?. 

Chloris gayana No. 6585 10·4 7·4 8·6 6·3 5·7 7·7 

M elinis minutiflora 12·3 13·6 12·4 8·9 7'l 10·9 
------------------ .. -

Mean 13· 1 13· 1 13·3 9·3 6·7 11-1 

The first two cuts (April-May and May-June), made during the period 
following establishment, corresponded to the end of· the wet summer season, the 
autumn and the commencement of winter conditions. As would be expected, 
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Showing the seasonal vai·iation in pTotein content of six grasses during the first 
12 months under a system of monthly cutting. 

the protein values for all grasses are high throughout this period, the mean being 
13·1 per cent. The 3rd cut (June-July) coincides with the commencement of 
the "low" period of productivity and is characterized by high protein values; 
for all g;rasses (mean 13.3 per cent.); eight grasses reach their peak at this cut .. 
The 7th cut (October-November) represents the encl of the "low" and the· 
beginning of the "rapid increase" period, during which protein values show aii 

appreciable fall, the mean being 9.3 per cent. The 10th cut for series 2 and 3 
(January-February), and the 11th cut for series 1 (February) correspond to' 
the ''zenith'' period, which coincides 'vith a time of great metabolic activity in 
all grasses and is marked by a continuation of the fall in protein percentage to) 
a much fo"\>ver level. • 

The figuir€s given in Table 1 cover five cuts out of a total of 12 for "the
first year; therefore, the mea,ns of the various grasses are valid for comparison 
of one grass against anotheT over these five cuts only, and do not of course pur
port to represent the true mean protein composition for the full 12 months. 
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This pattern of protein content throughout the first 12 months is general 
for all the grasses exami,ned, but there are points of difference, dependent on 
species, which deserve comment. 

1(a) An upward trend in protein percentage at the second, as compared 
with the first cut, is shown by Cynodon plectostachymn, 111elinis nuinutifiora and 
Paniciuni maximif/ni No. 1200 and vars. colonntmn and typical: the increase for 
the last-named is considerable. 

(b) T·wo grasses only-Cynodon plectostachy.itlrn a,nd Pennisetiwn clandes
tinimi-have a higher protein content at the 10th or 11th cut in January
February than at the 7th cut in October-November. The remaining grasses 
show decreases, some of which are considerable; e.g., Urochloci bolbocles 6·2 per 
cent. and Paniciwn 1na.xini.mn var. coloratuni 4.3 per cent. rrhe highest protein 
percentage at the ''zenith'' period is shown by Pen:11istemn clandestinmn. 

( c) The magnitude of the difference in protein percentage betvveen the 
April-May and the January-February cuts varies widely according to the species. 
It is gTeatest with Paspaltlwn clilatcdmn (9·5 per cent.), and least with Paniciim 
maximiwn var. typica. (3·7 per cent.), but the relatively low protein content of 
the latter grass at the first cut must be considered in this connexion. 

(cl:) It is apparent from the data secured that under monthly cutting 
Digita1rfo milam,jia1na, Pennisetilon C'lcinclestiniim and Urochloci bolbofl.es may be 
classified as protein-rich grasses and that five of the remaining' grasses-Pa.1iicum 
1naxi1n/W>n No. 3820 and var. typica,, Brnchim·ia. deciimbens, and Chlol/'·is ga.yana 
Nos. 6585 and 6586_:.___are relatively poor in protein at most stages. 

Yield of Protein. 
The protein yield at each of the five sampling periods has been calculated 

from the data for protein percentage and dry-matter yield of herbage (Schofield, 
1944) for each of the five cuts and is shown in Table 2. The totals given in the 
table are, of course, for only five of the 12 cuts made during the first 12 months, 
;and do not represent total yields of protein for the year. 

Examination of the totals for the five cuts in conjunction with the dry
matter yield figures in the previous paper shows that, in general, those grasses 
with the highest dry-matter yield produced the greatest amount of protein per 
.acre. Thus Brachia.ria decivmbens, which throughout the five cuts had a relatively 
lmv protein percentage, yielded by far the highest amount of protein because 
1of its high productivity. On the other hand, two protein-rich grasses
Pennisetwni cl~estinw1n and Digitaria. milanjiana-produced small total 
amounts of protein because of their low yield of dry matter. A point of con
siderable interest is that a negative correlation between protein content and 
herbage-yield exists at a number of the cuts. Thus for example at the 1st cut 
r :== -0·5084 (significant 5 per cent.), at the 2nd cut r == -0·577 4 (significant 
1 per cent.), at the 3rd cut r == -0·4610 (significant 5 per cent.), at the 
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Table 2. 

YIELD OF PROTEIN OF VARIOUS GRASSES AT DIFFERENT DATES DURING THE FIRST 
12 MONTHS UNDER A SYSTEM OF MONTHLY CUTTING. 

Yield of Protein in Lb. Per Acre. I Totalfo< 5 Cuts. 
-----

SERIES 1. 

Date of cut 26/4/40 28/5/40 25/6/40 22/10/40 19/2/41 
Number of cut 1st 2nd 3rd 7th 11th 
U 1·ochloa bolbodes 141 160 147 64 105 617 
Panicum maximum var. trichoglume 146 140 115 26 62 489 
P. maximnm No. 1202 145 152 119 52 141 609 
P. maximnm No. 3783 135 196 103 39 77 550 
Digitaria milany'iana 90 105 73 28 78 374 
Paspalum dilataturn 96 122 120 42 65 445 
Genchrus ciliaris 113 138 92 30 86 459 

SERIES 2. 

Date of cut 6/5/40 5/6/40 5/7/40 1/11/40 30/1/41 
Number of cut 1st 2nd 3rd 7th 10th 
Hyparrhenia ancta 63 82 97 116 155 513 
Oynodon plectostachynm 150 170 95 45 81 041 
Panicum maximum var. coloratiwi 188 120 95 23 70 496 
P. maximum No. 1200 90 107 108 33 47 33·5 

Brachiaria purpurascens 204 209 119 18 70 620 
B. decumbens 330 223 . 174 86 90 903 
Chloris gayana No. 6586 83 113 63 22 41 322 

SERIES 3. 

Date of cut . . . . . . . . 16/5/40 14/6/40 15/7/40 11/11/40 10/2/411 .. 
Number of cut . . . . . . . . 1st 2nd 3rd 7th 10th .. 
Pennisetum clandestinitm . . .. 82 76 165 22 69 414 
Panicum maximum var. typica .. 215 99 117 37 109 577 
P. maximum No. 3820 . . .. 173 136 76 57 124 566 
Chloris gayana No. 6585 . . .. 161 73 96 18 59 407 
M elinis minutiflora .. . . . . 52 113 Ill 84 81 441 
----------------------

Mean .. . . . . . . . . 140 133 110 44 85 512 

7th cut r == -0·1894 (not significant) and at the 10th and 11th cuts 
r == -0·4861 (significant 5 per cent.). The overall correlation coefficient based 
on the error terms of the analyses, taking' cuts as blocks, was equal to -0·4295 
(significa,nt 1 per cent.). 

Two'"month1y Cuts. 
Prote.in Cont~nt. 

Table 3 shows the protein content of the various grasses at three 
periods under a system of two-monthly cuts during the first 12 months. 
The 1st cut (May-June) corresponds to the period following' establishment, 
.and comparison of protein figures with those obtained under monthly cutting 
on the same date3 (Table 1) demonstrates that with one exception-Chloris 
gaycina No. 6585--all the grasses show considerably lower values: the respective 

B 
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Table 3. 
PROTEIN CONTENT OF VARIOUS GRASSES AT DIFFERENT DATES DURING THE FIRST 

12 MoNTHS UNDER A SYSTEM OF Two-MONTHLY CUTTING .. 

SERIES 1. 

Date of cut .. 28/5/40 
Number of cut 1st 
Urochloa bolbodes 10·8 
Panicuni maximitm var. trichoglume 6·1 
P. maximum No. 1202 8·1 
P. maximum No. 3783 6·8 
Digitaria milanjiana 11·4 
Paspalum dilatatum 10·5 
CencMus ciliaris 8·8 

SERIES 2. 

Date of cut .. 5/6/40 
Number of cut 1st 
H yparrhenia aucta .. 9·3 
Cynodon plectostachyum 10·6 
Panicitm maximimi var. coloratum 8·7 
P. maximum No. 1200 7·8 
Brachiaria pitrpiw·ascens 7·7 
B. deciunbens 7·6 
Chloris gayana No. 6586 6·1 

SERIES 3 . 

Date of cut .. 
.. I 

14/6/40 
Number of cut .. 1st 
Pennisetum clandestinum 

I 
13·9 

Panicum maximum var. typica 7·7 
P. maximum No. 3820 8·9 
Chloris gayana No. 6585 .. 10·3 
M elinis minutiflora 10,7 

---------------------------

Mean 9·0 

23/9/40 
3rd 
10·3 

6·0 
7·1 
6·8 

10·3 
8·3 
9·3 

1/10/40 
3rd 
7·4 
6·3 
7·2 
6·3 
5·3 
5·6 
4·4 

11/10/40 
3rd 
8·8 
7·2 
7·5 
4·7 
7· 1 

7·2 

21/S/41 
6th 
3·9 
3·6 
4·3 
4·4 
6·3 
4·4 
5·1 

30/1/41 
5th 
3·6 
6·2 
3·8 
4·3 
5·8 
3·7 
3·9 

10/2/41 
5th 
6·7 
4·2 
4·4 
3·7 
4·3 

4·6 

Mean for 
3 Cuts. 

8·3 
5·2 
6·5 
6·0 
9·3 
7·7 
7·7 

6·8 
7·7 
6·6 
6·1 
6·3 
5·6 
4·8 

9·8 
6·4 
6·9 
6·2 
7·4 

6·9 

means are 13·1 and 9·0 per cent. This is t? be expected under a longer cutting 
rotation, as is shown by the results of numerous vrnrkers, e.g., Woodman, Blunt 
and Stewart ( 1926) in Britain, and Paterson ( 1933, 1935) in Trinidad, 
demonstratBd how the protein percentage dBcreases as the interval between 
cutting increases. 

The 3rd cut (September-October) represents the end of the "low" period 
of productivity, and at this time all grasses ·with the exception of Cenchrits 
ciZ.ictris show a reduction in protein (mean 7·2 per cent.), The 5th and 6th 
cuts (January-March) cover the "zenith" period of productivity, and, as with 
monthly cutting, the values for protein are much lower than in the period 
follo .. wing establishnrent, although at a greatly reduced level compared with the 
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more drastic cutting· treatment (mean 4·6 per cent.). Actually, the grasses. 
in series 1 should have been analysed at the 5th cut, but due to an oversight the 
material vvas discarded after weighing. However, the analyses of these grasses 
at the 6th· cut (21-3-41) are of special interest, because this period represents 
the mid-point of the wet season and the end of the ''zenith'' period. Comparison 
of these figures with those for the remaining grasses ·in series 2 and 3 cut in late 
January and early February provides evidence that there is little difference in 
the protein value of grasses at the commencement and at the end of the ''zenith'' 
period of productivity. The highest protein value during the ''zenith'' period 
is again recorded by Pennisetimi clcindestinu,ni. 

There is a negative correlation between protein content and herbage dry
matter yield at all the cuts examined; at the 1st cut r == -0·4313 (significaut 
1 per cent. level), at the 3rd cut r == -0.3476 (not significant) and at the 
5th and 6th cuts r == -0·4890 (sign1ficant 5 per cent. level). 

The pattern of protein variability throughout the 12 months under a 
system of two-monthly cutting is common to most grasses in the experiment, a 
result in close ag1~eement with findings under the monthly rotation. However, 
there are important differences between grasses, .. which can be regarded as 
characteristic of the species concerned, and some of these 'Nill be discussed. 

(a) The explanation of the apparent exceptional behaviour of Chloris 
gayama No. 6585, which has been commented upon previously, ·is clue to its late
mahuing and leafy nature. The fact that this strain at the 1st cut under a 
two-monthly rotation had a protein content of rl'Q.3 per cent. i(strain No. 6586, 
6·1 per cent.) vvhereas on the same date under monthly cutting, but at the 2nd 
cu~, the figure was 7.4 per cent. (strain No. 6586, 10·1 per cent.) is both interest
ing and important, and demonstrates the value of late maturity combined .. with 
leafiness. 

(b) The majority of grasses at the 3rd cut in September-October (mean 
7 ·2 per cent.), corresponding to the ''low'' period of productivity, show a 
tendency to lower values than at the 1st cut (mean 9.0 per cent.). The largest 
differences are shown by Chloris gaya.nci No. 6585, Pennisetit\m clandestinimi, 
Cynodon plectostachymn and 111 e1linis minutiflom. It is noteworthy that the 
grasses in series 1 (cut 23-9-40) shmv the least difference in protein content 
between the 1st and the 3rd cuts; this is probably because the date of the 3rd 
cutting in series 1 is more typical of "low" productivity conditions than the 
corresponding elates in series 2 and 3, 'ilirhere the influence of the ''rapid 
increase'' period of productivity is very evident in the reduced protein level 
of the grasses. 

( c) At the 5th or 6th cut, made during the "zenith" period of 
productivity, all the grasses except Cynodon plectostachymn, Bmchiarici 
pitrpurascens and f!hloris gayana No. 6586 have a substantially lovver content 
of protein than at the 3rd cut. 

(cl) The protein content of Paspalnm dilatatitm, 111 elinis niinittifiora, 
Chloris ga,yanct No. 6585, Urochloa bolbocles and Pennisetnm clandestinmn is 
very much lower at the 5th or 6th cut. 
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( e) 'l1he data given in Table 3 indicate that u;nder a monthly system of 
·cutting Pennisetum clandestinit1ni, Digitaria milanjiana., Urochloa bolbodes, 
.Cenchrits ciliaris, Cynoldon plec'tostachyit1n, Paspalwm dilatatwrn, and Melinis 
rninit·tifiora may be regarded as high-protein grasses, whereas Panicitm 
11wxirnwm var. trichogliime and Chlioris gaya.na No. 6585 are protein-poor. 

'Yield of Protein. 
Table 4 shows the yield of protein obtained at three selected two-monthly 

·cuts. As with monthly cutting, yield of protein depends very largely on yield 
of dry-matter. Thus the relatively lovv yields of the protein-rich Digitar"ia 
rnilan.jiana and Penni.setilm c.la.ndeS'tin1umi have caused these grasses to produce 

.370 lb. and 307 lb. of protein per acre only as against 598 lb. per acre from 
Vrochloa bolbodes, which is in the same protein-content category. 

Table 4. 

YIELD OF PROTEIN OF VARIOUS GRASSES AT DIFFERENT DATES DURING THE FIRST 
12 MoNTHS UNDER A SYSTEM OF Two-MONTHLY CUTTING. 

Yield of Protein in Lb. Per Acre. I Total fm 3 CntH. 
-----·-

SERIES I. 

Date of cut .. 28/5/40 23/9/40 21/3/41 
Number of cut lst 3rd 6th 
Urochloa bolbodes 382 ll5 IOI 598 
Panicum maximum var. trichoglume 152 75 60 287 
P. maximum No. 1202 265 94 178 537 
P. maximum No. 3783 321 72 ll5 508 
Digita1·ia milanjiana 151 62 157 370 
Paspalum dilatatum 186 93 106 385 
D enchrus ciliaris 254 52 129 435 

SERIES 2. 

Date of cut .. 5/6/40 1/10/40 30/1/41 
Number of cut lst 3rd 5th 
Hyparrhenia aucta .. 154 217 2ll 582 
Oynodon plectostachyum 290 126 126 542 
Panicum maxinium var. colo1·atiim 247 66 169 482 
P. maximum No. 1200 128 83 72 283 
Brachiaria purpurascens 379 66 153 598 
B. decumbens 630 203 219 1,052 
Chloris gayana No. 6586 146 42 73 261 

SERIES 3. 

Date of cut .. 14/6/40 ll/10/40 I 10/2/41 
Number of cut lst 3rd 5th 
Pennisetiim clandestinimi 1.51 69 87 307 
Panicimi maximum var. typica 255 55 151 461 
P. maximum No. 3820 361 87 207 655 
Ohloris gayana No. 6585 .. 344 60 135 539 
]11 elinis minutifiora 225 126 137 488 
----------------------------

Mean 264 93 136 493 
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Similarly, the protein-poor grasses show veTy marked differences in yield 
of protein per acre. Bradiiaria decu.mbens because of its very high initial 
productivity easily outyields all the other grasses with 1,052 lb. per acre, while 
Panicwn 1naxinvum, var. trichoglimie and Chloris gayana No. 6586 have the 
extremely lo-w yields of 287 lb. and 261 lb. protein per acre respectively. 

There is a negative correlation between protein content and herbage, 
dry-matter yield in the first '12 months under a system of two-monthly cutting. 
At the 1st cut r = - 0.4313 (significant 1 per cent.), at the 3rd cut 
r = - 0·3476 (not significant) and at the 5th and 6th cuts r = - 0·4890• 
(significant 5 per cent.) ; the overall correlation coefficie1it based on the error 
terms of the analyses is - 0·3736 (significant 5 per cent.). 

Three-monthly Cuts. 
Protein· Content. 

The protein contents of the grasses under a system of three-monthly 
cutting are given in Table 5. Figme 2 contrasts the behaviour of Pennisetuni 
clanclestinumi and Panicitm ma.xiniwn var. typica under two-monthly and three
monthly cutting, respectively, and illustrates in a general way the trend of 
protein variation under each system. In comparison -with the more frequent 
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Figure 2. 

Contrasting the seasonal variation in protein content. of t·wo grasses dur1ng the first 
12 months under systems of two-monthly and three-monthly cutting, respectively. 
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Table 5. 
PROTEIN CONTENT OF VARIOUS GRASSES DURING THE FIRST 12 MONTHS 

UNDER A SYSTEM OF THREE-MONTHLY CUTTING. 

Protein Percentage (Dry-matter Basis). --1-~~ 
Date of cut 

Period .. 

V 1·ochloa bolbodes 
Pcmicitm maximum var. trichoglwrne 
P. maximum No. 1202 
P. maximum N_o. 3783 
Digita1·ia milanjianct 
Paspalum dilatatiwn 
Oenchrus ciliaris 

Date of cut 

Hyparrhenia aucta 
Oynodon plectostachyum 
Panic·um maximum var. coloratimi .. 
P. maximum No. 1200 
Brachia1·ia. p1trpitrascens 
B. decumbens .. 
Ghl01·is gayana No. 6586 

Date of cut, . . . . . . . . 
Pennisetum clandestinum . . .. 
Panicum maximum var. typica .. 
P. maximum No. 3820 .. . . 
Chloris gayana No. 6585 . . .. 
M elinis minut~fiora . . . . .. 
-----------------
Mean . . . . . . . . .. 

SERIES 1. 

25/6/40 

Period 
Following 
Establish

ment. 

7·6 
5·7 
6·7 
5·3 

10·1 
8·0 
7·4 

SERIES 

5/7/40 
6·4 
7·2 
7·0 
7·1 
5·7 
5·4 
5·0 

SERIES 

15/7/40 
8·6 
4·9 
5·9 
4·3 
7·5 

-----

6·6 

23/9/40 

Latter Part 
of" Low" 

Period. 

9·3 
4·5 
6·0 
6·1 
8·8 
7·4 
8·2 

2. 

1/10/40 
6·7 
5·5 
5·9 
5·4 
4·8 
5·4 
3·8 

3. 

11/10/40 
8·1 
6·7 

.6·2 
3·5 
6·1 

6·2 

20/12/40 

End of 
"Rapid 
Increase" 

and 
Commence

ment of 
"Zenith" 

Period. 

4·6 
4·1 
4·5 
4·9 
5·8 
5·6 
6·5 

31/12/40 
3·3 
5·7 
5·2 

5·6 
4·2 
5·2 

10/1/41 
6·8 
3·9 
4·3 
3·5 
4·2 

4·9 

21/3/41 

Latter Part 
of" Zenith" 

Period. 

3·8 
3·5 
3·1 
2·8 
4·0 
4·2 
4·0 

31/3/41 
3·4 
3·6 
3·0 
2·5 
3·2 
1·9 
2·7 

10/4/40 
5·3 
2·7 
2·8 
3·0 
3·6 

3·3 

6·3 
4·4_ 
5·1 
4·8 
7·2 
6·3 
6·5 

4·9 
5·5 
5·3 
5·0 
4·8 
4·2 
4·2 

.. 
7·2 
4·6 
4·8 
3·6 
5·3 

5·3 

cutting rotations, three-monthly cutting shows a continuation of the fall in 
protein values already commented on under the tvrn-monthly cutting system. 

The 1st cut (June-July) corresponds to the period following establish
ment, and comparison of these figures (mean 6·6 per ce;nt.) with those obtained 
·On the same date under monthly cutting (corresponding to the 3rd cut in 
Table 1-mean 13.3 per cent.), demonstrates that all grasses sho-vv a marked 
rnduction in prntein content. The 2nd cut (September-October-mean 6·2 per 
·cent.) represents the latter portion of the "low" period of productivity, at 
which time six grasses shovv incrnases, 12 show decreases and one grass remains 
at the same level compared viTith the previous cut. The 3rd cut (December
.January-mean 4.9 per cent.) corresponds to the end of the ''rapid increase'' 
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Table 6. 

THREE-MONTHLY OuT-FIRST 12 MONTHS. 

Summary of Results-Protein Content. 

Significance Table. 

Grass. 

------------------

1. Pennisetum clandestinum .. . . 
2. Digitaria milanjiana .. . . 
3. C enchrus ciliaris . . . . . .. 
4. Urochloa bolbodes . . . . .. 
5. Paspalum dilatatum . . . . 
-6. Cynodon plectostachyum . . . . 
7. JYI elinis minutiflora . . .. 
8. Panicum maximum var. coloratil1n 
9. P. maximum No. 1202 . . 

10. Hyparrhenia aucta . . . . 
11. Brachiaria purpurascens . . 
12. Panicum maximum No. 3820 
13. P. maximum No. 3783 .. 
14. 
15. 
16. 
17. 
18. 

P. maximum var. typica . . 
P. maximum, var. trichoglume 
Brachiaria decu1nbens 
Chloris gayana No. 6586 
C. gayana No. 6585 
G. Mean . . . . 
S.E. Mean of 4 ... 
Sig. difference P. = O· 05 
Sig. difference P. = 0· 01 

Season. 

.. 

. . 

. . 

.. 

. . 

1. Period following establishment 
2. Latter portion of " low " period 

productivity . . .. 

. . 

. . 

.. 

.. 

. . 
" . 
.. 
. . 
.. 
. . 
. . 
.. 

.. 
of 
. . 

.3. End of " rapid increase " and com-

4. 

mencement of " zenith " period 
of productivity . . . . .. 

Latter portion of '' zenith '' period of 
productivity . . 

G. Mean . . . . 
S.E. Mean of 18 . . 
Sig. difference P. = 0·05 
Sig. difference P. = 0·01 

.. . . 

. . .. 

. . .. 

Mean 
Protein 

Percentage. 

-----

7·20 
7· 17 
6·52 
6·32 
6·30 
5·50 
5·35 
5·27 
5·07 
4·95 
4·82 
4·80 
4·77 
4·55 
4·45 
4·22 
4·17 
3·57 
5·28 
·4144 

Seasonal 
Mean 

Composition. 

6·59 

6·28 

4·88 

3·37 
5·28 

·1954 

Percentage 
of Mean. 

-----

136·3 
135·9 
123·6 
119·8 
119·3 
104·2 
101'3 

99·9 
96·1 
93·7 
91·4 
90·9 
90·4 
86·2 
84·3 
80·0 
79· l 
67·7 

100·0 
7·85 

22·28 
29·71 

Percentage 
of Mean 

124·9 

118·9 

92·5 

63·8 
100·0 

3·70 

10·50 
14·00 

I 
I 

I 

1 Per Cent. 5 Per Cent. 
Level. Level. 

>Nos. 6-18 >Nos. 6-18 
ditto ditto 

>Nos. 10-18 >Nos. 8-18 (7) 
>Nos. 14~18 >Nos. 9-18 

ditto ditto 
>No. 18 >Nos. 16-18 

ditto >No. 18 (17) 
ditto >No. 18 

No significant ditto 
difference ditto 

ditto 
ditto 
ditto 

No significant 
difference 

Significance Table 

1 Per Cent 5 Per Cent 
Level. Level. 

>Nos. 3-4 >Nos. 2-4 

ditto >Nos. 3-4 
"' 

>No. 4 

and commencement of the ''zenith'' period of productivity, and shows 'Ni th 
four exceptions a maTlrnd decrease in protein content. The 4th cut (March
April-mean 3.3 per cent.), at the later end of the "zenith" period, shows a very 
marked fall in protein content for all grasses except Chloris gciyana No. 6585 
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compared with the 2nd cut. The effect of seasonal productivity on protein 
content is shown clearly by the mean figures in Table 5 for each of the four 
cuts corresponding to the foul!:' productivity periods. 

Because samples from every cut have been analysed and each of the four 
cuts corresponds more or less to one of the four periods of productivity in the 
first 12 months, the analysi.s of variance method has been appiied to the protein 
percentage figures. The F value fOT grasses is 6·27, 1vhich is highly significant,. 
and for seasonal effect F is 57·13, which is very highly significant. A summary 
of results is given in Table 6. 

The chief ·points of interest in Table 6 are: (1) The grasses with the 
highest protein percentages include Pennisetmn clandestiniwn, Dilgitaria. 
mila.njiana, Oenchrus oiliaris, Urochloa bolbodes and Paspallitni dilatatiwn. 
( 2) The analysis of seasonal effect demonstrates that 1 (a) protei;n content in the 
period following establishment and in the ''low'' period of productivity is 
significantly higher at the 1 per cent. level than values in the "rapid increase;' 
and "zenith" periods; ( b) protein conte;nt in the "rapid increase" period is. 
significantly higher at the 1 per cent. level than values in the ''zenith'' period; 
( c) protein content in the period following establishment is significantly higher 
at the 5 per cent. level tha;n values in the "low" period of productivity. 

The correlation coefficients for protein percentage and herbage dry-matter 
yield have been calculated for each productivity period during the first 12 months, 
and the values are given belovv. 

End of" Rapid 
-· Period Following Latter Part of Increase " and Latter Part of 

Establishment. " Low " Period. Commencement of " Zenith " Period. 
" Zenith " Period. 

Correlation Coefficient .. - 0·4843 - 0·2272 - 0·7307 - 0·3944 
Degrees of Freedom .. . . 16 16 16 16 
Significance . . . . . . 5 per cent. Not significant 1 per cent . Not significant 

The o·verall correlation coefficient calculated on the error terms of the 
analyses is -0·3303 ( 50 D.F.), significant at 2 per cent. level. 

d 

Differences between certain species relative to their protein content' at 
various cuts under a system of three-monthly cutting: merit comment. The· 
greatest differences in. protein at the 1st cut under three-monthly comparecl 
Virith monthly cutting are shown by Pennisetilm clarndestinit1n, Paspali11m 
dilata.tu/ni and Paniciwn maxinvwni No. 1202, and the smallest by Melinis 
nvini,,tifiom and Pa.nicuon niaximatni var. typica and No. 1200. In comparison 
with two-monthly cutting, the more lenient system at the initial cut showed 
a substantially 101ver protein content only with Chloris gayana.J No. 6585 and 
Pennisetitm clandestinitm. · 

A comparison of protein content at the 1st and 4th cuts under three
monthly cutting demonstrates that the greatest difference is shown by Digitaria 
milanjiwna and the smallest by Ch'loris gayana No. 6585. 



PROTEIN CONTENT OF TROPICAL GRASSES. 223 

Examination of the values of protein content under the three cutting 
rotations during the ''zenith'' period of productivity brings out the follo-vving 
points:-

(1) Comparison of monthly and two-monthly cutting slmws that the 
greatest differences occurred with Urochloa bolbocles, Cenchrits: 
cilforis and Paniciini niaxinimn No. 3783,. and the smallest 
differences '-·with Brachiaria clecmnbens, Pctniciini 11iaxi11iuni, 
No. 3820 and Brachiaria zmrpnrascens. 

(2) Comparison of two-monthly and three-monthly cutting· indicates 
that the greatest differences occurred with Cynodon 
plectostachymn, Brachiarici pu.rpiimscens and Digitaria; 
11iilanjiana and the smallest differences with H yparrhenia aucta,. 
Paspaliini dilcdcd1l?n, Urochloa bolbodes _and Panicwm 1naxinimn 
var. trichoglmne. 

The mean protein figures under three-monthly cutting show that only 
Digitaria niilanjfonct and Penniset1l?n clandesliniwn exceeded 7 per cent. ancl 
that only Chloris gayana No. 6585 fell belo-w 4 per cent. 

The highest protein value during the ''zenith'' period was given by 
Pennis·etit-m clcindestinwni (5·3 per cent.); the next three grasses ·were Paspalmn 
dilata.fom ( 4· 2 pei· cent.) , Digitaria milanjiarw and C eriichrus cilia1·is ( 4.0 per 
cent.). The lmvest protein value vrns given by Bmclit1:arici decwnibens (1·9 per 
cent.), 'vhich i,ndicates the very poor quality of this grass in the wet season. 
after three-months' growth under three-monthly cutting. 

When the accessibility of protein to nuninants is hampered by a hig·h. 
fibre content there is an appreciable decrease in availability of digestible 
nutrients. Montgomery White (private .communication) has pointed out that 
there is a marked difference in the coefficients obtained from Rhodes grass at 
the 0·5 and 1·0 per cent. levels of nitrogen. Such :findings serve to emphasize 
the importance of utilizing protein-rich herbage obtained from suitable strains. 
of gramineous and leguminous species selected on a climatic-regional soil type 
basis. 

Yield of Protein. 
Table 7 shows that four grasses-Bmchiaria decimibens, H yparrhenict 

aiwta, Panicum maximiim No. 1202, and jJfrlinis min.idiffom-reached a total 
yield of protein approximating to 1,000 lb. per a.ere per annum, while Pa.nicmn 
maximJtt.ni var. colora.f1.t-m. yielded only 450 lb. 

The data have been subjected to the analysis of variance; the F value 
for varieties is 2·172, which is significant at the 5 per cent. level only, and for 
seasons F is 19·616, which i8 very highly significant. The results ·of these· 
a,nalyses, summarized in Table 8, are ·of special interest for the following 
reasons :__,(1) It is demonstrated that, in general, grasses with the higih.est 
herbage yields produced the highest yields of protein, an exception being 
Pennisetiim cl.andestinit1n) which gave the lowest yield of green matter (13·6 tons 
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Table 7. 

YIELD OF PROTEIN OF VARIOUS GRASSES DURING THE FIRST 12 MONTHS UNDER A 
SYSTEM OF THREE-MONTHLY CUTTING. 

Yield of Protein in Lb. Per Acre. Total. 

SERIES 1. 

Date of cut 25/6/40 23/9/40 20/12/40 21/3/41 

.Period .. Period Latter Part End of Latter Part 
Following of" Low" "Rapid of" Zenith" 
Establish- Period. Increase" Period. 

ment. and 
Commence-

ment of 
"Zenith" 

Period. 

U1·ochloa bolbodes 327 150 187 208 872 
Panicum maximum var. trichoglume 208 84 90 140 522 
P. maximum No. 1202 329 137 190 447 1,103 
P. maximum No. 3783 302 133 170 240 845 
Digitaria niilan}iana 265 97 103 329 794 
Paspalum dilatatum 254 116 94 147 611 
Cenchnts ciliaris 230 66 89 172 557 

SERIES 2. 

Date of cut 5/7/40 1/10/40 31/12/40 31/3/41 
. H yparr henia aucta 278 365 296 202 1,141 
Cynodon plectostachyum 282 156 152 227 817 
Panicum maximum var. coloratum .. 141 70 137 102 450 
P. maxim,nm No. 1200 235 57 50 
Brachiaria pu1·purascens 360 112 108 92 672 
B. decumbens 758 160 231 181 1,330 
Chloris gayana No. 6586 234 75 150 129 588 

SERIES 3. 

Date of cut . . . . . . . . 15/7/40 11/10/40 10/1/41 10/4/41 .. 
P ennisetum clandestinum . . .. 249 147 62 189 647 
Panicwn maximum var. typicct .. 397 96 174 157 824 
P. maximum No. 3820 . . .. 362 110 175 198 845 
Chloris gayana No. 6585 . . .. 198 64 84 177 523 
M elinis minittijlm·a . . . . .. 529 123 164 179 995 
-----------
Mean ( 17 grasses only)* .. . . 319 112 139 195 764 

*Hyparrhenia aiwta and Panicitm maximum No. 1200 excluded. 

per acre per annum), but due to its high protein content yielded 64 7 lb. of 
protein per acre; (2) The. significance of herbage productivity in determining 
protein yield is well shown in the analysis of seasonal effect. The yield during 
the period following establishment is sig;nificantly higher than that during the 
H zenith," "rapid increase" and "low" periods of productivity at the 1 per 
·Cent. level, but yield during the ''zenith'' period is also significantly higher 
at the 2 per cent. level than that at the "low'' period of productivity. Comparison 
"'With Table 6 shows clearly that protein value at the "zenith" and the "low" 
periods of productivity shows a complete reversal of position due to the 
preponderant nature of the seasonal factor on herbage yield. 
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Table 8. 

THREE-MONTHLY CUT-FIRST 12 MONTHS. 

Summary of Results-Yield of Protein. 

Total Yield 
Percentage Significance 

of Total Table. 
GraEs. of Protein in Yield (Mean 

Lb. Per of 18 
Acre. Grasses). 5 Per Cent. Level. 

----
1. Brachiaria decumbens . . . . . . .. . . 1,330 169·4 >Nos. 6-18 
2. Hyparrhenia aucta . . . . . . .. . . 1,141 145·3 >Nos. 11-18 
3. Panicum maximum No. 1202 . . . . .. 1,103 140·4 >Nos. 13-18 
4. JVI elini.8 minutiflora . . . . .. . . . . 995 126·7 >Nos. 16-18 
5. Urochloa bolbodes . . . . . . . . . . 872 111·0 No significant 
6. Panicum maximum No. 3820 . . .. . . 845 107·6 difference 
7. P. maximum No. 3783 . . . . . . .. 845 107·6 
8. P. maximum var. typica . . . . .. . . 824 104·9 
9. Cynodon plectostachyum . . . . .. . . 817 104·0 

10. Digitaria milanjiana . . . . . . .. . . 794 101·1 
11. Brachiaria purpumscens .. . . . . . . 672 85·6 
12. Pennisetum clandestinum . . . . . . . . 647 82·4 . 
13. Paspalum dilatatum . . .. .. . . . . 611 77·8 
14. Chloris gayana No. 6586 .. . . . . . . 588 74·9 
15. Cenchrus ciliaris . . . . .. . . . . 557 70·9 
16. Chloris gayana No. 6585 . . . . . . . . 523 66·6 
1 7. P anicum maximum var. trichoglume .. . . 522 66·5 
18. P. maximum va.r. coloratitm . . .. . . . . 450 57·3 
---- -------
Mean of 18 varieties . . . . . . .. . . 785·33 100·0 
S.E. total of 4 . . .. . . . . . . . . 163·70 20·84 
Sig. difference P. = 0· 05 . . . . . . .. . . 464·61 .59·16 

Mean Yield Percentage Seasm. in Lb. Per 1 Per Cent. Level. 2 Per Cent. Level. 
Acre. ofG.M. 

---------------------------
1. Period following establishment . . 316·83 161·4 >Nos. 2, 3 

and 4 
2. Latter part of" zenith" period . . 195·33 99·5 No significAnt >No.4 

difference 
.3. End of " rapid increase " and com-

mencement of " zenith " period .. 147·56 75·2 No significant 
difference-

4. Latter part of " low " period . . 125·61 64·0 
G.M. . . . . . . . . .. 196·33 100·0 
S.E. Mean of 18 . . . . .. 19·292 9·83 

-----------------
Sig. difference P. = 0·02 . . .. 65·60 33·41 
Sig. difference P. = 0·01 . . .. 73·00 I 37·8 

Comparison of Protein Yield under Monthly and Three-monthly Cutting. 
The data collected during the first three months of the experiment

corresponcling· to the period following establishment, when protein values were 
at their highest-enable a comparison to be made of protein. yields of various 
grasses under monthly and three-monthly cutting· systems respectively. Table 9 
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Table 9. 

y !ELD OF PRo'.rEIN OF v ARIOUS GRASSES DURING THE FIRST THREE CUTS UNDER A 

SYSTEM OF MONTHLY CUTTING COMPARED WITH THE CORRESPONDING YIELD AT THE 

FIRST CuT UNDER A SYSTEM OF THREE-MONTHLY CUTTING. 

Date of cuts 

U rochloa bolbodes 
Panicum niaximuni var. t1·ichoglume 
P. maximum No. 1202 
P. maximum No. 3783 
Digitaria milanjiana 
P aspalum dilatatum 
Oenchrus ciliaris .. 

Date of cuts 

Hyparrhenia aucta 
Cynodon plectostachyum 
Panicum maximum var. coloratum 
P. maximum No. 1200 .. 
Brachiaria pu1·pu1·ascens 
Brachiaria decumbens 
Chloris gayana No. 6586 

Date of cuts 

Pennisetum clandestinum 
Panicum maximum var. typica 
P. maximum No. 3820 .. 
Chloris gayana No. 6585 
M elinis minutijlora 

Mean 

Yield of Protein in Lb. Per Acre. 

Sum of First 3 
Cuts : Monthly 

System of 
Cutting. 

SERIES 1. 

25/4/40; 
28/5/40; 
25/6/40 

448 
401 
416 
434 
268 
338 
343 

SERIES 2. 

6/5/40; 
5/6/40; 
5/7/40 

242 
415 
403 
305 
432 
727 
259 

SERIES 3. 

16/5/40; 
14/6/40; 
15/7/40 

323 
431 
385 
330 
276 

338 

First Cut: 
Three-monthly 

System. 

25/6/40 

327 
208 
329 
302 
265 
254 
230 

5/7/40 

278 
282 
141 
235 
360 
758 
234 

15/7/40 

249 
397 
362 
198 
529 

313 

Difference. 

121 
193 

87 
132 

3 
83 

113 

+ 3& 
133 
262 

70 
72 

+ 31 
25-

74 
34 
23 

132 
+ 253 

65 

SUJ1lmarizes these results, which reveal marked differences between certain 
species in their reactions to the two systems. These differences are commented 
on briefly below. 

(1) Panic1ini niaxiniwm vars. coloratmn and triGhogl1tAne are note
worthy for their high yield of protein during. the :first three 
months under monthly compared ·with three-monthly cutting. 
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( 2) The majority of grasses show a considerably increased yield of 
protein under three consecutive monthly cuts than under a single 
three-monthly cut . in the period immediately · following 
establishment. 

( 3) The yield of Brachiaria pitrrpiurascens for five separate monthly 
cuts (1st, 2nd, 3rd, 7th and 11th) amounted to 620 lb. protein; 
from four three-monthly cuts the total ·was 672' lb., which 
indicates that frequent cutting during the flush periods of 
growth would be more satisfactory than allowing this grass to 
mature for periods of three nronths throughout the year. 

( 4) fflelinis niinntijlora is outstanding among the '.19 .grasses in that 
it yielded almost twice as much protein from a single cut when 
three months old than from three monthly cuttings during the 
same period. Frequent early cutting of this grass should, 
therefore, be avoided. 

( 5) Neg·Iigible differences in protein yield during the first three 
months under the two systems of cutting are shown by DigUa:tia 
rnilanjiana., H yparrhenia. auda, Brachiaria decu.nibens, Chloris 
ga.yat'lia No. 6586, Panicum rnaxirnil/m var. typica and P. 
rna.xirnmn :No. 3820. 

DAT.A FOR SECOND 12 MONTHS. 

As ·stated previously (Schofield, 1944), fertilizer consisting of a mixture 
<>f superphosphate and blood, calculated for each grass on the basis of the 
nutrients removed in the herbage during the first 12 .months i( estimated from 
the protein and P 20 5 :figures), vms dusted evenly over the whole of each sub-plot 
immediately after each cut had been made during the second period of 12 
months. Due to unfavourable meteorological conditions during the early part 
of the second year, the effectiveness of the application ·vrns delayed until 
November. 

Monthly Cuts .. 
Protein Content. 

Table 10 summarizes the protein percentages for the 13th, 16th, 19th, 
.and 22nd monthly cuts of the 12 grasses which were retained for the second 
12 months. Figure 3 shows the marked seasonal variation in protein content 
which occurs ·with Panicitm ma.ximimi. vars. coloratitm, trichoglit.me and 
iypica, Pa.spaZwn clilafoturn a;ncl Penm:setwni, clanclestin:wm during the second 
year. These four cuts correspond approximately to the four productivity 
periods of the year. The 13th cut (April-May) falls in the " rapid decrease" 
period, which is characterized by a lovv protein content for all grasses (mean g.7 
per cent.). The 16th cut (July-Aug·ust) falls in the early portion of the "low 
productivity" period, and is marked by a relatively high protein content for 
all grasses (mean 12·0 per cent.) with the exception of .J..~1elinis rninu.tijlora, · 
which shows no mcrease over the preceding period. Increases ranging from 
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6.9 per cent. with Panicmn niaxiniiini var. t.richoglimie to 1·8 per cent. 'with 
Chloris ga.yana No. 6585 were recorded. The 19th cut (October-November) 
falls at the end of the "low" and the beginning of the "rapid increase" 
period, a time -when fertilizer is becoming effective. The protein :figures show 
a marked decrease for all grasses (mean 8·4 per cent.) with the exception 
of ]Jievinis niinu.tifiorn. The 22nd cut (January-February) with a mean of 
9.4 per cent. falls in the early portion of the ''zenith'' period, and the protein 
figures offer interesting contrasts between the various .species. As already 
observed, the ''zenith'' period represents a time of great metabolic activity 
leading to a decrease in protein percentage, but the second 12-months period 
differs from the first 12 months because of the fertilizer applications made 
throughout the second year. It has been shown (Schofield, 1944) that two grasses 
-Paniciim maximwni var. typica and Digitaria. n'l:ilctnjiana-respond markedly 

·in c1Ty-matter yield to fertilizer addition. Apart from yield response, hmvever, 
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Sho·wing the seasonal variation in protein content of :five grasses during the seconJ 
12 months under a system of monthly cutting. 
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Table 10. 

PROTEIN CONTENT OF SELECTED GRASSES AT DIFFERENT DATES DURING THE SECOND 
12 MONTHS UNDER A SYSTEM OF MONTHLY CUTTING. 

Date of cut 
Number of cut 
U rochloa bolbodes 
Panicum maxinium var. t·richoglimie 
Digitarict milanJ°ianct 
Paspalitm clilatatum .. 

Date of cut 
Number of cut 
H yparrhenia aucta 
Panicum niaximum var. coloratum .. 
Bracliiaria decumbens 
Chloris gayana No. 6586 

ate of cut . . . . 
umber of cut . . 

D 
N 
p ennisetum clanclesNnum 

. . 
. . 
. . 

p anicum maximum var. typica 
Chloris gayana No. 6585 . . 
M elinis minutiflora . . . . 
---------
Mean .. . . . . . . 

.. 

.. 

.. 

.. 

. . 

.. 

. . 

Protein Percentage (Dry-matter Basis). 

SERIES I. 

21/4/41 18/7/41 17/10/41 15/1/42 
13th 16th 19th 22nd 
9·0 13·6 12·0 10·4 
7·3 14·2 10·1 9·6 
8·9 11·6 9·1 8·3 
8·9 13·4 10·3 8·0 

SERIES 2. 

30/4/41 29/7/41 27 /10/41 28/1/42 
13th 16th 19th 22nd 
8·6 10·6 6·4 9·0 
8·7 13·4 8·3 12·0 
7·6 11·1 6·3 10·5 
8·4 11·4 6·4 11·7 

SERIES 3. 

9/5/41 8/8/41 6/11/41 4./2/42 
13th 16th 19th 22nd 
11·0 14·3 . . 10· 1 

9·9 12·7 7·5 7·8 
7·4 9·2 .. 7·7 
8·4 8·6 8·1 7·7 

8·7 12·0 8·4 9·4 

Mean for 
4 Cuts. 

11·2: 
10·3· 

9·5· 
10·1 

8·& 
10·6· 

3.9, 

9·5 

. . 

. . 
11·8 

9·5 
8·1 
8·2 

9·7 

it can be· expected that fertilizer will hav€ what Konig ('1'937) described as a 
direct influence on chemical composition. Faga;n and Davies ( 1937) have 
further shown that two factors-the ratio of stem to leaf and tll€ stage of 
maturity:;-have a profound effect on this influence. Therefore', stemmy species. 
cannot he expected to show the improvement in chemical composition as a result 
of fertilizer application which occurs with leafy grasses, except ·where the 
cutting rotation 1

( or grazing management) is so drastic as to effectively curtait 
the production of st€m. Thus it is to be expected that differences in chemical 
composition between leafy and stemmy grasses will be least under frequent 
and g1:eatest under leni€nt cutting or grrazing; but ahvays in making such 
compa;risons the pronounced effect of season must be considered. Examination. 
of protein values at the 13th cut ("rapid increase" period), vvhen fertilize!' 
·was not effective, with those recorded at the 22nd cut (early portion of the 
"zenith" period) Virl1er€ fertilizer ·vrns active show interesting comparisons: 
between various grasses, but do. not reveal any extreme differences. 

The marked decrease in protein content slmwn by Pctnicuni 1naximil1ii 

var. typicct is note-worthy, and is explained by the strong negative correlation 
between herbage yield and crude prot€in; a yi€ld increase amounting to 694 per 
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c€nt. green matter occurred at the 22nd cut over the value at the 13th cut with 
this variety. The increase of 3.3 per cent. shown by the stemmy strain of Chloris 
gayana (No. 6586) is th€ result of frequent cutting, which has enabled material 
much richer ln leaf to be harvested than under a longer cutting rotation. 

Yield of Protein. 
The respective yields of protein for the cuts discussed in the previous 

section are given in Table 11. These figures demonstrate the marked fall 

Table 11. 

YIELD 'OF PROTEIN OF SELECTED GRASSES AT DIFFERENT DATES DURING THE SECOND 
12 MONTHS UNDER A SYSTEM OF MONTHLY CUTTING. 

Yield of Prntein in Lb. P" Aorn. 1. T4'lf~,,';~' 
------------------

SERIES 1. 

:Date of cut 21/4/41 18/7/41 17 /10/41 15/1/42 
Number of cut 13th 16th 19th 22nd 
Vrochloa bolbodes 20 12 13 49 94 

· JPanicum niaximum var. trichoglume 21 13 11 28 73 
Digitaria milanjiana 36 8 10 32 86 
Paspctlum dilatatum .. 30 3 5 14 52 

SERIES 2. 

Date of cut 30/4/41 29/7/41 27/10/41 28/1/42 
Number of cut 13th 16th 19th 22nd 
H ypw1'1'henia aucta 10 14 14 107 145 
Panicion maximum va.r. colo1·atil1n .. 19 6 7 102 134 
Brachiaria decumbens 22 10 8 106 146 
.Chloris gctyana No. 6586 13 5 7 26 51 

SERIES 3. 

Date of cut . . .. . . . . 9/5/41 8/8/41 6/11/41 4/2/42 . . 
Number of cut . . .. . . 13th 16th 19th 22nd • ·! 

Pennisetum clandestinum . . . . 25 6 .. 79 110* 
Panicuni maximum var. typica .. 33 11 18 173 235 
Chloris gayctna No. 6585 . . . . 25 6 .. 31 62* 
M elinis minutiflora .. . . . . 28 10 15 138 191 
---

ean .. . . . . . . . . 24 9 11 74 117 

*Sums of three cuts only. 

in yield during the second 12 months under a system of monthly cutting, 
which is most noticeable during the ''low'' and the beginning of the 
''rapid increase'' periods. One grass . only-Hypcwrhenia a.iwta-shows an 
:increase during the "low" period compared with the "rapid decrease" period. 
The outstanding feature is the very marked increase in yield (mean 7 4 lb. 
prot€in per acre) during the ''zenith'' period shown by all :grasses, but 
particularly by Panicit1n niaxinimn var. typica and Jlllelinis min.iitifto1·a. The 
lowest yields are given by the two strains of Chloris gay.an.a and Paspctliwi 
.&i.'latabuni. It should be noted that Digitaria mila..njia·na did not show a marked 
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Tesponse to fertilizer application until after the date given in Table 11 (15-1-42). 
Considerable yield increase did occur, however, on 12-2-42 and 17 -3-42 (Schofield, 
1944), and therefore the yield of protein for this grass rose very steeply in 
February and March. 

Two-monthly Cuts. 
Proteiin Content. 

Table 12 sumttnarizes the protein percentages for the 7th, 9th and 
11th cuts under two-monthly cutting during the second 12 months. Figure 4 
:shows in graphical form the seasonal variation in protein content of 
PaniGitmi niaxiniwrn vars. colm·atiini, trichogl1i.rnie and typica,, Paspaliim dila;tatwn 
.and Penrnisetwm clandestimim during this period. The 7th cut (May-June) 
corresponds approximately to the "rapid decrease" period, and as with ·the 
second 11'2 months under monthly cutting all grasses exhibit a lmv protein content 
(mean 7.G per cent.). The 9th cut (September-October) represents the latter 
part of the ''low'' productivity period, corresponding to the time when the 
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Table 12. 

PROTEIN CONTENT OF SELECTED GRASSES AT DIFFERENT DATES DURING THE 
SECOND 12 MONTHS UNDER A Two-MONTHLY SYSTEM oF CUTTING. 

----------=--~-------' Prnt,in P"oontago (Dey-matt" Bru<IB). 

Date of cut .. 
Number of cut 
Urochloa bolbodes 
Panicitm maximuni var. trichoglume 
Digitaria milanjiana 
Paspalum dilatatum 

Date of cut .. 
Number of cut 
Hyparrhenia aucta .. 
Panicum maximum var. colo1·atum 
Brachiaria decumbens 
Chloris gayana No. 6586 .. 

Date of cut .. 
Number of cut 
Pennisetum clandestinwn 
Panicum maximum var. typica 
Chloris gayana No. 6585 
M elinis minutijlora 

Mean 

SERIES 1. 

20/5/41 
7th 
6·6 
8·0 
9·5 
7·2 

SERIES 2. 

30/5/41 
7th 
7·5 
8·4 
7·3 
8·0 

SERIES 3. 

9/6/41 
7th 
8·0 
8·2 
5·0 
7·6 

7·6 

18/9/41 15/1/42 
9th 11th 
11·2 9·6 
10·3 3·7 
7·9 6·6 
8·4 5·8 

26/9/41 28/1/42 
9th 11th 
7·3 6·5 
9·3 6·6 
6·5 7·3 
7·7 3· l 

7/10/41 5/2/42 
9th 11th 
7·7 11·3 
7·6 6·0 
7·8 6·0 
5·4 7·8 

-----

8·1 6·7 

Mean for 
3 Cuts. 

!? i 

7·3 
8·0 
7·1 

7·1 
8·1 
7·0 
6·3 

9·0 
7·3 
6·3 
6·3 

-----
7·5 

grasses have passed their peak values for protein and are 0)1 the decline due to 
considerably increased metabolic activity (mean 8·1 per cent.). It is of interest 
to note that, compared with the 7th cut, three grasses-Ur·uchloa bolbocles ( 4·6 
per cent.), Pcf/li.iGilm.1 niaxim,n1n var. trichoglitme ( 2·3 per cent.), and Chloris 
gayana No. 6585 (2·8 per cent.)-slmw fairly large increases while Mel/inis 
miniltifuom displays a decrease. 

The 11th cut (January-February), with a mean value of 6·7 per cent., 
corresponds to the early portion of the ''zenith'' period, and a con1parison of 
protein figures at the 7th and 11th cuts gives useful information on the reaction 
of the various grasses to fertilizer application (which becomes effective from 
November onwards) modified by seasonal effect and cutting treatment. 

It is noteworthy that the highest in.o,reases are slmwn by leafy grasses
Urochloct bolbodes and Pennisefom. clandestiniim,.-whereas the largest decreases 
recorded occur ·with Pcmicum maximimi var. typica,. and Chloris gayana No. 6586, 
the former a moderately stemmy and the latter a very stemmy grass (see 
Table 13). In order to assess the above differences in protein content, account 
must be taken of the changes in herbage yield .. which occurred ·with the various 
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grasses at these two cuts. The green matter yield of Urochloa.1 bolbodes at the 
11th cut was 325 per cent. higher than that of the 7th cut, that of Chloris gaywna 
160 per cent., and that of Paniciini rniaxvniiwn var. typica 1189 per cent., whereas 
that of Penn.isetiuni darndestiniini was 20 per cent. less. Thus the significant 
fact which emerges from these comparisons is that Chloris gayana strain No. 6586 
decreased in protein by 4.9 per cent., although yield increase was a mere 160 per 
cent., thus' denoting a very high proportion of stem to leaf in this grass; whereas 
the remarkable increase in yield shown by Panicimi niaxi'.niiini var. typicci 1vas 
associated with a decrease ju protein of 4.3 per cent., and demonstrates the 
leafy nature of a lai·ge proportion of the herbage produced. 

No leaf and stern analyses of .grasses in this experiment were carried out 
at South Johnstone, but subsequently in the Brisbane area samples from four 
grasses 1vere collected. All four grasses had reached the mature stage of growth, 
none had been cut or g~·azed previously in the season and harvesting' was under
taken at the beginning of July. 

Table 13 sh01vs the percentage composition on a dry-matter basis of the 
leaf and stem portions and the respective protein contents of four grasses: 
Brachiaria brizantha (closely related to B. decimibens), Chloris gayana, Cynodo~i 
plecfostachyurm and Panicitm maxiniiim var. typica. 

Table 13. 

PROPORTION OF LEAF TO STEM OF FOUR GRASSES CUT IN THE MATURE SEEDING 

STAGE-EARLY .JULY-TOGETHER WITH THEIR RESPECTIVE PROTEIN CONTENTS, 

Water Free Material. 
Grass. Leaf: Stem 

Protein in Leaf. Protein in Stem. 
-----

I % % 
Brachia1·ia brizantha .. . . . . . . 1 : 2 6·8 4·0 
Chloris gayana . . .. . . . . . . 1 : 2·4 8·1 4·2 
Oynodon plectostachyum .. .. . . . . 1 : 2 10·8 4·6 
Panicum, maxinium var. typica .. . . 1 : l· l 7·7 5·3 

The leaf in the above analyses represents the blade only-that is, the 
portion above the ligule-and does not include the leaf sheath (see Stapledon, 
1924). Cyno1don plectost.achyuni and Brachiarici briza.nth•a w,ere cut at 2 inches, 
Chloris gayanci at 4 inches and Pa.nicmn nutximmn var. typica at 12 inches above 
ground level. The above figures demonstrate the very stemmy nature of Rhodes 
grass and tl1e relatively high proportion of leaf in Guinea grass, even in the very 
mature stage of growth. The protein composition of the stern of three of the 
grasses shows little difference, but the Guinea grass stems are decidedly richer 
in protein. The leaf portion of all the grasses is much higher in protein than 
the stern, but there are considerable differences between species. African star 
grass ( Cynodon plectostachyimi) is easily the highest at 10·8 per cent. and 
Brachiam brizantha t'he lowest at 6·8 per cent. 
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A further point which indicates the fundamental importance of strain is 
that the later-maturing leafy strain of Rhodes grass No. 6585 showed a 10 per 
cent. increase in protein from the 7th to the 11th cut, although herbage yield 
increased duri.ng the same period by 151 per cent. 

Yield of Protein. 
Table 14 summarizes the yields of protein for the various grasses during 

the seGond 12 months under two-monthly cutting. As with monthly cutting, 
H yparrhenria. wucfo slmws a slightly higher yield at the cut taken towards the encl 
Qf the "low" period than at that taken during the "rapid decrease" period, 
although all the other grasses show lower yields, some of which are considerably 
lower. The outstanding feature again is, the markedly higher yield of' all 
grasses-and particularly of Urochloa bolbocles, Hypa.rrhenria wucta, Bracluiaria 
decumbens, Panicmn 11iaximu1n var. typica ancl Mel'inis 1niniitifiora-during the 

· ''zenith'' period. 

Table 14. 
YIELD OF PROTEIN OF SELECTED GRASSES DURING THE SECOND 12 MONTHS UNDER A 

SYSTEM OF Two-MONTHLY 0uTTI'NG. 

Da.te of cut .. 
Number of cut 
Urochloa bolbodes 
Panicum maximum var. trichoglume 
Digitaria milanjiana 
Paspalum dilatatum 

Date of cut .. 
Hyparrhenia aucta .. 
Panicum maximum var. coloratum 
Brachiaria decumbens 
Chloris gayana No. 6586 

Date of cut .. 
Pennisetum clandestinum 
Panicum maximum, var. typica 
Chloris gayana No. 6585 
M elinis minutiflora 

Mean 

Yield of Protein in Lb. Per Acre 

I 

Total for 
3 Cuts. 

--- -----

SERIES 1. 
20, '5/41 18/9/41 15/1/42 

. \ 7th 9th 11th 
25 23 239 287 
30 16 62 108 
79 5 127 211 
63 9 56 128 

SERIES 2. 
30/5/41 26/9/41 28/1/42 

17 20 217 254 
51 15 149 215 
56 9 196 261 
20 17 27 64 

SERIES 3. 
9/6/41 7/10/41 5/2/42 

61 7 51 119 
26 14 163 203 
39 10 117 166 
44 25 160 238 

-------

43 14 131 188 

GENERAL PATTERN OF PROTEIN CONTENT UNDER DIFFERENT 
CUTTING SYSTEMS. 

The data given in Tables 12 and 14 and in Figures 1-4 all indicate the 
operation of a marked seasonal influence, which produces a characteristic pattern 
of protein content throughout the year, although there are marked differences 
between various species, and even betvireen strains of the same species, in the 
level reached. 
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All three systems of cutting possess these points in common: ( 1) the 
minimum values for protein content with all grasses are reached during the 
"zenith" period of productivity; 1(2) a high level of protein occurs with all 
gTasses in the period following establishment and during the ''low'' period of 
productivity; ( 3) the "rapid increase" and the "rapid decrease" periods of 
productivity represent, as far as protein content is concerned, transitional 
periods from high to low values and vice versa. In effect, the data demonstrate 
that a negative correlation exists between herbage dry-matter yield and protein 
content. 

Cartmill (1944), working under coastal conditions in northern Queens
land, observed a similar rhythm of protein content in the three grassesexamined. 
He pointed out that the highest protein content occurred in the "late--wet n 

period (June-July), which corresponds to the end of the ''rapid decrease'' and 
the beginning of the ''low'' period of productivity, whereas the lowest protein 
content was associated with the "pre-wet" period (December-January), -which 
represents the end of the ''rapid decrease'' and the commencement of the 
"zenith" period of productivity. Paterson ( 1933) in Trinidad, has pointed 
out that with elephant grass ''the protein content is lowest when the produc
tivity of the crop is at a maximum.'' 

Summer conditions in coastal northern Queensland bear no resemblance 
to any climatic conditions in the temperate zone, nor can the winter climate 
of coastal northern Queensland be compared to the English summer. Neverthe
less it is apparent that, under temperate and tropical conditions alike, when 
herbage production is at a maximum protein content is at a minimum, and as 
herbage productivity decreases protein content increases (the application of 
nitrogenous fertilizer, hmvever, increases yield and protein content). The funda
mental cause of this negative correlation between dry-matter yield and 
protein content would appear to be the ratio of leaf to stem, -vvhich is conditioned 
essentially by the influence of meterological factors. It may be stated that the 
high yields of herbage obtained in the ''rapid increase'' and ''zenith'' periods 
of productivity are due, in large measure, to a higher proportion o:E stem which 
depresses the protein content. In f,act, mention has already been made (Schofield, 
11.D44-) that free inflorescence emergence marks a period of high ''yield'' ,.,dt.h 
some grasses, whereas in the "rapid decrease" and "low'' perjods stem pTodlJC
tion is at a minimum and the herbage tends to be richer in protein. 

The negative correlation which exists between yield and protein content 
is show:n by the following figures in this experiment: Panicwn niaxiniimi var. 
coloratit.ni showed an increase of 435 per cent. during the ''zenith'' as compared 
-vvith the ''low'' period of productivity in the first 12 n10nths under monthly 
cutting, and the crude protein dropped from 13.3 per cent. (5-7-40) to 5.3 per 
cent. (30-1-41). In the second 12 months, the increase in productivity rose 41 
times (vide Schofield, 1944) and the protein dropped from 13·4 per cent. 
(29-7-41) when fertilizer was not effective to 12·0 per cent. (28-1-42) Vi7hen 
fertilizer effect was strongly in evidence. 
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With respect to the profound importance of the proportion of leaf to 
stem relative to crude-protein content, it is of interest to note that Fagan and 
Davies (1937) quote for Loliiirn italiciwn a nitrog'e,n value of 3·16 per cent. 
(leaf) and 1·85 per cent. (stem) at fom weeks and 1.7 4 per cent. (leaf) and 
1.01 per cent. (stem) at eight weeks of age; figures in this experiment ·with a 
leafy grass, Pennrisefoni clwndestinimi (including leaf and stem), during the 
period following establishment in the first year at four and eight weeks respec
tively were 2.93 per cent., and 2·21 per cent., -vvhereas a stemmy grass, Chloris 
gaya.na No. 6586 (including leaf and stem) for the same periods gave 1.79 per 
cent. and 0·98 per cent. 

To summarize, the chief points relating to the pattern of protein com
position of grasses under different cutting· systems are as follows:-
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Figure 5. 

Showing the seasonal variation in the mean protein percent.age of 19 grasses under a 
system of three-monthly cutting during the first 12 months. 
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Figure 5 shows in the form of a histogram the characteristic pattern of 
protein composition durring the first 12 months under a system of three-monthly 
cutting. 

AN EXCEPTION TO THE GENERAL PATTERN OF PROTEIN YIELD. 
The effect of the meteorological conditions on herbag·e yield and on 

protein content throughout the year, under coastal conditions in northern 
Queensland, involves two contrasting and reciprocal phenomena: summer rainfall 
conditions promoting herbage yield but limiting protein production, and dry 
winter influences inhibiting herbage growth but stimulating protein formation. 
The individual reactions of the various grasses to these seasonal effects have been 
discussed, and it now remains to determine the ge,neral pattern of protein yield, 
and any exception which may occur among the grasses studied. The figures in 
Table 7 show the effect of season on protein yield n!llder a system of three
monthly cutting, and Figure 6 demonstrates the marked variation which occurs 
in yield in each productivity period. 'rhe variation applies to 17 out of 19 
grasses-Panicion 1naxirnmn No. 1200 vvas excluded because no yield figure was 
available for one cut and H ypan~henict a1tcta because of its exceptional behaviour. 
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This yield pattern is common to each cutting rotation, subject to the differences in_ 
herbage yield and protein content resulting under the different cutting systems 
-vvhich have already been examined. In general, it '"rill be observed that the 
grasses which produced the highest herbage yields also produced the highest yields 
of protein per acre, but there are a number of exceptions. However, it is not total 
yield which is now being examined, but the pattern of protein yield, and the 
figures show that one grass, Hyparrhenia cf/lwta., is quite different in this respect. 
The explanation of this exceptional behaviour is to be found in the different 
growth periodicity characteristic of this grass (Schofield, 1944) . Figure 7 
contrasts the yield of protein in pounds_ per acre from H. a,~wta ·with that from 
Pennisetit1Jn CZ.a.ndeg.tinru1n) Paniciwn 11iaxim/u1n var. typicct, and Cynod01i 
plectostachyitni under three-monthly cutting' during the first 12 months. It will 
be observed that, from July to January, the trend of protein yield from_ 
H. aiicta is practically the reverse of that from Panicum nictximitm var; typica. 
From July to October, the yield of protein with Hyparrhenia aitcla rises to a 
maximum, whereas with PClnicitm maximmn var. typicCl it falls to a minimum; 
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and from October to January the protein yield of llypcirrhenia a,ucta falls and 
that of Parnicuni maxirnitni var. typiw increases. Gynod1on plectostachyawn,, 
although it possesses the general pattern of protein yield, differs in not falling 
below 151 lb. per acre during the ''rapid increase'' period of productivity, and 
Pennisetwni cla.ndestinwrn is characterized by reaching Its minimum value in 
early January and then increasing rapidly in protein during the ''zenith'' 
period. . 

The exceptional behaviour of llypm"1·henia cmcfa, is important, because,. 
if a similar form of crude-protein yield curve could be obtained with a 
palata1ble, aggressive, persistent species, it may facilitate solution of a serious 
problem of animal. husbandry in Queensland:.;_the acute seasonal shortage of 
protein in grass herbage from April until good summer rninfall conditions occur. 

RELATIONSHIP BETWEEN PROTEIN AND FIBRE CONTENT. 

Table ~1'5 shows the fibre and protein percentages of a number of grasses 
at various periods under different systems of cutting. 

The chief points of interest in these figures may be summarized as 
follo-ws :-

1. Fibre percentage decreases with increase of intensity in the cutting· 
system. Thus under a system of two-monthly cutting for the period May-June 
the mean fibre percentage shows an increase of 3.7 per cent. ovet the correspond
ing figure obtained with a system of monthly cutting. ~he mean for a system 
of three-monthly cutting drnring the period June-July exceeded that uill'der the 
mo;nthly system 1(May-June) by 7·1 per cent. 

2. In the ''low'' period of productivity, when inflorescence emergence is 
very restricted, the proportion of stem to leaf tends to be at a minimum for most . 
grasses, which results in a low fibre content. rrhus for th~ period of September
October (latter part of "low" period) under a system of two~monthly cutting 
the mean fibre decreased by 4.5 per cent. compared to the May-Jure c11t; similarly 
under a system of three-monthly cutting the mean fibre ~or SQptember-October 
·was 30·5 per cent., whereas in June-July the mean 1,vas 3'2.7 per ceht. It is of 
interest to observe that under a system of two-monthly cutting the three grasses
Hypar'rhenia aiicta and Chloris ga,yana Nos. 6586 and 6585-which possess a. 
fibre percentage exceeding 30 per cent. (September-October) are grasses 1,vhich 
show inflorescence emergence at that period. 

3. Fibre percentage tends to reach a maximum in the ''zenith'' period of 
productivity- the time of maximum inflorescence emergence-and under a 
system of three-monthly cutting the mean for eight grasses exceeded 40·G 
per cent. 

4. There is an inverse relationship between the protein and fibre contents. 
of the various grasses under -all systems of cutting, a fact which has been observed 
by many vmrkers, e.g., Evans (1931), and Fagan and Milton, (1931) at Abery
stwyth, Archibald and associates (1932) in Massachusetts and Du Toit and 
associates ( 1935) in South Africa. 

DISCUSSION. 
The t:wo main conclusions which can be dravvn from this investigation 

re.fer to :-(1) the effect of seasonal productivity on the protein production 



Table 15. 
FIBRE AND PROTEIN PERCENTAGES (MOISTURE FREE BASIS) OF A Nul\rnER OE' GRASSES .A.T V ARIOUs PE::&tO:DS UNDER DIFFERENT 

SYSTEMS OF CuTTING. 

Monthly Cut. Two-monthly Cut. Three-monthly Cut. 

Grass. 2nd (May-June) 13th (April-May) 1st (May-June) 3rd (Sept.-Oct.) 1st (June-July) 2nd (Sept.-Oct). 4th (March-April). 

Fibre. I Protein. Fibre. I Pr~tei~ _!i~re. I Protein. Fibre. I Protei~ Fibre. I Protein. Fibre. I Protein. Fibre. I Protein. 
·----------------

SERIES I. 

U rochloa bolbodes .. 28·1 113·2 133·0 I 9·0 I 33·1 110·8 125·2 
I 

10·3 133·8 I 7·6 I 25·1 
I 

9·3 

I 
.. 

I 
.. 

·· 1 Digitaria milanjiana .. .. 26·4 16·7 36·1 8·9 I 31·0 11-4 27·5 10·3 31·5 10·1 28·1 8·8 . . .. 
Paspalum dilatatum .. 34·1 13·6 33·5 8·9 33·2 10·5 27·1 8·3 35·1 8·0 28·3 7·4 . . .. 

SERIES 2. 

Hyparrhenia aucta .. .. 31·6 13·6 39·9 8·6 34·6 9·3 36·5 7·4 38·7 6·4 36·4 6·7 44·6 3·4 
Panicum maximum var. 

coloratum .. .. .. 29·8 15·7 31·8 8·7 35·2 8·7 26·3 7·2 37·2 7·0 29·4 5·9 45·4 3·0 

Brachiaria decumbens .. 28·4 12·0 26·0 7·6 34·0 7·6 28·3 5·6 38·7 5·4 29·3 5·4 39·8 1·9 

Chloris gayana No. 6586 .. 34·9 10· l 33·9 8·4 39·2 6· l 34·1 4·4 38·1 5·0 35·0 3·8 40·6 2·7 

SERIES 3. 

Pennisetum clandestinum .. 22·6 17·9 30·8 11-0 26·0 13·8 27·5 8·8 34·3 8·6 28·1 8·1 34·6 5·3 
Panicum maximum var. typica 27·9 15·3 29·9 9·9 36·0 7·7 26·2· 7·2 40·6 4·9 28·0 6·7 42·3 2·7 
Chloris gayana No. 6585 .. 37·9 7·4 38·5 7·4 37·2 10·3 34·1 4·7 43·5 4·3 35·0 3·5 42·2 3·0 
M elinis minutiftora .. .. 29·3 13·6 30·8 8·4 32·3 10·7 29·2 7·1 37·8 7·5 32·4 6·1 38·1 3·6 
----------------------------------------- ------
Mean .. .. .. . . 30·1 13·6 33·1 8·8 33·8 9·7 29·3 7·4 37·2 6·8 30·5 6·5 40·9 3·2 
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potential of the various grasses, and ( 2) the significance, under the same soil
cHmatic conditions, of particular species relative to their efficiency of elaboration 
DI protein throughout the year. 

The resu~ts demonstrate that the protein content of the grasses follovvs a 
marked seasonal patter,n, there being a negative correlation between herbage 
dry-matter yield and protein content. An inverse relationship between fibre 
and protein content also exists under each system of cutting. There is a serious 
deficiency of protein throughout the ''rapid decrease'' and ''low' ' periods of 
herbage productivity-rcomprising autumn, Virinter and early spri'ng-under 
conditions in coastal northern Queensland. The obvious line of approach towards 
a solution lies in the introduction of suitable legumes into pastures, and establish
ment of areas l1nder satisfactory species---'representing a phase of legume 
dominance-including summer-growing types such as species of 0 Mitr osema, 
Puerwria and Styfosanthes and selected strains of Oajawus c.aja11A, and possibly 
winter-growirng; legumes. Another line of research is also opened up by the 
exceptional behaviour of Hypar1·henia aiicta in this experiment relative to 
protein yield, namely the use of perennial grasses which possess the characteristic 
of high-protein yield during~ the cooler months. Such grasses require to be 
palatable, aggressive and persistent, but unfortunately H yparrhenia aiicta is 
not palatable. 

The marked differences in protein content and in protein yield between the 
various species is another outstanding feature of the resuiLts. It is apparent 
that, under the same soil-climatic conditions, certain species possess ability to 
make more effective use than others of soil nutrients in the elaboration of protein. 
Notable among these protein-rich grasses are the leafy species: UrochlOla bolbodes, 
Digita.ria niilanjiana and Pennisetiwn clandestiniwn. Of the three, only the last
narned represents a species which is sufficiently aggressive and persistent to be of 
value under certain. conditions in coastal Queensland. At the opposit~ extreme 
is a m1mber of stemmy grasses which are protein-poor. Table 6 shows that 
there is no significant differe;nce under three-monthly cutting1 between 10 of 
these grasses. The fact that Chloris gayana (Rhodes grass) consistently shows 
t'he smallest protein content is a feature of the results. Edwards and Goff 
( 1935) in Hawaii found that Rhodes ,grass contained the lowest protein content 
·of the five grasses examined: they also found that paspaluim was slightly higher 
in protein than Kikuyu grass. 

Perhaps the most important conclusion from this experiment, however, is 
that the same fundamentals of pasture growth-as, for example, the relationship 
between dry-matter herbag·e yield and protein content, fibre and protein content, 
.and the jnfluence of seasonal productivity on the relative proportion of leaf to 
stern-are operative not only in the temperate zone, but also under tropical 
-conditions. · 
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