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I . I NTRODUCT I ON. 

Trn: steadily increa,.;ing Yolume of litera t.ure on pasture r e:;earch Lears 
mute testimony to the interest taken by agricultural \Yorkers all OYer 
the civilised world in problems relati.ug to the pastoral 1·eso1.uces of 
their 1·espectiYe co unt.rit-s . 'l'his i :; not surprising in vie"· of the £net 
that pasture represents the ra"· matt-rial for the manufacture of the 
most impol'ta nt animal prorluds, snch as milk, meat, \Tool, and hidPs. 

P roblems associated \\·i th pastm·e research Lecome imperati...-e in 
a countrv such as the Union of South Africa '"here " more thaH 85 
per cent vo£ t he land is unfit for rnlhYation, heing too d1-y, mountain
ous, or other\\·i~e unsuitable, and can be utili:;ed only for pasturage " 
(L eppan, 1928_, 193G) . In this connection it may he poi nte<l out that 
the rainfall of S<mth Africa ym·ies from about 50 inches on the Xatal 
coast to less than 2 i.nche~ at TJuclt-ritzbu eht on the "·est <·oast, \\·hereas 
fully half of t he Union receiYeH le"s than 20 inches pt·l' anuum, and 
only about a quarter l'Pf'eiYes mm·p than 2 :) inches . The problems 
confront ing the pasturp investigator ar e consequently mnny aml 
varied. 

An imporbmt preliminar,\- to intensiYe pasture inYestigation s 
is exact knowledge \\·ith reganl to the plant. population of a conntry. 
The inception of a Botnuiral Sune:v of the Union in 1918, undc•r the 
supervision of th e ChiP£ of the DiYision of Plant Industry was, there
fore, a step in the right dir.-ction. AR a result of this '\\·ork, in 
conjunction with that of earlier botanists, it became possible soon 
afterwards to cliYide the count rY into some nineteen main botanical 
reg ions (Pole-Enns, 1920) . Tliis \York is still proceeding and aim s 
at recording and mapping the chiP£ types of plants in each of the 
different botanical regions. At the same time t he necPssity was felt 
for establishing permanent stations for Yelcl research in these regions 
and severnl surh stations have been founderl , but it is not illtended 
to follow their clenlopment in detai l. Suffice it to state that these 
experiment stationR are studying problems of pasture research directly 
associated with the areas in whieh they are sit ua ted. 
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A great stimulus was furthPrmore gi;-en to pasture research by 
the decision of the Union Government in 1933 to combat soil erosion 
along national lines, for it is well known and appreciated that soil 
erosion and veld deterioration are closely related. A national scheme 
for pasture improvement and management t hus came into being. 
The Devision of Plant Industry is mainly responsible for this work, 
and a review of their actiYities has been published by Pole-Evans 
(1936). 

Problems pertaining to the pastoral resources of a country can 
best be solved with the full co-operation of the botanist, the chemist, 
and the animal nutritionist . " Thilst, however, the botanist will be 
primarily interested in " the botanical composition of the vegetative 
covering, the habitat-range and limiting factors of the major pasture 
species, the factors ·which go;-em the destiny of the grassland 
associations, and the p1·ocedure neeessary to avoid undesirable 
successions ", the biochemist, on the other hand, will be interested 
primarily in the chemical compo~ition ·of t h e pasture and the effects 
thereupon of external factors such as Tainfall and stage of growth. 
In conjunction with the nutritionist the biochemist is interested iiJ. 
the effects of the pasture upon the animal. He studies the chemical 
composition of the herbage to determine to "·hat e:s:te11t this can be 
correlated " ·ith its feeding YahH'. To "·hat extent, for instance, is 
the low Yalue of certain types of gra:r.ing due to deficiency of one or 
more of the nutrirnts no"· kno\Yn to be essential constituents of the 
diet. D evelopments in the science of nutrition ha;-e resulted in the 
rerognition of the fact that animals nre more likely to suffer from 
a lack of some inorganic salts, proteius under certain conditions, or 
of certain Yitamins which a1·e required in comp:natiYely small 
amounts , than from an insufficiency of the energy-yielding and 
fat-formiug carbohydrates. 

The Yalue of chemical composition as a means of assessing the 
feeding \·alue of pastures has been realised for a long time. As 
early as 1873 :M:i.iller suggested t he chemical analysis of German 
pastures as a means of determining their feed ing ;-alue. In their 
investiga hou~ into the cause and prevention of Lamziekte m 
Bechuanaland Theiler and his associates (19~0) \Yere able to 
demonstrate the deficiency of phosphate in some South African 
pastures and the necessity for supplementing the natural gra:r.ing 
with phosphate in one form or another. As a. direct outcome of this 
classical work Renrici (1928, 1930) undertook a more detailed stucly 
of the phosphorus content of grasses in the Vryburg district and parts 
of the East ern 'l'ransYaal. Some\Yhat later, in 1930, the Director 
of Veterinary Services inauguntted a series of monthly sun-eys 
of the pastures of the U11ion of South Africa \Yith the object of 
ascertaining· the extent of phosphorus deficiency in the pastures 
of the country as a whole. A t the s::~me time these SlUYeys aimed at 
finding out "·hether defieiencie<J other than phosphorus also occur in 
the natural pastures, and at colleeting data on the feedi11g value of 
natural pastures growing in different areas under different 
environmental conditions. In this wlly a mllss of data on the chemical 
composition of 8amples of JHJturlll pasturage has aceumulated at the 
Veterinary Research Laboratory at Onderstepoort. Some of this 
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information has been published by du Toit aml his associates (1932, 
1935,, and a paper on the results of analysis of a further four 
thousand samples is being prepared for publication. 

'l'hese samples were obtained in the field in different areas by 
follo\\·ing the grazing animals and collecting the samples as selectiYely 
as the grazing animal followed selected its food. It soon becnme 
apparent, ho"·e,·e.r, that pasture samples at all stages of growth \Yen• 
being recci,-ecl during any one month o£ collection with the doubtful 
exception of the "·inter collections hom the greater part of the area 
covered " -hen mainly mature, chy grass wns rPf'eived. 'rhe analyses 
therefore vari.ed us the stages of growt h cli.,l for clifferenL samples nml 
it was soon realised that more definite knowledge on the influence of 
stage of grmdh on t h e f'h emical cmuposition of grasses \\'as neerlecl. 

\Vith this object in vie1Y specie::; of indigenous gn:tsses ,,·ere 
established in pure stands on small plots and subjected to Yariou~ 
systems of defoliation ranging from monthl:v cuts to o11e cut in e,-ery 
twelve Jll Ol,th;; . Preliminar)c results of ihese inYeshgalions were 
published by du 'l'oit et al (1934, 1935), and inclil'ated inter alia that 
grasses which were allo1Yed t o gro1v undisturbt>r1 throug'h t h r 1dwle 
of t he g-rowing season and then left to dessicate on the Yeld beeallle 
so low in th eir phosph m·us and protein contents that animals which 
have to subEist entirely on such material "·ould not ing-est su:ffieieut 
of theBe nutrients fo1· maintenance requirem ents. Even aftermath 
grOIYth, i. e. gn)\\'th follo\\·i.ng upon a defoliation in February or 
l\farch was relatively poor in phosphorus alHl protein if allowed to 
become dry on the veld. These results forced the conclusion that 
more and better use must be mao e of the produce of the gro"-ing 
srason . 

Chemical composi tion in itself cannot, ho\\·eyer, he of much 
assistance uuleBs it can be correlated with nutritiYe Ya lue. 
Unfortunately the determination of the latter entails much m.ore \l·ork 
than the former in that actual feeding experiments inYohing costly 
equipmenL need io be carried out with animals. As a first , tPp 
digestibility data are of great importame, and, as pointed out 
1·ecently by Ross (1936), "i.t is surpri sing ho\1- littl e h as been done 
in thi s direction". \Vhile it is real ised that work don e in other 
countries on the chemi cnl composition of pastures in relation 1o their 
nutriti.,-e Yalne may be of great assic>t::wce to us in estimating the 
value of our pastures from data on chemical composition, the 
differences iu soi l type and ft>rhlity, A.ora, and d im nhc conrlition s, 
resulting in cl ifferences in the chemif'al f'ompoRition of the Yt>getai ion, 
nec·essitate undertaking of similnr 11·ork in the '(Tnion. 

The chi t>f ;;]wrtcolllings of South African past~ues nre to he founrl 
mainly in the long pe1·i.o<ls of donmmcy. In the summer-rainfall 
areaB of the Union th e rlr·,~-, cold winter month B cn11se almost f'omplete 
cessation of g-ro1Yth. The growillg season colllmences ''ith the first 
spring raim; , usually in September, and continues with Yaryi.ng 
intensity to about the encl of April. The r.;o ntinuecl proYision of 
~utriti.ou s gTazing during this IJeriocl f'oulcl be accomplished h)· 
mtrocluri.ng a system of rotational grar.ing. The adoption of a system 
which >Yould produce optimum results presupposes, ho,YeYe~' , nll 
understanding of the factors influ encin g vielcl , cl1emical compositi·ou, 
and nutri.ti.-e Yalue of th e pnsture. ~ 
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On the other hand, if the deterioration of t he herbage in regm·d 
to its nutritive qualities during the dormant season is borne in mind, 
and if it is. admitted that farming in many parts of the country can 
be stahi.lised .only 11·hen 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 during 
times of drought if heayy losses of stock are to be preYented . 

The proYision of supplementary feed could be accomplished in 
seYeral ways. The utilisation of part of the annual maize crop for 
this purpose has been repeatedly advocated. Tile feasibility of 
combining rotational grazing with cutting for hay, t hereby conserving 
any excess growth in a nutritious condition for the time of scarcity 
could with advantage be explored . In this connection reference may 
be ma cl e to a series of experiments conducted at the Grootfontein 
School of Agriculture, Middelburg (Mare, 1937), and which aimed 
at ascertaining data •On the influence of differ ent systems of grazing by 
sheep on the permanency and productivity of an established lucerne 
pasture. By combining a system of rotational gTazing 11·ith cutting 
for hay a uniform carrying capacity of 24 sheep per morgen during 
summer and winter was obtained for a period of three successive 
years. 

'l'he problem of improving and supplementing the poor and 
inadequate grazing of summer and au tumn in the areas of winter
rainfall and summer drought is receiving much attention at t h e 
Stellenbosch-Elsenburg College of Agricultu_re (Marais and Sim, 
1937). Lucerne, which was formerly considered suitable only for 
cultivation on irrigable soil, has been successfully establish ed 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 Yeld are as yet 
tou immat ure to be grazed or cu t for silage . Furthermore the first 
spring growth may be cut and conserved as silage or h ay, alter which 
th e lucerne may be grazed until J·anuary. The possibilities of lucerne 
in the drier parts ·of the winter rainfall area are also bein g 
in vestigated at that Institute. 

Iu many of the better favoured areas of the U nion the production 
of forage crops under irrigation will certainly be of importance in 
providing supplementary feed, but unf.ortunately the possibilities 
for irrigat ion schemes are limited. On the other hand, ce1-tain 
regions of the summer rainfall area are blessed with a rich g rass 
flora which grows rapidly during the rainy season and, if not grazed 
down regularly, soon r eaches a stage ·of maturity 11·here it; i s 
unpalatable and of low nutritive value. By applying scientific 
methods of management some of this gro11·th can be made to contribute 
towards t he provision of supplementary feed during the tim es of 
scarcity. A possible system is considered to he the reservation of 
certain level areas on the farm solely for the purpose of cutting for 
hay at suitable intervals during the gTmYing season. · 

The investigation to be reported on in t he following pages is an 
attempt to obtain information on certain phases of t he possibility 
mentioned. above and aims at finding an answer to t he question: 
How often should grasses be cut for hay during the growing season 
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"·ith 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 pos ible injury to the Yitality of the plants 
whic~ have to continue yielding nutritious herbage cluring succeeding 
grmVIng seasons. 

11. REVIEW OF THE LITERATURE. 

A reYiew of the literaime bearing upon the subj ect of pasture 
research would form an important investigation in itself, and would 
be out of place in an article o£ this llature. Only a l imitecl numbe1· 
of references have been collectc'd from aYailable sources, ancl i t i~ 
hoped that these will pro,·e adequate for the purpose of illustrating 
some of the earlier work ancl the present state of our Jm o,,·Jcclg·p_ 

'l'he idea that the HuhihH' Yaluc of pa,;t ure i,; dependent upon 
its chemical composition is not- ne"IY. 'l'he suggest ion of Mi.iller (1BT"l) 
that the chemical analy,;i_, of Germa11 pasture,; shoulcl br undertaken 
as a means of determining- their feeding Yalue ha~ pre,·ious]_,. heen 
referred to. To\Yarcls the entl of the last C'Cntun the aYailablP clat~1 
Oil the chemical constituents of plant ash were' compiled by ·w-ol:ff 
(1880). ln more recent tillles Prof. E. ::'11 ang·olcl of Berlin inaugmatt-cl 
a se ries of inYestig-atious into Lhe m _ineral compm;ition of thP 111o~t 
commonl~- w;ecl Oenuan fodder,;. 'l'be in;tngill · ~,J dic;sPrlatioJI d 
Theel (1933) on the mineral con tellt of mead mY ha_,-s may be quotecl 
as an example of this "-ork. This investigator was unable to tind 
a c·onelation bctwf'en tbe mineral an(l m·gumc conc;tituents of hay, a 
protein-rich ha)" being- often cleflc:ient in mineral matter. 

Accorclillg to Orr (192D) the first systematic \York on the cJwmical 
composition of plants was uncleri.aken by Lawes and Uilhert· 
(JSGfi-1900). Detailed analyses of the ash were macl e nn(l the results 
shm,·ed that the chemical composition of tlw mixecl herbage ,,-as 
closely dependent upon ib hotnnica l composition ancl the stnge of 
dHclopment of the IJlantR. On ~tales that " it is interr;;iinp: to 
not e tllat work 011 these gra s plots h1icl out at llotl1nmr-;lecl in lR!)fi 
is st ill bring eoniim1ed " . An account of thf' more 1·c-cent \Yor k at 
that ;;taiion is g·iwn in a monograph by Brcnf'hlPy (1924). 

Some of the earliest inYesiigations into the chemical composit ion 
of South African feeding r-;luffs were macle by Jm-it7. (1890) "-hen he 
publishPcl the J'Csults of a fe ,-.,- anal~-ses of some of the principal 
fochlPr plants of thP Kanoo. Similnr work was !'Ont imtecl h,- him 
(Jurit7. 1914) and others rvipond (1!!14) an(l Marc·hnncl ancl Smit 
(HH9)]. Ho'n'Yer, no systematic innstigation of South Afril'an 
pastures was un(l ertaken until after the rE'sults of the work of Theiler 
anrl associat-es (1920) on LamziPkte in relation 1o phosphonu-; 
deficiell(·y became known. In fact, it may be stated in g-eneral that 
interest in the mineral com position of pastures har-; been largely 
influencecl by development in our kno"leclge of tl1e foocl requirements 
of animals. Since certain pastures had been IH'OYed to bt- so pool' in 
one or other constituent that this deficiencv mav cause disease in the 
grazing animal, it becamE' a matter of econon1ic necessity to study 
the composition of natural pastures, and the factors h aYing an 
influence on that composition. The problem was considered to he of 
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such importance that. as a result of the ans1Yers receiYed from the 
various Governments \Yithin the British Commonwealth of Nations 
to a questionnaire issued by a sub-committee of the Civil R esear ch 
Committee of the British Cabinet, tl1e " ·hole question of the mineral 
content of the pastures "·as reYie"ed by Orr (1929) in a monograph 
containing all the available information bearing on the subject in an 
easily accessible form. 

At the suggestion of )Iajor Elliot (192G) a systematic investiga
tion of t h e chemical composition of pastures \\as begun at th e R o\Yett 
Institute, Aberdeen, in 1923. Samples of pasture were collerted from 
man_v grazing areas in Britain and from sorne overseas pa1·ts of the 
Empire. From dab so accumula Lecl Godden (192G) ,,-as able to sho" · 
wicle ch:fferences in the ntineral content ·of pastures of diffe1·ent or igin . 
1'he follo\\·ing- table giYen h)- Goclden may be quoted ;l s an i llustration 
of the dry matter compo~ition of poor and rich pasimes: -

% CaO % P,O, % Ka,O % l\: ,0 I % Cl % N 

Island of Le\\'is-
Eate11 .......... . ..... ..... · 286 ·:2+3 -:377 ·678 ·11 5 1· 340 
Not eaten .. .............. ·295 '177 ·379 ·540 ·102 1·029 

:Falkland Islands ............ ·225 ·488 ·290 1·980 ·580 1· 650 
Taplow Pastures highly treated . 2 ·473 ·997 ·698 

I 

:2·398 ·498 3·562 
Avomge for culti,·ated paRtures. 1 ·004 ·735 · 246 :3 ·177 · 9GO 2 ·830 

- - --

The herbage of untreated natural pastu res \Yas found to be 
mar ]; ecll:v poorer t han that of cultiYated pastures in J·esped of 
minerals aJl(l nitrogen, "·hi.le t he percl'ntage of mineral constituents 
in the ash of " not eaten " gr ass from the hill pastures were only 
about 50 per cent. of those in t h e ash of " eaten " grass. Sheep thus 
appearerl to Pat, b.Y preference, th e herbage '"hich contained the 
higher percentage of mineral iugreclieni s. lt was further shown that 
in spite ·of lll<nke<l differ ences in ih e mineral content of i.hr clifl'erent 
typ<"'> of pnsiure there ,,·as little differen ce in their calori c Yalue as 
calc- ulat etl. 

J:n South Ahil:a Ta)·lor (1922) coll t>ctecl samples of grass species 
occurring most commoJily on the Yeld of the Ce<lan1 ex perinl <'ntal 
farm at approximately the same periocl of each )·ear. These sa mple;; 
\Yere taken " ·hen the g-rasses \Yer t> in il1 e rarly flowering- stage, an<l 
the phosph ate (P 2 0 ,;) content of t.he an ra g-e Yelcl gT<lSs \Tas fonncl to 
be very consta nt at about 0 · 2 per cent. of t h e dry matter . Hrnrici 
(1928) ohserYed that th e phosphate con tent of grasses :B.mtuate<l to 
a marked degree in the course of th e yra1·, ancl t h<d the Ar moedsdakte 
grasses had a phosphate content only one-hal£ to one-sixth of that of 
European grasses. A similar state of affairs existed ai. Ermelo 
(H enrici , 1930), aHhoup:h th e rai nfall in this district ''as hiQ;h er than 
at Armoecl sYlakte. The same itwestigator (1932, 191-t, 1935) 
continued her \Vork on tht> mint>ral compositlon of nalural pastureH 
in Y::uious other parts of the counll y . EYer.nYhere she found grasses 
to he poor in phosphate -content " ·hen comparerl with Yalues for 
European cult iYated pastures. Soclium and nitrogen " ·ere also found 
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to be distinctly lo11· in some cases. On the other hand, the bushes of 
the Easte1·n Cape ProYince " ·ere higher in protein content than the 
grasse::; ancl mo::;t of t h em \Yere 1·ich i11 pho::;p horus arul calciulll. 

D u Toit a nd co-w01·kers (1902, J.l)J:)) analysed many thousands of 
sample» of natural pasturage from cliftc•ren( an·as iu ( lw 1] nion in 
acldihon to studying the mineral and protein conteut of i]l(li,idun l 
gTH,;s ><[H'eiec; at differ ent stages of gro1Yth. Tl1ey l·ondud<'cl that 
practic<~lly all South-African pas( nres \l·ere lo"· in phosphoru,; for 
the g-reater part of the yeal'. Diile1·ent spf'<:ies of grasses gnmn on 
the sam e so il sbo11·ed remarknhle Y:ll'iatiuns in composition at th e 
same stag-e of gnl\dh, while the p erC'cntage of cerLl in c·onstilnents, 
phosphorus, potassium, 11ilrog<' u , and c·hlorine, cl ec re;1 :;ecl to a 
r emarknble ex tent in all species <i s t he period of gTowth ad ,·;mc<'<l 
b<'yoml one Jnoni.ll. Crude protei n Yariecl more or l ess direl'lly wit b 
the phosphoru,; f'Ontent and is extTaorclin:nily low during cPrlain 
seasons {)f tbe yc•a r. G-enerall y ll1e sod ium conteni was c;o lo"' that 
it suggested an insufiicienc~- of thi R r"OilRtihiPnt fo1· Jli'Oclut·ing animals 
on pn fitnre . 

. A t·OJt:siderahl<· ;t nlount ol: atleni ion has bePn <lc,·oted to tbe 
factors aftecti ng the yield, minernl, nnll protein content of pasture 
sper.ies as suc h studies were r egarded as furl(lamental to an~- extensiYe 
work in the field. In this connec:l ion the \York clone bY Australian 
inYestigators deserv~s to he mentioned. Richardson, 'et nl (19:31) 
founcl. that pure species gTO\\' Ii under similar soi l conditions in 
controlled pot cultures and hanestecl al a definite stage of growth 
sho,n~tl ,,·ide d ifferences in miueral and nitrogen content antl i11 

relahYe yielding capacit.\·. Gl'o\\·ih stage \Yas found io exel'cise a 
determining influence on the nill·ogen and mineral C'ontent of 
pastur<' spec·iPs. Xihogen assilllilation and t h e absorption of es,;e ni.ial 
nutrien t::; \H're most actin• at the tillering- stage, " ·hile pholos.nilhesi;; 
rose io a maximum shortly aflel' t b <' floweri ng stage . 'l'he p ell'CJdag-t> 
of nitrogen, phosphoric acid, potash, and to a lesse1· extent, calciHm 
and magnesium in these phu1ts thus fell n:1pidly hom lhe l'<irl,\' 
till!'ri ng stage to maturity . The application of solubl l' phosphatl' 
did not material!,,- affec·t the phosphorus c·ontent of plants gi'O\\'n on 
fel'tih· so il. On t he other lwntl , cln•ssings of :sup e1·phosphatP 011 
phosphoru s cleficienL soil incl'easc•d the 11hosph01·tb contt>nt and l ht> 
.\·ielcl of i he herb<ige. DaYies and S im (lD:n) obtai ned i he highcsL 
~-ielcl of clry maiter from a 11alural Jlfisi m·<' hy allo"·ing- the h(•rh;lge to 
reac·h ma!urit.1·, morP frequent cul ling tPncling io rPcluce the yi<'l d. 
Ho11·eyer, t hrre l'1lt~ cluri11 g the gTo11·ing s<'aw n .'· ielclell np[noximn tc·l ~-
8-+ per cent. of the ch y mallpr· ohhii.nPcl i'ron1 one l'Ut, find Jn·oLlucecl 
herbage of hig-her nutritiYe .-alue tk111 that of mature he1·hag·e . 

'l' lnough t hese im·estigat ions it hn s been shown that '"!til e the 
eJ11·ironmeni expressed in ten11s of climnte, soil composition, fi J• cl 
pa:;turc management exertetl an important influence on the min eral 
content of the indiYidual plant, t here was a limit to th e ability of 
plants to mnke use of aYailable plant nutrienb. IYhi ch \\·a:; illlpo~ed 
by t be nature of the species itself. The neressitY for further work 
on pur e species in reganl to tb!'ir suitahility for spec ific e tl\'ironlllentnl 
condit ions with a Yiew to inhocluc·in g' su ch species into the permanent 
pastures \\·as oll\·imrs. Appl~·ing YcH.ving systems of tlefolintion to 
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a perennial grass, Phalm·is t~tberosa which was found to be persistent 
and of high yielding capacity in the Australian zone of -,.;-inter rainfall 
and summer drought (Trumble and DaYies, 1931) Hichardson, et al 
(1932) concluded that a Rystem of three euts during the growing 
season would probably giYe optimum results, if the yield of chy 
malter, the yield of nutrient:;, aud the pennanence of the plant in an 
arid em-ironment were taken into consideration. 

Cashmore (1934) made a comparatiYe study of Lolium perenne and 
Phalaris tuberosa, and found that the latter was the more persistent 
aud more produetive species \vhen once established. Preliminary 
work im-olving trial;; of species, straius, anc1 mixtures of herbage 
plants suitable for au irrigated reelaimed S\vamp has been started by 
Trumble and Daxies (193-1:). They indicated that the yield of 
mixtures containing perennial rye-grass, cocksfoot, white and red 
clover \Yas approximately double that of the best perennial rye-grass 
pure S\Yarcls. 

A clear picture of the Yarious projects in grassland research 
being studied iu Australia at i he present time is obtained by a perusal 
of a bulletin recently published by the Impt>rial Bureau of Plant 
Genetics, Aberystwyth, \Vales (1934). 

According to :McConkey (1931) grassland products form 94 per 
cent. of t he total exports of K ew Zealand. In Yiew of this fact and 
considering that the country is blessed \Yith a \Yell dish·ibuted annual 
rainfall it is not surprising to learn that " nowhere in the world is 
the standard of pasture m anagement higher than in K e"- Zealand '' . 
(Grassland Research Committee, Pretoria University- African 
ExplosiYes ancl Ind. J1td. 1932). IIoweYer, \Yhi1e the favourable 
climatic cmH1itions were no doubt a contributory factor, the 
im-estigations by Cockayne, Bruce LeYy, Hudson, and others (1933) 
on the testing of species and strains -,.;-hich would proYe most suitable 
for the em-ironment, and the influence of fertiliser an<l management 
on the procluctivity of the pastures, have been and will be the main 
factor in deciding on the most efficient methods of utilising the 
herbage. 

Through their researches into the chemical composition and yield 
of individual species of grasses Fagan and Jones (1923) did much to 
clarify thought on some aspects of pasture management. Attention 
was focussed on the differences in yielding capacity and chemical 
composition of individual species. It was shown that the total protein 
produced by hay and aftermath was less than that g-iven hy a 
smaller yiell1 of seYeral pa~>ture cuts. 'rhe rontradietor:v results in 
reganl to the :yield of dry maiter obtainetl h:v Stapletlon et al 
(19'25-26), \Yho found that the yield of Italian Rye-grass was 
increased with increasing number of cuts was attributed by them 
partly to the fact that this species recoYered Yery quickly after 
cutting or gTazing. 

1'aylor (1929, 1932) abo studied the influe11ce of season and 
fertilizer on the yield and chemieal composition of pasture under 
different intensities of grar.ing. His conclusions -,.;·ere in the main 
the same as those arriYecl at by oth er inwstigntors. A fe-,.;- points of 
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Dpecial interest may, however, be referred to. It was found that the 
protein content ()f Themeda t?·iandm rar. B1trchellii, the predominant 
species of the Rooig1·as Yeld of :Xatal, " ·as eouside1·ably lower than 
that of Em·opean g1·asses afte1· a ,;imilar period of gi·o,I·Lh, the figu1·es 
for fort-nightly and monthly cuts being on an aYeJage 12·25 per cent. 
and 10-0 per cent. of the dry maiter, respectiYely. As pointed out 
by Paterson (1900, 1935) the more rapid growth of plants in tropical 
regions as oppo::;ed to growth in the temperate zones of the 11·orld 
may produce a much quicker drop in the percentage of proteiu. 
Further, cutting the herbage at fmt-nightly intenals killed so many 
plants t hat it was not possible to eont inue the experiment on the 
sam e quadrats during the follo"·iug season. Du 'J'oit et al (1935) 
found that cutting at monthl)· intcnals may also pro1·e at times 
too drastic for the Yiblity of the plants. 

Prior to the no"· \\·ell kno11·n \\·ork of \Voodm::m and his co-workers 
(192(;, 1927, 1928, 1929, 1931, 1932) of the Animal Nutrition 
Institute, Camlwidge, littl e ,,·n~ hJO\\'ll iu rcganl to the <ligcs!ibility 
of gTa~s at the pasture stage of growth. This \YOrk is fmHblnPnial to 
a kno1dc(lge of intellig·ent past ure m:nwgement <111(1 the fee<ling o£ 
sto('k 011 pa:-:;tn re . 'l'hc· yield, chPnJit'al !'Olllposiiion a11<l <ligt•s!ihilit~,
of pastu re after pe riod s of growth ranging hom one week to fin• 11·eel;~ 
were stu<l iecl. It 11'<\S fmmc1 that past ure eut at, "·pekl~- interYals had 
a protein content around 25 p<'r rent. throup:houi· the '"hole 
sea,on, and a c1igestihility of oYer 80 per ,•ent. ln bet. the 
digestibility ::mel nutritiYe Yaluc of such closely graz:ecl pa ~ture 
compared Yery fayourabl)· \Yith that of a concentrnt<' su ch as JiJ1seecl 
cake, and if ~upplementar~- foo <l " ·ns nercl ecl on pashn<' of th is 
nature it should be giYen in the form of a ('m-hoh:;·dr<lie-rich foo <l 
\Yhich ~~-ould halanre the ration. :Jionthl;'o- rotational graz ing \YiiS 
foun<l to IWOYide the optimum coJHliti.on:-; for the maximum yield of 
starch equi.Ya lent from pnstures. ClosP-gTazing- at monthly in ten-a ls 
had the further ach-aniage on~r more chastic· s_\·stems of confening· 
on the he1·bap:e a "bnlance" which rendered it more snitecl to form 
the sole cliet of farm nnilllnls. Length enin g- of the intcn·nl of 
unchr('ke(l g-rmdh from a m onil1 to flyr weel;s showr tl :1 sl ight falling 
off i11 nuiri ti Ye Yalne, thm1gh the actual _.,-ielcl of stan-h equiYalcnt 
ancl digr;d ihlc protri11 ma5· sufh J' no <lepressiOJJ. ThP f'ollO\Yin g table 
sl1o\\'s that in \Voo<lman's 1025-2() experiments, though the clry mniter 
proclu crd nndcr hay milnagement " ·as about clouhle that produced 
b)' pasture, ~-et in trrms of starch eqr1ivnle>nt the yiel<l was 
app1·oximately the samP, while the pnshne erop pro<lucecl conRicle>rably 
more p1·otein per acre: -

Dry matter ..... 

Starch equivalent _. 

Digestible protein_._ .. _ .• __ . _ 

I lb. per "ere. 
~---

1 Pasture. I :Mcaclo"·. 

3667·0 

2532.0 

754·0 

7990·0 

2880.0 

465·0 
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Hoss et al (1927, 1931) tested t h e digestibility of Teff and Lucerne 
hay for sheep and cattle. \ Vh ilst t he Yalues for these mature 
m aterials were Yery much lower th an t hose for t he pastu re cuts in 
\Yoodma n's work , t hey d id not differ mm1eclly from data for material 
of similar composit ion elsen· here . 

'I' hat t he i.ntensiYe rotational system of grassland management 
holds ou t definite po~sibilities in cer tain regions of the Union has 
been ind icated by some recent expe1·im ents. Taylor (1931) kept t"o 
Friesland cows from October to J\Iay on tn•o-thirds of a morgen of 
ferti lised K ikuyu pastu re . T he plot 1ns cli1·icled into t hree camps and 
th e grazing rotated on t h ese for the period mentioned. No 
t>upplementa1-y fePd was g-iven flll d t he production of milk was more 
t han 2,000 g-a llons per morgen. Analysis of the herbage at interYals 
d uring th e tria l showed the follmYing com po:-;ition for the rlr.v matter: 

Crude protein . . . . . . . . . . . . . . . . 19 · 0 - 28 · 0 j)er cent. 
CaO... .... .. . . . . .. . . . . . . . ... . . . . . . . . . . . . . 0 · 33 - 0 · 53 per cent. 
P 20 5 . •.•....• .. . . .• . •.. . • • . . . . . . • • • . . . 0 · 83 - 1 ·07 per cent. 

) loses (1934) presented data "·hich indicaled that under normal 
conditions in the tropica l coastal belt of ~atal i.be carry in g cap:H.:ity 
of a fe1· tilised Kikuyu pasture w·as in i.he neighbou rhood of H hearl 
of mature cattle per acre. Cutting the h erbage within enclosed 
qua llrats at the grazing stage proclm:ed from 12,000 to 14,000 lb . of 
dry nwtter per acre in i he coune of 12 months. Th e average crude 
protein and phosph ate (P 2 0 5 ) contents of the dry matter ''ere 14·0 
per cen t. and 0 ·SO per cent, rrspecti ,.Ply. 

It is eYident then t hat the main factors influencing the ch emical 
composition of pastures are species of plants, stage of gro-n·th of the 
plants, climatic conditions, and the. nature of t he soil. Of these 
factors stage of growth appears to he the most important, in that the 
percentage of n ii rogen, phosphorus, potassi:ml and to a lesser extent 
calcium and magnesium in the dry m atter of the plants falls rapidly 
from the eady tillering stage to maturity. Furthen uore, the yield 
of dry matter is generally highest when the herbage is a llmYed to 
reach thP mntnrf' stage of gron·th 1wfor<' lwing han<'~tP<l , an(l, fin<lll .\·, 
i n C;J·easing maturity drpresses the digestibili t:-.· of t lw herhap:e. 

Section A.-The Influence of Frequency of 
Cutting on the Yield and Chemical Com
position of Grasses. 

Ill. PLAN OF THE INVESTIGATION. 

I n February, 19!i4, an area of n atu ral Yel cl on flat open country 
a bout a mil e from th e On derstepoort Laboratories was ploughed , the 
existing vegetation r emoved and the soil cultintecl to a depth of 
about 9 inches. 
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The soi l profile has heeu Llescrihecl as follo,,s : 

Horizon A 1- About D in ches deep , cousisting of loose crumb 
structure, reddish bro\Yn, ligh t sandy loam of 
fine texture on the surface rmcl gradually 
becoming firmer lO\Yer down. 

Horizon A 2- About 8 inches deep, more compact than A" 
but also of fine sandy appearance, bro"'U iu 
colour . 

Horizon B- About 8 inches deep, yello"ish-grey in colour, 
firm and sticky (with moisture) but containing 
still a high pereentage of sand. 

Horizon C-Partially "-eathered and decomposed graYel 
derived probably from N orite. 

'l'he loss on ignition was found to he 4, 8 per cent. f·or hOl'izon 
A,, \Yhile chemical analysis showed it to contain 0 · 00026 per cent. 
available phosphate (P 2 0 5 ) , 0 ·111 per cent . available lim e (CaO) 
and 0 · 073 per cent toia l nitrogen. 

For the estimation of t he aY;lil ahle lime and phosphate an e:x:trr~ct 
\Yas prepared by shaking the air-dry soil with one per cent . ritric 
acic1 in t he ratio of 1 : 10 in a suitable coutniner for one hour, 
allowing the mixture to stand oYernigh t, and shaking it for a furLher 
one hour hefore filtering. Caleium and phosphorus -n·ere determined 
on this extract hy t h e u stwl me1 hods . 

A total of 25 plots, each (24 x 17) square fePt wn s laid ou t ou an 
area of approximately (60 x 40) ,;quare yards iu ,;uch n mnnue>r 
t hat each plot '"as bounded by a path, 3 feet "-ide, running het"een 
plots ns indicated on the nrcompanying chart. 

Fi ,.e species of indigenous grasses, each replica ted :fiYe tinws, 
~Yere plante(l on the pl ots in n Latin ~qu are arrangement. The 
species selertcfl were CJ, Zoris gayana (H.hocles grass), Pan icvm 
maxi111tlTn (ha iry Bu:ffelsgras), Ce11clwus ciliaTis (Du:ffPlsgTas), 
DigitaTia Pc11tz'ii, Pretm"ia small, and Setaria LindenlJM'giana. 

'l'h e Chloris and Cenchnts spec'ies -n·ere obtained from the 
Prinshof Pasture Experiment Statioll , Pretoria, and from Pienr~ar's 
RiYer in the Pretorir~ cli strict, respectiYely . The SetaTia species ca me 
from Pretoria ~ orth '"hil t:> t he remaining t"·o grasses wPre colledetl 
locr~lly . 

The grasses were propagated from roots and the method of 
plantmg was briefly ns foll O\\'S: The aerinl portions of the plants 
~Yhi.ch \Yere dug up in such a mnnner thnt 1uo;;l of the roots remained 
intact, were cu t off leaving about 4 in ch es of the hasr~ l internodes of 
the tillers to the roots. The stools " 'ere then split np into smaller 
units of a fe'" tillers with roots each nnd these pbntetl in rO\\'S 12 
inches apart, so t h at only th e root portions \l'ere u ncl e1·ground nncl 
in i ntimnte contact with the soi l. Er~eh plot \nl S -n·atrred after 
being planted. 

Owing to the ndvancecl stage in the season \\'h en the grasses 
we1e planteLl and in spite of frequent watering during :Ji arch and 
April Yery little growth took place before " 'inter set in. At t he 
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commencement o£ the £ollo\Yin g growing season it was observed that 
with the exception of Rhodes grass and t h e Digitaria S]Jecies t h e 
majority o£ plants failed to gro"\\· . It was consequently decided to 
utili se the whole of the 1934-35 season for t he purpose of establishing 
uniform stands on all t h e plots. Due to the growth habit of the 
Chloris and Digitaria species, boi.h grasses being of the stoloniferou s 
type sending out runners which root at the nodes and so form ne"· 
plants, t h is ideal was realised by the end of the season in the case of 
t he two species mentioned '"ithout further attention except occasional 
watering and weeding. On the oth er hand much attention h ad to 
be devoted to the establishment of the three bunch grasses, especially 
the Setaria and Panicwn S]Jecies, i11 the way of r eplanting. \Vhere 
plants failed to gro" · ne"\\· plants were introduced during October. 
Several of t hese plants again failed to take root and had to be 
replanted in D C'cember an d January. Through these efforts fairly 
uniform stands of grmving stools w·ere obtained, but owing to t he 
difference in time of planting a num her of stools ''"ere inferior in 
development to the majority ''"bich comm enced gro" ·ing during t he 
previous season and early in t he 1934-35 season. 

Plan of experimental area showing layout of plots. 

[ 
A, B, C, D, and E represent grass species ] 
I, 2, 3, 4, and 6 represent 'cutting treatments 
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Nevertheless, in April, 1935, the gTasses ·on all plots "·ere 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 hom the g-round. Each 
of the 25 main plots was pegged to a size of (22 x 15) square feet 
leaving a border of 12 inches wide all round. Main plots were 
again sub-divided into fh·e equal sub-plots measuring (22 x 3) square 
feet. A different treatment was allocated at random to each sub-plot 
within a main plot so that there were five replications for each 
treatment. A rest rictio'n was, hmYever, applied to the randomisation 
of treatments within plots. Reference to the chart reYeals this 
restriction to be that with regard to rO\YS a treatment occurs once only 
in the same position within a main pLot. 

rrhe experiment covered two successiYe growing seasons and the 
treatments applied were :-

(1) Cutting the herbage nt monthly intervnls, 
(2) Cutting the herbage at 2-monthly intervals, 
\3) Cutiing the herbage at 3-monthly intervals, 
(4) Cutting the herbage after 4 months' grmYth follo,Yed by an 

aftermath cut of 2 months' growth, and 
(5) Cutting the he1·bagf' once only towards the end of the 

gTO\Ying season, usually <1 G-monthl:-.- cut. 

'rhe objects of the investigation "·ere to study the effect of the 
treatments seYerally on the yield, chemical composition and 
digestibility of the grasses. ~ihogen , phosphol'lls, and calcium 
balances " ·ere, how eYer, also determined. 

IV. METEOROLOGICAL DATA. 

The main features in the weather conditions for the period of 
the experiment are given in table I. For the purpose of comparison 
the aYerage monthly rainfall from J anuar:v to Dcember for the last 
25 vears is included in the table. It will he seen later that for the 
two seasons covering the experiment the plots \Yere harvested in 
each case {or the last time early in April. Consequently, the rainfall 
which could have influeneecl the composition and yield of the herbage 
obtained was that recorded for the period September to the end of 
March. Comparing the 1·ainfall during the period mentioned for the 
two seasons of the e:s:pe1·iment with the average, it is found that the 
total for hoth seasons is aboYe the normal. 'rhe figures are 27·45 
inches and 29 ·58 inches fm the 1935-36 and the 1936-37 seasons, 
respectiYely, \Yhile the aYerap:e total for the last 25 years is only 
24 · 95 inches. On the other hand, a glance at figure 1 giving the 
distribution of the rainfall as monthly totals for the seasons of the 
experiment 1·eyeals several deviations from the normal. Up to 
January the 1935-36 season was abnormally dry, while the 1936-37 
season appi'oximatecl more closely to normal conditions except for a 
dry spell in December. During both seasons more rain fell after 
January than the amount normally registered. However, the 
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TAHJ.E l. 

Rainfall (inches) and a rerage ma.c 1111 u 111 fllld m uu mu m tempe·rat w ·cs /or I/, e period September, 193:-J , to L1pril HJ3T. A re1'(1{JC monthly total rai 11 fa 7l j o1' the 7 a.st ;2:) !JC01'S included . 

September. 
J No\'(•mber. December ·I J anuary. 

I [.'cptcrnber. [ I KovembC'r. J December. \ 
J anuary . I 

.February . ] I Day of:\ lonth. October. February . :\larch. April. 1\Iay. J un e. July. Augu8t. Octo be•·. 1\Iarch. April. 1935. 19:3G. I 1037. 

1 ............. ... .. . . . 0· 12 0 ·11 O·:H 0·4(0 
2 ...... ........... . ..• 0·:33 0·01 0·32 
3 . . ............. . ... . . 0·02 0· 75 0·05 
4 .... ................. 0·14 0·67 0·30 0·-H 0· 15 
5 ..... 0 ••••••••••••• • • 

O·!H 0·20 0·66 0·08 0· 42 0·0! 
6 ............. . .... . .. 0·2f> J · 14 0·80 
7 ....... ... ........... 0·10 0·21 0·03 0·14 
8 ........... . . .......• 0·2!i 0 ·35 0 ·3:l 1·45 0·:3.1 O·OU 
D ..... . ....... •....... 0·12 0 ·01 0·26 0·10 4·26 

10 .............•...... . 0·08 0·16 O·!l l 0· I(; 0·8i'i 0·04 :l·8D 
11 ............ .. ....... 1· 16 0·-!G 0 ·64 O·ll 0 ·02 
1:1 .............•....... 0· 11 0·20 3· !0 0·06 0 ·26 0·18 0·66 0·44 
13 .... . . ...... . .... .... 1·18 0·18 0 ·23 O· ll O· i3 0 · 10 0 ·01 
14 .. . .. . ....... • ... .... 1· 1.:. O·O:l 0·72 
13 ............. •..... .. ()-()4 0 ·1 (! 0·22 0-:33 ()-().j. 0·03 
16 ............. • . ...... 0·0:> O· :l2 0·06 0 ·03 
17 ..............•...... 0· 48 0·07 0 ·1(1 0· 1:! 0·10 0·18 O· OG 0 ·04 
18 .......... .... . • ..... o.:n 1·64 0·14 0·71 
19 ............. •....... O·O:l 
20 .... ...... ........... 0·27 0·0:3 0·02 0 ·03 
21 ..................... 0·02 O·:lS 0·03 0·56 
22 .... ............. ... • 0·07 1·08 0·0:{ 0-:H 
2:3 ............... • ..... 1·0.i 2· .30 0 ·33 
24 .. ..... • ..... ...... . . 0· 18 J. 61 0·49 0 · 02 0 ·8:3 0· 17 
25 ..... . . .............. 0 · 15 O·Oi'i 0·05 0· 18 
:.!6 ...... • .......... ... • 0 ·02 0 · 10 0· 15 0·77 
27 ... . ................. 0 ·06 0·67 O·t:l 0·81 
28 ................. ...• 0 ·50 0·09 0·83 0·:30 0· 16 
20 ................ . ... • O· U 0 ·2::1 3 ·2i 0·:{8 0 ·06 1·46 0· 1.3 O-:H 
30 ... .. . .......... . .... 1· 8& 0·68 
!31 ....... .. ... .. ....... 0 ·32 0·10 0·32 O·IV 

T OTAL ...... .. 0·36 0 ·97 2·09 3·17 4·()!) 7· 67 8 ·.30 0·31 4·26 nil. nil. nil. 0 ·46 2·69 6·54 3·37 4·,31 10·64 1·38 2·20 

A,•erage monthly total 
for last 2:; years 0·61 2·12 i) -!33 4· 79 4·87 3·84 3·3!' 0·97 0·69 0·08 0·:36 0·.)6 0 ·61 2· 12 5·33 4·79 4· 87 3·8-J. 3·3D 0·97 

Average :Max imum tem· 
perature oF . 81·8 !ll . 1 88· 2 7·6 87·6 85·2 80·0 79·8 71·4 72·1 70·7 76·0 77·6 83 ·2 82 ·2 88·0 s.:;.o 84·2 85·8 82·2 

A\'erage minimum tcm. 
perature oF. 43·D 52·2 !);j-f) 56 ·8 58 ·1 58 ·3 56 ·1 4!H) 40·6 3:~-4 33·6 36· 2 40·6 51 ·4 54·5 55·5 i)\) ·5 50·4 53·9 45 ·8 
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distribution of the rainfall for the latter half o£ the 18JG-37 season 
was su ch that plant grmdh did not receive the ma:x:innnn benefit 
from it. Early in F ebruary heaYy downpours were experienced 
and this was follo"·ell by dry and hot weather intermittent l.v 1·elieved 
by light ineffectiYe showers. Dry spells during both :-easous \Yer e 
aL:L:Ompanied by h igh maximum temperatures (see f ig . 1) . The 
variations in the :werage monthly minimum tempe1·abres di<l not 
show markr<l <liffPreuces during th e two season ~ . 
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Fig. 1.- Showing mont h ly rainfa ll and ayerage maximum temperatures for 
the l;easons Hl35-36 and 1936-37. 
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IKFLl:EXCE OF CliTTIKG OK YI ELD, ETC . , 01-' GRASS S l'EClES. 

V. TECHNIQUE. 

(J ) C nTIKG ANJ) I )HnNc oe- HE IUL~GE. 

\Vhile it 'vas iutemlecl to c;ut the hm·bage acc;ording to the scheme 
given under " plan of the i11Yestigahou ", \Yeather conditions did 
not permit of this pl:n1 being shidly adhered to . Thus, growth 
11·as so poor during t he fint ha lf of tbe l!.l35-3G season that the first 
monthly c;uts could not he made l:efore the beginning of J·anuary. 
Until early in April, th e coudu(1iug clat.e for c;utting operations for 
t he season, fotu monthly cuts and t iYO ~-monthly cuts were obtained. 
'Ther e was one 4-month ly cut, IYhil e those portions of t he plots which 
should have been c;u t after G IJ tOn ths were harve:sted at the same t ime 
as all other portions ead~, i n April, a nd conside1·ed as 4-monthly 
cu ts. The h erbage obtained uncler the 3-month ly system of cutting 
for the season '"as macle up of a 3-monthly cu t on the 3rcl March, 
and another c;ut only a month afterwnnls on the 6th April. This 
was unfortunate since the 3-monthly treatment was, no doubt 
detrimentally affected by this monthly c;ut IYheu c;ompared " ·ith other 
more l enient systems. 

Heporting on the trend of organic food r eserves in Alfalfa roots 
as affected b,v cutting practices, Granfield (1935) found that frequent 
cutting as in pre-flo1Yering st:uge appeared to result in lower 
carbohydrate and nitrogen contents ·of the roots IYhen winter arrived, 
and conversely \\·ith infreq uent cutting. Also, t h e amount of gr01dh 
IYhich took plac;e after the last regular c;uttiug hall a material 
bearing on th e reserves st or ed in the roots before winter. Permitting 
the aftermath to remain during the win ter, instead of r emoving it, 
app_eared to resu lt in m ore vigorous gr 011'th dur ing the following 
spnng. 

In view of these observations by Granfield the presen t experiment 
was designed to have t he last eu ts as early as possible in April and 
to a llow the small amount of growth taking place before winter set 
in to remain on t he plots . A t the san1e time, the deviations from the 
general plan ·of the investigation, exemplified, for instan ce, by the 
application of monthly cuts to portion s of the plots to which a 
3-monthl .v eutting treatm ent haR heen al located, were made necessary 
by the circumstan ce that the i1westigation aimed at comparing the 
yield of dry matter uml er fiye different heatments and the period 
of growth for all systems h ad consequ ently to be of the same duration: 
the fi.nnl cuts for each treatment hall to be on the same date. 

During the 193G-37 season cutting 'vas commenced 'vith somewhat 
earlier, the monthly and 2-monthly portions of all plots being cut 
for the first time on the 15th Dec-ember. Afte1· this date cuts were 
made according to plan except that no monthly cuts \Yere macle in 
March owing to poor gro,Yth. 

Cutting was done by hand with a sickle to abou t 2-4 inches 
from the ground, depending upon the growth h abit of the species. 
Thus the stoloniferous species, Chlor1:s and DigitaTia, were cut shorter 
th an the three bunch grasses. The material \Yas sampled for dry 
matter determination immediately after being cut and then spread 
open on grain hags on the ground to dry in the sun until about 
4 p.m. in t he afternoon . Small sample were usually found to be 
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almost dry by this time if cut by 10 a.m. HoweYer, all samples were 
collecteu in hessian bags iu the afternoon and r emoYed to a corrugated 
iron building near the laboratory, where they \Yere hung up to dry 
in the bags. 'When air-dry the material was \Yeighed and the figures 
so obtained we1·e U~>ed to compa1e th e yield from. the different species 
and treatments. 

It is realised that these figures do not represent the true yiel<l 
of ury matter as cut , since it has been r eported (Kirsch, 1933) that 
loss of dry matter, presum ably through r e.;piration , oc-curs \Yith eveu 
the best kn()wn methods of hay-making. \ Vhereas (lry matter has 
been cl eterminecl on t he herbage as cut the best procedure would have 
been to weigh the fresh h erbage and then calcula te the weight of clry 
matter. No fac-i lities \\·ere, however, anilable on ihe ~>ite of the 
experimental plots so that the ouly altematiYe was io \Yeigh t he 
air-dry material. \ Vhilst the method employed does not give absolute 
values for yield of dry matter it does serve to sho"· up the relat ive 
yielding capacities of species and treatments . 

It may be added that t he material inside t he bags \Yas turned 
over occasionally so that no " heating " of the grass occurred. 

(2) CI-IE\IICAL METHODS . 

For the determination of dry mutter abou t 2:)0-300 gm. of freshly 
cut h erbnge \\·as introduced into an onlinary canned-fruit fbsk and 
the l id tightly screwed on. The flas k \1·ith its contents \Yas then taken 
direc-tly to the laboratory nboui n mile away and \\·eighed. Th e 
herbnge was transferred to a small <:am·ns bag and dried to constant 
weight at 100° C. 

Fo1· the purpose of deter mining chemieal composition t he 
mnterinl from the five replications of any one species nnd t reatment 
\HIS h eated ns a si11 g le ~ample . 'l'hus, the air-clry material obtained 
from the fiye replication s of the monthly cuts of Rhocles grass in 
J anuary, for instance, " ·as mixed after weighing nncl a r epresentatiYe 
sample of a bout 100 gram s taken. This " ·as fine ly g-round , bottled , 
nnd put a"·ay for chemical nnalysis . 

Crude protein, crud e fibre, nn<l ether-soluble extract \Yere 
determined by the usua l methods employed by agriuultural workers. 
Total ash , silicn-free ash and th e extract for t he cletenninnti on of 
calcium, mngnesium, potas~>ium and so<l ium were obtaine<l by a 
method described by Louw (J 9~4) . A seperate e:x tTact was prepared 
for t h e determination of phosphorus niHl chlorinP nccorchng to t he 
directions given by Malan and Ynn der Lingeu (19Cl1) . The e::;sential 
difference between the methods for preparing thE:- hYo extracts wns t he 
addition of calc-ium acetate solution to the materia l before 
incinera tion in the ease of t he phosphorus-ch lorine extrac-t. All 
inorganic ronsti i u en t::;, excepti ng chlorin e, were determined by 
micro-methods . Th e follo,Ying are brief dea ils of t h e principles on 
which the method s employed are hasecl:-
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INFLlJEKCE OF CT.;TTJXG ON YIELD, ETC., OF GRASS SPECIES. 

(i) Phosphorus.-)ietholls of Bell anll Daisy (1920) and Deniges 
(1920), adapted for the determination of phosphorus in grasses by 
Malan and van der Lingen (1931).-Principle- Molybrlate added to 
test solution. Phosphomolybdate is formed. This is reduced by 
hydroquinone and sodium sulphite or by stannous chloride to form 
a blue compound '"hich is estimated calorimetrically. 

(ii) Cabum.-Method of Clark and Collip (1935). Principle~ 
Oxalate added to test solution. Calcium oxalate is formed and this 
ts titrated with a 0 · 01 N potas51ium permanganate solution. 

(iii) ill agnesium.-Method of Briggs (1924) modified by Malan 
and Van der Lingen (1931) and Holzapfel (1934). Principle-The 
calcium present is precipitated as oxalate and subsequently the 
magnesium as magnesium ammonium phosphate after which the 
phosphorus is dtermined calorimetrically. 

(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 is precipitated under 
standarised conditions as potassium sodium cobalti ni trite which is 
titrated "·ith 0 · 01 N potassium pennanganate solution. 

(v) Sodium.-Method of Barrenscheen (1927) modified by Louw 
(1933) . Principle-Sodium is precipitated as the triple acetate, 
Uranyl-zinc-sodium acetate. Potassium ferro cyanide is 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) Chlo1'ine .- V olhard' 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 \\'ith potassium sulpho-cyanide. 

VI. RESULTS. 

(1)THE INFLUENCE oF Fm•:QuENCY oF GcTTTKG oN THE YrELD 

OF DRY MATTER. 

'l'he 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 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 been 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 analysis 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-clrv 
material for species and cutting treatments. v 
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The following is a ~ lali s l i ea l <lllaly~i~ ol t lw y ie ld <1ai:t ma<le 
tm<lt'r t h e direct ion of Dr. A. LaurPnce of t h e DiYis ion of E('()n omics 
:1nd )Lnk ets, Union D ep:nh11 Pll t of Ag ri<"ulturP. 

((( ) 1006-3G S e(( sOn. 

Cnulr Calculatio 11s from TahlPs 2 and :3. 

Tota l " 'm of :;qua r<•:; of de,· iation:; = (1-: um o f sq na res for sub-plots) - (G ra nd tota l)" 
for a ll "ub -plot:; 

Tota l " "n o f squa res of dc ,·iations 
for plots 

Sum or SCJII<ll 'eS for 1"0\\'o 

f:> unl of sq uares fo r columns 

Sum o f square:; for ,·arieties 

Total :-m1u of :-:.; quarcs 

Bum o f sq uares for cuts 

Hum of sq ua rcs for in ter-act ion 
(cuts X var ieties) 

:lGO. I \l:!.:!\):1 

3!i ,GOG,OOIJ 

' "' (Bu m of squarc:; fo r plots) 
, r. ( 1, 7 1 o , 7no,o 1 \J ) 

:l4-:! , li\9.00-lo 

:!7 ,57:! ,7 11. 

1
125 (S um of squa res for ro,,-

tota ls) 

' /"" (7.88\J .. ):! I. .)\ll ) 
:liG,i\80.86-l
fi!l/,;i7/. 

( I \JS.:lOl )' 

liii 
:) I -1-. :)86.:!\l:l 

1/",,(Su mof sqn:ll·r·:;fo,·column - :3 14,Ml6,:2\J:l 
tota ls) 

' /"-, (7, !)\J -~,906.<167) 

;J I 7, 79\l.84:l 

:U /3,550. 

1(!. ::, (Sum or sq uares fo r ,·aricty 
tota l~) 

' /"'' (8, :l:l4,076.7.).) 
:na,363 .070 

18 ,776, 777 . 

1
/ ;, (S um of :; quarC's of 2:) tota ls 

in table 3) 

' /,, ( I ,68\J. I7 1, :! I I ) 
:J:l7,834.:!+:! 

;!.3 ,:!47,fi! fl . 

' /"·' (i:i tllll of squaJ'('" fo r cut 
tota ls) 

1 , ,.-, (7,!):J:l ,7U7,:! il.)) 

:l 17,:H8,:1!J I 

:!,7(j f ,.?'J8. 

(Total S lllll of squares) - (sum or sq uares fo r 
,·Hriet iC's 1 sum of squ an.'s for cut:-;) 

2:!,:247,94!) - ( 18,776,777 ' :2, 761 ,!)!)8) 
.1,70fJ.J7,f. 
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INFLUENCE OF CUTTI!IG ON YIELD, ETC., OF GRASS SPECIES. 

TABLE 2. 

Yields of Ai1·-by ,r;rass -m grams ]Jer 66·0 square f eet. 

1935-36 Season. 

Cutting I ntervals. c. E. D. B. A. I Total. [ T~~~Ts. 
1 month .. . . ... . . . . . . 
2 months . ... . ...... . 
3 months .. . . ..... . . . 
4 months .... . ...... . 
6 months ........... . 

TOTAL .. ...... . 

1 month . ....... . . . . . 
2 months ... . ..... . . . 
3 months . ....... ... . 
4 months ... . ....... . 
6 months ....... . ... . 

ToTAL .... ... . . 

1 month . ...... . . . . . . 
2 months ........... . 
3 months ... . ..... .. . 
4 months ........... . 
6 months ......... . . . 

1,037 
1,523 
1,444 
1,676 
1,470 

7,150 

1,382 
1,661 
1,979 
1,765 
1,658 

8,445 

953 
761 
951 

1,070 
869 

1,162 
1,963 
2,055 
2,097 
2,723 

1,418 
1,205 
1,426 
1,745 
1,382 

7,176 

6,452 
7,113 
7,855 
8,353 
8,102 

37,875 4,604 110,500 1 

D. C. A. E. 
1

= 1= 1 

B. 

1,043 
1,043 
1,231 
1,243 
1,185 

5,745 

1,011 
1,190 
1,499 
1,230 
1,743 

6,673 

851 
1,194 

931 
1,265 
1,117 

5,358 

2,256 
2,808 
2,434 
2,940 
2,728 

13,166 
l======i======l=====l·===== 

B. D. E. A. 
1-------1------1-------:-------

2,138 
2,046 
2,079 
2,265 
2,235 

882 
1,029 

935 
1,365 

990 

1,328 
1,276 
1,431 
1,375 
1,547 

853 
2,198 
1,422 
1,420 
1,170 

2,:240 
2,273 
2,314 
2,285 
2,710 

111,822 

I c. 
1,195 
1,254 
1,632 
1,552 
2,398 

7,401 
8,508 
8,409 
8,963 
9,483 

42,764 

6,395 
7,803 
7,499 
7,977 
8,340 

TOTAL....... .. 10,763 5,201 6,957 7,063 1 8,031 38,015 

1 mor.th ............ . 
2 months ......... .. . 
3 months .. .. ....... . 
4 months ........... . 
6 months ... .... .... . 

TOTAL ....... . . 

1 month .... .. ..... . . 
2 months . . ..... .... . 
3 months .. ... . ..... . 
4 months ........... . 
6 months . . .. . ..... . . 

TOTAL . . ... .. . . 

COLUMN TOTALS 

E. 

1,757 
1,896 
1,916 
2,200 
2-,078 

9,847 

A. 

1,420 
1,282 
1,567 
1,655 
1,712 

7,636 

B. 

1,637 
1,379 
1,911 
1,496 
1,922 

8,345 

c. 

938 
1,210 
1,229 
1,157 
1,322 

5,856 

D. 

887 
1,127 

964 
1,734 
1,273 

6,639 
6,894 
7,587 
8,242 
8,307 

5,985 37,669 

~-I ___ B_._I ___ c_. --1----D_. --~:-___ E_. __ I 
1,254 1,848 918 933 1,388 6,341 
2,212 2,655 1,029 1,012 2,137 9,045 
1,371 2,044 1,205 1,095 1,950 7,665 
1,495 2,686 1,379 1,152 3,104 9,816 
1,715 1,964 2,380 970 2,082 9,111 

--------:----:----1----:----1 
8,047 111,197 I 6,911 I 5,162 10,661 141,978 

41,552 139,152 1 32~:;-;-, 41 , 7~=1 43,6;;-~--=--

184 

37,875 

42,764 

38,015 

37,669 

41,978 

198,301 
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TABLE 3. 

Yields of Ai·l'-dry grass in .IJrams per 330 square .feet, show·ing 
rar£eta1, cvttu z.IJ, and interaction eff ects . 

l\rl5-:J6 Season . 

(1\ [eans in brackets). 

Cutting Intervals. A. B. c. D. E . Total. 

l month ..... . . ... 5,796 9,525 5,099 4,698 8,111 33,229 
(1,159·2) (1,905 . 0) (1,019·8) (939·6) (1 ,622. 2) 

2 m onths . . . ...... 8,091 10,316 6,206 4,972 I 9,778 39,363 
(1 ,618. 2) (2,063. 2) (1,241· 2) (954·4) (1,955·6) 

3 mont hs .... .. . .. 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 ll,384 43,351 
(1,516·0) (2,165 . 8) (1,398· 8) (1,312· 8) (2,276 ·8) 

6 months .... .. ... 7,096 ll,554 9,313 5,287 10,093 I 43,343 
(1,419. 2) (2,310· 8) (1,862 · 6) (1,057 ·4) (2,018 · 6) 

TO~'AL . .. . .. :~5,280 1 52,627 34,621 26,697 1 49,076 I 198,301 

Analysis of Variance. 

Degrees Sum )Iean I Stand~rd I Lo S.D. I of of Squa re. z . 
freedom. 

deviatiOn. ge 
squares. 

I I I 

R ows .. . .... . . . ... 4 994,571 I -
-1 

- - -
Columns .... . . . . . . 4 3,213,550 

I 

- - - -
Variet ies . ... . . . . . . 4 18,776,777 4,694,194 2,166 . 6 7 ·68094 I· 2539:> 
E rror (a) ......... 12 4,587,813 382,318 618 · 3 6 ·42699 -

Tota.l p lots . . ...... 24 27,572,7 J I - - - -
Cuts .. ... ........ . 4 2,761,998 690,499 · 5 831· 0 6 ·72264 1 ·37077 
[nteract ion .. . . . . .. 16 1,709,174 106,823 326·8 5 · 78937 0·43750 
E rror (b) . .. .... .. 80 3,562,117 44,526 ·5 2ll·O 5·35187 -
Total sub-plots .. .. 124 35,606,000 - - - I -

From Fish er's (1802) tables giving the z values for different 
degrees of siguifican cP ,,.e have th at for n, = 4 and n 2 = 12, z= 0· 5907 
at P = ·05, anJ z = 0·8443 Rt 1' = ·01; for 11 1 = 4 auJ 11 2 =60(80), 
z = 0·-±G32 at P = ·05, and z = O·G472 nt P = ·01 , and for n , = 1G r~ud 
n 2 = 80, Z= 0· 2855 at P = ·05, all(l Z= 0·3875 at P = ·01. H ence hum 
a comparison of the observed and the theoretical valu es for z it i s 
ooncluded that Yarieties are significantly differ ent, cuts are 
sig·nificantly differ en t, and inte raction (Ya riety x cuts) is significantly 
rliJfe1·eut, all at .P = ·01. It i~ t her efore 11ermi~:-Jible to proceed to the 
t -test to discover where this significance lies . 
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IXJ.'L"FENCE or: CUTTJ;\G ON YIELD, ETC., OF GRASS SPECIES. 

(i) Significant differences between varieties. 

Variety. Totals. Means. 

Chloris gc~yxna . .. .................... . ........ . ......... . . (A) 35,280 1,411· 2 
Set.1·ia L indenbergiana ..... .......... .. ... . ..... . ..... . .... (B ) 52,627 2,105·1 
Cench1'Us cilin ·is . . . .... . ........... .. .... . . . ........ . ..... (C) 34,621 1,384 · 8 
Digitaria Pentzii Pretoria Small .. ... ... . . . ............. . ... (D) 26,697 1,067 . 9 
Pa.nicum mnimum .. ....... . ........ . . . . . . . ........ .. .... .. (E) 49,076 1,963 ·0 

The standard error of a single plot is 618 · 3, and of the mean of 
618·3. 

25 plots is . 1_ 
v 25 

The standard error of the difference between two 

618 · 3 X y 2 -
means = v' 

25 

=174·9 . 

J?or n = 12, the degrees of freedom on w bich the estimate of error 
is based, t = 2·179 at P = ·05, and t = 3 ·055 at P = ·01 (Fisher':> 
tables). Hence for significance at P = · 05, the difference must be 
= (2 ·179 x 174 · 9) = 381·1, and at P = · 01, the difference must be 
(3·055x174·9) = 534·3. Whence it may be concluded that while 
there is no significant difference between the S etaria and Panicum 
species, both these species yielded significantly more dry matter than 
the Chl01·is, 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. 

(ii) Sign1:jicance of differences between cuts. 

Cutting intervals. 

4 months . . . . . . .. . . . .. . . .. .... . .... .. .... .. . . . . ..... ... ... . . 
6 months . .. .... . . . . ... .... . . . . .. ... . .. . . ..... .. . . . . . . . .... . 
2 months ... . .... ........... . . . .... . .... . .... . .. .. . . ....... . 
3 months ... .. ....................................... . ..... . 
1 month .......... . .................................... . . . . . 

Totals. 

43,351 
43,343 
39,363 
39,015 
33,229 

Means. 

1,734 ·0 
1,733· 7 
1,574·5 
1,560· 6 
1,329· 2 

'l'he standard error of a single sub-plot = 211· 0, and the standard 
error of the difference between means of 25 sub-plots 

211·0 X v'T 
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 be 

= (2·042 X 59 ·7) 
= 121·9, and 

for significance at P = · 01, difference must be 
= 2 ·750 X 59·7 
= 164 ·2. 
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\Yh ence the statistically significant elements in the res ult~ may 
be summar ised as fo llo11·s: Cutting a t 2 , ~) , 4 , and (j montld~· in tPnab 
yielde<l significantly morP dry matter tha n cutt ing at nwnt ldy inter
nls, th e odds be ing oYer 100 :1 in b n m r of this cut ting effPct. Abo 
t he 4 and 6 monthly cutting system s are better t han tll e 3-montllly 
svstem at P = · 01, and the 2-monthh· wRtem a t J> = · 05. Ot he1· 
ll ifferences are not significan t . . · 

(iii) Th e sign ijir·anre oi 'intera·chon . 

This s ig nificance mea ns that we are premii ted to see k th e ~ig- rn
ficant <liftPre nces witl1in !.he bo<ly of table ;), w}wre t l1 <e lll ea ns ;~re 
giYen in lmwkets . ' l ' lJ P~e Hni ety m ean s :ne blmlate<l helow in 
decreas ing- on le1· of 111ap:n it utl e . Th e fi g-u res prel·ed ing the me:ms 
refer to- th e cutting intenal . 
-- ---=c-=c-====- ===== =- =-=~~ 

:2 , 
4, 
6, 
3 
1, 

Variety r\ . 

1,61 R·2 
1,516 · 0 
1,419· 2 
1,343. 4 
1,15!)·2 

6, 
4, 
3, 
:2, 
1, 

Variety .13. 

~ .310 8 16, 
~. l 6:i. 8 3, 
~.080 · 6 4, 
:2,063. 2 I _

1
),· 

1,905 · 0 

Var iety C. 

1,862 . 6 4, 
1,40 1 · 8 6, 
J ,398 · 8 3, 
1,24 1·2 2, 
1,019· 8 1, 

Vari et y D. 

l,:;U· 8 I 4, 
1,0:37· 4 6, 
1,0%·2 2, 

9!>4. 4 3 
939·6 l, 

Va riety E. 

4,:!76· H 
2,018 . 6 
l ,\)55 . 6 
1,()42. 0 
l ,G22· 2 

The st.andanl error of a single sub-plot = 211· 0, and hen ce th e 
stantla r d error of i.he differ ence lJetiYPeJJ mea n.-; of 5 

:2 ll ·O X y!T 
y/ 5 

= Ur3·4. 

For n= 80 (:30), t = 2· 0J2 at ll = 05, and 
t = 2 ·750 at P = ·OJ. 

F or signifi cance at i> = ·05, difreren('e lllll~l. , ther efo re, be 
= (2 . 042 X 13:\ . 4) 

= 272-4, nnd 

for ~ ig-nifi cance at P = · 01, <1iffer<"nl'e mus t. he 
= (2 750 x 13:l 4) 

= 3GG·!J. 

\Yhence for ('Jt!on·s .r;nvona , a 2-m on tbly ('utting rotation y ields 
s ignifi('nntly more d r Y mat t Pr i ha n a :3-monthl:v cu t ting at P = · 05, 
and y ieldR signi fi('antly mo re dry ma t t er than a monthl.v cutting 
s~·stem at r = ·O l ; a lso, a -t-monthl.\· sy~tem is ,;ignificantly bet t er 
than a monthly system al P ~ · 05. 

F o1· Setrwia T-1.11 d rn lJeJ· ,r; i m 111, <ignifi c:11l ih· mort' <h ·~- m atter wil l 
be obtain e<1 hy ('Utting after an inl <'nal of G mont hs tha n b~- cutting
th e herbage ever y montb, the o<lds l1ein g owr 100 to 1 in fa your 
of this cutti ng effed. 
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l~l>LUENCE OF CUTTlKG ON YIELD, ETC., OF GRA SS S P ECIES. 

For Ce nch rus ciliaris, cutting after an intenal of 6 months is 
sig nificantly bett er than cu tting after intenal s of eith er 1 , 2, 3, or 
4 months at P = · 01. 'l'he 3- and 4-monthly cutti ng systems are 
similarly significantly superior to the monthly system of cutting. 

For the D igitnTia species, and the PaniC1llll Yariety a rest period 
of 4 months is significa ntly better than a rest pe1·iocl of only one 
month at P = · 01, nnd s ignifi('antly better t han 1·est periods of 2 and 
3 months at P = · 05. Abo, in t he case of the Fanin1m Yariety, 
significantly more clr~· matter is obtained by allmYing the herbage 
to grow unclisturbr d for six months be£ore it is harvested than by 
cutting it at monthly intervals, the oclds being mme th an 100:1 in 
favour of the six-mon thly cutting rotation. 

All other differences not m entioned in the summar5· of conclu
,;ions are not :>ignificant. 

(IJ ) The 1936-37 Season. 

The r esults for the aboYe mentioned season are giYen in tables 
4 and 5. The statistical analysi s of these re~ults "\\as executed in 
a manner si milar to '"ha t has been clone '"ith t he data for tl1e 
1935-36 ;;easou. l•' rom the annlvsis of variance it " ·as found that 
var iet ies a re s ig nifi r nnHy diffe1·~nt :'lt P = ·05, n.D<l <·uts are sig-ni 
ficantly <liffeJ enl :11 .P = ·05. The z value appropriate to in ternction 
and el'I'OI' wa:-;, ho,,·eYer, obsenecl to be smaller than the th eoretical 
z Yalue from Fi~her's table~ for n, = 1G nnd n 2 = 80 at hoih the one 
11er cent. aH<l the fi \ e per ('ent. po ints of distribution . 'l'he t-test 
\Yas, th erefore, appli ell only to cuts antl var ieti es. Tl1 e t ollow.in g is 
n summary of th e conclusions drawn: 

( i) Va1'ieti es. 

Doth Panicu m ma.rimvm and Setm·ia L inden bergimw produce 
signifi cant]~- more dry matter t han either Ceneh r11s nl iru1s :n ilw 
JJigitaria species at P = · 05. Chloris gayana, P anicum nw,Ti?n11?11, 
and Setrm·a L indenbergiana ar e insignificantly d ifferent in regard to 
tlieir respective yielding capacities. 'l'he same insignificant difference 
is found between Cenrhrus ciliw·is, Chlotis gayana and the Digitaria 
species . 

( ii ) C'uts . 

Rig uificantly more rhy matt<~r is prorluced hy cutt ing at 6- and 
4-nlonthly intennls than by cu tting· nt 3- and 1-monthly intervals, 
and a 2-month ly c;ystem is decidedlv superior to a monthly system 
for the produrtion of <lry h erbage, the odds being more than 100: 1 
in favour of t he sai d sig·nifica nt cutting· effects. Tl1e yields of rlry 
matter under a 2-monthl y and a 0-monthly cutting s~·stem ar e signi
ficantly differen t in faYour of the former system. On the otber h and, 
the yield of dry matter from cutting at 2- , 4-, nnd 6-monthly inter
vals is insignificantly differ ent . 
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TABLE 4. 

Y1:elds of AiT-dty gtass ~n g·rams [Jer 66·0 square feet. 

1936-37 Season. 

Cutting Intervals. 

...... . .. . . .. 
l S .. .... .. . ... 

1 month 
2 mont] 
3 mont;] 
4 mont ] 
6 month 

18 ......... . •• 

l S ........ . • . . 

s ...... . ..•. . 

T O'rAL .... . . ... 

·· · ··· · · · .. .. 1 month 
2 mont h 
3 mont} 
4. month 
6 mont h 

s . ... .. .. . ... 
l S ....•..... .• 

s .... . .. .. ... 
s .... .. . .. 0 •• 

'[ 1
0'J'AL ... . . •. .. 

h . . ... . ...... . 1 mont 
2 month 
3 mont 
4 mont 
6 mont 

s . . ....... . .. 
hs ........... . 
hs ............ 
hs ......... . . . 

T OTAL .. . . .... . 

h .. ....... . ... 1 mont 
2 mont 
3 mont 
4 mont 
6 mont; 

hs . ... . . ...... 
hs . ..... ... ... 
hs ............ 
hs ....... ..... 

'[ 'o•rAL ...... . . . 

·h ..... •... ... . 1 mont 
2 mont 
3 mont 
4 mont 
6 mont 

hs ........ .. .. 
hs ............ 
hs ........ . . . . 
hs .. . . ........ 

1
0TAL . .. ... ... '[ 

c OL lJMN TOTALS 

c. 

7UJ 
1,028 

817 
1,350 
1,107 

5,021 

D. I 
896 

1,172 
1,415 
1,203 
1,403 

6,089 

B. 
---

1,868 
1,860 
1,632 
1,465 
1,872 

8,697 

E . 

1,291 
1,438 
1,:280 
2,215 
1,593 

7,817 

A. 

I !)37 
2,297 

I 1,315 
1,527 
1,245 

7,321 

34,945 
J 

E. 

1,149 
1,410 
1,650 
1,477 
1,213 

6,899 

C. 

591 
1,049 

890 
1,214 
1,562 

5,306 

D. 

800 
930 
945 
900 
928 

I 
4,503 

I A. 

I 
1,373 
1,06!) 
1,315 
1,563 

I 1,430 

I 
I 

6,750 

I B. 

1,722 
2,238 

I 
1,653 
2,064 
1,682 

I 9,359 

132,817 

D. B. A. I Total. I 
' 

1,034 1,288 1,648 5,838 
1,014 1,872 1,399 6,723 

825 1,297 1,441) 6,034 
973 2,177 1,772 7,749 

1,210 2,643 1,58:2 7,755 
-------

5,056 9,277 I 7,846 34,099 

A. E. B. I 
717 2,449 1,930 6,583 

1,023 3,o40 2,262 8,546 
877 3,150 1,560 7,892 

1,201 3,164 2,670 9,452 
1,207 3,582 2,495 10,:149 

5,025 115,385 10,917 42,722 

E. A. c. 

1,058 658 907 5,291 
1,210 2,118 996 7,114 
1,425 1,328 1,105 6,435 
1,145 1,290 1,381 6,181 
1,310 8!)7 2,555 7,562 

I 6,148 6,291 6,944 32,583 

I B. c. D. 

I 1,032 709 630 5,035 
1,184 1,064 1,032 5,787 
1,120 771 780 5,266 
1,257 950 1,453 7,438 
1,663 1,062 973 6,721 

6,256 4,556 4,868 30,Z47 
-

c. D. E . 

872 562 914. 5,007 
940 382 1,656 7,513 
924 675 1,580 6,147 

1,495 676 2,847 8,608 
2,352 673 1,84.3 7,695 

6,583 I 2,867 8,840 134,970 

129,068 138,376 139,416 I -
------~-----------
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I 

I 

Row 
Totals. 

34,099 

2 42,72• 

3:2.:)8 3 

30,24 7 

34,97 0 

174,62 

·------·--



ll'iFLUEl'iCE O.F CU'lTIKG OK YIELD, ETC., OF GRASS SPECIES. 

Summarising the main features in the results of the t"·o Reasons 
of the experiment with reference to the statistically signifi<:ant 
elements it is found that of the grass species studied Seta1·ia Linden
bergiana and flmu:cum ma<cci1num rank 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 systeins of cutting. This effect has 
been observed for all the species <:om bined as well as for species 
individually. Of the more l enient <:utting treatments the 6- and 
4-monthly systems p1·oduced on the whole more thy matter t han the 
2- and 3-monthly systems. The inferior position taken in by the 
3-monthly system during the 1936-37 season cannot he 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 enrl of the previous season to suit the requirements of tl1e 
experiinent. Furthermore, the evidence from the results of species 
combined in the 1936-37 season and from the results of individual 
species for the previous season sug-gests that the amount of clry 
matter obtainable unde1· a 2-monthly system of cutting· may not differ 
materially from that from one cut at th e end of the season or two cuts 
as represented by a 4-monthly cut in February followed by an after
math cut two months aftenYards. 

TABLE 5. 

Yields of A1·r-d1·y gras~ in grams zJ e?' 330·0 sq1-ta1·e feet, showing 
voriptal , cutt'ing, and interaction effects. 

2 
3 
4 
6 

] 93G-37 Season. 

Cutting Intervals. A. B. c. 

I 
month .......... 

I 
5,333 7,840 3,798 

months .... . .... 7,906 9,416 5,077 
months ......... 6,280 7,262 4,507 
months ......... 7,353 9,633 6,390 
months ......... I 6,361 10,355 8,638 

ToTAL . .. ... J 33,233 I 44,506 1 28,410 

D. E. Total. 

; 

3,922 6,861 27,754 
4,530 8,754 35,683 
4,640 9,085 31,774 
5,204 10,848 39,428 
5,087 9,541 39,982 

23,383 45,089 I 17<1,621 

To conclude these remarks it should be pointed out that th e 
results obtained are probably valid only for the conditions of soil 
and climate under which the grasses were grown. 

(2) THE lNl'LliENCE 01' CLIMATE ON THE YIELD 01' DRY MATTER. 

Among the many factors which influence crop production rain
fall is the major determinant of yield, especially in regions where 
the reliability of effertive rains is not high. It is, in addition, a 
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CO lllll! Oll e);perien('e that the a mouut of annual rainbll i~ not :ts 
i 111porta nt <lcl t ht· (JU<Intitie,; b ll in g- at. defini te pt· riod,; cl uri ng the 
gTOIYillg· :;e:ISOll. rnfodnualel~· , it a p pear,; ih:1 t li ttll' 01' nothi ng· 
l1a:; b et• n cl one i n the sumiJit•r r ain fa ll nrea of t he 'L;nio n t o a scertain 
during whic h pPriocl o1· pe ri od s of t h e gTOII·ing :;eao;oJJ n1in h;~S th e 
greatt•sl intlue ncl' ou the proclu c·t ion of gra ~:; spe('i es. \\' ork dolle 
by du 'l'oit , et al (1936) and b.1· '1' :1.dor (19:29, 1 9~~:2 ) :;ce JJJ s t o imli('<lit• 
t h ;l t difter e nt spc•('i e:; of: grasses haYe tlifferl'J it JWLio,],; of op timum 
growl h und er UOl'l ll <l l conditions nf r:1infa ll. l n :1 n •gio11 of ~ u mnwr
l'<l infull the :.thn ospher ic factor:; of' tempPl'nt u re . liulllidil .\' , <llHl \Yintl 
l'l'lo('il.1· may h;l\'t' a pmfoun1l in Hu eu t·P 011 lite eHediYeJJ Css o f l'<llll
f:l ll hy gOYt•rJJ iug· ihP r;l(e ul' CY<lpo ration and t- ra nspiJ·;ili on . 

Tht• :;p;1,;on a l p1 odu<"iio n of th e fin • spPt·ies slu<1icd is g iYen Ill 
Table.s li an<l I fo r t he sea :-;oJJ s I!J:lo -:1(; <! JHI l ~J:Hi-:) 1 , n ·,;pt· <: li n •ly. 
The figurt•s J·pp rt•;;<•JJ t ( he hli ;ll :llli Ol.lll l o f :1ir-dn· h0rh:1g'l' nh hlin(' d 
f rom f i i'L· n·pli.c:liion:; h\· cu ttin g :1t JIWntltly in tP rY:IL i11 t ht· (' ourst• 
of t lw gToll·i ng ;; (·~i,o n. Sin c·e lh e 1-!'l' llC'r:d trend in r eg-:1nl lo 
St'a ~O J I:d pro<ln C" tio ll i s ihe ,;am p fur :il l .-i jl l'(' i e~ t he llll':ln ~ fo r all 
,;peC"ie.-; han• hePJI u ,;ed to i llu~tr:d e tli (• p['(,·d o F J'a in f':1ll 011 i ht• 
Hl':lson :l l produdion in g raphical forn1. 1-' urthe Jm on• , thP toL1 ls 
g·i,·e n for JanuaT.1·, H):)(j, and for D el' l' illU(' r , 1\J:l(i , :111d ag-a in fo r 
April, ]\131 , tlo 110 t r e prese 1tl l..(Ttl\dh durin g Olll' mon!IJ onl ,,· a nd 
(';lnn ot t lten •fore n·presPnt a "i ng-l e poin t in a g r ap h <ll',;l'J'ibin g- t nl t' 
111unt hly t ntab. To O\'Pl'C'Oll lt' t h i.-; llifli('ulty t he total for .1:1nua r .1·, 
1!):J(i , ha ,; lwl' n split up in to t h1 E'e <' t[U <l l porti on,; to l l'[l! Pst•nt m onthly 
('U b for ;\o l' l'mher , D et·<·mhn a nd .J<lllll :lry . Alt hou g-h Yer~· lit tl(' . 
lll'l-eri bd ess, gTo1dh cli<l l'O IJJnH'llt'E' during t he J!J:FJ-:l(j sea Non in 
Odolwr and co ni i JlllPtl intc•J mi t lt• JJ th to t h<' d:ile on " ·hi('h t h e· 
h e rb;lgt• 11·as cut for th e first ! imP in ·.Janua r.\·. T he ,;pl itt in g- up of 
tlw cunllllat i,-e g-r01dh in l :1 nua r .v i n to thn·P porliom; :1s ind il'a tetl 
i,.; t·h11s jlJ'itfi P<l 1.111rl Pr t !w cin · u msl:1n ce~ ancl 11· ill g· in• a tru er pi d1.1n· 
of th e pffec t of ra inbl l on g-rml' th. For sim ilar J'P:lSOil.-i th e· total,; 
fo r D<•<·(•mlwr. HJ:Hi, a1Hl Apr il . Hr37, h:He h ct•n i'pli t up (o J·c·pre,;e nl 
h1·o poinl· ~ o 11 t lw g-r :1p h . 

Slww£ng seasonal p tnrh 1ctin n of d t y molter In !]I'0 171s . 

18T)-3G SPa so n. 

.Januar.L :Februa ry. 
I 

:\[a rdl. 1 
Chloris (j(I JJ'tna .... . ... . . 1,50 7 l ,:ll;'j 1.71 :l 
SelaTi 'l /,indenbeT(JianJ .. ...... . . .. .. . .. . . 2,797 1.787 ~ .:nn 
Cenchrus ciliaTis ... .. .. . 1.38-i 1.2:!0 l.6:l8 
D igil'ITia l'entzii P ta. Srn ... . . . 1, 25-i 1. 15-! l ,-i78 
Pa1n:cun1 1n--rxi1nunt . . . . . .. . . . . . l. 82:l :!.:lOS 2.84 1 

T OTAL . . . .. ......... . •. 8, 76.) 7.79± 11.0-16 

~ [ca n ..... • .. . ..• . ...• .... . . •.. ..• • 1,753 1,;')59 2,:W!l 

April. 

J ,261 
l ,565 

8-!7 
812 

1.139 

;) ,62+ 

1,125 
- -----= = - =---
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