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I. Nineteen perennial grasses were s1.tbjected to monthl31, two-1110nthly, 
and three-11ionthly cutting treat11ients over a period of 01~e or two 3,1ears. 

2. The grasses with two e.'l:ceptions e.1:hibit a phase of high productivity 
immediately following the period of establishment,· thereafter each twelve months 
can be diz;ided into four productivit31 periods: "rapid increase;'' "zenith," "rapid 
decrease/' and "low." 

3. The three main environmental factors controlling the pattern of 
productivity appear to be rainfall, tem.perature, and length of day. 

4. There is a marked falling-off in 31ield during the second twelve 1110nths 
from April to the end of October, but a rapid increase in yield from November 
onwards as a res·ult of fertilizer applications becoming effective. Panicu11i 
niaximitm var. typica and Digitaria milanjiana shoit1 a 11iarked response to 
fertilizer applications. 

5. Vaviations in 31ields of green matter and dr:i1-1nattcr q,re discitssed in 
detail. In general the longer cutting rotation gi7.Jes higher 31ields of green matter 
than the monthl31 cu~ting. The dry-matter content of the grasses is highest also 
in the longest cutting rotation. There is a negative correlation of dr31-matter 'With 
yield over a considerable portion of the :i1ear. 

6. The e.'l:ceptional behaviour of M elinis miwuti_~ota and H31parrhenia aitcta 
is di'scHssed; it is shown that the latter grass possesses a different fimctional 
periodicity fiom that of the other grasses in the e.vperiment. 

7. The high dry-matter content of Cynodon plectostach311.1m under each 
rotation and in each proditctivity period is commented itpon. 

8. A sitm11iary of observations on inflorescence eniergence indicates a wide 
range of variation, and in certain grasses the intensity and d·uration of 
inflorescence production is associated with high yield. 
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INTRODUCTION 

The solution of the problems of grassland developwent. in coastal northern 
Queensland, as in any other grassland area, is largely dependent upon a 
knowledge of the seasonal productivity and nutritive value of the various 
herbage species which _can be grown successfully in that area. To quot<:' 
Hammond (1938) : "An extensive study of the duration of the mte of plant 
growth (made from monthly cuttings from a given area) with rainfall and 
temperature curves for all closely-settled districts in Australia is needed, in 
order that the possible areas for economic production of the various animal 
products may be delineated.'' The environmental conditions which govern 
economic grassland development are so varied and specialized in the coastal 
belt of northern Queensland that the problems of establishment, management 
and maintenance must be _studied in each locality. The investigations described 
in this paper were carried out at the Bureau of Tropical .Agriculture, South 
Johnstone, which is situated in ·what is known as the ''wet belt'' o~ coastal 
northern Queensland. 

The most satisfactory gramineous and leguminous species for the develop-
ment of grazing areas in the ''wet belt'' are not yet known with any degree of 
certainty. Initially, therefore, a series of broad preliminary surveys were 
undertaken with numerous herbage plants in order to select species for testing 
in adequately replicated plots under controlled conditions of grazing. The 
first survey carried out concerned introduced leguminous species and the results 
of this work have been published (Schofield, 1941). The next stage was a study 
of the productivity curves of a number of grasses in order to ascertain the 
effects of seasonal influences and cutting treatments. The nutritive value of 
many of these grasses was determined concurrently, and preliminary grazing· 
trials with selected grass-legume mixtures were also conducted. In this paper, 
data relating to the reactions of various perennial grasses to season and to 
frequency of cutting are recorded and discussed. 

REVIEW OF PREVIOUS WORK. 

Stapledon (1924) and others have examined in detail the problems involvecl 
in contrasting the influences of different systems of cutting on grass productivity 
under temperate conditions. In the tropics, however, little work on the effect 
of season and of frequency of cutting on the yield of the various grasses included 
in this trial has been reported ; indeed, for most of the grasses the information 
on yield is scanty. 

Ii) is reported from Guam (Brig·gs, 1921) that the highest recorded annual 
yield for Brachforia piw·piimscens over a period of 42 months was an average of 
about 35 tons of forage per acre. Paterson (1933, 1935, 1936, 1937, 1938, 1941) 
at Trinidad has ca.rried out a number of important researches on tropical fodder 
grasses. He reported a yield of 40 tons per acre per annum for Bmchiaria 
purpit.1'c1;scens "w-hen the cultural technique conforms to the one suggested as. 
appropriate.'' 
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The green matter yield of Chloris gaycina at hay stage in a fairly dry 
district in Q1rnensland was given by Wells (1944) as 6 tons to 12 tons per 
acre. Lander (1942) in India showed that this grass yielded 5.26 tons of green 
matter per acre per annum when cut at monthly intervals, 5.34 tons when cut 
at two-monthly intervals, and 5.76 tons on a three-monthly cutting rotation. 

M elinis niinutifiorci is reputed in Colombia (Boletin de Agricultura de 
Colombia, 1932) to give three or four cuttings, yielding 16-20 tons per acre per 
annum, while Obillo (1940) in the Philippines reported a yield in the year of 
establishment of less than 5 tons per acre. Milsum (1926) in Malaya obtained a 
yield of 9-.1 tons per acre with this grass. 

Jacobson (1914) stated that a yield of 48 tons of green mattei' per acre 
could be expected from_ Pa.niciwn maximmni.. In Malaya, the Department of Agri
culture ( 1938) reported averag~e yields of 13 tons of green matter per acre per 
annum from Guinea grass grffwn on sloping land and 16 tons on flat land, after 
the application of cattle manure at the rate of 10 tons or more per acre per 
an.mun. Simpson (1940) has discussed the possibility; of a yield limit for a 
particular type of soil, irrespective of the rate 1of a.pplication of manure. He 
stated in his summary that ''there would appear to be no correlation beb;veen 
yields of gTass and planting distances between the limits of 4,840 and 10,890 
plants per acre." Faulkner and Paterson (1942), jn an interesting papeT, have 
commented upon the very lovv yields obtained from tropical perennial fodder 
gTasses in Malaya as compared vvith other places in the wet tropics, and they 
suggest that the gTo-wth and yield of the ''grasses so far tried at Serdang are 
sub-normal and abnormal.'' 

Pasvalmn clilatatmn in southern Queensland has given yields of up to 16 
tons of green matter per acre per annum under monthly cutting' (Clydesdale, 
1927). 

Taylor (1938) has reported for Pennisetion clanclestinmn in South Africn 
an average annual yield over a period of three y~ars of 4 tons of dry matter. 

EXPERIMENTAL PROCEDURE. 

Preparation of the Experimental Area.-The land selected for the 
ex1:foriments had been cropped with sugaT cane for about 15 years, and 
planting of the experimental area vrns carried out follovving the harvesting 
of a third ratoon crop. Analyses of the alluvial granitic schist of the blocks 
(see Table 1) in;dicated that the soil ·was particulaTly acid and fairly 
low in its content of organic matter, nitrogen and phosphorus. Lime ·was 
applied for the purpose of correcting soil acidity and the mean pH vrns 
found to be 6.4 ·when determined early in the cbuTse of the experiment. 
Mechanical analysis gave the following figures :-Coarse sand, 4.9 peT 
cent.; fine sand, 40.2 per cent.; silt, 30.7 per cent.; clay 15.8' per cent.; 
and organic matter, 8.4 per cent. The soil is readily p·ervious to moisture, but 
a hard, cement-like surface is formed after drying-out following rain. In fact. 
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the soil exhibits the unsatisfactory condition associated with lack of humus conse
qu:ent on extended continuous cultivation without the beneficial effects of a long
term leguminous cover or a temporary ley. The following basal fertilizer 
dressing was applied in December, 1939 :-

Lb. Per Acre. 

-
P205 N K20 

Superphospha te .. . . .. . . 168 37 . . . . 
Bone dust . . . . .. . . 56 13 2 , . 
Blood . . . . . . .. . . 28 . . 3·4 . . 
Sulphate of ammonia . . .. . . 28 . . 5·6 . . 
Sulphate of pottlsh . . . . . . 28 .. . . 14 

308 I 50 11 14 

Grasses Used, and Height of Cutting.-To facilitate the cutting, 
weighing, cl.rying and chemical analysis of the grasses, they were arranged 
into three groups or series, with an interval of approximately ten clays between 
the cutting ,of each series in the respective rotations. This interval does not 
affect to any considerable degree the general interpretation of the results as to 
seasonal productivity or the analysis of variance of , annual yield, because the 
interval is small in comparison ·with the marked seasonal changes which occur. 

Apart from the preliminary discard cut carried out from late-March to 
mid-April, the height of cutting of the various grasses was approximately the 
height to ·which they would normally be grazed. The series arrangement of 
the grasses and the height of cutting were as shown hereunder :-

Series I.-
Height of Cut 

i11 Inches. 

Cenchrit.s ciliaris L. (buffel grass) . . 2 
Digitarfo 11iila.njiam.a Stapf (woolly :finger grass) 2 
Pa.niciwn 1naxi11imn J acq. No. 1202 (Hawaiian strain of Guinea 

grass) 12 
Paniicmn 11iaxiniwm J acq. No. 3783 (Hawaiian strain of Guinea 

gra~) 6 
Paniciim ma.xiniwni Jacq. var. trichoglurme (slender Gu:i.nea grass) 4 
Pcf;spalnm clilata.fom Poir. (paspalum) 2 

Urochloa. bolbocles Stapf 2 

Series II.-

Brachiaria deciwnbens Stapf 2 
Brachiciria purpurascens Racldi (Para grass) 2 
Chloris ga.yana Kunth. No. 6586 (RhodP.s grass-Commonwealth 

Plant Introduction ex Kenya) 4 
Cynodon plectostadiyion Pilg. (African star grass) 2 
H yva1·rhenia au eta (Stapf) Stapf ex Stent 2 
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Paniciirn 1ncixim,:wni Jacq. No. 1200 (Hawaiian strain of Guinea 
~~) 8 

Pmiicwm maximiiim Jacq. var. coloira.tiwn C. T. White (purple-
topped Guinea grass) 4 

Series III.-

Clvloris ga:yana Kunth. No. 6585 (Rhodes grass-Commonwealth 
Plant Introduction ex Kenya) . . 4 

M elinis niiniitifiora Beauv. (molasses grass) 4 

Pa1nicimi ma.x-irniwn Jacq. No. 38.20 (Hawaiian strain of Guinea 
grass) 4 

Pcinicwn niiaximitm J acq. var. typica (common Guinea grass) 12 

Pennisetwm clandestiniwn Hochst. (Kikuyu grass) 2 

Braclvia.ria pitrpit.rascens, Cench.rit·S ciliaris, Cynodon plectostachyum, and 
Panicw;n ma:xiniimn Nos. 1200, 1202 and 3783, \Vere grovvn for one year only, 
while the others were ~o\~rn for two years. 

Pennisetit.m pu.rpiwewni Schum. (elephant or Napier grass) was included 
in the original plantings but was discarded after the ninth month because of 
infection by H elmin.thosporimn, a parasitic fm1gus causing leaf damage. Infec
tion was considerably more severe in the three-monthly cuttings than in the 
monthly cutting rotation. 

Table 1. 

SHOWING ANALYTICAL DATA FOR THE SOIL OF THE 

EXPERIMENTAL AREA. 

Loss on ignition 7 · 8 % 
Organic carbon 1·88% 
Organic matter 3·23 % 
Nitrogen 0· 17 5 % 
Fe20 3 , Al20 3, &c. 23·8% 
CaO 0·055% 
MgO 0·20% 

Sol. in HCl S.G. l·l 
K 20 0·376% 
P 20 5 0·153% 
Si02 65·26% 

Replaceable bases in milli-equivalents per 100 grams-
Ca O·l 
K 0·26 

Available P 20 5 in p.p.m... 20 
pH .. 4·6 

Planting.-Planting was carried out in 1940 at the commencement of 
the wet season. All the grasses except Pen.nisetiim clarndestinwni were planted 
from January 3 to January 18; P. clandestinwni was planted on February 2. Seeds 
of Cenchru.s ciliaris, Chloris ga.ya.na, M elinis min.iitifiora, Panicum ?1ta·ximum 
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Nos. 1200, 1202, 3783 and 3820, and Paspalimi dilatatwni were used; the 
Temaining grasses were propagated by means of single sections of tillers. 

Layout.-The grasses 1vere planted in two blocks, each of which con
tained one plot of each of the grasses arranged at random. The plots were 
.30 feet long and 2 feet wide and consisted of a single row of plants in the case of 
the vegetatively propagated species. Discard rovvs were planted on the sides and 
-ends of the plot and the three parallel rows of gTass w1ere separated from 
the neighbouring species by a pathway, 4 feet wide. Each plot was divided into 
three sub-plots, which were cut at intervals of 30, 60 and 90 days, respectively. 
Davies (1931) showed that for a "natural" pastme in South A11straHa the 
-0ptimum size of plot appeared to be 5 x 90 links (1/220 acre) and that the 
standard error was lower for long, narrow plots than for square, or nearly 
:square, plots of equal area. As the experimental area at South J olmstone had 
been shown by previous cropping to be of reasonably uniform fertility, and as 
the error due to botanical composition is absent from plots of regularly-spaced 
plants of a single species, it was decided to use long, narrow plots of the 
·dimensions indicated, i.e., 30 feet by 2 feet. 

Maintenance of Stand.-Stool counts carried out three and six months 
.after planting showed that most of the plots which had been planted with 
vegetative material carried a full stand, and that plant mortality generally was 
very low. Weed growth was controlled by systematic hand-hoeing, inter-rovv 
·scarification, and rotary-hoeing between the blocks. 

Method of Cutting, Weighing, and Drying\-The grasses were cut with 
liand sheep shears. The discard rows were cut first and all the cut grass was 
·removed prior to cutting and harvesting the centre rovirs. The cut herbage 
from the centre row in each of the plots due for harvest was placed on strin.;; 
·Of hessian and transferred to the laboratory for weighing, after· 1vhich a 2 lb. 
:Sample was selected by the random-grab sampling method. In the early cutting 
rotations, samples were dried in an electrical dr.:.er, but this method was 
discont:'..nued, as air-drying in a scrimp bag beneath an iron roof, under 
conditions of go~d ventilation, was found to be quite satisfactory throughout 
the year. The grasses 1vere air-dried until the weight was constant. No mould 
growth occurred on any of the grasses. 

Fertilizer Applications in Se'cond Year.-Pasture yield studies by many 
·vrnrkers have shown that under cutting conditions yields during the second 
year are frequently lower than those of the first year. Thus, Stapledon and 
Davies (1930) stated: "The evidence as a whole, therefore, suggests that a 
diminution in 'pasture yield' will tend to take place progressively from one 
1rnrvest year to the next under conditions of defoliation which remove everything 
from the sward and ·when no fertilizers are applied other than the initial 
<lressing'. '' In order to offset this anticipated falling-off in yield, which of 
·course vrnuld tend to be accentuated under ''ret tropical conditions, fertilizer 
was applied immediately after each cut had been made during the second period 
of 12 months. The fertilizer applied consisted of a mixture of superphosphate 
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and blood dusted evenly over the 1·vhole of each sub-plot. The total amount 
was calculated for each grass on the basis of nutrients removed in the herbage 
during the first 12 months, as estimated from the crude protein and P 20 5 

analysis. Thus, 12 equal applications vrnre made to the plots cut monthly, and 
six equal applications to the plots cut every two months. A relatively slow
acting source of nitrogen was selected for two reasons: (a) to obviate any 
undue influence on the general trend of the growth curve, and ( b) to allow 
the depressing effect of the removal of the first year's harvest to manifest 
itself during· the early part of the second year before fertilizer application became 
effective following the onset of favourable meteorological conditions. 

EXPERIMENTAL RESULTS. 

Method of Analysis. 
The analysis of variance method has been employed to measure the 

standard error per plot in the different cutting rotations and to compare the 
yields of the various grasses. It has not been used, however, to test the yield 
of one cutting rotation against another, as there was no random arrangement of 
these treatments. 

The chief source of error was slight hollmvs in the soil caused by 
ploughing operat~ons. The experiment considered as a whole, however, has 
given reasonably close agreement between the replicates. The standard error 
per plot expressed as a percentage of the general mean for the monthly and 
hvo-rnonthly cutting rotations varies from 9.2 per cent. to 15.6 per cent.,. 
which indicates a sufficient degree of accuracy. In the three-monthly cutting 
rotation, however, the standard error is 26 per cent. of the general mean, and 
it is in these plots that the main error due to hollows in the ground occurred. 

Effect of Season on Productivity. 
To: facilitate the presentation of the results of the experiment, the data 

for ten grasses have been selected for special study. These grasses are Pariiciirn 
·1naxim.mn var. trichogl1t.1ne and Pa.spalmn cl.ila1fafom. (series I.) ; H ypcf;rrhenia 
a.ucta) Panicit1n 1naxi1numi var. coloratu1n, Brachicwici decwnbens, B. purpiwascens 
and Chloris g'aiyama No. 6586 (series II.); Penmfisefam clancZestirnitm, Panicion 
maximlu1n var. typicai and ]Jelinis 1n,in.1.ttifiora (series III.). 

In Table 2 the yields of the above ten grasses, expressed as percentages. 
of the total yield over two years (Brachia1ria purpurrascens one year only), have 
been grouped so that each year is divided into four productivity periods. 
Eight of the ten grasses follow a well-marked seasonal pattern of productivity, 
or similar growth rhythm. The two exceptions are H yparrhenia ancta and 
Melinis rninidifiora, the behaviour of which will be discussed later. The 
remaining eight grasses all show an initial phase of high productivity from 
27-3-40 (date of discard cut, series I.) to 15-7-40 (date of cutting of series 
III.), when yields varying from 16 per cent. to 30 per cent. of the total yield 
over tvvo years are obtained. Jn the next growth period, extending from 
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25-6-40 to 11-11-40, which corresponds to 118 clays for each series, the yielcl 
is low ancl varies from 5 per cent. in the case of Panicwni 1naxitrnll(/}'}t var. typica 
to 15 per cent. with Pennisetu.m clancZesti'.ni1mi. Then follows a period of rapid 
increase of productivity, extending from 22-10-40 to 10-1-41, in which. 
productivity ranges from 7 per cent. v1rith Panicion nw.ximimi var. frichoglitrne 
and Paspalitni d'ilatafam to 11 per cent. with Panicmn maxini1wn var. colomtiini 
over intervals of 58, 60 and 59 days respectively in each series. The next phase 
is one of high productivity from 20-12-40 to 10-4-41, covering an interval of· 
89-90 clays, during which the yield percentages of the total productivity over 
two years vary from 18 with Panicu1n ma,ximiwn var. typica: to 23 with Chloris 
gayaqia No. 6586. A similar type of growth rhythm occurs in the second 12 
months, except that a period of ra.picl decrease of productivity takes place from 
20-6-41 to 6..:11-41 instead of the period of high productivity noted in the phase 
immediately after establishment. 

Stapleclon (1924), in his,stuclies on productivity at Aberystwyth, showecl 
that the herbage year (temperate zone) may be divided into Jive well-defined 
periods: '' avvakening'' period, ''zenith'' period, ''gradually waning'' peri::>d, 
"rapidly ··waning" period, and "dead season." The yield figures obtained 
in this experiment, and grouped as in Table 2, demonstrate that. 
for many of the grasses under northern Queensland coastal conditions, 
the year may be divided into four well-defined productivity periods. Following 
the system adopted by Stapleclon, these four periods have been named t<Y 
designate the type of productivity associated vvith each: (a.) a period of rapid 
increase of yield from November to December ("rapid increase" period),. 
( b) a period of high productivity from January to March ("zenith'' period),. 
( c) a period of rapid decrease of yield from April to June ("rapid decrease"' 
period), and (cl) a period of lovv productivity from July to October ("low 
productivity'' period). There are, of course, no constant dates for the init,iation 
and the conclusion of each productivity period : these will vary from year to 
year subject to the meteorological conditions and to the species. The months: 
cited are the closest approximation which can be given on the data collected. 

rrhe meteorological factors which might be expected to contribute to· 
variations in grass productivity throughout the year are rainfall, temperature 
and length of clay. Particulars of the rainfall recorded at South Johnstone· 
during the course of the experiment, of temperatures at Innisfail (situated 
9 miles from South J olmstone) throughout that period, and of the calculated 
length of day at Innisfail are given in Table 3. Figures 1, 12 and 13 indicate 
that the period of highest rainfall occurs at a time of the year when temperatures 
are high and the clays are long. Prescott (1938) has show11 that, on the basis of 
the ratio of rainfall to saturation deficit, the length of the agricultural season at 
Innisfail in 12 months. During the wet season the combined effect 
of high temperature and the steady drift of the south-east trade 
''rind following a period of heavy rainfall causes rapid moisture evapora
tion and a high transpiration rate. However, the water-absorbing 
capacity of the soil decreases considerably in the ''rapid ·decrease'' 



Table 2. 

SnowiNG '!'HE PERCENTAGE VARiATIO::N IN PRODUCTIVITY OVER A PERIOD OF 24 MoN'.l':Hs o:F INDIVIDUAL GiiAssBs CuT AT Mo:NTHLY lNTERV'A1.s AND 

GROUPED INTO PRODUCTIVITY PERIODS. 

Percentage Contribution to Productivity over 24 Months of Individual grasses. 
Number 

Date of Cut. Days Series. Productivity Period. 
Growth. Panir.um maximum Paspalum dilatatum. Rainfall. var. trichoglum,,. 

Per cent. Per cent. 

25; 6/401 I 89 I After establishment .. 26 23 31·55 

22/I0/40 ~ ~ -:5 118 I Low .. .. . . 8 9 8·65 

20/12/40 ~ § 58 I Rapid increase . . .. 7 7 5·57 

21/ 3/41j S 90 I Zenith . . . . .. 18 21 65·83 

20; 6/4lj C'1 I 90 I Rapid decrease .. .. 5 8 75·96 

17/I0/41 ~ .-1] 118 I Low .. .. . . 2 1 4·78 

16/12/41 J ] § 59 I Rapid increase . . .. IO 5 8·01 
17/ 3/42 C'1 s 90 I Zenith .. . . .. 24 26 27·81 

Total .. 712 100 100 

Hyparrhenia Panicum Brachiaria Brachiaria Chloris 
maximum var. gayana Rainfall. aucta. coloratum. purpura.scens. decumbens. No. 6586. 

5/ 1;401 I 91 II After establishment .. 8 18 51 25 30 31·94 

1/11/40 ~ ~] 118 II Low . . .. . . 16 6 IO IO 12 4·79 
31/12/40 I ~ § 60 II Rapid increase .. .. 12 11 9 9 9 6·22 
1/ 4/41j S 90 II Zenith . . .. . . 24 22 30 20 23 81·07 

---
3o/ 6/411 I 89 II Rapid decrease .. .. 2 3 4 5 60·81 

27 /I0/41 ~ ~] 118 II Low . . .. . . 3 1 1 3 4·04 
29/12/41 I ] § 62 II Rapid increase .. .. 10 9 8 6 8·24 
25/ 3/42J C'1 s 83 II Zenith .. . . .. 25 30 23 12 28·32 

Total .. 713 100 IOO 100 100 
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15/ 7/401 J 90 III After establishment .. 
11/11/40 ~ .:$ 118 III Low .. . . .. 
10/ 1/41 ~ § 59 III Rapid increase .. . . 
10/ 4/4ij ,..., ~ 89 III Zenith .. .. . . 

-

lo/ 1/411 ~ I 90 III Rapid decrease .. . . 
6/11/41} ~~ l18 III Low .. . . .. 
7/1/42 "g"E 61 III Rapid increase .. .. 
6/ 4/42 ~ s 87 III Zenith .. .. .. 

Total .. 712 

Pennisetum Panicum maximum 
clandestinum. var. typica. 

20 16 
15 5 

8 10 
22 18 

7 3 
1 1 
7 13 

20 34 

100 100 

lJ!felinis minuti,ftora. Rainfall. 

11 26·92 
17 5·31 
14 9·33 
14 103·43 

6 35·02 
3 4·77 

10 8·03 
25 27·80 

100 

~ 
f:tj 
t:_zj 
0 
8 
(/)_ 

0 
f'1j 

w 
t:_zj 
p,.. 
w 
0 z 
J:i;.. 

8 
§ 
8 
8 
H z 
Q 

0 z 

~ 
w 
w 

~ 
H 
t:_zj 
t1 
.t1 

,_. ,_. 



12 J. L. SCHOFIELD. 

period from April to June compared with the "zenith" period from January 
to March, as a result of the cumulative effect of heavy rainfall and a ~ecrease 
in the daily temperature. In fact, the extremely high moisture content of the 
soil in the "rapid decrease" period, and even in the latter portion of the 
''zenith'' period, may act as a limiting factor to productivity under the climatic 
conditions of the Innisfail area. Table 4 shows that, in 1941, the April rainfall 
was particularly high at 41.19 inches and exceeded the average monthly rainfall 
of the ''zenith'' period by 14.17 inches. The figures illustrate the considerable 
variation which occurs in the April rainfall, a value that is rather critical in 
respect to soil moisture and its effect on grmvth in a season of high 1rainfal1 
in the ''zenith' ' period. 

Table 3. 

SHOW'ING METEOROLOGIC.AL DATA FOR THE lNNISFAIL-SOUTH JOHNSTONE AREA * 

y Januar 
Februa 
March 
April 
May 
June 
July 
August 
Sep tern 
Octobe 
Novern 
Decem 

1 
1 
1 

940 
941 
942 

ry 
. . 
. . 
. . 
. . 
. . 

ber 
r 
ber 
ber 

Year. 

. . 

. . 

. . 

Month. 

. . .. 

. . .. 

. . .. 

.. . . 

. . . . 

. . . . 

. . . . 

. . .. 

.. . . 

. . . . 

. . .. 

. . . . 

Total . . 

Jan. 
--

.. 88·5 

.. 87·7 

. . 91·3 
--

A verage 26 years 87·8 

1 
1 
1 

940 
941 
942 

. . .. 

. . .. 

. . . . 

A verage 26 years 

72·3 
73·0 
71'8 

72·1 

RAINFALL IN INCHES AT SOUTH JOHNSTONE. 

Average for 
1940. 1941. 1942. 57 Years. 

Innis fail. 

. . 26·61 21·95 5.55· 20·04 

. . 15·46 27·42 16·05 22·65 

. . 47·11 31'70 6·0(! 26·73 

. . 14·53 41·19 28·23 19·95 

. . 8·54 18·62 .. 12·42 

. . 9·59 1·00 .. 7·23 

. . 2·03 1·38 .. 4·75 

. . 0·71 1·87 . . 4·91 

. . 1·65 0·77 . . 3·52 

. . 0·93 0·02 .. 3·22 

. . 4·54 6·23 . . 6·37 

. . 1·68 2·73 .. 11·70 

. . 133·38 154·88 .. 143·49 

TEM:PERATURES-lNNISFAIL. 

Mean Maximum. 

Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. Year. 
-------------------------
90·0 85·4 82·5 79·9 74·2 75·4 76·9 80·9 83·3 87·3 89·6 82·8 
87·3 86·5 80·5 77-0 75·2 75·3 75·5 80·2 84·1 86·1 88·2 82·0 
92·7 90·7 85·0 . . . . . . . . . . . . .. . . . . 
------------------------
87·1 85·4 82·9 79·5 76·6 75·5 77·2 80·3 83·5 85·8 87·7 82·4 

Mean Minimum. 

74·2 71·4 69·2 64·6 63·0 57·2 58·2 58·7 61-5167·8 70·1 65·7 
71·1 72·4 68·4 65·1 59·0 54·5 52·2 58·7 61·4 69·1 69·8 64·6 
73·4 70·0 69·8 .. . . . . \' . . 

-;~.~ 16;.~ 
. . . . 

----
71-8 70·3 67·3 63·1 59·6 57·4 57·5 60·7 70·1 65·1 

* Data for Innisfail supplied by the Commonwealth Meteorological Bureau. 
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Table 3-continued. 

SHOWING METEOROLOGICAL DATA FOR THE INNISFAIL-SOUTH JOHNSTONE AREA-continiield. 

Jl!fenn 9 a.m. 

0 194 
194 
194 

1 
2 

Year. 

. . 

. . 

. . 

.. 

.. 

. . 

Av erage 28 years 

Jan. Feb. 

87 86 
87 88 
76 79 

----
80 84 

RELATIVE HuMIDITY-lNNISFAIL. 

Mar. April. May. June. July. Aug. 
---------------

89 91 88 92 87 87 
93 93 93 88 91 83 
86 89 . . . . . . .. 

------------
86 86 86 86 85 83 

Sept. Oct. Nov. Dec. Year. 
----------

82 76 74 74 84 
81 75 83 75 86 
. . . . . . . . . . 

-----------
80 76 76 77 82 

MONTHLY 

Hours 

minutes 

AVERAGE NulYIBER OF HouRs SUNLIGHT PER DAY AT lNNISFAIL (CALCULATED). 

a~~ I 13·04112·41112·lll 1Hll ll-161 ll·03[ ll·l01 ll·31111'59112·30112·57113·lll 

13.20 

13.00 

> 
0 

OJ 12.40 
Q_ 

..r: 
OJ 

>- 12.20 0 
0 

OJ 

:l 12.00 
c 

~ 
v 
c 11.40 

:l 
0 

I 
11.20 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. 

FIG. 1. 

Showing tl1c Average Number of Hours of Daylight Per Day in Each Month at 
1nnisfail. 

Table 4. 

SHOWJ:NG AVERAGE MONTHLY RAINFALL IN INCHES DUR.ING THE "ZENITH" PERIOD OF 

PRODUCTIVITY COMPARED WITH THE APRIL PRECIPITATION. 

-- 1940. 1941. 1942. Average of 
57 years. 

Jan nary-March average monthly precipitation 

("zenith" period) . . .. . . . . 29·73 27·02 9·20 23·14 
Ap1i1 . . . . . . .. . . . . 14·53 41·19 28·23 19·95 

lVIany examples may be quoted from Table 2 to slmw that the heavy rainfall 
received during lVIarch and April, 1941, has served to lower yield. Panicimi 
maxi11iu11i var. trz'choglwnie is taken as typical. During the ''rapid increase'' 
veriod of 1940 this grass produced 7 per cent. of its total yield for 24 months; 
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the rainfall recorded during this period was 5.57 inches, during 
the previous period 8.65 inches, and for the two periods 14.22 inches. In the 
''zenith'' period 18 per cent. of the total yield was produced; the rainfall 
during the period was 65.83 inches, making a total of 71.40 inches for the· 
''rapid increase'' and ''zenith'' periods. In the period of ''rapid decrease',. 
which followed, the yield was 5 per cent. of the total; the rainfall was 75.96 
inches for the period and for that period and the previous period 141.79 inches. 

8 

7 

6 

"' ·~ 5 

2 

\ 

A M A 
1940 

s 

Panic~m maximum var. typ/ca •.••. ·-- • • -

Panicurn fnaximum var. frichoglume __ -

Panicum. maximum var. coloratum 

Melinis minutiffora .... , ........ . 

Pennisetum clandestinum ....•...... ------

0 N 

FIG. 2. 

D F 
1941 

M A 

Showing Productivity Cmves for the First 12 Months of Melinis 1niniitifiora, Panicitm 
11wxi111.tU1n var. coloratum, P. 11wx~1WU<rn var. trichoglume) P. max·imiim var. typica and 
Pennisetum claindestinM.lm cut at Monthly Intervals. 

The relationships between meteorological factors and yield appear to be 
as follows :__:The first phase of productivity-the ''rapid increase'' period 
(November-December)-results from the influence of the storm rains in 
October-November and the concurrent increase in temperature and length of 
day. This period is followed by a period of heavy rainfall, high temperatures 
and long days, corresponding to the early portion of the wet season, and 
culminates in productiviity reaching its maximum value in the ''zenith'' period 
(January-March). 'Then occurs a ''rapid decrease" period (April-June), which 
results from the combined effects of the following meteorological conditions:
(a) a period of high rainfall followed by a marked decrease in precipitation~ 
(b) a grndual but steady decrease in temperature from March onwards; and 
( c) a steady decrease in the length of day. From July to October there is a 
"low productivity" period, where the chief limiting· factor to increased grmvth 
after August is probably insufficient soil moisture resulting from low rainfall, 
since both length of day and temperatures are increasing. Investigations into 
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nitrate nitrogBn accumulation in soils at South Johnstone, the results 0£ which 
have not yet been published, suggest that yields during the ''rapid increase'' 
and ''zenith'' periods may be influenced by the fixation of nitrogen by soil 
organisms. 

8 

7 

6 

~ 5 \ 
t a. 

\ ~ 4 

.!: \ "U 
Qi 3 ;,:: 

2 

~ 

A M 

Brachiaria decumbens ..... __ • • __ 

Brachiaria purpurascens 

Chloris gayana No. 6586 __ • 

Hyparrhen,ia· aucta ....... -- -

Paspalum dilatatum ...... -----

J, 
I \ 

I 
I _!'. \ 

/I; \ --- . . /\ \. 

0 N 
1940 

FIG. 3. 

/ 

D F 
1941 

M 

/ 

A 

Showing Productivity Curves for the First 12 Months of Brachiaria clemim.bens, 
B. purpurasceins, Chloris gayana No. 6586., Hyparrhenia aucta and Paspaliwi clilatatum cul 
at Monthly Intervals. 

Effect of Frequency of Cutting on Productivity. 
Monthly Cuts. 

First 12 llionths.-The yield of green matter in tons per acre, with the 
corresponding dry-matter percentage and dry-matter yield, for each cut during 
the first 12 months under a monthly cutting rotation are given in Table 5. 
The individual productivity cuTves of these grasses over the same period are 
shown in Figures 2 and 3. The behaviour of Hypairrhenia aiicta and Melinris 
1nin;1difiora is clearly different from that 0£ the remainder of the grasses, whose 
curves illustrate the four productivity phases described previously. By means; 
0£ the analysis of variance the total yields of all the grasses have been compared .. 
The F valuB for va6eties was shown to be highly significant and the results are' 
summarized in Table 6. Brachia.ria decitnibens has a significantly higher yield 
(at the 1 per cent. level) than any of the other grasses excBpt Panicum maxiniimi 

Nos. 1202 and 3820 and H yparrhenia wucta. 



16 J. L. SCHOFIELD. 

Table 

SHOWING MONTHLY PRODUCTIVITY FIGURES FOR 12 MONTHS OF VARIO US GRASSES IN TONS 

Date of Cut. Yield 

I 
Dry-

I 
tYield Yield 

I 
Dry-

I 
Yield Yield 

I 
Dry-

I 
Yield 

Green. Matter. Dry. Green. Matter. Dry. Green. Matter. Dry. 
% o/c, % 

Series I. Urochloa boUJodes. Pani<mm mmvimum Panicum maximum No. 1202. var. trfohogliime. 

26- 4-40 .. 2·08 20·8 *0·43 3·37 17·8 *0·60 1·94 22·7 *0·44 
28- 5-40 .. 2·67 20·3 *0·54 3·11 18·4 *0·57 2·45 24·2 *0·59 
25- 6-40 .. 2·42 17·2 *0·42 2·39 15·6 *0·37 1·85 20·3 *0·38 
25- 7-40 .. 0·82 23·1 0·19 0·81 22·1 0·18 0·99 32·3 0·32 
23- 8-40 .. 0·68 30·0 0·20 0·98 25·0 0·24 0·97 30·9 0·30 
23- 9-4( .. 0·60 30·4 0·18 0·57 29·3 0·17 1·11 32·1 0·36 
22-10-40 .. 0·64 30·7 *0·20 0·33 32·8 *0·11 0·71 34·4 *0·24 
21-11-40 .. 1·26 32·8 0·41 0·32 37·6 0·12 1·04 38·0 0·39 
20-12-40 .. 3·43 29·7 1·02 2·16 30·4 0·66 4·76 32·0 1·52 
20- 1-41 .. 3·13 21·1 0·66 2·39 21·1 0·50 5·42 21·9 l· 19 
19- 2-41 .. 2·86 20·4 *0·58 2·23 19·9, *O 44 4·42 21·2 *0·94 
21- 3-41 .. 2·31 18·8 0·43 1·55 20·3 0 31 3·17 21·9 0·69 

----
Total 22·90 . . 5·26 20·21 .. 4·27 28·83 . . 7·36 

Series II. Hyparrhenia aucta. Oynodon plectostachymn. I Panicum maximum 
var. coloratum. 

6- 5-40 .. 1·00 21·6 *0·22 1·76 28·9 *0·51 3·04 19·9 *0·60 
5- 6-40 .. 1·38 19·5 *0·27 1·67 30·5 *0·51 1·59 21-1 *0·34 
5- 7-40 .. 1·43 19·5 *0·28 1·05 31·3 *0·33 1·29 25·0 *0·32 
5- 8-40 .. 1·44 24·2 0·35 0·19 43·1 0·08 0·64 28·4 0·18 
2- 9-40 .. 1-74 24·2 0·42 0·84 36·5 0·31 0·54 32·4 0·17 
1-10-40 .. 2·17 27·3 0·59 0·50 42·8 0·21 0·33 40·9 0·13 
1-11-40 .. 2·20 27·:2 *0·60 0·55 48·4 *0·27 0·27 35·6 *0·10 
2-12-40 .. 2·51 29·7 0·75 0·72 36·8 0·26 0·95 32·8 0·31 

31-12-40 .. 3·22 36·7 1·18 0·92 38·0 0·35 2·70 34·4 0 93 
30- 1-41 .. 7·92 16·8 *1·33 2·12 20·7 *0·44 3·81 15·5 *0·59 
28- 2-41 .. 1·35 20·3 0·27 1·60 23·4 0·37 1-73 19·5 0·34 
1- 4-41 .. 1-92 18·8 0·36 0·93 23·9 0·22 1·78 16·4 0·29 

----

Total 28·28 .. 6·62 12·85 . . 3·86 18 67 . . 4·30 

Series III. Pennisetum clandestinum. Panicum maximnm Panicum maximum No. 3820. var. typicci. 
-

16- 5-40 .. 0·93 21·3 *0·20 4·97 20·3 *1·01 3·01 21·3 *0·64 
14- 6-40 .. 0·98 19·9 *0·19 1·36 21-1 *0·29 2·28 21-9 *0·50 
15- 7-40 .. 2·07 24·2 *0·50 1·53 29·3 *0·45 1·05 25·4 *0·27 
14- 8-40 .. 1·01 20·7 0·21 0·73 30·0 0·22 0·90 24·5 0·22 
12- 9-40 .. l· 18 27·3 0·32 0·56 35·1 0·20 0·77 29·7 0·23 
11-10-40 .. 0·49 32·8 0·16 0·43 43·9 0·19 0 75 38·1 0·29 
11-11-40 .. 0·31 37·4 *0·12 0·55 39·2 *0·22 0·88 32·6 *0·29 
11-12-40 .. 0·78 34·0 0·26 2·26 32·0 0·72 2·73 28·9 0·79 
10- 1-41 .. 0·90 25·4 0·23 2·71 29·7 0·80 4·27 24·2 1·03 
10- 2-41 .. 1-91 17·6 *0·34 3·71 22·6 *0·84 4·85 20·0 *0·97 
11- 3-41 .. 1·40 15·6 0·22 2·69 22·7 0·61 2·74 20·3 0·56 
10- 4-41 .. 0·96 17·2 0·16 2· li5 23·4 0·50 1-92 22·7 0·44 

' 

Total .. 12·92 . . 2·91 23·65 . . 6·05 I 26·15 . . 6·23 

* Moisture-free figures. 
t Air-dry figures contain from 2·1 to 3.8 % moisture with a mean of 3·2 %. 
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5. 

PER ACRE GREEN MATTER WITH THE CORRESPONDING DRY-MATTER PERCENTAGES AND YIELDS. 

Yield I Dry- I Yield 
Green. Ma~er. Dry. 

P(l,ni,cum maximum No. 3783. 

2·77 19·0 *0·53 
3·71 21·9 *0·81 
1-69 18·8 *0·32 
0·54 31·0 0·17 
0·70 30·6 0·21 
0·61 36·1 0·22 
0·58 35·1 *0·20 
0·70 39·3 0·27 
2·88 28·9 0·83 
3·33 21·1 0·70 
2·32 20·3 *0·47 
1-96 23·4 0·46 

21·79 . . 5·19 

Panicum maximum No. 1200. 

]·63 22·2 *0·36 
1·79 20·5 *0·37 
1'56 22·1 *0·35 
1·01 26·4 0·27 
0·82 29·8 0·24 
0·81 31·8 0·26 
0·63 28·9 *0·18 
0·99 29·0 0·29 
1·28 32·8 0·42 
2·04 16·3 *0·33 
1·24 17·3 0·21 
0·79 17·5 0·14 

----------
14·59 . . 3·42 

Chloris qayana No. 6585. 

----------
3·46 20·0 *0·69 
2·07 21·1 *0·44 
1·96 25·4 *0·50 
0·84 28·2 0·24 
0·65 29·2 0·19 
0·43 35·7 0·15 
0·37 34·9 *0·13 
1·21 28·3 0·34 
1·88 26·6 0·50 
1·96 23·3 *0·46 
1·46 22·7 0·33 
1·47 26·6 0·39 

----------
17·76 . . 4·36 

B 

Yield I Dry- I Yield 
Green. Ma~er. Dry. 

Diqitaria milanjiana. 

---------
1·25 18·9 *0·24 
1·31 2H *0·28 
0·95 18·9 *0·18 
0·33 27·9 0·09 
0·52 33·3 0·17 
0·43 33·3 0·14 
0·30 32·7 *0·10 
0·40 43·4 0·17 
1·69 31'2 0·53 
2·83 21·1 0·60 
2·13 20·3 *0·43 
1·51 23·4 0·35 

---------
13·65 . . 3·28 

Brachiaria purpurascens. 

---------
3·69 19·3 *0·71 
2·85 26·6 *0·76 
2·20 19·1 *0·42 
0·37 28·6 0·11 
0·61 27·5 0·17 
0·49 36·9 0·18 
0·30 31·8 *0·09 
0·75 27·3 0·20 
0·84 28·2 0·24 
2·60 17·2 *0·45 
1·00 20·3 0·20 
1·64 16·4 0·27 

---------
17·34 . . 3·80 

JJielinis minutijf,ora. 

----------
0·82 23·1 *0·19 
1·70 21'5 *0·37 
1·56 25·8 *0·40 
1·44 19·5 0·28 
2·00 25·8 0·52 
1·47 32·8 0·48 
1·35 31·4 *0·42 
2·28 28·9 0·66 
2·70 22·7 0·61 
2·38 21·6 *0·51 
1-67 18·8 0·31 
1·15 23·4 0·27 

---------
20·52 .. 5·02 

Yield I Dry- I Yield 
Green. Ma~er. Dry. 

Paspalwrn dilatatum. 

---------
1·25 20·6 *0·26 
2·03 19·5 *0·40 
2·01 19·9 *0·40 
0·68 29·2 0·20 
0·35 35·2 0·12 
0·61 38·8 0·24 
0·44 36·4 *0·16 
0·46 .47·5 0·22 
1'19 35·1 0·42 
1·97 24·2 0·48 
1·84 22·7 *0·4'2 
1·02 21'1 0·21 

---------
13·85 .. 3·53 

Brachiaria decwmbens. 

----------
5·60 20·6 *l· 15 
3·78 21·9 *0·83 
3·55 18·8 *0·67 
1·19 26·6 0·32 
1'56 32·0 0·50 
1'12 32·8 0·37 
1-34 33·8 *0·45 
2·10 25·8 0·54 
2·54 35·9 0·91 
4·82 16·4 *0·79 
2·45 21· l 0·52 
3·28 18·0 0·59 

---------
33·33 . . 7·64 

Cenchrus ciliaris. 

---------
1·91 18·7 *0·36 
2·50 17·2 *0·43 
1·81 15·6 *0·28 
0·34 27·0 0·09 
0·26 39·7 0·10 
0·44 39·7 0·17 
0·36 37 0 *0·13 
0·45 45·4 0·20 
1·28 32·8 0 42 
2·67 17·2 0·46 
2·15 22·1 *O 47 
HI 25·0 0·28 

----------
15·28 . . 3·39 

Chloris qayana No. 6586. 

---------
1·76 18·8 *0·33 
2·37 21'1 *0·50 
1·06 26·6 *0·28 
0·60 23·9 0·14 
0·61 27·3 0·17 
0·53 34·8 0·18 
0·38 36·2 *0·14 
0·75 34·3 0·26 
0·78 22·3 0 17 
1·83 18·7 *0·34 
1·22 21·1 0·26 
0·98 16·4 0·16 

----------
12·87 .. 2·93 
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The yields obtained from certain grasses are substantially lower than those 
recorded for the same species in Trinidad (Paterson, 1938). In the Trinida.d 
experiments, however, the nutrients applied as artificial fertilizer amounted to, : 
55 lb. N, 50 lb. P 20 5 , and 65 lb. K 20 per acre, whereas in the Queensland· 
experiments the corresponding amounts were 11 lb., 50 lb., and 14 lb. Further- _ 
more, a third ratoon crop of sugar cane had been harvested from the experimental 
area just prior to laying down the grass plots. 

Table 6. 

MONTHLY CuT-FIRST 12 MONTHS. 

Summa1y of Results-Green Matte1·. 

Mean Significance Table. i. 
Yield in Percentage 

i. 

Grass. Tons of Mean. 1 per cent. 5 percent. per Acre. Level. Level. 

I. Brachiaria decum.bens .. 33·3 168·2 >Nos. 5-19 >Nos. 4-19 
2. Panicum maximum No. 1202 .. 28·8 145·4 >Nos. 10-19 >Nos. 7-19 
3. Hyparrhenia aucta .. . . 28·3 142·9 ditto dit~o 

4. Panicum maximum No. 3820 . . 26·2 132·3 >Nos. 13-19 >Nos . 1~19 
5. Panicum maximum var. typica .. 23·7 119·7 >Nos. 14-19 >Nos. 13-19 
6. U rochloa bolbodes .. . . 22·9 115·6 >Nos. 15-19 >Nos. 13-rn 
7; Panicum maximum No. 3783 .. 21-8 110·1 >Nos. 17-19 >Nos. 13-1{) 
8. Melinis minutiflo?"a .. . . 20·5 103·5 No signifi- >Nos. 15-19 

cant 
difference 

9. Panicum maximum var. trichoglume 20·2 102·0 . . >Nos . 16-1!) 
10. Panicum maximum var. coloratum 18·7 94·4 .. No signiii· 

cant 
difference 

11. Chloris gayana No. 6585 .. 17·7 89·4 . . . . 
12. Brachiaria purpu?"ascens .. 17·3 87·4 . . . . 
13. Cenchrus ciliaris .. .. . . 15·3 77·3 . . . . 
14. Panicum maximum No. 1200 .. 14·6 73·7 . . . . 
15. P aspalum dilatatum . . .. 13·8 69·7 . . .. 
16. Digitaria milanjiana .. .. 13·6 68·7 . . . . 
1 7. Cynodon plectostachyum .. 12·9 65·1 . . . . 
18. Chloris gayana No. 6586 .. 12·9 65·1 . . . . 
19. P ennisetum clandestinum .. 12·9 65·1 . . . . ~ 

Mean . . . . . . .. 19·8 100·0 

I 
. . . . 

S.E. . . .. . . .. 2·18 11·01 . . . . ; 

Standard error of the difference between two means = 11·01 -y/2 = 15·57. 

·. {2·101 P = ·05 required difference 32·71 
nsmg the t test, n = 18 2.878 p = ·Ol ; 44·81. 

. .. 

: 

Second 12 Months.-Table 7 gives details of the yields obtained at eacl~ 
cut during the second 12 months, and the results of the analysis of variance 
applied to these. figures are summarized in Table 8. The F value for varieties 
was shown to be highly significant. 
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The main point of interest in the above yields is the marked falling-off 
in productivity of all grasses during the second 12 months to the end of October. 
Reference to Table 3 shows that the rainfall during the months of August, 
September and October, 1940, was not markedly different from that of the 
corresponding months of 1941. Therefore, the rapid increase in yield which 
occurs from November onwards in the_ second year-shown by the marked 

Table 7. 

SHOWING MONTHLY PRODUCTIVITY FIGURES OF SELECTED GRASSES FOR SECOND 12 MONTHS 

IN TONS GREEN MATTER PER ACRE. 

Date Cut. Urochloa Panwum Digilaria Paspalum maa;imum var. Series I. bolbodes. trichoulume. milanjiana. dilatatum. 

Total 1st 12 months . . .. 22·90 20·21 13·65 13·85 

21- 4-41 . . . . .. 0·62 0·84 1'56 1·09 
20- 5-41 . . .. . . 0·44 0·39 0·62 0·52 
20- 6-41 . . .. .. 0·35 0·40 0·36 0·25 
18- 7-41 . . . . .. 0·13 0·17 0·09 0·06 
18- 8-41 . . .. .. 0·08 0·11 0·01 0·03 
18- 9-41 . . .. . . 0·21 0·30 0·10 0·10 
17-10-41 . . .. .. 0·12 0·15 0·13 0·04 
17-11-41 . . .. . . 1'13 1'52 0·61 0·48 
16-12-41 .. . . . . 2·06 1-90 1·45 0·65 
15- 1-42 . . . . .. 0·74 0·39 0·46 0·20 
12- 2-42 . . . . .. 5·56 5·61 3·96 2·92 
17- 3-42 . . .. .. 2·44 2·00 2·67 2·80 

Total . . . . .. 13·88 13·78 12·02 9·14 
Grand Total .. 36·78 33·99 25·67 22·99 

Hyparrhenia Panic,um Brachiaria Chloris uayana Series II. maximitm var. aucta. coloratum. decumbens. No. 6586. 

Total 1st 12 months .. .. 28·28 18·67 33·33 12·87 

30- 4-41 . . . . .. 0·28 0·56 0·57 0·34 
30- 5-41 . . .. . . 0·39 0·37 1·28 0·26 
30- 6-41 .. . . . . 0·33 0·17 0·43 0·19 
29- 7-41 . . . . .. 0·26 0·08 0·18 0·09 
29- 8-41 . . .. .. 0·23 0·07 0·07 0·13 
26- 9-41 . . . . '• . 0·37 0·11 0·21 0·17 
27-:-10-41 . . .. . . 0·28 0·08 0·14 0·20 
26-11-41 . . . . .. 2·19 1·34 2·81 0·58 
29-12-41 . . . . .. 2·45 1·53 HO 0·52 
28- 1-42 .. . . . . 2·85 2·57 3·25 0·52 
23- 2-42 . . . . .. 7·42 5·60 6·27 1·20 
25- 3-42 . . . . .. 1·06 1·48 2·26 0·28 

Total . . . . .. 18·11 13·96 18·87 4·48 
Grand Total .. 46·39 32·63 52·20 17·35 



20 J. L. SCHOFIELD. 

Table 7-continued. 

SHowrw: MoNTHLY PRODUCTIVITY FIGURES OF SELECTED GRASSES FOR SECOND 12 MONTHS 

IN ToNs GREEN MATTER PER ACRE-continued. 

Pennisetum Paniaum Chloris yayana Melinis Series III. maximum var. clandestinum. typica. No. 6585. minutiflora. 

-
'l'otal 1st 12 months . . .. 12·92 23·65 17·76 20·52 

9- 5-41 .. . . .. 0·70 0·74 0·68 1·04 
9- 6-41 . . . . .. 0·46 0·30 0·55 0·74 

10- 7-41 .. . . . . 0·24 0·23 0·23 0·23 
8- 8-41 . . . . .. 0·08 0·11 0·11 0·17 
9- 9-41 .. . . . . 0·01 0·17 0·06 0·21 
7-10-41 . . .. . . 0·05 0·23 0·04 0·51 
6-11-41 .. . . . . .. 0·30 . . 0·25 
5-12-41 . . .. . . 0·80 4·19 0·74 2·78 
7- 1-42 .. . . . . 0·49 1·95 0·69 0·97 
4- 2-42 .. . . . . 1·83 5·88 0·85 4·47 
6-, 3-42 . . .. . . 1'78 6·99 1·00 2·40 
6- 4-42 . . .. . . 0·33 3·54 0·57 1·97 

--
Total . . . . .. 6·77 24·63 5·52 15·74 

Grand Total .. 19·69 48·28 23·28 36·26 

Table 8. 

MONTHLY OuT-SECOND 12 MONTHS. 

Summary of Results-Green MattM'. 

Mean 
Significance Table. 

Grass. Yield in Percentage 
Tons of Mean. 1 per cent. 5 per cent. 

per Acre. Level. Level. 

I. Panicum maximum var. typica .. 24·6 187·8 >Nos. 2-12 . . 
2. Brachiaria decumbens . . .. . . 18·9. 144·3 >Nos. 6-12 >Nos. 5-12 
3. Hyparrhenia aucta . . . . .. 18· l 138·2 >Nos. 8-12 >Nos. 5-12 
4. Melinis minutiflora . . . . .. 15·7 119·8 >Nos. 9-12 >Nos. 8-12 
5. Panicum maximum var. coloratum .. 14·0 106·9 >Nos.10-12 >Nos. 9-12 
6. U rochloa bolbodes . . . . . . 13·9 106·1 ditto ditto 
7. Panicum maximum var. trichoglume .. 13·8 105·3 ditto ditto 
8. Digitaria milan}iana . . . . .. 12·0 91·6 >Nos.10-12 . . 
9. Paspalum dilatatum . . .. . . 9·1 69·5 No >Nos. 11 

significant and 12 
difference 

10. Pennisetum clandestinum . . . . 6·8 51'9 No significant 
differenc".! 

11. Chloris gayana No. 6585 . . .. 5·5 42·0 . . . . 
12. Chloris gayana No. 6586 . . . . 4·5 34·3 . . . . 

Mean . . . . . . .. . . 13'1 100·0 . . . . 
S.E. . . . . . . . . . . l· 13 8·62 . . . . 

Standard error of the difference between two means = 8· 62 y12 = 12· l 9 

,· h t t t _II J 2·201 P = ·05 required difference 26·83 
usmg t e es' n - \._3·106 P = ·01 37·86. 
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increase in the angle of slope of the productivity curves from this month (see 
Figures 4 and 5) as compared with the same period in the first year (see Figures 
2 and 3)-leads to the conclusion that fertilizer application is becoming effective. 
However, the combined effect of fertilizer application and favourable meteoro
logical conditions during the latter portion of the second 12 months is not 
sufficient to compensate for the low yields experienced from April to November. 
As a result, all grasses with the exception of Pa.nfi.cimi maxi111/l.t1n var. typica show 
a considerable reduction in productivity over the second 12 months, in spite of 
repeated fertilizer applications. The extent of the reduction is shown in Table 9, 

Table 9. 

SHOWING THE YIELDS OF GREEN MATTER FROM MONTHLY OUTS OVER THE FIRST 12 MONTHS 

. COMPARED WITH THOSE FOR THE SECOND 12 MONTHS AND WITH Two-MONTHLY AND 

THREE-MONTHLY OuTTING ROTATIONS. 

Monthly 
Cuts First 

Yields Expressed as a Percentage of Column 1. 

12Months-
Total Yield 

Two- Three- Two-
Grass. Green Matter 

monthly monthly Monthly monthly 
in Tons Cuts Second Cuts Second 

Per Acre. Cuts First Cuts First 12 Months. 12 Months, 12 Months. 12 Months. 
(1) (2) (3) (4) (5) 

----
Panicuni maximum var. typica .. 23·7 83 116 104 89 
Panicum maximum var. trichoglume 20·2 79 92 68 49 
Panicum maximum var. coloratum .. 18·7 129 84 75 89 
13rachiaria decurnbens . . .. 33·3 137 159 57 65 
13. purpurascens . . . . . . 17·3 120 128 .. . . 
Hypm·rhenia aucta . . .. . . 28·3 113 106 64 57 
M elinis minutiflora . . . . .. 20·5 99 130 77 75 
Pennisetum clandestinum .. . . 12·9 97 106 53 50 
Ohlo1·is gayana No. 6586 .. . . 12·9 101 153 35 54 
Paspalum dilatatum .. . . . . 13·9 129 122 66 77 

where the yields in the second 12 months are expressed as percentages of the 
:figures for the first 12 months. These :figures show that the greatest reduction in 
yield ( 65 per cent.) occurred with Chfloris gayarna No. 6586, and that the least 
reductions were shown by 111elinis minu,tifiora (23 per cent.) and Paniwni 
maxim.mn var. coloratiwn (25 per cent.). The reduction in yield of 43 per cent. 
by Brachiaria deciwnbens during the second 12 months indicates the severe drain 
on soil nutrients caused by the relatively high yield of the .first year. 

Another point of interest concerning the yield for the second 12 months is 
the marked increase in yield of Pan.iowni maximrit1n var. typica during the ''zenith'' 
.Period, which has resulted in this grass giving the greatest yield. Table 2 
shows that 34 per cent. of the total yield of Paniciwn niaxinimn var. typicct for 
24 months was obtained during the'' zenith" period of 1942 (January 7-April 6). 
This high proportion of the total yield is easily the largest among the ten grasses 
selected, and it is indicative of the strong reaction of Pctnic:iwn maxinw!ni var. 
tyvfra to the fertilizer application. This is a point which will be commented 
upon further under the two-monthly cutting rotation. The mean daily yield 
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of 422 lb. (Table 18) during the "zenith" period of the second 12 months is 
additional proof of the greatly accelerated rate of growth of this grass. 

The reduction in yield, amounting to 65 per cent., suffered by Chloris 
gaya.na No. 6586 points to the unsuitability of this strain to the very wet zone 
of coastal northern Queensland. This is in accord with general field experience 
in that area. 

Two-year Period.-The yield figures for the whole period of two years 
have been examined by the analysis of variance method and the results are 
summarized in Table 10. Varietal effect is highly significant. Brachiaria 

Table 10. 

MONTHLY CuT OVER Two YEARS. 

Surnrnary of Results-Green JJtfatter. 

Significance Table. 
Mean Percentage 

Grass. Yield in of Mean. 
Tons 1 per cent. 5 per cent. 

per Acre. Level. Level. 

1. Brachiaria decurnbens . . .. . . 52·2 158·2 >Nos. 4-12 . . 
2. Panicurn rnaxirnurn var. typica .. 48·3 146·4 ditto . . 
3. Hyparrhenia aucta . . .. . . 46·4 140·6 ditto . . 
4. U rochloa bolbodes . . .. . . 36·8 111-5 >Nos. 8-12 . . 
5. Melinis rninutijlora . . .. . . 36·3 110·0 ditto . . 
6. Panicurn rnaxirnurn var. trichoglunie .. 34·0 103·0 >Nos. 9-12 >Nos. 8-12 
7. Panicurn rnaxirnurn var. colo1·atum .. 32·6 98·8 >Nos.10-12 >Nos. 8-12 
8. Digitaria rnilany'iana . . .. . . 25·7 77·9 No >No. 12 

significant 
difference 

9. Chloris gayana No. 6585 .. . . 23·3 70·6 . . No 
significant 
difference 

ll.O. Paspalum dilatatimi . . .. . . 23·0 69·7 . . . . 
11. Pennisetum clandestinum .. . . 19·7 59·7 . . . . 
] 2. Chloris gayana No. 6586 .. . . 17·3 52·4 . . . . 

Mean . . . . . . .. . . 33·0 100·0 . . . . 
S.E. . . . . .. . . . . 2·14 6·48 . . . . 

Standard error of the difference between two means = 6·48 /2 = 9· 16 

· h _ 
11 

J 2· 201 P = · 05 required difference 20· l 6 
usmg t et test, n - l 3. 106 p = ·Ol 28·45 

aecimibens, Pa;nicitmi 1naximumi var. typica, and Hyparrhenia aiwta are the 
highest yielding grasses; the lowest yielding are Chloris gaya.na Nos. 6585 and 
6586, Paspalmn dilata.twni and Penndsetiim clcinilJ.estinmn. 

'Two-monthly Cuts. 

First 12 lVlonths,.-The detailed yields of the various grasses under a 
two-monthly cutting· rotation during the first 12 months are given in Table 11 
.and the productivity curves of these grasses for the same period are shown in 
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Table 11. 

SHOWING Two-MONTHLY PRODUCTIVITY FIGURES OF v ARIOUS GRASSES FOR 12 MONTHS IN 

TONS GREEN MATTER PER ACRE. 

Panicum Panicum Panicwm Series I. Urochloa maximum maximum maximitm Digitaria Paspalum Cenchrus 
Date Cut. bolbotks. var. No. 1202. No. 3783. m.ilanjiana. dilatatum. ciliaris. 

trichoglume. 

28- 5-40 .. 6·96 4·60 5·59 9·62 2·61 4·28 5·70 
25- 7-40 .. 2·10 2·35 1·90 1·92 1·47 2·22 1·28 
23- 9-40 .. 1·60 1·47 1·63 1·44 0·76 1·37 0·71 
21-11--40 .. 2·18 0·55 1·28 1·30 0·76 0·95 0·76 
20- 1-41 .. 8·33 4·18 11·67 7·89 5·49 4·68 4·54 
21- 3-41 .. 5·58 

I 
2·80 8·17 5·06 4·22 4·35 3·71 

Total .. 26·75 15·95 30·24 27·23 15·31 17·85 16·70 

Cynodon Panicum Panicum Brachiaria Chloris Series II. Hyparrhenia maximum Brachiaria 
Date Cut. aucta. plectos- var. maximum purpura- decumbens. gayana 

tachyum. coloratum. No. 1200. scens. No. 6586. 

5- 6-40 .. 3·06 3·62 5·51 3·21 5·99 15·83 4·04 
5- 8-40 .. 3·09 1·81 2·31 2·58 2·14 2·18 1·23 
1-10-40 .. 4·00 1·81 1·08 1-73 1·44 4·14 1·25 
2-12-40 .. 4·46 1·34 1·44 2·34 1-50 3·50 0·77 

30- 1-41 .. 13·57 4·16 9·22 4·19 6·52 13·53 3·60 
1- 4-41 .. 3·70 3·57 4·54 2·36 3·24 6·32 2·07 

Total .. 31·88 16·31 I 24·IO 16·41 20·83 45·50 12·96 

Panicum Panicum Chloris Series III. Pennisetum maximum Melin is 
Date Cut. clantkstinum. var. maximum gayana minutiftora. 

typica. No. 3820. No. 6585. 

14-- 6-40 .. 2·39 6·10 7·98 5·96 4·31 
14- 8-40 .. 2·45 1·34 1·73 2·08 2·70 
11-10-40 .. 0·96 0·81 1·41 1·56 2·16 
11-12-40 .. l· 15 2·32 3·16 2·01 3·52 
IO- 2-41 .. 2·48 6·19 8·88 6·23 5·36 
IO- 4-41 .. 3·09 2·93 3·75 3·87 2·32 

Total .. 12·52 19·69 26·91 21-71 20·37 

Figures 6 and 7. The curves show that, except for H yparrhenia. aiwta, the same 
four productivity phases occur under a system of h\ro-monthly cutting as in the 
monthly cutting rotation. 111elinis niiniitijlom under a two-monthly cutting 
rotation follows the same general productivity curve as the other grasses, in 
contrast to its behaviour under monthly cutting. H yparrhenia aiwta shows no 
reduction in yield from June onwards conesponding to the "low" period of 
productivity common to the other grasses. 

The analysis of variance has been applied to the yield totals given in 
Table 11 and the results are summarized in Table 12. Varietal effect is highly 
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significant. Brachiaria decitmbens has a significantly higher yield than any of 
the other grasses. Panicitm maximum var. typica is outyielded by several grasses. 

Table 9 shows that six grasses out of ten have given increased yields in 
the first year under the longer cutting rotation. The largest increase ( 37 per 
cent.) is shown by Brachiaria decumbens. Reductions in productivity amount
ing to 17 per cent. and 21 per cent. respectively are shown by Panicitm ma.xirnil/Jn 
var. typica and P. 1na.ximitm var. trichoglivme, while Melinis rn.inii.tiftora and 
!Pennisetilm clande1stinitrn. each yielded approximately the same amount under 
the b.vo treatments. 

Table 12. 

Two-MONTHLY CuT-FrnsT 12 MONTHS. 

Summary of Results-Green M atte1·. 

Significance Table. 
Mean 

Grass. Yield in Percentage 
Tons of Mean. 1 per cent. 5 per cent. per Acre. Level. Level. 

1. Brachiaria decumbens .. .. . . 45·5 205·9 >Nos. 2-19 . . 
2. Hyparrhenia aucta . . . . .. 31·9 144·3 >Nos. 8-19 >Nos. 7-19 
3. Panicum maximum No. 1202 . . .. 30·2 136·6 >Nos. 10-19 >Nos. 8-19 
4. Panicum maximum No. 3783 . . .. 27·2 123·1 >Nos. 13-19 >Nos. 11-19 
.5. Panicum maximum No. 3820 . . .. 26·9 121·7 >Nos. 13-19 >Nos. 11-19 
'6. Urochloa bolbodes . . . . .. 26·7 120·8 ditto ditto 
7. Panicum maximum var. coloratum .. 24·1 109·0 >Nos.18&19 >Nos. 13-19 
:8. Chloris gayana No. 6585 . . .. 21·7 98·2 I No >Nos.18&19 

significant 
difference 

9. Brachiaria purpurascens .. . . 20·8 94·1 .. >Nos.18&19 
IO. JJ!f elinis minutiflora . . . . .. 20·4 92·3 .. ditto 
11. Panicum maximum var. typica . . 19·7 89·1 .. >No.19 
12. Paspalum dilatatum . . . . . . 17-8 80·5 .. No 

significant 
difference 

13. Qenchrus ciliaris .. . . . . . . 16·7 75·6 .. . . 
14. Panicum maximum No. 1200 . . . . 16·4 74·2 .. . . 
15. Oynodon plectostachyuni . . . . 16·3 73·7 .. . . 
16. Panicum maximum var. tt·ichoglume . . 15·9 71·9 .. . . 
1 7. Digita'ria milanJiana . . . . . . 15·3 69·2 . . .. 
18. Chloris gayana No. 6586 . . . . 13·0 58·8 .. . . 
19. Pennisetum clandestinum . . . . 12·5 56·6 .. . . 

Mean . . . . . . . . . . 22·1 100·0 .. . . 
S.E. . . . . . . . . . . 2·33 10·54 .. . . 

Standard error of the difference between two means= 10·54,/2 = 14·91 

· h _ 
18 

{2·101 P .= ·05 required difference 31·32 
usmg t et test, n - 2.878 p = ·Ol 42·90 

Second. 12 Months.-Table 13 gives the individual yield figures for the 
second 12 months and the results of the analysis of variance of these yields are 
summarized in Table 14. Varietal effect is highly significant. 
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Table 13. 

SHOWING Two-MONTHLY PRODUCTIVITY FIGURES OF SELECTED GRASSES FOR SECOND 12 
MONTHS IN TONS GREEN MATTER PER ACRE. 

Date Cut. Urochloa Panicum Digitaria Paspalum maximum var. Series I. bolbodes. trichoglume. milanjiana. dilatatum. 

Total 1st 12 months .. . . 26·96 15·95 15·31 17·85 

20- 5-41 . . . . .. 0·96 0·71 1·61 1·61 
18- 7-41 .. . . . . 0·65 0·40 0·52 0·66 
18- 9-41 . . .. . . 0·33 0·23 0·04 0•12 
17-11-41 . . . . .. J.16 0·92 0·39 0·39 
15- 1-42 . . .. . . 4·08 2·35 2·21 1·12 
17- 3-42 . . . . .. 8·14 5·32 11-88 6·81 

Total . . .. . . 15·32 9·93 16·65 10·71 
Grand Total .. 42·28 25·88 31·96 28·56 

27 

Hyparrhenia Panicum Brachiaria Chloris gayana Series II. maximum var. aucta. coloratum. decumbens. No. 6586. 

Total 1st 12 months . . .. 31·88 24·10 45·50 12·96 

30- 5-41 . . . . .. 0·36 1·22 1·68 0·52 
29- 7-41 . . . . .. 0·32 0·35 0·53 0·37 
26- 9-41 . . . . .. 0·33 0·19 0·19 0·30 
26-11-41 . . . . .. 1·43 2·00 2·15 0·70 
28- 1-42 . . . . .. 5·16 4·51 6·40 1·35 
25- 3-42 . . . . .. 8·56 8·39 10·59 3·70 

Total . . .. . . 16·16 16·66 21·54 6·94 
Grand Total .. 48·04 40·76 67·04 19·90 

Pennisetum Panicum Chloris gayana Melinis Series III. maximum var. clandeslinum. typica. No. 6585. minutiflora. 

Total 1st 12 months . . .. 12·52 19·69 21-71 20·37 

9- 6-41 . . . . .. 1·63 0·56 1-50 1·31 
8- 8-41 . . . . .. 0·20 0•15 0·30 0·27 
7-10-41 . . .. . . 0·08 0·20 0·16 0·54 
5-12-:--41 . . . . .. 0·64 2·18 1·29 2·17 
4- 2-42 . . .. . . 1-36 7·22 3·77 4·75 
6- 4-42 .. . . . . 2·51 10·66 4·06 6·39 

Total . . .. . . 6·42 20·97 11·08 15·43 
Grand Total .. 18·94 40·66 32·79 35·80 

As in the second 12 months under a monthly cutting rotation, practically 
all the grasses yielded lower amounts of green matter under the two-monthly 
cutting. The exceptions are Parvicurn niaxinvnm var. typica and Digitaria 
milanjiana, both of which show small increases. The appropriate productivity 
curves are shown in Figures 8 and 9; these demonstrate the marked effect from 
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Table 14. 

Two-MONTHLY CuT-SECOND 12 MoNTHs. 

Summary of Results-Green Matter. 

Mean Significance Table. 

Grass. Yield in Percentage 
Tons of Mean. 1 per cent. 5 per cent. per Acre. Level. Level. 

1. Brachiaria decumbens . . . . .. 21'5 153·6 >Nos. 3-12 . . 
2. Panicum maximum var. typica .. 21·0 150·0 >Nos. 5-12 >Nos. 3-12 
3. Digitaria milanjiana .. . . . . 16·6 118·6 >Nos. 8-12 .. 
4. Panicum maximum var. coloratum . . 16·6 118·6 ditto .. 
5. Hyparrhenia aucta . . .. . . 16·1 115·0 ditto . . 
6. M elinis minutiflora . . . . .. 15·4 110·0 >Nos.10-12 >Nos. 8-12 
7. U rochloa bolbodes . . . . .. 15·3 109·3 ditto ditto 
8. Chloris gayana No. 6585 . . .. 11·1 79·3 No >Nos.11&12 

significant 
difference 

9. Paspalum dilatatum . . .. . . 10·7 76·4 .. ditto 
10. Panicum maximum var. trichoglume .. 9·9 70·7 . . >No. 12 
11. Chloris gaya,na No. 6586 . . .. 7·0 50·0 . . No 

significant 
difference 

12. Pennisetitm clandestinitm . . .. 6·4 45·7 . . . . 
Mean . . .. .. . . . . 14•0' 100·0 . . . . 
S.E. . . .. . . . . . . 1-11 7·93 . . . . 

Standard error of the difference between two means= 7·93J.2 = 11·21 

· th t t _ 11 {2·201 P = ·05 required difference 24·67 
usmg et es' n - 3·106 p = ·01 34·82 

November onwards of fertilizer application during the second 12 months. The 
largest decrease ( 53 per cent.) occurs with Brachiaria deciurnbensJ while decreases 
of 49 per cent. are shown by Chloris ·garyana No .. 6585, H yparr'he~iia aiicta and 
Pennisefam clandestin.it/ni. Pam.icum1 n1;axinuum vars. trichogl!ume and coloratiurn 
show decreases of 38 per cent. and 31 per cent. resp·ectively, and 111 elinis 
mini4tifion1; shows the smallest decrease (24 per cent.). 

The marked reaction of Panicwm maxirnurrn var. typica to fertilizer 
application is again in evidence. During the period December 5, 1941, to 
April 6, 1942, under a two-monthly cutting rotation this grass p~oduced 44 per 
cent. of its total yield for a period of 24 months. Digitaria milanjiwna produced 
44 per cent. of its total yield from November 17, 1941, to March 17, 1942. It 
can be stated, therefore, that Panicit,,m maximwni var. typica under both monthly 
and two-monthly cutting rotations, and Digitaria. milanjiana, under a two-monthly 
cutting rotation, reacted strongly to fertilizer (consisting of blood and super~ 
phosphate) applied immediately after each cut had been harvested during the 
second 12 months. The total amount of fertilizer added to the Parnicit,,m 
maximwni var. typica plots was equivalent to 12 cwt. blood and 3.8 cwt. super
phosphate per acre for the plots cut monthly, and 8·8 cwt. blood and 2 cwt. 
superphosphate for the plots cut at two-monthly inter!vals. The plots of Digitaria 
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Showing Productivity Curves for the Second 12 Months of Melinti.s 1n1Jn,u.U,flom, 
Panicnm maximwin var. colorafom, P. niaximu.m var. trichogl'ltm.e, P. 11iaxi?nu1n var. typica 
and Pennisetitm clanilestin1u1n cut at Two-monthly Intervals. 

rniilanjiana cut every two months received a total amount equivalent to 8 cwt. 
per acre of blood and 1 ·9 cwt. per acre of superphosphate. 

Two-year Pedocl.-Yield :figures for the whole period of two years under 
a two-monthly cutting rotation have been treated by the analysis of variance 
method and the results are summarized in Table 15. Varietal effect is highly 
significant. 

The hig·hest yielding grass is Brachiaria clecumbens at 67 tons green 
matter per acre. The next four grasses are H yparrhenia aucta, Urochloa 
bolbodes, Pa.nicwn niaximum var. coloration and P. 11wx1:mmn var. typica, all 
of which produce 40-50 tons per acre. They are significantly higher in yield at 
the 1 per cent. level than the four lowest yielding grasses-PaspaJ;wm clilata.twm, 
Panicurni maxirrnlum var. tricho1glitrne, Chloris ga.ycvna. No. 6586 and Pennrisetiwn 
dctndes,tinit.m., which range from 28 to 19 tons per acre. 

Three-monthly Outs. 

The individual yields in tons per acre green matter of the various grasses 
at each harvest under a system of three-monthly cutting are given in Table 16. 
The corresponding productivity curves are shown in Figures 10 and 11. 
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Showing Productivity Curves for the Second 12 Months of Brachiaria d.epumibens, 
Chloris g011Jir1na No. 6586, Hyparrhenia a1tda :md Paspaluni dil.atat1wn cut at Two-monthly 
Intervals. 

The information which can be obtained from a study of the productivity 
curves is restricted by the fact that each grass was cut four times only during 
the year. However, all the grasses with the exception of Hypiarrhenia ai(,cta
which will be discussed later-show a marked decrease in yield from the first 
cut (June 5-July 15) to the second cut (September 23-0ctober 11) .. rrhe 
third cut (December 20-January 10) reveals interesting variations in response 
between some of the grasses. Thus ParruiGurn rna.xi1nnm var. trichoglilme, and 
Pen1visetwm clandestini01i (Figure 10), and Paspalilm d~la.ta.tilm, Chloris ga,ya»w; 
No. 6586 and Brachia1·ia piirpiurascMM (Figure 11) demonstrate a continua
tion of this low productivity to the third cut, but at the fourth cut, from 
March 21-April 10, there is a considerable increase of yield. Panicimi 1naxi11iit1n 
var. colomtit11i occ11pies an intermediate position, as it reaches a low productivity 
of 1.34 tons ·with the cut taken October 1; by December 31 the yield has 
increased to 3.45 tons, and in the final cut on April 1 it reaches 7.77 tons. 
Panicitm 11ia,ximum var. typica and Melin.is miniltifiorra by contrast show their 
peak yields in the first cut after establishment; this is followed by a marked 
reduction at the second cut, a rapid increase to the third cut, and a slight 
diminution in productivity at the fourth cut. Brachia.ria decit1nbens ~lso reaches 
its peak yield at the first cut, after which a considerable fall occurs, equivalent 
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at ThTee-monthly Intervals. 



32 .J. L. SCHOFIELD. 

Table 15. 

Two-MONTHLY CuT ovER Two YEARS. 

Summary of Results-Green JYlatter. 

Mean Significance Table. 

Grass. Yield in Percentage 
Tons of Mean 1 per cent. per Acre. Level. 

1. Brachiaria decumbens . . .. .. 67·0 186·1 >Nos. 2-12 
2. Hyparrhenia aucta .. . . . . 48·0 133·3 >Nos. 6-12 
3. Urochloa bolbodes . . . . . . .. 42·1 116·9 >Nos. 9-12 
4. Panicum maximum var. coloratum .. 40·7 113·0 >Nos. 9-12 
5. Panicum maximum var. typica .. 40·6 112·8 ditto 
6. Melinis minutiflora .. .. . . 35·8 99·4 >Nos. 11-12 
7. Chloris gayana No 6585 . . .. 32·8 91'1 >Nos.11&12 
9. Digitaria milanjiana . . . . .. 32·0 88·9 ditto 
9. Paspalum dilatatum . . . . .. 28·5 79·2 No. 

significant 
difference 

IO. Panicum maximum var. trichoglume .. 25·9 71-9 . . 

11. Chloris gayana No. 6586 .. . . 19·9 55·3 . . 
12, P ennisetum clandestinum .. . . 18·9 52·5 . . 

Mean .. . . .. . . . . 36·0 100·0 . . 
S.E. .. . . . . .. . . 2·55 7·08 . . 

. Standard error of the difference between two means = 7·08-v/2 = 10·01 

· th t te t = 11 J 2·201 P = ·05 required difference 22·03 
usmg e 8 'n \_ 3·106 P = ·01 31·09 

5 per cent. 
Level. 

. . 
>Nos. 3-12 
>Nos. 7-12 
>Nos. 7-12 

ditto 
> Nos.10-12 
> Nos.11-12 

ditto 
Nos. 11--12 

No 
significant 
difference 

.. 

. . 

. . 

. . 

to 40.5 per cent. of the total yield; productivity is nearly doubled at the next 
cut, and there is a marked increase in yield at the fourth cut. H yparrhenia 
au.eta shows exceptional behaviour throughout, in that a steady increase in yield 
occurs from the first to the third cut, when the peak yield of 9.08 tons is obtained, 
which falls to 8.07 tons at the fourth cut on April 1. 

The yield totals given in Table 16 have been subjected to the analysis 
of variance and the results are summarized in Table 17. Varietal effect is highly 
significant. 

The most outstanding point arising from these results is the general increase 
in yield shown by the majority of the grasses over the monthly and two-monthly 
cutting rotation figures. Four grasses only-Pawicuni niaxiniitni vars. coloirativni 
and tric;hogliwne and No. 1200, and Cenchms ciliaris-show reductions in yield 
compared with monthly cutting, and these are all small. Panicumi 11ia:xim11An var. 
colorv,.ti1;m and No. 1200, Cenchrus ciliarris and Chloris ga.yana No. 6585 yield less 
under three-monthly cutting than under two-monthly cutting. It is of interest 
to note that, while Paniciwn nwxim1wn var. cofom,fani gave an increase in yield of 
29 per cent. from two-monthly cutting· over monthly cutting, this grass showed 
a considerable decrease in yield under three-monthly cutting. In general, 
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however, the longer cutting rotation tended to increase yields during the first 
12 months. Compared vvith monthly cutting, three-monthly cutting has 
shown the follovving substantial increases in yield: Brachiaria cleciwnbens, 
59 per cent.; Chloris gayana, No. 6586, 53 per cent.; Melinis 1nini£H,.jlora, 30 per 
cent.; and Brcwhiaria pit.rpu1·a.scens, 28 per cent. A comparison of dry matter 
yields (see Tables 22-24) serves to emphasize still further the higher rate of 
productivity resulting· from the longer cutting rotations. This ·is in agreement 
with the results obtained by many other workers (Davies and Sim, 1931; 
Paterson, 1935; Richardson, 1932r; Richardson, Trumble and Shapter, 1932; and 
Stapledon, 1924). 

VARIATION IN YIELD IN THE DIFFERENT PRODUCTIVITY PERIODS 
UNDER A SYSTEM OF IVIONTHL Y CUTTING. 

Table 2 shows that the number of days contributing' to the different 
productivity phases varie8 considerably. 'Thus in series I. the "lmv" period 

Table 16. 

SHOWING THREE-MONTHLY PRODUCTIVITY FIGURES OF VARIOUS GRASSES FOR 12 l\foNTHS IN 

ToNs GREEN MATTER PER AcRE. 

Panicum Panic um Panicwm Series I. Urochloa mamimwm maximwm maxinium Digitaria Paspalnm Oenchrus 
Date Cut. bolbodes. var. No. 1202. No. 3783. milanjiana. dilataturn. ciliaris. 

trichoglmrie. 

25- 6-40 .. 8·47 6·72 7·99 11·60 5·75 7·89 6·14 
23- 9-40 .. 2·10 2·58 2·84 2·95 1·52 M7 0·96 
20-12-40 .. 5·99 3·24 6· 16 5·42 2·64 2·20 1·84 
21- 3-41 .. 10·03 6·08 18·95 11·11 11·79 5·05 5·37 

-----

Tota.I .. 26·59 18·62 35·94 31·08 21·70 16·91 14·31 

('ynodon Panfowm Panicwm Brachiaria Chloris Series II. Hyparrllenia maximum Bracliiaria 
Date Cut. aucta. plectos- var. maximumi purpura- decumbens. qayana 

ta.chynm. coloratmn. No. 1200. scens. No. 6586. 

5- 7-40 .. 5·91 4·76 3·21 5·73 9·91 25·10 6·09 
1-10-40 .. 6·90 2·40 1·34 1·28 2·66 3·59 2·45 

31-12-40 .. 9·08 2·70 3·45 2·65 2·42 6·85 2·93 
1- 4-41 .. 8·07 10·28 7·77 3·97 7·09 17·59 8·26 

Total .. 29·96 20·14 15·77 13·63 22·08 53·13 19·73 

Panicwm Panic nm Chloris Series III. Penniseturn max1'.murn Melinis 
Date Cut. clandestinum. var. maximum gayama minittiflora. 

typica. No. 3820. No. 6585. 

-
15- 7-40 .. 3·93 11·45 9·75 5·74 10·76 
11-10-40 .. 2·16 1·64 2·16 2·06 2·25 
10- 1-41 .. 1·60 7·41 7·09 3·74 7·38 
JO- 4-41 .. 5·96 7·06 8·80 6·15 6·18 

Total .. 13·65 27·56 27·80 17·69 26·57 

c 
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extends over 118 days, whereas the munber of days in the ''rapid increase'' 
period is only 58. If, however, the yield in each productivity phase is expressed 
as the mean daily yield in pounds of green matter per acre over a period of two 
years-designated for convenience by :the symbol m.d.y.-then a figure is 
obtained which takes into account the number of days contributing to yield in 
each period and enables comparisons to .be made of the actual variations in 
productivity which occur with the individual grasses. 

Table 17. 

THREE-MONTHLY CuT-FIRST 12 MONTHS. 

Summary of Results-Green Matter. 

Mean Significance Table. 

Grass. Yield in Percentage 
Tons. of Mean. 1 per cent. 5 per cent. per Acre. Level. Level. 

I. Brachiaria decumbens . . . . .. 53·1 223·1 >Nos. 3-19 >Nos. 2-c-19 
2. Panicum maximum No. 1202 . . .. 35·9 150·8 >Nos.14-19 >Nos. 9-19 
3. Panicum maximum No. 3783 .. . . 31'1 130·7 No >Nos. 14-19 

significant 
difference 

4. Hyparrhenia aucta . . .. . . 30·0 126·0 . . >Nos.15-19 
5. Panicum maximum No. 3820 . . . . 27·8 116·8 .. >Nos.17-19 
6. Panicum maximum var. typica .. 27·5 115·5 . . ditto 
7. Urochloa bolbodes . . . . . . 26·6 111·8 . . No 

significant 
difference 

8. M elinis minutiflora . . . . . . 26·5 111·3 . . .. 
9. Brachiaria purpurascens . . .. 22·1 92·9 . . . . 

10. Digitaria milaniiana .. .. . . 21·7 91·2 . . . . 
11. Cynodon plectostachyum .. . . . . 20·1 84·4 . . .. 
12. Chloris gayana No. 6586 . . . . 19·7 82·8 .. . . 
J 3. Panicum maximum var. trichoglume . . 18·6 78·1 .. .. 
14. Chloris gayana No. 6585 . . . . 17·7 74·4 .. . . 
15. Paspalum dilatatum .. .. . . 16·9 71·0 . . . . 
16. Panicum maximum var. colo·ratum .. 15·8 66·4 .. . . 
17. Cenchrus ciliaris .. . . . . 14·3 60·1 . . . . 
18. Panicum maximum No. 1200 . . . . 13·6 57·1 . . .. 
19. Pennisetum clandestinum . . .. 13·6 57·1 . . . . 

Mean . . . . .. . . .. 23·8 100·0 . . . . 
S.E. .. . . . . . . . . 4·39 18·44 . . .. 

Standard error of the difference between two means= 18·44vf2 = 26·08 

· th t te t = 18 {2· 101 P = ·05 required difference 54·79 
usmg e s 'n 2·878 P = ·01 75·06 

First 12 Months. 
In the first 12 months after establishment, the range of variatiOn 

under monthly cutting is comparatively small (Tables 18-20). Pennisetum 
clandestiniim during the "low" period has an m.d.y. of 57 lb., which 
rises during the ''zenith'' period to 107 lb.; that is, the rate of productivity 
is practically doubled. Parnric1tm ma.xirniim var. trichogli..1.mie has an m.d.y. of 
51 lb. in the ''low'' period and one of 154 ··lb. in the ''zenith'' period, an 
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Table 18. 

SHOWrNG THE VARIATION IN THE DIFFERENT PRODUCTIVITY PERIODS OF MEAN DAILY YIELD 

OF INDIVIDUAL GRASSES UNDER A MONTHLY CUTTING ROTATION OVER A PERIOD OF 

TWENTY-FOUR MONTHS (YIELD EXPRESSED AS POUNDS OF GREEN MATTER PER ACRE). 

Number 
Panfoum maximum Paspalwn Date of Cut. Days Series. Period. 

Growth. var. trichoglume. dilatatum. 

2~ ~°} 89 I After establishment 223 133 
22-10-40 G'l] 118 I Low .. . . .. 51 40 

H-+:> 

20-12-40 ~ g 58 I Rapid increase .. 96 64 
21- 3-41 ·H s 90 I Zenith . . .. 154 120 

2(;- 6-41} . 90 I Rapid decrease .. 41 46 
G'l rn 

118 I Low .. 14 4 17-10-41 H ~ .. . . 
16-12-41 ] g 59 I Rapid increase .. 130 43 
17- 3-42 G'l s 90 I Zenith .. . . 199 147 

Total .. 712 

l::l ~ 
·~~ ·~~ 

~ . .,., 
~~~ ~~ ~ . 

~~ ~ ;;zl::l ·h .;§..c ""~ 
§~ ·~·~.s ~~ u .~~ l::l"' 8 
~ ~~~ ~~ 

.... 0 ,sz 
~ p. ~ ~ 

---------------
5- 7--40} . 91 II After establishment 94 146 215 318 128 
1-11-40 ~ ~ 118 II Low .. . . .. 143 34 34 99 40 

31-12-40 ~ § 60 II Rapid increase .. 214 136 59 173 57 
1- 4-41 H s 90 II Zenith .. . . 278 182 130 263 100 

30- 6-411 . 89 II Rapid decrease .. 25 28 . . 57 20 
27-10-41 ~ ~ 118 II Low .. . . .. 22 6 . . 11 11 
29-12-41 J ] § 62 II Rapid increase . . 168 104 .. 152 40 
25- 3-42J G'l s 85 II Zenith .. .. 299 254 . . 310 53 

Total .. 713 

Pennisetum Panicum Melinis 
clandestinum. maximum minutiff.ora. var. typica. 

------

l~ 7-40} . 90 III After establishment 99 196 102 
G'l rn 

118 III Low .. 57 43 119 11-11-40 H ~ .. .. 
10- 1-41 ~ g 59 III Rapid increase .. 64 189 189 
10- 4-41 H s 89 III Zenith .. . . 107 215 131 

l(;- 7--4} . 90 III Rapid decrease .. 35 32 50 
G'l rn 

6-11-41 H ~ 118 III Low .. . . .. 3 15 22 
' "d i:l 61 III Rapid increase 47 225 138 7- 1-42 i:l 0 .. 

6- 4-42 G'l s 87 III Zenith .. . . 101 422 228 

Total .. 712 

increase in productivity of "200 per cent. Melinis miniitifiora during the period 
after establishment has an m.d.y. of 119 lb., which rises to 131 lb. during the
''zenith'' period, an increase of only 10 per cent., although an m.d.y. of 189 lb_ 
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was recorded during the ''rapid increase'' period, thus shmving a different 
behaviour from that of the other grasses with / the exception of H yparrhenia 
aucta.. The largest variation in productivity is given by Pa.nicu1n 1naxi.11imn 
var. coloratu1n, which shovvs .an increase in productivity of 435 per cent. during· 
the "zenith" period ( m.d.y. 182 lb.) as compared with the "low" period. ( m.d.y. 
34 lb.). 

Second 12 Months. 
It is not until after the :first year that any considerable variation 

in pr.oductivity occurs. During the first year the effect of the basal 
fertilizer dressing combined -vvith the upward trend of productivity during 
the ''rapid increase'' and ''zenith'' periods has served to keep up productivity. 
In the second year, hovvever, apart from the meteorological conditions, two factors 
have a marked effect on productivity. The :first results from the continued 
removal of the cut herbage after each cut and causes a marked lowering of yield 
during the ''rapid decrease'' and ''low'' periods. The second follows the 
application of fertilizer in the second year and becomes effective in the ''rapid 
increase'' and ''zenith'' periods. Productivity in the second twelve months, 
therefore, offers an interesting comparison of the depressing effect of continued 
harvesting without fertilizer application (apart from the basal dressing) 
operative over the "rapid decrease" and "low" periods, as against the stimu
lating action of fertilizer applied at monthly intervals during the second twelve 
months, -vvhich makes its effect felt over the ''rapid increase'' and ''zenith'' 
periods of productivity. 

The greatest variation occurs 1.vith Panicmn 1naxim.um var. coloratu11i, 
which has an m.d.y. of G lb. only in the "low" period, and an m.d.y. of 254 lb. in 
the ''zenith'' period, equivalent to an increase of productivity of 41 times. 
Paspa.Zum dilatcditm gives an increase of 36, Pcmicnni nw.xi11iwn var. typica 27, 
HNtchiaria decmnbens 27, Panicmn maximum var. trichoglit1ne and Hypcl1'rhenia. 
cvucta 13, Jlielini'.s min1ltifim·a 9 and Chloris· gaya.na No. 6586, 4 times the 
productivity in the "zenith" compared with the "low" period. 

Table 19. 

SHOWING THE MEAN DAILY YIELD FIGURES IN THE "Low" PERIOD OF PRODUCTIVITY IN 

THE FIRST AND SECOND 12 MONTHS UNDER A MONTHLY CUTTING ROTATION AND THE 

CORRESPONDING PERCENTAGE DECREASE IN YIELD. 

Mean Daily Mean Daily Percentage 
Grass. Yield First Yield Second Decrease in 

12 Months. 12 Months. Productivity. 
---------· 

Lb. Lb. 
Panicum maxinium var. trichogliime 51 14 72 
P aspalum dilatatuni 40 4 90 
Hyparrhenia aucta 143 22 85 
Panicum maximum var. coloratitm 34 6 82 
Brachia.ria decumbens 99 11 89 
Chloris gayana No. 6586 40 11 72 
Pennisetitm clandestinum 57 3 95 
Panicum maximum var. typica 43 15 65 
M elinis minut~fiora 119 22 81 
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Comparison of First and Second 12 Months. 

(a) ''Low'' P eriodi.-A comparison of the m.d.y. figures for the ''low',• 
period of productivity during the fii'st and second rn months is of interest, as 
it illustrates the considerable decrease in yield caused by the continued removal 
of herbage before the fertilizer application added in the second 12 months has 
had time to become effective (see Table 19). 

The largest decrease in yield ( 95 per cent.) occurs with P'en1iisetil1n 
clandestinitni, and the smallest ( 65 per cent.), ·with Pa.nicit.m. maximum var. 
tyP'iGlt. It is evident that with Pennisetiini clanclestinitni there is a marked 
limiting effect operating caused by one or more factors, one of which is 
undoubtedly shortage of nitrog·en aggravated by the absence of the grazing 
factor. 

(b) ''Zenith" Period.-The m.cl.y. figures shmvn in Table 20 indicate the 
extent of the variation in yield virhich occurs in the ''zenith'' period of the second 
12 months compared with the same period in the first year. 

Table 20. 

SHOWING THE MEAN DAILY YIELD FIGURES IN THE "ZENITH" PERIOD OF PRODUCTIVITY 

IN THE FIRST AND SECOND 12 MONTHS UNDER A MONTHLY CUTTING ROTATION AND 

THE CORRESPONDING PERCENTAGE DIFFERENCE IN YIELD. 

Mean Daily Mean Daily Percentage 
Grass. Yield First Yield Second Difference in 

12 Months. 12 Months. Productivity. 
----

Lb. Lb. 
PanicU?n 11iaxi1nurn var. trichoglurne . . . . .. 154 199 +29 
P aspalum dilatatum . . . . . . . . .. 120 147 +22 
Hyparrhenia aucta . . . . . . . . .. 278 299 + 7 
Panicum maxirnum var. coloraturn . . . . .. 182 254 +40 
B1·achiaria decumbens . . . . .. . . .. 263 310 +18 
Chloris ga,yana No. 6586 . . . . .. . . 100 53 -47 
Pennisetum clandestinurn . . . . . . .. 107 101 - I) 

Panicurn maxirnurn var. typica .. . . . . 215 422 +9() 
M elinis minutiflora . . . . . . . . .. 131 228 +74-

---

The percentage increases in yield shown in this table demonstrate the 
great variations which occur at the ''zenith'' period between the different grasses 
in their reaction to the application of fertilizer in the second 12 months under 

- a monthly system of cutting. Pa:nic1JAn niaxiniit1n var typioa is outstanding, 
showing an increase of 96 per cent. in the second year ''zenith'' period compared 
with the first 12 months. The increase of 7 4 per cent. by M elinis niiniitifiorct- is 
rather complicated by its behaviour during the first 12 months, when it showed 
an m.d.y. of 189 lb. in the "rapid increase" period but 131 lb. only in the "zenith" 
period. Paniciun'i 1naa;i.niwni vars. colora.tmn and frichoglume and Pa.spalum 
dilata.tuni show increases of 40 per cent., 29 per cent. and 22 per cent. respec
tively, indicating the great difference in yield response between P. 1naxirnmn 
var. typica and the other !Guinea grass varieties. Brachia.ria. decit-mbens and 
H yparrhen.ia aucta., with increases of 18 per cent. and 7 per cent. respectively, 
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Showing Mean Yield in Various Productivity Periods of Seven Grasses cut a't Monthly 
Intervals Over a Period of Two Years and Rainfall Dming that Period. 
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show little change. Pennisetimi clcmdestinwn gives a decrease of 6 per cent. 
and Chloris gayanci No. 6586 shows its unsuitability for growth in the wet zone 
by a reduetion in yield of 4 7 per cent. 

General Pattern of Productivity. 

The productivity curves of a number of selected grasses under differ~mt 
,cutting rotations have been examined. It now remains to consider the mean 
productivities and mean daily yields, excluding the two exceptions H yparrhenia 
.aucta and Melinis niinit.ti-flora, to determine the general pattern of productivity 
during the first and second 12 months under a monthly system of cutting. 
Table 21 sho-vvs the mean productivity and mean yield expressed as a percentage of 

Table 21. 

:SHOWING MEAN PRODUCTIYITY AND MEAN DAILY YIELD CALCULATED FOR THE SEVEN 

GRASSES: Panicimi maximiim vars. ti·ichoglume, coloratum and typica, Paspalum 
dilatatum, Pennisetitm clandestinum, Brachiaria decumbens AND Chloris gayana No. 6586 
GROUPED INTO PRODUCTIVITY PERIOD'S UNDER A SYSTEM OF MONTHLY 0uTS. 

27/3/40 25/ 6/40 22/10/40 20/12/40 
15/7/40 11/11/40 10/ 1/41 10/ 4/41 

Period of Growth 

21/3/41 
10/ 7/41 

20/ 6/41 
6/11/41 

17/10/41 
7/ 1/42 

16/12/41 
6/ 4/42 

' inclusive of Series I, Period 
II, and III. after Low. Rapid Zenith. Rapid Low. Rapid Zenith. Establish- Increase. Decrease. Increase. 

ment. 
----
Percentage contri-

bution to total 
production o-ver a 
period of 24 
months .. .. 22 9 9 20 4 2 9 25 

---- ----

Mean daily yield 
expressed in 
pounds green 
matter over a 
period of 24 
months .. .. 178 52 111 163 37 9 106 212 ---

.the mean daily yield over a period of 24 months, and these results are given 
in the form of histograms is Figures 12 and 13 for the seven grasses: Pa.nicimi 
maxiniiim vars. frichogl1.tme, colorn.twm and typica, Paspalion cl'ila:tativm, 
Pennisetum clctnclestinitni, Brcwhiairia, deciimbens and Chlon:s ga,yana1 No. 6586. 

A study of the productivity curves shown in Fig·ures 2, 3, 4, and 5-with 
the exception of the two gr asses Hyparrhenia ctiicfo and M elin11!s minidifior(J,--and 
the histograms in Figures 12 and 13 enables the following conclusions to be 
made:.,----.. 

(1) ·There is a phase of high productivity immediately following the 
period of establishment, when this period occurs inunediately before 
or at the commencement of the wet season. 
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FIG. 13. 

Showing the Mean Daily Yield in Various Productivity Periods of Seven Grasses 
cut at Monthly Intervals Over a Period of Two Years and Average Temperatures Duriug-
that Period. 
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(2) The division of each 12 months into four well-defined periods of 
productivity: ''rapid decrease,'' '' lmv, '' ''rapid increase,'' ancl 
''zenith,'' described previously, is clearly demonstrated. 

(3) 'There appears to be a positive correlation between yield ancl 
rainfall, temperature and length of day. 

( 4) A marked falling-off in yield is noticeable during the second period 
of 12 months from 'April to the end of October, in spite of a 
monthly application of superphosphate and blood (calculated on 
l/12th of the nutrients removed in the herbage during the first 
12 months) added to the plots after each cut over the second year .. 

(5) A rapid increase of yield occurs from November onwards during 
the second 12 months as a result of fertilizer application becom
ing effective (see Figures 4, 5, 8 and 9). During the dry winter 
period fertilizer showed no effect, but with the increase of 
temperature and rainfall during the spring and summer a marked. 
uplift in yield is obtained, which is in accordance with expectation .. 

;Exceptions to the General Pattern of Productivity. 
It is clear from Tables 2 and\ 21 that two grasses-Hyparrhenict a.iwta ai1cT 

Melinis niinittifiorar-shmv unusual behaviour when subjected to monthly 
cutting. 'The reaction of the latter grass, however, is quite different to that 
of H ypa1Thenia a.it eta .. The productivity figures fOT molasses grass indicate that 
monthly cutting in the first 12 months has merely upset the normal growth 
rhythm, as is shown by its regular development during the second 12 months. 
under monthly cutting, tproughout 24 months of two-monthly cutting and 
during 12 months under a. three-monthly cutting rotation. In short, molasses. 
grass possesses the same type of functional periodicity as the majority of the 
grasses examined. Hyp!arrhmuia aiu,c;ta, by contrast, shows that it possesses a 
different grm;\,rth periodicity from all the other grasses under each cutting 
treatment. 

Under a monthly cutting rotation, H ypct1Thenia aiicta. in the period 
following establishment-when most of the other grasses produced 20 per cent. 
or more. of their total yield for 24 months--ga:ve 8 per cent. only, -with an 
111.d.y. of 94 lb. (see Tables 2 and 18.) These :figures are easily the lowest in 
the group of grasses examined, with the exception of JJ!Jelinis niiniitifiora. In 
the ''low'' period 16 per cent. of the total yield is produced and the m.d.y. is 
143 lb. Actually, therefore, an increase in yield of 8 per cent. has occurred over 
the previous period whereas all the other grasses-except Melinis 1niriutifiora.
show decreases (see Figure 3) . During the "rapid increase" and "zenith" 
periods of the first 12 months H ypa1Thenia a-iwta follows the normal growth 
pattern, but in the ''low'' period of the second 12 months its behaviour is 
again abnormal, as it produces an increase of 1 per cent. of its total yield over 
the previous "rapid decrease" period when all the other grasses show 
decreases. H. aucta is again abnormal under a two-monthly cutting rotation 



42 J. L. SCHOFIELD. 

in that no "low" period of productivity comparable with the other grasses is 
shown during the :first 12 months (see Figure 7). In the second 12 months the 
productivity of JI. aucta remains practically constant from 30-5-41 to 26-9-41, 
yet all the remaining grasses show very marked decreases in yield (see Table 13 
and Figure 5). Under a three-monthly cutting rotation also JI. w1tcta shows 
no "low" period of productivity (see Figme 11). 

These results are important because t"hey demonstrate that, even under 
the rather extreme meteorological conditions of the Innisfail area, it is possible 
for a grass to show exceptional behaviour to the normal growth rhythm exhibited 
by the majority of grasses examined. In this connexion the fact that 
Hyparrhenia a.u\cta. is very similar to some of the native Andropogoneae shoukl 
not be overlooked. 'The collection of evidence to show that certain grasses clo 
possess a different g\rowth rhythm under the Innisfail ty,pe of climate was in 
fact one of the objects of this exp:eriment, and it explains why an unpalatable, 
harsh grass such as H. G!lWta was included. Observation in the :field had shown 
that the grass possessed a different growth rhythm_ and it was considered 
advisable to obtain exact quantitative data on the magnitude of this difference. 

Information which deals -with differences in productivity as ;between 
introduced and native species, especially ,in respect of early maturing types of 
herbage, rnr herbage which yields well over a difficult portion of the year, is a 
most important factor contributing to the efficient management of grassland, 
and to the composition of seed mixtures which aim at the production of 
nutritious herbage throughout the year. 'Therefore, the evidence presented of 
the abnormal behaviour of JI. a.iicta is significant. For although the grass 
is harsh and unpalatable, and is actually an int.roduction, it is nevertheless a 
member of an important tribe of grasses, the AndJropogonect,.e, which includes 
a number of native species. It is not suggested that some members of the 
native And.ropogonecte will also sho-vv deviatiions from the general pattern of 
productivity, but it is a matter which deserves investigation, especially in the 
lower-rainfall areas of Queensland. The fact that as the rainfall decreases 
so does the possibility of effectively using· introduced plants diminish and the 
importance of the native herbage species increase requires constant attention 
in the search for satisfactory herbage plants. 

Variations in Dry-matter Content as Influenced by Season and 

Monthly Cuts. 
Frequency of Cu~ting. 

The degree of variation in dry-matter content is of importance from 
the point of view of :intake of nutrients by gTazing stock at various times of 
the year. Table 5 gives the moisture-free and air-dried :figures for various 
grasses under a monthly cutting rotation during the :first 12 months. The 
dry-matter percentages reveal a marked seasonal fluctuation; further examina
·tion of this feature is facilitated by the selection of ten grasses for closer 
study. The dry-matter percentages of these ten grasses are given in Table 22, 
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together ·with data on mean dry-matter percentage and mean yield of green 
matter in tons per acre per harvest, and the mean daily rainfall figures in 
inches for the various harvesting periods covering all seTies. The fact that 
each harvesting period includes three cutting dates spaced approximately ten 
clays a.part, corresponding to each series, tends to make the means less sharply 
defined than if each series had been taken separately. Nevertheless, these 
figures are representative of the general trend of dry-matter variation. 

Date of Cut. 

26- 4- 40 
6- 5-40 .. 

16- 5-40 .. 

28- 5-40 .. 
5- 6-40 .. 

14- 6--40 .. 

25- 6-40 .. 
5- 7-40 .. 

15- 7-40 .. 

22-10-40 .. 
1-11-40 .. 

] 1-11-40 .. 

19- 2-41 .. 
.30- 1-41 .. 
10- 2-41 .. 

21- 4-41 .. 
.30- 4-41 .. 
9- 5-41 .. 

18- 7-41 .. 
29- 7-41 .. 

8-:- 8-41 .. 

17-10-41 .. 
27-10-41 .. 

6-11-41 .. 

15- 1-42 .. 
28- 1-42 .. 

4- 2-42 .. 

Table 22. 

SHOWING DRY-MATTER PERCENTAGES-MONTHLY CUTS. 

17·8 20·6 
21·6 19·9 19·3 20·6 18·8 20·3 0·57 2·64 

21·3 20·3 23·1 

18·4 19·5 
19·5 21·1 26·6 21·9 21·1 21·1 0·32 2·11 

19·9 21·1 21·5 

15·6 19·9 
19·5 25·0 19·1 . 18·8 26·6 22·4 0·26 1·91 

24·2 29·3 25·8 

32·8 3'H 
27·2 35·6 31·8 33·8 36·2 34·2 0·06 0·75 

37·4 39·2 31·4 

19·9 22·7 
16·8 15·fi 17·2 16·4 18·7 18·9 0·40 3·30 

17·6 22-'.'I 21·6 

18·0 14·1 
23·6 20·5 18·2 1·22 0·68 

14'1 19'8 14'8 

26·4 23·2 
23·9 27-7 23·8 25·1 27·3 0·25 0·13 

27'1 36·6 31-9 

31·0 54·7 
35·9 51 ·8 41·9 27·4 39·1 0·04 0·18 

36·1 33·8 

32·4 40·3 
18·7 14·8 14·0 20·0 21·6 0·13 2·44 

20·0 16·8 17·8 

The means of the dry-matter percentages for the various harvesting 
periods over 24 months show clearly defined seasonal trends, there being a 
strongly negative correlation with rainfall. Figure 14 illustrates how the 
period of minimum rainfall in each year is followed by high dry-matter content, 
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whereas the peak value for rainfall coincides ''rith minimum dry-matter content 
of the grasses. 
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:for Grasses cut at Monthly Intervals. 

Figure 15 shows the relationship between mean dry-matter percentage 
and mean yield under a system of monthly cutting. It will be noted that high 
yield tends to be associated wiith low dry-matter, but where low dry-matter 
content results from high precipitation, yield is not always high. Rainfall in 
the wet belt of coastal northern Queensland can be so high that-as already 
pointed out-instead of promoting productivity it actually retards it to a 
considerable degree. Thus, in the :first three months of 1941 the rainfall 
amounted to 81·07 inches, and in April a further 41·19 inches was recorded= 
The mean yield of 3.30 tons in February dropped to 0·68 tons green matter 
per acre in April,· which is equivalent to a reduction of over 79 per cent., 
although the corresponding dry-matter percentages showed little change at 
18·9 and 18·2, respectively. 'Table 22 shows that up to and including the 
''zenith'' period of the :first 12 months there is a negative correlation between 
mean dry-matter percentage and mean yield, but this is broken in the subse
quent "rapid decrease" period. The highest dry-matter percentage recorded 
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in Table 22 during the first 12 months is 34·2, corresponding to the latter 
portion of the '' lovv'' period of productivity, and the lowest figure is 18.9 
per cent., representing the "zenith" period. 

The dry-matter percentages for the second 12 months show the marked 
influence of two factors: excessive rainfall in April, and reaction to fertilizer 
application dming the latter part of the year. Excessive ,.rainfall in April, 
acting concurrently .. with the ''rapid decrease'' period of productivity, and 
folluwing three months of high rainfall, caused a very severe drop in yield, 
although the dry-matter percentage remained very low at 18.2. At the commence
ment of the "lm·v productivity" period the dry-matter percentage rose to 27 .3 
(see Table 22), and towards the end of the period a further increase to 39.l 
occurred, although the mean yield rose slightly as a result of fertilizer action 
becoming effective. In the ''zenith'' period there was a rapid drop in dry 
matter to 21.6 per cent., indicating the operation again of a negative correlation 
between dry-matter percentage andJ yield. 
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Two-monthly Cuts. 

Table 23 shows the variation in dry-matter percentage under a two
monthly cutting rotation. 'The figures show a similar seasonal trend to that 
observed under monthly ,cuttings, but there is a noticeable increase in the, dry
matter percentages of herbage cut at the same season of the year. Actually,. 
the cutting of the monthly and two-monthly rotations coincides on two occasions 
only, and the respective mean dry-matter percentages are given below:-

28/5/40 
5/6/40 

14/6/40 

15/1/42 
28/1/42 
4/2/42 

Date of Cut. 

} 
} 

Mean Dry-matter Percentage. 

Cut Monthly. Cut Two-monthly. 

21'1 24· 3 ( l 0 grasses) 

21·6 25·2 (9 grasses) 

These :figures show an increase in dry-matter in favour of the longer 
cutting rotation of 3.2 per cent. and 3·6 per cent. respectively. The remaining 
:figures in Table 23 are not strictly comparable because of di:ffierences in the 

Table 23. 

SHOWING DRY-MATTER PERCENTAGES-TWO-MONTHLY CUTS. 

~ 

ii "" "" 
Q) 

Cll ~ ~ ~ 
~ 

I>. I> ~ ~ 
Cll. 

~~ .~ ~ oO s Q) 

§~ §~ ~,.:) ~·~ § '1::1) 
Date of Cut. ~ .~ ~ .d ~~ ~t~ ~s ~~~ ~00 ;;:~ $ .... l:! i::.\Q ~ ~ . 

~~ ~·~~ ·~~ .~ § .~~ 
~.., 

~·~.§ .~;§ AQ) 

oiij .~~ c;> 

·~ ~:5 ~~ 
~~ ·§~'8 '§~ 1~ .... 0 

~~ ·~~~ .~.~ l=lfij 
~~ .siz ~~ ~p.; .... ~ 

~ A., A., R:j A., >ti >ti A., A., ~ -------------------- _ .. __ 
28- 5-40 24·2 18·4 
5- 6-40 24·2 23·0 36·7 23·4 2!1·6 24·3 

14- 6-40 20·3 24·2 21·9 

23- 9-40 38·0 36·7 
1-10--40 32·8 38·3 39·1 39·1 34·4 SM. 

11-10-40 36·0 42·1. 36·7 

21- 3-41 26·4 24·8 
30- 1-41 19·3 21·5 18·1 19·5 23·4 22·9· 
10- 2-41 23·4 25·9 2')·5 

20- 5-41 24'1 24·3 
30- 5-41 28·2 22·2 20·3 20·9 22·S 
9- 6-41 20·9 24·5 20·1 

18 -9-41 32·2 38·9 I•• 

26- 9-41 34·9 34·8 33·9 34·6 37'3. 
7-10-41 46·6 42·0 38·1 

15- 1-42 32·1 38·7 
28- 1-43 28·8 22·3 18·7 28·8 2rr2 
5- 2-!3 14·8 22·3 20·4 
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dates of cutting, but it can be stated that, in general, the longer cutting rotation 
tends to produce an increase in dry-matter content, a result in accordance with 
exp~ctation. 

Three-monthly Cuts. 

Figures for the dry-matter percentages covering the various harvesting 
periods are given in Table 24. Data on the mean dry-matter percentages of 
cuts where dates of harvesting of the various rotations coincide arB summarized 
below:-

Mean Dry-matter Percentage. 
Date of Cut. 

Cut Monthly, Cut Two-monthly. Cut Three-monthly. 
------
25/ 6/40 . . . . . . .. } 5/ 7/40 . . . . . . .. 22·4 . . 28·5 (10 grasses) 

15/ 7/40 . . . . .. . . 

23/ 9/40 . . .. . . . . } 37·3 37·5 (10 grasses) 
1/10/40 . . .. . . . . . . 

36·7 38·1 (9 grasses) 
11/10/40 . . . . .. .. 
21/ 3/41 . . .. .. . . . . 25·6 30· l (2 grasses) 

Table 24. 

SHOWING DRY-MATTER PERCENTAGES-THREE-MONTHLY CUTS. 

Date of Cut, 

25- 6-40 
5- 7-40 

15- 7-40 

23- 9-40 
1-10--40 

11-10-40 

20--12-40 
31-12-40 
10- 1-41 

21- 3-41 
31- 3-41 
10- 4-41 

24·2 18·0 

32·0 39·8 

30·2 34·1 

29·5 30·8 

32·8 28·1 28·5 25·0 34·4 28·5 
32·8 31·6 29·3 

35·2 39·8 39·1 36·7 35·9 37·5 
37-5 39·1 39·8 

44·2 34·1 35·5 35·9 44·1 · 33·4 
25·7 26·8 23·6 

32·8 19·5 18·0 24·2 25·8 28·0 
26·6 36·7 35·9 

These :figures reveal the same tendency for the._,dry-matter percentage to 
increase with the length of the cutting rotation as was observed in the 
comparison of the monthly and two-monthly cutting rotations. The mean 
dry-matter percentages for ten grasses harvested during the period 23-9-40 to 
11-1-40 corresponding to the two- and three-monthly rotations show an incre;:u;;e 
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of 0·2 per ce1+t. only in favour of the longer rotation. An examination of the 
individual dry-matter figures in Table 24 indicates that the main cause of this 
small difference is due to two grasses-Panicmn niaxinvwni var. typica, -vvhich 
has a high dry-matter content of 42.1 per cent. in the two-monthly rotation, and 
P. niaximiwn var. t1·icho,gl1,1mie, with a comparatively, low dry-matter content of 
32·0 per cent. in the three-monthly cut. A comparison of the respective mean 
dry-matter percentages after the elimination of these grasses gives a difference 
of 1·4 per cent. For the cut taken on 21-3-41 two gTasses only--Panicwm 
1ncix1i11iiwn. var. trichogl1Mne and Paspa<lmn dila:tatuni,--can be compared, but their 
average dry-matter percentages show a substantial increase of 4.5 for the 
three-monthly cut. Variations in individual dry-matter percentages, such as 
that of the two Guinea grasses cited above, are bound to occur due to differences 
in functional periodicity and other factors. Taking the results as a whole, 
however, the figures presented demonstrate clearly the increase of dry matter 
with the longer cutting rotation and the negative correlation of 

1
,dry-matter 

percentage with yield over a considerable portion of the year; that is, except 
for the periods previously mentioned, where, because of the depressing effect on 
yield of the prolonged wet season characteristic of the Innisfail area and ,the 
effect of fertilizer application made in the second 12 months, ;this negative 
correlation does not persist. In this connexion it is of interest to note Stapledon 's 
(1924) statement relative to the percentage of dry matter in green fodder under 
temperate conditions: ''Thus in '1· general way maximum yield of dry matter 
tends to be associated with minimum or approaching to minimum percentage 
of clTy matter in total produce.'' The same association holds good for the 
summer rainfall area of the very -vvet belt of coastal northern Queensland, except 
for the periods already commented upon. Paterson ( 1935) working in the 
West Indies with four different cutting rotations on elephant grass, Guatemala 
g1~ass and Uba cane found that herbage cut -vvhen the rainfall was comparatively 
light had a much lower moisture percentage than in the wet season and also 
that ''produce from the longer cutting rotations tends to have a higher 
dry-matter content than from the plots harvested more frequently." 

The increase of dry-matter content in accordance with the length of the 
cutting rotation is shovm ;gTaphically in Figure 16 for the first period of 
12 months and in Figure 17 for the second 12 months. 

In Figure 17 it \Vill be noted that the mean dry-matter percentage 
figures for herbage under monthly cutting are apparently higher at one stage 
than the :figures for two-monthly cutting. Actually this it not so, as the 
difference is caused by the non-coincidence of the dates of ha1:vesting of the 
two rotations at the period of "low productivity." The two-monthly rotation 
shows a higher dry-matter content than the monthly cut until October, 1941, 
and there is no doubt that, if a cut had been possible in late October or early 
November under the two-monthly rotation, the dry-matter content vrnnld 
have exceeded that of herbage from the monthly cut. 
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The exceptional behaviour of Cynodon plectosta.chy·U/ni (African star 
grass) calls for special mention. In Table 25 the dry-matter percentages of 
C. plectostachyimi under each cutting rotation are compared with the correspond
ing mean figures for five grasses in series II. : H y,parrhenia aiwta) Pa111iciirn 
rnaxirnmn var. coloratwrn, Bmdiia.ria p11,wp1urascens) -B. decwnibens and :Chloris 
gayana No. 6586. The outstanding, fact arising from an examination of this 
table is the high dry-matter percentage of C. plecfostachyiirn under each rotation 
and in each productivity period. In particular, the high drry-matter percentages 
during the period of "low productivity" are noteworthy. Thus, under the 
monthly rotation the dry-matter percentage for the latter portion of the "low 
productivity'' .period is 48-4, or 15-5 per cent. above the mean; under the 
two-monthly rotation the figure is 49.2, or 12.5 per cent. higher than the mean; 
and under the three-monthly rotation a dry-matter percentage of ,53-1 is reached, 
which is 15-8 per cent. more than the mean. However, during the ''zenith'' 
period there is a considerable fall in the dry-matter content of C. plectostachywn, 
although in no cutting rotation does the figure actually reach, or fall below, that 
of the mean of the five grasses in the same series. 

Table 25. 

SHOWING DRY·MATTER PERCENTAGES OBTAINED WITH Dynodon plectostachyum (AFRICAN STAR 
GRAss) UNDER MONTHLY, Two-MONTHLY, AND THREE-MONTHLY CUTTING RoTATIONS 

COMPARED WITH THE MEANS OF FIVE GRASSES IN SERIES II. 

.... 
0 
<l) 

ie 
A 

Cut 
Monthly . 

Cut 
Two-monthly. 

Cut 
Three-monthly. 

_____ , ___ --------------------------------
6- 5-40 
6- 6-40 
5- 7-40 
1-11-40 

30-- 1-41 

28·9 
30·5 
31·3 
48·4 
20·7 

20·0 +8·9 
22·0 +8·5 
21'8 +9·5 
32·9 +15·5 
11)·9 +3·8 

6- 6-40 

1-10-40 
30- 1-41 

33·6 

49·2 
21·9 

.. .. 
26·8 + '3·8 

36·7 +12·5 
20·4 + 1·5 

FIELD OBSERVATIONS. 

5- 7-40 
1-10-40 

31-12-40 
31- 3-41 

36·7 
53·1 
43·9 
27·3 

.. .. 
29·8 + 6·9 
37·3 +15·8 
38·8 + 5-1 
24·1 + 3·2 

Throughout this investigation notes were taken on all the gTasses prior to 
each cut. Field observations, in fact, formed a most important part of the 
exp·eriment and the salient features are summarized below. 

Condition of Grasses at the Discard Cut. 

The condition of a grass -when the first cut is taken will have a very 
important bearing· on its future behaviour. Stapledon (1924), referring to 
productivity studies with temperate grasses, states: ''A system started when 
the plants have attained to full heading will outyield a system started prior to 
such a date.'' Under tropical conditions it is- even more important that a grass 
be properly established before cutting or grazing is undertaken because of the 
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absence of a ''dead season,'' which, in the temperate zone, ensures a rest period 
and enab1es the storage of production reserves in, the plant. Care was: taken in 
this investigation to obtain a full stand of. well-established, vigorous plants in 
each plot prior to the first or discard cut. Planting was carried out mainly in 
early January and, as the summer in northern Queensland extends from 
January to March inclusive, this period is optimum for grmvth and satisfactory 
establishment because of the prevailing· high temperatures and copious rainfall 
characteristic of a summer rainfall area. 'The following notes summarize the 
observations made on the various g-rasses :-

Series I. Cut 27-3-1940. 

Pct,niciwn 11iaxi11iu1Jn var. trichogliwne: Seeding· heavily, about 6 ft. high. 
Paniciwn nwxim,.iuni No. 1202: No sign of seeding, about 7 ft. 6 in. high. 
Paniciwn maxini.iwn. No. 3783: No seed production, about 5 ft. high. 

CMwlvrus ciliaris: Seeding very heavily, 3 ft. 6 in. high. 
Digitaria mdlanjiana: Several flower heads ; about 3 ft. 6 in. high. 
Urochloa bolbo'des: Seeding heavily; about 1 ft. 6 in. high. 
Paspalitm clilatatumi: Seeding heavily; seed heads heavily infested with 

ergot; about 1 ft. high. 
Series II. Cut 4-4-1940. 

Brachiaria decum,,bens: Well-developed' seed heads; 3 ft. 6 in. high. 
H ypartr1ieniai aiwfo: Well-developed seed heads; 4 ft. high. 
Panioirni niaximitm No. 1200: Seed heads well developed; about 6 ft. high .. 
Panicimn 1n.a.ximmn var. colorcitiwn: Seed heads mature; 5 ft. 6 in. high. 
Bmchim·ia p1irpurasc:ens: No seed heads; runners 12 ft. long; herbage 

about 3 ft. high. 
Chloris ga1yana No. 6586: No flower formation; 3 ft. high. 
Cynodon plectostachiyitmi: No sign of flower formation; about 2 ft. 6 in_ 

high. 
Series III. Cut 15-4-1940. 

Paniomn maximumi var. typica: Excellent growth; about 7 ft. high;. 
seeding. 

Melinis minidifiora: Giving excellent bulky growth about 3 ft. 6in. high. 
Chloris gayana No. 6585: Seeding fairly heavily; about 3 ft. high. 
Penrnliseti[,m, dlC11Jidestinmn: .A very scanty growth about 1 ft. high; no• 

sign of flowering. 

Inflorescence Emergence . 

.A summary of field observations of inflorescence emergence in 11 grasses; 
is given in Table 26. "The observations are particularly interesting because 
they indicate the wide range of variation which occurs in the group of grasses: 
selected relative to the incidence, intensity and duration of inflorescence· 
production, and the association betvveen this latter and yield -vvith certain 
grasse2. 
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Table 

RECORD OF INFLORESCENCE EMERGENCE OVER A 

KEY: c.f. commencing to flower. 

l.f. light flowering. 

v.l.f. very light flowering. 

Low. Period of establishment. 

~--------Grass. 
1st 
cut. 

Panwum maximwm var. typica c.f. 

Pan-icwm maximwm var. v.h.f. 
coloratum 

Panicmn maximwn var. v.ll.f. 
triclwrJl'Ume 

Paspalwn dilatatwm c.f. 

H:l!Parrhenia aucta c.f. 

Brackiaria purpurascens e.f. 

B. decwmbens .. c.f. 

Ohloris (Jayana No. 6586 c.f. 

Ohloris (Jayana No. 6585 nil 

Pennisetum clandestinum nil 

111 el in is minutif ora nil 

2nd 
cut. 

nil 

c.f. 

m.L 

l.f. 

m.f. 

nil 

nil 

c.f. 

m.f. 

nil 

nil 

3rd 
cut. 

nil* 

v.1.f. 

m.f. 

v.I.f. 

v.l.f. 

nil 

nil 

v.h.f. 

m.f. 

nil 

nil 

*Very heavy seeding under three-monthly cuts. 
t Heavy seeding under two-monthly cuts. 
~:Heavy seeding under three-monthly cuts. 

4th 
cut. 

nil 

v.l.f. 

nil 

nil 

nil 

nil 

nil 

l.f. 

l.f. 

nil 

nil 

5th 
cut. 

v.l.f. 

l.f. 

rn.f. 

nil 

nil 

nil 

nil 

m.f. 

v.h.f. 

v.11.f. 

nil 

6th 
cut. 

l.f. 

l.f. 

m.f. 

nil 

v.l.f. 

nil 

nil 

h.f. 

h.f. 

l.f. 

nil 

7th 
cut. 

l.f. 

v.l.f. 

v.1.f. 

nil 

l.f. 

nil 

nil 

h.f. 

h.f. 

v.l.f. 

nil 

h.f. heavy flowering. 

v.h.f. very heavy flowering. 

m.f. moderate flowering. 

Rapid increase. Zenith. 

8th 
cut. 

v.l.f. 

nil 

v.l.f. 

nil 

l.f. 

nil 

c.f. 

v.l.f. 

v.l.f. 

nil 

nil 

9th 
cut. 

nil 

v.h.f. 

l.f. 

v.1.f. 

v.l.f.t 

nil 

l.f. 

nil 

nil 

nil 

nil 

10th 
cut. 

nil 

m.f. 

m.f.t 

m.f. 

m.f. 

nil 

l.f. 

nil 

v.l.f. 

nil 

nil 

11th 
cut. 

nil 

l.f. 

m.f. 

v.h.f. 

Y.J.f. 

nil 

nil 

nil 

nil 

nil 

nil 

12th 
cut. 

v.l.f.* 

l.f. 

!11.f. 

l.f. 

m.f. 

nil 

v.l.f. 

nil 

v.1.f. 

nil 

nil 
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26. 

PERIOD OF TWO YEARS UNDER A SYSTEM OF MONTHLY CUTS. 

Rapid decrease. Low. Rapid increase. Zenith. 

~~------
13th 14th 15th 16th 17th 18th Hlth 20th 21st 22nd 23rd I 24th 
cut. cut. cut. cut. cut. cut. cut. cut. cut. cut. cut. cut. 

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

nil nil nil nil nil nil v.l.f. nil nil v.l.f. nil l.f.-t 

nil nil nil v.l.f. nil v.l.f. v.l.f. nil h.f. v.l.f. m.f. v.l.f. 

v.I.f. l.f. l.f. l.f. nil nil v.I.f. l.f. h.f. l.f. h.f. h.f. 

v.l.f. nil nil nil nil nil nil nil l.f. h.f. l.f. v.h.f. 

v.l.f. nil nil nil nil v.l.f. v.l.f. l.f. v.h.f. l.f. l.f. v.l.f. 

nil .. .. . . .. .. .. .. .. .. . . . . 

nil nil nil nil nil nil nil nil l.f. v.I.f. v.l.f. v.l.f. 

nil v.l.f. v.l.f. v.l.f. v.l.f. h.f. v.h.f. m.f. v.l.f. nil nil nil 

v.l.f. v.l.f. v.l.f. v.l.f. v.l.f. v.l.f. v.l.f. h.f. l.f. nil nil nil 

uil nil nil nil nil nil nil nil nil nil nil nil 

nil nil nil nil nil nil nil nil nil nil nil nil 

Reul.arks .. 

Monthly cutting would appear 
to be too frequent for heav. y 

t inflorescence production, bu 
a marked periodicity occur 
in the longer rotations. 

Well marked periodicity_:.__th e 
times of free inflorescence 
development mark the corn-
mencement Of the zenith 
period of production in each 
year. Note the rapid 
inflorescence developmen '. 
during the 30 days prior 1 o 
the 9th and 21st cuts res1wc: 
tively. 

Well marked periodicity. 

Marked periodicity. 

t Monthly cutting is too frequen 
to allow of satisfactory flower 
production. Heavy seeding 
in the three monthly rotation 
preceded the zenith period 
of production. 

Very shy flower production. 

Shy flower production. 

No marked periodicity and no 
correlation between inflores-
cence production and yield. 

No marked periodicity and no 
correlation between inflores-
cenee production and yield. 

No marked periodicity and no 
correlation between inflores-
cence production and yield. 

Inflorescence formation can be 
prevented if the period 
between cutting or grazing 
does not exceed two months 
over the first two years. 
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P. niwriniimi var. typica 1 shows by its behaviour under monthly cutting 
that a period of 30 days: is not sufficiently long to allow of heavy inflorescence 
production. However, under the longer rotations, especially the three-monthly 
cut, there is a vvell-marked periodicity in the times of flovver-head formation. 
Furthermore, the results shovir that each of the varieties and strains of Panicif/ni 
niaximwni included in the study possesses this periodicity of inflor'escence 
production, in which free inflOTescence emergence marks a period of h1:gh yield. 
To take a specific example: P. m;aximilnt var. typica under a system of t'hree
monthly cutting produced its heaviest crop of seed heads at the harvest on 
15-7-40 (3rd cut in Table 26), when the peak yield equivalent to 11·4 tons 
of green matter per acre was obtained, which represents 41·5 per cent. of the 
annual crop. The next heavy seeding took place prior to the cut on 10-4-41 
(12th cut) vvhen a yield equivalent to 7.1 tons of green matter per aere was 
rncorded. Under a two-monthly rotation the hea:viest seeding occurred before the 
cut taken on 6-4-42 (24th cut in Table 26), vvhen a crop equivalent to 10.7 tons of 
green matter per acre was harvested, which represents 50·8 per cent. of the yield 
for the year. This association between inflorescence production and yield has 
been stressed by Stapledon (1924) in his work on temperate grasses. It is of 
considerable interest, ·therefore, to note that under conditions in the wet belt of 
tropical Queensland a similar relationship is apparent with some grasses. 

P. maximum var. colonttnm is outstanding among the grasses examined 
for its ·well-marked periodicity of inflorescence production, in which the times 
of free inflorescence emergence marked the commencement of the ''zenith'' 
period of production in each 12 months. P. max1irnmm var. trichoglwrne and 
Paspaliwn clilatatiwn also show, a marked periodicity of inflorescence production 

·which is linked with the periods of greatest growth. 

H yparrhenia aiwta does not display satisfactory inflorescence production, 
when the system of 'eutting is too frequent, as under the monthly rotation. 
In the two- and three- monthly rotations, however, there are ,periods of heavy 
seed production. A flush of flower heads occurs in both of these rotations prior 
to the first harvest after establishment. In the three-monthly rotation heavy 
seeding preceded the cut taken on 31-12-40, when the yield ·was equivalent to 9.1 
tons of green matter per acre-the highest of the four cuts covering the 12 
months. Ag·ain, in the two-monthly rotation heavy seeding preceded the cut 
on 30-1-41, ··which was equivalent to 13·6 tons of gTeen matter per acre, 
representing 42.6 per cent. of the yield for the first 12 months. However, 
the heavy seeding which occurred before the cut on 1-4-41 was not associated 
·with hig·h yield, but Virith low vitality. The stools of H. aiicta were almost 
dead and the heavy seeding vrns the provision made for the survival of the 
grass. 'The heavy and continuous rain of the wet season in 1941 almost 
resulted in the death of this species, and it was not until late August that 
signs of recovery were observed. The heavy seeding prior to the 11th and 12th 
cuts in the two-monthly rotation were associated with high yields, equivalent 'to 
5·2 and 8·6 tons of green matter per acre respectively. It can be concluded 
that H. aucta shows a periodicity of inflorescence production which is associated 
·with high yield, but the grass also exhibits exceptional behaviour relative to 
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seeding, as it is rather intolerant of the high moisture content of the soil which 
occurs during the prolonged wet season typical of the Innisfail area. 

Brachia,ria pit,.rpit,.rc1;scens is too shy in the production of flower heads 
under all cutting rotations for any information to be collected relative to 
periodicity. B. decit,.mbens is also shy in flmver head production under monthly 
cutting; under the longer i~otations heavy seeding occurred in the first 12 
months, but not in the second year. There. is a well marked periodicity of 
inflorescence production with high yield in this grass. Under the two-monthly 
rotation heavy seeding occurred prior to the cut taken on 30-1-41, :when 
the yield was equivalent to 13·5 tons of green matter per acre, representing 
29·7 per cent. of the total for 12 months. In the three-monthly rotation heavy 
seeding preceded the cut taken on 1-4-41, which was equivalent to 17·6 tons of 
green matter per acre or 33.1 per cent. of the total for the year. 

The two strains of Chloris gayana both produce flower heads freely, but 
there is no periodicity with the flush periods of growth. In fact, the lack of 
any association betvireen inflorescence production and yield is additional evidence 
of the unsuitability of the climatic conditions of coastal northern Queensland 
for the satisfactory development of this species. 

Pennis.etwni cla~nd1estinwni is quite different from the other grasses in 
that flower formation takes place in short herbage only, and the follovving notes 
were taken on the flowering of this grass : ''After the cut on 12-9-40 flowering 
commenced. Thei~e was little evidence of flowering on the 13th, but as each 
day passed flower production increased up to the 19th, when a count showed 
26 floweTS present per square foot. The number of flm·vers remained about 
constant until the encl of September. It was noted that the stigmas only 
·were exsertecl; no anthers vvere visible.'' This observation agrees with the 
description given by Eclwards ( 1937) of the Rongai ecotype, and Parker ( 1941), 
1-vriting of conditions in South Australia, observed that ''stigmas exsert in 
abundance, although the anthers appear to remain entirely 'l·vithin the florets.'' 
There is no association between flmvering and yield in this experiment and the 
ecotype of Kikuyu grass described above. 

Melinis niinit.tifioni under a system of monthly and two-monthly cutting 
€xtending over two years, and three-monthly. cutting for one year, did not 
produce any flower heads. Actually, this grass seeds very heavily when it is 
.spelled for a time in the gTazing paddocks, but under cutting' treatments in this 
€xperiment no flower heads were produced. It was also observed that this grass 
appeared to recover slowly after cutting. 

Condition of Grasses in1 April-May, 1942, After Two Y~ars under Monthly 
Cutting. 

Paniciwn 1naximimi ·var. frichogliime: Large stools; soft leaf 8 in. high; 
light flowering; healthy; two stools out of a total of 20 are showing a marked 
loss in vitality. 
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P. 11iaxi11vwrn var. colm·atil?n: Large-sized stools; tillering ·well; soft leaf 
3 ft. high; very light flowering; healthy. 

P. 1naxi11iwni var. typica: Large stools; tillering well; soft leaf 3 ft. high; 
very light flowering; healthy. 

Paspaliwn di"la.ta;tit.1n: Stools giving moderate cover only; leaf S in. high; 
heavy flo,.ver production, but badly infested '~rith ergot. 

H ypa.JThernia auda: Moderate tiller production only; this grass suffered 
severely under monthly and two-monthly cutting from April-July, 1941; gTovvth 
has been very uneven; many of the stools show marked lack of vigour and one 
has already died. · 

Brnchiaa·ia cl.ecumibens: Poorish cover; leaf 8 in. high; light seeding; 
towards the end of April, 1942, several bare patches 'vere observed, although in 
t Im two previous months the cover was good. 

Chloris gayctna No. 6586 : Very poor stools ; leaf 1 ft. 6 in. high; moderate 
seeding; heavy weed infestation. 

Chloris {/;aya1ia No. 6585 : Small stools ; leaf 2 ft. high ; poor cover ; 
moderate seeding·; heavy weed infestation. 

Pennisefom clandestinii1n: Poor cover; leaf 6 in. high; plots invaded by 
Agen'a,tiwn cdn.yzoides. 

1V1 elin.is 1rvinntijlom: Stools only partly covered with leaf, 3 in. long; 
discard rows show much more vigorous grovvth; leaf 15 in. high. 

Urochloa bol.bodes: Medium-sized stools; fair cover; leaf 6 in. high; no 
leaf discoloration ; no seed. 

Digita.ria, 1nilanjiainft: Medium-sized stools; poorish cover; leaf 3 in. high ; 
rather scanty growth in second year from July to September. 

A comparison of tillering· intensity, stool size and general growth under 
the three rotations showed that the drastic system of monthly cutting had a 
marked restrictive influence, which became very noticeable during the ''rapid 
decrease'' and ''low'' periods of productivity. These finding·s are in agreement 
with those of various vrnrkers in the temperate zone and of Paterson ('1935) 
on tropical grasses. 
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