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SUMMARY.

1. Nineteen pervennial grasses were subjected to monthly, two-monthly,
and three-monthly cutting treatments over a period of one or two years.

2. The grasses with two exceptions exhibit a phase of high productivity
immediately following the period of establishment, thereafter each twelve months
can be divided into four productivity periods: “rapid increase,” “ zenith,” “ vapid
decrease,” and “low.”

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

4. There is a marked falling-off in yield during the sccond twelve months
from April to the end of October, but a rapid increase in yield from November
onwards as a result of fertilizer applications becoming effective. Panicum
magvmum var. typica and Digitaria milanjiana show a marked response to
fertilizer applications.

5. Variations in yields of green matter and dry-matter are discussed in
detail. In general the longer cutting rotation gives higher vields of green matter
than the monthly cutting. The dry-matter content of the grasses is highest also
in the longest cuiting rotation. There is a negative correlation of dry-matter with
yield over a considerable portion of the year.

6. The exceptional behaviour of Melinis minutifiora and Hyparrhenia aucta
s discussed; it is shown that the latter grass possesses a different functional
pertodicity from that of the other grasses in the experiment.

7. The high dry-matier content of Cymodon plectostachywm under each
rotation and in each productivity period is commented upon.

8. A summary of observations on inflorescence emergence indicates a wide
range of wvariation, and n certain grasses the intensity and duration of
inflorescence production is associated with high yield.
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INTRODUCTION

The solution of the problems of grassland development 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 quote
Hammond (1938): ‘‘An extensive study of the duration of the rate of plant
growth (made from monthly cuttings from a given area) with rainfall and
temperature curves for all closely-settled distriets 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’’ of 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 produectivity eurves 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 involved
in contrasting the influences of different systems of cutting on grass productivity
under temperate conditions. In the tropies, 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. ‘

It is reported from Guam (Briggs, 1921) that the highest recorded annual
yield for Brachiaria purpurascens 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 carried out a number of important researches on tropical fodder
grasses. He reported a yield of 40 tons per acre per annum for Brachiaria
purpurascens ‘“when the cultural technique conforms to the one suggested as
appropriate.’’
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The green matter yield of Chloris gayane at hay stage in a fairly dry
district in Queensland 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.

Melinis minutiflore 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
vield of 9% tons per acre with this grass. :

Jacobson (1914) stated that a yield of 48 tons of green matter per acre
could be expected from Panicum maximum. In Malaya, the Department of Agri-
culture (1938) reported average yields of 13 tons of green matter per acre per
annum from Guinea grass grown 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
annum. Simpson (1940) has discussed the possibility, of a yield limit for a
particular type of soil, irrespective of the rate:of application of manure. He
stated in his summary that ‘‘there would appear to be no correlation between
vields of grass and planting distances between the limits of 4,840 and 10,390
plants per acre.”” Faulkner and Paterson (1942), in an interesting paper, have
commented upon the very low yields obtained from tropical perennial fodder
grasses in Malaya as compared with other places in the wet tropies, and they
suggest that the growth and yield of the ‘‘grasses so far tried at Serdang are
sub-normal and abnormal.”’

Paspalum. dilatatum 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 Pennisetum clandestinum in South Afriea
an average annual yield over a period of three years of 4 tons of dry matter.

EXPERIMENTAL PROCEDURE.

Preparation of the Experimental Area—The land selected for the
experiments had been cropped with sugar cane for about 15 years, and
planting of the experimental area was carried out following the harvesting
of a third ratoon crop. Analyses of the alluvial granitic schist of the blocks
(see Table 1) indicated that the soil was particularly 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 was
found to be 6.4 when determined early in the course of the experiment.
Mechanical analysis gave the following figures:—Coarse sand, 4.9 per
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 pervious to moisture, but
a hard, cement-like surface is formed after drying-out following rain. Tn fact.
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the soil exhibits the unsatisfactory condition associated with lack of humus conse-
quent; 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

Superphosphate .. 168 37 ..
Bone dust 56 13 2
Blood 28 34
Sulphate of ammonia 28 56 ..
Sulphate of potash 28 14

308 | 50 11 14

Grasses Used, and Height of Cutting.—To facilitate the ecutting,
weighing, drying and chemical analysis of the grasses, they were arranged
into three groups or series, with an interval of approximately ten days hetween
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 :—

Height of Cut

Series I.— in Inches.
Cenchrus ciliaris L, (buffel grass) .. .. .. .. .. 2
Digitarie milangjione Stapf (woolly finger grass) .. .. .. 2
Panicum mazximum Jaeq. No. 1202 (Hawaiian strain of Guinea

grass) .. .. . oo 12
Panicum maximavm Jacq. \To 3783 (Hawauan stra,m of Grumea

grass) . . 6
Panicum maximaum Jacq. var. h 1cho Jlume ( sle11de1 Gulnea grass) 4
Paspalum dilatatum Poir, (paspalum) 2
Urochloa bolbodes Stapi 2

Series 11.—

Brachiaria decumbens Stapf . . 2
Brachiaria purpurascens Raddi (Para grass) .. 2
Chlorts gayane Kunth. No. 6586 (Rhodes graSS—Commonwealth
Plant Introduction ex Kenya) .. .. . .. o4
Cynodon plectostachyum Pilg. (African star gr aqs) 2

Hyparrhenia aucte (Stapf) Stapf ex Stent .. .. ..o 2
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Panicum mazimum Jacq. No. 1200 (Hawaiian strain of Guinea

grass) .. .. . . .. .. .. .. 8
Pantcum maximum Jacq. var. coloratum C. T. White (purple-
topped Guinea grass) .. .. .. .. .. .. 4
Series ITI.—
Chloris gayane Kunth, No. 6585 (Rhodes grass—Commonwealth
Plant Introduction ex Kenya) .. .. . .. .. 4
Melinis minutiflora Beauv. (molasses grass) .. .. .. 4
Pamicum mazimum Jacq. No. 3820 (Hawalian strain of Guinea
grass) .. .. .. .. .. . .. .. 4
Panscum maxtmum Jacq. var. typica (common Guinea grass) .. 12
Pennisetum clandestinum Hochst, (Kikuyu grass) .. o2

Brachiarie purpurascens, Cenchrus ciliaris, Cynodon plectostachyum, and
Panicum mazimum Nos. 1200, 1202 and 3783, were grown for one year only,
while the others were grown for two years.

Pennisetum purpurewm Schum. (elephant or Napier grass) was included
in the original plantings but was discarded after the ninth month because of
infection by Helminthosporium, a parasitic fungus causing leaf damage. Infec-
tion was considerably more severe in the three-monthly cuttings than in the
monthly eutting rotation.

Table 1.

SHOWING ANALYTICAL DATA FOR THE SOIL OF THE
EXPERIMENTAL AREA.

Loss on ignition .. .. .. .. .. 7-8%
Organic carbon .. .. .. .. . 1-88%
Organic matter . . .. .. .. 3:239%
Nitrogen .. .. .. .. .. .. 0-175%
Fe,0;, Al,O,, &c. 23:8%
CaO ) 0-055%
o,
gfg Sol in HOIS.G. 11 .. 8:536/‘3/0
P,0; 0:153%
8i0, 65-26%
Replaceable bases in milli-equivalents per 100 grams—
Ca .. . .. . L . 0-1
K . .. .. .. .. . 0-26
Available PyO; in p.p.m... . . .o 20
PH .. . o 4.6

Planting.—Planting was carried out in 1940 at the commencement of
* the wet season. All the grasses except Pennisetwm. clandestinum were planted
from January 3 to January 18 ; P. clandestinum was planted on February 2. Seeds
of Cenchrus ciliaris, Chloris gayana, Melinis minutiflora, Panicum maximium
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Nos. 1200, 1202, 3783 and 3820, and Paspalum dilatatum were used; the
remaining grasses were propagated by means of single sections of tillers.

Layout.—The grasses were 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 rows were planted on the sides and
ends of the plot and the three parallel rows of grass were 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’’ pasture in South Awustralia the
optimum 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 Johnstone 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, d.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-row
searification, and rotary-hoeing between the blocks.

Method of Cutting, Weighing, and Drying.—The grasses were cut with
hand sheep shears. The discard rows were cut first and all the cut grass was
removed prior to cutting and harvesting the centre rows. The cut herbage
from the centre row in each of the plots due for harvest was placed on strins
of hessian and transferred to the laboratory for weighing, after which a 2 1b.
sample was selected by the random-grab sampling method. In the early cutting
rotations, samples were dried in an electrical drier, but this method was
discont'nued, as air-drying in a scrimp hag beneath an iron roof, under
conditions of good ventilation, was found to be quite satisfactory thloughout
the year. The grasses were air-dried until the weight was constant. No mould
growth occurred on any of the grasses.

Fertilizer Applications in Second Year.—Pasture yield studies by many
workers 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
harvest year to the next under conditions of defoliation which remove everything
from the sward and when no fertilizers are applied other than the initial
dressing.”” In order to offset this anticipated falling-off in yield, which of
course would tend to be accentuated under wet 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 whole 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,O,
analysis. Thus, 12 equal applications were made to the plots ecut monthly, and
six equal applications to the plots cut every two months. A relatively slow-
acting source of nitrogen was seleeted 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 beeame
effective following the onset of favourable meteorological eonditions.

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 hollows in the soil caused by
ploughing operations. The experiment considered as a whole, however, has
given reasonably close agreement hetween the replicates. The standard error
per plot expressed as a percentage of the general mean for the monthly and
two-monthly 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 Panscum
mazimum var. trichoglume and Paspalum dilatatum (series 1.); Hypwrhenia
aucta, Panicum mazximaum var. coloratum, Brachieria decumbens, B. purpurascens
and Chloris gayana No. 6586 (series I11.); Penmasetum clandestinum, Panicum
mazimum var., typice and Melinis minutiflora (series 1I1.).

In Table 2 the yields of the above ten grasses, expressed as percentages
of the total yield over two years (Brachiaiia purpurascens 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 Hyparrhenia cucta and
Melinis manutiflora, 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
II1.), when yields varying from 16 per cent. to 80 per cent. of the total yield
over two years are obtained. In the next growth period, extending from
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95-6-40 to 11-11-40, which corresponds to 118 days for each series, the yield
is low and varies from 5 per cent. in the case of Panicum maximum var. typica
to 15 per cent. with Pennisetum clandestinum. 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. with Panicum maximum var. trichoglume
and Paspalum dilatatum to 11 per cent. with Panicum mazimum var. coloratum
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 days, during which the yield percentages of the total productivity over
. two years vary from 18 with Panicum maximum var. typica to 23 with Chloris
gayana No, 6586. A similar type of growth rhythm occurs in the second 12
months, except that a period of rapid deerease of produectivity takes place from.
20-6-41 to 6-11-41 instead of the period of high productivity noted in the phase
immediately after establishment.

Stapledon (1924), in his studies on productivity at Aberystwyth, showed
that the herbage year (temperate zone) may be divided into five well-defined
periods: ‘‘awakening’’ period, ‘‘zenith’’ period, ‘‘gradually waning’’ period,
“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 Stapledon, these four periods have been named to
designate the type of productivity associated with each: («) 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),
(¢) a period of rapid decrease of yield from April to June (‘‘rapid decrease’”
period), and (d) a period of low productivity from July to October (‘‘low
productivity’’ period). There are, of course, no constant dates for the initiation
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.

The meteorological factors which might be expected to contribute to
-variations in grass productivity throughout the year are rainfall, temperature
and length of day. Particulars of the rainfall recorded at South Johnstone
during the course of the experiment, of temperatures at Innisfail (situated
9 miles from South Johnstone) throughout that period, and of the calculated
length of day at Innisfail are given in Table 3. Figures 1, 12 and 18 indicate
that the period of highest rainfall occurs at a time of the year when temperatures
are high and the days are long. Prescott (1938) has shown 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
wind following a period of heavy rainfall causes rapid moisture evapora-
tion and a Thigh transpiration rate. However, the water-absorbing
capacity of the soil decreases considerably in the ‘‘rapid decrease’”




Table 2.

Srowine THE PERCENTAGE VARIATION IN PRODUCTIVITY OVER A PERIOD OF 24 MONTHS oF INDIVIDUAL GrASsEs CUT AT MONTHLY INTERVALS AND
' GROUPED INTO PRODUCTIVITY PERIODS.

Percentage Contribution to Productivity over 24 Months of Individual grasses.

Number
Date of Cut. Days Series. Productivity Period. . 5
Growth. P 3:;"%,%%%2%@"”’ Paspalum dilatatum. Rainfall.
Per cent. Per cent.

25/ 6/401 ‘ 89 I After establishment 26 23 31-55

22/10/40 | = g 118 I |Low .. 8 9 8-65

20/12/40 k § g 58 I Rapid increase 7 7 5-57

21/ 3/41) & 90 I Zenith 18 21 65-83

20/ 6/41 o | 90 I Rapid decrease 5 8 75-96

17/10/41 | — & 118 I Low .. 2 1 4-78

16/12/41 ( g g 59 I Rapid increase 10 5 8-01

17/ 8/42 ] ' & 90 I | Zenith 24 26 27-81

Total .. 712 100 100
Hyparrhenia £ gmicunvzaL Brachiaria Brachiaria %Zﬁgz Rainfall.
aucta. coloratum. Rt S $ No. 6586.
5/ 7/40\ | 91 II | After establishment 18 51 25 30 31-94
1/11/40 ﬂ% 118 II | Low 16 6 10 10 12 4-79
31/12/40 ¢ E g 60 II | Rapid increase 12 11 9 9 9 6-22
1/ 4/41J g 90 II Zenith 24 22 30 20 23 81-07
30/ 6/41 o 89 II | Rapid decrease 2 3 4 5 60-81
27/10/41 P",_é’ 118 II | Low .. 3 1 1 3 4-04
29/12/41 ( E g 62 ITI | Rapid increase 10 9 8 6 8-24
25/ 3/42) - 83 II | Zenith 25 30 23 12 28-32
Total .. 713 100 100 100 100

0T

e
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chenmisetum Panicum, mavimim | Melinis minutifiora. Rainfall.

15/ 7/40 . [ 90 IIT After establishment 20 16 11 26-92
11/11/40 ~§ 118 IIL Low .. 15 5 17 5-31
10/ 1/41 E g 59 IIT Rapid increase 8 10 14 9-33
10/ 4/41 g 89 11 Zenith 22 18 14 103-43
10/ 7/41 & | 90 IIT Rapid decrease 7 3 6 35-02
6/11/41 "‘:'gt 118 IIT Low .. 1 1 3 4-77
7/ 1/42 g g 61 IIT Rapid increase .. 7 13 10 8-03
6/ 4/42 g 87 111 Zenith .. .. 20 34 25 27-80

Total .. 712 100 100 100

'TIEIA SSVED NO HNILLAD ANV NOSVHS 0 SILOELIHL
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period from April to June compared with the ‘‘zenith’’ period from January
to March, as a vesult of the cumulative effect of heavy rainfall and a decrease
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 oceurs in the April rainfall, a value that is rather critical in
respect to soil moisture and its effect on growth in a season of high rainfall
in the ‘‘zenith’’ period.

Table 3.
SEOWING METEOROLOGICAL DATA ¥OR THE INNISFAIL-SOUTH JOHNSTONE AREA ¥

RAINFALL IN INCHES AT SOUTH JOHNSTONE.

Average for
Month. 1940. 1941, 1042, 57 Years.
Innisfail.
January - . .. 26-61 21.95 555 20-04
February . . . 15-46 27-42 16-05 2265
March .. .. .. . 4711 31-70 6-00 26-73
April .. .. .. .. 1453 41-19 28-23 19-95
May .. .. .. . 854 1862 .. 1242
June .. .. .. .. 959 1-00 .. 7-23
July .. .. .. .. 2:03 1-38 .. 475
August .. .. .. 0-71 1-87 .. 4-91
September - .. .. 1-65 0-77 .. 3-52
October .. . .. 0-93 0-02 . 3:22
November .. . .. 4-54 6-23 .. 6:37
December .. .. .. 1-68 2:73 .. 11-70
Total .. .. 133-38 154-88 .. 143-49

TEMPERATURES—INNISFAIL.

Mean Maximum.

Year. Jan. | Feb. | Mar. | April. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Year.
1940 .. .. | 885 (900 | 854 | 825 |79:9 | 74-2 | 754 | 76-9 | 80-9 | 83-3 | 87-3 | 89-6 | 82-8
1941 .. .. | 877|873 |8656 |805 |77-0 752|753 755|802 |84-1)86-1 (882|820
1942 .. .01 91-3 192-7 | 90-7 | 85-0 .o
Average 26 years | 87-8 | 87-1 | 85-4 | 82:9 | 795 | 76:6 | 75-5 | 77-2 | 803 | 83-5 | 85-8 | 87-7 | 824

Mean Minimum.

1940 .. .. | 723|742 714|692 | 646 | 63:0 | 57-2 | 582 | 587 | 61:5 | 67-8 | 70-1 | 657
1941 .. - .. |730 (711|724 684 (651 590|545 |522|587|61-4|69-1]|698 646
1942 .. .. |71-8 17341700 | 69-8 .. . .o AN .. .. .. .. .e

Average 26 years | 72:1 | 71-8 | 70-3 | 67-3 | 63-1 | 59-6 | 57-4 |57-5 | 60-7 | 64-2 67-4 | 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—continued.

RerLaTivE HUMIDITY—INNISFAIL.
Mean 9 a.m.

Year. Jan. | Feb. | Mar. { April. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Year.
1940 .. ..\ 871 86 (89| 91| 88 92| 87| 87 82| 76| 74| 74| 84
1941 .. .. 871 88| 93| 93) 93, 88| 91| 83| 81| 75| 83| 75| 86
1942 .. Lo 760 79 86| 89
Average 28 years| 80| 84| 86| 8 | 8 | 8 | 8 | 83| 80| 76| 76| 77| 82
MonTHLY AvERAGE NUMBER OF HoURs SuNui¢HT PER DAy ar INNISFAIL (CALOULATED).
Hours and t

minutes .. |13-04/12-41{12-11| 11-41{11-16/11-03| 11-10{ 11-31{ 11-59{ 12-30{ 12-57| 13-11
13.20W

13.00 &

12,40 4

12,20 o

12.00 &

Hours and Minutes of Daylight per Day

11.40 J
11.20 4
11.00 T L] T T ¥ v ¥ L T T v LI
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec, Jan,
Fie. 1.
Showing the Average Number of Hours of Daylight Per Day in Each Month at
Tnnisfail.
Table 4.

SHOwWING AVERAGE MONTHLY RAINFALL IN INCHES DURING THE ‘‘ ZENITH ~° PERIOD OF
PRODUCTIVITY COMPARED WITH THE APRIL PRECIPITATION.

: Average of
e 1940. 1941. 1942. 57 years.
January-March average monthly precipitation
(““ zenith > period ) .. .. .. .. 29-73 27-02 9-20 23-14
Apmil . .. . .. o .. 14-53 41-19 28-23 19-95

Many examples may be quoted from Table 2 to show that the heavy rainfall
received during March and April, 1941, has served to lower yield. Panicum
maximaum var. trichoglume is taken as typical. During the ‘‘rapid increase’’
period 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.

8W
Panicum maximum var. typj€a, . .cu s immm—a o ¢ m——
. Panicum Mmaximum var. trichoglume —— —
- »>
Panicum maximum var, coloratum o 4 ————
Melinis minutiflora. « vt — e ——
64 Pennisetum clandestinum. .. .. .....
o
o 5
<
8 \
g
Q
%3 *
£ 49
2
£
he)
@ 3d
>-
2«
"

Fre. 2,
Showing Productivity Curves for the First 12 Months of Melinis minutiflora, Panicum
mazimum var, coloratum, P. maeximum var, trichoglume, P. mazimum var. typica and
Pennisetum clondestinum 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 productivity reaching its maximum value in the ‘‘zenith’’ period
(January-March). Then oceurs a ‘‘rapid decrease’” period (April-June), which
results from the combined effects of the following meteorological conditions:—
(#) a period of high rainfall followed by a marked decrease in precipitation:
(b) a gradual but steady decrease in temperature from March onwards; and
(¢) 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 growth
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 nitrogen accumulation in soils at South Johnstone, the results of 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,.

8a
Brachiaria decumbens, , ... —_—

Brachiaria purpurascens —_— ﬁ
74 \

Chloris gayana No, 6586 o ___ ., o

Hyparrhenja™ aucta. .. .. .. ;coe—— o ———

Paspalum dilatatum ... ... - / \

Yield in- tons per acre
IS
£

2

Fia. 3.

Showing Productivity Curves for the First 12 Months of Brachiaria decumbens,
B. purpurascens, Chloris gayana No. 6586, Hyparrhenia aucta and Paspalum dilatatum cut.
at Monthly Intervals.

Effect of Frequency of Cutting on Productivity.
Monthly Cuts.

Furst 12 Months—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 curves of these grasses over the same period are
shown in Figures 2 and 3. The behaviour of Hyparrhenia aucta and Melinis
minutiflora is clearly different from that of the remainder of the grasses, whose
curves illustrate the four productivity phases described previously. By means
of the analysis of variance the total yields of all the grasses have been compared.
The ¥ value for varieties was shown to be highly significant and the results are
summarized in Table 6. Brachiaria decumbens has a significantly higher yield
(at the 1 per cent. level) than any of the other grasses except Panicum marimuns
Nos. 1202 and 3820 and Hyparrhenia aucta.
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Table

SaowiNg MoNTALY PropUCTIVITY FIGURES FOR 12 MoNTHS OF VARIOUS (GRASSES IN TonNs
Yield Dry- Yield Yield Dry- Yield Yield Dry- Yield
Date of Cut. Gr?en. Mag/ger. TDrey. Grleeen. Mai;%er. Dll(?y. Grrfaeen‘ Mager. Dl;v'.

. o © 0
Series I. Urochloa bolbodes. . ngg“%g’ifga’l%;n Panicum mazimum No. 1202,
26— 4-40 .. 2-08 20-8 *0-43 337 17-8 *0-60 1.94 22:7 *(-44
28— 5-40 .. 2:67 20-3 *0-54 311 18-4 *0-57 245 24-2 *0-59
25— 640 .. 2:42 17-2 *#0-42 2-39 156 *0-37 1-85 20-3 *0-38
25— 7-40 .. 0-82 231 019 0-81 22:1 0-18 0:99 323 0-32
23— 8-40 .. 0-68 30-0 020 0-98 25-0 0-24 0-97 3009 | 030
23— 9-4C .. 0-60 30-4 0-18 0-57 29-3 017 1-11 32-1 0-36
22-10-40 . 0-64 | 307 *0:20 0-33 32-8 *0-11 0-71 344 *0-24
21-11-40 .. 1-26 32:8 041 032 376 0:-12 1-04 380 0-39
20-12—40 .. 3:43 297 1-02 2:16 30:4 0:66 4.76 320 1-52
20— 1-41 .. 313 21-1 - 066 2-39 21-1 0-50 542 21-9 1-19
19— 2-41 . 2-86 20-4 *0-58 2:23 19-9, *()-44 4-42 21-2 *0-94
21- 3-41 .. 2:31 18-8 043 1-55 20-3 031 317 21-9 0-69
Total 22-90 . 5:26 20-21 . 4-27 28:83 .. 7:36
Series T1. Hyparrhenia aucta. Cynodon plectostachyum. P ‘if?ﬁug'g’lom;%;fmf””

86— 5-40 . 1-00 21-6 *0:22 1.76 28-9 *0-51 3-04 19-9 *0-60
5— 640 .. 1-38 19-5 *0:27 1-67 305 *0-51 1-59 21-1 *0:34
5— T-40 . 1-43 19-5 *0-28 1-05 313 *(-33 1-29 25-0 *(-32
5— 840 .. 1-44 24-2 035 0-19 43-1 0:08 064 284 018
2— 9-40 . 1-74 24+2 0-42 0-84 365 0-31 0-54 324 0-17
1-10-40 . 2:17 273 0:59 0:50 42-8 0-21 0-33 409 013
1-11-40 .. 2:20 27-2 *0:60 0-55 484 *0-27 0-27 356 *0-10
2-12-40 . 2-51 297 075 072 36-8 0-26 0-95 32-8 031
31-12-40 .. 322 36-7 1-18 0-92 38-0 0-35 2:70 344 0-93
30— 1-41 .. 7-92 16-8 *1.33 2:12 207 *0-44 381 155 *0:59
28~ 2-41 B 1-35 20-3 0-27 1-60 234 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 1867 N 4-30
Series IIT. Pennisetum clandestinum. P a1z£fsf‘r?zt1%%2g7fblbnl Panicum mazimum No. 3820.
16— 5—40 e 0-93 21-3 *0.20 4-97 203 *1-01 3:01 21-3 *0-64
14— 6-40 . 0-98 19-9 *(3-19 1-36 21-1 *0-29 2-28 21-9 *0:-50
15— 740 . 2:07 24-2 *0:50 1-53 293 *0-45 1-05 254 *0-27
14— 8-40 o 1-01 207 0-21 073 30-0 0-22 0-90 24+5 0-22
12— 9-40 t 1-18 27-3 0-32 0-56 351 020 077 29-7 0-23
11-10-40 o 0-49 328 | 016 0-43 439 0-19 0 75_ 381 0-29
11-11-40 e 0-31 374 *0.12 0-55 39-2 *( 22 0-88 326 *0:29
11-12-40 e 0-78 340 0-26 2-26 32-0 072 2:73 289 0-79
10- 1-41 o 0-90 254 . 0-23 2:71 29-7 0-80 4-27 24-2 1-03
10- 241 c 1-91 17-6 *0-34 371 226 *0-84 4-85 20:0 *0-97
11- 3-41 . 1-40 15-6 0-22 2-69 227 0-61 2:74 20-3 0-56
10~ 4-41 o 0-96 17-2 0:-16 2:15 234 0-50 192 22-7 0-44
Total .. | 12-92 .. 2:91 2365 .. 6-05 26-15 .. 6-23

* Moisture-free figures.
+ Air-dry figures contain from 21 to 3.8 % moisture with a mean of 3-2 %.
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5.

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

Yield Dry- Yield Yield Dry- Yield Yield Dry- Yield Yield Dry- ‘Yield
Green, Ma‘t);/ter. Dry. Green, Mag/ter. Dry. Green. Maf);/ter. Dry. Green. Maagtet. Dry.
o .

(] (] (3

Panicum maximum No. 8783. Digitaria milanjiona. Paspalum dilatatum. Cenchrus ciliaris.

277 190 | *0-53 1-25 189 | *0-24 1-256 20:6 | *0-26 1-91 187 | *0-36
3-71 21-9 | *0-81 1-31 21-1 | *0-28 203 19-5 | *0-40 2-50 17-2 | *0-43
1-69 18-8 | *0-32 0-95 189 | *0-18 2:01 19-9 | *0-40 1-81 156 | *0-28
0-54 | 31:0 017 033 27-9 0-09 0-68 29-2 0-20 0-34 270 0-09
070 30-6 0-21 0-52 33-3 0-17 0-35 35-2 0-12 0-26 39:7 0-10
0-61 36-1 0-22 0-43 333 0-14 0-61 38-8 0-24 0-44 39-7 017
0-58 35-1 | *0-20 0:30 32-7 | *0-10 0-44 364 | *0-16 0-36 370 | *0-13
0-70 39-3 0-27 0-40 43-4 017 0-46 | 475 0-22 0-46 45-4 0-20
2:88 | 289 0-83 1-69 31-2 0-53 1-19 351 042 1.28 32-8 0-42
333 | 211 070 2-83 211 0-60 1-97 242 | 048 2:67 17-2 0-46
2-32 203 | *0-47 2-13 20:3 | *0-43 1-84 22-7 | *0-42 2:15 22:1 | *047
1-96 23-4 0-46 1-51 23-4 0-35 1-02 21-1 0-21 1-11 25-0 0-28

21-79 .. 5-19 1 13-65 .. 328 | 13:85 .. 353 | 1528 .. 3-39

Panicum mazimum No. 1200. Brachiaria purpurascens. Brachiaria decumbens. Chloris gayana No. 6586.

163 | 222 | *0-36 3-69 19-3 | *0-71 560 206 | *1-15 1-76 18:8 | *0-33
1.79 20-5 | *0-37 2:85 266 | *0-76 378 21-9 | *0-83 2-37 21-1 | *0-50
1-56 221 | *0-35 2:20 19-1 | *0-42 3:55 18-8 | *0-67 1-06 26-6 | *0-28
1-01 26-4 0-27 0-37 286 011 1-19 266 0-32 0-60 239 0-14
0-82 29-8 0-24 061 275 017 1-56 32:0 0-50 0-61 273 0-17
0-81 31-8 0-26 0-49 36-9 0-18 1-12 32:8 0-37 0-53 34-8 0-18
0-63 289 | *0-18 030 31-8 | *0:09 | 134 33-8 | *0-45 038 36:2 | *0-14
0-99 29:0 0-29 0-75 27-3 0-20 2:10 25-8 0-54 0-75 34-3 0-26
1.28 32:8 0-42 0-84 28-2 0-24 2-54 35-9 0-91 0-78 22:3 017
2:04 16:3 | *0-33 2:60 17-2 { *0-45 4:82 164 | *0-79 1-83 18:7 | *0-34
1-24 17:3 0-21 1-00 20-3 0-20 2-45 21-1 052 1-22 21-1 0-26
0-79 175 0-14 1-64 16-4 0-27 3:28 180 0-59 0-98 | - 164 016

14-59 .. 342 | 17-34 .. 3-80 | 33-33 .. 7-64 | 12-87 . 2-93

Chloris gayana No. 6585. Melinis minutiflora.

3-46 20-0 | *0-69 0-82 23-1 | *0-19
2:07 | 2I'1 | *0-44 1-70 21:5 | *0-37
1-96 254 | *0-50 1-56 25-8 | *0-40
0:84 28-2 0-24 1-44 19-5 0-28
0-65 29-2 0-19 2-00 25-8 052
0-43 357 0-15 1-47 32-8 0-48
0-37 349 | ¥0-13 1-35 314 | *0-42
1-21 28:3 0-34 2:28 289 066
1-88 26-6 0-50 2:70 22.7 0-61
1-96 233 | *0-46 2-38 216 | *0-51
1-46 22-7 0-33 1-67 18-8 0-31
1-47 26-6 0-39 1-15 234 0-27

17-76 .. 4-36 | 20-52 . 502

B
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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 Trinidad
experiments, however, the nutrients applied as-artificial fertilizer amounted to.-:
55 1b. N, 50 1b. P,0,, and 65 1b. K,0 per acre, whereas in the Queensland’
experiments the corresponding amounts were 11 1b., 50 1b., and 14 Ib. Further-
more, a third ratoon erop of sugar cane had been harvested from the experimental
area just prior to laying down the grass plots.

Table 6. .
MonTtrLY CUT—FIRST 12 MONTHS.

Summary of Results—Qreen Matter.

‘ YM?gn » Significance Table. : o
ield in ercentage -
Grass. pe'xlr‘?(?re. v of Mean. ) 1 If§v‘;?f‘t‘ 5 I?g éient' - ’, ..
1. Brachiaria decumbens 33-3 1682 |> Nos. 5-19 |> Nos. 4-19
2. Panicum maximum No. 1202 28-8 1454 > Nos. 10-19 |> Nos. 7-19
3. Hyparrhenia aucta . .. . 283 1429 ditto ditto
4. Panicum maximum No. 3820 .. 262 1823 |> Nos. 13-19 |> Nos. 1019
5. Panicum maximum var. typica . . 237 119-7 > Nos. 14-19 |>> Nos. 13-19
6. Urochloa bolbodes .. 229 | 1156 |> Nos. 15-19 |>> Nos. 13-19
7. Panicum maximum No. 3783 .. 21-8 | 1101 > Nos. 17-19 |> Nos. '13-19
8. Melinis minutiflora .. .. 1205 | 1035 Nosignifi- |> Nos. 15-19"
' ' ' cant ‘ '
) difference
9. Panicum maximum ver. trickoglume 202 i 1020 > Nos. 16-19
10. Panicum mazimum var. coloratum 187 94-4 No signifi. =~
cant ‘
: ‘ difference -
11. Chloris gayana No. 6585 . 177 89-4 '
12. Brachiaria purpurascens = .. 17-3 87-4
13. Cenchrus ciliaris . . .. .. 15-3 7173
14. Panicum mazximum No. 1200 .. 14-6 737
15. Paspalwm dilatatum . . 13-8 69-7
16. Digitaria milanjiana .. .. 136 687
17. Cynodon plectostachyum .. 12:9 65-1
18. Chloris gayana No. 6586 .. 12-9 65-1
19. Pennisetum clandestinum .. 12:9 651
Mean .. .. .. . 19-8 100-0
SE. - .. e . v 2-18 11-01 :

Standard error of the difference between two means = 11-01 \/ 2 = 1567,

2:101 P = 05 required difference 32-71

using the ¢ test, n = 18 {2~878 P =01 44-81.

Second 12 Months—Table 7 gives details of the yields obtained at ea.ch‘
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.

Srowine MoxnTHLY PrODUCTIVITY FIGURES OF SELECTED GRASSES FOR SECOND 12 MONTHS

1N ToNs GREEN MATTER PER ACRE.

Panicum s
AT bovodes, | mamimn va. |, gk i
Total 1st 12 months .. 22-90 20-21 13-65 13-85
21— 4-41 0-62 0-84 156 109
20— 541 0-44 0-39 0-62 0-52
20— 6-41 0-35 0-40 0-36 0-25
18— 7-41 013 0-17 0-09 0:06
18— 8-41 008 011 0-01 0-03
18— 9-41 021 0-30 0-10 0-10
17-10-41 012 015 0-13 0-04
17-11-41 1-13 1-52 0-61 048
16-12-41 2:06 1-90 1-45 065
15— 1-42 074 0-39 0-46 0-20
12— 2-42 556 561 3-96 2-92
17— 3-42 244 2-00 267 2-80
Total . 13-88 13-78 12-02 914
Grand Total 36-78 © 33.99 25-67 2299
. Panicum Lo .
Serlos I1. Hugarhenis | g var. | Brocarie | Oteris gayana
Total 1st 12 months .. 28-28 1867 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 0-26 008 018 0-09
29— 8-41 0-23 0-07 0-07 013
26—~ 9-41 0-37 0-11 0-21 017
27-10-41 0-28 0-08 0-14 0-20
26-11-41 2:19 1-34 2-81 0-58
20-12-41 2:45 153 1:40 052
28— 1-42 2:85 2:57 3-25 052
23— 2-42 742 560 627 1-20
25— 3-42 1-06 1-48 2:26 0-28
Total . 1811 13-96 18-87 4-48
Grand Total 46-39 32:63 52:20 17:35
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Table 7—continued.

SEHOWINT: MoNTHLY PrRODUCTIVITY FIGURES OF SELECTED (RASSES FOR SECOND 12 MONTHS

1N ToNs GREEN MATTER PER ACRE—continued.

Soris IIL. it | e v, | CHorigane | pidinie
Total 1st 12 months .. 12-92 23-65 17-76 20-52
9- 541 0:70 0-74 0-68 1-04
9- 641 0-46 0-30 0-55 0-74
10— 7-41 0-24 0:23 023 0-23

8- 8-41 0:08 011 0-11 017

9— 9-41 0-01 0-17 0-06 0-21

7-10-41 005 0-23 0-04 051

6-11-41 .. 0-30 .. 0-25

5-12-41 0-80 419 074 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 1-00 240

6- 4-42 0-33 3-54 0-57 1-97

Total . 6-77 2463 552 15-74
‘Grand Total 19-69 48:28 2328 36-26
Table 8.
MontaLYy Cur—SECcOND 12 MoONTHS.
Summary of Results—Green Matter.
Significance Table.
: Mean
Grass. Yield in Percentage
Tons of Mean. 1 per cent. 5 per cent,
per Acre. Level. Level.

1. Panicum maximum Var. typica .. 24-6 187-8 > Nos. 2-12 ..

2. Brachiaria decumbens 189 144-3 >Nos. 6-12 | >Nos. 5-12

3. Hyparrhenia aucta 18:1 138-2 > 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. Urochloa bolbodes .. 139 106-1 ditto ditto

7. Panicum maximum var. trichoglume 13-8 105-3 ditto ditto

8. Digitaria milanjiana 12-0 91-6 >Nos.10-12 ..

9. Paspalum dilatatum 91 69-5 No >Nos. 11
significant and 12
difference

10. Pennisetum clandestinum 6-8 519 No significant
difference
11. Chloris gayana No. 6585 5:5 42-0
12. Chloris gayana No. 6586 45 34-3
Mean .. 13:1 100:0
S.E. 1-13 8:62

Standard error of the difference between two means = 8-62 \/ 2 =12-19

using the t test, n = 11

f2~201 P = -05 required difference 26-83
3106 P = -01

37-86.
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Panicum maximum var, typica...... —_— o m—

Panicum maximum var. trichoglume

Panicum maximum var, coloratum

Melinis minutiflora. .. .. ........ e ——— o — / \

*]
74

6

1941 1942
Fia. 4.

Showing Productivity Curves for the Second 12 Months of Melinis minutifiora,
Panicum maximum var. coloratum, P. maximum var. trichoglume, P. maximum var. typica
and. Pennisetumn clandestinum cut at Monthly Intervals.

Brachiaria ‘dec.umbens. e ——e 8 ——

Chioris " gaydna No. 6586 e m o ¥

Hyparrhenia aucta, %, o v e /\
Paspalum dilatatum . o o ’ﬁ\

1941 1942
Fi6. 5.

Showing Productivity Curves for the Second 12 Months of Brachiaria dccumbens,
Chloris gayana No. 6586, Hyparrhenia aucta and Paspalum dilatatum cut at Monthly
Intervals.
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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 applieation 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 Panicum mazximum var. typice 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 YIBLDS OF GREEN MATTER FROM MONTHLY CUTS OVER THE FIRST 12 MoONTHS
' COMPARED WITH THOSE FOR THE SECOND 12 MoNTHS AND WITH TWO-MONTHLY AND
THEREE-MONTHLY CUTTING ROTATIONS.

Monthly Yields Expressed as a Percentage of Column 1.
Cuts First
Rotal Vieid Two
SS. reen Matter Two- Three- o
- Cions | ntily, | monthly | ouieRiit | it Reetna
: 12 Months. | 12 Months. @ 1S, (ggl s
(1) (2) (3)
Panicum maximum var. typica .. 23-7 83 116 104 89
Panicum mazimum var. trichoglume 20-2 79 92 68 49
Panicum mazimum var. coloratum . . 187 129 84 75 89
Brachiaria decumbens .. .. 33-3 137 159 57 65
B. purpurascens .. .. . 17-3 120 128 . ..
Hyparrhenia aucta . . .o .. 28-3 113 106 64 57
Melinis minutiflora .. .. .. 20-5 99 130 77 75
Pennisetum clandestinum . . .. 12:9 97 106 53 50
Chloris 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 Chlloris gayana No. 6586, and that the least
reductions were shown by Melinis minutiflora (23 per cent.) and Panicum
maximasn var. coloratum (25 per cent.). The reduction in yield of 43 per cent.
by Brachiarie decumbens 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 Panscum maximum var, typice 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 Panicum maxvmam var. typice 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 Panicum mazimam var.
typica 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 1b. (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
gayane No, 65686 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.

Summary of Results—GQreen Matter.

Significance Table.
Grass. Yli%(legtin Pgtl“ %%Ié;z;%e
Tons 1 per cent. 5 per cent.
per Acre, Level. Level.
1. Brachiaria decumbens .. .. .. 52:2 158:2 > Nos. 4-12
2. Panicum maximum var. typica . 48-3 146-4 ditto
3. Hyparrhen'ia aucta .. . .. 46-4 1406 ditto
4. Urochloa bolbodes .. .. .. 36-8 111-5 > Nos. 8-12
5. Melinis minutiflora .. .. .. 36-3 110-0 ditto ..
6. Panicum maximum var. trichoglume .. 34-0 103-0 > Nos. 9-12 |[>Nos. 8-12
7. Panicum maximum var. coloratum . 32-6 98-8 > Nos. 10-12 |>Nos. 8-12
8. Digitaria milanjiana . . .. .. 25:7 77-9 No > No. 12
significant
difference
9. Chloris gayana No. 6585 . .. 233 706 .. No
significant
difference
10. Paspalum dilatatum . .. .. 23-0 69-7
11. Pennisetum clandestinum .. .. 19-7 59-7
12. 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 \/ 9 =916
. _ f 2:201 P = -05 required difference 20-16

using the ¢ test, n = 11 13-106P = .01 9845

decumbens, Pawicum mazimum var. typice and Hyparrhenie oucte are the

highest yielding grasses; the lowest yielding are Chloris gayane Nos. 6585 and

6586, Paspalum. dilatatum and Penmisetum clandestinum.

Two-monthly Cuts.

~ Pirst 12 Months—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.

SrowiNG Two-MmoNTHLY PropUCTIVITY FIGURES OoF VARIOUS GRASSES FOR 12 MONTHS IN
ToNS GREEN MATTER PER ACRE.

Pani . X
Series I. Urochloa T P i Panicun Digitaria | Paspalum | Cenchreis
Date Cut. bolbodes. trich‘;ghme. No. 1202. No. 3788. tana. | di . ctliaris.
28— 5-40 .. 6-96 4-60 559 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 0-95 076
20— 1-41 .. 8:33 . 4-18 11-67 7-89 5-49 4-68 4-54
21— 3-41 .. 558 - 2-80 8-17 506 4-22 4-35 371
Total .. 26-75 15-95 30-24 27:23 15-31 17-85 16-70
Panicum . - .
: . Cynodon ) Panicum Brachiaria ) Chloris
Series IT. Hyparrhenia s Brachiaria
Date Cut, | auatn, | getet | "ar " | gasien | pumie | geiens, |
5- 6-40 .. 3-06 3-62 5-51 321 599 15-83 4-04
5— 840 .. 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 . 3:50 077
30— 1-41 .. 13-57 4-16 9-22 4-19 6-52 13:53 3-60
1- 441 .. 3:70 3567 4-54 2-36 324 6:32 2:07
Total .. 31-88 16-31 24-10 16:41 20-83 45-50 12-96
Pani . .
Series II1. Pennisetum 2 Panicumn Chloris Melinds
Date Cut. clandestinum. . y‘;)a%rc;l . No. 3820. No. 6585. minutiflora.
14—~ 6-40 .. 2:39 6-10 7-98 5:96 4-31
14— 840 .. 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 .. 1-15 2-32 3-16 2:01 3:52
10— 2-41 .. 2-48 6-19 8-88 6-23 536
10- 4-41 .. 309 2-93 375 3-87 2:32
Total .. 12-52 19-69 26-91 2171 20-37

Figures 6 and 7. The curves show that, except for Hyparrhenia aucta, the same
four productivity phases occur under a system of two-monthly cutting as in the
monthly cutting rotation. Melinis minutiflora under a two-monthly cutting
rotation follows the same general productivity curve as the other grasses, in
contrast to its behaviour under monthly cutting. Hyparrhenio aucta shows no
reduction in yield from June onwards corresponding 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 decumbens has a significantly higher yield than any of
the other grasses. Pownicum 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 Pantcum mazimum
var. typica and P. maxzimum var. trichoglume, while Melinis msnutiflore and
Pennisetum clandestinum each yielded approximately the same amount under
the two treatments.

Table 12,

Two-moNTHLY CuT—F1IRsT 12 MONTHS.

SumMy of Results—Green Matter.

Significance Table,
G Ylg%elzg,r;n Percentage
128S.
por Rawe, | M| apereont |5 por cont.

1. Brachiaria decumbens 455 2059 > Nos. 2-19 ..

2. Hyparrhenia aucta 319 144-3 > 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 1231 > Nos. 13—-19(> Nos. 11-19
5. Pawnicum maximum No. 3820 26-9 1217 > Nos. 13-19(> Nos. 11-19

6. Urochloa bolbodes 267 120-8 ditto ditto

7. Panicum maximum var. color atum 24-1 109:0 >No0s.18&19|> Nos. 13-19

8. Chloris gayana No. 6585 .. 21-7 982 | No >Nos.18&19

: significant
difference

9. Brachiaria purpurascens 20-8 94-1 >Nos.18&19
10. Melinis minutifiora 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. Cenchrus ciliaris . . 16-7 756
14. Panicum mazximum No. 1200 16-4 74-2
15. Oynodon plectostachyum 16-3 737
16. Panicum maximum var. £ whoglume 15-9 71-9
17. Digitaria milangiana 153 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

using the # test,n = 18 {

01

2:101 P = 05 required difference 31:32
2:878 P =

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. -

SEOWING Two-MONTHLY ProDUCTIVITY FIGURES OF SELECTED (GRASSES FOR SECOND 12

MonTaS IN ToNS GREEN MATTER PER ACRE.

27"

. Panicum o
Date Cut. Urochl h Digit Paspal
Sories 1. bolbodes. mazmn VAL | piingiana. 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 1-16 0-92 0:39 0-39
15— 1-42 4-08 2:35 1 2-21 1-12
17— 3-42 814 5-32 11-88 6-81
Total . 15:32 993 16-65 10-71
Grand Total 42:28 25-88 31:96 28-56
. Panicum Lo N
H; he h Brach Chl
Soros . parenis | antmn s, | Brackiia | Chlrisgayona
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 0-35 053 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 lj35
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 6704 1990
: Panicu . .
Total 1st 12 months .. 12-52 19-69 2171 20-37
9- 6-41 1-63 0:56 150 1.31
8— 8-41 0-20 015 0-30 027
7-10-41 0:08 - 020 0-16 0-54
5-12-41 0-64 2:18 1-29 2:17
4- 2-42 1-36 7:22 371 4:75
6~ 4-42 2:51 10-66 4-06 6-39
Total .. 6:42 20:97 11-08 1543
Grand Total 18:94 4066 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 Panicum maximum var. typice and Digitaria
malanjiana, both of which show small inereases. The appropriate productivity
curves are shown in Figures 8 and 9; these demonstrate the marked effect from




28 J. L. SCHOFIELD,

Table 14.

Two-moNTHLY CUT—SECOND 12 MONTHS.

Summary of Results—Green Maiter.

YM%D . Significance Table.
Grass. ield in Percentage
ver Rare, | M| et |8 o ont

1. Brachiaria decumbens 215 1536 > Nos., 3-12 ..

2. Panicum maximum var. typica 21-0 1500 > Nos. 5-12 |> Nos. 3-12

3. Digitaria milanjiana 166 1186 |>Nos. 8-12

4. Panicum maximum var. colomtum 16-6 118-6 ditto

5. Hyparrhenia aucta 16-1 115-0 ditto .

6. Melinis minutiflora 154 110-0 > Nos. 10-12{> Nos. 8-12

7. Urochloa bolbodes 15-3 109-3 ditto ditto

8. Chloris gayana No. 6585 111 79-3 No ~>Nos.11&12

significant
difference

9. Paspalum dilatatum 10-7 764 ditto
10. Panicum maximum var. tmchoglume 99 70-7 > No. 12
11. Chloris gayana No. 6586 7-0 50-0 No

. significant
difference
12. Pennisetum clandestinum 6-4 45-7
Mean 14-0° 100-0
S.E. 1-11 7-93

Standard error of the difference between two means = 7~93\/ 2= 11-21

2-201 P = -05 required difference 24-67
3106 P = -01 34-82

using thet test,n = 11 {
November onwards of fertilizer application during the second 12 months. The
largest decrease (53 per cent.) occurs with Brachiaria decumbens, while decreases
of 49 per cent. are shown by Chloris 'gayana No. 6585, Hyparrhenia aucte and
Pennisetum clandestinum. Panicum mazimum vars. trichoglume and coloratum
show decreases of 38 per cent. and 381 per cent. respectively, and Melinis
minutiflora shows the smallest decrease (24 per cent.).

The marked reaction of Panicum maximum 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 produced 44 per
cent. of its total yield for a period of 24 months. Digitaria milanjiona produced
44 per cent. of its total yield from November 17, 1941, to March 17, 1942. It
can be stated, therefore, that Panicum maximum var. typice under both monthly
and two-monthly cutting rotations, and Digitaria milanjiane 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 Pamicum
maximam var. typice plots was equivalent to 12 ewt. blood and 3.8 ewt. super-
phosphate per acre for the plots eut monthly, and 8.8 ewt. blood and 2 cwt.
superphosphate for the plots cut at two-monthly intervals. The plots of Digitaria
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malanjiana cut every two months received a total amount equivalent to 8 cwt.
per acre of blood and 1.9 ewt. per acre of superphosphate.

Two-year Peiiod.—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 highest yielding grass is Brachiaria decumbens at 67 tons green
matter per acre. The next four grasses are Hyparrhenia aucta, Urochloa
bolbodes, Panicum maximum var. coloratum and P. mazimum var, typice, 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—Paspalum dilatatum,
Panicum mazemaum var. trichoglume, Chloris gayana No. 6586 and Pennisetum
clandestinum, which range from 28 to 19 tons per acre.

Three-monthly Cuts,

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 eorresponding productivity curves are shown in Figures 10 and 11.
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The information which ean 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 Hyparrhenia aucta—
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—October 11).. The
third cut (December 20—dJanuary 10) reveals interesting variations in response
between some of the grasses. Thus Panicum maximum var. trichoglume, and
Pennisetum clandestinum, (Figure 10), and Paspalum dilatatum, Chloris gayane
No. 6586 and Brachiaria purpurascens (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. Panicum mazimum
var. coloratum occupies an intermediate position, as it reaches a low productivity
of 1.34 tons with the cut taken Oectober 1; by December 31 the yield has
increased to 3.45 tons, and in the final cut on April 1 it reaches 7.77 toms.
Panicum maximum var. typice and Melinis minutiflora by contrast show their
peak yields in the first eut 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. Brachiaria decumbens also reaches
its peak yield at the first cut, after which a considerable fall occurs, equivalent
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Table 15.

Two-MmoNTELY CUT oVER Two YEARs.

Summary of Results—GQreen Matter.

M(lm; ) Significance Table.
Grass. Yield in Percentage
L I S

1. Brachiaria decumbens 67-0 186-1 > Nos. 2-12 ..

2. Hyparrhenia aucte 48:0 1333 > Nos. 6-12 |> Nos, 3-12
3. Urochloa bolbodes. . .. 42-1 116-9 > Nos. 9-12 |> Nos. 7-12
4. Panicum maximum var. coloratum 40-7 113:0 > Nos. 9-12 |> Nos. 7-12
5. Panicum mazimum var. typica 40-6 112-8 ditto ditto

6. Melinis minudiflora 358 994 > Nos. 11-12|> Nos. 10-12
7. Ohloris gayana No 6585 32:8 91-1 > No0s.11&12|> Nos.11-12
9. Digitaria milanjiana 32:0 88-9 ditto ditto

9. Paspalum dilatatum ' 285 79-2 No. Nos. 11--12

significant
difference
10. Panicum mazimum var. trichoglume 259 71-9 No
gignificant
difference
11. Ohloris gayana No. 6586 199 55-3
12, Pennisetum clandestinum 189 52-5
Mean 36:0 100-0
S.E. 2:55 7-08

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

using the ¢ test, n = 11 { gfg(l} i ; g? required difference gig&;
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 ecut. Hyparrhenia
aucte shows exceptional behaviour throughout, in that a steady increase in yield
oceurs 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—Panicum mazimum vars. coloratuwm
and trichoglume and No. 1200, and Cenchius ciliaris—show reductions in yield
compared with monthly cutting, and these are all small. Panicum mazimum var.
coloratuwm and No. 1200, Cenchrus ciliaris and Chloris gayane No, 6585 yield less
under three-monthly cutting than under two-monthly cutting. It is of interest
to note that, while Panicum maximum var. coloratwm 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 with monthly ecutting, three-monthly cutting has
shown the following substantial increases in yield: Brachiaria decumbens,
59 per cent.; Chloris gayana No. 6586, 53 per cent.; Melinis mamutiflora, 30 per
cent.; and Brachiaria purpurascens, 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, 1932;; Richardson, Trumble and Shapter, 1932; and
Stapledon, 1924).

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

Table 2 shows that the number of days contributing to the different
productivity phases varies considerably. Thus in series 1. the ‘“low’’ period

Table 16.

SrowiNg THREE-MONTHLY ProODUCTIVITY FIGURES OF VARIOUS GRASSES FOR 12 MoNTHS IN
-ToNs GREEN MATTER PER ACRE.

Igierie(s} Ié I?ggcizlloa, 77&1?3’3135&7?» Paicim fan;cum J_)fgitgria }l’f;sgyfélztnz C’q;z.cm:us
ate Cut. olbodes. trich‘;?gim'a, No. 1202. No, 8783, | Milanjiana. | dilatatum. ciliaris.
25— 6-40 .. 847 6-72 7-99 11-60 575 7-89 6-14
23— 9-40 .. 2:10 2:58 2-84 2-95 1-52 1-77 0-96
20-12-40 .. 5-99 3-24 6-16 542 2:64 2-20 1-84
21- 3-41 .. 10:03 6-08 18-95 11-11 11-79 5-05 537
Total .. 26-59 18:62 3594 31-08 2170 16-91 14-31
Panicium . - .
. ‘ . (ynodon o Panicum Brachiaria .t Chloris
Series IT. Hyparrkenia MATEMUN, s Brachia; o
Dute Cut. |, | ete | " va | i | pumines G, | o,
5— 7-40 .. 5-91 476 321 573 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 .. 9-08 270 345 2:65 242 6-85 2:93
1- 441 .. 8:07 10-28 777 3-97 7-09 17-59 8:26
Total .. 29-96 20-14 15-77 13-63 2208 53-13 19"7_3
Panicun : . .
Series IIT. Pennisetum mgmiqﬁi‘ur?bz 75;;};‘%&% C;élzgtas Melinis
Date Cut. clandestinum. var. No. 3820. - Né:) J6585 minutiflora.
typici. . . . .
15— 7-40 .. 3-93 11-45 975 5-74 "~ 1076
11-10-40 .. 2:16 1-64 2-16 2:06 2:25
10— 141 .. 1-60 741 7-09 374 7-38
10— 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 number of days in the ‘‘rapid inerease’’
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—F1RrsT 12 MONTHS.

Summary of Results—Green Maitter.

YM%I} ® . Significance Table.
Grass. leld 1In ercentage
vor Rove, || dgoreent. |5 por ont
1. Brachiaria decumbens . . .. .. 531 2281 > Nos. 3-19 {>Nos. 2-19
2. Panicum maximum No. 1202 .. ..l 3859 1508 > 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 mazimum No. 3820 .. .. 27-8 116-8 .. > Nos. 17-19
6. Panicum maximum var. typica . 275 1155 .. ditto
7. Urochloa bolbodes .. .. .. 26-6 111-8 .. No
significant
difference
8. Melinis minutifiora .. - . 265 111-3 e
9. Brachiaria purpurascens .. o 22-1 92-9
10. Digitaria milanjiana .. .. .. 217 91-2
11. Cynodon plectostachyum . . .. .. 20-1 844
12. Chloris gayana No. 6586 .. .. 19-7 828
13. Panicum maximum var. trichoglume .. 186 781
14. Chloris gayana No. 6585 .. .. 17-7 744
15. Paspalum dilatatum . A 16-9 71-0
16. Panicum mawimum var. colora,tum .. 15-8 66-4
17. Cenchrus ciliaris .. .. 14-3 60-1
18. Panicum maximum No. 1200 .. .. 136 57-1
19. Pennisetum clandestinum . .. 13-6 57-1
Mean .. .. .. .. .. 23-8 1000
S.E. .. .. .. .. .. 439 18-44

Standard error of the difference between two means = 18-44\/ 2= 26-08

2:101 P = -05 required difference 54:79

using the? test,n = 18 {2-878]? = .01 7506

First 12 Months.

In the first 12 months after establishment, the range of variation
under monthly cutting is comparatively small (Tables 18-20). Penntsetum
clandestinum during the “‘low’’ period has an m.dy. of 57 lb., which
rises during the ‘‘zenith’’ period to 107 lb.; that is, the rate of productivity
is practically doubled. Panicum maximum var, trichoglume has an m.d.y. of
51 1b. in the ““low’’ period and one of 154 lb. in the ‘‘zenith’’ period, an
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SHOWING THE VARIATION IN THE DIFFERENT PrODUCTIVITY PERIODS oF MEAN Darry YIimLp
OF INDIVIDUAL (IRASSES UNDER A MoNtaLY CUTTING ROTATION OVER A PERIOD OF
TweNTY-FOUR MonTES (YIELD ExXPRESSED AS POUNDS 0F GREEN MATTER PER ACRE).

Date of Cut, N]‘ﬁl&ser Series Period Panicum maximum Paspalum
' _Growth. | ' ) var. trichoglume. dilatatum.
25—~ 6-40 . 89 I After establishment 223 133
22-10-40 { & & 118 I |Low .. 51 40
20-12-40 { + ¢ 58 I |Rapid increase 96 64
21- 3-41) .7 § 90 I | Zenith 154 120
20— 6-41 . 90 I |Rapid decrease .. 41 46
17-10-41 { = & 118 | I |Low.. .. 14 4
16-12-41{ g § 59 I |Rapid increase 130 43
17- 3-42) & 8 90 I | Zenith 199 147
Total 712
3 § 3 . g
S g3 3 g 39 86
§ §8%| 8% | % 82
S $ S = =)
S .| &% m-§ S&
R g g 8
5— 7-40 . 91 | II |After establishment 94 | 146 | 215 | 318 | 128
1-11-40 | & 2 118 | II |Low .. .. 143 | 34| 34| 99| 40
31-12-40{ & § 60 II | Rapid increase 214 | 136 59| 173 57
1- 4-41) — B 90 II | Zenith 278 | 182 | 130 | 263 | 100
30— 6-41 aé 89 | II |Rapid decrease 25| 28 57| 20
27-10-41 | = & 118 | II |Low .. 22 6 11 11
20-12-41( 2 § 62 | II |Rapid increase 168 | 104 152 | 40
26- 342 < F 8 | II |Zenith 299 | 254 310 | 53
Total 713
: Panicum .
Pen: 7 s Melin
landastinim. ST | ingeiiora,
15— 7-40) - 90 | IIT | After establishment 99 196 102
11-1140 | & & 118 | III |Low .. .. 57 43 119
10- 141 % § 59 | III |Rapid increase 64 189 189
10— 4-41 & 89 | IIT |Zenith 107 215 131
10- 741 90 | III | Rapid decrease 35 32 50
6-11-41 { ~ -55 118 | III |Low .. . 3 15 22
7-1-42( F & 61 III | Rapid increase 47 225 138
6 4-42) & A 87 | I |Zenith 101 422 298
Total 712

increase in productivity of 200 per cent. Melinis minutiflore during the period
after establishment has an m.d.y. of 119 1b., which rises to 131 1b. during the
‘‘zenith’’ period, an increase of only 10 per cent., although an m.d.y. of 189 1b.
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was recorded during the ‘‘rapid increase’’ period, thus showing a different
behaviour from that of the other grasses with the exception of Hyparrhenia
aucte. The largest variation in productivity is given by Panicum maximum
var. coloratum, which shows an increase in productivity of 435 per cent. during
the ¢“zenith’’ period (m.d.y. 182 1b.) as compared with the ‘‘low’’ period (m.d.y.
34 1b.).

Second 12 Months.

Tt is not until after the first year that any considerable variation
in productivity occurs. During the first year the effect of the basal
fertilizer dressing combined with the upward trend of productivity during
the “‘rapid increase’” and ‘‘zenith’’ periods has served to keep up productivity.
In the second year, however, 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, which makes its efféct felt over the ‘‘rapid increase’’ and ‘‘zenith’’
periods of produetivity. ‘

The greatest variation oceurs with Panicum maztmum var. coloratum,
which has an m.d.y. of 6 1b. only in the ‘‘low’’ period, and an m.d.y. of 254 1b. in
the ‘‘zenith’’ period, equivalent to an increase of productivity of 41 times.
Paspalum dilatatum gives an increase of 36, Pantcum maximum var. typica 27,
Brachigria decumbens 27, Panicum mazimum var. trichoglume and Hyparrhenio
awcta 18, Melinis minutiflora 9 and Chloris gayana No. 6586, 4 times the
productivity in the ‘‘zenith’’ compared with the ‘‘low’’ period.

Table 19.

Ssowing THE MeAN Darry Yiewp Ficures ¥ THE ‘‘ Low ”’ PERIOD OF PRODUCTIVITY IN
TEHE FIirsT AND SEcoND 12 MonNTHS 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 maximum var. trichoglume . . .. .. 51 14 72
Paspalum dilatatum .. .. .. .. .. 40 4 90
Hyparrhenia aucta .. . .. .. .. 143 22 85
Panicum maximum var. coloratum .. . .. 34 6 82
Brachiaria decumbens .. .. .. .. .. 99 11 89
Chloris gayana No. 6586 .. . .. . 40 11 72
Pennisetum clandestinum . . .. .. 57 3 95
Pantcum maximum var. typica . .. . 43 16 65
Melinis minutiflora .. o .. A . 119 22 81
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Comparison of First and Second 12 Months.

(a) “Low’” Period.—A comparison of the m.d.y. figures for the ‘‘low’’
period of productivity during the first and second 12 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 Pennisetum
clandestinum, and the smallest (65 per cent.), with Panicum maximum var.
typica. It is evident that with Pennisetum clandestinum there is a marked
limiting effect operating caused by one or more factors, one of which is
undoubtedly shortage of nitrogen aggravated by the absence of the grazing
factor.

(b) ““Zenith’’ Period.—The m.d.y. figures shown in Table 20 indicate the
extent of the variation in yield which oecurs in the ‘‘zenith’’ period of the second
12 months compared with the same period in the first year.

Table 20.

SaHowiNG THE MEAN Darny Yierp FIGURES IN THE ‘‘ ZENITH > PERIOD OF PRODUCTIVITY
IN THE FirsT AND SECOND 12 MoNTHS UNDER A MonTHLY CurTiNG 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.

Panicum maximum var. trichoglume . . .. . 154 199 -+29
Paspalum dilatatum .. .. .. .. .. 120 147 -+22
Hyparrhenia aucta .. .. .. .. .. 278 299 + 7
Panicum maximum var. coloratum .. .. .. 182 254 +40
Brachiaria decumbens . . .. .. .. .. 263 310 +18
Chloris gayana No. 6586 .. .. .. .. 100 53 —47
Pennisetum clandestinum .. . .. . 107 101 — 6
Panicum maximum var. typica .. .. .. 215 422 +96
Melinis minutiflora o . .. .. .. 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
iri their reaction to the application of fertilizer in the second 12 months under

-a monthly system of cutting. Panicum mazvmum var typice is outstanding,
showing an increase of 96 per cent. in the second year ‘‘zenith’’ period compared
with the first 12 months. The increase of 74 per cent. by Melinis minutiflore is
rather complicated by its behaviour during the first 12 months, when it showed
an m.d.y. of 189 1b. in the ‘‘rapid inerease’’ period but 131 1b. only in the ‘‘zenith’’
period. Panicum mazimum vars. coloratum and trichoglume and Paspalum
dilatatum show increases of 40 per cent., 29 per cent. and 22 per cent. respec-
tively, indicating the great difference in yield response between P. maximum
var. typice and the other (Guinea grass varieties. Brachiaria. decumbens and
Hyparrhenia aucta, with increases of 18 per cent. and 7 per cent. respectively,
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show little change. Penmisetum clandestinum gives a decrease of 6 per cent.
and Chloris gayana No. 6586 shows its unsuitability for growth in the wet zone
by a reduction in yield of 47 per cent.

General Pattern of Productivity.

The productivity curves of a number of selected grasses under different
cutting rotations have been examined. It now remains to consider the mean
productivities and mean daily yields, excluding the two exceptions Hyparrhenia
aucte and Melinis minutiflora, to determine the general pattern of productivity
during the first and second 12 months under a monthly system of cutting.
Table 21 shows the mean productivity and mean yield expressed as a percentage of

Table 21.

SEowmnG MEAN PropUCTIVITY AND MuEAN DArry YIELD CALCULATED FOR THE SEVEN
Grasses : Panicwm maximum  vars. trichoglume, coloratum and  typica, Paspalum
dilatatum, Pennisetum clandestinum, Brachiaria decumbens AND Chloris gayana No. 6586
GROUPED INTO PRODUCTIVITY PERIODS UNDER A SYSTEM oF MonTHLY CUTS.

27/8/40 | 25/ 6/40 | 22/10/40 | 20/12/40 | 21/3/41 | 20/ 6/41 | 17/10/41 | 16/12/41
15/7/40 | 11/11/40 | 10/ 1/41 | 10/ 4/41| 10/ 7/41 | 6/11/41 | 7/ 1/42] 6/ 4/42
Period of Growth .
* inclusive of Series I, Period
t, and HL Btaifish] OV | Tnorbase. | Zenith. | posbage | Low. | paonbads | Zemith.
ment,
Percentage contri-
bution to total
production over 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: Panicum
mazimum  vars. trichoglume, coloratum and {typice, Paspalum dilatatum,
Pennisetum clandestinum, Brachiaria decumbens and Chloris gayana No. 6586.

A study of the produectivity curves shown in Figures 2, 3, 4, and 5—with
the exception of the two grasses Hyparrhenia cucta and Melinis minutiflora—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 immediately before
or at the commencement of the wet season.
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(2) The division of each 12 months into four well-defined periods of
productivity: “‘rapid decrease,’”” ‘‘low,”” ‘‘rapid inerease,”’ and
“‘zenith,”” described previously, is clearly demonstrated.

(8) There appears to be a positive correlation between yield and
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
1/12th 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.

Tt is clear from Tables 2 and: 21 that two grasses—Hyparrhenie cucte and
Melinis minutiflora—show unusual behaviour when subjected to monthly
cutting. The reaction of the latter grass, however, is quite different to that
of Hyparrhenia aucta. The productivity figures for 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, throughout 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. Hyparrhemia aucta, by contrast, shows that it possesses a
different growth periodicity from all the other grasses under each cutting
treatment.

Under a monthly cutting rotation, Hyparrhenia aucte in the period
following establishment-—when most of the other grasses produced 20 per cent.
or more of their total yield for 24 months—gave 8 per cent. only, with an
m.d.y. of 94 1b. (see Tables 2 and 18.) These figures are easily the lowest in
the group of grasses examined, with the exception of Melinis minutiflora. In
the ‘‘low’’ period 16 per cent. of the total yield is produced and the m.d.y. is
143 1b. Actually, therefore, an increase in yield of 8 per cent. has occurred over
the previous period whereas all the other grasses—except Melings manutiflora—
show decreases (see Figure 3). During the ‘‘rapid increase’’ and ‘‘zenith’’
periods of the first 12 months Hyparrhenia aucta 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. aucte is again abnormal under a two-monthly cutting rotation
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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 H. aucte 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). TUnder a three-monthly cutting rotation also H. awucta shows
no ‘‘low’’ period of productivity (see Figure 11).

These results are important because they demonstrate that, even under
the rather extreme meteorological conditions of the Innisfail area, it is possible
for a grass to show ewceptional behaviour to the normal growth rhythm exhibited
by the majority of grasses examined. In this connexion the fact that
Hyparrhenia aucta is very similar to some of the native Andropogoneae should
not be overlooked. The collection of evidence to show that certain grasses do
possess a different growth rhythm under the Imnisfail type of climate was in
fact one of the objects of this experiment, and it explains why an unpalatable,
harsh grass such as H. aucta 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, or 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 H. aucte is significant. For although the grass
is harsh and unpalatable, and is actually an introduction, it is nevertheless a
member of an important tribe of grasses, the Andropogoneae, which includes
a number of native species. It is not suggested that some members of the
native Andropogoneae will also show deviations 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
80 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
Frequency of Cutting.
Monthly Cuts. ’

The degree of variation in dry-matter content is of importance from
the point of view of intake of nutrients by grazing 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 series. The fact that
each harvesting period includes three cutting dates spaced approximately ten
days apart, 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.

Table 22,

SEOWING DRY-MATTER PERCENTAGES—MONTHLY 'CUTS.

=X-
5 5 & : 35 2k
o8 $ 3 2 § @ g § :é ] o °c Bﬁ;
§5| .| % S| e8| «§ | S| 881 ¢ S| .. &S |20
Date of Cut. SS| 88 | § S8l S8 83| §8 | 3% g 5| by |534| 288
S5S| S8 | ts |SEEI S8 5T | 28| 3Y (558 4T | AR |REE|Faes
388 S | S% (883, S§ '<§ TS | g S3%] & 5% |gRe|gE. 8
SSE| 3% | 58 |S5F| S8 | S8 | 3% | 5% |§5F| 59 | 88 |85 | 5%ss
& L H | ] |8/ |8 & |RE (RO = (= s
26— 4— 40 178 | 206 . .. .. N .. . . . . . .
6— 5-40 .. .. .. .. 216 | 199 | 193 | 206 | 188 .. .. .. 203 | 067 | 264
16— 540 .. . .. N .. .. .. .. .. 21-3 | 203 [ 281 ..
28— 5-40 .. .| 184 196 .. .. .. e . . .. .. .. .. .
5~ 6-40 .. .. .. e 196 | 21-1| 266 219 | 21'1 .. . .. 211} 0-32| 211
14— 6-40 .. .. .. N .. v .. .. .. 199 | 21-1 | 216 ..
25— 6-40 .. .| 156 199 .. .. .. . .. e .. o e . .
5-7-40 .. .| .. .. | 195 250 191].188 | 266 .. .. .. | 224 026 101
15— 7-40 242 | 293 | 258 ..
22~10-40 .. .. | 32:8| 344 .. .. e e .. . .. . .. . o
1-11-40 .. ..| .. .. | 272 356 318 338 362 .. . .. | 842 o008 | 075
11-11-40 .. .. .. . .. . .. .. N 3741 892 314 e
19— 2-41 .. .. 199 | 227 . . .. .. .. . .. .
30- 1-41 .. . v .. 16:8 | 155 | 172 | 164 | 187 .. .. e 189 1 040 ] 3:30
10- 241 .. ve .. .. .. . .. N . 176 | 22:3| 216
21— 4-41 .. .. 180 141 .. e . . . .. .. .. .. .. ..
30— 4-41 .. . .. .. 194} 198 .. 236 | 206 .. .. .. 182 | 122 0:68
9- 5-41 .. N . A .. .. .. .. . 141 198 | 14'8 .. .
18- 7-41 .. .| 264 | 232 .. .. A I .. .. . . . .
20— 7-41 .. R .. 239 | 277 | .. 23:8 | 251 | .. .. .. 2731 025 | 013
8-841.. .| .. .. .. . . .. .. | er1lse6| s10f .. .
17-10-41 .. ..| 810 547 . . . .. .. .. .. o .. .. ..
27-10-41 .. ‘e . .. 3569 | 518 o 419 | 274 .. . .. 891 004} 018
6-11-41 ..  ..| .. .. .. .. U .. .. | se1]| s38]| .. ..
15- 142 .. .. | 824 | 403 | .. .. . . .. .. . . . .. ..
28— 1-42 .. .. e .. 187 | 148 .. 14:0 | 20:0 .. .. .. 216 | 0183 | 244
4- 2442 .. .| .. . B . .. .. .. | 200} 168 | 178 | .. .. .

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 with minimum dry-matter content
of the grasses.
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Showing the Relationship Between Mean Dry-matter Content and Mean Daily Rainfall
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 with 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 ‘“low’’ 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 during the latter part of the year. Excessive rainfall in April,
acting concurrently with the ‘‘rapid decrease’’ period of productivity, and
following 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 ‘‘low productivity’’ period the dry-matter percentage rose to 27.3
(see Table 22), and towards the end of the period a further increase to 89.1
oceurred, 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 and 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:—

Mean Dry-matter Percentage.
Date of Cut.
Cut Monthly. Cut Two-monthly.

28/5/40 .. . e .. . e

5/6/40 .. .. .. .. .. .. .. 21-1 24-3 (10 grasses)
14/6/40 ..
15/1/42 .. o .. .. .. e o
28/1/42 .. .. .. o . - o 216 25-2 (9 grasses)

4/2/42

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 differences in the

Table 23.
SEowIiNG DRY-MATTER PERCENTAGES—TwWo-MoNTHLY CUTS,
Fet
o 5 . . 5 £
I <
. | e : s | 5. g § §| £
Date of Cut. S3| & § (% S§| a8 25| 88 | &% s 2 | BE
SET| SR | e |EeR| S| SR S5 | Y (B el
£8S S (388 ( 55 | § £e | 8 3T 88 5
SIE | BR | 3% |EES| BT | GE | &S| E |EEN| 4t g
& & R & ] 3 S & IR = =
28- 5-40 .. .. 242 184 .. .. .
5- 6-40 . e . .. 24-2 28:0 367 234 266 . .. .. 243
14— 6-40 .. e - .. .. .. .. . . 203 24-2 219
28~ 9-40 .. .. 380 36-7 .. .. AN .. . e .. .. e
1-10-40 . .. N .. 328 383 391 391 344 .. .. ‘. 878
11-10-40 .. .. .. .. .. . . . .. 360 4214 867 .
21- 8-41 .. - 264 248 .. .. . o . .. .. .. .
30— 1-41 .. .. - . 193 21-5 181 195 23-4 .. .. .. 229
10- 2-41 . .. . . . .. . .. .. 234 | 259 245
20— 5-41 .- . 241 24-3 . .. - .. .. .. . .. ..
30— 5-41 .. .. .. .. 2821 222 .. 203 | 209 .. . .. 22-8
9- 6-41 . e .. .. . ‘e . .. .. 20-9 245 20-1
18 -9-41 .. ..| s22| 389 .. .. [ .. .. .. . .. ..
26— 9-41 .. .. .. . 849 | 348 .. 839 34-6 . .. . 378
7-10-41 .. e e .. .. .. . . . 466 420 381 ..
15— 1-42 .. .. 321 387 .. .. .. .. . .. .. v ..
28- 1-48 .. .. .. o 28:8 22:3 . 187 288 .. .. . 252
5~ 218 .. .. . .. .. .. .. .. .. 148 | 223 | 204
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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
expectation.

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 are 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 .. e .
23/ 9/40 .. .. .. . X
/ 9/ 37-3 37-5 (10 grasses)
1/10/40 .. .. - 367 381 (9 grasses)
11/10/40 .. .. .. .. g
21/ 3/41 .. .. .. .. .. 256 30-1 (2 grasses)
’
Table 24.
SHowIiNG DRY-MATTER PERCENTAGES—THREE-MONTHLY CUTS.
0 . . B
= . . = &
§§ . 8 § : § 3 §s . § - g gg’
Date of Cut, S5l <51 % R §| 3¢ s§ | § S | B8
HHE AR LR 8T | 58 | 3% 1858 |af | AE
bk S5 | 8% | 888 5|5 T3 | 8 S35 |88 g
SRR W | B |EE8 iR | EE §£ §% |55% (8% | 88
Y oY ] & g I S & m = =
25~ 6-40 .. o1 242 | 180 .. .. . . . ..
5~ 7-40 .. .. .. .. 32:8 281 286 25-0 34:4 .. .. .. 285
15— 7-40 e .. .. .. . . .. . .. 32:8 318 293 AN
23— 9-40 .. . 320 39:8 . o .. .. - . .. .. ..
1-10-40 .. .. .. .. 32| 308 891| 867| 859 .. .. .. 37:5
11-10-40 .o . . o .. .. v . .. 375 391 39-8
20-12-40 ve .| 802l 841 . . . .. . . .. .. ..
31-12-40 .. e .. N 442 34-1 355 359 441- o .. .. 334
10- 1-41 . .. . .. P .. o . o 257 26-8 236
21- 3-41 o .. 295 30-8 o e .. .. . .. . . .
31— 3-41 .. e .. .. 328 195 180 24-2 258 . .. e 28-0
10- 4-41 .. .. . .. .. .. .. .. 26:6 | 36:7] 859

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 increase
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of 0-2 per cent. 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—Panicum mazimum var. typica, which
has a high dry-matter content of 42.1 per cent. in the two-monthly rotation, and
P. mamimum var. trichoglume, with a comparatively, low dry-matter content of
32.0 per cent. in the three-monthly ecut. 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 grasses only—Panicum
maxsmam var. trichoglume and Paspalum dilatatum—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 ,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
vield 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 a general way maximum yield of dry matter
tends to be associated with minimum or approaching to minimum percentage
of dry matter in total produce.”” The same association holds good for the
summer rainfall area of the very wet 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
g-ifass and Uba cane found that herbage cut when 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 shown ,graphically in Figure 16 for the first period of
12 months and in Figure 17 for the second 12 months.

In Figure 17 it will 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 harvesting of the
two rotations at the period of ‘‘low productivity.”” The two-monthly rotation
shows a higher dry-matter content than the monthly ecut 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 would
have exceeded that of herbage from the monthly cut.
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The exceptional behaviour of Cymnodon plectostachyum (African star
grass) calls for special mention. In Table 25 the dry-matter percentages of
C. plectostachyuwm under each cutting rotation are compared with the correspond-
ing mean figures for five grasses in series II.: Hyparrhenio aucta, Panicum
maximum var. coloratum, Brachiaria purpurascens, B. decumbens and .Chloris
gayaneg No. 65686. The outstanding fact arising from an examination of this
table is the high dry-matter percentage of C. plectostachywm under each rotation
and in each productivity period. In particular, the high dry-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 484, 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. plectostachyum,
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.

SmowinG DRY.MATTER PERCENTAGES OBTAINED wiTa Oynodon plectostachyum (AFRICAN STAR
Grass) UNDER MonTHLY, Two-MONTHLY, AND THREE-MONTHLY CUTTING ROTATIONS
COMPARED WITH THE MEANS oF F1vE GRASSES IN SERIES IT.

Cut Cut Cut
Monthly. Two-monthly. Three-monthly.
£ : 8 . £ : 8 . 5 . 3 .
B S8 2 B |88 ¢ B S| & g
g $| =g g 2 S| =8| & 2 S| es| &
A $8 | 88 | A a s | 5 | A a s | 85 | A
T8 | &% T3 | =% B3 | =%
£ | 84 ) SE g% g8
S 3 S S
S = S = S} =
6- 5—40 289 200 | +89 o . .. ..
6— 6-40 305 22:0 | +8%5 6- 6-40 336 26:8 | + 48 . .. .. .
65~ 7-40 313 218 | +95 e .. . .. 5— 7-40 867 20:8 |+ 69
1-11-40 484 32:9 | +155 1-10-40 49:2 367 | +12:5 1-10-40 531 37:3 | +158
80- 1-41 207 159 +38 30— 1-41 219 204 | + 15 31-12-40 43-9 388 | + 51
.. . .. .. . .. e . 31— 3-41 27-3 241 | + 82

FIELD OBSERVATIONS.

Throughout this investigation notes were taken on all the grasses prior to
each cut. Field observations, in fact, formed a most important part of the
experiment 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 enables 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 growth 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 grasses:—

Series I. Cut 27-3-1940.

Panicum. maxtmum var. trichoglume : Seeding heavily, about 6 ft. high.

Panicum mazimamm No. 1202: No sign of seeding, about 7 £t. 6 in. high.

Panicum mazimaum No. 3783 : No seed, production, about 5 ft. high.

Cenchrus ciliaris : Seeding very heavily, 3 ft. 6 in. high.

Digitaria milanjiana: Several flower heads; about 3 ft. 6 in. high.

Urochloa bolbodes: Seeding heavily ; about 1 ft. 6 in. high.

Paspalum dilatatum: Seeding heavily ; seed heads heavily infested with
ergot; about 1 ft. high.

Series II. Cut 4-4-1940.

Brachioria decumbens: Well-developed seed heads; 3 ft. 6 in. high.

Hyparrhenta aucta: Well-developed seed heads; 4 ft. high.

Panicum mazimum No. 1200 : Seed heads well developed ; about 6 ft. high.

Pandcum mazimum var. coloratum : Seed heads mature; 5 ft. 6 in. high.

Brachiaria purpurascens: No seed heads; runners 12 ft. long; herbage
about 3 ft. high.

Chloris gayana No. 65686 : No flower formation; 3 ft. high.

Cynodon plectostachyum: No sign of flower formation; about 2 ft. 6 in.
high.

Series ITI. Cut 15-4-1940.

Panicum maezimum var. typica: Excellent growth; about 7 ft. high;
seeding. :
Melines minutiflora: Qiving excellent bulky growth about 3 ft. 6in. high.

Chloris gayana No, 65685 Seeding fairly heavily ; about 8 ft. high.

Penmasetum clandestinum: A very seanty 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 intervesting 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 between this latter and yield with certain
grasses,
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Table
RECORD OF INFLORESCENCE EMERGENCE OVER A
KEY: c.f. commencing to flower. h.f. heavy flowering.
1f, light flowering. v.h.f. very heavy flowering.
v.1f. very light flowering. m.f. moderate flowering.
Period of establishment. Low. Rapid increase. Zenith.

Grass.

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
cut. cut. cut. cut. cut, cut. cut. cut. cut. cut. cut. cut.
Panicum magimum var. typica c.f. nil nil* nil v.1f. Lf. Lf. v.Lf, nil nil nil v.LE*
Panicwm  maztmwm  var. | v.h.f cf. v.lf. | v.1f. 1t 1f. v.Lf. nil | v.hf. | m.f. Lf. Lf.
coloratum
4
Panicum  magimum  var. | v.hf |omof, m.f. nil | m.f. m.f. v.lf. | v.LE Lf. m.ff | mf m.f,
trichoglume
Paspalum dilatatum c.f. Lt. v.Lf. nil nil nil nil nil v.LE. nm.f, v.hf. Lf.
Hyparrhenia aucta c.f. m.f. v.Lf. nil nil v.Lf. LE. Lf. v.L.fL | mf. v.LE n.f.
Brachiaria purpurascens cf. nil nil nil nil nil nil nil nil nil nit nil
B. decumbens c.f. nil nil nil nil nil nil c.f. Lf. 1.E. nil v.Lf.
Chloris gayana No. 6586 c.f. c.f, v.huf, Lf. m.f. h.f. h.f. v.LE nil nil nil nil
,
Chloris gayana No, 6585 nil m.f. m.f. Lf. v.h.f, hf. ht. v.Lf nil v.Lf. nil v.LE
Pennisetum clandestinum nil nil nil nil v.hLf. Lf. v.Lf. nil nil nil nil nil
Melints minutifora nil nil nil nil nil nil nil nil nil nil nil nil

* Very heavy seeding under three-monthly cuts.
1 Heavy seeding under two-monthly cuts.
1 Heavy seeding under three-monthly cuts.
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26.
PERIOD OF TWO YEARS UNDER A SYSTEM OF MONTHLY CUTS.

Remarks.

Rapid decrease. Low. Rapid increase. Zenith.

o — | e it | e, i N it
13th 14th 15th 16th 17th 18th 19th 20th 21st 22nd 23rd 24th
cut. cut. cut, cut. cut. cut. cut. cut. cut. cut. cut. cut.
nil nil nil nil nil nil v.1f. nil nil v.1f. nil Lf.4

nil nil nil v.Lf. nil v.Lf. v.Lf. nil h.f. v.Lf. m.f. v.Lf.
v.Lf, LE 1.f. LE. nil nil v.Lf. 1.f. h.tf. 1f. ht. h.f.
v.1f. nil nil nil nil nil nil nil Lf. hf. 1f. v.hf,
v.1.f. nil nil nil nil vlf. | v.If. 1f. v.hf. Lf. 1f. v.Lf,

nil

nil nil nil nil nil nil nil nil 1f. v.lf. | vLf | v.lf

nil v.Lf, v.lf. v.Lf. v.1f, h.tf. v.hf. m.f. v.Lf. nil nil nil
v..f. | v.Lf. | v.lf ] v.lf | v.lf | v.Lf. | v.1f hf. Lf, nil nil nil

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

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

Monthly cutting would appear
to be too frequent for heavy
inflorescence production, but
a marked periodicity occurs
in the longer rotations.

Well marked periodicity—the
times of free inflorescence
development mark the com-
mencement of the zenith
period of production in each
year, Note the rapid
inflorescence  developmen'
during the 30 days prior 0
the 9th and 21st cuts respec
tively.

‘Well marked periodicity.

Marked periodicity.

Monthly cutting is too frequent
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. maximum var. typice 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 well-marked periodicity in the times of flower-head formation.
Furthermore, the results show that each of the varieties and strains of Panicum
mazvmuwm included in the study possesses this periodicity of inflorescence
production, in which free inflorescence emergence marks a period of high yield.
To take a specific example: P. maximum var. typice under a system of three-
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) when a yield equivalent to 7-1 tons of green matter per acre was
recorded. Under a two-monthly rotation the heaviest seeding occurred before the
cut taken on 6-4-42 (24th cut in Table 26), when 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. mazvmum var. coloratum 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. maximum var. trichoglume and
Paspalum. dilatatum also show a marked periodicity of inflorescence production
~which is linked with the periods of greatest growth.

Hyparrhenia aucta does not display satisfactory inflorescence produection, -
when the system of cutting 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. Again, in the two-monthly rotation heavy seeding preceded the cut
on 30-1-41, which was equivalent to 13.6 tons of green 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 high yield, but with low vitality. The stools of H. aucte were almost
dead and the heavy seeding was 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
52 and 8-6 tons of green matter per acre respectively. It can be concluded
that H. aucta shows a periodicity of infloresecence 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. -

Brachioaria purpurascens is too shy in the production of flower heads
under all cutting rotations for any information to be collected relative to
periodicity. B. decumbens is also shy in flower head production under monthly
cutting ; under the longer rotations 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 between 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.

Pennisetum clandestinum is quite different from the other grasses in
that flower formation takes place in short herbage only, and the following notes
were taken on the flowering of this grass: ‘‘After the cut on 12-9-40 flowering
commenced., There was little evidence of flowering on the 13th, but as each
day passed flower production inereased up to the 19th, when a count showed
26 flowers present per square foot. The number of flowers remained about
constant until the end of September. It was noted that the stigmas only
were exserted; no anthers were visible.”” This observation agrees with the
description given by Edwards (1937) of the Rongai ecotype, and Parker (1941),
writing of conditions in South Australia, observed that ‘‘stigmas exsert in
abundance, although the anthers appear to remain entirely within the florets.”’
There is no association between flowering and yield in this experiment and the
ecotype of Kikuyu grass described above. :

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

Condition of Grasses in, April-May, 1942, After Two Years under Monthly
Cutting.

Panicum mazimum var. trichoglume: 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. magimum var. coloratum: Large-sized stools; tillering well ; soft leaf
3 ft. high; very light flowering; healthy.

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

Paspalum dilatatum: Stools giving moderate cover only; leaf 8 in. high;
heavy flower production, but badly infested with ergot.

Hyparrhenia aucte: Moderate tiller production only; this grass suffered
severely under monthly and two-monthly cutting from April-July, 1941; growth
has been very uneven; many of the stools show marked lack of vigour and one
has already died. )

Brachiaria. decumbens: Poorish cover; leaf 8 in. high; light seeding;
towards the end of April, 1942, several bare patches were observed, although in
the two previous months the cover was good.

Chloris gayana No. 6586 : Very poor stools; leaf 1 £t. 6 in. high; moderate
seeding ; heavy weed infestation.

Chloris gayane No. 6585: Small stools; leaf 2 ft. high; poor cover;
moderate seeding ; heavy weed infestation.

Pennisetum clandestinum : Poor cover; leaf 6 in. high; plots invaded by
Ageratum conyzoides.
g

Melinis minutiflora: Stools only partly covered with leaf, 3 in. long;
discard rows show much more vigorous growth; leaf 15 in. high.

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

Digitaria milangiana: Medinm-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 findings are in agreement
with those of various workers in the temperate zone and of Paterson (1935)
on tropical grasses.
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