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i. IN

Trir steadily inereasing volume of literature on pasture research bears
mute testimony to the interest taken by agricultural workers all over
the civilised world in problems relating to the pastoral resources of
their respective countries. This 1s not surprising in view of the fact
that pasture represents the raw material for the manufacture of the
most 1mportant animal products, such as milk, meat, wool, and hides.

Problems associated with pasture research become imperative in
a country such as the Union of South Africa where “ more than 35
per cent of the land is unfit for cultivation, heing too dry, mouniain-
ous, or otherwise unsuitable, and can be utilised only for pasturage ’
(Lieppan, 1928, 1936). In this connection it may be pointed out that
the rainfall of South Africa varies from about 50 inches on the Natal
coast to less than 2 inches at Touderitzbuchi on the west coast, whereas
fully half of the Union receives less than 20 inches per annwn, and
only about a quarter receives more than 25 inches. The problems
confronting the pasture investigator are consequently many and
varied.

An Important preliminary to intensive pasture investigations
is exact knowledge with regard to the plant population of a country.
The inception of a Botunical Survey of the Union in 1918, under the
supervision of the Chief of the Division of Plant Industry was, there-
fore, a step in the right direction. As a result of this work, in
conjunction with that of earlier botanists, it became possible soon
afterwarde to divide the country into some nineteen main botanical
regions  ole-Evans, 1920). This work is still proceeding and aims
at recoraing and mapping the chief types of plants in each of the
different botanical regions. At the same time the necessity was felt
for establishing permanent stations for veld research in these regions
and several such stations have been founded, but it is not intended
to follow their development in detail. Suffice it to state that these
experiment stations arve studying problems of pasture research directly
associated with the areas in which they are situated.
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A great stimulus was furthermore given to pasture research by
the decision of the Union Government in 1933 to combat soil erosion
along nati~val lines, for it is well known and appreciated that soil
erosion a1 veld deterioration are closely related. A national scheme
for pasture Improvement and management thus came into being.
The Devision of Plant Industry is mainly responsible for this work,
and a review of their activities has been published by Pole-Evaus

(1936).

Problems pertaining to the pastoral resources of a country caun
best be solved with the full co-operation of the botanist, the chemist,
and the animal nutritionist. Whilst, however, the botanist will be
primarily interested in °‘ the botanical composition of the vegetalive
covering, the habitat-range and limiting factors of the major pasture
species, the factors which govern the destiny of the grassland
associations, and the procedure necessary to avoid undesirable
successions *’, the biochemist, on the other hand, will be interested
primarily in the chemical composition of the pasture and the effects
thereupon of external factors such as rainfall and stage of growth.
In conjunction with the nutritionist the biochemist is intevested in
the effects of the pasture upon the animal. Tle studies the chemical
composition of the herbage to determine to what extent this can be
correlated with its feeding value. To what extent, for instance, 1s
the low value of certain types of grazing due to deficiency of one or
more of the nutrienls now known to be essential constituents of the
diet. Developments in the science of nutrition have resulted in the
recognition of the fact that animals are more likely fo suffer from
a lack of some inorganic salts, proteins under ceriain conditions, or
of certain vitamins which are required in comparatively small
amounts, than from an insufficiency of the energyv-yvielding and
fat-forming carbohydrates.

The v~Tue of chemical composition as a means of assessing the
feeding vi te of pastures has been vealised for a long time. As
early as 1373 Miiller suggested the chemical analysis of (German
pastures as a means of determining their feeding value.. Iw their
investigaiions inte the cause and prevention of Tiamziekie in
Bechuanaland Theiler and his associates (1920) were able to
demonstrate the deficiency of phosphate in some South African
pastures and the necessity for supplementing the natural prazing
with phosphate in one form or another. As a direct oulcome of this
classical work Henrici (1928, 1930) undertook a more detailed study
of the phosphorus content of grasses in the Vryburg district and parts
of the Eastern Transvaal. Somewhat later, in 1930, the Divector
of Veterinary Services inaugurated a series of wmonthly surveys
of the pastures of the Union of South Africa with the object of
ascertaining the extent of phosphorus deficiency in the pastures
of the country as a whole. At the same {ime these surveys aimed at
finding out whether deficiencies other than phosphorus also cceur in
the natural pastures, and at collecting data on the feeding value of
natural  pastures growing in different areas wunder different
environmental conditions. In this way a mass of data on the chemical
composition of samples of natural pasturage has accumulated at the
Veterinary Research Laboratory at Onderstepoort. Some of this
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On the other hand, if the deterioration of the herbage in regard
to 1ts nutritive quahtleb during the dormant season is borue in nun(l
and if 1t 1s admitted that farming in many parts of the country can
be stabilised only when droughts are considered normal occurrences,
supplementary feed in one form or another will have to be provided;
during the dry season if continued production is aimed at, and dunnO‘
times of dlought if heavy losses of stock are to be prev ented.

The provision of supplementary feed could be accomplished in
several ways. The utilisation of part of the annual maize crop for
this purpose has been repeatedly advocated. The feasibility of
combining rotational grazing with cutting for hay, thereby conserving
any excess growth in a nutritious condition for the time of scarcity
could with ad\‘an’m@e be explored. TIn this connection reference may
be made {o a series of experiments conducted at the Grootfontein
School of Agriculture, Middelburg (Maré, 1937), and which aimed
at ascertaining data on the influence of different systems of grazing by
sheep on the permanency and productivity of an established lucerne
pasture. DBy combining a system of rotational grazing with cutting
for hay a umform carrying capacity of 24 sheep per morgen during
summer and winter was obtained for a period of three successive
years,

The problem of improving and supplementing the poor and
inadequate grazing of summer and autumn in the areas of winter-
rainfall and summer drought is receiving much aftention at the
Stellenbosch-Elsenhurg ColleO’e of AO‘l‘uu]’ﬂu“ {(Marais and Sim,
1937).  Tiucerne, which was fonnerly considered suitable only for
cultivation on irrigable soil, has been successfully established under
dryland conditions at Elsenburg. Such a lucerne pasture was found
to provide excellent grazing during May, June and July, the time
of the year when other forage crops and the natural veld are as yet
tov immature to be grazed or cut for silage. Furthermore the first
spring growth may be cut and counserved as silage or hay, after which
the lucerne may be grazed until January. The possibilities of Incerne
in the drier parts of the winter rainfall area are also being
investigated at that ITustitute.

1u many of the better favoured areas of the Union the production
of forage crops under irrigation will certainly be of importance in
providing supplementary feed, but unfortunately the possibilities
for irrigation schemes are limited. On the other hand, certain
regions ‘of the summer rainfall avea arve blessed with a rich grass
flora which grows rapidly during the rainy season and, if not grazed
down regularly, soon reaches a stage of maturity where it is
unpalatable and of low nutritive value. By applying scientific
methods of management some of this growth can be made to contribute
towards the provision of supplementary feed during the times of
scarcity. A possible system 1s considered to be the reservation of
certain level areas on the farm solely for the purpose of cutting for
hay at suitable intervals during the growing season.

The investigation to be reported on in the following pages is an
attempt to obtain mformahon on certain phases of the possibility
mentioned above and aims at finding an answer to the question:
How often should grasses be cut for hay during the growing season
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with the highest possible benefit to animals which have to be fed for
maintenance or production of the material so obtained, and, at the
same time, with the least possible injury to the vitality of the planis
which have to continue vielding nutritious herbage during succeeding
growing seasons.

1. REVIEW ( THE LITE ATUF

A review of the literature Learing upon the subject of pasture
research would form an important investigation in itself, and would
be out of place in an avticle of thix nature.  Only o himited number
of references have been collected from available sources, and 1t is
hoped {hat these will prove adequate for the purpose of illv<trating
some of the carlier work and the present state of our knowlc re.

The idea that the nutritive value of pasture is dependent upon
s chemical composition ix not new. The suggestion of Miller (1873
that the chemical analysis of Geran pastures should be undertaken
as a means of defermining their feeding value has previously bheen
referred to. Towards the end of {he last contury the available data
on the chemical constituents of plant ash were compiled by Woll¥
(1380).  In more recent {imes Prof. 18, Mangold of Berlin inaugurated
a seriex of Investigations into the nouneral composition of the ninst
commonly used German fodders.  The inangural dissertation «f
Theel (1933) on the mineral content of meadow havs may he guoted
as an example of this work. This investigator was unable to find
a correlation between the mineral and organte constitvents of hay, o
protein-rich hay being often deficient in muneral ma .

Accovding to Orr (1929 the first systemwatic work on the chenieal
composition  of  plants was undertaken by Lawes and  Gillert
(1356-1900).  Detailed analyses of the ash were made and the vesulis
showed that the chemical composition of the mixed herbage was
closely dependent upon its botanical composition and the stage of
development of the plants.  Orr stotes that it is interesting 1o
note that work on these grass plots Taid out af Rothamsted in 1856
s still being continued . An account of the more recent work af
that station 1x given in a monograph by Brenchley (1924).

Some of the earliest investigations into the chemical composition
of South African feeding stulfs were made by Juvitz (1390) when he
published the results of a few analvses of some of the principal
fodder plants of the Warroo. Similar work was conifinued by him
(Juritz 1914y and others [Vipond (19741 and Marchand and Smit
(191931, Ilowever, no svstematic investigation of South African
pastures was undertaken until after the results of the work of Theiler
and associates (19200 on T.amziekle in relation {o  phosphorus
deficiency became known.  TIn fact, 1t may be stated in gencral {hat
iuterest in the mineral composition of pastures has been largely
influenced by development in owr knowledge of the food requirements
of animals. Since certain pastures had heen proved to he so poor in
one or other constituent that this deficiency may cause disease in the
grazing animal, it became a matter of econowic necessity to study
the composition of natural pastures, and the factors having an
influence on that composition. The prohlem was considered to he of
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to be distinetly low in some cases, On the other hand, the bushes of
the Jastern Cape Provinee were higher in protein content than the
grasses and most of them were rich in phosphorus and caleiuw.

Pu Toit and co-workers (1932, 1935) analysed many thousands of
satiples of natural pasturage from different areas in the Union in
addition to studying the mineral and protein content of individual
grass spectes at different stages of growih.  They concluded that
practically all South-African pastures were low in phosphorus for
the greater part of the vewr.  Different species of grasses grown on
the same soil showed rvemarkable variations in composition at the
same stage of growth, while the percentage of certuin constituents,
phosphorus,  potassium,  nitrogen, and  chlorine,  decreased  to o
remarkable extent in all species as the period of growth advanced
bevoud ove monthi. Crude protein varied morve or less directly with
the phosphorus condent and 13 extraordinarily low during certain
seasons of the year.  Generally the sodiwm content was <o low that
o suggested an insufliciency of this constituent for producing animals
on pasture.

A considerable wmount of attention has been devoted to the
tactors aftecting the vield, mineral, and protein content of pasture
species as such studies were regarded as fundamental 1o any extensive
work in e field. In this connection the work done by Australian
investigators deserves to he mentioned.  Richardson, ot al (1931
found that pure speeles grown under similar soil conditions n
controlled pot cultures and harvested at o definite stage of growth
showed wide differences in mineral and nitrogen content and 1in
relative vielding capacity.  Growth stage was found 1o exercise a
determiniung  influence on the nitrogen and woneral content of
pasture species.  Nitrogen assimilation and the absorption of essential
nutrients were most active at the tillering stage, while photosyvnthesis
rose to a maximum shortly after the Howering stage.  The percentage
of nitrogen, phosphoric acid, potash, and to a lesser extent, caleium
and magnesium 1 these plants thus fell rapudly from the carly

tillering stage to maturity.  The application of soluble phosphate
did not maierially affect the phosphorus content of plants grown on
fertile soil. On the other hand, dressings of superphosphate on

phosphorus deficient soil increased the phosphorus content and the
vield of the herbage. Davies and Sim (19310 obtained the highest
vield of dry matter from a natural pasiure hy allowing the herbage o
reach malurity, more [frequent cuttime tending to reduce the vield.
ITowever, three cuts during the growing season vielded approximately
94 per cent. of the dry maiter obtained from one cut, and produaced
herbage of higher nutritive value than that of mature herbage.

Through these nvestigations it has been shown that while {he
environment expressed in terms of climate, soil composition, aud
pasture managenent exerted an important influence on the mineral
content of the ndividual plant, there was a It 1o the ability of
plants to make use of available plant nutrients, which wuas tmposed
by the nature of the species itself. The necessity for further work
on pure species in regard to their suttability for specific envivonmental
conditions with a view 1o inlroducing such species into the permanent
pastures wax obvious.  Applving varving svstems of defolintion to
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a perennial grass, Phalaris tuberosa which was found fo be persistent
and of high Vleldln@ capacity in the Australian zone of winter rainfall
and summer dlought {(Trumble and Davies, 1931) Richardson, et al
(1932) concluded that a system of {hree cuts during the growing
season would probably give optimum results, if the yield of dry
malter, the yletd of nutrients, and the permanence of the plant in an
arid environment were taken into consideraiion.

Cashmore (1934) made a comparative study of Lolium perenne and
Phalaris tuberosa, and found that the latter was the more persistent
and more productive species when once established. Preliminary
work involving trials of species, strains, and mixtures of herbage
plants suitable for an nrrigated reclaimed swamp has been started b\'
Trumble and Davies (19-)4) Thev indicated that the vyield of
mixtures containing perennial rye-grass, cocksfoot, white and red
clover was applommaiely double that of the best perennial rye-grass
pure swards.

A clear picture of the various projects in grassland research
being studied in Australia at the present time is obtained by a perusal
of a bulletin recently published by the Imperial Bureau of Plant
Grenetics, Aberystwyth, Wales (1934).

According to MeConkey (1931) grassland productis form 94 per
cent. of e lotal exports of New Zealand. Tn view of this fact and
considering that the country is blessed with a well distributed annual
rainfall 1t is not surprising to learn that ‘“ nowlere in the world is
the standard of pasture management higher than in New Zealand *’
(Grassland  Research  Commiitee, Pretoria University—African
Explosives and Tnd. Ttd. 1932). Ilowever, while the favourable
climatic conditions were mno doubt a contributorv factor, the
mvestigations by Cockayne, Bruce Levy, Hudson, an  others (1933)
on the testing of species and strains which would prove most suitable
for the environment, and the influence of fertiliser and management
on the productivity of the pastures, have been and will be the main
factor in deciding on the most efficient methods of utilising the
Lherbage.

Through their researches into the chemical composition and yield
of individual species of grasses Fagan and Jones (1923) did much to
clarity thought on some aspects of pasture management. Attention
was focussed on the differences in vielding capacity and chemical
composition of individual species. Tt was shown that the total protein
produced by hay and aflermath was less than that given by a
smaller vield of several pasture cuts. The contradictory results in
regard to the yield of dry matter obtained by S+opledon et al
(1925-26), who found that the yield of Italian  ye-grass was
increased with increasing number of cuts was attvibuled by them
partly to the fact that this species recovered very quickly after
cutting or grazing.

Taylor (1929, 1932) also studied the influence of season and
fertilizer on the vield and chemical composition of pasture under
different intensities of grazing. His conclusions were in the main
the same as those arrived at by other investigators. A few points of
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Ross ot al (1927, 1931) tested the digestibility of Teft and Lucerne
hay for sheep and cattle. Whilst the values for these mature
materials were very much lower than those for the pasture cuts in
Woodman s work, they did not differ markedly from data for material
of similar composition elsewhere.

That the intensive rotational system of grassland managenient
holds ont definite posgsibilities in certain regions of the Union has
been indicated by some recent experiments.  Tavlor (1931) kept {wo
IFriesland cows from October to May on iwo-thirds of a morgen of
fertilised Kikuyu pasture. The plot was divided into three canmps and
the grazing rotated on these for the period wmentioned. No
supplementary feed was given and the production of milk was more
than 2.000 gallons per morgen.  Aualysis of the herbage al mtervals
during e trial showed the following composition for the dry matter:

Crude protein.. ... o 19-0 — 28-0 per cent.
CaO o 0-33 — 033 per cent.
PO 0-83 — 107 per cent.

Moses (1934) presented data which indicated that under normal
conditions in the tropical coastal belt of Natal the carrying capacity
of a fe o lised Kikuyu pasture was in the neighbourhood of 1) head
of mature caftle per acre. Cutting the herbage within enclosed
quadrats at the grazing stage produced from 12,000 to 14.000 1b. of
dry matter per acre in ihe course of 12 months. The average crude
protein and phosphate (P,0.) contents of the dry matter were 14-0
per cent, and 0-80 per cent, vespeciively,

It 15 evident then that the main factors influencing the cheunncal
composition of pastures are species of plants, stage of growth of the
plants, climatie conditions, and the nature of the soil.  Of these
factors stage of growth appears to Le the most imporiant, 1n that the
percentage of nitrogen, phosphorus, potassium and fo a lesser extent
aleium and magnesium in the &y matter of the plants falls rapidly
from the early tillering stage to matwrity.  Furthermore, the vield
of dry matter is generally highest when the herbage is allowed to
reach the mature stage of growth before heing harvested, and, finally,
mmereasing maturity depresses the digestibility of the herbage.

Section A.—The Influence of Frec . of
Cutting on the 1el and ( emic c -
position of Grasses.

ill. PLAN OF THE y STIGA ION.

In IPebruary, 1934, un area of natural veld on flat open country
abont a mile from the Onderstepoort Laboratories was ploughed, the
existing vegetalion removed and the soil cultivated {o a depth of
about 9 inches.
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The soil profile has been described as follows:

Horizon A -—About 9 inches deep, consisting of l~rse c¢rumb
structure, reddish brown, light sav - loam of
fine texture on the surface and gradually
becoming firmer lower down.

Horizon A,—About 8 inches deep, more compact than A,
but also of fine sandy appearance, brown in
colour.

Horizon B—About 8 inches deep, yellowish-grey in colour,
tirm and sticky (with moisture) but containing
still a high percentage of sand.

Horizon (—Partially weathered and rcomiposed  gravel
derived probably from Norite.

The loss on ignition was found to be 4-8 per cent. for hovizon
A, while chentical analysis showed it to contain 0-00025 per cent.
available phosphate (P,0,), 0-111 pevr cent. available lime (CaO)
and 0-073 per cent total nitrogen.

IFPor the estimation of the available lime and phosphate an extract
was prepared by shaking the air-dry soil with one per cent. citric
acid in the ratio of 1 : 10 in a suitable coutainer for one hour,
allowing the mixture to stand overnight, and shaking 1t for a further
one hour before filtering. Calcium and phosphorus were determined
on this extract by the usual methods.

A total of 25 plots, each (24 x 17) square feet was laid out on an
area of approximately (60 x40) square yards m such a manner
that each plot was bounded by a path, 3 feet wide, running between
plots as indicated on the accompanying chart.

J

Five species of indigenous grasses, each replicaled five times,
were planted on the plots in a lLatin Square arrangement. The
species selected were Chloris gayana (Rhodes grass), Panicuin
maxvmum  (hairy  Buffelsgras), Cenchrus ciliares  (Buffelsgras),
Digitaria Pentziv, Pretoria small, and Setavia Lindenbergiana.

The Chloris and Cenchrus species were obtained from the
Prinshof Pasture Experiment Station, Pretoria, and from ienaar’s
River in the Pretoria district, respectively. The Setaria species came
from Pretoria North while the remaining two grasses were collected
locally.

The grasses were propagated from roots and th~ method of
planting was briefly as follows: The aerial portions «  the plants
which were dug up in such a manner that most of the roots remained
intact, were cut off leaving about 4 inches of the basal internodes of
the {illers to the roots. The stools were then split up into smaller
units of a few tillers with roots each and these planted in rows 12
inches apart, so that only the root portions were underground and
in intimate contact with the soil. ach plot was watered after
being planted.

Owing to the advanced stage in the season when *ha grasses
were planted and in spite of frequent water during = arch and
April very little growth took place before winter set in. At the
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Nevertheless, 1in April, 1935, the grasses on all plots were cut
short. A certain amount of growth took place following this cut.
The investigation commenced when on the 25th October, 1935, the
remaining dry matter from growth of the previous season was
removed by cutting to about 2—4 inches from the ground. Each
of the 25 main plots was pegged to a size of (22 x15) square feet
leaving a border of 12 inches wide all round. Main plots were
again sub-divided into five equal sub-plots measuring (22 x 3) square
feet. A ditferent treatment was allocated at random to each sub-plot
within a main plot so that there were five replications for each
treatment. ° reslriction was, however, applied to the randomisation
of treatments within plots. Reference 1o the chart reveals this
restriction to be that with regard to rows a treatment occurs once only
1 the same posilion within a main plot.

The experiment covered two successive growing seasons and the
treatments applied were:—

(1) Cutting the herbage at monthly intervals.
(2) Cutting the herbage at 2-monthly intervals,
(3) Cutting the herbage at 3-mounthly intervals,

(4) Cutting the herbage after 4 months’ growth followed by an
aftermath cut of 2 months’ growth, and

(7) Cutting the herbage once only towards the end of the
OTOWIng season, uxualh a G-monthly cut.

The « jects of the investigalion were to study the effect of the
treatments severally on the yield, chemical composition and
digestibility of the grasses. Nitrogen, phosphorus, and calcium
balances were, however, also determined.

V. METEGROLOCICAL DATA.

The main features in the weather conditions for the period of
the experiment are given in table I. T1'or the purpose of comparison
the average monthly rainfall from January to December for the last
25 vears 1s included in the table. It will be seen later that for the
two seasons covering the experiment the plots were harvesied 1n
each case for the last ime early in April. Consequently, the rainfall
which could have influenced the composition and yield of the herbage
obtained was that recorded for the period September to the end of
March. Comparing the rainfall during the period mentioned for the
two seasons of the experiment with the average, it is found that the
total for both seasons is above the mormal. The figures are 27-4H
inches and 29-58 inches for the 1935-36 and the 1936-37 seasons,
respeciively, while the average total for the last 25 years is uan
24-95 inches. On the other hand, a glance at figure 1 giving the
distribution of the rainfall as mouthlv totals for the seasons of the
experiment reveals several deviations from the mnormal. TUp to
January the 1935-36 season was abnormally dry, while the 1936-37
season approximated more closely to normal conditions except for a
dry spell in December. During both seasons more rain fell after
January than the awmount normally registered. However, the
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1. Awverage monthly total ratnfall for the last 25 years included.

|
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- — 0-32 — 0-06 0-03 —

0-10 0-18 —_ — 006 0-04 —
— 0-71 — — — — —
— 0-03 - - — —
— 0-27 - 0-03 0-02 — 0-03

0-38 0-03 — — 0-56

0-03 0-34 - — — — —
— 0-33 — — = — —
— 0-83 — 0-17 — —
= — 0-05 0-05 —_ 0-18 —
— — — 015 - 0-77

0-23 - — 0-81 = —

0-83 — — 0-30 — 0-16 —_
0-38 0-06 1-46 0-15 — 0-34 —_—
_ i 0-68 — _ _ _
269 6-54 337 4-51 1064 1-38 2-20
2-12 5-33 4-79 4-87 3-84 3-39 0-97
83-2 82-2 880 85.0 842 85-8 82-2
51-4 54-5 555 59-5 59-4 53-9 45-8
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distribution of ihe rainfall for the lalter halt of the 1936-37 season
was such that plant growth did not receive the maximum  benefit
from it. Karly in February heavy downpours weve experienced
and this was followed by dry and hot weather intermitiently relieved
by light ineffective showers. Dry spells during both zeasous were
accompanied by high maximuwm temperatures (see fig. . The
variations in ihe average monthly minimum temperatires did not

show marked differences during the two seasons.
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Fig. 1.—Showing monthly rainfall and average maximum temperatures for
the seasons 1935-36 and 1936-37.
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almost 3 by this time if cut by 10 a.m. However, all samples were
collecte in hessian bags in the afternoon and removed to a corrugated
iron bwiiding near the luborator v, where they were hung up to dry
in the bags. When air-dry the material was w eighed and the hglue\
s0 obtained were used 10 compare the yield {rom “the different species
and treatments.

It 13 realised that these figures do not represer  the true yield
of dry matler as cut, since it has been reported (Kirseh, 19:33) that
loss of dry matter, presumably through respiration, occurs with even
the hest known methods of hay-making.  Whereas Jdry malter has
been determined on the herbage as cut the best proce e would have
been to weigh the fresh herbage and then calculate the weight of dry
matter. No facilities were, however, available on the site of the
experimental plots so that the only alternative was to weigh the
air-dry material.  Whilst the method emploved does not give absolute
values for vield of dry matlter it does serve to show up the velative
vielding capacities of species and ireatments.

It may be added that the material inside the bags was turned
over occasionally so that no ““ heating ”’ of the grass occurred.

(2) Cnevicar. Mernons.

I"or the determination of dry matter about 230-300 gm. of freshly
cut herbage was introduced into an ordinary canned- fruit flusk and
the lid tightly screwed on. The flask with 1ts contents was then taken
directly to the laboratory aboul a mile away and weighed. The
herbage was {ransferred to a small canvas bag and dried to constant
welght at 100° (',

For +he purpose of determining chemical composition the
nmaterial  om the five replications of any one species und ireatment
was treated as a single sample.  Thus, the air- dry material obtained
from the five 1‘9])11&11101]\ of the monthlv cuts of Rhodes erass In
January, for instance, was mixed after we]ghlng and a 191)1(459111(1{1\',
sample of about 100 grams taken. This was finely ground, hottled,
and put away for chemical analysis.

Crude protein, crude fibre, and ether-soluble extract were
determined by the usual methods employed by agricultural workers.
Total ash, silica-free ash and the extract for the determination of
caleium, magnesium, potassium and sodium were obtained by a
method described by Louw (1934). A seperate extraet was prepaved
for the det mnmm’rmn of phosphorus and chlorine according to the
divections given by Malan and van der Lingen (1931). The exsential
difference between the methods for preparing the two exiracts was the
addition  of t';\lvium acetate  solution to  the muatertal  Dbefore
incineration in the case of the phosphorus-chlorine extract. Al
morganic (’on\hhwn’rs. excepling chlorine, were determined by
micro-methods.  The following ave brief deails of the principles on
which the methods employed are based : —
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INFLCENCE OF CUTYING ON YIELD, ETC., OF GRASS SPECIES.

(i) Phosphorus.—Methods of Bell and Doisy (1920) and Deniges
(1920), adapted for the determination of phosphorus in greeses by
Malan and van der Lingen (1931). *Pnnuple—\lolybda’(e a led to
test solution. Phosphomolybdate 1s formed. This is reduced by
hyvdroquinone and sodium sulphite or by stannous chloride to form
a blue compound which is estimated colorimetrically.

(i1) Calcium —Method of Clark aund Collip (1935). Principle—
Oxalate added to test solution. Calcium oxalate is formed and this
is titrated with a 0:01 N potassium permanganate solution.

(111} Hagnesium.—Method of Briggs (1924) modified by Malan
and Van der Lingen (1931) and Holzapfel (1934). Principle—The
calcium  resent 1s precipitated as oxalate and subsequently the
magnesiuw as magnesium ammonium phosphate after which the
phosphorus 1s dtermined colorimetrically.

(iv) Potassium.—Method of Kramer and Tisdall (1921) adapted
to grass analysis by Malan and van der Lingen (1931) and modified
by Hubbard (1933). Principle— Potassium 1s precipitated under
standarised conditions as potassium sodium cobalti nitrite which is
titrated with 0-01 N potassium permanganate solution.

(v) Sodium.—Method of Barrenscheen (1927) mc fied by Louw
(1933). Principle—Sodiuin is precipitated as the triple acetate,
Uranyl-zinc-sodium acetate. Potassium ferro cyanide 1s added to the
triple acetate in solution. A brown colour is formed, the intensity
of which is proportional to the amount of uranium present.

(vi) Chlorine.—Volhard’s method for the detection of halides
was adapted by Malan and van der Lingen for the determination of
chlorine in grasses. Principle-——Chloride is precipitated as silver
chloride by the addition of silver nitrate to the test solution and the
excess silver nitrate titrated with potassium sulpho-cyanide.

Vl. F 3.

(HTeE [NFLUENCE oF FrEQUENCY 01 CUTTING oN THE YTIELD
oF pry MatrER.

The aggregate seasonal yields of air-dry herbage for individual
cutting treatments, species, and replications for the two seasons of
the experiment are given in tables 2 and 4. The arrangement of the
data within the tables i is similar to the lay-out of the plots (see chart),
except that the figures giving the yields of air-dry herbage for
treatments have bheen re-arranged within rows in order to facilitate
the drawing up of the tables. Row totals and column totals are
included in the tables as these figures are made use of in the method
employed for the statistical ’1ndlvs1s of the data. Two additional
tables are given for the purpose of applying this analysis. These
are tables 3 and 5 giving the grand seasonal totals for air-dry
material for species and cutting hea‘rments
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The following is a statistical analysis of the vield data made
under the direction of Dr. A, Laurence of the Division «  Economies
and Markets, Tnion Department of Agriculture.

() 193H-36G Neason.

Crude Calewdations frome Tables 2 and 3.

Total xum of squares of deviations = (Sum of squares for sub-plots) - - ((nan(l total)?
for all sub-plots - -
l 3
(198.301)2
= 350,192,293
IJ.‘)
— 350,192,293 - 314.586.203
— 35,606,001
Total sum of squares of deviations = 15 (Sum of squares for plots) — 314,586,203
for plots = 15 (1,710,793,019) v
— 342,159,004 — i
— 27.472,711.
Sum of squares for rows = T, (Sum of squares for row — 314,586,293
totals)
< U (7.889.521,501) - .
— 315,580,864 '
994,57 1.
Sum ot sguares tfor columns = s (Sum of squares for column 3 386,293
totals)
UL (T, 991.996.067) .
= 317,799,843 i .
= 3,213,550
Sum of squares for varieties — Yy, (Sum of squares for variety - 314,586,203
totals)
= T, (8, 334,076,755 . .
—= 333,363,070 — -
— INTT6TTT.
Total sum of =quares —= 1, (Sum of squares of 25 totals - 314.586,293
in table 3)
To(1L,689.171.211) .
S- 337834242
23,247,919,
Sum of squares for cuts - Vs (Sumoof squares for cut ,H86,293
totalx)
Uy (7.933.707,285) .
— 317,348,291 - .
— 2761998,
Sum  of squares for inter-action - (Total sum of squares) — (sum of squares for
(cuts X varieties) varieties - sum of squares for cuts)
— 23,2 — (18,776,777 - 2,761,998}
= 1.709.174.
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INTLUENCE

Yields of Air-dry grass in grams per 66-0 square feet.

OF CUTTING ON YIELD, ETC

Tabre 2.

)

O GRASS

1935-36G Season.

SPECIES.

Cutting Intervals.
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=
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months........
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o
=
=+
=
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TOTAT......

O W b=
g
=]
=
=
=
7

month.............
months,.......
months........
months........
months............

months........
months........

[10,763

months........

w1 f \ | Row
| C. | E. | D. 1 B. \‘ A Total. | Totals.
B i ~ =
J 1,087 \ 1,382 953 \ 1,162 [ 1,418 | 6,452
| U523 | Leel | 7l | Loes | 1205 } 7.113
| Add | Lo b 2o | rses o anens
| Leze 1765 | Luio | 5007 | U745 | 8359 }
1470 | 1.638 869 | 2723 | 1.382 ‘ 8,102
A0 | L8R | e | e
| 7,150 | 8415 | 4604 (10,500 | 7176 | 37,875 |
{ | \ - 7’[ 77‘ﬁ7 - 777(
b | C A E. | B ‘
_ | o
‘ 1,043 | 1,011 @s] ‘ 2256 | 2,240 | 7,401
| 1043 | 1190 14 | 2808 | 2273 sbos ‘
1231 | 1,499 s | Y311 { 8409 | 42,764
| 1243 [ L1230 | 1265 | 2,940 | 2285 | 8963
(LISS | LT3 | 117 | 2728 | 2710 | 9,483 }
‘ ‘ R T
(5745 | 6673 | 5358 13166 |11822 {43,7 ‘|
| | “2 :J "‘—'—'7777 ‘
EARar e
v lE s o
2,138 882 | 1,328 | 853 | 1,195 | 6395
| 2046 | 1,020 ’ 1,276 2,198 | 1254 | 7,803 /
| 209 935 | 1431 | 1422 | 1,632 | 7.499 | 38,015
2265 | 1,365 | 1,375 | 1,420 | 1,552 | 7,977
2,235 900 | 1547 1170 | 2,308 | 8.310 |-
| 5201 | 6,957 | 7,063 | 8031 38015 |
| _ e
| | | | |
E. A. B. C. D. }
| | | |
| _ _
1,757 | 1,420 | 1,637 | 938 ‘ 887 [ 6,639 ‘
1,896 | 1.282 | 1,379 ‘ 1210 | 1121 | 68od
1,916 | L1567 | 1911 | 1,229 964 | 7.587 | 37,669
| 2200 | 1655 | 1496 | 1157 | 1,734 | 8242
| 2078 | 1712 | 1922 | 1822 1273 | 8307
| 0.847 | 7,636 J‘ 8.345 | 5,856 | 5.98 37,669
o ( | — o
J A. B. |G ‘ L }
S ! | |
1251 | L1 918 | 933 | 1,388 ‘ 6,341 |
2212 | 2:655 | 1,029 {1,012 2,137 | 9,045 |
1371 | 2044 | 1.205 | 1095 } 1,950 | 7.665 ( 41,978
1495 | 2,686 | 1379 | L1152 | 3,104 | 9,316
| L715 | 196 2380 00 | 2082 | 911
| ' |
| o
| 8047 111,197 ‘r 6011 | 5162 | 10,661 41,978 |
i [so.as2 Is2175 41747 |asers | — | 10m301
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J. G. LOUW.

ABLE 3.

Yields of Air-dry grass in grams per 330 square feet, showing
varietal, cutting, and interaction effects.
1935-36 Season.

(Means in brackets).

A | B C. b, w1l Total

Cutting Intervals. |
- o a B ! L
1 month.......... ‘ 5,796 | 9,525 5,099 4,698 8,111 33,229
(1,159-2) | (1,905-0) i (1,019-8) (939-6) (1,622-2)
2 months......... 8,001 10,316 6,206 4,972 9,778 39,363
I (1,618-2) | (2,063-2) | (1,241-2) (954-4) (1,955
3 months......... 6,717 10,403 7,009 5,176 9,710 39,015
(1,343-4) | (2,080-6) | (1,401-8) | (1,035-2) (1,942-0)
4 months......... 7,580 10,829 6,994 6,564 11,384 43,351
(L,516-0)  (2,165-8) | (1,398-8) ' (1,312-8) = (2,276-8)
6 months......... | 7,096 11,554 9,313 5,287 10,093 [ 43,343
(1,419-2) | (2,310-8) ‘ (1.862-6) | (L,057-4) | (2.018-6) (
ToTaAL...... 35,280 . 52,627 34,621 26,697 f 198,301
Analysis of Variance.
- N ‘ = ‘ - — —_
egrees Sum . o ‘ ‘
‘ of of }\[ean ’ btapdgxrd Log. .1, .
§ Square.  deviation. =
freedom. | squares. J
- | [ : (
RoOWS.....ooenn .. 4| easm — — — —
Columns.......... 4 3,213,550 — — — —
Varieties.......... 4 18,776,777 | 4,694,194 i6-6 768094 125395
Error (a)......... 12 4,687,813 ( 382,318 618-3 642699 —
Total plots........ 24 (27,372,711 ‘ - —
Cuts...o.oovvvnt 4 2,761,998 | 690,499-5 831-0 6: 72 264 37077
Interaction........ 16 1,709,174 | 106,823 326-8 5-790%7 | 0-43750
Error (6)......... &0 3,562,117 r 44,5265 2110 53 7 —
Total sub-plots.... 124 35,606,000 i — — ’ — | —

From isher’s (1932) tables giving the z vi 1es for different
degrees of mgniﬁcam*e we have that for n,=4 and n,=12, >=0-5807
at P=-05, and 2=0-8443 at P=-01: for n,=4 ~»d n,=060(3H"
=0-4632 at P=-05, and 2-=0-6472 at P ---01, ar or =16 ay
n,=380. 2:20-2855 at P=-0H, and 2 -0 3940 at I’ = en(e hu]n
a com rison of the observed and the theoretical vatues for z 1t is
conelv :d  that varieties are significantly different, cuts are
significantly different, and interaction (variety x (llt%) is swmﬁcamlv
different, all at P = “01. Tt is therefore pernmssible {o pl()ceed to the
t-test to discover where this significance lies.
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INFLUENCE OF CUTTING ON YIKLD, ETC., O GRASS SPECIES.

(1) Significant differences between varieties.

Variety. ‘ Totals. | Means.

! [
ORLOTIS GRYANGA .ot e e e e e (A) 35,280 1,411-2
Set ria Lindenbergiant.. . ... ......oii e (B) | 2627 ‘ 2,105 1
Cenchrrus CllEiTes. oo vt s (C) ( 34,621 1,384-8
Digitario Pentzii Pretoria Small ..o o oo, (D) 26,697 ‘ 1,067-9
Panicum mMamimum. . ... e e (Ey + 49,076 1,963-0

The standard error of a single plot is 6183, and of the mean of

618-3.
25 plots 1s :/7*_ The standard error of the difference between two
25

means — ﬁgf”{/%g\\/z
=174-9.

For n-=12, the degrees of freedom on which the estimate of error
is based, t=2-179 at P=-05, and #+=3-0565 at P=-01 (Fisher’s
tables). Hence for significance at P=-05, the difference must be
=(2-179x174-9)=381-1, and at =01, the difference must be
(3-055x174-9)=534-3. Whence t may be concluded that while
there is no significant difference >tween the Sefaria and Panicum
species, both these species yielded significantly more dry matter than
the Chloris, Digitaria, and Cenchrus varieties, the odds being over
100:1 in favour of this significant variety effect. The three last-
mentioned varieties are insignificantly different.

(11) Significance of differences between cuts.

Cutting intervals. } Totals. ‘ Means.

o - \
4 months. ..o e 43,351 1,734-0
B MONths. .. e 43,343 1,733-7
2 IODtHS e 39,363 1,574-5
B (1) % 7 Y 39,015 1,560-6
LTomonth. . ..o e s 33,229 1,329-2

The stan rd error of a single sub-plot =211-0, and the standard
error of the difference between means of 25 sub-plots

2110 x /2
v 25
=59-7.

For n=80 (30), t=2-042 at P=-05, and
t=2-750 at P=-01.
For significance at P=-05, difference must, therefore he
=(2-042 x 59-7)
=121-9, and
for significance at P=-01, difference must be
=2-7T50x59-7
=164-2.
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INFLUENCE OF CUTTING ON YIELD, ETC., 0 GRASS SPECIES.

For Cenclirus ciliaris, cutting after un interval of 6 months is
significantly brotter than culting after intervals of either 1, 2, 3, or
4 months at  =-01. The 3- and 4-monthly cutting systems are
similarly signmincantly superior to 1the monthly system of cutting.

For the Digitaria species, and the Panicum variety a rest period
of 4 months is significantly better than a rest period of only one
month at 7 01, and significantly betier than rest periods of 2 and
o months at PP 205 Also, in the case of the Panicun variety,
significantly more dry matter is obtained by allowing the herbage
to grow undisturbed for six months before it 1s harvested than by
culting 1t at monthly intervals, the odds heing more than 100:1 in
favouar of the six-monthly cutting rotation.

Al other differences not meuntioned in the summary of conelu-
stons are not significant.

(OY The 1936-37 SNeason.

The results for the above mentioned season arve given in tables
4 and 5. The statistical analysis of these results wus executed
4 manner similar to what has been done with the data for the
1935H-36 season.  IFrom the analysis of variance it was found that
varieties are significantly different at P --05, and cuts are signi-
ficantly different at PP -05. The = value appropriate to interaction
and error was, however, observed to be smaller than the {theoretical
2 value from Ifisher’s tables for o, 16 and n, 80 at both the one
per cent. and the five per cent. points of distribution.  The 7-test
was, therefore, applied only {o cuts and varieties.  The following s
a summary of the conclusions drawn :

(1) Varieties.

Both Panicwum marimum and Setaria Lindenbergiana produce
significantly more dry matter than either Cenchrus cilivris or the
Digitaria species at P==-05. Chloris gayana, Panicum maztmum,
and Setaria Lindenbergiana ave insignificantly different in regard to
their respective vielding capacities. The same insigniticant ditference
is found between Cenchrus ciliaris, Chiloris gayana and the Digitaria
species,

(11) Cluts.

Significantly more dry maiter 13 produced by cuttina at 6- and
4-monthly intervals than by cutting at 3- and T-mont’ 7 intervals,
and a 2-menthly syxtem 1s decidedly superior 1o a monthly system
for the prc 1ction of dry herbage, the odds heing more than 100:1
in favour or the said significant cutting effects. The vields of dry
matter under a 2-monthly and a 3-monthly cutting system are signi-
ficantly different in favour of the former system. On the other hand,
the vield of dry matter from cutting at 2-, 4-, and 6-monthly inter-
vals 1s insignificantly different.
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INFLUENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES.

Summarising the maimn features in the results of the two seasons
of the experiment with reference to the statistically significant
elements 1t 1s found that of the grass species studied Setaria Linden-
bergiana and Panicum magimum ray  first as producers of dry matter.
In regard to cutting treatment the most outstanding feature is the
depressing effect on the yield of dry matter of a system whereby
grasses are cut at monthly intervals during the growing season when
compared with more lenient systems of cutting. This effect has
heen observed for all the species combined as well as for species
individually. Of the more lenient cutting treatments the 6- and
4-monthly systems produced on the whole more dry matter than the
2- and 3-monthly systems. The inferior position taken in by the
3-monthly system during the 1936-37 season cannot be accepted as
normal without further proof, in view of the fact that a monthly
cutting treatment, mentioned earlier in this report, had to be applied
at the end of the previous season to suit the requirements of the
experiment. Furthermore, the evidence from the results « species
combined 1n the 1936-37 season and from the results of individual
species for the previous season suggests that the amount of dry
mafter obtainable under a 2-monthly system of cutting may not differ
matertally from that from one cut at the end of the season or two cuts
as represented by a 4-monthly cut in February followed by an after-
math cut two months afterwards.

Tasre 5.
Yields of Air-dry grass in grams per 330-0 square feet, showing
vartetal, cutting, and interaction effects.

1936-37 Season.

B. ‘ C. D. ’ E. | Total.

I

Cutting Intervals. ‘ A. [
.. — ‘ { [ [
1 month.......... ! 5,333 7,840 3,798 3,922 | 6,861 27,754
2 months......... . 7,906 9,416 5,077 4,530 8,754 35,683
3 months..... 6,280 7,262 4,507 4,640 9,085 31,774
4 months......... | 7.353 9,633 6,390 5,204 10,848 39,428
6 months. . ... | 6361 | 10355 8,638 5,087 ‘ 9.541 | 39,982

TOTAL...... | 33,233 \ 44,506 | 28,410 ! 174,621

23,383 ( 45,089

To conclu?~ these remarks it should be pointed out that the
results obtaine are probably valid only for the conditions of soil
and climate under which the grasses were grown.

() Tre InrLveNce or CLIMATE ON THE YIELD oF Dry MATTER.

Among the many factors which influence crop production rain-
fa is the major determinant of yield, especially in regions here
the reliability of effective rains is not high. It is, in addition, a
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common experience that the amount of annual rainfal' 5 not as
important as the quantities falling at definite pertods  ving the
growing season.  Unfortunately, 1t appears that little or nothing
has been done in the summer rainfall area of the Union to ascertain
durtng which period or periods of the growing scason roin has the
greatest influence on the production of grass species. ork done
by du Toit. et al (1935) and by Tavlor (1929, 1932) scems to mdicate
that differ  t species of grasses have difterent periods of opt um
erowth under normal conditions of rainfall.  In a region of snmaer-
rainfall the atmospherie factors of temperature, humidity, ar wind
veloeity may have a profound influence on the eflectiveness ot rain-
fall by coverning the rate of evaporation and transpiraiion.

The scasonal production ot the five species studied is given in
Tables 6 and 7 for the seasons 19395-36 and 1936-37, re  cetively.
The ficures represent the total amount of air-dry herbage obiained
from five replications by cutting at monthly intervals in the course
of the growing season.  Sinee  the cceneral trend 1o recard o
seasonal production 1x the same for all species the means for all
species have been used to illustrate the ~"eet of rainfall on the
seasonal production in graphical form. wrthermore, the totals
viven for January, 1936, and for Deccmber, 1936, and again for
April, 1937, do not represent growth during one month only and
cannot therefore represent a =ingle point in a graph deseribing true
monthly totals.  To overcome this difficulty the total tor Juanuary,
1936, has Leen split up into thiee equal portions to represent monthly
cuts for November, December aund January. though very 1 le,
nevertheless, growth did commence during the 1935-36 season In
October and continwed mfermittently to the Jdote on which the
herbave was cut for the first ttme n January. he splittin of
the cumula e growth in Junuary into three portions as ir ed
1 thus justned under the clrcumstances and will give a truer picture
of the effect of rainfall on growth. ITor similar reasons e totlals
for December, 1936, and April, 1937, have heen sphit up to represent

two points on the graph.

Tanre 6.

Nhowing seasonal production of dry maiter iu grams.
1935-36 Neason.

Species. January.,  February. | March. | April.

Chloris guyma. ... cooo o oo 1,307 1,315 1713 1,261

Setaria Lindenbergiany ... ... ... .. 2,797 1.787 3,376 1.565

Conehrus eillaris ..o oo 0 0o 1.384 1.230 1.638 347

Digitaria Pentzii Pta. Sm............ ... 1,254 1,154 1,478 812

Panicwm magimum ..o oo i e 1.823 2.308 2,841 ‘ 1.139
ToTan . oo 8,765 T4

ACan . 1,753 1.539 ERARH] 1,120






