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1 INTRODUCTION

The o~llection and propogation of graseces for possible use

by livestook started soon after the arr.val of the Pioneer
polusn in Rhodesis in 18%U. Orgenlised pasture research began
in 1509, but until the end of the second World War the
developsent of a research infrastruoturs and increasses in staff
ezployed wese haspured by internal and exteérnal problems. From
1945 ootable progcess mas Gade and the present pesearon
fucilities aze adequate for the cemands mads upon them,., Research
is financed by Government and falle under the Divieion of
Livestook, veld sad Pastore Research in the [epartment of
Besearch and Specialist Services, Ministry of Agricullure,

Floneeyr farmers and resesron workere coon discovered that al though
the veld (natural grazing) was rich in species composition cattle
thrived only duping the ralny sesson when the grasses vare prowings
During the Jdry ooason shen the Srasses ware GOrmant and the
herbage coaree and dzy, cattle lost body mass and fregquently died
deppite thie laot that there was muoh dry lwriage avellsble for
gzaczing. A senroh for grasses that would resain green into the
dry season wps ostarted, and it contiousd for many years. In

this search, peveral indigenous &nd lmported temperats grasses
sére tested, all without succeass.

The feeding of hay, nade from grusees in the late dry ceason,
also feiled to obviate the lose in body mess of cattle in the dry
seagon. It wes found howaver, that appropriste mamagesent and
the application of small gusntities of chemioal fertilisezs
inoressed thu orude protein content of veld grasscs. Por
examplé, 1t was found thet outtimg or grasing grasses in mid
growing season incressed the orude protein ocomtent of the
regrowth ocut fox hay in the late growing season, It sas
postulated that 1t was proovsbply e lack of orude protedin in the
herbage that caused poverty and ceatbs in catile during tho dey
season. [his was oonfirmed during the late 1930'gs shen it was
shown that by leeding small saounts of protein-rich concentrates
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to cattle during the dry season their body masa was meintsiped.
As @ result cattle could be marketed at four to five years of
age instead of the mormal five to six years without protein
Lupplemnen to. Unfoertunutely -or noonomio ressons the

practice of feeding proteio-rich concentrates to ocattle during
the dey season was not adopted at this time. ‘This situstion
pereinted until after World War 11.

Much of the high reinfall areas of Rhodesis, w»ith maich this
zeport ie primarily ocnoerned, is coverad by sandy #cils mnjch
rapidly decline in fertility when cultivated and are prone to

ercsion. Thsze sre also large areas of beavy clay soil tmat
gan be diffioult to cultivate and that may osp after zain.
About 1550, on the sandy scils, cozmon farmicg practiocs wmas

to pultivate the lend for ftobacoo for ome or two Years, and
then leave it fallow for a number ol years clearing new land
for tobaceo ae required. On the lwavy olay solle shere most
of the maiwe Wan grown, the practioe was to gror zaise in
alteznate year rotatioa w»ith snnual legumes that -ere plougued
under as grdcn manure in order to meintain soil feztility.
Aloo at this time there wam & universal interest in pastoral
Farming with emphanis on the use of grass leys. On the
regommendations of an invited authority on this suibject,
pasture research in fhodesls became centred on the use of
grass leys in the nope that they would enbBance orop and animal
production frem both sandy and clay soila. The ultimate
objective was the evolution of stable mixed farming aystems
that would meet the future meeds of an expanding human
population,

Conseguently, much research effort was speant over the next. 1t
years in developing grase leys [or Rhodesian conditioos. Im
genaral, the results of detailed investigations at two of the
major resvarch stations, namely, the Grasslands end Henderson
Researcn Stationn, the former on sandy soils derived from
granite and the lattez on heavy clay soils, were disappointing.
The expeoted improvement in soil fertility and resultaat

inorease in crop yielde following gress leys did not material ise.
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pespite tht fect that fertilizera were applied to tha leye 1%
wed still poosssary to apply fertilizers directly %o tas Qraps
to achiwws patisfectory yields. 0n the sands there was SOmE
gifect the first year snd to a lesoer extent guring the gecond
year after the ley, tut this was sainly a physical one whloh
reduced ths erosicon hasard. On the olays grass lays had no
elfect an fellowine crops regardless of fertilizern appl led %0
them gnd mpnagement imposed. Yislds of maize siter leys were
no greater than yields where maize was 4rown ifi GucofaDive FOLTO
snd where afdequate chemical fertilizers werd applied and all
crop repidues were ploughed baok luio the scil. Furlie rmoze,
altliougn the guality of nerbage froa grass ildys was better Luan
that {rom the veld, cattle still loet body wase when graming on
then ms foggage during the dry ecason or i fed on Dy or silage
made f{rom tham. ’

Tihe etfeote of feeding small emounts of protein-zich concentrates
to cattle grasing on coarse dry roughages durlpg the Aary season
wis again investigated in 1960 and the great impect tazt thie
could have in prectios was realieed. jlso it had Decom# clear |
that cattle grazing the veld on clay solls were llkely W galn
body sass for only the [irst four months of tha grosing seasch,
atd that the more desirable gravses were peplaced by wnpalsiable
epecies. T reason for this wan that cattle tepded W
concentrate on the depirable mrasues beoEuse they were mors
palatable and the {reguent defoliwilon during the growing s<¢ason
weakened gnd then killed them thus allowing the unpelaistle species
to multiply. (Clearly if grasing during the growing sesson could
e provided by gruss leys the veld grasees gould be rested, they |
wodjd salntein their vigour and they would not be ruplaoced by
unpalatable sp=cies. The ooarse dry herbage that wccumulsted
from resting the weld could be efficlently utilized during the

dry segson by supplesenting cattle with protein-rich conoentrates.

The emphssis on the clay aolls served by Hendurson Hesearch Station
thus changed froom using grase lays sd sources of fogmage or
oonaerved foode for the droy seamon, to using theas &5 grazing
during the growing season. (zaesec were selected for this
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purpose, the optimum fertilizer requirements in the prevalling
gcouoslo clroumstances were detarmiped, stockipm rates sith
cattle were investigated and production measured. Altnough

it sas found that the carzylng capacity of grass leys wam
aboat six times greater than ihat of the veld during the
growing somson, the monetary returns oould not zival thoss

from cash erops. By 1963 thers seemed to ve no future for
graes leys on the clay solls botn from the point of wiew of
maintaining soll fextility and therefore crop yields, or fronm
the wvalus of livestock products that gould be obtalped from
them. Grasn pasturea oould only be inoluded in farming onm

tha glay solls if they enabled the valus ol beefl produced to
rival the value of the cash crope. Malze wmas the principal
cash crop and few gattle wmere beinyg kept at the time. There
was 2 great potential for using the maize [or fattenlng beef
cattle, [Howaver, it wam recognised that the carrying capacity
of maize fmrms besed on veld and erop residuss was too low to 1
taie advaniuge of the saise for [attening purposes. If
permanent graos pastures could be intreduced mnd used for
sTazing during the growing ueason the veld could be rested at
tohis time and then grazed during the dry seascn together with
maize stover, provided cattle were adeguately supplemented

»ith protein-pich concentrates. Tnis would saterially inorease
the carrying capscity of maize farms and greater advantage could
be¢ taken of maige for fattening oeefl oattle. Thus maize and
grass pagture would be gomplementiuicy to one another in a mixed
farming system. There was adequate arstle land for outh malze
end panture on farme. The problem mas to find ways of
inoreasing productivity from grass pastures.

A clue as to how productivity from pastures could be Llncressed
®as given by the reaults from two experimente, one carried cut
in 1953, and the othaz in 1961, In these eéxperiments it sas
found that herbage production from grasses increased as nitrogen
applications were imcreased up to st least 470 kg X per ha.
With snis spplicatica, up % 19 770 kg of dzy lwxbage per ha
was harvested in & growing saason, indicating thut grasses could
support large numbers of oattle, ¥or economic réasons thig

repult was not pursued and in Practice no more then 150 kg §
per ha was recocsmended for pastures.
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| pemoause the _reat potsntlal [or producing veel on maize

: farca in the masce Valley in pecticular, and in thne kigh
rainfall areas of Roodesia in general was regognised, the
researah programme reported in tnie dispertation was atarted

in 1963, The altimate objective of this work, whlch sontimued
wntdl 1975, vas 40 ilnorease the oarzying capucity and predustion
of dryland grons pastures to a polnt where they could be
profitably integrated into beel production systems on maize
faram.

Cleéearly g=opsoces capable of producing large amounts of ferbage
and therefore likely to luve a high potential livestook
cergying gapaclty, would have o be [cund. For thie a large
pupber of grascea were grown in @ ocomparstive trlal and those
apparently suitable for the purpose were selscted.

The yrssses selected on the basle of their hervage yielding
ebility were Chen teated for theilir responses to heavy
applicationa of nitrogenous fertilizer. This was dona both
with and without graszing animale and on differont sites,
pedguns 41T lo well knosn that the meturn of dung and urine to
pasture and the type of e0il on wihich the pastures are growmn
can influcnce these responnes.

The selegted grasies mere then subjected to differant stooking
rates and nystens of manage=ent [0 detezaine the most
produgtive otocking zates and the oost suitable system of

managtasent. Of particuler interesat was the durzability and
profitabdlity of azass pasturea.

Finally, various waye of integrating pesturea intc intensive
systens of beefl production on malse fazme in the Kasce Valley
were oonsidered. In these systess the various roles that
fertiliced dzyland grase peotures, the veld and the maize
available would play, aze cutlined. The effect of integrating
grasa pastures into beef produgtion wyetems on the carcying
capacity of farme, the une of maime for fattening slasughter
cattle, the output of beef and the overall profitadbility of
ferming systeus are indigated.
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2 DESCHIPTIONS OF THE MIGH RAINFALL AHEAS OF HAOIESIA
AED OF HENLERSON RECEARCH STAIICH

2.1 The High Hainfall Azeas

Rhodenis i85 gituated in soutno central aAfrica, slightly north
of the Trupis of CQuprloorn batseen latitudes 'Jju 4u' and
22° 50' south, snd longtitudes E'}n 15! and ”u Us' east.

The tcpographicel features of Hnodesls are anown An Flgure 1.
Tha topography iles dominated by a ceatral plsteau extending
from near the south-weatern border tv the central area whers
it divides with one arm extending «astwmecds T the Dordeéers
witn Eposubique and the other norih-westwsrds ending on the
epcarpment of the Fambesi Hiver Valley. The platesu ranges
in altitude from 1150 & to 170U m sabove seas level but, on

the esstern border it rises to 2600 p a9 !! merges into tha
mountainous arés extending ocoth mopthwards and mouthwards.

The platesu is generally of sently undulating relief and ia
drained by two sajor river systems § the Zembesil and the
Sabi=Liopopo. The rivers of the [ormer draln north-éast
into tha Zesbesi sod those of tne latier drain south-east into
the Sabtl or Limpopo. Trhese teo tivers {low east or sOUto-eaEt
tozough Mgcasbigue lato the Indian Qosan.

Tos reinfall of Rbodesis (Plaure 2) i influsnced parkedly
by topogrsphical features. Por example toe mountainous azes
along the sastern border bas an agnuzl raiofall of vetsean
oo and 2000 mm, the ceniral plateau zeceiven betwean 600
anc 900 mm while low mltitude areas in the south of the
eountzy receive less than 400 mm annaally. generally
ralnfall tende to become lews from north to south and I[rom
east to west, gs sltitude decreases.

Since this dissertation concerns the development of dryland
Brase pastures, further descriptions of thne Rhodesian
environwent are confined to the areus where these pastures
agre likely to be successful. The areas of the pountry
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paving conditions favourable for pmstures are wainly
colnoldent with those suitable for intensive dryland

crop production and theme have been delined a2z Agro-
ecologiosl kogions I and IT by Vincent and Thomes (1561).
fleglon III, as defined by Vingent gnd Thomas [1'31:-1]'. kaa

a less reliable ralnfall than Regions ] and 11 and ie mOre
suitable for semi-intensive crop snd livestock farming
systama. Perefore this Reglon is only morginally
suited for dryland grass pastulen.

Recognizing the importancs of rainfall dlstribution in
determining cropping potentisl, Ivy (13/5e) prepared a map
(Pigure 3) showing rainfell distribation over the main cropping
sreas of Ehodesis using the method of rainy pentedes as deflined
by Griffiths (1960). For this system tne year i divided
inte five-day periods (pentades) and for esch pentade ralnfall
totals are extracted. A rainy pentade is the oentre one of
three pentades which together received more then 8,1 mm of
rain aud not more than one of the threéee having rectived less
than 7,6 om, From the sgriocultuzal point of view the method
allows for the build-up of moisture in the soil before conditione
can be desoribed am being wat, ds no mccount is taken of how
much over 36,1 ma the total group of Lhree pectades may be,
allowances are made for rainfall loet by run-off,

Using the distribution of rainfall by rainy pentadea (Figure 3),
Ivy (1975b) redefined the boundariea of Agro-scslogical iegions

1, II and 111 (Pigure 4) as previously defined by Vincent and
Thomae (1961).

Areas of Hhodesia which receive more thap 16 rainy pentades
pur season (Pigure 5} generally have an adequate, mall-
distributed rainfall that makes them suitable for dzyland
paaturea and coineide approximately with Regions I and II
[!‘lsui.-l 4)s The ares that has 14 to 16 rainy pentades
(Pigure 3) hes & lesa reliable rainfall scoczpanied by
frequent droughts and is epproximstely coingident with

Region III (Pigure 4). This ares is only marginally suitable
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for pasturse. The former fall mainly witidln tpose areas
of Encdesis recwiving more than 800 me ol raln snnually and
toe letler witnin areas receiving 700 to 600 om of zuin
(Pigure 2). In tne kepublic of South Africa Visser (19u6)
state . that the cnesical fertilizetion ol velu (natural
vegetation used as grasing solon may be oomposed of any
nuniowz of Growtn forms and need not oe climax vegetaiion)
s4s @oonomlc where more than 625 om of zain fell sonuaily
wuile Bdwuzde (1966) stated chat 750 mm of rain aonually
wad required for the successful replacement of veld greases

by oultivated species.

The asoils falling within those areas of Rhodesia suitaule

or margiually suitacle for dryland grase pastures acse® sndwn
in Pigure 5 (Toompson and Purves, 1¥79).

o T | Hatural Reglon I

Tnis region adjoins MoCcamuique in the e#ect sud runs ootn
portn eod south of Dmtali, the main town in Ghe ates.

it is a mountainous area interposdd sith deep valieys anda
pas an annual reinlall in excess of 1070 em with some arsas
secedving wmore than 254V am. Nost ralao [alle during e
gomms T BOL LIS {unvumhi: to gp:il] al thougn drizzls or aist
Eay ooccur in any montn of the yeEar. Eigept in toe £4,0F
vallays woere the olimate is suo-tropical, thns climate is

genecally cool in summer Bnd o0ld in winter with Jrequent
froste.

Tie nortiern part of this Hegion wilh aititudes up o douu

B is generally nigher bhan the soutbern parct solon nas &

Bean oltitude of about 158U m. Thess northern Dlgn &lbtitude
regions uave @ distinotly tamperate climate and so are suited
to the gultivation of dryland pastures of temperate cather
than tropioal or sub-troploml apscies. begEumse of the
Ligitea extent ol thnen: areas end toe Jlimited scope for
tezperate psstures in Rnodesia, they are not given furtier
attention in this dissertation. Tiw losar slevetions of

tus southorn parts of tnie zeplon, Lowever, Rave & cli.zsis
suited to tue production of wuo-Rrzopicas @ress pasluces,
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Highly leached mcid ozthoferrallitic soila,
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Eoils

jocording to Thompeson (1565) the soils in Netural Region I
have the charscteristics of those Iln the ortholerrallitic
group of kgolinitic soils. Such B0ils are leaghéc and acld
in reaction, are highly porous and truly ferrallitlc with
very little or oo reserves of weatherable mipsrals aand with
base saturatioms ususlly lower than 30%. The, comprise red
orthoferrallitic clays found oo basio rocks, yellow
ortooferrallitic silty-clays found on Umrondo shales and red
and yellow orthoferrallitic sandy to medium textuzed soils

on granites and Jakondo sandstones.
Vegetation

OUriginally the climax vegetation was & montans rain forest

but today only small ®ellic patohes remsin. In these forests,
altitode determines the dominant species, with Wiadringtonia
whytei and Podocarpud milanjisnua occurzing at nigh al titudes;
the everyreen, broad-leaved trees Ep.uunia untellifera,

Apoloia theiformis, Sysygium gerrardii, Macaradga mellifera,

M. uvapensis, cnn;nuph;llul gorungosanue, Craibis brevicaudata,
l1lex mitls, pitfosporum virldiflorum at slightly lower altitudes;

and Japaca kirkiaopa, Maoaranga sp., Anthoclelista zZampDesiaca and

4dina microcepnala in the hot, aub-tropical valleys (Vincent and
Tnomas, 1500).

Accordiag to Vingent and Thomas (1560 thne remainder of the
areg is cousidered to be a fire pro-climax of four typess
mountain graseland, shrubland, grassland with scattered trees,
and woodland, while Rattzay (1957) classified it simply as
mountain grassland. Crook (1956) cluseiiied the vegetation
of the Meleettar area info similar cavegories. The mountain
grassland (Viocent and Thomas, 1%6U) comsists of socur grasses
suon as Loudetia simplex, Elyonurus argenteus, Monocymbium
geresiiforme, Apochsete hispica, Bewsla viflora, Sporobolus

8p., alloteropsis semialata, Lragrostie spp. and others, and
ogours at the highest altitudes.
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Phe pelatively homogenous mountaln gfasblend changes aOruptly
futo &« shrublandi comprising E.m:ug thymogors «nd Psoralis

foilose sith pleridlus ﬁuu_iuu.n wnd helloheyeun kKroussli.
Aesoululed sith thewe mre tull jojecrnenis, Qymbopogon und

Setarlu Bpp. Thie snrublend chenges gradually into a
grudeland with scetleréd Trees. Tha main trees found nere

are parinari curstellifolla, Pterccarpus angolensis, Cussonis
Bplowtu, Loubsya rotundifolis, Pilous spp., Faurca saligia and
Stryennos suoculolaey while Sysjgius cordetus coours along
stress bankm, The tall grasues Hyparcmenla Sppe mbo n
vul igus, Setuzie spp., pennievtus Epp., ARG Jeckeropuis uniseta
grow betueen L scattered tress (Vincent wud Tnomas, 170U ).

vocdland, oomprising a denus cover ol stunted snd cistorted
trees wbiti JiStle gruss beneath, covers large sfeas &t all
altitudve bput sspecielly oo the sarmer, westerly and mortberly
Blopes. Arachystugis spigilorale is domioent but at lower
altitudes gives way to Brachystagiae atilim. [Uapace kirklans
is logully dozinunt on well-drained, frooti-lree aites. A

poor, sparoe EruEs cover occurs under the trees calaly
comprising Loudetia siosplex, Digiferis sp., ane sOBé hypeacIuwnis
Bop.. The shrub poillppis benguelensis dis common (Vincent and
Thomss, 1560).

Land ose

The woat sultable srezd for fercming are lo the south around
Cnipinsa and ia the valleyy arcund Nelsetisr. Teee arcas
pinurally lie @t = lower alititude, have potentlally more araule
land @nd aie warmer toan the rest ol the Heglon shich is more
pountuinoun gnd bhepefope has less potential arabls land.
Viocent end Tucsas (1961) described the acea e teing suitable
for &« system of crop production supporting intensive liveastook,
particulavly dairying based on established paatures. Thile
BQme Qropd aré grown and livestook are kept, colles ham of
recent years becomne lnoreasingly important. Aflorestuiion

with solftwoods Is ulwo importent, snd soce cecldusue frult is
BrOWh.



The reualnder of Fatural Regiocn ], sbioh has a oore pounteinous
tecrain, ie used exteassively for alformsutation, particularly
lor soltwoous. Thnis is aloo the main azea of Rhodesia fox
declduous fruits, Jo the warm valleyse, shich have & sub-
tropioal clisete, tea and olfes pluntations are incressing

in aced. Altbough Vinoent aod Thomas [1¥61) statec that the
areg was sulted to sepi-intensive dalry wnd sezl=iptenalive

beefl production Lowse have oot developda to any gieatl exteat.

4 I8s Wool BhéeEp are Eept.

il Natural BEegion J1

This im the most intemaive Larming ares of Rnodesia. It
comprises tod centrzal plateau mhloh lies at altitudes of
vetvesn 1150 = to 1700 m. The cepital of Rhodesia, Seiisbury,
is in tie gentce of this Region. The mean annual rainfall is
beteaen TUU aod 1060 mm moet of wmhich faulles between mid-November
aod midmjpril shile tne zest of the yesr i8 dry. Hainfall is
fairly rellable, thus saking the Region suitable for crop
production. (Qeoerally the topography is gently uwodulating
with the terrain slopilng sraduslly awey from the centre of the
plateau Lut i wroken io ssny parts by ollls, particularzly
adjacent %o the Razos River., Thess hiile ceuse looal
variations in reinfall with souto-sasterly slopes of ten
Fecwiving sbove averege rainiall while sdjacest north-semtszly
slopas receive below aversge raicarell. River valleys, wolsn
are at a lower slevation then the plateasu, are usually wazmesz
and teerelore rainfell ie less wifective. Mean annual
tewperatuces range betwean 1':|n to u'-!‘l';r 0 but frosts are conucn
over the woole urea betwesn Jupne and September snd are gore
severe at tos algner altitudes (Vinceat and Toomas, 1561).

Solls

Toe principal woils, wanlch cover spproaimately two-tnirds of
the arsa, have cossse-graloedé sandy surface hozisoos averlying
asdium to heavy-teatured sub-mcils. They are derlved from
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granite snd belong to the paraferreallitic group of
kaolinitic soils, whioh, although they bave some [errallitic
charapteristios, are oot truly ferrallitia. These aoils,
togevher with the ferrallit!: sandy soils derived Lrom
pranite, sre commonly known as granite sande (Pigure 5).

Interspersed in tpe graenite wands are heavy-textured,
fersigllitio scile whigh pr¢ moderately to stirongly leached
with thelr eclay fractions mainly ksolinitic snd which contain
appreciable amounts of I'reé sesquioxides of iron and aluminium.
Tney nave ogonsideracle resarves of weatheraols minerals and
pase saturetions of 60 to 80 %, They compriseé red, granular
cleys found on begeioc and wltra-baeic rfooks § silt=rioh scils
ioreed mainly oo sedimentary rooks § bighly micascecus &oils
{ormed from highly micacecus perent materisls § and weakly
lfersiallitic, red clays found on narrow dolerite dykes intrusive
into granite (Thompson, 1965).

Toere are teo other moil types which are of 1ittle importance
from a pasture point of wiew. |Pnese are the Dyke soils and

the sandy eoils derived from Kerroo sandetones.

The Dyke soils are ewlther vertiscls witnout apprecisble [ree
water, scluble salts or exchangeable modiun, found mainly on
basic or ultra-basic rooks § or fersisllitic, red, granular
clays found on similar rocks (Thompsom, 1965). The "Great
Dyke™ runs in & oorth-south direotion for the length of the

plateau and is o narrow bend of steep, oroken hilly country,
rising out of the plateau.

The deep sandy soils derived from Karroo sandstoneas ngve &
fins-grained send fraction and overlie, at varylng depths,

medium textured sub=soils. Many of these soile are subject
to a high water table.

YVegetation

Tie desoriptions whioh follow hgve been tsken from Rattray
(1957), Viocent and Tnomas (1960), Wild and grandvaux Barbosa
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(1567), %o whioh ths suthor's cwn knowledge of the vegetation
has basn added.

The prineipal vegetation oocurring In Hegion Il is a wocdland
dominated by a Brachystegia spps. in sssociation with
Julbernardis globiflora. Is its neturel state the woodland
cogpriseas troes 5 to 10 m tall, olosely or widely spsced in
a tall grass consunity whose denelty variss inverssly sith
tres denmity. Little of the natural woodland remaine today

as soch has been oleared for agrloul tursl purpoess or has been

put for firewood or for mining operationa. The domiiant tres
speoles copplce freely whan cut. Uncontrolled chopping
frequently results in a denase thicket vegetation in which the
herbaoetue cosponent is severely suppressed.

In Natarzl Region Il the vegetetlion may be classified into

two sain coamunities based on the two major soil types that
ooaur. ¥hile the grass spécies e 1ECluenced to socs axtont
bty changes in sail type the dominant tree species are
influenced more by altitede tnen by soll changes.

The vegetation of the granite sands

The vegeatation of the granite sande is dominated by Erachystegia
sploiformie and Julbeznardis globiflora, B, sploiformis is
usually deminant io the setter, higher areas. 4+ globifloza
assunes dominance at the lower, slightly drier altitudes whan

I'lg!zlt-u&- boshuil alec becomss common and aay sssume dominange
at the lowest sltitudes in this Natural Reglon. Of the many

treos msscoistad with the dominants, ocommon ara ar hu
goudylogazpon, Fesudolachnostylis maprouneifolias, Strychnos

splanosa, Uopaos M, Erythriea app., Flous spp., Frotea

#ppey Monotes glaber, Terminslis sericea and Parinari
guratellifolia.

Whers tha trees are dense the grass cover is spacee and

comprl sas M HIIEnIuh aasosiated =ith the undesirable
*pecies Furotis patssce, Miorochloa kunthii, Sporobolus
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stapfianus, Schizachyriua Jeffre aif, Avistidas bsrbicollis,
4. congests, Trichonsura grandiglusie, [ORODACINris SQuATZOed
and Eragrostis chapsliesi. When the %zess Are Temovey OF
hinned the grass goves thic =ns <, ccraidezably with
lijparrhonia fillipenduls and Hypsrtheiis digsoluts bacoming
deminant. 1o sagh elesrsd veld Stereochlsens gameronid,
Digiteris milanjisns, D, pentazli, Schigscharium senibarbe,
Braghiaxis sesrats, Heteropogon gontortus, Pogonarthria
mquarross and Cynodon ésctylem (paztioularly on termitaria),
are gommonly found. As=mocizted with the grasses are numerous
nerbts and sonll shrubs, notebly Eviceesma englerissus, Dolichos
salosanus, Liopis Javenics, Pecrelea sp., Tephrosis spp.,
indigofera sppe and Borreria sp..

In the disturbed arems and on recently abandoned arsbla land
Rhyechelytrun repens, Eragrostis sspers, E. visooes, E. patens,
E. gilianeneis, Setaria pallide-fuscs, 3. vertioillata,
Aristida sdscensionis and Slussins indice gensrelly oocounr.

On reverted lund these grasses are zeplaged after three to

five yeara by Hyparrhenia filipsnduls and fyperthelis dissolota
whioh begome dominant and wnioh are asscoisted with similar
grass mpaoles to thome found on claared weld.

Grasay ¥leis (poorly drained soils generally In depressions
sssoainted with drainage lines) are characteristioc in granite
sand areos and in places comprise up to 30 % of the land.
Faripari curatellifelis, Syzygium guineense, S. hojljlense snd
Frotes spp. often grow on vlel margine cr scattered in semi-
¥lel land where the water teble ia near the soil suzfsce. In
the vleis unpalsteble sedges such as Joleris spp. are frequenitly
more common than grosses, particularly in the wetter parts of
viels. In ihe drler psrts of viels Lowletia simplex, Erachiaria
filifolia, Eragrostis copensis, Moncgymbium geresiiforms,
Arintids macilenta, Elyonurus srgenteus,flloteropsis semisleta
and jndropogon eudocmus ooour.

Boulder koples are cocomon in the granits pands. Cn thase
Hrachystegla glaucescens and 8. spiciformis sre usually the
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domipant trees, and ere commonly sssccisted wsith Julbernardia

giobillora, Diplorhynohus condylosarpos, Perudolachnos tylie
sep:cuncifolis, Ficus, spp., Cusmonis natalensis, Swartsis

_adagasoarensis, Strycince » inows, Lannes discolor,

Pterogarpus angolensis, Esythrins sbyssinics and Flacourtin
indiga.

Tha vegetaticn of the heavy sollnm

Tha heavy scils generslly ocoounr at lowsr altl tudes than do
most sends in Natural Region Il. These gones &re warmer and
rainfall s elightly leas then in the grenite sand areas, but
it is #stil]l sdeguate for intecsive fsraing. Jclbsrnardia
globiflors and Hrachystegia boehmii are co-dominant Lrecs

with the jlatter sssuming dominance oo north-weaterly slopes.
Eith decreasing altitude B. spilciformis ocauras less [reguently
end at sedium altitades it 1o replaced by 5. boshaii while on
the shallow rocky soils of the hille B. glaucescéns is comsonly
found in aspociation with B, boehmii and J. globiflora.
Diplorhynohus condylogarpon, Peltophorus africanum, Flacoartia
indiga, Bauhinis gelpinii, Piliostiges thonningii, Uapacs
kirkisna, Fierccarpus angolensis, P. rotundifolius, Steyochnos
spinoss, Monotes glaber, Ficus sp., Combretum spp., Terminalia

sppe Bnd Pacudolachnostylis saprounsifolis are common
gspooiatan in these arsas.

Tha domlnant graswes are fiyperthelis disscluts end Hyparrhenia
filipenduls which are asscolated with H. rufs, H. gymbaria,
Themeds triandra, Braghlarzia serzata, B. brizantha, Heteropogon
contortus, 404fOPORO0 gaysous, Psmicus ssxisus and Sporobolus
pyranidalis. (Cynodon dectylon is common on termitaria. On
disturbed srvss Setasis pellide-fuscs, 5. verticillata,
RBottboellis czaliate, Tragus saceus, loris pycoothoiz,

C. virgeta and Oynodom dectylon are usually found shile common
weeds of arsble lamis are H. ltata, Setaris pallide-fusca,

froechloa mosambicenais, U. panigoides, Panciua wp., Digitaria
sp.,Jafighl=ris ep. and gorghum yortiodlliflorum.
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Few grassy vlieis ooour on the heavy soile. In these
Imperata oylindrica, Leersis hexandra, Hemsrthria altissima,
dllnisropois pemialta, Sporobolun pyramidalis, Paspalum urvillei,

P. dilatatum, Setaria sphacelsta and phragmltes communis are

gommonly [ound, Many grassy draioage linea cocour. These are

dominated by Hyperthelia dissoluta and Hypesrrhenia fillipendula
with jcaoia polycantha and 4. sieberiana var. woodil as the

principal tTreea, sgggﬁium cordatum, 3. iulneenae, Jlex mitis,

Celtis kraussiana, Chrysophyllum maglismontanum, Pittosporum
viridiflorum and Combretum erythrophyllum are found on the
banks of streams and rivers where alluvial so0il ococcurs w.ile
4., karroo is found as a river valley tree.

Land use

Vincent and Thomas (1961) divided Natural Region II into ten
different mress of poteptial intensity of furaing based
prinecipelly on rainfall and soils. For the present purpose
a description of famming on the two main soil types will

guffice,.

The granite sanda

The organic matter content of these soils is low and
consequently the nitrogen content is low. The amounts of
avallsble phosphorus are variable but base exchange capacity
and general base status are poor. Potzah is generally
gveilable in amounts adequate for most crops. Onte granite
Bands sre cultivated organio matter decomposes rapidly.

The orgenic matter, and therefore the nitrogen status, are
diffioult to maintein under cultivation. By using
{fertilizers and lime, orop rotations and grass leys, the
stability and productivity of these moils can be maintained
and even improved, resulting in excellent CIOpE. The se
acile are partiocularly suitable for flue cured tobacoo shich
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is grown on land following three or four years of srass ley.
The xLresses used for these leye &reé usually resletant to the
root knot nematode, Meloldogyn® jsvanica, whicn cuauses serious
dumaxe to Lhe roote of tobscco planta.

The wveresge oize of farme in the high rainfall granite sand
areas is 1200 ha (apnonymous, 1577a), of which 51 4% is potential
arable land. At presesnt 12,3 % of the total ares of larms is
oultivated. Befores 1965 tobeoco mas the most important srop
but today relatively little is grown. Maige is now the most
important crop snd with the development of shorti-season hyovrids
it cen now be puccessfully grown sbove 1380 m whare it i= too
cool for the long-yrowing-season oybrids. Cotton has beooms
an impgertant ¢rop below 1400 m where burley tobacco and
groundnouts 6I¥ a&lso ETOWO. ¥here irrigation is available
tobaecoo, maize, groundnuts or cotton may be grown with
supplementary irrigation during summer followed by Ilzrigated
wheat in wintez. In the higher, cuoler parts of the granite
8gnds, there hae been some developwent of deglduous [fult and

pyrethrum in recent: YegTE.

During the last deocade the numbers of oceef cattle have
inoreassd markedly. Many farms now have breeding herds and
sell store cattle or slgughter stogk. Cattle are mainly
carried on the weld, utilising also limited areas of crop
regldued =nd grass leys. Some grass pastures have been
e@stablished during the last ten yuars speocifically for
careying beel cattle bubt further development is likely to be
alow in wiow of the present high coet of fertilizer.

The olay solls

The heavy olay end silty clay soils are very sultable for
sustained, intensive cash cropping provided their nutrient
gnd base status are maintmined by application of fertilizers
and agrioultursl lime and provided crop residucs are ploughed

under to maintein a good phyeical structure which [faeoilitates
cultivation,



e mean size of fazms s 11W hay; of wideh U % is potential
aruble land but at present spprozimately ooly one-pall of this
is gultivieted (sncnymous, 197fa). Melze and cotton are the
most lsportant crops of the erea. Wolle maize is gromn
throughout the area cotion is gemerally grown at altitudes
palos 14Ul =. Burley tobagoe, groundruts ana soyat€ans are
also groun, tnere irrigetion is available sieat has oegome
an important orop. Toe geosral practlice ia 0 taaxs two crops
a jear from ircigated land by growing either maize, coiton or
sojubeans during the summer, supplementing rainfall with
irrigaticn, followed by irrigated wheat during the sinter.

A8 on the grunite sands beefl cattile have incressed consideraoly
in numpers during the last deosde. Eost larme DOW CALEY
breeding (#rdes end sell slaughter cattle. Tim fattsning of
slaugnter cattle on high energy rations cooteining v 4 saize
efain wau vecoming widespreasd but present economio ciroumstauces
do not Lavour tnils systam. Cattle are gaurcied largely on the
vald, with crop resldues, protelf=rion supplesents aod meize
Eruine While there nas been somé aevalopesnt of both irrigated
and drylond grases pastures for beefl procuction tie present aigh
cost of fextilisers ia restrieting lurther expansion.

213 Katural Hegiom JII

This Natural Region is adjscent o Natural Hesion 11 {Pigure

4) end lies mainly between altitudes of 550 m and 14%v =,
Aonual raiofall varies betesen 50U end 710 ma (Plgure &) and

is often poorly distributed (Pigure 3) within scd between
HERUONE . Conneguently, moat of the Region is only marglnally
Buitable for cgash orops and, for the sams repmon, for dryland
grass puptures. Topography is sisilar to that found in Hatural
Aegion II since Natural kegion 11I alsc ocoupies a large part
2l the cuntral platesu. Howawer, oroiken, hilly ocountzy deoes
cogur where ithe main rivers leave thoe plateau and in areas of
b=avy soil.



Mesn abnusl temperstures range [rom 167 to 22° ¢ while mean
maximue temparatares may be as high as Eun C at the lower
altitudes. Frosts ogour from Jupe to August over the esntire
azes |vinoent and Thomas, 1961).

Goile

The scoils in Hatursal Eegion 117 are similar in many respects

to taose in Batural Region 1] which have already been described.
Ths boundaries deparceting the different soils in Natuial Region
111 recciving sore than TOO me rain asnually with more than 14
rainy peniadas per ssason are included in those aapped in

Pigure 5. Howsver, thie Regicn aleoc inglules the weakly

developed Kalahari sands. These ate deep sands with less than

15 % silt and clay above 2 @ and extremely low ailt/clay ratios
with 1ittle or no reserves of weatherable minerasls (Phompson,1563).

Vegp@tatlion

In gontrasé to Natural REegion 11 wegetatien in Natarsl Region

111 is affected more by soll changeas than by rainfall and this
becomes evident as rainfell disinishes. Juibernerdia globiflora
lrlggﬂilﬁﬁll boehmii woodlmnd occurs op granite sands whila
Braghyategia spiciformis and Beikises plu uge are dominant on
the Kalahari sands with J. globiflora a common ssscaiate,

Small sreas of poorly draimped, sodium clsys sare =guttared
throughout the granite sands and on these Colophospermum mopane
is dominant., On losms and clays [ogbretus spp. become dominant
at the lower pltitodes while B. boehmii and J. globiflora are

dominant &% “he pigher sltitudes., Acspia karroo and other

Acacla spp, are generally dominant on the heavy clays (Vincent
and Theomazs, 1960).

The grasses in Hstural Hegion 111 sce numerocus and varied,
On the granite sands Bragrostis jeffraysii, E. rigidior,
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Arintida app.,Pogonacthria squarrcss, Schizachyrium semiberbe,
Hyparrhenia filipendula and Hyperthelis dissoluta are common
while on the Kalabari sands Ariatida graciliflora, A. pilgeri,
Ayochatte rehmannii, Eragrom®i wpp., Digiteris wjpp., Andrcpogon
schirennis and vome H., {ilipendula and H. dimscluta sre found.
On the h=avy solls coomon gresssa are Themeds trlandrs,
detaropoger contortum, Bothriochloa ineculpta, Cymbopogon
lurinodis, Digitsris epp., Setaris sphacelata, H. Illi!anﬂull
and H. dissoluts (Vircent and Thosas, 156U,

Land uee

Vincent and Thomas (1961) divided Natural Hegion III into five
areas (A to E) of potential use for farming. MNatural Hegions
ITT A, B and € wore glassified as belng suitable for semi-
lpteaslve llivestock productlon based ea veld, supported by
small xFaine ond othor sbort-ssason, d-oughte-resistant ocrops.
Hatural Regions III D and B were clesmified 2s semi-extensive
ranching areas.

On the heavy textured sils cotton 1s the primeipal crop with
sorghun, burley tobacoc and short-geascn varlaties of =aize.
Whera irrigetion is possible cotton or meise are grown under
supplecentary irrigatiop in summer, followsd by irrigsted
whaat in winter. ©On the lighler solls sorghum and short-
seamon varieties of maime are grown but conditioms on these
sailes are less favourable for crop produc tion thanm on the
heavy polls. Iryland grass peastures are oaly a possibility
in those sress of Natural Regiom I1l receiving more than 700
mm of raln snncally with a distribution of more thes 14 rainy
pentades per zeason (Figures 2 and 3),

In Katural Region III bteef cattle sre generally the mainm
faraing enterprise. Store cattle are alten produced for
sale off the weld while slaughter cattle are alaso produced
off the veld, supplesented lo some extent with forage crops
end graine.
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2.2 Henderson Ressarcn Statlion

genderson Resesrch Station ie 32 km north of Salisbury, the
capital, and lergest clity of Rhodesia. The main road
joining Salisbury with the farming centree of Bindura, Shamva,

Mezoe, Concession, Glendale, Umvukwes, Centenary and Mount
Derwin passes through the Jtation. It is aituated at

latitude 17° 35' south and longitude 30° 58' east. It is

one of the largest research stations in the Department of
Research and Specialist Services, Ministry of Agriculture,
Rhodesia. Originally it was the property of Mr. Archivald
Henderson who farmed it for 35 jears, producing mainly flue
cured tobsoco. In 1947 the Qreat B Estate, s it was then
known, was purchased by the Government a8 a Hesearch Station.
Since then the Station has Aeen Varlious cnanges and developments
gnd 1t is now the headguartera of the pivision of L[ivestook,
veld and pasture Research. ‘The main research activities on

the Station, which is situated in Natural Region II (Pigure 4)
are gt present, snimal nutrition, animal reproductive physioclogy,
and a study of the use of nitrogen ferfilired pastures and
pasture legumes for beel production. In addition a poultry
research unit is being developed sod the Weod Resesrch (nit,
Division of Crop Reesarch, haes its hegdquarters here. The

wead Research Unit investigates erffects of herbicides on cropa
and weeds,; weed biology &nd related tillage practices.

Henderson is some 2 220 ha in extent and ie bounded by the
Izon Kask Rangs of hills in the weat and by a range of granite
hille in the east. It lies in the valley formed by these
hille and the topography in the walley ls undulgting with
slopes ranging from 3% in the central mrea to &€ % adjacent
to the steep hills which flank the walley. Tha altitude is
1 290 m at the floor of the walley, rieing to 1 54U = on the
hille. The Stetion is situsted at the head of the pazoe
River Valley and the Dassura River whioh runs through the
Station joins wita the Magoe Hiver in the lazoe Dam whose
waters extend onto the Station. The Kazoe Dam ia used to
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irrigate a laxge citrus estate while the Mazoe Valley
generally is one of the moat intensively farmed areas in
Rhodesin.

Climate

This ia very similar to the rast of the high rainfall azeas
of Rhodesia. Hemlarson hNas & sub-tropical, summer rainfall
climate, with the main rains starting in mld-to=late November
and ending late in March or sarly April. T™he 45-yoar mean
anfual rainfall is 675,2 mm. There is an even probability
that the annual rainfall =ill be above or below the pesn and
the standard deviation from the mean {u 225 msm (Hannington,
1972). The distribution of rain during the season is good
and the 45-y=ar mean number of rainy pentades for Hemderson
ie 20,5 per reiny season with = maximum of 28,0 and a minimum
of 11,0 (Hannington, 1972). Rainfall datas are presented in
Table 1.

ODotober and NHovember are the hoitest months of the year although
temperatures seldom exceed 32°C. Frosts are cosmon during June
to Auguat. Maximum and minimum temperatures and Iincidence of
Eroat are alaso pressntad in Table 1.

The affective growing season for orops or pactures varies in
length from 120 to 150 daya. The olimate is suftable far
growing a wide range of summer orops such as sajze, cotton,
soyabeans, groundnuts, sunflowsre and burley tobacco. Wheat
snd barley can ba sugoessfully grown under irrigstion during
the dry months of the year. Dryland grass pastcores of troplcal

and sub-tropical species can be grown and the climate is ideal for
raleing oattle.
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Table 1. Msan menthly and annual rainfell (4% years) in
pm and mssn monthly maxisum and minimum temperatures
(15 yesra) 4n ° C.

Wean nnnthlyutlnpﬂrlil.ll
Month Eainfall g

- ¥sxizun Minimum
July 0,3 22,5 52
August 3.4 25,0 4,8
September 4,3 28,1 ITr
Dotober 27,0 201 11,5
Koveaber 53,0 28,0 14,5
Decembar 189 ,4 2740 2.7
January 211,89 26,6 16,1
Fabruury 185,0 26,7 15.7
Maroh 111,6 27,2 12,9
April 3344 26,4 1,5
May 12,6 24,6 byeb
June 3.3 22,7 3.0
Mean annual 8752 26,3 10,4

During the last 15 years absolute sinisum temperatures of below
n,u" C ware recordad on an average of 34 days & year betwsen
1 May and 30 Septamber, inolus.ve.

Bollm

T4 solld coocurring on Hendaraon Hessazch Stationm fall into
two types wocording to Thompson's (1965) classification.
Tha greater proportiom of sailas fall inte the [ersiallitio
group and thay have appreciable reserves of weatherable
gpidterinls with a base maturation of over 40 %. They are
mainly red, granular clays formed cn basic end ultra-basia
rocks ; and relstively silt-rioh soils forsed mainly on
sadimentary rocks. The resaining soils, of shich there is
caly a small area adjacent to the granite hille, fall into
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Thoapeon'e (1965) perafezrallitic group (Piguze %). Pheow
ard predominsntly wandy soile found sainly on silicecus rooks
Trwy aze bighly porous with very Little zeserves ol weslberable
minerale and nave & besw saturation lower than 4U %.

A detailed survey of the s01ls on Hendersou wee undertaken by

au Polt (1965). e described the wilty clay soile on wsnich

the majority of Jryland grass pasture experiments nsve been
cuiried out &8 teing derived from metesvdiments. lfossver, a
wore recent vissination of thie soil by Welis (1917) suows

teat the soil is uerivwd from Ielsite and not froa Setasedisents.
Tie selient [estures of theee soils which sre on a € % slops,
are shown lo Table 2.

Table 2« Some cnepical apd physical properties of the
silty clay soils (wellis, 1977).

Hoil depth om
0-39 40-81 0i-149 136=173

Gravel % 3 2 4 Ly
Coarss sand % 2 5 g 3
Medium mand &% 5 £ 2 ¢
Pine sand & 24 19 20 [
Silt % LA 25 23 <7
Clay % 40 21 91 4b
pH {Ccacl) 5415 b, 8U e 1% ) G, 00
Ex.Qa (me % 4,12 4,01 4 ,ub 3,80
Ex.Mg (me % 1,89 FIRR Jod3 11
Ex.Na (m& - w,02 u,us u,us (W)
Ex.K (me % 0,35 U, 16 Uypd 3 Ly19
Ex.bases (=0 &) &, 38 Te31 1477 Te33
Ex.cap. (e %) 6,36 T+33 1491 1294
Buwe maturation & g 100 g6 93
E/C value 1 14 16 16
§/C valua 16 14 15 16
ESP < i L <1 <1
EKP 6 2 3 5
Fruw hzﬂyﬁ 5:84 S22 4,59 5,05
Note § Ex = Exchangeable

E/C = Lachange cspucity per 10U g scil.

8/C = Sum of bases per 10U g clay.

ESF = Exchangeable sodius percentage.

EEF = BExchangeable potassius perowntage.
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Prom the surfsce the descxiptions of the successive layera of
soil (Table 2) are ss follows (Wells, 1977) »

J=19 ‘am dark trcar clay loaz of VEFY hazd consistdnoe witn
n Eedium coaree submngular blocky atructure and
restrioted permeability. Changes olearly to

40-51 om relatively silty olay with red to yellow red
varisgated ocolours with a very hard conaistence
gnd fine gramulsr strocture with moderately
reptirigtod permabilisy. Some small ferromangsnens
conoretions and occaslional quarta gravel. Chenges
dif fusely to

82-149 om domipantly red silty clay with yellowigh red anlM
reddish yellow mottlea. Hard consimtence with
nusercus {erromangansse slalns and small conoretions
and occasionel large [elsite stopes. Moderamtely
restricted permeability. Changes abruptly to

150-155 e= esubroondad guart: horizen, Cherges abruptly
o

156-175 om diffuse but highly mottled relatively ailty clay,
montly moll-like material of a moist friable
consistence with some soft weathering rock,.

Massive to [ine granular structure. Much
ferropanganese staining end very emall concretions.
Hoderstely restricted permeability.

he subsoil colours are all very variegated and tend to hecome
uniform upon wetting.

These acils are inherently fertile, but because of tha high
proportion of wilt end olay they puddle esasily when wet and
vike hard when dry and are therefore difficult to cultivate.

The salient features of the grenits sand soils om which only
three pasture sxperisents were carried out and that lie on a
5 % slops are mhown in Table 3,
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Table 3. Scse chemical and physical properties of the
granite sand scils (Wells, 1917).

i - God) dipth om

0=13 40-45 D=1  150=1
Gravel % 9 El 'l 22
Coarse mand % 35 36 9 53
Mediun sand % 5 >4 50 28
Fine sand » 20 17 23 28
Silt % (1 & & 5
Clay % 3 1 2 3
pH {ﬂ. ﬂl} 4,Tv 4,60 570 5:5‘1:'
Ex.Ca (=& % 0,77 Ue51 0,21 0,26
Ex.Mg (me % 0,23 0,06 0,07 0,10
Ex.Na (me % 0,02 0,02 u,M o, 02
ix. beset (me %) 1,18 0,65 0,52 Gyd
Ex. oap, (me %) 1,26 0,86 0,36 .42
Bame saturation % 94 76 89 36
E/C value 32 12 18 14
5/C value 30 g 16 14
E3F 2 3 - 5
EKP 14 9 9 T
Free ]‘aini;h 0,25 0,21 o, 11 0,11

Eote 3 &eo Tgble 2 for ebbreviations.

From the surfsce the descriptions of the sucoesaive layers of
acil (Table 3) are as follows (Wells, 1377) @

0=35 am dark yollowish browmn cosrse-grained sand with a
apedal slngle-grained structure and a dry msolf
sonaistence. Very permsable. Changes glearly
to

§6=T4 om yellowigh brown, similar loamy sand with a
magsive apedal structure and hard.conaistence.
Very parusable. Changes clsarly %o

T5=-124 o= light grey, similar send with a single-grained
apedel structura and loosa conaistonce. Yory
diffusely actiled snd very permeable. (hanges
alearly to

125-156 e  light grey fine gravelly sand with faint, lerge
yellow mottles and very frianble consistence and
eingle-grained apedal structure. Very permeable.
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These sandy soils are not fertile but with correct cultural

and ferilliger practices are capable of producing good JTrops.
Vegetlatlion
Extensive arees of land on Henderson have been cultivated in

the pest and much of the vegetation 1is gacondary. REelica

indicate Ehet it w»as originslly s Brachystegia boehmii,

Julbernaxiia globiflora end B. spiciforeis woodland. Land

wiioh is not under the plough or estgbiished to grass pastures
ar Euc&l{ft plantations is et present grassland ; the doainsnt
species are iyperthelia dissoluts and Hyparrhenia filipendula

on hoth the leavy olay and sandy soils. The most common grasa

agscoiates on the heavy soils are Hyparrhenia rulg, H. uymbar£5,

He teropogon godtortus, Brachiaria brizantha, B. serrata, Cynodon

dactylen (on termitaria) and Jporobolus pyramidalis, the latter
guickly beocoming dominant wlth heavy grazing during the Browing

season. Rottbosallia exalfata, Uroghloa peniceldan, Setaria

pallide-fusca, Sorghum werticillillorum and Elussine indigs

gre conmon weseds of arable lands.

gn the ganda the coumcon assccigtes with He disasoluta and He.
filipendula are ngitaria Nilanjlana, 3tereochlaens cameronii,
Egrntia Eutans and Pogonartinria Bguasrrosa. Qommon grass weeds

on cultivated land are Eregrostis viscosa, E. patens, B. gunmiflua

and Eluesine indica. acacls sleberians var. woodii occurs as

soattered large trees throughout the grassland on both asils,
a8 do Dolichos malosanus and Ericsema anglerianum.

Vleis ocour 58 open graseland on both eoll types. Vieia om

the heavy soile comprise mainly Hemarthris altissimas, Leersia
hexandre, Juporutu cylindrica, Sporobolus pyremidalis, Paspalum
urvillel and P. dilatatum. Aristids mscilenta, Elyonurus
argentens, Andropogon eucomis, Paspalum urvilled, Eragrostis

capensis, Sporobolus pyramidslis and various sedges are [ound
in'vleis on eandy scils.
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The domingnt tries oo iR lron -8k Han@d afu urhﬂg_'uhigin
boeamii, B glouccscens end Jjuibernsrdis glooiflora witn

B. pploelior.in, Uepaca Kirxinna, C4sEia SliBuedia, LLB-onla
ﬂ:hiﬁﬂ't.uﬂ:u abi zainicd, Diplorhy ~chas umuqlnnu iy
Foeudolachnosiyjlis meprodnuifolils and Parinerl curatelllifolia
belng common, gssoclet®d wit, theee bSress are gypacchenia

Sppes fpeseds triendre, Dinetéropo.on amplectens, Hruchlarlis

gerrats Gng 0. orlisoLis,
o — i — — B e

Zhe pugged srenite nills have very little prass grosing under
Lie Lree ganopy wolch compriaes welnly Praciiystegls glduCeiCRnE,

5. spieiiciuls and Julbernurdia Eluhliluu wi th !&ﬂﬂf&:mm

gundylocur, o, junotes glaber, Faugea del . gom and pezinari
guratellilfolis sssccigted with tham. At 158 beae of La nillae

Toeeioalls sozicea, Burkea alricuna, Pel tophorue afclvefiea and

Zisypnus waoronatu wre found, jloe sxgeits and ke Shavaudii
are dimtrlbuiud tnroughout the hills,

hacy OLtheX u.ccles cocur in m narrow mizljp of riverine
voge tallon 4n ellthas wide of she [essure dlver shere 'ulﬂii
AArro0 swic pusiretum erythropoylium, are the principai

cons iituente. lanlcum maxioum is une meln eruss species,




5 THE DEVELOPMENT AMD ,ROGHESS IN CULTIVAIED PASTURES
ASD PABTUKE MeSEARCH TN HBECHESIA

3e1 The Pariod 1050 to 1947

It wan stated !{n Seotion 2.1 that dryland grass pasiures are
only lik=ly toc ve successlal lo Natural Eeglons I, 11 end IIX
in Roodesia (Pigure §4). These Heglons récuive more Lusn TOu
sa of rein sonuslly (Pigure 2) and have eore than 14 zainy
pentades per season (Plmure J). However, in Uw varly years
attampis were made to develop dryland grase gasturea in many
parts of Rhodesia, includlog sreas Lhat are now recognlsed as
oeing unsalitable. The progress Bade and the results obtained
from gll the work dona oo pastures in both sultaole and
mmsulsable areas 18 pertinent o the bissoricas development

of drylend grsas pastures in Rhooesis and is therefore includad
in this review.

European seitlesent of fhodesis dates essentially from the
arrival of the PFiomser Qolumn in 1090. Intarest in Linding
grasmes superior % those coammonly occurring in the natursl
vElid 1o gpocdsslia was eavident [rom the sar.i=st times. For
eiacple, in 16% Menybarih, a Sungarisn misslonary, gollected
an sootype of Pennisetum plirpuresus in the norta-esst of
Roogesis near the Zambesi River (Stapf, 1513). In 1908 the
éa3¢ gras: was lound groslng desr Qutu by Colenel Hapier mho
cgultivated 1% and chemicslly analysed whe nerbage. The grass
vegaae known as Napier Podder (Stapf, 1515).

Ceglil John Rnodws was also lotorested in grasses snd in 1696
notloed chut cattle sere partioularzly pectial to a grass

§eoslng Sz Bulawajo. e arranged for roots and eeed of

toe grase Lo 04 ment to Capetown shere the grans wes wultiplisd
at nis houss, Groose Schuuz. From tnis developed the world-
wide distribution of Rhodes grass (Chloris gayana)(Mundy, 1932a).




Altoougl the Department of igriculture sas focmed as varly

as 1897 as & sub-depsrtment ol the Lands Depacimsnt (weinmann,
1972), agricultural progress in thess 2arly years wgs hLindered
by the Matabele war in 1853, the Mashona ebellicn im 1Sj0
and the Boer war from 184% to 190<4. 4ny laprovessnt in ths
gevelopmunt of graszing resources was further oampered uy the
Rinderpent wpidemlo Datween 1850 and 1050 and tien by Best
Goast Pevar. It s=ae only im 1509 that the latter dissase

was brodght under contrel and cettle nussers stlarted
inoreaning (Veinmann, 1972).

1n his will Qeoll Roodes begueathed Rhodes Katopos getatlses
(West, 1948) some 30 km scuth of Bulawsayo, to toe pecpie of
Southern Hiodesls with & proviso Lhat a portion ¢. tos .state
bt aet aside ior wgrioultural researzch. Thus, in 190z the
Matopos Hedesron Station, known initially as the Nataveleland
papurimont Perm, wae esteblished, out 1t was only im 1945

touat pasture revsarch wae started (west, 15948 § Kwnoan, 1750).

1n 19U% tie Botsnical Experiment Station, presently Salisbury
fiesvarch Stevion, was opened. Initially, the primary funotion

of tale Station was plant introduction and testing (Wundy, 1552 a,b)
Grassen whicn showed promise at Selisbury sere alsc tested at

Gwebi Government Farm, now Gwebli College of Agriculture, wnich

is spproximetely JU km north-weet of Sas.isbury (Nobbe, 1919).

The [irat orgenised gttempis %o carry ovut & grasslasnd

improvemant resesrch progremmé were aponsored oy the Espire
jeresting Hosrd. The progfamme was beied on @ scnsol put

forsard in 13&£7 by A.D. Husband, tne Qnief Qhemist (Staples,

19468). More wtalfl wers recruited Yo cuzzy out work im Matabslelanc
and ia Msshonaland snd two membezs of S5telf underwent training at
the Rosett Inetitute, Aberdeen (Memde, 19¢9). The Covernment
soqguired land on granite-derived sunds nesr Karsadellas for

use as a demonstration ferm which inoluded tobacco, crops and
pasture sectioms (Mundy, 1530).
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while the coonomic Sepression during the early 1530's
gurtailed resesrch and reduged inierest by farmers in
pastures because of the unfavourable economic ciroumatances
At.ples, 1948), farmers began to show iuterest in pastures
by the late 1930's. Tigson (1938) wrote "It is pleasing to
be able to record that greatly increzsed inter=st is being
evinoed by farmers all over ths Cplony ip the question of
laying down of improved summer pastures, both on dryland

and on molsture retalning soils".

Tha Second World War of 1939 to 1946 seriocusly retarded
sgrioultural research and causad sataff shortages (Romyn,
1947). Hesearch at Marandellas wes stopped in 1540 and a
Fasture Reseerch Committee under the chairmanship of [,
E.A, Romyn (Chisf Animal Husbandry Officer) was formed as
an interim measura to guide and {oster paaturs research
sith particular emphasis on the development of psstures on
the poor sandy vleis of tha azres. Some progrees was made
with viei pastures and body mess geins of cattle snd milk
production on pastures were aspessed (Staples, 1948).

In 1942 Dr. 1.B. Pole Evans of South Afriea was invited to
inveptigate the pasture problems of Rhodesis. Be recommended
that & Pagturs Resgsarch Inaitute be Formed, ‘Thie was not
agcepted but a Chief Pasture Officer was appoioted in 1944
(Staples, 1548).

Ir, Wlliem Davies from the United Kingdom waws invited to
visit Bwdepia and o give nle opinicn on development of
pasture rogtarch in the countrys A8 8 Toasult of his vislt
surveyns wore made of the rescourges of wveld, dryland and
vieiland pastures, and water supplies. The research station
gt Marandellss was Te-opanad arnd nased the Creseslernds Beszearch
Btation and pasture résearch was started at the Matopos
Research Stetion. An Assistant Pasture Heseargh Officer and
two Technical Assistants were sppointed in 1945 and a Pasture
Besearch Chemist wam appointed to the sisff of the Chief
Chemiet (Staples, 1548). In 1947 the Government purchased
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the farm of Mr. Archie Henderson near Mazoe wnich was namad
ths Henderson HRemesroh Station., A Senior Pasture Hesearch
Officer wae appointed to take charge of the Henderson Ressarch
Gta*_on and & etsrt was made with & nurs.xy for introduced

yrasoes (Staples, 1949).
Early use aof the wveld

Of the veld yrasses in Rhodesia in general Sawer (1905)

wraote that, "they were rich and with a great variety of
apecies”, Daspite theee attribotes cettle frequently died
during the normal dry season and not only during droughts.

This was particulariy the case in Mastabeleland (areas surrounding
and to the south of Bulawayo). Sewer (1905) suggested that the
problem might be overcome by conserving the wveld gresses as hay
or eilege, by introdueing special erops capable of maintaining
growth during periods of drought and froeta, that a study be
mada of weld grassea with & viaw to managing the wald Bso as

to enoourage the more dealravle species and that forage crope

be introduced into the weld to improve the guality of the
herbage. However, the prevailing unfavwurable sconomic

circums tances limited the growing of forage crops for livestook

{Sawer, 1906a) but hay was made from veld zrasses during 1904
\Sawer, 1905).

About this time it wam estimated that 12,0 to 16,0 ha of veld
were required to carry one head of oattle year-round but that

1,5 te 2,0 ha were sufficient during the rainy sesson (Camneron,
1908b). It wes common practice for farmers to trek their herds
from Meshonaland (srsae arcund and to the north of Salisbury)

to lower lying sreas where the grass was plentiful and nutritious
during the dry months %o try and overcome the body mass losses

commonly occourring in cattle during this time of the year
(Cameron, 19051},

Farmers generally showed little interest in their veld and
this is reflected in a statement made by Mundy (1520). He

wrote that Rhodesia was often said to be cattle country and
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yot most cattle osners paid little attention to tne weld onm
trmir land. i similar view wum later expressed o0y Hupoand
(19¢0) wno drew wttention to the fsot that Cerwers old L1ittle

» gainka.n sno improve mrececes on tnelr Lapus and that it
cas guowrally considezed that gresslend required little or
oo sttuntion. [He pointed out that grasalend goald tolerate
a considersules mmount of abuse and still produoe forage but
that the lorage might, DY management, be oconsiderably altered
in composition and in fesding valus fer livestogk.

plfecta of fertilisers on the veld

sumonium sulphate, oltrate of soda, saperphosphate and

wuriate of jotash wepoe applied %o veld on Casispury Heswarch
Btation. Bubkeguent afelysie of the burbage showed that the
isrvage [rom fertilised plots goutained 44 % =ore crude

proteipn than tnat {rom unfertiiized controle (Husoand, 15¢8).
In 192% the eilegte of ferxtilisers oo the mineral composition
of veld herbage in the sand experiment was lnwatigated
(Husband, 1%<% ). The results skhowed that, exoeyt for calolum,
veld grasses wire considerably lossr 1o minerals than grasoes
irom Burope. It wss found also that the crude protelin content
ol grassdés was muoh lower towards the end of the groslng semson
than suzl)y ir toe season aod It was postulated that a
delicizncy of proteio was the cause of frequent deatns of
outtle irom poverly doriog ths dry seascn. It was nlso
concluded that 4t would o desirabls tc mike nay for use
guring the dry season and Lhet iostead of gutilng It =arly

ip th& Oy sveson S8 "aS B0 commonly dopm, 1% should be cut
tefore Apcil mien Lt was of bettar gquallty.

in the 13)U%s, fertilizers were also appllied to velu &t
Karendellsa and at Matopos to coserve their eifecta. AL
Keatopos yielde of grasa were measured for iive jeared on

granite sands end for aix yeare on blacgk ocleja. luzing toe
lost three years no fertilizar was applied becauss of succesmiiva
droughts. On both sites the application of full fertiliser
\Giwrogen, phospoate and potash) meve the greatest ylelds of
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nerbage (Husband, 1933, 1935) and in following ysars had the
largent residusl effect on herbege production coapared with

phosphete aond potash alone or oo fertilizer at all (Husband,
193%0). At Marandellas, beteesn 1331 and 133}, fertilizers
were applied %o veld {ros whion the woody coaporsats had beaen
removad, §itrogen was found to have Lha greateat efflect on
amount of pberbage producsd and ln the next teo years, when no
fertilizer =a= applied, i: bad & marked resldual effecgt on
beroage production (Husband, 1956). In 1536, 110 kg sulphate
of ammonia per ha was applied % plots that bad not previoualy
recgelved fortiliser. It »as caloulatad that the resulitant
ingrease in berbage yield more than clfset the ocost of the
fertilizor (Husband, 1937).

Semples of hurbage [rom the weld experisents at both matopos
and Marandellas were anslysed. Thepe showed that shere
fertilizers were applied they influenced the orude protein,
phospnoric mold, potassium oxide snd chlcring contents of the
birbage and, on ail fertilized plots, thewe were higher than
the unfertilized controls (Hasband, 1930).

The use of proteinerich supplesents on the veld

Murraey, Romyn, Haylett and Erickeson (15 3b) reported experiments
in whigh the reascns for cattle losing condition on weld grazing
durlng the dry sonthe of the jycar were investigated. Earlier
(Husband, 192%) had found that the crude protein content of
srasses declined rapidly after April ano suggested that this
might be the cause of this loss in condition in cattle, The
work done by Murray, Romyn, Haylett and Ericssson (17)6) and
Murray sud Rowyn (1939 a,b) showed thst youny cattle grazing

on veld during the dry season gained instead of losing body
mass when fed small amounts of groundnut cake containing 45 %
erudes protein. Thus the time tesken to grom & steer to
slaughter-pass wus redoced from five or six years, where it
grazed on wveld without being fed protein-zich suppiements, to
about thres-and-g-nalf years where steers were fed with 68U g
of groundnut cake per head daily. These findings had much
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prectical application and significence because slaughtering
cattle at en eariier age meant that more cattle could be
carried due to the quicker turnover and prolfitability was

b =efore . Yuiy tu be greatar. Furthermore the number of
deaths dae to poverty as experienced before these findings
could be reduced. However, it was only 21 years later that
this practice was adopted by farmers when Ellictt (1960)
demonstreted that, with cows, maintenance and even small body
mags géine could be achieved by feeding 910 g of ootitonseed
cake per hoad, daily. Supplementing cows with small amounts
af oottonseed cake slso had & marked effect on their
recongeption rate in thet cows that regeived the supplement
gongeived more of ten than thoee thet did not recsive the

supplement.

The onfavourable economic conditions prevailing at the time
probably explaine why the practice of feeding emall amounts

of protein-rich supplements to cattle during the dry season
was not adopted earlier. This is indicated in a atatement
made by Arnold (1539&)who said, "the comparstively small
ronetary return recgeived for animal products when they are
exporied from this Colony compel the uee of Teeding materials
that are obtalnable at low cost". I'he problem was to find
inexpensive fesads for the dry months snd even the feeding of
gnall amounts of protein-rich sapplements to cattle wmss

une conomia . However, 1t wes geénerally recognisad by farmeras
that thers was a need to preserve fodder for cattle for the
dry menthe os gress hay or silage and selecgted grasses planted
in vleis were partioularly useful (Arnold, 193%a).

The search for better grasaes

Begause cattle freguently died durling the normal dry eeason
and not only during droughts, the cbjectives in seleoting and
introducing gresses were initially to find those that would
repein green and nutritious during the dry months of the year
when the veld grasses did not provide nutritious forage.
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pProbably tise fizst exotic srass to be introduced lnto
gnodeala was Pospalum dilatatum waich was imported in
tywv (mundy, 15<0; Welnmann, 1972).

synteaatic . .roguction of exotic grasmen gnd the selection

and tenting of ooth ®xotioc and indigenoun gresses cnly beEgan

in 1909 with the establishment of the Botanioal Expe ricant
Station meor Salisbury (Mundy, 1910). Despite an carlier
statezcnt by Speep (1900b) tuat exotlo gresses wers not

suited to Jlodesian conditions, they continued to be

introduced in followipng yaaxs and growo st thias Station.
Various reports on the progrens mads wiin these grasse:

«ere prepared by Mundy (190, 1920), ¥Yaltezs (1915a,b, 1514,
1915, 15156, 1917, 1518) and Stapf (1913). Greseea were

alBo planted at the Katabelelesnd Experipent Statiea (kundy,
1914 ) iwlifle moat of the grusses iLnvestigated durlng this
time woro tumperate species such as Dactylis 51“5’!&' Btuca
arundivootn, jolous lanatus as well a8 variocus clovers, & start

wae made v 1L0 Lbw seleotiun of indigenous grasses in 1913
(kandy, 1922). walters (1910) Pepeated an esclier cbeservation
made by Suwsz (1yvob) that tie asjorliy < exotic grasses
teBted Wore clearly not suitable to Hnodeslian conditions.

The genszul toochnigue used for selséotion purposes was to growm
the grosces in scell plote wand to observe their grosth.
Purticular atteniion wae peld to vigour, winter greencess and
resjistanoe to drought mnd [rost. Paspalus dilatatuz was
found to rémaln greener lor longer into th aory sessos than
most othex gzasces (Waltexs, 1512; Mundy, 192U) and to be
resistant to frost (Esmpton, 1511).  Measuzement of herbage
yielde of groowes as & oriterion of selecotion was seldom
used altlhough welteras (1913a) reported that duzing 1:12-13
Peanizetus purpureus (Napier Podder) cut atsn it resched a
neight of € & yielded betueen 25 and 45 tonnen per ha of
gréten herbage.

Despite g gureral lack of intezest by faruers in yrass
pestures, rescarch workers continued to grow new grassen
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with sone amphasis on thair chemical composition and nutritive
valoe for livestock, Star gress (Cynodon gethiopicus)
abteined from ths Chisf, Diviaien of Botany, Fretoria, was
in seduged - to Rhodmala in 520 (Mondy, 1922). There was
an awareneneg of the importasce of high nutzitive ¥sloe in
yreassen &nd in 1922 chemionl asslyses of 24 grasses were done
to assess their relative feed valus for livestock (Hlackshaw,
1922), Fusband (1928) dres attention to the isportance of
quallity, palstability, digeatibility and nutritive value of
grasses, the effect of fertilizing on these atiributes, md
their importance im livestopk nutrition.

hrnold (1920a)reposted that silage had been made sucoessfully
on an experimental socale from Rottboellis sxaltate and Sorghum
halepense, H. txaltata, s cosmon weed of oultivated land,
gave a thres-year mean yield of 22,5 tonnes green hsrlage per
h: compared with B, tonnes per ha flm_g. haleperme. It was
ateated that silece made frull_. axaltats wias of batisr quality

than that nadea fzom Ennluhl purpureus but the statessnt waas
not gqualified.

In an excellent report Arnold (19290 )summarised the results
of & methodiosl wsoreening programmé on grasses extanding over
ten yesrs, A» Sawer (1906b) and Walters (1916) had done
befoce him; he agaln drew attentlon to the Faot thal exotis
srassés were not sulted to Hhodeslas conditionms and had not
grown as well as selsgted indigencus grasseas.,  Although
sevoral of the indigenous grasses had grown wall, notably
Chlozis gayana, Digitaria sriantha, Hemathris sltissisa,
Digitarls milanjisns, Andropogon gayapus, Setazia phrageatoides
end Panigum meximus, some, particularly the rhisoasatous and
stolonifercous omews, did not produooe wisble seed and thereforas
had to be propogated vegetatively. Later Arnold (1536)
listed the grassea that had bsen selescted an? gromm during
the previous 16 years at Salisbury. He comsentsd on type of
growth, e=rliness or leicness of growth, jields of hezbage,
sceding ability, methods of propagation, drought resistance,
peraistenoy, aggrespiveness in coapetlition with cther grasaes,
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effects of close cutting at frequent intervale and responas
to fertilizeze.

v¢  iar gr; ~ 8 (Qyacdon ep.; had baen introduced in 1920
(Mundy, 1922) and by 1943 ths No's 1, 2, J and 4 cultivars
of gynodon asthicpious wepe Ceing gzown in Kbodesia, particularly
at Salisbury, these grasses were not avallable to {szsars
(Pimson, 1943). The regscn for this sas that 5.J. van der
Watt and p,.C. Steyn had found at Qoderstapoort, South africa,
that the prussic scid (HCH) content of these grasses constituted
& grave danger to livestock, although by 1543 some Hhodesian
farpers hed grown and grased Star grass pastures for up to
three years without encountering problems (Timson, 15943).
Neverthaless the Department of jgriculture did pot recommend
these grasses for the foregoing resscn. Jnstead 1§ was
sugges ted that farmers grow 'safe’ pustures of Fennisetun

clnndestinum, Paspalum dilatatum and Chloris gayana (Timeon,
1943) -

Fertilizer and Esnagesent practices

The firet ropord of [ertiliser spplications made to culilvated
grass, in this case Sorghusm halepense, was in 1515 (Anonymous,
1919). The fertiliser contained small amounts of nitrogen,
phosphorio oxide and potash, namely, 1,6; 8,1 and 2,0 %
respeotively, and was applied at the rate of £25 kg per ha.
Tields of fortilized and unfertilized grsom were similar.

It is of inpterest to oote that fertilizers were applied to
zaize some ten years earlier, im 1907-08 (Cameron, 1906a,t),
indicating that crops wers conaidered more deserving of the
financial investment associated with fertilization. At the
time the mazket foxr cxops was muoh more favourable than that
for livestock. 1n addition there was tien a relatively
ssall livestook population snd an aburdance of veld grasing.
Thezre was thus little fncentive to develop grasing rescuroes.
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1t wae realised that the selection and esteoliabsent of

pul table grasues wse Dot the only problem facing ressarzoh
workers but manafesent snd Sthe lertlilasr requiresenta of
gee 483 sere e, Yy important. [a view of tnis U grasses
sere groen at Salisbury from 15<7-Z0 and were cut during the
grows.ng s=ason in Januapy each year and the aitermath grased
by cattie. It nas found that by mowing grasses in January
and then allowlng them to grow out, guality of nerbage for
the dry seancn wes improved (Armold, 1529b).

Throughout the world there was 3 swing to psstoral farming
durind the early 1%3U'a. The Acting sEditor of the Rhodeslan
Agricultural Jouznal (Waltexe, 13351) wrote, “The subject of
graces treatment is at present recelving a geasure of attention
mord in proportion to its tremendoum importance im sgricu.tuzen.
Homyn {19‘}1} noted that in South jgfrice experimente]l resuits

had demonstrated the poteatial of cultivated gress pasturas

for livestogk production agnd deccribod some of tie reaent
results obtained in Fhodesla. In the lattar gountry Digitaria
peataii and Chloris gajans had provided 250 snd 292 graxing days
per ha im 1351=22 (Mundy, 1432¢c). The Digitaria pentaii
pasturs received 2] toones per ha of manure the year beloze
estavlishoent and £€) kg por ha bDoremeal and superphosphate
when planted, (Chloris geyans only received 450 kg per ha
bopeseal and superphosphate shen planted. In 1931 superphosphate
a8 applied to each grass at the rate of 225 kg per ha and in
sddition cno-hall of vagh plot received 110 kg pez he asmonium
sulphste. AlTeér Yha second year Chloris gayens had died out
but Digitaris pentsii was still & scomplete ssard (Mundy, 1952¢).
Arnold (193yb) reported that spplications of phosphats (up to
¥0 &g per b= superphosphate) had no effect on the harbage
yialds of Eﬁituri- WP, Ennia Bayana, Inmuuil ununnlu!.
Paspolum dilatatum and pnleun pratense shile 11U kg per ha

sanonlum nitrate lncressed green berbsge yields by 5 40 kg
pear ha.



gnloris . ayana sgnd Paspalum dilatatue were recocaenued lor
dryland wille sorogesus sacrus, Hemarthria eltissims wnd

Fasgalun dilatetum were rocomtenued for vleis. It was Etatea
Lhae Jadtyr * should pol be Lstaolloled sdtn lesd than o)) i
ol rain piT EnOUB a0 VarioLs reooamendetions regarding Lhe
cstablleiwent and fertilication of grass pudtures %wrpe given.
Por exsmple, 1T was recomuended that Chloris gujena o¢ planted
after a .rean manure erdp (Crotolaeia junces) beosuse this

would reduce sced competition to tne grass (Timeon, 1457).

It was suggestad that on poor solls BU %o 110U kg pér na

acconjum sulpiate be applied belore sesdiug tre grass. Jrrigated
pastore  cess it was zecomsended, snould recelve 16 to 22 tonnes
per ha compost or MU to 450 kg per hs of "grase fertilizer"
{1U. nitrogen) before planting. Yisi pastures should recsive
1/0 ta J8J kg por ha of a ras rook phosphate and superphosprate
mixture, Pusturea could b= out for hay or ecould be graied

| Pimaon, 1538).

Ley pasturas

The gratodc whioh shewed promise at Salisbur; serk testéd on
B leTger moals at gwebl Qovernment Fams. It had been noticed
a8t Gwebi that yielde ol caeh crops were becoaing progressively
smaller on land planted in sucoessive years to cash crops.
There was thnought to be m neea to plent grssses on Eucho land
in opdar to restore their productivity (Nobbs, 1916).
Previously Qameron (1909a)had suggested that olovers might

be suitable lor malntalning the fertility of soclls snam growa
in rotaticn witm cash orops but attempts to achieve this aith
Egyptian =nd Cow clover (Jrifglium spp.) failed.

Nundy (1,24 ) stated that in ihe Marandellus area the general
practice wus to gros oneé or teo orops of tobacco and then

@allos The land to revert back to veld. He suggestsd thnet a
crop rotation system shoald replace thie practloe. In the
rotation tobacco would be grown im the firet and second years
followed by maize, groundnuts and Sudan 3rass (Sorghum halepense )}
in tne Shiry, fourth and fifth years. The Sudan gress would be



= HO) =

cut for hay or silspe and the regrowth ploughed under. The
rotation would then be repeatad. 4 pimilar suggestion was
made by African Bxplosives Ltd. (Anonymous, 1Hj5} where 1t

Wad kUSEEE that Ghioris guyana be growa in Totation witn

tobacco to maintain soll fertility and, in addition, to

pontrol soil nematodes that affecgted growth of fobacoo.

Although thase esupgestions wsre not put into practice at the
time they did anticipete research policy at the Grasslands
Reczs#arch Station from the early 195u's onwards when the
developusnt of a ley farming Bystem wmas investigated in
detail.

1f research workers had ooncentreted their aiforts during the
period under review on finding grsssea suitable for grazing
during the growing season instead of trying to find ones that
remained green into the dry season, and, if they had recognised
the ijmportsnce of npplyin; fertilizers; pactioculsarly nitrogen,
to grass, and, if they nad realised tne implications of feeding
protein supplenents to livestook during the dry scason on veld
grazing, they might have anticipated ocurrent pasture cevelopment
by 20 fto 30 yeagrs. Ino the avent many factors contributed o
the slow progresse made in pasture reseégrch from the time of the
arrival of the Pioneer Column im 1650 to 1947. Ti& various
wars during this period, livestook disemses and the egonomic
agepresaion during the 1950's retarded progress. JA sddition,
thére wgs an abundance of veld grezing for a spzall livestook
population and land was available and inexpensive. during
this time ¢ashn orope could readily be disposed of but it was
more difficult to sell livestock and livestock products begause
of the grest disetances from ports and markets. Therefore
pastures reuesined an umattractive proposition even though it
bad been slown that for & given number of cattle a smaller

aréea of pasture than of veld was needed during the .rowing
seascn (Romyn, 1943).
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5.2 The puricd 1947 to 1963

The late forties saw the planning, #8tapllsoment ang

voneo. 1dawii a2 pasture resaszch In Rhodesia. Be vween
1945 and 1947 o Ceantral Veld and Pesturs Station for
Mataceleland wes eatablished at Hatopos , the Gravuland
gepearon Statlon at Morandsllas wad re-opened, the Hanoerson
Researc: Station n=ar Mazce was establisned and development
of a pasture suc-Gtation started at Melsetter (West, 1940 ;
Ratiray, 1548 ; Staples, 1355v).

Dr. Willism Dsvies, the well-known asuthority on grassland
farminy 1o the United Kingdom, visited Rbhodesia to rzeview Lhe
grasszignd probiems im relation to foture development.
Poilowing ids visit in 1947 be wsrote, "1n the agricultural
deve lopaent of Frodesia pothiog is likely to e greater and
ol sore fundausntal importance than the estubilashment of
sound syotoms of prassland farming. In sucn o development
toe place of the ley must be paracount. §ot only doea the
iey build-up fertility, but &« dense ssard is also a soil
pinue?r waloh can play &n important part in preventing soll
erasion under sueh condlitions as exist in Rhodesia. (Crassland
potential of Southern Bbogeeis i great mot cnly for beef but
also fur dairy. With an expanding populstion it is highly
deslrable that a system of mixed larming be developed.
Hatuzal Tertility as ooours undur moodland is not high, so
farning is Lfaced with the problew of building up fertility
and maintaining it for orope and graea® (Devies, 1947).

While much had previously been dond on the selection of
gravses for pasture purposes, Davies (1947) emphasised the
neéd Lo éxumine more gramses, legumes and herbs for leys as
wall as for croeslon control. He stressed that veld anould

bz integzated in systess of ferming with the cultivated lands
and the naturel trees thinned to promote & good srass cover.

The pasture potential in the different parts of Rhodesia was
recognised and the grasslend proclem was seen to be not only
oneé of production of grass during the short grosing season but
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also one of extending the total period of growth to provide
for out-of- geason pasturage. Davien {194?] foresaw Bpeclal

purpose leye designed to extend the growing seasson.

Thara was 8 universal interssat in the development and use of
grass or grass/legume leys about the time Davies visited
Hhodesia and since he was one of the prinecipal advocates of
leys his wisit influenced ressarch in the country for the next
16 years, when much time and effort was spent developing lays
for Rhodesia.

Fasture repegrch at the warious Stations developed along similar
gereral lines, but differed in detall because the work of each
Station was orientated to the farming problems found within the
arean each Station served. in these circumstences it is
appropriate that the research done at each station be briefly

reviewad,
Matopos Hesearch Bitation

Matopoa Hesearah Station is situated approximately 30 km south
of Bulawayo at an sltitude of 1 370 m and has 8 mean annual
rainfall of 600 mm. According to Vincent and Thomas' (1961)
claasification Matopos fella into Natural Region 1IIB but Ivy's
(1575b)more recent claseification indicates that it Falle outeside
Hatural Hegicn II1I. The refors Matopos is not suitable for
dryland grassa pastures but this was not realised until the

late 1950's. DBefore this much work on pastures was dope at
this Station and for this reason is briefly reviewed. Moet
of the work wes done on sandy soils derived from zranite mnd
eom@ on blasck and grey clay soils. The cbilect of this work

wag to develop leyas for Rhodesian conditions l:\'ieat, 1952).

In 1945 a nursery was started with 250 grasses and legumes,
most of which were obtained from the Prinshof Grass Breeding
Station, Preteria (Weet, 1948). Several annuasl and persnnial
grasses were planted at different espacemente and received 13U
kg H end 45 kg quipir ha. The annual grass=s ocutylelded the
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perennial grusses over twe years (Kennan, 1y50). The Gold
Coast and C=mervor oultivaras of Peanisétus purpuréud sare
later found to ve useful [for providing feed lor livestook

for She o=y munths . i bl third yesar of estsolishoeut no
fertilizer wap found to be pecessary, but im subseguent years
150 kg B and 45 kg Pe:':- per ha were recomsenaed (Nemnan, 1952).

Kennan {1950 reviewed the sork ol the Matopos Rezeszch
Btation. The Gold Coast and Cameroon cultwlivare of Peonisetua
purpureum and the Bembatel snd 2bile cultivars of Fanicum
goloratum var. macarikariense nad proved the most sultable
grasses for pastures. A dissdvantage was that the grasses

required henvy dressings of nitrogenous fertilizer and it was
doubtiul whether Lhis praatice wam profitable because of the
high cost of nitrogen and the unreliable rainfall (Kennan,
1956}, Bimilar fertilizer experiments witu Pennisetus
purpursus continued until 1959 (anonymous, 1957, 1958, 1959).

Fertiiizeras were aleo applied %o vald in an attempt to increase
herbage produced by the wveld gresses snd so increase livestogh
carrying oepacity. In thass sxperiments wnich lasted lor

nine years, up to 2Jv kg por ha N were applied mith various
baslo dreasings of phosphate snd potasn to three wvald typea

on three different soils. Effectis of fertilisers on herocage
production and quallty weze assessed. On all these veld types
annupl berbage yields were apreatesi shere 130 to 200 kg per ha
N wera applied snnually while grude protein content of the
berbage was greatest wshere 200 or 270 kg per ha N were appllied
(Mille, 1964, 1966, 1568).

Grasalands Ressarch Statiom

The Gracsiands Hesearch Statiom fails into Natural Regiom II
(Ivy, 1975b) and is therefore ip an ares suitable for dr-ylamad
grase pantuzes. Jt is aitusted pesar Maorandellas, approximately
oU km oast of Salisbary at ao altitude of 1 550 m and has a mean
annual reinfall of 92U aa, felling mainly betwoen mid-November
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and the end of March. Mean snnual temperatures rang: [rom
18 to 20%C and from mid-Nay to late-gugust frosts are CommORn.
The soils are dezived from granite, are sasily lesched, and
Li® acid in reast:ion.

Trne Station serves the region with sandy soils derived [rom
granite in the nigher reinfall sress where the principal cash
grops are flue gured tobscod snd Dalze. Initially, general
farming practice was %to stump the Braciystegie liiﬂlfﬂtl.i.lf
Julbeznardie globifliora woodland, orop the land for two or
three yeara and then let it régovir for about 15 years unaer
® natural veld fallow. With incréasing land settlesent this
begame impractigable aad it was neceasary W lovestigate

alterns kiven. In these ciroumstinces graes leye appearced
to offer @ ®ay of developlog souni mixed faming systams mith
cropes and livestock (Corby, 195%).

At Grasslands, srasses for leys were seleoted primarily forx
their resistance to the root knot pematode, Keloidogyns
avanios, and thelr abdlity %o produce seed. 8y planting
a groes resistant %o root knot nemmtode infestation in the
subseguent tobacco crop by nemstodes was substantially reduced.
With a eeeding grass the establishment of the ley immeciately
alter the lobucoo crop wae facilitated. (Cynodon sethiopicus
(av. Ho. 2 Staz) was not considered to be ideal for use in
rotation witu tobscco. Por nematode gontrol only Eragrostis
gurvula (ov, Zreelo}, Qhloris goysos (ov. Katambora Rhodes),
and later Paniocunm maximus var. trichoglume (cv. Sabl) were
recommended. Qenohrus gilisris (ov. Grassiands), Setaria
Bphacelata (now §. anceps)|ov. Kazungula) and Panicus
goloratum var. mekarikariense (ov. Babatei) were also sultable
ley grasscs but sere never grown on any sigoifiosnt woale in
rotetion with czops (Corby, 19535, snonymous®, 1356, 1357, 1938,
1959, 1960, 1961, 1562, 1963).

Many fertilizer exparissnts on grssses were carried out by
Weinmann (1%50), Corby (1355) and Barnes (1560Ua), but with
ons exception, nitrogen applications did pot exceed 200

Hote ; The relerence mnnrnnn‘: indicates Grasslands {esearch
Station snnuul Reports (eee REFEHENGES pd. 321,
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kg per has There were two main reasons for tnias. Firstly, it
nge belileved thet (or sgonomie reasons No more nitrogen should
be applied in practice, and, secondly, resicual nitrogen
repsining after heavy dressings of nitrogenous fertillzera to
grass leys would cuuse sndesicable rank growth in the tolbaocoo
snich followed the srase (Anonymous,; 1961).

In the axpérimcnta harbage production of grasses increased as the
amount of nitrogen was increased but the responae depended inm
most instanceés on thiere beln, adeguate applications of phosphate.
denerally, no responses %0 applications of potash or limé ware

detected (aAmonymoust 1953, 1954, 1955).

Applying a given amount of nitrogen as & single dressing or in
teo, four or elght dreseings had little effect on the amount of
herbage produced by grasses. jleo the fora that nitrogen wmas
applied in had little effect on herbayge yields and with all forma
used berbage yiolds increased as nitrogen applicd was increaned
up to 106 kg per ha., Welnsann (1950) also found that herbage
yields of Cynodon setblopicus Incressed limserly with nitrogen
applications of up to 180 kg per ha. He noted that the herbage
from grass plots receliving the greatest amount of nitrogen was
greener and lealier than that froa plote without applied nitrogen.
In the one exceptional expécizent, up to 4TU kg N per ka were
spplied to Cynodon aethiopicus (cv. Ho. 2 Star) in 1952-53 on
soll of knowmn high fertility (amonymous] 1953). The nitrogen
sas applied in six squal dressings but no other fertilizers were

applied. The grase was cut three times during the growing season.
The yields obtpdined axe shown in Table 4.

Table 4. Eifects of heavy dreasiogs of nitrogenous fertilizer
ca the nerbage yleld of Star grass at Grasslends
Researcn Station during 1952-53.

Nitrogen

kg per ha 94 188 282 il 470
Dry satter 9 640 10 630 12 940 | 16 450 19 770
kg per na




The response to incressivg dressings of nitro.en sas sSarked,
tne ylelds of herbage inoreeming smteadily to 19 TV sy per

ha with the largest amount of applied nitrogen. No particular
significance was attached to the results and the experioent was
not repested. Tne principal reason for this was toat it sae
generelly believed that it mas uneconomic to apply suca neavy
deesaings of nitrosem T grasz pasturas, Furtpermore, a8 the
experisent nad been done om a soll of exgeptionally high
fertility it was thouoght unlikely thnat similar results could

o€ ootained on soils less fertile.

Grass leys were seldoa grased because it wags belleved that

the nitrogen aroppad onto the ley in the dung and urine of
@nimals might csuse rank gronth in the tobscco that foliomea.
Most experiments wmhere tne eliscts of fertilizers on grasses
eere gssessed were done without the Prszing animal (auonymous,
1255). Compaziscns were gade, however, beitween cattle grazing
on pastoure and on weld. ®est (19Y56) notec tngt throughout
the year the carrying capacity of Hrachystegis spiciformis/
Julbernardis globiflora veld was 1 livesicck unit (1 livestook
unit (LU} i@ egual to JUU x4 of live body mass of cattle) on
b to 12 ha in dense woocdland and 1 LU on 5 to 4 he wshere trees

were clezgred. Jn the groeing eeason clecred veld would suppoert
1" LO on 1,2 ha sitn a body mess gain of 1U3 ki per ha, and
pasture fertilized wmith 12U kg N and 5U kg quj per nha would
support 1 LU on 0.4 na with a body mass gein of 445 kg per ha
over 150 daye from Novembar to April. Tnis clearly demonstrated
the greatsr proauetivity of fertilized pasturs over veld.

The value of yrees leys, and in partioular Star grass leys,

for dairy production was assessed over a number of years. It
was found that one heotare of Star grass fertilized with YU to
1V kg § per ha per groming segson produced 13,6 litres of milk
per cow, dally, lor three months during the growin, season
(west, 1556).

Beef production from Setaris anceps (ov. Kszungula) pastures

a8 aswessed over three years at three stocking rates wiz.

Vy4oby Uy 34 and 0,267 ha per steer during the grewing season,
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The pastures were feztilized annually with 45, 50 and 135

kg § per ha at the respective stoaking rates with a taaig
dressing of 45 kg P?DE per ha. In the [iret year sdditional
winere ware brought in to contral the gress buf in the aescond
nnd third yesars tha mocking rates wera kept conatant at tha
soheduled levels throughout the season. ion all three ssasons
body maps geinz per ha of steers inoreased wiih Incressing
amounta of nlftrogen and 1o eechn season the lnorease repulted
from oarrying more wtsors par ha rather than fyom greater
gaing par hesd. Mean body mass gains for the firat, second
and third years wege 1686, 237 end 322 kg per hg for the 45,
80 and 135 kg F per ka treatoents, respectively. Crazing
during the late growing sesson sppesrsd to damage the swards
and by the end of ths third sesson grass growth was poor and
weed growth profuse {Anonymoud, 1957, 1958, 1959).

By 1957 it wae realised that to davelop sound principles of
sensgement fog grass leys a knowledge of the seasonal growth

of perennial gresses, changes in their underground carbohydrate
réservia md the effeots of defoliation on them wére necessary.
Also, this knowledge mignt help to explain the cbserved decrease
in production of fertilized pastures shich occcurred from the
segond yoar after establishsent, Two grasses nith contrasting
growih habits, namely, Panicum ssximum var. trighoglume (cov.
Sebl), a tufted srass, and Cynodon methiopicus (ov. No. 2 Star),
u stolonifercus grass, were selected for study. Both granses
had proved sultable am ley pantures for the hizh rainfall
granite sands. Duriog 1957-%8 and 1958-59 the effects of
different anounts of nitrogen and of defoliation of the grasses

on shoot and zoof mass, and the total evailable carbohydrates
(TAC) in the zoots and stem bases were studied (Barnes, 1960b),

Wien Sabi Panioum fertilized with 50 or 180 kg N per ha was
allowed to grow unchecksd throughout the growing sesson (23
Deoenber 1957 to 29 Meay 1958 ) changes in shoot sass were

eigmoidal, whereas the mass of the undergrourd parts in the
top 15 ca of woll inoreased in the first few weeks of shoot



grosth, remained conetant untlil the end of Pebrusry and

then once agealn iocressed sarxedly. Where TbU kg N per

ha were applied this inoresse wad greater than wnere Hu

kg 4 per ha were applied. in the underground parts where

40 kg N paT ho were applied tne TAQ content was 6,9 % at

toe start of the seuscn, faliing off to 2,0 w by mid-Januazy,
widre 1t reusioed for elx weens,; following wniech 1t roae to

dyo w by late Kay. The TAQ conoentration in the ungerground
parts wus slightly less wnepre 180 kg N per ha were applied

put tone trende were similax, The seasonsl shoot Browth oyele
of Subi Panicum appeared to be zelated to tae cyele of depletion
and acoumulation of reserve ceurbonydrates and the changes in the
roots end stambases and was in aEgreement witn the results of
clher WOCKEZa. ¥Woen the grase was cyf iln mid-seascn toP nass
of roote snd stembases did not increasce in the late growing
s¢ason as 1t did with grase leolt to gros unchecxed (Barnes,
196Ub).

Wnere Slar grass wes sllowed wo gros unchecked Erowth sas
injitiglly slow snd sfter incressing to » saxious at the ena

of Pebriscy it rémained at this level until grovtn reate declioed
in the late mrowing sesson. Fhere U ks N pez ha were applied
tone TAC content of the underground parzts inoresced froa d,6 %
at the begloning of e groeicg season to 11,4 » by late
January, at swhich leve]l 1t resained until late Msy. Whe re
1ol kg § psr ta were applled tre TAC concentration was generally
lower, but follosed similar trends, to wnere 9V ky B per ha were
applied. It sas not known whethar the changes Ln Til content
in jtar ,ress were characteristic silace no previous swork had
been dons on this gress (barnes, 1560b).

In toe eosulug ary esesaon and the followlng grocing season
the effecte of the differential gefolimtion and nistrogen
treatoents on the two grasses werCe assessed. Tnie was done
by messuring root and stembese muss and carbohydrate resecves
during tha dry seasom &nd recovery prowtn in the following
srowing sesson (Barnes, 1960c),
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The greatest recovery grosth in terms of herbage ylelds wanm
recocded when grass wes left o grow unch=cked through the
previous growing sesson. 411 other ocutting sof@dules reduced
recovery growih siznificently cospared mith uncut grass. The
raducticns in ylelds werie asmsoclated wilth reductions in root
and stonbape oases and oarbonydrate reserves, indicating that
the lose of vigour wee primarily = result of the affecte of
the defoligtion on organic reserves, Tie resulis suggested
that 3tar grass wga pore Solerant of frequent defoliatiom

than Sabl Panioum (Bames, 1900c).

In further studies on Sabl Panioum, TU, 14U, 27U kg § per

ha wore applied to the grass which was =ither cut once in
mid=January, out seven times at 28-day intervals or left to
grow unghecked (Barnes, 1961). The results conlirmed previous
findings (Barmesm, 136Ub,n) that Sabi Paniocum was sensitive to
defoliation and that the root system and osrbohydrate reservens
were reducoed by it. The smount of mitrogam in the roots was
reduced in & almilar mannex. The mass of roots im the top

15 ea of scil varied from 9,0 to 11,5 tonnes per ha and it
was osoncluded that rapid soll regenerstion under grase
depended on liberal spplicstions of nitrogen and use of
defolistion systens that meintained vigowr (Basnes, 1961).

In later work Barnes and Hava (1903) found that although both
the oontent and to & lesser exteul the amount of oarbohydrats
in the roots inoressed alter mid-ssason e«ven in Sabl Panioum
oct &t montaly intervals, the oot systes was progressively
reduced gompared »ith uncul gruss. The level of curbohydrate
was lowesz ot the end of the season compared with the beginning.
The nitrogen conteat of the roote was constant, which indicated
that it wan not = constituent of reserve substances. In

the previcus studies (Baznes, 1960b,c, 1961) applied nitrogen
was found to inmorease root mass and the nitrogen content in

the roote mnd slec csused a large residusl =ffect on herbage
yield the pext season. In Sabi Pandcum, && in other
grasses, tLhere was s maried deoresse in nitrogen content



- b0 -

in shoote from shortly before flowering to senemscence. The
results made it clear that vigour of nitrogen (ertilized Sabd
panioum ocould only be maintained if it wes rested from mid-
Fabruary to late=kKamy.

Studias on the seasonal growth ohanges in Sabli Fanleoum
indigated that vigour of this gzass oould be maintalned if it
was reated from mid-growing season t early dry aeason. SBuch
zanagement could be applied in practioce becaume the herbage
could be graszed off as foggage. This provided at least
maintenance forage for growing beef cattle [rom Jume to
September when cattle usually lost body mass on veld (Barnes
snd Hava, 1963 ; Barnes, 1366).

A comparison of melected grasses for dry season [foggege grazing
during 1959 showed that steers graszing =lthar Sabi Panloum or
Setaris angeps (¢ov. Kasungula) gained 23 kg body mass per head
over a four montk pericd (June to September) shile thome
grazing Chloris gaysns (cov. Kateabora Rhodes)and Eragrostis
curvula{ ov. Ermelo) lost 16 and 3 kg per head, respectively.
The four grasses wers alsc grased during the 1959 -60 growing
seapon when fertilized with 90 kg N and 45 kg PEDEPI ha .

The gresses were grated imdividually and oolleotively for
periods ranging from 36 to 60 days up to mid growing sesson
by & besle group of steers to whioh extra steers were added or
removed gcoording to grase growth. Sabli Penioum was the sost

setisfactory srass end ateers grasing on it galined 545 kg body
masa per ha {.l.nnn;r-mi;, ‘IEGD}.

Since the general research polioy of the Gresslands Research
Station wam bamed on the beliel that lay faraing would be a
sound system for the high reinfall granite sands in Bodesis,
8 number of ley experiments were carried out between 1955 and
1962 (Anonymoud, 1955 %o 1962). In these experiments Gynodon
sethiopicus (ov. No. 2 Star), Chloris gayana (ov. Katazbora
Rhodes) and Eragrostis curvuls (ov. Ermelo) were ased. The
leys, wheose duration was constant in sobe experiments andwaried
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in others, were either not grazed or grezed at different
intensitiea, fertilized with wverious amounts of nitrogen
for the whole life of the ley or for various periods during
the 1ife of the ley and, ultimately, were ploughed under
elther sarly (March=April) or late (September-October).
The effects of all these treatsents of the ley were then
asseseel bty growing Yest crops of salze and tobacco, the
main casi crops of the area, after the ley was ploughed
under, The leys received annual applications of nitrogen
varying from 45 to 135 kg N per ha witn basic dresslnge of
50 kg PEUE per ha,

In 1956 the Tirst experimental saite crop following & well-
fertilized Star grass ley was reaped. & yield of 64 basa
srain (91 ki) per ha was obtained without fertilimer being
applied to the meize while adjacent land which had baen
continuously cropped yielded only 24 bags per ha. Thie
result led to the belief that the success of ley farming had
been demonstrated (Anonymoud, 1956). Germerally results
showed that nitrogen applied to the ley sometimes inereased
graln ylelds of the follosming maize crop and sometimes did
not. Hitrogen spplied dirzectly to the malze resulted in
larger yields of grain by comparimon with similar amounts
of nitrogen applied to tha lay. For example, the residual
effect of applying 90 kg K per ha annually to a ley for four
years resulted In » maize yiel? of 44 bags per ha without
further applied nltrogen, whereas 90 kg N per ha applied
direetly %o the maize yielded 65,0 bages maize per ha
(Anonymoud, 1962).

ingressing tie duration of leys from teo to four years
increased calze yields froe 34,7 to 46,9 bags per ha.
Similarly, heavy grasing of leys increased ylelds from

34,1 without grasing to 43,0 bags per ha with graging. Aleo,
shere herbage was resmoved from the ley in the form of hay,
maise ylelds were 8,2 bage per ha lower than where the lay
was grazed. Clesrly cattle excreta deposited on grazed leys
increased the plant nutrients inm the soil and these were
available to the maige following tha ley (Anonymous, 1962).
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Management of leys had 1ittle effect on yields of flue oured
tphanco bat tobacco following Katsmbors Hhodes gramss= yielded
110 kg per ha more than that felloeing Ermelo Love grass and
wes also of & higher grade index (Anonymoul, 1962).

Ingremnping the nitrogen applied to the ley [rom 45 to 90 kg

N per ha increased ylelds of tobacco by 110 kg per ha.

Graatar amounts of nitrogsn epplisd % the ley had a negligible
effect on tovacso yisld. Late ploughing (feptesber-October)
of the ley reduced ylelds of tobacco oompared wmith early
ploaghing (March=dpril). Alsc, whereas 13,4 kg N per ha
ingreaned tobaceo yinlds by more than 110 kg per ha where the
lay was ploughed early, 36,0 kg § par ha were needed on late
ploughad Jey to obteln slmilar inoresses in tobacoo yield

{ Anonymous, 1962).

The effect of the perennial gress leys was to provide a
proteotiva cover which reduced soil srosion and the leaching
of nutrientes and wlen grazed there wis & much lower drainm of
nutrisnts than wshere the poil was groppad and the crops
ramnoved. While the leys maintained both the stability of
the soil and 1t's physical structure and reduced s¢il erocalon,
the axpected improvement in soil fertility under grass did not
materialise, and the ylelda of crops l"nll-n-ina then were lower
than expeoted, These findings confirmed the views expressed
by Ellds (1953) that the sain justification for the inelusion
of grases leys was for the control of soil erosion, the
igprovesent of soll strasture and the attainment of balanced
farming systems. The bullding-up of the ochemical fertility
of tha soll under grass appeared to be [llusory eand this would

be better achisved by proper management and by correct manurisl
and rotational practices.

Hendermon Rosearch Station

A detailed desoription of Henderson Research Station has
already been given under Section 2.2, Henderson falls within
Fatural Region II (Ivy, 1975b)and serves those parts of the
Righ rainfall areas of Rhodesis having heavy elay moile.
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¥hen pasturs research stari=d at Hendezson in 134/, larmers

in toe grédu relied salnly oo cath orops, principally maisze,

ior & livelihooa. The gepersl praotlice wmasl %o grow meize
sitornate year rotatlion witn Crotoluris Junces (Sunnbems).

Toe Sallsiuzy Laperiment Station (ARcojmous, 1o4u to 1922)

had ahowna tha't catislactory yiecids of maize oould be maintainen
indefinitel; by rotating cash crops wiin greén manuIe CIOps.
Cash excpping of land in suocessive Yyears alsoc appeazed to be
feasible providea corope =ere rotateo ano sdeguate lertillcers
and compoat weré applied (Rosisad, 19535)- Torough the years
malge hua rémalned an lEpoztant cash orop Sut during the last
15 years cotton,; and more pecently soyabeans,; bBawve also beocme
lmportant Crups. In 1947 there were l{ew catile In tne farming
arzss perves by Henderson butl sino® then there has been a
steady ingroase in pumbers with & partioulurly rapid increase
during the lpat decads.

Rosland (1%.)) noved that the glay and silty clay scils
oogourring ln thw areas sazwved by Henderson had oeen found to
begome exiruaely diffioult to cultiveie wltexr a few yeurs ol
Goodel croppiniss These ecile tenaed to pudele il cultivated
shen wet iy to beooms very nard with a compact crust when dTy.
Graga leys mere cnomn So laprove ihs physical structare of
these Boils waklng cultivation camiez,. Simultansousiy leye
oould be used o replace Lhe green manure orops groma inm
rotation wita cash crops. He ruggpested that the [foTrase
produced Lrom greos leym could Le ubed lor silage during the
groning season, lor hay during the lete gruwing season, and
finally for grazing daring the ary season. Tnia crder «=»
Sugdested since 1T Wad vasler t0 seie silege than nay during
tne groming tesson when rain [pequently falls, while grazing
sould puddle the sodl and oompaot it. It would D& pDEtLEX

%o graze e veld or guitivale permanent graes pastures during
tue growing sesson for this reuson.

Heroage conmerved from gress leys could be used to iega catile
during Che dry eesson wsen gettle commonly lost body mass om
veld grasing (addleon, 1%635). Cinoe theze wape large rescurces



1-“#

of roughaye available on maize farme in the form of msize
atover, which was of sisilar quality to the veld st this tinme
of the yaar, the veld gould be used almost exclusively for
ocaping during the growing sesson and the stover for the dry

HEARDD .

The weafulress of grass leys were assesoed in ley resegrch
nnite shich wers simulsated small farms mhare leys could be
tasted in prootical farming sl tuations. Voservalions ware
made to see ¢hather they could replace ths green sanure crops
grown in alternate year rotation with cash cropa. 1t wum
also hoped that these investigationa sould Indicate wmhat
problems thers were and then these could be fnvestismted
elaewhere in greater detail {lnnnjrrm:. %33,

Pennisetum purpureum (cv. Gold Coast)(Napier Fodder) was
selesoted tn 1950 for aae as a four-ysar panture in a lay
research unit (Addigom, 15508,0).1It was the sost productive
grdss at this time and provided large smounts of herbage for
fesding cattle in the dry =zoaths {innn:rnﬂu:. 1953 ).

Of ten groopas evaluated later In field trials seven were

found to be sisilar ip herbage yielding ability and in valoe
for graming. These grasses were Cynodon aethiopicus (ev.

o. 2 Star), a local snd Austrslian selection of Ghlezis
gayans (ev. Giant Rhodes), Se'eris anceps (cv. Kszunguls),
Panicun goloratus var. makarikariense (ov. Maksrikari) and

the Nyasainnd and Oold Coast ocultivars of Fennisetum purpureum.
The grasees recelved 4% kg K and 45 kg ]'EHE per ha and they
wére grazed ot a stooking rete of 2,5 steers per ha with a
mean initial body mese of 360 kg per stesr. (Orazing ocontinued
for 120 deyns between December and March and a zean body sass
gain of 260 kg par ha wens recorded on the grasses. If an
additional 45 kg N per ha were applied in mid-semson the
grazing period was extended into April and May, rewulting in

@ further body mase gein of 60 kg per ha, Alternatively, 4f
pastures wore not graged after thew mid-semson application of
nitrogen, sufficient grass could bs harvested to make 6,7
tonnes of silage per ha (Anonymous, 1957).

Hote 3 Phe referencs mnn;rlnui inalcatus Henderson pemearch
Station Annusl REeports [(8ce HEFERSEMES po. 427%
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Pacause toe produgt.vity snd grading value ol these seven
greuses wpd olmilar, thuse [asctors mere discounted in
gujugting onia for leyu. Instead, selection was vaaed on
pra cal cvuigiderations such a® esse Ol e3taplivnment,
eana.eoent and case of ploughing out, Foz thaew TRasGnE

Gulorls gujana (ev. Glant Rnodes)| we@ ghosen o8 poal auitasde

ana in enmuing yesrs wal Lhe princlipal grass used i;nnn;-uul;
1957 ) - 1t sd alsc bteen found that thurs wes litile dllferencs
butwean grunsee lo thelr effectivensas ln preventing soll
#rosion (oudson, 1327)-

Aduison (1956a,by 1958m,6) reported the recults of several
experipents with Mapier Poader that sere initisted by Bumpus
in 1350=51 ond continued by jddison until 1535. Vaclables
in these experisents wére fertilissrs ang OFfenic Banures,
plant eepscement end oultivetion.

lo one expeciz=nt Jdilfupent ssounts of nitrogen (up tu 22V kg
H per ha) sexe applied with various amounts of phospnatic
fertiiizer (up to H5 kg Pﬂni per bm), sbousil;. Eifegta of
treatments on herbage ylelds wepe assessed by cutting the
herbege twiot vach grosing season. Thred-year méan yields
of green herbage inccezsed as applled nitrogen was increased
froe U to 22U kg N per Na resuiticg in ylelds of 20 54v and
53 1jv kg per on, respectively. Gimilarly, incressing
phospnorus epplicutions raised green berbuge yields from

7 45U kg with none to 44 540 kg per ha with 85 ky r2n5 pur
ha. The crude protein content of dry heroage was incressed
oy applied nitrogen but wae decressed by applying increasing
amounts of phosphorus,. The nitrogenous fertilizer ueed in
this experl ~iut was ssgponium sulphate and thls lowered the PH
ol the soil from p 5,680 (water method) without fertiliser to

4oY5 wlth 220 kg § per ha, applied annualiy lor three Years
(4ddison, 1556a).

lnoreasing ithe distance beteeen the rowss of Nupler Fodder [rom
O,0uv to 2,44 & decreased green hervage yields from 63 44U kg
to 52 23 kg per ha. By incressing applied nitrogen, herbage
Jialde were inorossed st each spacing but nikrogen sss Dot

effsctive at the closeat Spaciig of plunts (Addiscn, 15;,5:;;.,



-EE-

In spotlur exparisent nitrogen wes applied to Mapier Podder

in combinntion »ith sgricultural lime. Agrioul turnl lime did
not effect green harbage yislde signifleantly but yields

- ireapad aep tee spount of nitrogem epplied was increased to
270 kg N per he, the maximum applisd (Addison, 19%8a). Other
treatments involved the deep cultivation betwsen =ows of Napier
Foddar with Jdise harrows, ty¥na cultivators and sub-scilera.
A1l cultivationa had m negligiltle effect on herbage yieldas,
shich declined progrésmively owver the Fi=zat three yvars of the
exparimant when niirogen was not applied, In the fourth year
190 kg ¥ per ha wae applind. This resulted in greaier yislde
of herbage but the sultivation “restments still had little
effect (iddison, 1955b).

In the ley regearch upite various smnagemsnt systems wmere imposed
on the graps leys. ‘These included combMnpations of grazing
during the growing seascn, late growing sesson and making al lage
for the dry season. For example, grass leys were laft to srow
unghecked until Jamuary, whan they were gu® for silage a2nd the
rogrowth was srazed off aes foszzage during the late growing season
ad the dry season. Chioris gaysns (ov. Giant Rhodes) was
found To be suitabtle for thia purpose eand had the sdvantage

over Napler Podder in that 1t could be gown. Alep 1t was
@aglex fo plough out. Glant Rhodes herbage was finer and of
better quality than thet of Napler Podder {jnmmul‘: 1954).

By 1355 Cynodon sethiopicus (ev. No. 2 Star) was slso beling
used for ley pastures. Glant Hhodes gress and Star crass
wére fertllized with 45 kg N and 45 kg ‘PEﬂ'j per ta and wers
graced durlng the growing sesscn by steera of mesn body maws
30U kg per steer, at a stooking rate of 2,5 steers per ha.
Body mass yeins were 118 and 161 kg per ha, respectively, In
the next year Gleot Miodes, Star grass and Napier Fodder gave
337y 352 and 322 kg tody mess gain per ha when grazed at a
similar stogking rate and fertilised with 50 kg ¥ and 45 kg
P,0; per ha (inanymous, 1536).
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Of tiwe prasses tested in experiments 0o dillerences werc

{ound betwesn s ioree berd four pacdoox rotational pracing
Gynter, roletional grazing wiln an electris fenpge Oor a w0

, | 1d00k ayatem. In the jatter, 3tders grazed both peddluas
catly i the grosing sesscn Out siwn gress growin wes rapid
one paddock was Tésted to «llos lor @ siilege out. pleo 1%
sas poted that while the stoloniferous gracsed persisied uncer
«TEsing the tuited ones locat vigour god elter three years their

‘ -
seards were seedy (ancoymous, 143)).

Cunavallo ensiforsis (Jack Besn ), Crotolsria juncea

(Bunniesp) end Vigna perviflors had been founa setisfactory

as cover crops for estadlishing grasses tmn..'flﬁu;. 1931) end
in sodition Jack Besn provided a protein-ricn o¢an Ee 4l «cd hay
shicn were [ed to gattle guring the dxy montms (adaison, 1537).
Eliiots l;‘i:;fl'l-!] ped found that an sdeguuele proieipn irtohie saw
gondupive w0 aificient fooa utilization by cattls ana it was
known that She dry rougngeas bDelof uwsed 1o Ui dry scalkon Were
low Lo protein.

Later, many experipenta were dope on tie estabiishaent of
Giant RAodes grass under waime. The grese estovlisbed well
snen 10 kg of sweed were @o0Wn per L@ «nder a maice popuintion

i 5 UUu plants pez ba. Desucdium discolir (horse Kormalade),
silen bad proved suitable uw o browse plunt in toe lswe grusing
sasBOn, “a8 8lso sucoessfully undisrzsomn ino meise anlie 4L in
turn gould U8 undersown with Glant Rbhodes grass {;nuujmu;,
15bv)e During the developsent of the ley research units it
had vean observed that cattle Srsniny un thne weld, shien
cosprised calnly comrse Hyparrheuia spp. and fypesihelie
di®soluta, ~aioed body mass Ior oaly 1V Lo 1¢ weeas duriang the
groein, s2ason and this colooided sitey the perlod of groweh
SOEN DEToage wal inmacure. Once mature, grasses wsge of
little value for grasing. AvSempis to aeep tne wvelde grasces
short aud in & outritious condition Ly heavy greszing resulted
ia gapla loveeion by Sporoocolus pyremidalis, =idou is & cosrse
and unpalatable perennial gEess. 4 three wzd to four camp
system witu rotational burning bec oeen louno sacisiactory on
Lidda wald. Body mess gulnae in ocattle gouwld ove =x;ooted [rom
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to 1,6 ho without supplementis. After this tise much herbage
remained and it was clear that investigations would be pegessary
t: detersine the nature of the factocrs that limited further
producti vo grasing {lnnn}'lmu', 1957).

The oarrying capacity of fertilized Giant Rhodes pactures had
been observed Lo be considerably greater than unfertiiized
veld grasses during the growlng sesscn but no acsparciscns had
besn made between them with similar fertilizer applicetions,
Between 1961 and 1965 up to 90 kg N and 45 kg Piaﬁ per ha,
annually, were applied to both Giant Rhodes and weld graassen
and their herbage yieldm compared under outting frequenecics
of on@é to 12 times & growing season. Herbage ylelds inoreased
aa nitrogen sos inoreasad from U to S0 kg per ha with both
Giant Ehodes mnd veld. 1In the first two seasons veld herbage
yieldm wiore greater than those of Glant Rhodes but therealter
yields of both were similsr. Herbage yieldism were progressively
szaller with inoreasing cutting frequencies and wore zreateat
shere only one or two cuts 2 s=ason were tzken (Boultwood, 1969).
Wile Giant Rhodes was no more productive than the veld it
had earlier been observed that with heavy grazimy during ths
growing season the veld became rapidly invaded with Sporobolus
ramidaliis, whick was of 1little valua for grazing purposes
(Ancnymous, 1957)

From tha observations sade up to 1957 on the use of leys and
of veld, modifications were made In the ley unit experiments
that led to the development of forage flow seguences for
different classes of livestogk., In 1957 two different forage
flow ptudies were initiated for beef breeding cows and? for beel
ateers whils similar stadizs were started for buef weaners and
dairy ocows in 1955«60. 1In these studies veld and vlei grasing
wire usad for the late dry sesnon, growing sesmon and early dry
season while ley pastursas were used durine the dry ssason
prinoipally se [oggege grazing together with maize gtover.

The pasturec were rotated every three years with ssize which
wes aleo grown for three conseoutive years,
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By 1459 veld grazing hud not proved sgtisfagtory for grazing
durliy the growing season since body mass pains Inocatile
could only be expected frow Lecumber to mid-april \Elllott,

R T 5“LH;LJuE, 1200}, Ellictt (146U) Dud ,roved by this
time Lhet Liw eliicient use of coarse veld herbage by cattle
during the dry sesson could be achieved Dy feeding Sma.. amounts
of yrotein-rich coocentrates. Singe there were laTEe gmounts
ol rougnaze in the fovrm of maize stover on malze larms 10
aduition bo veld, tne probles was to find altsrnulive sources
of grazing for the growing CE&E0N. From 1%5Y the umphasis

in research changed from using ley pastures w8 g source ol dry
geason roughage to one where they were used for graszing during

" - oo
the growin, season (knonymous, 156U).

Tha forage flow studies ogontinued until 1vo4. Duciug thia
time a number of experiments were done on the nanugement of
grass leys as sourges of winter roughage which sll suowed that
productivity of these pustures depended largely upoun the amount
of nitcogen applied to them. Annuel applications of 25 to 45
kg N per ha proved most satisfactory and pastures fertilized at
tnis level provided fopgage graming for 50 days for beel cowa
gtocked &t & rate of 2,5 cowe per hHa {nnnnrmuua. 1559]. it
hgd aleo been nuted that even when fertillezers were agplied a
parked reduction in hnerbage production occourred with advancing
pesture age. 1t was postulated thet this might be due to a
build=up of orgenic matter in the pofl undér grass and a
gonseayuent nitrogen delicleéncy Lﬁnnnjnnuﬁ, tyhl].

FErhaps tue most sigonificent experiment of all betwesn 1947
god 1%Yb3 at Henderson, end oné tnat influenced research frow
then onwards, involved the application of largeé awounts of
nitpogedous fertilizers to Giant Rhodes LITHEBE It bad been
obaerpwvad {Annnymuu;. 19&1} that Giant Rhooes graes pastures
déciioed in produgtivity with advancing age and wnat after
three years productivity was &t a low level compared wich that
of the firat year. In an attempt to rejuvenate such a pasture
bheavy dressings of nitrogencus fertilizer were applied in one,
four or eight equal dreesings during the growing sesson to an
old Giant Hhodes grase pusture that wes harvested four times

at four-week intervale (Table 5){ Clatworihy, 1967).
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Tatle 5. [Mean effects of applied nitrogen on the herbage
yiald of an old Giant Ehodes pasture (Clatworthy,

1967 ).
Nitrogen
kg per ha o 112 225 450 900
Dey matter TOBD 3820 12220 13470 13610
kg per ha

Herbage yielde increased as applied nitrogen wes increassed from
U to 45 kg N per ha. Doubling the aspplied nitrogen [rom 450

to 900 kg per ha 44d not affect yields further, At any one
level of nitrogen, herbage yields wers sim!lar wneather the
nitrogen wam applied in four or eight dressin. s, but yieslds

were raduced when it was all applied in one dressing (Clatworthy,
1967).

The reaulia of this experiment showed that old Giant Rhodes
grans pactures gould be rejuvenated by heavy dressings of
nitrogenous fertilisers, resulting in greéeater yinlds of hérbage
being prodused than hed hitherto been obtained «ith smaller
amounts, Thoy also indicated that am greater yields of herbage
were produced {1t wis posspible that mors liveatoek could be
carried por unit area and this occuld lesd to greater output

and profitability fzom pestures. Trom 1963 to the present
time effects of heavy dressings of nitrogenoua fertilizers on
arhuaes have been inveatlgated in detail and the reports of

this work fora the basis for the present dizsertation.

Maize yields following three years of gress ley 444 not

exceed 64 bags (91 kg) per ba when 50 kg N and 45 kg F,0,

per ha weze applisd to the maize (inonymous, 1961). lr
compazison, the pean malize yield [er 12 years Trom lznd

ercpped to successive malze orops where 150 kg B, 55 ks rhns and ou
kg KCl pex ba were spplied, annuslly, ansd all stover ploughed
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L]
under, was 6] baxs per ha (jnonymous, 1966G). One of Lie
pringipal objectives of the ley psstures, namely to ioprove
b Lertility of the soll gnd wreby rfelse Lhe yields of

iviiowing oxopas, wak Lneselore not ponleved.

adcison (1903) summarised Lie practicel ilmplicsticns of the
sogulte fzom te ley rTewserol unite apd To= JoTag® Llow
suguence studica for beel cattile dCow Detween 19340 sod 1vod.
He compured Lne cerrying cspaclty enc oultput of ithe curzent
farming syolem in the arsa ~1tn thatl of & hypothet] cui systiem
passd on thé experimental results oblalmed.

ln the lirst systea maide was grown In alternate yeur rotution
Bill & gFOUN BANUre crap. Careying cepecity wabl bawed on
grezing the avaliaole véld yesr-round and sugplementing catuiis
sitn etover snd proteim-rich congentrates in winter. All malze
graln produced was weold. In thic systea thw cverall cazeying
capacity of [arme was entimgted to be 1 LU tc 4,5 ha and
aliaughtor cutile were Bold woep Shree Jears old.

lo the pugond system paize was gromn 4o s three-yzar rotation
wita greme leys. Qattic gragec e leyw during che groming
Seglon, whe the veld ang atover 1n tOs acy eeason wmoilc receiving
protein--ion supplesents. Iu sddition en annual leguse (Jaok
Bean) wu. @ perennlal legume (Horae Meruslade) were srown to
peovlde LayY and o proteln-rioh cEAml Beal afd 8Erly ary eesEon
Frazing. Of toe welse provdcec ol 4 wes s0la and <U & retaines
as corn gnd oob mesl fox fattening oattle. In tuie asyatem

e ocarrying cspacity was esiisatéd tc oe 1 LU to 2,5 nma compared
k0 1 LU to 4,5 0a in &= [iret syotem (Adaison, 1503).

Althoush pdulsos (1503 ) had estimated tnat Oy using ley pEstures
for the growlng seguon snd tos weld sugplesented »iin maize
stover Lor Lhe dry swsson, the Curryin, cepacity of saize fazus
Could o= .ogressed by wome 80 %, the Eystem was aot sdopted in
practice, ‘Thure were eeveral reascns lor this.

(i) Patmurs wensrally were saklnog @ confortsble living
from cush ocrope and there wse tnerefore littls

inountive to diversify into 1ivestogk.
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(11) Tis:re was 00 pEed to rotate prass leys witn cash
arops to maintain tie proguetivity of soils.
continuous gash croppire mas feasiple providea
auequate chemical fertillizers wape sppliea and
all czop residuss werse ploughsg beck into the
soil spoually. In Lact, cajlte sraein yielas on
lund cropped annually werw similar to tooew obiained
foilowing a three=year sZuss i8Yy. Also the
grevious practioe of grosing cash arops in
aiturnsta year rolation sitn gredn asnure Qropd
fell away beomuse produciivity could oe meluteliea
oy applying adequate lertillasr enc plougning under
vrop rediduen annuelly.

(114) deturus from ley pastuzes in mopEZaly Lerma did
no% gompere lavoursbly with tnose (rom ocash crops.

(1w} Toere ware relatively few catile in iie Laraing
areas served by Henavrson and there wad acéguate
veld and crop residuss to satiuly tnelr forage
OHEdd s It sas théralore ulpéoessary LJ eataulisn

»Ca68 pastures to inorease carcylng ocapacity of
fozum,

Thees faots indicated that passurces wers anlikely To [Ling
sppliestion in practios unless 2 turna [P08 them could be
substantially inoreused and rival those {rom melze. For
many years It hae been apperent to reaesrol «orkerd Wnst Liw
areas served by Hendersiun gesearcl Station were potentlally
sulted to lutensive liveatook production ama it mas T this
apd tost sll the work TFevicewed %aEm oyientyted.

Eeatern By llwnos Resesron Station

In 1949 the Bastern Hishlands Besearch Station wes opened %o
serve the wountalnous eastérn dietriots of Rnoaeais woloh falls
into Fatural Regionm I (Ivy, 1¥i/3b). This azea has & cool
C.igate with @ mean sanusl rainfail of 1 140 om, most of woloh
falls durin: susser altnough sose falls every mon:n of the year.
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1t ig rather remote from the principal markets for
agrioul tural productes and foT this, and other reasons, the

gtation wioa olosed down inm 1565.

Phe Statieon coneentrated on Tinding gresses and legumds

suitable for intensive farming with dairy and beel cattle

and sheep (Elias, 1965). Many grassts and legumes WéIe grown
snd ohserved for their adaptability to loocal gondiiions both

on drylanl ond under irrigation and experimenis wers done to
iatermine the sffects of Tfertilisers oo them (Williams, 1353).

0f the grasses tested the moat preductive on dryland were
pennisstun clandestinum (Kikuyu) and E. purpureum {cv. Camercon)e.

Applying fertilisers, particularly nitrogen, to the grassss
resulted in greater herbage yields (Williams, 1953) but grass
clover pasiures were less costly (Atkinson, 1963). Conditions
in the area were found partioularly euitable for Trifolium
repens (Hew Zealsnd #hite), T. semipilosum (Kenya White) and

T. ruepellisnum (Kenya Hed) and these grew well in assoccistion
with ¥ikuyu. On sugh pastures two-year-old beel staexrs were
carried during the growing messon at a etocking rate of 3,7
steers per ha snd gained 247 kg per ha in body mass (Atkineon,
1963) .

Sl igbury Hesmarch BEtation

The Salisbury Hesesrch Station whiehfalls inte Natural Heglon

11 (Ivy, 1975b),wae principally congernsd with cash crops but

gn experiment was done there on a heavy clay loam between 1555
and 1965 which ooncerned the effects of a grass ley on the
following crops of maize (Anonymous, 1962; Fenner and Rattray,
1966). 4 Panicum goloratum ver. makarikariense (cv. Makarikari)
ley waa either grazed, cut for hey or cut and the gress left in
situ, each summer for five years. In eddition, various amounts
of nitrogenous fertilizer were applied to the ley. Ho

herbage yields were taken on grased plots but on the gut plote

they wera found to inorease as nitrogen was increased to 180
kg per ha, the maximum spplied. There was a significant
deorease in herbage yields with advancing age of the ley and

in the fifth year yields were epproximately only 25 % of those
obtained ln the firet ysaz.
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Mo dif ferences were found in the residual effeqts of
mensgament of the lsy on meise ylelds. Wnile there »as a
reall sesconse in the first grop of maise following the ley
dues to the residoal sffect of nitrogen appli.d to the ley,
thia response became progressively less with successive grops
and by the fifth erop it had dissppesred, ‘The conclusion
reached was that greater returns could be obtained by applying
nitrogen dirsctly to maize rether tham to the ley ( Fenaner and
kattray, 1966). The results agresd with the [indings of

pimiler work done at the Crasplands and Hendergon Remearch
Stations.

Geabi College of Agrioulture

At the Gwebi College of Agriculture which is in EHatural

Region II (Ivy, 1975b),s0me expeziments were done on the
effeota of [ertilisers on ve&ld Jdefolisted by elther

cutting or grazing. Appliecstion of fertilizers, pacticularly
nitrogen, roasulted in greatsr production of herbage and
inecreased carrying capacity but changes in the aspecies
cospoaition was caused by fertilizers, resulting in the

oatural dosinante being replaced by Bporobolus pyramidalis
(Barnen, 1955 ; Bate, 1562),




§ FASTUNE HEGEARCH AT E:SDERSON RuShAsCH BTATION BETIEEN
196% AND 1979 POX WHICH THE AUTHOR 'AS HESFORSIELE

puring whe period 1963 ta 1975 varloud fertl_lsers und weignte

and megsures sere used st Hendezson Ressarcn Station lox

-;l;li':.'i.iz.".:.-ll QUEpOEES .

Pertiliners

Unlees: otherwise stated the fertilizecs used in all the
eapericentsl sozk ware ws follows

litrogencus fertilizezs

1965 to 1470 galcium smponjux nitrate containing
gither 20,5 or Eﬁ.ﬂ = E-

1971 to 1975 imwonius nitrate coatalning 34,5 w N.

Phosphatie fertilizexs
Single superphosphste contalning <U,U % PED’M
12,0 & B+

FPotacsic fertilimers
Muriate of potash conteining oU,0 % ltn.

Unita ol neasure

All exporimental details and resalts ars reported in metric
anits ab foilowa ,

Lans - grams (@), kilogrems (kg) =0 tonnes (t).

Volume - millilitres (ml) snd iivees (1).

Linuar mepsuremsnts - @illipetres (om), centimetres
(ex), setres (m) snd kilometres (km).

Aiea - pegtares (ha).

Draugnt-Hewtons ().

force - kilopascals (kpa).

Metrication was only introduced jato Rbodesia in 1%90y. Prior

to tils English wmaighte end measures were used, Conseguently

wien converting stooking riatves from the Engllsh to toe Netrio
Syatem fructiona of eattle per ha ol tan PFesult.

r
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4.1 Tre Species of Grass and Effecta of Pertiliszers on (jras2es
4.1 The effects of fartilizers on herbage production ol grasses

It ia well known throughout the world that applying nitrogencus
fertilizer: to grasses grown on most agrioultural soils causes
marxed incresses in herbage production and Rhodesla is no exception.
puring the 44 yeare ending in 1963 nitrogenous fecrtiiizers were
applied at verious times %o natural grassland (veld) and to
cultivated prasaes ; experimentally and in practice. The
samounte of nitrogen applied seldom exceeded 14y kg of B per na
begause it was believed that it was uneconcmic to apply more.
Generally herbage yields incressed ss thne amount of nitrogen
appliad sae incressed to 470 ke per ha (Husband, 1243, 1373,
19373 Husband and Taylor, 1931; Welnmann, 145U; jnunymuui,
1953 to 1963; Corby, 19553 Addlson, 1656a,b, 1458a,b; Kennan,
14508 Barn=s, 196Ua,b,c, 1981} Anonymous, 156L; Bate, 1302j
¥illas, 1964, 1956,1968; Boultwood, 190693 Clatworthy, 1467).

In only one éxp-riment was more than 470 ks K per ha applied

and in this case Qlatworthy (1967), at Henderson Research
gtution, applied up to 500 ky W per ha to Canloris gayans {ev.
giant Rhodes). The response of this grass to applied nitrogen
was linear up to 450 kg per ha and thereafter uwdditional nitrogen
had a negligible effect. |[Earlier, at Grasslands Hesearch Station,
up to 470 kg W per ha bhad been applied %o Cynodon aetniopicus
(ev. No. 2 Staz) {4nonymoud, 1553). derbege yields of the Star

grass increased linearly with increasing amounts of nitrogen up

to ihe maximum applied.

These two expériménts at Henderson and at Grasslands, showed

thet grasees recsponded markedly to nltrogen spplications in
exgess of 140 kg per ke and the indications were that applisations
of 450 kg por hs might be economic in practice. Because mora
herouzge was produced opn hesvily fertilized pastures compared

with lightly fertilized ones, mozre catile per unit area oould

be carried und greater body mass galns per unit area ashould
result. Tois could have great pructical significance in the
{grming areas served by Henderson by inoreasing the numbers of
cattle carried on farms, partiocularly during the growing season.
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It had airesdy been found that the veld was not satisfactory
for presing durine the growing season and body BaBs pelns in
gattle could only e expected frem Decsmber to mid-april
(Elliott, 1550a,by .lncﬁ.ynuu;, 196Ul .

¥oile & lurse nusbez of grasses had previously been tested

witn low leve.s of applied nitrogen there ses only limited
knowledge cn the responses of grusses in Rhodesia o beavy
drossings. Therefore it sus clear that sany of the gruseus
yreviously tested siould be trivud ageln because thelr
produptivity »ith neavy rates of applied nitrogen was unenown.
A large nusber of grasses were therefore ingiuded in fertiliser
experiments desigzned to teat this.

Experimental Qbjectives

Po determine the effects of heavy dressings of nltirogenous
fertilizer on the productivity of a oumber of grasses [see
Table ©) in terzs of bherbage yleld.

For this purpose, 50 grasses were giwvan meavy spplications of
nitrogenous fertilizer for several years. After this time the
intention mus to select some of the highest yjielding grasses
and to teet thelir poility to <ithstsnd intensive grazing by
beelf cattle., |Many of the grasses selectel for teniing had
praviously veen tested with relatively low nitrogen applications
and bad shou: an ability to respond to applied nitrogem. 4 few
wure nesly seéloected gresses of unknown productivity.

Materlals and Rethoda

The 50 grussez (Pable &) were established in a silty clay soil
of pH 3,5 (celzium ghloride) during Pebrusry 1965 in 5,006 x 3,06
8 plots, replicated three times in a rardomised bloocks design.

before planting tiu grasses S0 kg onj per ha was deeply ploughed
into the soil,

Chloris gayana (ev. Glant Rledes), pacicun maxioum var.
tricuoglume (cov. Sabi) end Eragrostis gurvula (ov. Eroelo) were
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sown in drille 45 om apart while the other grasses were
estnolishod vegetatively in 45 om rows.

vuring the next four years tio grasees w~ere .opdressed annually
with 450 kg K, 90 kg PEGE and 695 kg K,0 per haa. The nitrogen
was applied in four egual monthly dressinga starting with the
first good reins in November while the phosphate and potash

ware applied before the rains started.

Esch growing segson the gresses were out by hand with a sickle
to a heixcht of 5 om above ground level whamever they reached
2arly anthesis. Freshly cut herbage wes weighed and ary maetter
contents determined from ovene=dried samples,.

Qutting tha grasses whanever thay reacned early anthesis was

the eriterion used because it was believed that it was the
fairest way in which fo compare & larg® number of grasses having
diverse growth forms. Cutting the grasses at & certain time
interval or at a set beight would have favoured the stoloniferous
or rhigomgtous grasses aod might have dasegea toe tulfted ones.

Qrude protein contente of the grasses were détéermined during
the 1965-66 growing season by the Kjaldshl methods PFollowing
the 1967-68 season, & season of low rainfall, the grasses were
agsgessed for survival before the 1968-69 season.

Rainfall during 1965-566, 1906<b7 and 1968-69 approached the
45-year megn of B75 mm while in 1967-68B only 412 mm was
recorded (Appendix 1).

Results
The herbage yields of the grasses are presented in Tgble 6,

The 30 gresses differed markedly in their productivity. For
example the highesat producing grass, Bushman Mine Panicum,
yielded a mean of 17 890 kg dry matter per ha and the lowest
producing grass, Mtarazl Falle Setaria, only 1 7U0 kg dry
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mattier por ha. Bushman Mine Penicum and Muguga Star, Lhe two
nighest producing grasses, yielded elgnificantly more herbage

{p &£ 0,05) than 26 of the other grosnee. These two grasses
sere aleo emonget the highsst producing graeses in each of the
four tect segsons and Hahman Mipne Panloum produced the gresteat
ssount of herbage (21 270 kg dry matter per ha) in any one year.
The Cynoion app. teated generally produged large amounis of
tmroage wiile thowe of the genus Panioum were more variable.

During 1967=68, the year of low rainfall (Appendix 1), berbuage
ylelde vwere generally lower than those in the second ard [ourth
yeara but were similar to those of the [irst year. The four
highent yielding grasmes, Bushman Mine Panigum, Muguga Star, No.
2 3tar and Lake Manysra Star werd hardly aifecled by the drought
and produced large mmounte of herbage in all yesrs.

Certain grasseas, notably Peraguay Paspalum and Viotoria Falls
Panioum, were alow to establish as indicsted by a comparison of
thair hegbage yislde in the firet and second yuars.

Crude protein content of the graseses wvaried from 11,5 to 22,1 %
of the dry matter during 1965-66 while survival of grasses
following drought in 1%67-68 ranged from 1 to Wl %.

Discuspion

The four-year mésn herbage yielde of eight of the srasses,
namely 1 DBushsan Hine Panimum, Mugugs Stsr, No. 2 Star,

Luke Manysra Star, Mondorre Qoueh, Hendsrson Qough, Faraguay
Faspalum and Mondorro (enchrus were all greaster than 15 470
kg dry matter per ha, This yield was obtained previously
by Clatworthy (1567) from Giant Rbodes grass to whish similar
amounts of fertiliser had been spplied. Furthermore, Bushmen
Mioe Panjoum ned produced annosl yislds in exocess of 19 770 kg
dry matter per hs, @ yield schiewed with No. 2 Star gress at
Grasslands with edmilar applied fertiliser inm 1952-53
(Anonymoud, 1953).
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None of the eight grasses whose méan herbage yields were
greater than 15 470 kg dxy matter pér ha nad a tulted growth
fom. Most were stoloniferous while Feragusy Paspslus and
Mondoreo GQencoras wirs rolzgmstous and Mondorro Couon waa
both stolopnifercus snd rhisczastoums. The highest yielding
tufted graso wad Sabl Panicum with a mean yield of & 080 kg
per he which was lems than half that of Bushman Mine Panioum.

Ability of the grasses to withstand drougnt econditions in
1967-68 varied considerably and this varisilon appeared to be
relatad to growth habit. For example, the four most produgtive
grusees, Pushmpn Mine pPanicum, Mugugs Star, Ho., 2 Star and Lake
Manyazra Star, all stoloniferous, produced only 3 67U kg per ha
less herboge on average in 1467-68 than the previous year.

By comparison, the four highest yieldinmg tulted grasses, Sabi
Panioum, the CF 21300 and CF 11826 strains of Paspalus plicatulus
and Mengwaude Faspalum, were | jOU kg per ba lower, oo average,
than the previous year. The rhizematoun . rasses, Paraguay
Paspalum, Victoria Falle Panicum, Mosdorro Cenchrus and Natal
Peokeropais weze aleo seriously affected by drought. Survival
rate of stoloniferous grasses assessed in the year following

the drought was nuign, while amonget the tufted grasaes and

some of the rhizomptous grasses survival waus low, This was
refiegted in both the herbage yields and estimated percentage
regovery of plants in 1966-09 (Table 6),

Crude proteldn gomtents of the dry berbage of the gresses in
1965-66 vuried from 11,5 to 22,1%. Because approximately
13,06 crude protein is required by ruminants for them to digest
berbage afficlently it sust be sssumed that nearly all the
graceos omtalned adeguate protein for ruminentis,

Tht hezbege yields obtained with the most productive grasses
in this experiment compare favourably with yleldse obtained inp
other countxies with similer amounts of applied nitrogen. For
example in the Republic of Scuth Africa,I'ons (1374) reported
yielde of 15 030 kg per hm with Muguga Etar, 12 920 kg per ha
with No. 2 5tar and 15 640 kg per ba frow another Star grass
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I{ynnduﬂ pethiopious ov. unknown). In Hawaii, Whitney and
Oreen (1969) recorded yields of 16 390 kg per ha with Digitaria
i-_;.--.:'n'l:-i:m (ove Pangols) shile in Amezica, Soarsbrook (1970)
obtained yields of 16 .00 kg per ha with the Qynodon nybrid,

Barmuda gTaus.

The results of this experiment provided a uséful guide to the
seleotion of grasees for intensive grazing. For this purpose

it is desirable that grasses produce large socunts of putritious
herbaze, withstand intemsive defoliation by either outting or
grazing and survive unfavourable seather conditiona, 0n tha
basis of the fizet teo yeazs results, 1965-bb gnd 1966<67, three
grasses; Pushman Mine Panioum, Muguga Star and Vietcria Falle
Panicuz were galected for further trial for grazing purposes.
pusnman Mine Penjoum and Muguga Star wére boil stoloniferous
grasaes easlly and quieckly estzbolishad by planting rooted runners
and even in 1965<66, the [iret growing season after establishment,
they produded conslderably more herbage than any of the other
grassen, JIn all four yesra these two grasses produced
consintently bigh ylelds of bertage, even in the dry season of
iy0]=668, This is an lmportact fsotor in selecting grasses for
grasing purpoees bepause consietent mrbase production is
negessary for planning production systems for animals successfully.
Purthermore they both fomed dense swerds and should therefore
withatand intensive grasing well.

Yiotoria Falle Panicus was planted from rhizomes but estublished
slowly ocompared with Mshman Mire and Muguga Stare In the first
growing season after establishesnt Wetcria Palls Panicum
produced less then balf thes berbage produced by Bushman Mine and
Mogugas Star, But in 1966-67, the second season after
establisheent, it produced 20 B90 kg dry matter per ha, the thizd
highest yield regorded in the four years of the experiment,
Earlier, in 1964-65 and also during 1965-66 and 1966-67 in
obeervation trials, well estzblisbed pastures of Viotoria Falls
Panjcus gt Hendersoo Reesarch Station had been neavily feprtilized
and jotensively grased by beefl cattle and had withatood srazing
#slls Purthersore this grass gave greater body mass gains both
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per hesd and per ha then Beckeropsis uniscta (ov. Hatd),

ghloria gaoyeas (ov. Glent Rhodes) and Cynodon setuiopicus (ov.
go. 2 §tar), all treated Iin a sizmilar mender. A% & stocking
rate of 12 yearling steeps per ha Victoria Palls Panicus prodaced
810 kg of body mess galn per na, the highest gain pecorded in
fhodesias up to this time, it wan for toese¢ rezsona that it

too was selcogted for further trlal unaer Bradlng.

Jel4é The nathods of applying nitrogen

iitrogenous furtilisezrs are expeosive. Therefore when they are
aspplied to jruss pastuzes the method of s plication snoula be
one tumt will maxisise the effect of the nitrogen on grostn of
the grass and comseguently oo thé amcunt of herbage produced.
Clearly, the sreatver the amount ol berbage produced by a pasture
the greater it's potential livestock carrying capscity. This
will eftect cutput of livestock products and nerelore
profitability.

On sandy soils derived from granite, parnes (19604)lounc that
greateat yiclde of herbage were cobtained when s glveu yuentity
of niteogen wus applied iu not more than one or two dressings
during th: @roving sesson. Somewnat contradictory results

wore obtained by Clatworthy (1967) on a silty; oluy woil. On
this soil, the a,plication of & =lven guantity of altrogen ln
four or uight equal dressings produced grealer smounts of
mroage thao the saxe smount applied as a aingls dreseing.
Glearly furthey investig:ztion waa omeded tu conlirme the pumbey
of split dresuin.s a glven gquantity of nitrogen mhould be

dgplied ino %o give maximum P rbape production. Alec, a8 the
Linal oeousogent of selected prasase would oe sade in Terms of
products cbtained from livestock grazing thee it was oppoztune

to detercine the elfects on herbage production of animal —xcrets
voided onto pastures, The plant nutrients, pectloussezly
oltrogen, coctalmeo in the dung and urine of auipals graging
pastures might afféct the growth and conseyuently hirbapge
procuced by the pasturés. (n beavily drused pastures considerable
spounts of plant nutrients would be deposited onto the pasture in

dung and urine shich might allon amounts of clesicel fertilizers



applied to be reduged without decreasing the productivity of
the pasture. This ecould materially effect the profitability

of pasturem,
Experimental Objectives

The experiment ran conourrently with the experiment described
in Seotion 4.1.1. At this time (1965) Chloris gayana (cov.
Giant Rhodes) grass wae still the mest widely growmn grass on
Henderson Research Station and the potentiglities of the other
grasses tested in the experiment described in Section 4.%.1
were unknomn. It was for theses reasons that Giant Rhoues
grass was usad in this experiment.

The main objective in this experiment was to further investigate
the effects of applying a oconetant gquantity of nitrogen to Giant
Rhodes grase in various split applications snd at different time
intervals on herbage produciion. In addition nitrogen was
applied with and without cattle manure to simulate effects on
herbage production of plant nutrients contained in animal excrets

voided onto iotensively prazed pastured.
Materiala and Methods

During February 1965 Giant Rhodes grass was sown into a well-
prepared allty olay soil with pH 5,3 (caleium chloride) to which
90 kg Paﬂﬁ per ha had been applied. The seeding rate was 15,5

kg seed per ha soen in drills 7 cm apart. Flota were 3,66 x 3,66
@ and treawments were replicated three times in a randomiced
block design. Joon after seedling emeryeénce 22 kg N per ha

was topdressed on all plots. During Auvgust 1965 all growth
since establishwent was,cut and removed from the plots.

Six methods of applying 45U kg N per ha wmere tried with or
without an application of 22,4 toones per ha of well rotted
krgal manure, These methode are shown in Table T.



- 85 -

rable T« ketnods of applying 450 kg N per ha to Giant
Wnodes gruss (nitrogen applied with or swithout

2d,4 t Krael menuce pery na).

soportion of nltrogen epplied
Bezinning | Ho. &E s8eas alier I!mt hid End of

kethod] of .roslng| applicstion at beginning | growing| growing

A 0o afl gTOFilg BEAE0D BEfas0n stgson
4 G 12

i All

i1 a 3
14 i & 1

v 3 B 1 &

v 3 -}
vi All

Tre krasl manure applied contalned 1,6 % ¥ io 1905-bb and 2,0 » K
in 1966-67 und therefore amounted vo 4U5 acd 448 ks § per ha for
toese two yeors, respectively. The maenure was applied in
fctober ga a topdressing mnd the [irst dressings ol nitroyen were
apglied in mid-November in botn years followed by furtner
dressings mccording % the experisental schedule (Table 7). la
addition to the pitrogen and menurial treatesente, S0 kg PE‘“E and
o5 kg Iﬂﬂ pez ha wesd applied wonually during Ceotober/lovember,
ef 5 basic dresaing %o all plote.

Tne herbage was cut oy hand with a sickle to 5 cm above ground
level whepever growth resched oarly entneeis. (elng this
criterion the plots ware hurvested three times in both years.
Incedigiely after cultting; harbage was welghed and dry matter
pontents determined from oven-dried samples. Hegrowth which
accumulated during the dry season of 190b (from 3 gpril) was gut
on 5 Sepilecber 19ob and weighed. Ho such harvest was taken in
1267,
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Rainfell during both years was similar in amcunt and
distribution § E16 mm felling in 1965-66 and BU) ma in
Jybb=bT . peinfall between 5 April end Y September 1%o0b
amountad to 105 mm (Appendix 1).

Results

The effects of the various treatments on the production of

Gient Rhodes gress bherbsge are presented in Table 8.

In both years largeat ylelds of herbage were obtalmed where

the nitrogen was applied in four squal dressinge at four-weenly
intervals and smallest ylelde were obtained when gll the
nitrogen was applied at the end of ths growing season. In the
first year however, valid comparisons oould not be made between
all the methods of application begause Method(vi)had no nitrogen
applied during the growing season and Me thnd[vu'} had only halfl

the nitzogen applisd during the growing season shereas the other
four methods had all of the nitrogem applied during the course
of the growlng sesscn. Therefcore only je thndl{i}t.n {iv)oould

be compared and of these Method (iv)produced more herbage

(P €C0,05) than the other thres methoda.

In the second yesr all methods of application could be compared.
No differences were detected between Methods (1i),(iii)and (iv)but

all three produced more herbvage (» < 0,U5) than the other three
mé thods.

Applying 22,4 t kreal menure per ha increased herbage yielas
in both years. The mean effect over all nitrogen treatmenta
was to increass herbage ylelds by 2 240 kg per ha in 1965-66
and by 1 840 kg per ha in 1966-67.

Regrowth which acoumulated between 5 April and § September
1966 and wae harvested ie shown in Table Y.
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Table 4. Eifects of applylng 45U kg ¥ per ha in veriocus split
dréaaingsa with or without &¢,4 T of kzaal cenure per
ko on herbage yielda of Giant Rhcoes grass in kg dry
mattar par ba (Analysis of warliance table Appendix
Cel)a
1965=60 1566=0]
kethod of Eraal manare ¥sans of Krsal. manure kearna of
applyine t per ha s=thod of t per ha method of
nitrogen applying Epplyling
o 22,4 5 0 Ze It
i 14730 17950 16340 Beb | 15670 | 18650 17180 BQa
i1 15500 16040 15770 Babe| 1oubl | 1846U 17820 ABCa)
i1 13630 16500 15300 Babe| 17020 | 2ug350 16740 ABa
iv 17670 19420 16550 Aa 159450 | 1902U 19250 e
v 12450 135960 13210 Cgbed| 16TWL | 16310 17510 BQa
vi 6210 54 60 7640 De 15870 [ 165U0 16390 Ca
Meane of
graal 13380 Bb | 15620 ia 16850 Bb|16T30 aa
=anure
lethod | Krasl Method | Kraal
sg 2 a2anure manure
T10 410 560 320
L3D
P = 0,05 2090 1210 164U YU
P = 0,00 1820 2210 010 1740
Coefficiant
of variation 12,1 7,0
%
Hote 4

Meoans with similar letters next to them are not significantiy

different, i.e. cspital letters indicate P < L,US and small
1.‘“Il Fs ﬂ.ﬂ'l“;
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Table 9. £ifeot of applying 45v kg N per be In Vacrlous
split dressings sith or without 22,4 % krsal
aanurs per ha durlng the growlng sesson of
1965=60 on herbage yields io kg ..y Eatlier pr
ha of Glant HAhodea regrowth cbtalned in the
1966 dry sesson, (analysis ol varisnce lable
Appendlx 2.5).

Kethod of Kranl manure t per hz H::,::ﬂ:r
smaivise sk
i 2350 2200 2360 Cbe
44 2550 1660 2110 Cc
114 2010 1540 1580 Ce
=3 2340 2370 2500 Cbe
. 73U 421U 5470 Bk
W 4530 624U 529U 48
eans of Lrual
SRS 2750 4a 5100 aa
Mo thod 220
s8 Kraul manure 130
L3D Method Kraal manure
P o= 0,05 630 570
.= 0,00 1160 670
Coeffiolent of 18,06
variastion %

Note g Pouns with aimilar letters next to them are not
si onificantly diiferent, f.e. capital letters
indicate P < U,05 and small letters ¥ < U,001.

Greatest yioclde in the residual narvest taken on Y September
1966 were colained where all the nivrogenm was applied in a
aingle drevcing at the end of the 1507-66 sesason.
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Disgussicn

Yalid couparisons could only be made between all the methods of
appiying nitroger in the second year because of cha delayed effewcts
of spplied nitrogen in Methods (v) and (vi) due to late application
of half, or all, of the nitrogen in the first year. With thase
two methods there was clearly a carry over of nitrogen from ine
first to the second year as lndicated by tha muoh greater yilelds

of herbage in the segond year. This was particularly obviocus

with Method (vi) where all fthe nltrogen was applied in a single
dressing at the end of the firsat growing season. In the firzst
year comparisons could, however, be made between Methode (i), (ii),
(44i) and (iv) and results showed that applying nitrzogen in four
equel four-weekly dressings (Method (iv)) produced more herbage
(p<0,01) than Method (i) and also moze (P < U,001) than Methods
(11) and (iii)s 1In the second year the amount of herbage produced
by this method of applying nitrogen was only slightly, and not
pignificantly more, than Methods (4ii) and (iii). These three
methods((44), (iii) and (iv)) produced more herbage than the
renaining three methods and of these, Method (vi) was the least
efficient for producing herbage. The resulte are in agreement
with Clatworthy (1967) who found that applying a given amount of
nitrogen in four egqual dressings produced more herbage then
applying the same total amount of nitrogen in few dressings.
Similar results have been cbtained by Morrie and Celecia (1964)

and by Bume, Groes, Woodhouse and Nelson (1970). Reports that
applying a given guantity of nitrogen in three or more dressings
oomparad with few dressings, result in greater hsrbage production,
have also been mede by Birch (1567), Bcarsbrook {1970}, 't Mannetje
and Bhaw (1972) end Qlmen (1974).

These results nre contrary to Barnes (1960a) findings which
Bhowed that grestest ylelds of herbage were obtained by applying
a given amount of nitrogen in one or two topdressings. But,
whezeas Earnes (196Ua) applied only a total of 90 ki N per ha
Clatworthy (1967) applied a renge of nitrogen fzom O to 500 kg
per ha and in the experiment beling described 450 kg N per ha

was applied and no single dressing of nitrogen was less than

170 kg K per ha in the present experiment. The results indicate
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that {f swall awounts of nitropen (perhsps less Lhan TUU ig
per ha) sre applied to grssses 1t should O applied in oot ore
thas teo Crascings. 1f lLac@e axcunts (more thea 400 & N pex
ha) sze %0 b= spplied then four egual dresalpgs at fouc-weeily
intervala will zesult in greatsr effiolency of nitrogun usage
for herbage production than few dresaings.

Tna moat inefficlent method of applying 435U kg H per ha for
production of harbage durine ihe growlng sesson med wneca it
wal all applied during the late s¢sson (mid-Maros ). Tuls wao
sjpucted za the growlh rates of grasses déoline durlng th. late
grosing sesson and therefore fertilizer mpplied st this time is
likely to be less effeckive than dressings i(arlier lo the sesascn.
This methoed of appliostion did produce the greatest residual
narvest of herbage during the 1450 dry sesson. ]It spparently
alag affegted yields tha following Frosing Sesason, whioh ware

b S50 kg per ha moré than lo the previous seseon. A8 little
cein fell betwein mid-NEarch 1966 and the begioning of the
1700=0] s&snon [Appendiz 1) most of the nltrogen would only have
beeczs @ffcctive sith the cowmencement of the 1voo=-t] raios.
Cluarly this accounts for the greater yiaeld in 1966-67.

Applying 22,4 ¢ per ha of xraal maoure in addition to 45U up N
in chemiouwl form improved harbage yislds. Toe manute applied
in 1965=b6 and 1506-567 conteimed 4UY end 440 ks N per ha,
respaotivwly, This indicated thut possibly more than 450

kg ¥ pur ha should have besn epjlied in chemicsl fors wi thout
irsal sanure 0 obtain maximum amounts of herbage. [t also
indigated thal oo pastures LHet ane neavily grazed the excreta
ol the animals does affect the proauetivity of ihe pasture.
Therefore the ascunt of chemloal nitrogen applied to heavily
Brazed pastures Lo schleve maxisum producticn mould be lese
than tnst on un,razed pastuze, Barnes and Clatworthy ([ 126%)
goncluded that vhere large dressinge of compost sexre spplied to
Panicus maxloum var. trighogluse (cv. Sabi) in additicn to
fertiliszer nitrogen, tae response in herbage yield to increasing
amounts of nitrogen wags linsar up to JoU kg K per lLia. Further
evidence that cattle excreta affects procuctionm of fATass nNeEToage
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is indicated by Gillexzd'as (1967) results in the Republic of
Zouth Africa. He found that cattle grazing on veld excreted
34 kg ¥ in their dung and T to 6 kg § in their uripe over a
six =month graging periocd. [Provided coprophagus beetles were
present to bury the dung with their burrowing, 30 kg N in the
dung was returned to tne soil and was therefore available for
plant growth.

4.1.3 The responss of gresses to applied nitrogen oo differént
Bclls

Many of the experiments done in Rhodesia om the effects of applied
nitrogen on herbage production of grasses were done either at the
Grasslands Hesearch S5tation near Marandellazs or at the Henderson
Resegroh Station pear Masoe. While thess two Stations have
similar rainfall (675 and 920 mm per annum, respectively) they
are at different altitudes (1 67U and 1 260 m above sea lewvel,
:“ptuuﬂlﬂ and are situated on different soils. Experiments
at Grasslands were done on ssndy scils derived from granite while
those at Henderson were done on grey, silty olay loasams.

Results of experisents reported by iAddisom (1956a,b, 1958a,b),
Barnes (1960a, b, e, 1961), Baroes and Clatworthy (1969),
Clatworthy (1967), Anonymous® (1953, 1954, 1935), Mills (1962)
and Weinmann (1950, 1564), at these teo Stations showed that
grasses responded in & similar way oo both soils to nitrogen
applied in amounts up to 220 kg per ha.

In one experiment at Grasslands on the aite of an old cattle
kraasl t.l.nﬁnmu;. 1953) ap %o 470 kg K pvr ha wae applied to
Cyoodon sethiopicus (cve No. 2 Star) shioh yielded 19 770 kg
dry hérbage per ha. Later Barnes and Clatworthy (1%69) showed
that large dressings of compost, in addition to the application
of fertilizer nitrogen, resulted in large yields (18 170 kg per
ha) of Paniocus geximum var. trichogluse (ov. Sabl). They
concluded that where compost and nitrogen were applied together
the response in herbage yield to incressing amounts of applied



-&E-

anitrogen was linear up te 350 kg N per ha. In other experisenta
an granite pande where no animsl MENUEes Or COGpOEL wEre applied
it vas found that herbege yields of Star graEs diminisked mardsdly
whep gose than 220 kg ¥ per ha wers applied and even mshare 360 kg
N per ha was mpplied, only 11 350 kg per ha dry matter was
narvested (Anonymoud, 1934, 1355).

gn the eilty clay soils at Henderson, Clatworthy (1967) had
found that bezbage yields of Chloris gayana (ov. Glant Rhodes )
inoreased ss nitrogen applied was inoreased up to 45U kg per ha,
resulting io s yield of 13 470 kg dry berbaise pér ha. In the
experiwent reporied under Section 4.1«1 hurbage yislds of over
1% 000 kg dry satter pér ha were harvested from six gra.zes to
whioch 450 kg § per ha hsd been applied.

Trhese results indicated that the degres of response of grasses
to applied nitrogen on the two soils wae inoonsistent.
Purthermore, cbeservations on Handepson Research Station batwaen
19a% snd 1966 showed that the growth of grasses cn grenite sands
sps 8ot a2 vigorous as on clay solils even wsiore elmilar amounte
of nitrogen were applied %o the same grass. There was a need
to detercine thae responses of grasses to applied nitrogen om
different solle within the same envirooaents

Exparimental Objectiven

Woile results of experiments beiore 1963 Lndicsted that the

degres of response of grasses to applied nitrogen wae sioilar

up to 220 kg N per ha on differeat solle, results were incorsistent
when beavier dresolngs were applled. Ko gomparcisons had been
sade on the responses of grasses to nitzogen on different soils

in the pame environmsnt, The only compsriscna that ocould be

sads were batwien Graaslands and Eenderson Research Etations,

soa% [U k= apart: Tie object of the present experiment was to
coapare tie response of gressss to applied nitrogen on diffezent
scile in the same genezal climatio envirooment.




gaterisia and Nethods
(1) Boil Akarsctesistios

gne sxperiment was done on a deep, very perseable and welle-
drained sandy soil derived from granite. This soil was of

g series thz={ compriseB very coarse-gralned, greylan=brown
sands over reddisn~-brown sendy sub-aolls. Thwy ate atyploal
of most grenite sands ip Rhodesle beosuse of thelr unususl
depth relative to the rather steep slopes on whnlon tiwy Cooux,
and the ver; coarse ssnd fractione (du Todt, 1%65). The pli
of the soil was 5,7 (calcium chloride).

The second expercisent wam done om & yellow=brzomn, sillty clay
soil derived from metasedisents (du Toit, 1965) which has a
marked tendency to form a hard surfece orust and the:efore

has s lower water infiltration rate than the sand. The pH

of this soil was 5,3 (valoium chloride).
\ii) Design of experiments

Cynodon nlenfuensls var. nlemiusnsis (aV. higugs ), Panioun
goloratum (ov. Bushmsn Mine), P. repens, (ov. Victoria Falls)
end Eragrostis ourvula (ev. Ercelo) were eataclished on bota
aoils during February 1967. MNugugs Star wal known to gros
well on both sande and on beavy ola; woils, Bushean Mine Panicum
hgd besan found to grow mozre vigorcualy on besvy eolls than on
sunde wlidle Ercelo love was knoeo to grow well om sands.
Victorie Falls Panloum had grosn well on heavy acils but nad
not been tried on sande. Therefore the grasses had apparent
soil preferences which might bring out the s:fects of appliea
nitrogen on the tso scll types more olescsly. I'ne grausds wWaIDg
planted in 3,66 x 35,66 m plots, replicuted three tiuwes, in a
randomised block deaign. pefore planting, 90 kg P;:"'-'j end 110
Kg Rzn per ha were ploughed deeply inte the scile. Also, 220
kg par ha of galeitie lime ware applied to the graaite sand site

and 1 120 kg per ha to the silty olay site to equalise pH on boih
soilo.
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After soll prepazation, Ermelc Love grass was sown in drille
45 cm spatt while the othexr three grasses were established
frog transp’ants spaoed 45 = W o= apart. A8 Boon B the
poeéd had sepminated and the trapsplents had taken root, 110
kg B per bha were applied Lo all plote.

During the next three yeazs O, <25, 450 and &7) g K per ha

and baslc dreasings of 50 kg ??ﬂﬁ and TO kg I.EEI per ba, weaoe
applied annually to grasses oa both solls. Although the
experimental results in Section 4.1.2 had shown that statistieally
theze wore no differences in berbage ylelds of Chloris gay.:.na

(ev. Giant Rhodes) where niltrogen was applied in two, tores or
four dresainge, greatest yields were produced with four equal
dresoinge at four-weekly intervals. For this reason the
nitrogen in this experisent was also applied io four equal
monthly dressings, starting sith the firet good rains in Noweamber,
in an attempt to obtain the greatest possible «ffuct of applied
nitrogen on lwrbage production. Tie phosphsate and potash were
applied &iring Qotobex, belore the rains started.

Bach growin, season the grssses were cut by nand with g sickle

to & height of 5 ou above ground leve]l whanever they reachad
early anthesis. (onsequently the time and fregquency of cutting
varied between grasses and betwesn soil types. The herbage was
séighed soco alter outting and the dry metter coatenta weze
deternineéd from ovin-dried ssmplen. BSamples of dry berbage were
alec analysed for nitrogen content by the EKjeldahl method and the
gcude proteln content celoulated. By subtracting the smount of
nitrogen oootalned in the herbage of the grasees shere no nlirogan
wes applied from that where pnitrogen (225, 450 or 675 N per ha)

was applied, tie proportions of applied nitrogen recovered in
the harbage were ocaloulated.

The eifecta of the two solls on the three-year sean harbage
ylelds of the grasces were sscessed by etandard F-tests using

a split-plot analysis in which soils were gompared with a whole-
plot error term comprising the mesn square for euils x replications
within soils, and Lhe otler sffeots were compared with a sub-plot
error term comprising the mean square foxr soile x nltrogen x
grfespes x replicaticns,



Resultn

The eifectr of applying diiferent amounts of nitrogen on the
herbage yields of the four grasees growd 1r the sandy e0il

derived from zrenits aze shown in Filgure 6,

On the granite sand, Mugugs Star produced the greatest wean
amount of herbage (7 45U kg per ha) followed closely by Ermelo
Love (7 250 kg per ha) then Viotoria Falls Panicum (5 630 kg
per ha) and Bushosn Mipe Panicum (5 58V kg per ha). The former
two grasses produced significently more herbage (P < O,u0n)
then the latter two.

The maan effeot of applylng nitrogen to the ygrasses sas to
inorease herbage producilion although ineresents in yleld
diminished with e#sch sucoesslve inorement in nitrogen applied.
Yields of the individual Zrasses teénded to increase with
succegelve increments of nitrogen applied and the reaponses of
Muguga 8tar and Ermelo Love ware gowater (F -:;_u.,n'.ilfr} than thosa
of Viatoris Falle Panlcusm and Bushman Mine Penicum.

kResponses of the grasses in 1967-66 and in 1909=70 %o applied
pitrogen were very similar to the three=)ysar mean responssa,
Yields of tim fndividual grasses tended to increase wmith
succeasive increments of applied ritrogen thougn yleld increases
teaded to decrsass with each addiiional ingresent of nitrogen.
In 1967-08 and in 1968-69 the responses of Muguga Star and
Erselo Lowve were greater (P &4 U,05) than those of Victorlia
Falle Fanloum and Bashman Mine Penioum.

Herbage yields in 1967-68, the year following establishment of
the gresses and also a year of low rainfall (Appendix 1) were
generally lower than in 1965-69 and 1969-TU. Tie greatest
hervage yleld in any one year was produced by Vioctoria Falle
Panicum with a yield of 13 930 kg per hae

The effects of applylng different amounts of nitrogen on the

herbage ylolds of the four grawses grown in the silty clay soil
are shown in Fluure 7.
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Pigure 6. The eifeots of applied nitrogen (N) on the herbage yields in kg dry matter per ha of four arngaﬁa (G)
gromn in a eandy soil derived from grenite. Least significant differences 13 = 0,05 and P = U,ui
indicatad by vertioal bars. (Analysis of wvariasnce tables Appendix 244; 2.6; 2.8 end 2.10).
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Pigure 7. The effects of applied nitrogen (M) on the nerlage ylelds in kg dry matter per ha of four gasses (G
grown in a silty clay eoil. Least significant differences P = 0,05 and P = 0,001 indicated by vertiocal
bars. (Abalysis of variance tables Appendices 2.5; 2,73 2.9 and 2.11).
rasses (G
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On the silty olay soil the mean yield of Muguga Star (10 400
kg pex ha) was signiflicantly greater (p< 0,05) than that of
Busimgn Kine Panicum (8 960 kg per ha) and of Vigtoria Falls
Tanicum (8 060 kg per ha) and significently more (P < U,001)
than the yield of Ermelo Love (4 730 kg per ha). PBushaman
Mine PFanloum and Viectorls Falles Panioum produced significantly
wore (P < 0,05) mcbage than Eroelo Love.

The mean effect of applying nitrogen to the grasses was to
incresse herbage yields markedly up to the 450 kg per ha level,
Statistical analysis showed that up %o thir lewel of applization
hervage yields increased linearly to applied nitrogen bat
thereafter the lncrement diminiehed. Yielde of Muguga Star

and Bushman ¥ine Panious incressed with each succéssive incremsnt
of spplied nitrogen but yields of Victoria Falls Panioum and
Erselo Love deoreased with the last incresent of nitrogen.

The response of Ermelo Love was smaller (P < 0,001) than the
responses of the other grasses.

Aesponses of the grasees to applied nitrogen in 1968-69 and in
1969=T0 wore similar to those of the three-yewar mesn except that
in the latter year no differences in the responses betseen grasses
wore detooted. In 1967=68, the year following establishsent of
the grasses, differences in responses (P < 0,001) between Mugugs
Star and the remeining threée grassez were detected but in this
Year hirbagd yields ware gonsiderably lower than ln the other

two years. This was due @alnly to low zainfall although
Muguga Star wad not affectsd as moverely as were the otharx
thres gracoms.

The effvcts that soil type nad on the three-year wean yields of
the grespes are shown in Pigure 8,

The mean yield of all the greeses on the silty clay were groeater
(P < 0,01) than their mean yield on the granite sand. Three
grassen, namely Muguga Star, Bushman Mine Paniocum and Victoria
Falls Panicum produced moze herbage on the silty olay while
Ermelo Love produced more on the sand then on the eilty olay.
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The three-year mesn response of the grasses to spplied anltrogen
on the granite send and on the sllty clay are shown in Figure J.
ilec ahown are thelr estimated responses caleulated froa the
ruadratic regression model

‘!‘-n+h!-nﬂ£ whe ra

Y is the hoxbage yield, a, b and ¢ spre constants and N is ths
amount of nitrogen applied.

The aotual mean response ol the grassea to applied nitrogen was
greater (P < 0,001) on the silty clay toan on the granite sand.
Howewvur, on both solles herbage yields of the grusses increassed
(P € 0,001) with each inorement of nitrogen applied although the
inoreases diminished (P £ 0,001) with each increment of nitrogen
(Pigures & and 7).

The oaloulated responses of the grassea to appliad nitrogen on
both soils were very close to the actual responses (Pigurze 9].
Uaing the regression models in Figure 9 tne gmounts of nitrogen
(¥) theoretically required to produce maximum herbaye yilelde on
the sand (Y8) and on the colay (YC), were caloulated

YS = 2324 + 20,64 N - 0,01716 H°
2L
Therefore T3 is at 2 naxinas when § = E—&%H

¥ = 601 kg §H per ha

TC = 1994 + 29,60 ¥ - 0,02224 N°
Therefore %YC is st a meximsum wheno § = 'fll&%q.ﬂ
L]
E = 665 kg N per ha
The theoretical bherbage yielda with 601 kg K per na on the sand

and o65 kg N per ha on the silty clay were 8 53U and 11 643 kg
dry matter per ha, respectively.

The orude protein contents of the grasses on the two soils with
the various asounts of nitrogen applied, are shown in Plgure 0.
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Flgure 1U. The elfects of applisd nitrogen {l_] on thw thAree-year a<an
crude proteim coatent of four grasses (G) expressed as a
peroentage of dzy matber. (Anmlyels of variance table
Appendices 2.13 and 2.14).
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The crude protein content of =1l the gra=sses increéased in
propertion to the ssount of niirogen applied on coth scile.
Alec, the mean crude proteln gaontent of all the grasses w=as
similar at cach level of nitrogen spplication om both soils.
For exzazple where po nitrogen was applied it wes 7,2% on the
sand and 7,4 & on the oilty clay, =nc where of5 kg N per ha
was mpplied It was 14,2 £ and 14,9 % on the sand and silyy
oley, respictively. pifferences between grasses were detccted
on the sand in the relatlopship betseen crude protein content
and applisd nitrogen. This difference mas due to the lower
grude protein content of Jushman Mine Pacicum compared with
the other tlree grasses, There mere no such differénces

vateween Lo srasses on the ajilty clay.

The «moant of nitrogen recovered in the herbage of the greossos
axpressad ap o percentage of that applied is snown in PAgure 1.

The smount of applied pitrogeém rocovered 1n the gralses on tha
pilty clay -se sencrally greater than on Lie sund. (o the

sand toe groulioot mean regovery of nitrogen in the graases waa

5743 3 woere 225 kg N per ha wers applind. On the silty clay

the greatest mean rate of recovery was 45,6 % where 450 kg N

per ha wer? applled. Thére was Omw vxception to the gencral result
on the sand and one on the silly olay. ©On the sand Wu.uga Star
recovered most nitrogen (42,0 %) wiere 45U Kg N per ha were

applied while on the silty olay Bushoan Mine PFunicum recovered

most nitrogen wiere 225 kg N per ha were applied.

Dlsgubsion

The eaxperimontal results clearliy show the sell known effect

that applied nitrogen has on producticn of prass héroase and

tns rasulte ore in keeping with the findings ol cther workors
vlswwnare in the world (Fribourg, sdwards and Barth (1371), Olsan
W197%, 1974 ), Edwards and Mappiedoram (1972), 5g (1972) ead
Mathias, Beanett and Lundbery (1975)). The resulis ars also
sinilar to those of other workers in houesiu, notaocly weinsann
(1950,9964 ), Anonymous (1953,1954,1438 ), Addison (1356u,b, 1558 a,n)
barnes (176U, b,0), kill= (1952) and Clatsorthy (1907). The



The cruvie protein coatent of all the grasses lnoreasea in
proportion %o the smount of nltrogen appiied on voth solls.
Also, the aesn crude proiein content of all the grasses was
similar at asch lewvel of nitrogen applicetion onr DOth BOlls,
Por exasple where no nitrogen was applied It was J,2% on the
sand and 7,4 % on the ailty elay, and shere o]5 kg B per ha
sas applled it was 14,2 £ and 14,9 % on ithe sand wnd ailty
clay; reppeotivaly. pifferénces beatwden grasces wepre detegted
on the sand In the relationchip betesen crude protein cantent
and applied nitrogen, Thia difference wgs due to Lhe lowep
crude proivin content of Bushman Wine Panicum compared mith
the other tlxee . resses. There were no such differences
petwean Lhe greuses on the silty eclay.

The smount of nltrogen recovered in the heroage of thé grasses
dapressed as . perocentage of that applied is snoesn [In Pgure 1.

The amount of applied nitrogen recovered irn the grasses on the

slity clay -am jsnsrally grester than on tie Gand. 0n the

dand the greuteot sesn regovery of nitrogen in the graones was

35102  where 225 ke H per ha swre spplied. On the wilty oclay

the greateol pean rate of pecovery was 45,6 % where 400 kg N

pET e were applied. There wam one exception to the genevral result
on the sand ognd one on the silty olay. On the sand Mu uga Star
recovered most nitrogen (42,0 %) wrere 450 kg ¥ per ha sape

appliec while on tne silty clay Busncan Mine Fanicum recovered

most nitrogen wni=re 225 ky N per ha sere applied.

Discusslon

The experimental results clearly show the sell knows effect

that applied nitrogen has on procuction of grass heros.e and

tne résilta are in keeping with the [indings of other sorkers
elsesnere in the world (Frdbourg, sdwards snd Bartn (1971}, Olszen
(1472, 1974 ), Edwards and Happledcoran (1972}, »g {1972) and
Matilas, Bennett and Lundberg (1973)). Dhe results are alse
similar to those of other workess in focesia, aotsoly Welnmann
(155U, %264), ﬂﬂﬁrlﬂu: (1953,1954,1950 ), addison (1256m,b, 1958 5,0)
Barnes (156Ls, b,e), Eiliw (190Z) and Clatworthy (19e7). Toe
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resulty of the ghogesian workeérs showed that heroage pruduution
{rom granuon grown st grasslz=nds aod Henueraon Research Stations
stere almilour dcespite the fucl thut solls were different and one
Llatlion Jo ub a ligher wltitude than the olhep, The eXxps Clmints
nos beify Jdiscussed were dope oo teo dirfersnt woll types in a
similar environpeant. The results apowed that thw respon.es of
the four gravpes to applied nitrogen differed octesen the two
Holl types. iJo Ehe prublte sand LOE sFdcEBE produced Shasler
agspunta ol lortbhuge then they did oa The aility clay scil, cut
di.lecenoéas ooly became sppucent shen more thao <) hg N per na
mire applieds

desulta indicuted that oot more than 2<) kg N pér ha should be
applied %0 drylanc grase pastires on yranlte sand sod tails agrves
with Anonymous (1754, 195%) Lindingu, Wit such applications of
nitrogea, between O U %W T VWU kg dry herbafe per e are Jiawly
L0 be harvested sonuslily, contuining wpproximately 1U 4 crude
protein and therefore sesulting in approxizately 3 » of the
applied nitrogen belng Tecow=rpad.

On tie eilty olay the grasses responded signifizantly to nitrogen
spplications of 45U kg N per na sod the resclts agree with tuose
of Qlatworthy (1:07), Pribours, Edwa:zum and Barth (1T}, Ldsards
and Mmappledoram (1:72) and Qleen (1972, 1974 )e Hervage yiclds

of three yrusses, Muguga Star, Busncen Mine Pacicum and Vietorias
Palis Panigus, particulazly in 1960-069 and Tyt =TU, were similar
to those cbtained in other eaperiments roporbed in Seption 4.1.1.
These grasses produced @ mean of 11 3TV ke Ary herbage er ha
wileh contulned 13,2 4 erude protein, resulting in 1o 5 of
spplied nlirogen belng recovered. Thews results comymre favourably
siti those -f workars elesshere. Por exanple wultney and Green
(196#) an. Qlsen (1974 ) reported crude protein contents of 10,0
and 11,1 % respectively, in gresses fertilized sith approximately
45V ke N por has while Ng (197¢) and ysthias, Bennctt and sandbezy
(1973} zeported apparent nitrogeo recoveries in herosge of 25,9 and
42,0 & respectivaly, at similar levels of applied nitrogen.

Toe elfect that drought can have on grosth of nevly-established
grasden is indicsted by the much larger ssounts of h=rbage



bervested from older pastures, particularly on heavy sciln,

Por exzasple im 19c7=b8, the year of low rainfall, thres=year-old
pastures ol Kugugs gtar gnd Bushswen Mibe Panigus fertilized with
450 kg ¥ per ha on the silty oclay soil, rielded it 370 sand 15 330
kg dry harbage per ha, respectively (Section 44+11), nhile in
these experiments the ocne-year-old pastures produced only

11 750 and & B50 kg per ha,respectively (Plgure T).

Whan the experimental results were anslysed oo explanation gould
ve pdvenced for the generally lowsr hérbage ylelds of ihe grasses
on the sand o compared wita the silty cley. Possible ruasonas
were thought to be differences in the water relationships between
the two solila snd differences in the general plant outrient status
of the solle.

4.1.4 The effects of minor elements on herbage production af
CILEE9E

The =oil type ic which a grass is groen say elfect the magnituds
of response of the grass %o applied nitrogen. This was ahown
in the experisent in which the responses of Cyncdon nleafuensie
vars nlemfusnsls {ev. Muguga Star), Panioum coloratum {cve
Bushman Mine), P. zepens (ov. Victoris Falls) and Lpagrostis
gurvula (ov. Eraelo) to epplied nitrogen were measured on two
soils(Seotion 4.1.3)s The firet .hree gresses yielded
considerably more herbage on a silty clay soil compared with
their yielde on a granite sand. T exception was Erxuclo Love
grass which yleld=d more on the sand,

Differenocea in heézoage ylelds of grassea grown on various Goils
but regoiving eimilar smounts of applied fertilizers would
geoerally be asoribed to the inherent fertility of the soils.
In the expoeriment desoribed in Bectlion 4.143 large smounts of
nitrogen and normally adequate ssounts of phosphorua and potash
[or grase growth ware applled to the grasses on both soilm.

1t was therefore loglcal to sasunme that it wam not & deficiency
of one or more of themse plant nutrienis that caused ihe
differenoes in herbayge yields of srasses on the two soils.
Glsarly some other fector, or faotorxs, ward responsible.
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on the sranite sapd minor elessnt plant deficiencies hud been
obaerved in cropm (Rodel, 1558a,1909; #odel and hopley, 14TU).
Phis indicated that minor elepent deficlencies might have been
responsi ble for the low herbage yields of Mugugs Glar, Bushzan
¥ine Punious and Viotorls Pellas Fanicum on the sand. Ko reason
sould be pdvanoced Ifor Ermelo Love prass yleldlng, more h=roage
on the sand gompaszed with the siliy clay, but it is well known
that this grass favours sandy socils.

Experimental Objectives

The ouject of this experiment was tc test ihe hypothesis that
certsin mincr elegpents in addition to major plent putriects,
nitrogen, phosphorus and potash, might be necessary on the
granite sand for lerge herbage yields (more than 15 UOD kg
dry mattor per ha) to be obtained from gramses.

paterigls and Methods

Cynodon setiiopigus (ove No. 2 Star) was selected for ths
axperiment, In erperinments (Sectiom 4.1.1) on silty elay

goils it hed yielded 12 520 kg and 16 030 kg dry matter per ha

in 1905=06 and 196b-6], respectivelys: [During the same yearas

on granite sands adjecent to the experiment described in Seotion
8.1.3% Ho. 2 Star grass pastures had been observed to grow poorly
on smsll farmes where syotems of larnming suiltable for application
in African Tribal Azeas were belny investigated (Rodel and Hopley,
1970) .

The Star grass wae ¢mtablished on granite sand in 3,35 x 3,35 n
plots with 0,60 m pathways betwesn them in Kovember 1966.

During the 1966-57 growing season 170 kg 5, 950 kg Pinﬁ and 60 kg
E0 per ha were applied to sid rapid establishment. ]In 1967-68
and 1968-59 sulphur (5), boron (B), sinc (2a) and magnesium (Mg)
were applied separately and i{n combinastion and the effects of
thess on hizbaye production of Star grase were compared with an
untreated control. |Treatments were applied in all their
combinations in three replicates of four randomised bloghs with
treatzcnto arranged in g 2 4 faotorial accorzding to Coohran and
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and Cox's (1950) plan (6.4, replications 1, 2 and 3). In
thie demlgn cectain treatments weze pactially or completely

geafounded as follows |

Replicetion 1. 5B, 5 in Mg were partially confounded
Replication 2. § Za, 8 B Mg woere purtially comfounded
Raplicstion 3. 5 Mg, S B 4o were partially confounded

The treataent B Zn Mg was totally confounded in all three
replications and the sum of squares for this tresizect was
ingluded in the &rror sums ©of Eguares. Three snd four isctor
interactions in this experiment were not of great Importance
becaune of the difficulties of interpretaticn. Howawer, for

all the treatuents tha't were partislly confounsed the unconfounded
portiona of the suma of sguares were caloulated and are included
in the analysis of wariance (Appendices 2.15 and 2,16) so that

85 much information ae possible could be retrieved from theae
treataenta.

Sulphur was cpplied to appropriate plots as mingle Buperphosphate
(20 % qu5 and 12 % 8) at 450 kg per ha. Plots not receiving
sulpbur wore dressed with an equivalent awount of phosphoric
oxide an triple superphosphate (45 % P2D5} containing negligible
guantities of sulphur, Boron wae applied am fertilizer borate
(14,5 % BE) ot 11 kg per ba and sinc sulphate (22,7 % 2n) at 22
kg par has Flots that received no magnesium were dress=d with
caleitlc limentone snile those to which megnesium was spplied
“ere given a similer smount (560 kg per ha) of dolomitic
limestone (12 % Ms) of equal neutralizing value. In addition
all plots pegeived 430 kg N per ha as caloium asmonium nitrate
and 55 kg [lu pEr ha. All fertilizers and trace elementa were
applisd annually st the rates stated. Jitrogen was topdressed
®zch year In four equal monihly dressings while the other
fertilizers and trace elements were broadcast over the plots
during November «hen the rains dtarted.

In 1967-68 and 1968-69 the herbage above 5 ca was harvested
"henever growth attainea early anthesis, In the first growing
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segson, only 412 =m of rain fell (Appendix 1) and only one
harvest wey taken, on 4] Pebruary 1968. In the second groving
geunon 052 nmw of rain fell and harvests were taken on 24 January
and 31 Mareh 19&49. At ell hervests the [reshly cul heThage
wes weighed wnd the dry matser contents determined [rom oven=
dried samples.

Eoosulta

Phe narbage yields obtained during the two years are shown in
Tlﬂlﬂ 1|:|1-

Table 10. Tne sffeats of sulphur (S), boron (B), zine (In)
and sagnesium (Mg) on the herbaye ylelds ol Star
grass (ev. Ne. 2)in Ky dzy matter per bs during
1967=68 and 1968=69, (analysis of variance table
Appendioes 2.15 amd 2.16).

55] -68 l 1700-09
Blemant ' t algnificant Significant
absent | Present | effactes Ataent | Present effecte
5 4440 4680 A1 nen | 8270 | 9710 g **
- 4380 4770 significant| &750 9530
Zn 4650 44600 8630 9450
Kg 4550 4570 8610 3520 |
5 E % 270 61U
Goefficiont of
variation 4 16,9 19,2

The P-tost (Appendix 2.15) revealed that in 1967-68 the four minor
glements iad no effuct on the harbage yields of Star grass when
applied separately or in all their comabinstions. In 1505=-69
however, sulphur had a significant effect (P < U,01) on herbage
yields, inoreasing the yield from 8 ZJU kg per ha without sulphur

to 9 710 kg per ha with sulphur, No other slements or combinations
of elemdntes affected yilelda.
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1n 196 /=60 when little rain fell (appendix 1) the mean yield
over all treutuents was 4 560 kg per hs wnile in 19uu=69, a

yeur of average rainfall, it was 3 040 kg pur has
Discussion

0f the four minor elezents applied to star grass only sulphuy
affected the srowth of the grass, inoreasing harbage yields
by 1 440 kg per he in the sscond year. The nerbage yisld
with eulphur was 9 T10 kg per ha in this year.

on the silty cley eoils on Henderson Hesesrch Station herbage
yields of Star gress which received similar amounts of
fertilizers durlng the same two years were much higher than
those obtgined in tols expericent. Yields of 14 6%U kg and

1y B30 kg dry herbage were narvested from Star grass on the
silty clay in 1967=68 and 1968-69, respectively (Section 4.71.1).

The diiferences in herbage yields of Star grase on the granite
sands and on the silty eclaye during 1967-68 and 1905-65 shows
that desgpite the effect of sulphur on herbage production on tha
ganda in 1968-69, herbage yields were still 10 O3V and 1V 120 kg
per ha lower on the sand compared with yields in the silty clay
for thesa two respective yegrs., (learly, lfactora other than
gulphur vere limiting yielde on the Bands.s

It may be argued that silty clay soils are ipherently more
fertile than granite sands and also have g better molsture
holding cagpacity. Therafore grasses growing in thewm are
therefore likely to produce more herbaze. Aleo, that minor
elements other than sulphur, boron, sine and magnesiom might
nave besn deflielent although Irom obaervetions im 19bo=068,
molybdenum, copper, iron, caloium and manganese nad no visible
effeat on growth of Star grass on cranite sand shen applied

separately or in all their combinations (Rodel and Hopley, 1964 ).

The fact 1tuat adequate amounts of nitrogen, phosphate and potash
wera applied for grase growth and that there were apparently no



minor elenont defioiencies other than sulphur wmoich _acreased
herbage yielda by 17.4 » in the wnegond year, &ho%s that [actors
othwer than nutzisional ones were probably respoasible foxr the
low herba e ylelds, However, n¢ indication of shat these
factors were likely to be were given by tne results of this

ey perinent,

4.4« 5 Tie influenoce of soil fumigation on herue e ylelds of
LTABEaE

Bagecisental resclts inm 1967-68 snowed that fumigatin, the soil
sitn ethylene di=bromide to control plant pacaslitio soll nematodes
inoreased yields of cotton growlng on grenite sand (Hodel, 1ybca).
Tre increase in yield of cotton due to [umigation was eguivalent

to the effect of epplying 11,2 kg lertiilzer borute per ha.

But where bLgoron was applled and the soll fumipguied, tne effects
were not additive,

Hosever, if fumigation incressed cotton yields by coatrolling
plant parasitic nzmatodes LT sus not unreascaable to suppose

that it oould do the sane for grusees. Furthe roore, it was
known froc the worh of Hadlion {13&5] that certaln grasses

wire resigtant tc tne root-koot nematode, Meloldogyne Javanica,
and that Cynodon aethiopicus (ov. No. 2 Star) was s host.
Examples of the forcwr were Chloris gayana (ov. Katambora),
Eragrostis curvulas (ev. Ermelo), Panicum maximum ver. tricnoglume

(eve Sabl), Peopalum notatum (cv. Paraguay), F. plicatulum (cv,.
Beehive) and P. guenoarum (ov. Winteryreen) (Daalton, 1965).

Plant parasitiz soil nematodes might therefore nave affvated the
arowth ol Star Ko. 2 in the experiment described in Section 4.1.4.
Bhethar or not nematodes wera implicated might be detersined oy
comparing herbage yields of yrusses growing in a =imilar soil

but with ones site fumigated with a nematocide wnd one antanigated.
Complementary microseopic exmminstions of soil and Lrass roots
would reveal the species sad numbers of nemstodes present ia

theae media on the two sitea,
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If it were proved that plent parasitic socil nematodes arffected
the grovth of some grasses snd not oth&rs, then, clearly,
grasanm lor grased pastures wouid be selected from the fomer
group because they would probably be more productive, However,
gol]l fumigation is generally only a teEpOrary Zeasure because

in womt instances not all the nematodes are killed and survivors
reproduce to build up the soil populations =gain. While this
measure of control ie suitabtle for orops of short duration, for
#iapple tobacco and vegetables, it sould not e as eifective

for perennial pasture grasses because of its short ters effegt.
Experimental Objeotives

The objectivecs of this study mere to obeerve whether fumigating
the soil with a nematocide would influence the herbage ylelds

of ocertain gresees grown on gramite mand soile. If it was

founa that soil fumigation did infloence ylields, then
microscoplo examination of soil and grass roots would oe done

to estisute numbers of plant parasitioc nematodes present.

From the numters snd epecies of nematodes present soee indication
would be obtained of wiwther pematodes did affect grass srowth.

Materials and Methodas

In Jenuary 1370 two adjacent experimental sites of equal area
on a well draimed granite sand were ploughed. The land had
not been cultivated for the last 18 years and supported = Hp@TES
cover of indigenoun grasses, After ploughing, ons aslte of

16 x 24 = was [umigated with 1 kg methyl bromide per 20 nz
introduced beneath a plastic sheet covering the soil. The
plastic shuet wun remcved 48 hours after treatment. Following
treatment, 90 kg Pﬂ“: and 65 kg K0 per ha were applied to both
the fumigated ares and an adjacent area of €gqual size that had
not been fumigated.

Blght grass species were then planted on emch site, with plants
spaced 0,30 x U, ® apart in plots 2,74 x 2,74 m. FPlots wers
eeparated by a clear strip 0,91 @ wide. Plants were taken {rom
@ neavy clay soll where large herbage ylelds had been consistently
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ubtalned uud 50 toe plant sateriel wue escumeu to s free OF
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wepe appliad to tnam sll. During toe 1y (v=1 gcosing scason
430 kg § pur Ly was applied to all the grazses 1o four equal
mopthl; dreasin.s stecting on 1o Kovember 197uU. In LS sake
geugon the PIupcubl WeDd OUY W 5 ow above Around Llevel sacn tioe
Ehey regogliod carly anlOEsl B Woen @ glven spucies was cut in
bne fumi uted expeciment 11 eee wiB0 outl Lo 18 uniumifeted
axpetiaent,. Tie Presnl; cul @ rbage wes welgned «ou th- azy
patter confent weteroined [rom oven=driea samples.

During the 1471-7¢ 2roming scason Blallar fertaliccy treatnents
wEfE 1@, 080d O0 the @racses in botn EapEri.ents sxcEpt thut She

first topdscacings of nitro.en were given on T Wovember 1471,

Bervagt yiolds ol the grassés in tie two experiaents wese
statloticully comgared by tos X" test for ctreatuents X places

interacticns (Cochran and Coz, 130U) to deteraine waether soil
Fuplgution aifloctwd yields.



Twanty ooil samples were tawda froz each plot with a 2 om
internal diameter soil corer to a depth ol 23U g during
Fabruacy 1971 snd agaln in May 1972. These wére Dulked for
each grass nithin eaoh experisent. After careful mixing =
200 g sub-sample was extracted using & modified Seinhorat two
flask method (Goodey, 1963). The finasl nesatode suopension
collected from the faerwann sievéa was mede up to 10U mal, the
nunber of nematodes in a 20 ml sub-sample counted und the plant
paresitic forms identilied %0 genus wnd the others %o brosder
BTOUpS .

To determine root infestation by nematodes four plants wepe
dug up from each plot, the roots were cut off sud bulked. The
roots were washed, cut istoc 1 om lengths, mixed, and then a
2,5 & sasple extracted for three daym by Young's (1954) root
incubation methods The endoparasitic forms were¢ coanted and
identified to genus level (Shepherd, 1571, 1972).

Rainfall for 1970=T1 and 1971-72 was similar bot: in distribution
and smount recosded (Appendix 1).

Hesulte

Hezbage ylelds of tne grasses from the fumigated and unfumi,ated
exparisnnts aré compared in Table 11.
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Table 11. Yields of dry herbage in kg per ha harvested in
19Tu=T1 and 1%71=T72 from Brasses grown in anfumigeted
ol and Lo soll fusigited sizh methyl bromide in
1970s (analymwis of variance tables ippecdicas
E-'l-? gnd 21‘[:“:]1
Soll Bot ] 9oLl neSponee w |
Sl fumizatad fuanigated scil fumigution
197u=-T1 15T1=T2 | 19T0=T1 | 1971=T2} 15370-=-T1 ] 15T71-T2
Erselo Love 15 630 g T 7940 | 14 650 | = 7 049L] 4 4 HD‘
Babi Panicum 12 720 T 100 14 Q80U 4 810 | 4+ 1 36u]| = 2 350
Paraguay
Fagpalum 11 450 |15 08B0 | 14 350 | 1T U0 | ¢« 2 6bU] &+ 1 }p...Jq
Fintergrean
FPaspalum 12 540 | 10 Tou | 12 22U 9 WL | = 320] -« 1 &7U
No. 2 Star 13 T4 W AU | 20 300 15610 | 4 05001 « 5 ﬂtwl
Giant Rhodes 18 270 3 3% | 15 92u S T7eu | =2 350 = 1 010]

Viotorias Falls
Panicum

11 120 6590 |18 130 | 16 Tou | & 7 Uit ] +10 150

Bushsan Nine
Panicam 10750 | W 6Tv |22 5T0 | 1) 13v | +11 b20 | 4 2 46U
Neans 13 260 9 530 |15 690 |11 860 | o 2 490 4 2 350
C 940 | 1 270 930 530
LsD
F= 0,05 2 560 3 85 2 50 2 33
F= 0,004 5 520 T 740 4 BoU 4 a0
Slgnificant effects Yields unfumi.ated soil y
between unfumigated fumigated ;:;_l*: gl e
and fumigated aites 1970=T12 "= 15% witn 4 d.f.
\P< V,0u1)

197172 )%= 67 sith 4 4.7,
VP < Uyl
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Yields of Paraguay Paspalum, No. 2 Star, Victoria Falls Panicum
and Bushman Mine pPanicum were greater in boih years on the
fumigated site than on the unfuml sted site, though the increase
was relatively small for Paragusy FPaspalum end Bushman Mine
Panicum in the sesgond year. Although yields of Sabi FPanicum
from the fumigated site wers greater in the [irast year than from
the unfumigated site, they ware 2 350 kg per ha lowmer iu the
geoond yecar. Yields from the fumigated site dropped from 14 UaU
kg in the firat year to 4 810 kg per ha ir the second year.

in both years yields of Wintergreen Paspalum [rom unfumigited
poil were greater than from the fumigated soil, but ths differences
were not creats Although herbage yields of O0iant Rhodes wera
gréesgter o unfumigated so0il in both yearsa, yields on untreamted
and tregted soil were conasiderably smamller in the second year.

Ten generas of plant pargditic nematodes wera ideptified from the
soil extractions (Table 12).

S50il fumigsiion markedly reduced the numbers of parasitio
pnematodes presant in the eoll. In 1971 the mean numper of nematodes
in 8oll from the Fumigeted plots was ooly 14 nematodes per 200 g
of soil while there were 205 nematodes per 200 g of soil [rom
unfumigated plots. In 1972 there were 199 and 384 nematodes

per 200 g of soll from fumigated and unfumigated plots,
respeotively. By 197z the numbers of Pratylenchus ep. had
recovered in someé grase plots on fumigated sclil. Pratylenchus sp.
glao was the most numerous and widely distributed nematode,
although only few were found in the unfumigated Faraguay Paspalum
plote and it was not found in the fumigated pleis of this grasa.
Betwaen the 1971 and 157¢ samplings there was a two-fold increase
in the numbera of this nematode in the unfumigated soil and a
gixteep-fold increase in the fumigsted soil.

Only Pratylenchus ep. was found in the root samples inspected
in 1971. ©BSome other parasitio nematodes were found in 1972 but

they were present in wvery small numbers and were probably of
little consequence (Table 13).



Teble ii.

Estinaied mabirs apd guinre 0 ple=t parasitic asmstodes ln 300 g aoil sssples from unfcalgated asd fuslgatsd grass olo®w.

GRlASE COLTIVAN

PMaet parasitis - + -
tods genus Tear Ernale skl aTaguay WintECpTeEn Simmt ictaEis Tl TE ] Eescs all
T are ] mpal Bpalis tar § Pandosn LI OuE TakBsa

F ] , T EF E§ ) ¥ :'

Lylssorornynonus 1971 o 15 r ) 2 55 W " 33 )
1872 ;3 5 40 410 10 y 1] 33 L] 8
Ksloldagros B 45 o o
Wk 5 | 5 5 100 55 i @
gsutellonsms 1| &5 25 35 5 ﬁ By U o | 4* L
1¥7e &5 43 5 135 B0 | b | - ©
estylans 17 5 ' ! 1 ]
1772 g 5 5 i ¥ 5 p 1 1
Bretylengimae W | @0 13 130 10 § 24 10 % Wuo | ® - S &0 M | 1 19
1572 | 1o | 1% 335 175 5 iU 530 110 | 150 160 | 280 L% 5 o L 53
Aoylenoiulus 1571 10 2 | s | 3 | T 3
172 | 10 .4 ¥ 14 F* 5 i5 I 2 i
Exlgansmoides W | 35 3 1% 15 25 | 15 13 u
1572 15 5 | 1% 50 3 L
poigidorie 15T% 5 m 5 -] ' [ v

= Wi -
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Table 1%, Humbers of Pratylenchus sp. lound in <40 & of
roots Ol RTasses Growsn in unlumlguted sclil and

in soil previcusly lumigated wilh us tuyd Lromlide.

JeapOnae Lo
Sk ynfunigated soll Fumigdtud soil fupigeation
1971 1272 1574 1974 1271 1972
Exuelo Love 1132 12 ad O - W |+ 43
Sabli Puniounm 240 45 Ty 41 - 70 |- 4
Pucuguay
Paspalus 15 5 u U - 12 | = 3
wWintergroeen ,
Paspalun 113 % v N - 112 | + 152
Hﬂ- d .&;HI ?U 4“ ﬂ [ ¥ - ?u - Pl
giant Riodes 1 500 2u5 u 227 =1 53w |+ DSu
Vigtorla Fulls - )
Punicum 133 iu u ¥ - 1% |- 1y
Bushmun Mine :
Fanicum 145 100 25 éul - 120 | « 1Uu
Totals 2 335 459 [-1° d4b -2 155 | + 39
ieans €32 37 F3 1ub - 265 |+ 4%

In 1571 Pratylenchus ep. infested the roots ol all wight grasses
in unfumigated soil snd of only thres gravces In fumlgated soil,
and from thepe thres @rasses conSiderably fwwdr pratylenchus
nepatodes cere recovered than from the sace grelses on the
unfupigated site.

In 1972 fever jratylenchus sp. wmere sxtructed from thu roots of
grasves frow thu unfumigatea eite, than in 1971, especially from
Gient grodcas In the [umilgated elié, over tne Lwo yeare, the
roots of Paragusy Pespelum and Vietorls Fulls Punicum remminsd
uninfested, the roots of Wintergreen Pespalum, No. 2 3ter and
Glant Rhodea beceme infested, and the roots of Ermelo Love, Sabi
Fanlous s0d Bushmen Mine Fanicum rensined infested., Toes nusbers

in the zoota of Bushman Mine Panicun hed increused eigut-foid.
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Disguusion

brikseon (1972) reviewed the knomivdge ol effectes of plant
patasitic nioalodes on pasture gravses snd the economlc losses
that might b cxpected from infcstations of ailferent necatodes.
He noted thot various suthors had reported gress hervegeé loooed
of 25 to T0 4% due to nematode dessge.

Boyd, Schroder and Perey (172) found that gelonclalmus Spp.,

Trighodoras Sfipe, Fratylencius spp. Elnldmnl 8.psy CXicopesoides
8pp., Helicotylenchus spp., Hoplolalmus spp. end Hlinnhﬂrm:mqﬂ
S8pps+, 8re co.monly associated with forage grasees in ioe United

gtates. It greenhouse trials they found that dazage to rocta
ol grusees vo.led with temperature and the neastode present.

More recentl; lioveland, Hodriguez-Kabana wnd Bercy (1%72) studiea
the effects of Lregting Cine sand with methyl bromide and
cerbofuren on the growth of the gresses Festuca stundinecea and
Phalaris aguatlea. They reportec that Ln the secobe yeur berbage
yiaslds of e aruniinacea were inoressed by 107 p Oon Bang Lreuted
with me thyl oromide «nd by 39 & on swnd trewted mith curvofuran
while yields of F. agquatios were increused vy J4d and 17< %,
respectively. Howewver, populations of Trichouorus ohristiei
Tylenchoriynchus claytonis and Loploluimus galeatus increzsed

in the soil during the second year but thecealter numbérs of
these nematoles declined. The nenstodes destroyed the grass
roota below 10 oz and stand losaes ogourred during drougut.

The suthors concluded that the susceptibllity of the greasseg

to nématodeu contributed significantly to the poor purformance

of toe two grapoes out that other soll pathoyens may also hava
hed a demaging effact.

In this expurisent reinfall w=as sisilar in distribution and smount
in both yoars and was adequate for grass grostn (Appendix 1).

Thus the differences in grass herbage yields in 1970-T1 and 1971-72
are not likely to have been ceused by ruinfall. In adaitfion,
amounta ol nitrogen, phosphorus and potasn spplied were also
similar in both years, and results from previous expeciments
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indicated that minor elements were present in sulllcient
gquantitics for grase growth (Seotion 4.1.4).

The results suggeet that the increased grass herbage yielda in
1971 from the fumisated site might have been due to a reduction
in tha sisze of the plant parasiftic nematode population &9 a
result of moil treataent (Tables 11 and 12). The sean number
of plant purasitic nematodes in soil from fumigated plots was
14 nesatodes peor 200 g of soil (range O to 3U) while in soil
from unfumisated plots the =mean numler was 206 nesatodes per
200 g of soil (range 110 to 400). The mean harbage yield of
the grasses on fumigated plots was 18 % higher than that of
grasses on unfusigated plots (Table 11). Thic was despite the
fact that fumlgation bad an advezse wffect on the yleld of

Ermélo Love grass shich reduced the mean yield of the gresneas
on fumigated plota,.

I'ne mean horbage yleld of all grasses on fumigated plota decreassed
from 15 690 kg per ha in 1971 to 11 880 kg per ha in 1972 (Table
11). During the same tizme plant parasitic nemstodes increased
from 14 to 168 neastodes per 200 g of soil (Table 12). On
unfumigated plots herbage ylelds declinéd from 1) 280 kg pes ha
in the [irst year to § 530 ks per bha in the second and there was

a corresponding increase in nusbers of nematodes from 206 ta 344
per 200 g of seoil.

There were thres apparent instances of the relationship between
toe mean herbage ylelds of the grasses and the mean numbépr of
parasitiec nemotodes present Ln the soil.

(i) On fumigated plots the mean herbage ylelds of 2rasses
wire greater and the nematode population lower than
oo unfamigated plote in botha years.

(£4) On fumigated plots herbage ylelds of the grasses
were smaller in the second yvar cospared mita the
firet, while the nematode populations had increased.

\1ii)} Oo unfumigated plots herbage ylelds of the grasses

were alsc smaller in %he second yesr as compared =ith
tha Tirst. snd ths samsdsds st etdeam Bed ol cms 4o es e -



The relaticnships beteesn the changee in herbase yields of the
grasses ond the changes in soll nematode population between years
are illustrated in Plgure id.

Thers were throe exceptions to the asscclation between the changes
in herbage yvields and nematode populations and in all three cases
there are possible sxplenations.

Firatly, on fumigated soll Ezmelo Love grass produced consliderably
more heriage in the second year compared with the first, desplte

an increase in nemgtode nusmbera. In the first year growth on this
grass on fumigated plots was adversely aflscted by methyl bromide
(Rodel and Shepherd, 1972). By tlm second year this effect had
apparently disappeared and consequently the gruss grewm more
vigorously and produced more nerbage. Methyl bromide has been
obeerved to have similar adverse affects on the growth of plants
other than grasses (Laver, 1967 ; Richards, lETU}.

Secondly, the hearbage yield of Paraguay Peopalum ifnoreased on
treated soil despite a small inorease in nuabers of nematodes.

On untreated poil there was & small decrease in nesatode numbers
and a correspondingly grester lLuocreape in hervage yield., It is
knowen that this grass im resiotant to Meloidogyne Juvanioca (Deulton,
1963)« The faot that herbage yields increased on both treated and
untreated soll in the second year . diocates that Parsguay Pespalum
might be resistant to otoer nepatodes as well.

Thirdly, herbage ylelds of Victoria Falle Panicum on untreated
#s0il degreaced and there was s corresponding increase in nematode
nusbers. On treated soil, oematode nupbers remained the same
but there was a ssall decrease in herbage yield. Wiille the
nusbers of nematodes in treated soll were the same in both years
they might have been present in sufficient numbers to damage the
grass roots and therefore cause lower herbage yields,

The numbers of Pratylenchus sp. found in the rootes of the grassees
im 1571 in both unfumigated and fumigsted plots substantiates the
argumenta already outlinmed. Bowaver, in 1572 despite a decrease
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in nenatodes numbera in the roocte of gresses on unfumigated plots,
herbage yiclds were lower than I the firet year. On fumigated
plots an incresse in nematode pumlers in the grass roots wau

again accompnnied by a deccease in herbage ylelds. Pratylenchus

8p. was the moat aumeroun plant paresitic nematode found and
because of ite endoparasitic habit may cause severe root pruning.
1t is possible that the ousmulative elfect of this p2astode over
two years may have reduced Li® amount of roots and consequently
the yield of grassea,

Hoveland, Hedriguez-Kabana and Berrey {'IEI']";'::I found that the
populations of plant parasitic nematodes increased in the soil
up to the second sesson after treating esoil sith nematocides
and thereaiter declined. The results in the present i:pm:l.unr.
are in agreement with thie observation in so far as the soil
nédstode population incressed after fumigation up to the second
SEABON. The populaticn in seoll from unfumigated plots alseo
inoressed up to the second season but as no further estications
sere nade it is not known whether numbers deolined thereafter.
Thene suthors also observed ithat neématodes attacked grass roots
and casuped stand loasen. At the end of tne second sesson in
tiw expericunt being reported, Sabi Peanlouw, Qlent Hhodes and
¥Yictoria Falls Panicum on the unfumigated plots had pearly died
out while they pereisted on treated plots.

The evidencé presented here indicates that there sas an
asscolation between soil fumigation, plant pazasitiec nematode
population, and grsss yields in that, on fumigated soll, nenatole
populations wcre emaller ang gress yielde larger, than on
unfumigated soil. While it does not explain why berbage yields
on the granite sand were lower than on the silty clay soil in
the sxpuriment described under Sectiom 4.1.3, it does indicate

a possible reason for the lower yields on the mgnd. Howewver,
further research would be necessazy to confire this.
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4.2 purbaxe Produgtion, Shoot and Root Kues, Carbohydrates

anii Qrude Protein in Three Grasses of Dilferent Growth

Habite
1ncluded in the Il.pt:l:l.lnt descrived in Section 4.7.1 sherze the
nerbage ylelds of 30 grosses were compared, were grasses naving
either tufted, rhlisowatous or stcloniferous gronth habits,
Upon exsminition of the results it was found thut none of tne
highest yielding gresses had a tufted growth form. Tey wiére
either stoloniferous or rhizomatous. The highest ylelding
tufted grass was Punicus maxisus var. trichoglume (ev. Sabi).
This grass produced 6 080 kg dry matter per na compared with
17 69V kg per ha from Pgnicum goloratusm (ov. Busuman Mipe) the
highest ylelding etoloniferous grass, and 14 11u kg per ha from
EIIE.J.III. notatum (av. Pilq:lu.r] the nighest yielding rhizom-tous
grase. The large ditferences in berbage yields Letlwseen these
thrée grauvses indicated that apn examination of some ol tne
fuctors linking their growth habit with their yield might explain
these large Jiflerences. Herbage yileld of grasses is dependent
upon atored unergy and the size of the ¢pergy reservoir and this
may vary with growth haoit.

It i well known that changes take place in the crude proteim,
total available carbonydrates (TAC) and fibre ccntents in grasses
in relation to growth or regrowth al.ge, E€ason and treat=mnt.
Alap it is known that vigour and, therefore, the early
productivity of a grass after defoliation ia reluted to the Til
oontent of the prass, particularly in the roots snd stem baseés
(veinmann, 1550, 15613 Barnes 1960 a,b, 1961 ; Barnes and
Hava, 1963; Steinke and Booysen, 1508} Bartholomew and BooyBen ,
1969). Furthermore, an analysis of the principles of growth
reveal that esrly productivity is related to subsequent yleld.
Therefore toe spparent differences In herbage yislding sbillty
betwseen the tulfted, stoloniferous end rhizomatous grassed might
be related to differences in amounts of TAC stored ia thair

rocts and stem bases and to the rates at whioh those amounts are
depleted and replenished with growta and with defoliation
treatmenta. 4 knowledge of such changes during growth and
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development mignt explain the dilfferences ia toe herdase yielaing
gollity of the three grasses wmith different growth nacits and
also provide a basie for deveiopiag oound Ganagsnent prineigles
for thom. Accordingly an eaxperiment was done oan the taree
grasses with differeat growia habits.

Experimental Objectives

The primary objective of this work was %o cowmpare loree gracces
of different growth hatlts in terms of

(i) herbage produotion,
(i1} root and stem base mass,
(ii1) grude protein content of nerbage, roots and sten
bases,
(iv)  TAC contents of roots and stem bascs, and
Lf} the seasonal chnenges in the foregoing and the
effecta of varicus defolisticon treatments on
them .

Materials and Methods

Panicun maximum var. trichoglume {ov. Sabi) which has = tufted
growth habit, Psnious colorstum («v. Bushman Wine) which Ras a
stoloniferous growth habit and Paspalum notatuz (cve Paraguay)
which has a rhizomstous growth habit, were selected for the

experimant. It is acknowledged that these grasses may not be

the moat productive examples of each of the tnrwe growth nabit
categories but they were the three nighesti ylelding gresses in
ithe experiment desoribed in Section 4.1.1 representing éach of
ithe growth hablte.

The grasses were established vegetatively during the 1970=T1
growing sezson in plota measurinog 24,8 x 5,5 m in three
replications of & randomised blocks design. The plots wera
later sub-divided across their lengthn to acocommodate the wverious
treataents and megsurements. By the 1971-72 growing season the
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gTus5es wers well established anu recelved 450 zg N, SU kg quj
and 55 kg Hgn in this BedsSOn. The phosphste and potasn were
applied during Uctober 1977 while the niirofen wab appiled in

four eyual wonthly dressings silscting on 17 hovember 1:71.

1n all cases hervagme ylelds were estimated by cutting mE
guacrats to 5 cm svove ground level. The hervag® was weighed
and the dry matter content determined from oven-dried samplesd.
after cutting gquadrats all the nerbage in the plot was out to
5 gm and rewoved exgeyt where yrowtn was allowed to accumilase
unohecked. The crude protein gontent of the nerpage was
determined by the Kjeldahl method.

The roots und stem beces of the grasses were sampled by driving
g metal oyliader 15,24 om long with 15,88 ¢z internal diauwetur
into the top=scil until th& top of the cylinder was level with
the acll surface. Before sazpling, all free uerial stess weore
gut low Bo as to leave only tnelr bases intECT. Thezefore the
roizomes of Paragusy Paspelum, which Lrow on the s0il surlace
were inoluded with the root and stembase component, whereas

the stolens of Bushman gMine Fanlous were excluded. Tlw stolons
of Bushman jine Fanioum génerslly die otf during the dzy =eason
and planis regenerate themaclves from previously rooted nodes.
For tuis reuson the sltolons were excluded pepuause they were
unlisely to b important Blorage organsg ia this rase. Io the
gs8e of Sabi panicum the cylinder was sit=d &0 that a tult,
approdimately halfl toe diasméter ol the cylinder, was enclosed.
For Bushman Mins Panloum and Pargguay Faspalum the coylinder Las
placed over 4y ares apiforcly covered by toe graes mat, Two
suoh oylindrical soil samples mere tuken within the 1 mg puadrats
uged to uwesoure erbage proudction. Phe so0il BaL.les wera lulen
at, or jusi above, 801l level glter stews had been cut off gt
their DaBen.

Whtn re oved from the oylinder the soll cores wese imaerséd in
wagter until the soil wus saturated, The coarae roots and Biem
bases #&cre then separated from the so0il by w=as8hing over & 4,7 oam

Bleve Held oveér go wiutristor as described by Baroes LTFWE}-
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Thae fine roots that pessed through toe sieéve with the svil were
recovered by flotation and washing in the eiutriator.

pefore beln, snalyeed for thel:r T4C contenta, the roots and &tem
bases were killed by sutoalaving for five minutea at 34,5 kPa
pressare, than drled at 45°C and weigned. The materiasi was then
ground and stored in air-tight bottles. The TAC contents of the
rootes snd stem bases weze loter estimated by the sethod used by
weinmann (1947) except that clarese and not takadiestase wmas used
in the digestion proceass (Welnmann, 79613 Smith, 196y). The
crude proteln contents of the roots and steu bases were deterwined
by the Kjeldahl method.

Each lazge plot measuring 23,6 z 5,5 = was sJb-divided into

three plots mcasuring 7.4 x 4,4 =, Theese plols were a.located
at random tu ome of three treatments.

(1) On¢ plot was used to mesoure the undisturbed growth of
the grasses by hazvesting 1 :E guadrats serially at
monthly intervals for a year starting on 15 Hovember
1571. Immedistely followicg the monthly harvesta two
aylindrical soll samples were taken mithin the guadrat
areg [or dqetermining root and stem bao® mass.

(ii) One plot was used to meéasure Lhe herbege yields of the
gruseés when defoliated infrequently. This wae achleved
by cutting shenever the grasa reached sarly enthesis.

For determining oot and Atea Base Bads, two gylindrical
soil semples were taken mithin the guadrat area
immediately sfter the herbage sam out. Harvesting of
the herbage was done between 13 November 1971 and mid-
April 1972, by which tine growtn had pecome negligible.

(i1l) ¢Omne plot sas used 10 measure the herbage yielding shility
of the three grusses under severe defoliation. This sas
done by cutting them at three-waekly intervals throughout
the growing seamon lasting [rom 13 Jovember to mid-jppril
1972. Por determining root and stem base mass, soll
samples ware taken as in (ii).
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A8 alreudy stated plots were replicated three times snd
statistical snalyses woare done shere possible.

puring the 19T71-72 growing scason 901 ma of rain fell wnich was
well distributed (dppendix 1).

Reaultes
(i) Changes in the undisturbed growth of three grasses

The changes in berbage masa and crude protein conteat of the
three gracses over the year are shomn in Flgure 13.

At all times Bushman Mine Panlcus accumulated more herbage than
the other two grasses atiaining a maximus in mid=-4prils For
about six wedeks after mid-jpril the amount of standin, Buahman
Mine Panicum herbage decreased after whicn it remained st
approximately the zame level until early Ogctobar mnen it began
to aocusulate again.

Sabli Paniocum and Paraguay Paspalum accumulated similar amounta
of herbage which ware at near oeximum by the end of February.
For nine weeks miter this there was little change in the amount
of herbage of botn grasees mhen g ounte uecreased to the end of
May. Thoreafter amounts of stancing heroage remained at
approzisately the same levels until late September when herbage
began to scoumulste again.

The grude protein content in the herbage of all three grasses
degreased in the mannér normally expected in undisturbed growth,
That io, ad the nerbage became more mature as tne sepson advanced
#o the crude protein gontent becwns less. [Early in the growing
seaeon it wao on average 19,4% of the dry matter of the three
srasses, by the end of the growing eeason it was 14,0s and in
@id-dry seamon in July 1t was 8,5%. From the beginning of
Pebruary onwarde the level of crude protein in Bushoan Mine Panicus

herbage was lower than that in the herbage of 5Sabi Panicum and
Paraguay Pespalum.
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Figure 13. amount of herbage in the undisturbed gzowih over onae
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vesssssnse Paraguay Paspalum (rnizosatous)
mmeme=- Sabl Punioum {tufted)

—  Bushzan Mine Panicum {steloniferous)

T Dates when 112 kg § per ha applied
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The seasonal changes in the mass of zoote and stem basea sod
of toe totsl available carbohydrates (TAC) and crude protein
gontent of roote and stem bases lrzom three grasses sllowed to

grow undisturbed for one year, are shown in FPigure 14.

Although the mase of roots snd stem bases per unit voluse of
top-soil fluctuated from one swnpling to another in all three
grasses, probably due to pesmpling error, the overall veriation
was reletively small. The zean masses of roots and atem bases
per unit volume of top=soil were 535,24y 67,7 and 41,% g for
Paraguay Paspalum, Sabi Panious and Bushoun Mine Panioum,
respectively.

Changee in the TAC contents in the roots and stem bases varied
between grasses and as the season progreesed. The TAC content
of Paraguay Paspalum remained at a relatively hign level
throughout the year compared with tnose of the other two grasses,
particularly Sabl Panicum, and had a mean value of 1<,1%.
However, there was & fall-off in TAC content ln Paraguay Paspalum
from the end of December to mid-Pebruary after winich it inoreased
dgain resching a maxious of 16,2 in July.

In Sabi Panious and Bushman Mine Panicum there mere definite
seasonal trendes An TAC content of roots and stez bases. In
both gprassas the TiC content wmas at a low level gduring the growing
season and ranged from 1,0 to 4,4% of the dry =zatter. From the
end of the growing season in mid-April toc the end of Kay, there
®as a very marked lnorease ln e TAC gonitent in te roois and
eten bases of Bushman Eine Penicum. The content then recained
at a relatively hign level ranging from 7,4 to 1U,4% of the dry
matter for the resainder of the dry season, with an apparent
slight fall=off during Qotober with the approach of the new
HEOWiNg oanBons In Sabi Panioum the increase irs T4C content
did not coour until mid Ary season in July and the increase was
snall, relative to the ingrease 1n Bushman Mine Panicum,

The crude protein oontents ip the roota and stem bases of all
three grasses wers aimiler and remeined at similar levela
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soil, and totsl avallable carbohydrates and crude protein

content of roots and stem bases, from three Edrasses allowed
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throughout the year except for a siight increase scon after the
Btart of the growing seapon. T mtan orade proiein contenta
in the roots and stem bases wepe 1L,13 Y,4 and 9,86 of the dry
matter for Sabi Panioum, Bushpan Nine Panicum and Paraguay
Faspalum, respectively.

[11} Herbage yields and changes in the herbage, roots and
stem bases of three grasses cut at early anthesis

The total heérbage yields of the three grasses out whenever they
reached early anthesie, crude protuin gontent of herbage, root
and stem base maes, crude protein and TAC content of roots and
etem bases, are shown in Flgure 15.

4ll three grasses reached early wntheeis on three cocasions
during the growing season when thelr herbage was harvested.
Bushman Mine Fenicum produced significantly more berbage (P<LU,01)
than Sabi Panioum.

The mean orude proteio contents in the herbage wezd 13,45 13,7

and 16,2% in the dry matter of Bushman Mine Fanicum, Paraguay
Paspalum and Sabi Penioum, reepectively. Tk wariatiom in érude
protein conient in Bushman Mine Fanicum e rbage was greater thap in
the other two prasses.

The mess of riots and stea basens per unit volume of top-soil of
the three graasses tended %to increase from the firat to the second
harvests and tnea to decrease to the third narvest. Thie
indicates that treatment affected the sass of roots and stem
bases of the three grasses per unit voluse of top=soill and that
toe effect was more marked in Bushman Mine Panloum and Paraguay
Paspalum than in 5abi Panicum. Paraguay Faspalum had a grester
(F< 0,05) sean mass of roots per unit volume of top-soil than
elther Bushean Mine Panicum or Sabi Panioud.

The crude protein contents in the roots and stem baeses of the
three grasses were siamilar throughout the growing season, the
swan contents being 3,14y 3,74 und 3,28% of the dry estter for
Paraguay Paspalum, Bustwan Mine Fenioum and Sabl Panious,
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The TAQ content in the roots and stem bases followed different
patterna between harvests end thers were large ditferencea in
gont.nt at the firet harvest. At fizst harveat the TAC content
in the roots and stem bases was 11,4% in Paragusy Pespalum, 35,9%%
in Bushman Mine Punloum and 1,4% in Sabl Panioum. Thereafter
the TAC content in Paraguay Paspalum decoreased markedly betwaen
harvests, that in Pushman Mine Fanicum decressed slightly betseen
the [irst and se¢ond harveots and then inoreassed again by the thiras
harvest, while in Sabl Panicum it remained at a siailar level
throughout. There was & greater (P« v,u01) sean asount cof

TAC (7,%) in Paraguay Paspalua roots and stem bases than in the
other two grasees while Bushman Nine Faslous had sore (PLU,U01;
3,%% TAC) than Sabi Panicum (1,2% TaC).

(111} Herbage yields and changes in the herbage, roots and
stem bases of three grasses cut at three-weekly intervalas
during the growlng season

The effecis of cutting the three gresses at three-weekly intervals
during the growing sesson on herbage production, orude protein
content of nerbsge, root and stes opase mass, crude protein and
TAC contents of riots and stem bases, are snown in Plgure 16,

The grasces were all cat seven ti-<s between 17 November 1979
and 12 April 1972.

Paraguay Paspalum yielded 1,9 kg dry malter per u® over Lhe
growing season while Bushman Mine Panicum and sabli Penioum both
produced 1,4 ky per mE. The differences were not significant.
For the firaf two harvests Bushman Mine Punicum produced more

herbage than Paraguasy Pespalam but thereafter the reverse
obtained,

The crude protein contents in the herbage of tne drasses when
out at tirve-waekly intervals (Pigure 16) were generally, but
not unexpootadly, higher than where the grasses were cut at eaxly
anthesis (Pigure 15). Gabi Panioum herbage contained a mean of
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2%,2% crude protein, Bushman Mine Panicum £2,T# and pParasuay
Paspalum 17,%: of the dry matter. Tha former two prasses
contain.d significantly more (P« U,U%) crude protein than the
latter grasa,

Parasuay Paspalum again had the greatest mésn mass of roots and
stem bases per unit volume of top-soll (Tb,6 g per unit vuluma]
which was greater (P« 0,01) than the other two Brasses. Sabi
Panicum had a greater (P < 0,U5) mean root and stem base mass
(48,9 g pexr unit volume of top-scil) than Bushman Mine Pani~um
(35,8 & per unit volume of top~scil). The root and stec base
mass per unit volume of top-soil of Paraguay Faspalum decreased
ovar the first six,three-weekly samnplings and then increased.
There was scme variation in the root and stem base masses per
unit volume of top=soil of Sabi Fanicum, the third and fifth
panplings being highear than the others. The root and stem
base mass per unit volume of top-s0il degressed cver the first
three samplings and then increassed slightly at which level it
remained for the reat of the spampling period. The pattern of
variation in the mass of roots and stem per unit volume of soil
was howaver, very similer to the variations cotained over the
same poriod (B December 1371 to 12 fpril 1972) whare the gras=ses
were allowed to yrow undisturbed (Figure 14 ). This indicates

that the variationa were true ana were not due to sampling error.

The crude protein content of the roots and stem bases of the
thréea grasses wera very similar over the sampling period, and
also very similar to those obtained over the same period where
grassesB were allowed to grow undisturbed (Figure 14]. The maan
crude protein levels in the roots and stem bases were 9,6; 8,5
and B,1% of the dry matter for 5abi Panicum, Psraguay Paspalum
and Bushman Mine Faniocum, respectively.

The mean T4C contents in the dry roots and stem bases of Paraguay
Paspalum, Sgbi Panicum and Bushman Mine Panicum were 9,05 2,3
and 2,% respeotively) the value for Paraguay Pespalum being
gignificantly greater {p{n.umj than the values for the other
two gresses. The varistions in TAC content in the roots and

stem bases of S5abi Panicum and gushman Mine Panicum over the
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Bampling period were suall but silh Paraghay pespulus lecpe
differences ocourEred. Duzring the [irot turcve=-weed period the
TiC eont 5t 44 bhis latisr gruss Jnocreasbed i Lisu -LE decresued
cersedly until lete Februwry snd tlecealter looreysgd ugain to
the end o1 uhe osrvesting pEricd desplie tee Intenue Jduloliation
treatment. 4 compurison ol the TAC contents Jo toe foota and
oteln bapes of gll Lhsee grosses whers toney wer® aliowed to prow
undiwturbed (Pigure 14) end wbcre they wuré Lurvested ol Lirces
weenly iotervals (Pigure 16), snoss that they were sicilar both
in amount and in the pattszne ol inoreases aud decrecses in
content over the period & Deovmber 1971 %o 12 Apcll 197é. Tnis
sas despite thc faot thatl in toe [irst Cece Wrasleh Were ullowed
t0 or0s nalurally shezeas in tie latter they sese sudjeoted o

a severe déefolistion treatment.

Discucsicn

Subl Panlcum, Busiwman Hine Fauloum and Perapua)y FeBpalum were
used in tols stuoy Decause of thelr disferent grosts Lecits
shion may be related tu thelr herbuge jiviciug soilitica as
indicated Dy the results Ol Lhe cxperioent re.ortsd io Section
4:1.1. It wes possible that the relstionsbdp owteden tncir
uerbage yiclding ebllities .od geosto nebit migal be txpleined
by the pwounis ol Taf in the goots an @tes Dasws of tmw
@iifezent grovtn foruws eod that tiwe avesohel paiterns ol
depletion and replenisl@ment ol these might oe allected by
diditvrent velfcllaslion treatments.

Pn@ results siwow that there were 2arked dillerences Letue.n the
grasses 1n scounts of PAC present in their rools gnd ales babes
and in toe messonal crends of TAC. although there ware verious
inoresses unu decresdds 10 the [0 content of the zhlzomatous
@reds Paca.uay Fespalua whwn 1t was allowed to grow for a yuar,
tlere wae no definite trend wnd Uk content reveined st @
relutively hig. level throughout. ‘elonenn end Goluswith (154¢)
found that thuze were alse no definite trends witn & roizosstous

cultivar of Cynodon dactylon, and Barnes (1ybUa) lousa me

definite trends witn the stoloniferous gras=s Cyjuodon astnic).cus
—-—-—-h_l—n
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{ov. Ho. 2 Btar). Howsvwar, in the experiment being reported
there were definite seascnal trends with the stoloniferous

prase [ shman Mime Panloum and with the tufted grass Sabi Panicum.
Therafora grasses with the same growth hapit, for example

Bushman Mine Pacicum snd QCynodon aethiopleus (ev. Ko. 2 Star),

do not nmecessarily have similer s=asonal ftrends in reserves,

The seaponal trends in TRC content in Sabdi Penicum in this atudy
wae similar to that found by Barnes (1y6U &) but the increase
in content ococurred in mid-dry season and not in the early-dry

BEEBOMN.

Where the grassea were gut at early anthesis (Figure 13) the ranking
in yield was the same as that observed in the experimsnt desoribed
ipn S5ection 4:1.1. (Bushman Mine Panicum afain produced most
herbage followed by Peraguay Paspalum and thenm Sabl Puni:um}.
However, vwhen the graBses were harvested at tiree-weekly interwvals,
Paraguay Paspalum produceéd most herbage with Sabi Pandoum and
Buahman Mine Panicum producing similar, but lower ;ields (Figure
16} This reault indicates that Bushman Wine Panicum was
affected adversely by the more frequent defoliation and its herbage
yield was Eﬁ.ﬁ} less oompared with ite yield when cut at sarly
anthesis. Furthermore, the TAQ content in the roots and stem
bases of Bushman Mine Panicum werpre at a slightly lower level at

the end of the three-weekly harveating period compared w»ith the
level where it was harwested at early anthesis (Flgures 15 and 16}.

1n contraet Puraguay Paspalum sppeared to be adversely affected
by being harvested at early anthésis s ite herbage yield was
24,2% less when out at sarly antheais (Pigure 15), compared with
the yield vhen harvested at three-weekly intervals (Figure 16).
The TAC content ln the roots and stem bases decreased sharply
where Paraglay Paspalum was out at early antnesis {Figure 15),
but al though the trend was similar where it was cut at three-
weekly intervals, the fall-off was oot as great end the content
recovered agaln towards the end of the harvesting period {Figure
16). Ideally, @ grass should have a high TAC content in the
roots and stem bares at the begloniog of the al0WiNg BEgE0N0 80
that it can draw on these for rapid growth and developuent.
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Whan thie cogurs the TAD content would be expeoted to fall,
shich ig sccuptable provided the TAQ content is restored to

@ hig” level by the end of ihe growing season. This definitely
oocurred in Tushmen Mine Panicum and in Sabl Panicum,. It
apparently eleo ocourred in Peragusy Paspalum as there was a
riza ia T47Q sontent [rom mid-to-late growing S&EE00. Howmewver,
this was pot so ocbvious in this grase as it wae in the other

WO grassed. Where the griusees were out @t early anthesis only
Bughmgn Mine Panigum showed any lncrease in TAC content at the
end of the season while only Paraguay Paspolum showad any increase
where the grasses were cut at three-weekly intervals (Pisures 15
and 16).

There were marked differences beiwden grasses in the mass of
roota and stem bases per unit volume of top=-soil with the method
of sampling used. The roots and stem bases »e€re not separated.
Therefore the relatively large mass of roots and atem bases for
Paraguay Paspalum was probably due= to & larye proportion of
rhizomee In the samples. For this resson and begause only a
small part of the root aystews of the grawses wére sampled these

resul ts must be treated with reserve.

¥hile the gxperlmentsl results show that there were warked
differences between the three grasses with different srowth
habitdé they do not explain the differences ion their hervape
¥ielding abilities. Clearly any studies of this nature should
inglude the whole plant, both below and above ground, and beasides
me&asuring herbage production, root and elem base mass and the TiC

content of these, the efficiency of the photosynthetic tissue
should alao be studied.
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d:5 Phe gffecta of Grezin. 00 Crasadd

5.1 Preliminary coservation tzlals

Before 196% it hed been found at Henderson Hesearcn Stetion tmet

grloris goy.ou (ov. Glant Rhodes; pastures furtilizad with 1ul Eg
§ and 45 kg Fa?ﬂﬁ par ha bLsd a ecarrying unp:-.;it,f of £, yearlings
por ha durin, the gzroming sesson (Anonymous, 1951, 1502, 1963).

The nerbuge yields of up to 1) 47U kg dry satier ger no cbtuioed

by Clatworthy (1yo7) from Chloris geyans (ov. Glant Ehoaes)

fertiliced cith 450 ks ¥ per ba indicated thet! cuch bkevier

stogkin, tion hitherio i@ os:=d o0 grs-3 pastuzes might bk poBsible.
Et segs regsoned that if a yearling Bleerl CuLOUNEd ApPrOXilsiely

1 kg of dry beroage daily, & necbege yleld of 13 4| kg yeZ La

pEE annum should provide for 1 210 steer grasing days per na.

Berelfore 1 ha of pasture shoulc provide the [crage zeyulrencnts

for sopout 12 steezs [ TUU dayes during the grosing ﬂtlIﬂl:I;Jt

To test tiis hypothesia well-eatablished pusturesa of thres grosdes
Chloris gayans (cv. Qisnt Rhodes), peckeropsis uniseta(ev. Mutal)
snd Panicus repens (ove Viotoria Falis) were Lfertiiiszed sith <3
kg N and 50 kg qu‘j duping tie 1964-05 grosing sesson. The
nitrogen wis applied in thrée egua. wonthiy drecsingm. Trs
pBatures wére yrezed on g sdt-stockud bawle with 12,5u yearling
gteers per ha Letwedn 10 DEcember 1464 and 16 Félrdarzy 1505 alter
whigh growth of grafd wad nigligitle begsusd little reinm fall
(Appendix 1). FPor thls resson a fourth planned sressing of
nitrogen vus noet applied. Jesplts Ld sncrt grosing scuson

the ateers vore carried satisfactorily oo the pustuzes (lable 14).
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Table 14. MNean body mass gains in kg of yearling steers
grasing three grasses fextilized with 275 kg
N aod 90 kg 11?1:5 per na and stooked at the rate
of 12,36 steers per hs during the 19b4-65

groming semson .

Body msss gain| Body mass gain | Body mass gain
Grass kg per steer ke per na :Erpll;irntaar
Giant Rhodes 28,3 350 0,46
Natal Beckeropsis 44,5 550 0,72
Victoris Falls
Panicus 6743 B30 1,09

The body mass gair peér ha on Victoria Falls Panicum was mugh
greater than any gaine recorded in Rhodesia previously.
Observations indicated that the pastures sithstood the Lheavy
grazing pressure wel]l and Victoria Palls Penioum in particular

appeared to become more dense and more vigorous with such
treataent,

Further observations were made during the 1965-66 grosing season
when Giant Rhodes, Victoris Falls Panicum and u:nudnn aetnicpious
(eve No. 2 Star) pastures were fertilized with 350 kg N (applied
io four equal monthly dressings) and U kg P,0, par ha and were
continucualy grased on a set-stocked basis by 7,41 and 12,3
yearling steers per ha. Grazing commenced on Victoria Falls
Panicum gnd Star -rass on 14 December and on Giant Rhodes on 21
Decemsber 1965. Grazing continued until 12 April on the latter
grass and to 19 April 1966 on the forser two grusses., The body
mass gains of ateers recorded on the grasses are scown in Table 15.
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Table 15. Lesn body mass geines in ag Ol yearllug ateers
yraging at two etocklng rutes on thres grasdoes
fertilized with 350 kg B and S5V kg Piﬂﬁ pEz ha
duricg the 19bl-ub groming asuscn.

Stecking rate| Dody mass| Body mssa | fjody uass
steers per ha| pain kg guin kg gain kg

NEamn per stenr| per na per steer
pex day

f—

Giant doocues T:41 b, b .7 {¥] W, TT
12,36 48 ,1 S9d Gkl
§%az 12, 36 52,6 050 .42
Vigtoria Pulls T+ 85,7 bdv U, ol
Panicum 12,50 78,5 gTu v,o2

On all three grasses a mtooking rate of 7,41 steers per ng proved
0 be too light and Dugn Erase was wasted. A BLOQKEing rate of
14,5 gteery per na on Glant Aaoaes wus ol=arly TO0 hEavy because
the gain pir slesr was mueh less than the galn per steer a«t a2
ptocking rate of T,47 ateers par Da. 0o Gtar end Viotorlia Palla
Panicum the body mass galn per steer at & stooking rate of 12,36

slefrs per na weér only sarginally saaller then at the stocking
gate of T,;41 otcexrs pex ha.

During tht ssme grosing season (1560-66) 3550, 500 and &30 k. N
per ba miti a bealeo dresaing of YU kg Fini por hs, were gpplisd
to Glant Ruodes pastures gruged on @ setl-stocked besism, by 12,%
resarling eteers per ha. The objeot was to observe #ifccts of
applying diiferent levels of nitrogen 0 Ll® paeture on oody nass
gaina. Betwesn 21 December 19065 and 12 April 1956 mean oody
ua8s gains on all pastures were slmilar (5ol kg per ha 42 yﬁ}
regerdlens of nitrogen level.
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The results obteined duripg 1964=65 and 19o05=bb lndigated thot
the application of heavy dressings of nitrogencus furtilizers
night nogve imiediete precticsl application to inocrease tho
carrying capagity of farms. Interest in beef cattle on maize
fargs gbout this tipe wad .noreaslng and 1t sae olear that
carryin, ocapscity of these farws based on vela alone was limitéed.
po meny Tarns toEre weré small arded of pastures of Coloris

gayaua (ove Giant Hhodes), Panioum maxioum ver. trighoglume

(cv. Sabi), ecragrostis curvula (cov. Eruelo Love)and Cynouon

astuiopicus (ow. Ko. 2 Star}. These grusdses were being growcn

a6 leys within crop rotations or for hay or grazing purposes.

By applying lwavy dressings of fertilisgears to the existing

pastures an lmaediate lmpact onm carcying capaeity might result.
Conseguently, during 15b0-07 and 1907=bc tudse four grasaes and
alsc Cynodon dactylon {cv. Henderson Qouch) were neavily tertiliced

and iptenaively graged to obsexrve tneir suitaoiiity for such

PUrpOSEB.

In 190b-b] the ,rasses received <bU ky N per ms in four eyual
monthly dressings, snd in 1967=bd 210 ke ¥ per ha in tnree eyusl
@montoly dressinga. The fourth dressing of nitrogen was withheld
in 196]-66 because of drought (Appendix 1). Io voth yeara SU ke
PEnﬁ pETr ha were sleo applied. Btar grass w=aE sStocked each
sfowing ceuson at the rate of 12,30 yearling heifers per hs and
the other gragses were stocked at the rate of 1U, % yearling
heifers per na. Grazing wee con g set=-stocked opasls. The
stociing rates were based to some extent on experience with

these grusseo and also on their herbame ylelds obtained from
concurrent experiments (Section 4.1.1). Body mass gains

cbtained during the two yewars are preasnted in Table 1b6.
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Table 16, kean body masu geins in kg ol yeurling hwlifurs
srasing five sresses during the 1900L=0L7 and
15b6f=06 jPouinl BESECOS.
Gtocking| Ho. of days Body wase gain |Body mass gain
rate sfazing ks per neud kg PEE DA
Grass heifers
per ha 1560-67) 136/=08) 1,60=07 |150]=0b |1308=07| 1367-uL
Sabi Panicum|] 1u,3U 140 e | o7 17 TV 1ow
Braelo Love 10,30 1682 02 v 27 edy 2oL
Giant Ruodes 10, 59 a4 4d e 19 p VIV 15U
Henderson
Couah 1w, 30 148 bu &5 29 eju UL
Star 12,36 | 162 97 T4 &u g1 Téw

Length of ,resing period verled cetween gretses ond DETwEENn JesIS.

In the second jear the grazing periods wseze considerscly shorter
then the Jirot yewr becaune little rain fell (aAppendix 1).
Consayuently, vody mase geins in thue segond year were loser than
in the [iret yuar.

1t was cleur from tie sesults toET Toc

tiir aoility to withutand intensive grasing aud arougnt.

Tive grosses varied in

gtar

grass was outstanding while Sacl Panioum, Ermelo Love, Siunt Rhodes

and Henderson Couch iad dotériorated conelderably
the wegond swadon.

by the end of
Polnt quadzat snelyses done at the veginning

and =od ol tie 156]-08 sewson (1 UUU points per grass om L,4 ha,
wgch tise) indiceted that the baeal covers of Labi Penicum, Eruelo
Love, Qisot Rhoues snd Henderson Couch hud deoreased by ©i,2; 4b6,5;

4,0 wnd 75,0 % respectivel;, during the season,

By ceaparison

the bamal cover ol Star grass hed incressed by Yo,U . during tne
A8 swards deterioratec so weeds, princially

saze pearciods

Elsusioe indiga, inoreased.

A%t tne end of the 1%u]-bo season

seeda comprised 15,2} 31,5} 4,8 and 474 % of the total basal
covers on the Sabl Peniocum, grzelo Love, Glant Ruoges and

Henderson Cough padtures, Ieepeciively.

fratal haas]l AAaveeE afn This Stae

Only 3,4 » of the

FraEas nEEtiPE SEE BieEed
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Henderson Couch was badly infesisd with a smut, stilago
“In“dnntii in both seasons, The dipease app=ared o alleot

the srasg =nd this might have acoounted for the poor results on

this gruss in comparison wlth Jtar.

Clesrly, ol tThu four grasses commonly srown Dy farmers at tha
time only Star grass wss Bppacentily sultable 1oz heavy
Tertiilzation and intenslve grazing. The reaults oolaloed

on Star ,russ sikowed that it could be used in practice to
carry larde numbers of cattle ou relatively swall areps duriop
tae groving sesson. Thus oversll carryin. cepaoity of famms

gould be lncrecsed.
Conglesicus Iom the preliminazy obeervalione trials

From the obscrvational triels dooe beteeen 1y0d and 1ho4 the

lollowjug points emerged.

(1) Gresses newvily fertilized with nitrogen (21U
to 620 kg N per ha) could carry up to 1¢
yeacling cattle per ha for pericds ransing [rom
62 to 162 days per growing season, Gepending
upon reinfall.

{ii} Thers were marked dilfersnces bDetween prasses
In their ability to witnstand intensive grazing
and therefore large dirferences in production
from them in terms of body mess mains of the
guttle grazing thew. 0f the grasses tried
only Fanicua repens (ov. Vietoris Palis) and
Lynodon aetniopicus (ov. No. 2 Star) had proved

Suilteble for the purposa, Both grasses hud &

proatrate grosth haoit. The rormsr is
ruigomatous and the latter is stoloniferous,
wiile tne other grasses were meinly of a

tufted and uprigit growtn habit.

(iii) PThere were marked ditferences in the ability
0L .raeses to withstand drought. In tnis



Liv)

(v)

(vi)

\vii)

respect Cynodon suthicpleus (ov. Ro. & Staz)
o cutetanding.

ditrogen levels bwtween 210 to L)W kg b per La fad
bean apylied to the ,cuabes DUt it wes not kicwn
suat level was reguired for maximum produgtiom of
herbsae on pastures gresed for meximum bOdy Less

hﬂi].la ™

gtocking rates of oetween T,41 and 12,0 yuatlling
steers or beifers per ha nad been imgoaed on k2
LTUSEENE, The f[ormer stocking rate hud proved G0
be too light on all the srasces wille the latter
had proved to be too mavy for mome sIadies oM
sutisfuotory tor others, potabl; Penigus Tu ens
{ev. Victoria Fells) and Cynodou sethiopicds (oV.
No. 2 Star). Clearly stocking rates wosld cave
tu be more accurewbely dutermined on Brasach
celected as being possibly Buitsole Loz Inténeive

LIuzZifg HUFPOEEE-

ia tiw prelisminesy trials the gresses ned all Deéen
orafted on @ eot-stoched basis. Finraiore littlie

Wyl Lnown about the efiects of rotational grasing

on wresses, whst toe pericds ol stay Oy ubidsnce
should e, uod whav the offegt would ow On

peoduction in terze of body mass salne of oeel cattle.

The pean body BaSS gpaiDs wonleved On penigum repéns
{ev. Victoris Pslls) snd G uodon swtuicpious (ev.
doe 2 Gtar) grazed at the stooking rele of 1&,3%0
yearling cattle per ba during toe grosing season,
wilrk bb,5 Ay per heso or B2 i pEr lis. gaclier

( snonymous, 1957) it nad been reported that yea:ling
piturs grazing on the Mnrrhniﬁfypu gthelis weld
on lenderson Reseuros Station at & stooking rute of

1 oteer per 1,62 ha in a four puddoos one herd
rotutionul gresin, system, galnwd 72,V £g per hesd
in body mans duzing tne sFOWiOA SEadon {ﬁun-mu: %0
April)s This is equivaient To 44,4 ke body mass
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Lain per la. Plerelore Lhe Huins aconleved on
pasture were only 7,b i lesa pes imed but 1c Wues
Jreater per la at 1Y tises the atooking rate,
gompured with thess ceuults on veld. Tie
(riodndcus impact that Leavily lertlilized
inteasivaly crafed pesiluarel QOLld NAYY OR
inooecsing tos carryiog cwpmcity ol larme

during tne grosing S2sBon was obvious.

Tne resulis of the preliminaszy observation trials indlioated
nuserous fl.]lda for furthar detailed ZeEscarch. Conese usntly,
frem 1960 onwards reseazcsn wed plunned to investipgate, uore
deeply, =oc use of pastures for intensive Breclng purpless uy
beel cattla,.

d.%.2 Tho effvcts of grasing end a,plied citrogen on the
herousge production of Qymodom setiicpious (eov. wo. £ _ter)

desults of b expscisents descrided under S«ution 4.7.) Enomed
that in tls pbuenos of srasin, animals, thé percage yjivlds of
agfasues on silty clay solls, lncré=8&d wilto #ach increcent of
nitrogen applied up to 45U Ly H per ha. 1t was not aoomn zoat
elleats Lie Pruzing snimal woula Rave on Ciw nltropgen ré uiremsnts
of a ssapd Jortilized for maxipuw proguotlon of Deruvapes. gRlihooyh
210 to b5u L, m per na Led Deen applisd o latensively pruzed
gresess (Suction §.3.1) ou inlormetion hed been ootaineg cn levels
ol pitrogen .eyulrea for maximum production of mcroage. It mae
possible tual vilp the LEavy stooking rates lmgooed (e geariing
cattle per im) snimal l::urﬂa might rave & Zacxed ellcct o0

Derbage produced cécsuse of tne plant outrients, perticularly
nitrogén, contalued in the exoreta. JPurihercore, tne exgerlient
descrioed iu Section 4.1.2 indicated that if xrasl mature was apglies
W Qalorle gayefs (cve Glant mrudﬂn} in addition 0 §5u &g W per ha,
a Bignifigunt response in texns of nerbege yield wus cbtained
compared to yields witn fertilizer nitrogen only.

Cn neavily fertiligzed, intensively grazed g4rass swards, there
ie likaly to bé sn increase Iin soll fertility witn time. Thus

@lter a pericd of heavy fertilization and intensive #reilng 1t
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might be possible to reduce the amount ol fertilizer applied to

a sward without reducing the level of productivity of that sward.
Experimental Objectives

Tho objective of this experiment was to defermine the response,

in terms of herbage yield, to appiled nitrogen on grazed swards

of Cynodon astaiopicus (ev. No. 2 Ster).

Materials and Methods

A well-estaolished Cynodon aetniopicus (cv. No. ¢ Star) pasture

on a ailty clay soil was used for the experiment. Priis grase
ngs s@lected because it had proved suitable for intensive grazing
in preliminury obsérvation trials (Seoction 4.3.1), and produced
large herlage yields in experiments (Section 4.1.1) and was a
gommonly grown prass in Rhodedgias For the two grosing seasons
prior to the axperiment the pasture had been grezed by 1:Z, 36
yegrling leifers per ha and was fertilized witn 28U ks N per ha
in the first season aod 210 kg N per ha in the second season.
During both seascns S0 kg PEﬂﬁ per ha were also applied (Section
dadel)e

In September 1968 the pasture was fenced into 12 paddocka,

52,24 x T,74 m or U,0404 ha in &rea. For the next five growing
seasons dilferent levels of nitrogenm, 0, 170, 340 and 510 kg N
peT ha, were applied to the paddocks using & rardomised bBlock
deslgn. The nitrogen was applied in four egqual monthly dressings
in egoh rowing season; starting with the first good rains of the
geason. 0On this basls the earliest date on which nitrogen was
applied waa on 15 November and the latest date was 3 DIecember.

In addition to nitrogen 90 kg PEUE per ha wmas broadcast on the
plots every season during October and in 1%69 Qclomitic limestone
at the rate of 350 kg per ha was also applied to all plots. The
pH of the soil was 5,5 (calcium chloride),

Each paddock was set-stocked by three youns slackhead Persian x

Dorper sheep of mean body mase 25,5 ke (% 4,0 kg) giving an initial
stocking rate of 74 sheep per ha, which préviously had been
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observed to give satisfactory utilisation of hurbage (Rodel, 1465b).
4o excess h:rbage remeined in peddooks shich sere not fertilized
with nisrogen at toe end of the 1yud-6% asauson. in the paddocks
fertilized with nitrogen excesd herbage at the end of tpe season
was made intc hay and fed to the speep in the paduocks during the
dry weagson, At the beginning of the 1969-70 wesson the stocking
rate wae inoressed to 111 sheep pur ha by making the paddocks
smaller (0,0270 ha). Again the éxcess nerbuge {rom nitrogen-
fertilized plots was conserved and fed to the sneep in the
paddocks . In the 1570-71 segson the plots were reduced to U,UiU:
ha to giva a stocking rate of 140 sheep per hLa. At this scooking

rate there wes no e¢xcess hnerbage for conservatlion.

Althougn differential stocking rates were imposed alter the first
and second yvars and despite the fact that excetos Merbage in
1968=69 and 1969-TU wam conserved as hay, sll herbage produced
in tpe puddocks fertilized with different asounts ol nitrogen
was consumed «ithin the paddocks by the sheep. Therelore, the
#lfecta of altering stocking rates on the swards sere minimal
beguuuw all wvailable nerbage was consumed by the shesp and all
their exoreta returniéd to the paddocks each growing semscn.

The sheep ware welghed weekly. Thne croups were removed [rom
pastures in epoh treatment when they had lost body mass for two
cons@cutive seeks. Anthelmintice were administered at monthly
intervales to control Internsl parasites. Autumn-porn lapbs on
Star grace pastures had previously been found to sufifer from
enlarged thyroid glands and skeletal deiormities due to an iodine
deficlency (hodel, 1971, 19723 Herrington, Ellictt .nd Browm,
19713 Rudurt, 1570). Accordingly, a salt lick comtaining 0,03 %
iodine was wade avallable to the sheep at all times.

In emoh grovwing oesson the paddocks sere not stocked until the
méan smount of herbage in all treatmenta was 1 UU0 kg dry matter
per na. Herbage yields were determined by clipping two 1 uz
quadrats within herbage crates in each padoock to 5 cm height
mhén ihe grass ic & partioular treatment resched early anthesia.
After every sampling the herbage crates were moved to a newm aite,
the herbage on the new LU te being cut to 5 ca before placing the
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hérbage crate on the new site, The dry satter content ol the
harvested !wriage was watimated [rom pub-gamples which were

oven=drivds

Because tie size of the paddogks was reduced in 1909=JU und
further reducad in 15Tu-T1, portionn of <ach paddoca sere
excluded from grasing. Théoe excludec aréas wérw [ectilized
at the original rates and "ercbuge production was measured by
parvesting two 1 I-E guadrats to 5 cm mhnenever ths sauple sites
in the¢ corresponding grazed arep were hazvested. After each
sampling, the whole of the ¢xoluded area was cut to % cm and
the herbase resoved. RY changling paddoox coundaries in 1971-72
and splittiing paddocks in 1972=7) & seguence of ailferential
trestaents involving grazing and resting during the period
1568=0y and 1972-T73 were applied. These gre snoen in Table
1T

Table 17. Honedule of comparisuns between plots grazed
(G) each growing season and those grazed for
various periods and then rested (R) [roz grazing
for various periods.

rlots Plots continucusly grazed (G) and then

gontinuoualy restea (R) [or
it s sraged (G) i

4 years | 3 yeara | 2 years 1 year

15960-09 e G G G G
1904=-T0 [/ | I} [+ G G
19Tu=-T1 G '} - | + G
1271=72 G R 4 R G
1972-75 G R 4 'l R
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In the 1962=-09 growing sesson all plots wers grazed. JIn 1573
it was possible to compare herbage ylelds [rom plots that had
been grazed cach growing ssason from 1968-69 to 157e=-75 with
herouge yields from plots that hed been grased lor one yewr
gnd then rested for four yearsj plots thut had bDeen grazed
for two years end then restad for three years; plots that
had been prazed for three years and then rested for Two years;
gnd plota that had been grazed for four years and then reated

for ona yaar.

The amcunt and distribution of the rainfall and the amounts
reporded varied conslderably from Year to year end in three
yeare approached, or was more than; the 45-year mean of 575
RO . Ia 1972=73 only 568 mm were regorded shile in 1963-70,
woen TUT mm fell, distribution wase poor (Appendix 1).

Reaulta

The eiffects of gpplied nitrogen on herbage produced by Star
#I888 grazéd on a set-stocked basis by Bteers cacn mrowing

season areé procentad in Figure 17.

In all five years herbage yields were significantly lnoreased

by applied nitrogen. Detailed analysis showed that in tares
yeara (1469-70, 1971-72 and 1972-73) increments in yleld
diminished with eacn successive incresse in nitrogen application
and in twe yoars (1568-69 and 1570-71) yields increased in
proportion to nitrogen epplied up to the 34U kg per ha level.
The response to applied nitrogen in 1969=T0, 1971-72 and 1972=73
was similar to the four-year mean response (1985=-T0 to 1%(2-T5).
In the first season (1566-69) herbage yields without applied
nitrogen weré considerably mgreater compared with those of
sugceeding years probably due to the residual effects of previous
treatment (Section 4.3.1) and for this reason theee results are
excloded from the mean.

Herbage yields varied greatly between =eéssons but as might be
expocted there was a close relationsnip between yields and
rainfall (Pl ure 17, Appendix 1)«
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Figure 17. Mean effeote of upplied nitrogden (N) on the
hozbage yields in kg dry matter per ha of
Star grass (ov.No. 2) grazed by speep on &
t-stooked bamis waoch growing ueason.
Mean 1965=70 to 1972-73. Leaat aignilicant
differences for mean shown by vertical bars.
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Gruzed ¢ years then rested 5 yoars
Grated 1 year then rested 4 years
— NEan effect resting
LSD X ceans b 3 Uy 1%
150 120

. 1 I
0 170 340 510
Kitrogen kg per ha (K)
Figure 18. Nean effects of spplied nitrogen (X) on herbage
yields in kg dry matter per ha of Star grass
(cv.No. 2) when rested from grasing for various

periods. (Analysis of variance table appendlx
2.30).
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The effects of resting after grazing on the response of Star
srass to applied nitrogen are showa ln Figure 15.

Where plots were mrazed and then recated for cne, two, three or
four years, and with the mean effects of resting over all seasons,
hertage ylelds incressed as nitrogen appliestions ingreased but
did sepo &t a diminiehing rate. Thepe was & tendency for herbage
yields to be greater in the firat year of resting following
wrazing but there was little difference in hercage ylelds between
the second and third years (Figure 18). This ipdicates that
grazing had g residual effect on herbage yields the first year

of resting after prazing probably due to the plant nutrients
gonteined in the sheeps' excrets but this effect had disappeareu
by the second year of resting. In the fourth year herbage yields
were ygenerplly lower probably becasdse ol the low ralnfall in that
year (Appendix 1).

1n order to vstimate tne amounts of applied nitrogen reguired to
produce maximum herbage ylelds where the Star grass was grazed
egch growin; sopson snd where it nad bean rested Lor various
periods after grazing,; the guadratic regression model wWas used
to calculate theoretigasl herbsye yields with applied mitrogen.
Por this purvose the mean herbage yields for 196%-T0 to 1472-13
for the grazed plots (Figure 17) and the overall mean eifect of
resting alter grazing on herbage yields for the rested plots

(Flgure 1Hj, were used. The model (s represented by the
equation

Y = a4 by cx 2

woere Y is tiw yjield, a, b and ¢ are constants and x is the
amount of nitropen applied. The models used and the calculsted

responaes to applied pnitrogen with the sctusl mean data pointe,
are shown in Figure 19.

From the models (Figure 19) the amounts of nitrogeo reguired to
produce maximum herbage yields were caloulated by diiferentiation
and by using tie formuls

%ﬁ = 0O where d 18 a conastant, ¥y is the

¥Yield and x She amount of nitrogen.
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Figure 19« The caloulated mean effects ol applied nitrogen (N)
on the nerbage yields of Star grass (ov. No. 2)
eontinuously grazed by sheep oo a set-stocked basis
sach groming sesson compared with the effects of
applied nitrogen (N) on the herbage yields of Star
grass when rested [rom graging for various periods.
dotoal deta podnte indiocated.

B -+ ) Star grass continucusly grased
IE' 6278,7 + SB,62 x = 0O,0708% :2
= 0,9692
Il::im herbage yield 10 4UT kg per ha with 414 kg K
per ha.

'-—l Star grase rested from grasing

Y, - 6417,30 + 49,79 & - 0,05098 x°
B = 0,9793

Maxioum herbage yield 18 574 kg per ha with 488 kg N
per ha.
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PFor the grazed plota

t8.62 =

011415'6 x -

62 = 414 kg N per ha
peilke g.ﬁ:ﬁi

For the plota rested after razing

49,79 =

ﬂ,‘lﬂ'lf—:lﬁ X =

E =

, 10156

U,14166 x
58,62

U, 10198 x
45,79

o

0

448 kg ¥ per ha

The caloulated maximum herbage yislds were 10 407 kg and 10 574
kg por ha for the gresed and rested plots, respactively, and,
except at high rates of applied nitiogen (morw than 450 kg N per

ha),the responses were very sisilar.

Body madd galnd per ha of the sheep grazing on ihe Star grass
are prasented in Table 18.

Table 18

« Dody mase galns in kg per ha of sheep that were
set-stogked on Star grass fertilized with various
amounts of nitrogen and mean number of days per
seaEon aheep grazed.

table aAppandix 2.51),

(Anslysis of variance

stooking r

146 lhlll per ha

ate of

Stoaking | Fitrogenr () kg per ha SE Significant
Tear Tate effeots
sheap
per ha 0 170 | M0 | s10| %
156669 14 333 | 326 | 470 | 544 | 126 |x'™*
1969+30 | 111 196 | 364 | 503 | s29 | 231 |w ***
1970=T1 148 82 | 328 | sd4 | 432 | 135 |x! "ty **
197172 148 185 | 1020 | 1233 | 1269 | 25¢ [x' ***
A)[e=73 | 148 77 | 176 | 305 | 359 | 170 |a' **
Three=-year
mean 19T70-T1 115 508 694 667 | 110 |x' ***
to  1972-73
NMean no. of days
shesp grazed at g6 | 107 | 119 | 125

- 1_’




In each of the [ive years, and with the tiree=yuar moans
{19?!4-']';‘:}_ body mass gains per hs incressed, but uld =o at a
diminishing rute in 1%j0=71.

In the [irut geascon (1968-09) Lody mass gains without auplied
nitrogen wore simllar to those where 17U kg 4 per ha wope
applied. In suwegient seasons Dody mass gaine without applied
nitrogen wers much loweér, particularly in 19JU=T1 wna 1972=T73.

The greatest body mass galns occurred in 197172, a year of

good rainfall (Appendix 1) and high herba,e yields (Figure 17).
The loweast body mass guinse were recorded in 1972=73 woen drog.ht
ocourred (appendix 1) and little herbage was produced (Figure 17).

The méan numbear of daym the pastures were grated increased
steadily f{rom 96 days without spplisd oitrogen, to 125 days
where 510 i N per ha were spplied.

Discusalon

The effect of applying nitrogen to Star yrsss prased oy sheep

*ad to incresse hervege productlion with esach incremsnt of nitrogen
up %o MO kg N per ha at which level of application herbage
proguction was at, Or nearly at, a maximum. The theocreiical
saximum amount of herbage (18 4U] «g per ha) on grused plote

wi8 produoud with 414 kg § per he (Flgure 15}. This yleld was
only 4.7 ki per ha qreater thsn the actual yield with WU kg N per
ha ( Mgure 19). Therefore for practical purposes no more than
sbout 540 kg W per ha should be appliod becsuse the response
beyond this level of applied nitrogen is negligible. This

result is in agreement with tne findinge of Mears and Husphreys
(1574) who found that mazimus smounts of herbage sere produced
with 336 ky W per ha on grezed Fennisetus clandestinue pastures,

kneén the sheep wers removed from pasture the response of Star
arass %o applied nitrogen chacged in that positive responses
were 8till obtained to the 510 kg level of nitrogen. This
effect wan apparent where plots had Deen rested for either one ,
two, three or four yeers from grasing (Piguze 18).




Pha different effzcis of applied nitrogen on grase set-stocked
wits sheep vsch grosing ssason afd On UNgraded gress are &fown
in Table 170« e results oblaizea in 1yLb=-bY on gresed Star
grass (Figure 17) are excluded sc thal the amaus for the same
four years (1969=ju, 1570-71, 13(1-7Z and 1972-74%) fer botn
gruzed anid Unzreied grans are comparads

Table 19, Mean effect of applied nltrogen on Nerbase
ylelds of Ster crass grazed euch groelng
geason by sbheep compared witi herbage ylelds
from ungrased Star greus in kg dry matter
per ha (1969=T0 to 147e=T3).

Nitrogen (H) & per La per season
Star gIasan o 170 540 510
Grazed 6260 14250 17970 17770
Not grazad 8290 13730 17070 12010
Difference = 30 + 460 +« 00 - 1240

Although more herbage was produced on graved as compared with
angresed grass wnere 170 and 340 kg N per ha were applied,
diffeapencens wers insignifipant, Where 57U kg H pér hes wers
applied more herbase was produced on ungrazed zrass than on
grased grass, Therefore the findinge of Brockman, Rope and
stevens (1971) that the efficiency of applied fertilizer nilrogen

is o TRATLT OD Erezeéd Swards coaparsd sith ungrezed seprde 18 not
confirmed in this instabce.

Por thé tuo years prior to this sxpurisent toe experimesntal area
was uniformly fertillazed with 280 and 210 kg N per fa for the
Iiret and cecond years, respeotively, and was gruzed on a Det-
stocked basls at & stooking rate of 12,%6 heifers per ha in both
yuars. This treatment, it was expected, would have cmuaed souwe

build-up in soil fertility due to the heavy chemical fertilization
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and also due to the nutrients returned to ihe pasture in the
exoreta of the cattle srewing them. However, {rom the
experimental results it io oléear that the previous basic
treatment had little residusl eifect. Opnly in the ficst

year of toe experiment (1900-05)shere no nitrogen was applied
sa8 there any indication of any résidual eriect on hercage
production of treatwent applied previously to the sward (Fisure
11}_ However, there was some indication that treataent had a
seall residual effect on the production of hersage in the first
year of resting following grazing (Figure 18). Herbagr yic=lds
sere grecbor in the first year of resting (mean of four seasons)
compared .lth yields obtainea in the seoopd (mean of three
seasonc ), t.ird (mean of two llaannl} and fourth yocara of resting.
The eifscts uf resting [or four years was only méassured in one
year, 197é=73, a year of low rainfall (appendiz 1). This
explains wiy lower yields were obtained in thia ycar compared
with other years of resting (Figure 1b).

The body moss gains made by the sheep grasing on the Star ,rass
fertilized =it various amounts of nitropgen wert greateat where
440 kg W pur ha were applied. Greatest body mass guins were
recorded where near maximum guantities of nerbage were produced
i.e. whore 34U kg N per ha were applied (Pigure 1f, Taole 1d).
Toe body mass ,ains generally sere poor considering the very
neavy stogking rate, Howaver, tlc maino cbjeot of using the
sheep on e pasture was for them %o provide the elffecte of the
grazing animal on the ssard and not to measure their body mass
dains. Toe results do show tnat Star grass awards nave a vepy
high sheten corrying capacity during the growing season and that

this fact ocould be explored in the development of production
systams for susep,
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e Tie eifect of stogking ratés on proaunction from heavily

festiligea dreyland gr-5Ss pasiures

1t was stuled in Seciion 4.5.7 that there wad a osed lu Jeterumine
avouretely the effect of atockling rates ou hesavily fertilized
BrudGesa. prom 14l4 to 19od stocking rates ol oetween | ,41 and
12,50 yeorling, cattle péxr he were impoBed ON grasses tnat recelved
from 27U to 63%. kg N peT Ba BgCn Prowiig BEESOO. & stocking rate
of .44 yonelings per ha nsd been found to oe too light spile
12,50 yearlinws per ha ugs too heaVy on Aonr @rasbeyu, Lut
Balislaciory un GThere. It was not kKnoown »nat StOChine rfaig|s)
prnould be imjosed to glve mexlounm oouy Mgss Balns per lead or

per uolt uote or maximum prolitability.

16 Seetion 4.1.1 the harbgee yieldd of 30 mwavll; lertillisd
gfebdBa Wwiie reposteds. puring 1%65-o0 &ng 1y00-u] CELLllS
rEvegied § humbesr ol grusses that nsd the gbilliy to proguce

i exgess ol 15 Ui Ky dey matier per ha, annoually. T auount
of nerpage sruduced by these grasses indiceted thael thoe; hed &
nigh potential carrylng capacity but many oi them nsd not baen
tested befopo (or this purpose.

Furtnermore the experiment reported in Section 4.)3.2 indicated
that aprroximately 34U kg W per ha were regulred on Cyncden

aetoiopiogus (cve. §o. 2 Ster) grezed by sheep to produce near

Dddibmum mpounts of nerbage. Therefore 11 joU Kg I per ma werd
applied to seleoted gresses (produging in excess o0l 15 LU kg
dry maticr uce haj and a ran,e ol stogxiny rutes Imposed on
them,; mozé fplormatlion would be geined oo toe eifects of

stookin, zutes on the Do0dy Msss gaine of cattle graiing them.
Expgeripeniul Qbjeoctlives

Theére wera Lwo main ocojectives to tnls stuay and two separate

experiounty wire done to achieve these objectives.
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The objective of tie [iret experiment was to compare Cnloris
ayana (av.0iant Rhodes) with three newly aslected gresses for
erfaging purposvs. QOlant fhouen gress had previously been Lhe
most commonly used grase for Sils purpose.

In the second vxperioent the objective was to gétermine the
effects of 4 runge ol etooking rates on the body Zuss galns of
stesrs grasing three newly seleoted sravees tnet produced in
excess of 15 000 kg dry matter per ha when heavily fectilized
(Section -I.-‘h‘}-

katerials and Kethode

(1) Gracoces and stoocking rates

Thne [icat czpeciment was done during the 156b-ty, 1509-TU and
197U=71 growing ceasons. Quloris gayana ,ov. Gient Hhodes),
gyuodon nlemfuvnsis vars. plemlueneis (cv. Muguga Star), Panicus
coloratum (ov, Bushaan Mine) and P. repens (cv. Victourla Palls)
were all ,razed ut m stocking rute of 9,88 yesrling steers jper
na each grouwing season. The last thiee yrusees were selected
from those previously tested (Section 4.1.1) ae being potentially
suitable for pastures. Giant Rhodes grase was included becauue
it would be a cseful standard wgainat which the proaguotivity of
the other three grasses could be asseseed. Previcusly Glant
Rhodes had beun founa to wlthstend & stoocking rate of 7,41

steers per ha (3 steers per acre) but unable %o withstand a
stocking rate of 12,36 steers per ha (b steers per scre) (Section
4.5.1)s Therefore to compare Glant Ruodes with tue three newly
selected grevses a stocking rate of 5,88 atéers ,er ha (4 sizers
per acre) was used.

Tréatudnts woere srranged in three gompletely randomised replicates
of the four treatsents i.e. 12 paddocks,
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In the sscond experiwent Cynodon nlemluendis ver. nlemiudnils
(Ve kgilol Stur), fenloum coloratus (evs Bushwan Kine and

P. repeno (ove Viotoria Falls) sere ol Braved at stocking
rates of 9,685 12,365 14,85 end 17, yesrling steers per na
during the 1768-69, 1509-T70 and 1:Tu-1 groming seasons.
Paddocke of theaoe graesces stocked sith 9,86 uiears per na were
common to both Experiment 1 and Experimant 2.

Treatmentis wére arrenged in thiree comple tely ranaomibsed
replicates of a 4 x2 )} factorial, cocaprleing 3o paddocks in wil.

Ino both expecimente ®uon paddook was grazed by four yearling
Shorthorn x AM{ricander steers. In order 0 vary stogking rata

paddock size was adjusted as indicated in Table 2v.

Tacle 2u. Paddock size in ha for ewoh ol four stocxking

Fatan,
Stooking zate steers Paddock size
por ha ha
9.68 Vidud b
12,56 Uy 2237
4,03 U, 2658

The teo expurjsents covered 12 ha and weére @rased by a total of
156 steers in each of Lhe Lhree growing seasons.

The eatablishment of grawses, experimental steers, graging
mansgenent and application of fertilizers were sigilar for both
exparisents and are described jointly under thess eadings.
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(i4) Estublisheent of grasses

Durlng Januazry 1967 the grasses were planted lnto a well-
propared oilty olay soil of pH 5,¢ (omloium chloride). Glant
Rhodes wae sonn &t 11 k¢ seed for hs widle Pushzan Yine Panicum
and Muguge Star were eetablished vegetatively by plunting rooted
stolons 1 x 1 o mpart. Viotoris Falls Panicum was established
from rhigomes planted at 0,5 x 0,5 m. Previcus experience had
shown that close planting of this grass was necesssry becsuse
it was slow to form a sward. Soon alter planting all grasias
received 45 kg N per ha. Qrowth made during the pumalindarp of
tha 1966-6T7 growing season was grazed during the ensueing dry
season and residual herbage was momn off before the start of

the following growing msason. Drinking sater was piped to every
paddogk.

During the 1967-68 growing eeason all paddocks received 10U kg

N and 40U kg "2“5 per ha and were grased by cows and calves to
keep grasa growth in check and encourage the fomation of swards.
Only 355 mm of rein were recorded in this sesson (4ippendix 1),
but the grasses were neverthaless well-established shen 1t ended.
All residual herbage was mown off at the heginning of the 1Y68=69
growing segson péfore experimental treatments started.

(141) Expsrimental steers

Epch year, in June, Shorthora x Africander weaner steers, with a
mean body mess of approximately 210 kg each, were purchased.

They were over-sintered oo Ayparrhenis/Hyperthelia veld that

had been rested all the previous growing mseason and were fed

700 g of cottonseed meal per head, daily. Each steer thus

sained about 170 g a day in body mass and was about 24U kg in

body maes on enfering the experiments the following growing sesuon.

Bach season the steers were treated with anthelmintice before
entering the experiments. |Mineral lick in block form was made
available to the steers on the pastures. They were dipped
weekly and were weighed fortnightly until the latter part of
the growing season when they were weighed weekly.
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(iv) Gresiog menag=owent

Egon deabon vvury paddock sas pel-atogked with four ateers.
Before grasing stacted, the steers were welighed and sorted

into groups of four stesrs with similar meun body mass (%

24U kg par nt.u::}. Grazing began on euch Braes, irrespective
of stogking rate, when amounts ol hecbage olipped from Luadzats
suowed that at least 1 UUU kg of dry mutter per ha was present.
The psatures of esoh grass were destooked st the end of the
peason when the ptéers graging thes deoresced 1o budy mass for
two goneegutive, weekly wulghlibge. Qo thie Laels the earlliest
date of starting grasing was 1 Dececber and the latest date on
which steers were removed [rom pasture was 25 april.

{v) Applicatiocn of fextilizers

Bach growing season 350 kg KB per ne wae spplied to all paddocks
in four egual dressioge at monthly Intervals starting «ith the
first goou reins ol the geason. JIn addition v kg Pzﬂ-jp!r hs
si6 applied to wll plots during October tefore the rulne started.

In Cotoper 1965, 490 kg por ha of aolomitic limestone was also
applied.

(vi) Rainliall

In 1968=69, 1505=TU and 1970=71, 051, Jv] and 941 am of rain
was recorded, respectively. |[HRalnlall duzing tne 15ob-=T70 was
poorly distriputed, ana dry epelle occogurred in the second half
of the season (Appendix 1).

Hesulta

Experiment 1

The body musa gains of the ateers foz easch of the three afoning
seasone togetiher with the weans [or the turee sessons, are shown
in Filﬂﬂ 20,

The threé-ysar mean body mase gelne both per steer and per ha
of steers grazing Musugs Star, Bushman Mine Panicus and Victoria
Falls Panicum were greater (P &£ U,U05) than tnose of steers
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grazing Giant Rhodes grass. Muguga Star produced the
greatest three-year mean body mass geln of 74,9 kg per
gteer or T4U kg per ha. Tné thrse=year méan bOdy Dads
gain of all the grasses was 65,2 kg per steer or odf k¢
pET has

In 1968-69, the first year of the experiment, there were no
significant differences in the body mass gains of the steers
grazing on any of the four grasses. In 1909=T70 Muguga Star
and Bushman Mine Panicum produced greater body mass galns per
head and per ha (P < 0,05) than Gisnt Rhodes. However, in
1470=T1 Victoria Faells Panicum produced greater gains per
steer and per ha (P< 0,05) then Muguge Star and Gliant Rhodes
while Bushman Mine Panioum produced greater gaine per ateer
and per ha (P< U,U5) than Giant Rhodes.

The meéan number of days the grasses were grazed =ach season,
together with the number of steer grazing days pur na, are
shown in Table 21.

Table 21. Kean number of days pér growing season that
pteers grazed four yraoses at a Btocking rate
of 4,88 steers per ha and number of steer
grazing days per ha,

dEas lo. of days Ho. of ateer
ETasdes grazed grazing days per ha
giant Rhodes 85,7 847
Muguga Star 126,3 1248
Bushman Mipe Panioum 104 ;0 1026
Victoria Falls Panioum 119,0 1176

Muguga Star waa grazed for the longeeat méean period sach year
and therefore gave the greatest number of steer grazing days
per ha. Giant Rhodes grass was grazed for the shortest perioca
@ach year and therefore produced the lowest number of steer

Rrazing dava nav» ha.o
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Expericeant 2

The body mass golns per steer anc per na on vaoh of the grasses
for the three gwrowing seasons are shown in Pigurea 21 and £22.

The three-year mesn results showed that vody muss gaina botn pex
steer and per ha decressed Lloearly (P& O,001) sith iocreasing
stogking rate.

1n 196%=70, the second season, tne rate of deoreasw in body aass
gaina por steer and per ha wam more pazked tnan in the other two
BYIS00N . The range in body mams gaine from the lowsest to the
bighest stooking rate wap grostest in this seanon. In the first
season the greatest gain was 614 ky per La and the leant gain 197
kg pur ha while in the third scuson the corresponding gains sere
935 kg and 463 kg per ha.

1o 1970-71 the changes in body mams galns per ha with increusing
stocking rate on Bushmgn Mine Panloum and Victoria Falls Paniocum
sppéared to vary considerably from the general linear degreases
found in other yeara. Statistlcal analywses showed that these

variations wers, in fact, not algnificant and no explenation
can be oflered for them.

A%t all etocking rates the wean body sass gulos per steer and per
na changed from year to year (Talle 22).
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Figure 21, The elfects of four stocking rates (H) on the mean body

mads gains im ky per eteer of steers grazing three
grasoes (G) fertilised with 335u kg N and 90 kg P.0. per
ha, annually. Least significant diiferences rnxz .
Fw U005 and P = 0,001 for stooking rates (R)(means
three grasses) indicated by wertical bars. (Anelysis
of variance table asppencix 2.34).
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The effects of four stocking rates (R) on the mean
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grasses (G) fertilized with 350 kg X and 90 kg P

per na, snnually. Least

ha of steers graging three

2 %0

Bignilicant difference

P=0,05and Pa U001 for stooking rates (B) (aseans
Lires grasses) indicated by vertical ters, (Analysis
of varience table Appendix 2.3%).
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Table 22, |Mean body muss guins pér pleer and per na in
kg made on Muguss Ftar, Bushman Mine Panicum
and Viotoria Pells Panioum over all stlooking
rates, (Analysis of variance tablea Ajpendices
Erj4 iﬂd E-jiji

Graasean
Year s ,
o Bus nzan Victoria
";::‘:" Wine Falls
Panicum Panigum
ol 3.4 @ 24,7 b 29,7 ab
tﬁﬂl‘ # L L]
196869 |
peEr
4 508 a i3 b 404 ab
e 45,3 ab .6 a 33,6 b
tesre ' ! "
1904=T0 -
53 615 ab 688 a 457 b
PeI = .
48,4 B 2,6 AR 62,5 A
itear
1970-T1 $—
o 655 b 810 ab 455 a
Threa - | Pi0 43,780 43,0 @ 42,1 b
year
means E: 504 ab 612 & 572 b
g pnx
per l“.! E.; na
lﬁﬁﬂ-ﬁﬁl j.ﬂ :’5
1965=-70 4,0 56
1970=71 3,0 45
Three=
year £:5 50
maans
Hote Snall letters indiocats significant effects at the

% level of significence and capital letters
significant effects at the 1% level wignificance.
Grasaes suffixed by the sese letter are not
slgnificantly different at the level represented

by the size of the lettering.
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while the yreatest body mass Beins of stésra in the Lirst year
werd miade on Eugusa Jtar, this gredw was toe lesst productive in
tha toird yuul. 16 all thcee yeurs sesn body Daas elne per
#tuer and (er la on the Lhree gradees over all stockin, rates
welv significantly different, jio diifecences ware Oobewrved
Rith the three-jedr pean bOdY cesd galne per oledr OT LT (k.

I'ne peariocd that the stesrs grazed on pssture each year vuried
with the suason, the graes grazed and the stocxin, rute imposea.
The tnree=j;ear sean number of days for mhich eacn gravd was
Bratdd &t the varioos stocking ratea togother wmitn Lo total
nueber of grasiog days per bha are ahoso in Table 23.

Tatle 23. |Keao number of days (D) per prowing soeson
for whioh steers grateéd three gressed at
four stocking rates and number ol stleer
arazing days (G.L.) per Ra.

D. Stogking rates Et=ers per na
Graza or Lkeuns
G.D.] 9,86 12,56 14,63 17,50
Muguga Star D. 126,53 170,0 Tiad lesd Yo,0
G.D0.| 1248 150U 1140 154 155
Bushuan kine I g 4 uf 4 U, Tu,b Y 8T
Paniocum G.D. | 10E8 1149 1ok 1211 1150
Victoria FPallu b. 115,v e, T 1,7 3343 ol ,d
Fanicum G.b.| 1176 1263 1414 gei 1145
geans B. 11'51-"- 1"'};2 i";.? h-:lr.;l ?t |i
G0 | 1151 1276 1142 113U 118%

The nuaber of duye grasses were grazed decresoed with inoressing
atooking Tate, Howewer, the Brvslest number ol steer Brazing
days per hu wom produced by = stocking rate of 1:,%6 steers per
ha but dirferences between grassés over all stocking rates were
relatively small.
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Disoussion

Numerous asuthors have reported Lody mass gains of eatile in
e¢xcessof 1 000 kg per ha on tropical and sub=tropical prasses
fertiliged ®ith large amounte of nitrogen (Evans, 1563, 1573
Bryan and Evana, 1971} Flucknets, 1370) Richards, 197U; Mears
and Humphreys, 1974 )« 1n mosi instances 40U to oUU kg N per
ha were applied and stocking retes mere approximately 5 %wéb
yearling to two=year-old esunimals per ha. In Rhodesia STV kg
body mas® gain per ha was reported by Rodel and Bouliwood {1967 )
on a Panicum gepens (ov, Victoria Palls) pastare which recelwved
350 kg N per ha end shioh was stooksa at a rate of 14,536 yearling
steers per ha (Section 4.3+1)s In the experiments belng
reported the greatest body maess gain recorded in Experiment 1
sas 900 kg per ha on Viotoria Falls Fanicum in 1%70=71 at a
stocking rate of 9,06 steers per ha and in Experisent 2 it was
9%5 kg per ha also on Victoris Falls panicum im 1370=]1 at a
stocking rate ol 12,50 steers per ha.

The graesés in the experiments, except for Giant Rhodes in
Bxperiment 1, were seleoted on the basis of thelr herbage
yielding ability shen heavily fertilized and elipped pericdically
(Section 4.1.1) (Redel and Boultwood, 1571a). 4All the srasses
developed weaknesses when grazed. |For example, the
inflorescenses of Muguge Star beccoue infestied with a black,

scoty smut Uotilago gynodontis altsr tne f[iret year. This
sppeared to affect the vigour of this gress. This mignt acoount
for the fact that it was the most productive grass in the fizat
year but the lesst productive of the newsly selected grasses by
the third year (Mi.ures 20, 21 and 22). At this stage the

black sooty smut covered the herbage and such resained ungrazed
after the stesars wire removed from pasture.

Bushman Mine Panloum proved to be a very palatable gruss but
despite ite stoloniferous growth habit it did not withstand
intenaive grasing as wall as expected. Later studies (Seotion
4.2) indicated that Bush=an Mine Panicum is allected adversely
by frequent defoliation. Victoria Falls Panlcum waa alsc very
palatable but it did not withatgnd drought well. This was
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particularly nvticeable follosing the 1yby=Ju season wmhen relolall
w48 poorly diatriputed (Appendin 1) and patcnes of prose died oul,
These patohes were lavaded in 17 /u=T1 by the ennuals Eluesiow
indlca and felazia pallige-fusce, and the perenniels Sporobolus
pyE umidalls and Ea_np_llun popsereonils Glant Ehodea gras=a which
nad only been grezed et the ligntest stocking rate of 7,080 steers
per ha had also been severely Jumaged by gracing by the tise the

experioents ended and lsrye aress had also been invaded by

Eluesine indica, Setaria pallide=fusca, ﬁpn:nbnluu qunmﬂil
and Pespalus gomsersonii.

The body mase geina mgde by the steers on the pastures in the
firat your of the experisents were nol aB greal 43 thosd io the
pecond and third yeasrs. Tnis mignt be attributed to the f{act
that the grasses were not ap well established in the firat year
as in the second and third years although on Qiant Riodes and
Vietoria Fallsc Panicum, snnual presses invaded Lhese pastures
in the third yegr.

Desplte the wegknesses observed in Muguga Star, Buehman Kine
Punioum @nd Victoria Falls Fenicum toey all proved to De Supérior
to Qlant Rucdes srass in Experiment 1. Tnéy all procuced greater
body mass geine per steer and per ha than Glant Rhodes and were
grazeéd for cuen lunger and gave wore steer grazing days per ha
bhan Glent gnodes. e ptocking rate of 9,b0 oteers per lw on
Mugugs Star, Bushmeo Mine Penloum =nd Victoria Falls Paniocum was
too Light to eonirol growth of these ETaEgEE . Kugh herbage
acoumulated during the [iret nall of the prowing WeaBOMN. Tula
heroage lodged and soothered the gress underneatn and in some
inetances csuoed it to die. AB toe pastuzes of Mugugs Star,
Bushman ¥ine Psnicum and Viotoria Falls Panicum stocked sith
Y,6E steers per ha were coumon to Experisent 1 and 2 the same
observetions applied at this stooking rate in Expsriseat 2.

In Experizent 2 some herbape did scoumulate on all three gsrasses
st a stocking rate of 12,36 steers per ha in early to mid-season.
These pastures had an uneven appsarasnce but no grass lodged.

By the end of the sesson most herbage was eaten and good
utilization was achieved. A% stooking rates of 14,85 and 17,%0
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steers per na no 4rase scoumuiated and it wes clear tnut the
wLasses were overstocked at these stocking rates. This ia
gupported by the mean length of time the grassesd wers grazed

st the different stocking rates (Table 23). If the peried
steers yrazed on pssture at & stocking rele of Y,H8 steers per
ha 18 taien asg 10,0 5, steers at a stogkinyg rate of 14,30 per
na grazed on paslure for BB, , stesrs at a stlocking rafie of
14,83 per ha ob,5 % and ateers at a stocking rate of 17,30

per ha oanly 56,1 % as long as those stogked at a rate of 9,808
steera per ha. Howevar, the numoper of eteer yrazing days
obtuined with the different etocking ratez snows that
differencen between Lrasses and stockin, rates were small,
{Table 23). Trerefore in a practical situation tpis would nave
to be taken into conalderstion in determining the wnole farm
strategy and forage flow for liveatock. It mignt be argued
toat tne excess keErbage that acoumdleted &t & stooking rate ol
4,08 steers per ha oould be conserved Lor use leler io Lhe jegr
or utilized by ilncreasing Lthe stockin, rate lor a pericd long
enougt to prevent the gscoumulation. Conserving gress herToage
for later nse during the dry semson is not justified in present
gircupstances for egonomic resscns and bécause there is adeguate

rouphage on most farme to carry the present livestock population
for that puricd.

The results [rom Experiment 2 shos that the stocking rate aof
9,08 steera per na produced the greatest body mass gaine per
gteer and per ha. However, utilization of herbage by ateers
at tnis stocking reate was poor and much wae wasted. Had the
experiment continued it is likely that these pastures would have
deterliorated through under-use, As already stated excess
neroage oould in practice be conserved or alternatively prazed
off by increasing the stocking rate during pericds of rapid
grass growth. By comparison good atilizetion of herbaxe wes
achieved at a stocking rate of 12,36 steers per he and this
stocking rate gave the greateat number of grazing days per ha
(Table 23) but body mess gains were 27,0 % less per steer and
4,7 % less per ha than geins at a stocking rate of %,88 steera
per has. In practice this might be acceptable because in a

syatem of production wnere sisers are fattened in the feedlot
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after coming of{ pastures compensatory growth oOcours in sledrs
that are not quite as heavv or in gquite as kood & condition as
they might be. Such steers convert concuntrates into meat

more efficiently than steers of the same age but in better
condition and of greater body mass when going into the feedlot.
Pherefore any advantage gained on pestures by steers grazing at

a stooking rete of 9,80 steers per ha over steers prawing at a
atocking rate of 12,35 pteers per ha might be lost in the feedlot.

The resulta did not show at what stocking rate maxioum body mass
geins per steer or per ha oecurred nor where the economic optimum
wag, begause the stooking reates used produced @ lincar decrosoe
from the lightest to the heaviest ifnnkinu Tate, Clearly the
maximum body maes gains per stear would have ococurred at a
lighter stocking rate than %,88 steers per na. Because this
lies outside the range of stocking rates used it is not appropriate
to extrapolate to this point. |However, by using the data in
Figure 21 a linear model (Jones and Sgudland, 1474) was used to
caloulate the theorstical body mass gaine per steer (Ys) over a
range of atocking rates (R). The eguation used was

Ya = 155,957 - 6,771 R

The theoretical body mase gzine per ha (Yn) were then caloulated
by multiplying the body mess geina per Bteer by stockin, rate.

The results are snown in Pigure <5,

The atogoking rate at which body mase gains per nha were at a
maxioum was calculated from the model

Yh = 135,5857 & - 6,771 R°

Yh 18 at a maximum when 4 ¥Yh
d R
135,56857 = 13,542 R ]

B = 133,342
13:; 542 R

E = 10,01 Bteers per ha

= 0
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(18

Body omass gains kg per ha, W' (¥n)

Body mues gain Kg per stuer, U

i I i I | § i i i i o
5 b 7 B 9% 40 11 12 13 1w 15

Stogking rate stesrs per ha(n)

Figure 23, The thecretical rcl  ticnsnip between stooking rate
(R) and body mass gaine per steer (Ys) and par ha
(Yh) caleculated from the eguetion Ys « 135,5857 - o,771R
(Jones and Sandland, 1974). Yh is at a maxioum
(67Y kg) whexe R = 10,01 steers per ha.



The caloulated body mass galn per steer at a dtocking rate of
1,7 uteazs per ha was 07,8 kg and therefore the geln per ha
was 670,68 kg (Pigure 23).

The stooking rate¢ that sould nave given the maxioum profit per
bs wad odaleoulated by the method used by sooysen (1375). Jor
tnis calculation the egquation used was derived {rtom the Jonoes
and Sandland (1974) model. The eguaticn was

! - hi ;r-

wiwre 0 and o are conetants in the equatlon used to caloulate
R &% shich body mase galns per ha wepd theoretically at a
saxisum, r is the prige of the product (body mass gain) per kg
in gents and ®m iw the variable costs (interest on capital,
veterinacy and dippling oosts, labour and other costa) in cents
per day asgéccinted with holding a steer. Then

B = {1}!.&2[ x 35} -1
E o, 0f1 x

46,

E = 10,00 ateers per ha

Therefore the stogking rate that would neve Liven the maximus

profit per ba is wery close to that which sould have given tha
Bayimum body mass gains per nNa.

The results of these experisents indicated what stocking rates
ahould be lmposed on the three grasses fertilized with 350 ke N
and 90 kg r2ﬂ5 per ha annually to give maximum body mass gains
per ha and maximum profit per ha, EHowaver, the grasses uged
all developed weaknesses during the experisent. tere the sane
anounts of fertilizers spplied to a more suitable grass, even
greater body mass gaine and profit might be obtaimed.
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dadad The verious effects of prazing on Jrasaces

The experiments described in Section 4.3.) provided an opporstunity
to study various effects that grazing might have on pastures

other than thoss on herbage and livestogk production. For
example, baszal cover of swards mipnt be affecled by defoliation
gnd by trampling. Moreover, heavy trampling of the soil,
particularly of a silty cley, might compact it, causing reduced
infiltration and inoreased run-off of water j both of which
factore could affect productivity of the mward. Agaeinst thls,
compaction of any soll might be reduced or prevented if tnat soil
ngs a wrasas sward of dense basal cover prowing on it. Furthermore,
if the soil were compaoted by the trampling of the cattle srazing
intenpively on a grass, greatur traction would be reguired to

plougn the soll compared to that reguired on a s0ll that was not
compacted.

To aesess the eifects of intensiwve grazing oo grass swards and
on the soil under swarda, differences in basal coveér, soil deasity,
rate of water infiltration and resistance to the passa.e of &
plough through the &o0il after a perlod af intenszive grazing,
were meégsureéd on the passtures of the four yrasses used for the
experiments desgribed in Bection 4.5.3. These Jrasses were
Chloris gayena (c¢v. Glant Rhodes), Cynodon nlemfuensis vaT.
nlemfuensis (ov. Mugugs), Panicus goloratum (ov. Busiaman Wine)
and P. repens (ev. Viotoria Falle). Giant Rnoues was grazed
only at a stocking rate of 9,88 yearling sieers per ha while

the other grasses were grazed at stocking rates of 9,.HU ; 12,30;
14,85 and 17,30 yearling stears per na in the 1980=-69, 1504=TO
and 1970=T9 growing seasons, The grasses all received 55U kg
B and 90 kg PEGE per na, annually.

Experizental Objectives

(1) Basal cover

To determine the effects of various stocking rates on
changes in the basal coverd of four grusses grazed

during the growing season. Annual basal cover
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megsurerente of gswards would indicate whether Laey
wers becowing denser or sparser sith Bpecilila
tregtnents. 4 vigorous sw»urd is likely %o nave
a dense besal cover wmoile s Jdeteriorating onw is
Likely to huve a more open COVER.

(i1) sSodil density

Po determine to what degres stocking ratu wilécts
the deasity ol the soil on «hich Lhe prasa Lo
ETOWings

{141} water infiltration rate

To i«términe whether various mtocking retes lagosud
on diflcrent orasses affect the rute at which waler
infiltrutes the wsoll.

(iv) Specific soll zeslstance (5.5.R)

To determine whether Lhe reslstance of the soll to
& plough used to plough & ssazd is ellecled Ly the
grace grown wnd by the stocking rete at whigh it
wan gruced,

Materials und Kethods

The designe of the two experleents nuve already been Jdescribed
in Seation 4.3.3.

(i) Busal cover

Estimations of busal cover In botu experiownts were maue oy the
point guadrat method using 4 frume containing U spikes Bpeoed
H.4Ub ol apart.

Before tle experiwents started all sresses and ell paddocks bad
oeen trested similarly (Beotion 4.;.3) ena it wes assumed that
the basal covers of all paddocks of the sane grues would be

sizllur. Therefore in each replicete only cne psddoch 21 cach
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sfbus ln thu taperipents was used to estimate tre initiul basal
covers of the greeses in the experiments. In sucseyuint basal
cover wstimoces, point quadruting wes done lu EVELY pavudgk in
the two ezpoziments.

The frame wea pleced in 100 positions (iu rows of U pesitions
gach) witnin euch paddeck giviog & total of 1 OUWU points per
paddogk. ‘flic rows were Bpeced so that the surlface of each
paddoois wus evenly govered and the irame was placec al every
wight paces tuken by Lhe operetor within easch line. & Atrika
»gs only recorded if, at ground level, & usplks touched u sten
snich was zouted at that poimt. Etrikes on stemw enich sere
not reotey vl tue point of ocontact were not recorded.

The wxparinentul stooking rates werd imposed o0 the gresu@s 1N
the fybb=ty, 1509=TU and 197U=T1 groning ssascns. in e Liay
to June periode of 1904, 197v and 1971 tae Desel cover of all
Bres=es anu cll paddooks in the two eaperiments wis estimatec
in Ehe penrcr already; desorlibed.

(i1} Soil density

knen grazing ceused in the &twoc eapeciments inm jpreil 1971, soil
density reos. peauents were made oo all pastures at [,0¢ wnd 2<£,00
on below ground level (Metelexkacy, 1971) to detlermine wiwtbows
praiing hiod ocompacted the moil. Four core pemples weIv Le.en
diagonally acoross eacn paddock at ooth deptas. The nampies
taken pnesrcst to TOR oOrmErs of The plote wefe % @ wday Looo

the gorners wnile thes remainicg sacple pointe were evenly apaced
on toe dis.onul. At sach sampls polnt tie soll mab excavated
to 7,0¢ oo below soll surface and tos sample area and lmmedliste
surrounds saturated mith water. |Tids wae done B0 facilitate
the cperation oL the core saupler. ALWF L COPe saaples fud
been tustn ot the |,62 om depth the soil was cxcuvatsa to 22,00
ca bulos woil ourlace, the soil wmas sgaln seturated and the
Suaple tuken at tils uepth.
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The core sampler consisted of two small cylinders sach meesuring
45 x 3¢ nm that were housed, sdjacent tc one another, in an
wxternal oylinder thresded at Loth snds. A% one snd ol the
external oylinder a oylindrical hesd =ita 46 ma jntercal d4i smeter
wian sardwved op. The bsad was tapered %o facilitate entry of
the wamplor inte the #pll. At tie other =0d of the external
oylinder a round metasl twse plete with hanule was Boresed On.
The bade plate hed holes drilled io it lo allow alr trupged
withip the ogylinder to escape »lien toe sampler was wipg puanmed
or pameered into the soll. Thé objeat of having twe nylinoers
w@s for éaoe of removal of the sample ol soil from the cylloders.
Whan the soil was thoroughly wet the mampler was driven inic the
soil untl]l the head wes lewel with the soll excavated to 7,b:2

or £2,80 or below woil surface level. Toe sampler was Tewoved,
the k=ad unsorewed and the cylinders snclosing & core of soil
taken out. Tie s0il at each end of the internsl oyllogoer was
trisced off fiush with a knife. T core saaple was then
ropoved froe the gylindera by sliding sach oyiinder oif in
opposite dizecticoa. Tnis left a s0il core sample 4¢ am in
diascter and 76 om long. The samples were oven-dried and then
walgied. By dividing the woluse of ®acn core sample (00,77 al)
by the mass of toe core, soill denajty in g pes ol was cbtained.

In addition, four core samples were Tawen at cach depth st each
end of wach replication of b= expericent in ad/soent vold, oo
tuat soll donsity under wveld could be cospared with that uniler
intenvively grazed pasture.

(441) weter inilltration rete

The water infiltration measurementis were done on the Lso
experiments Letwsen the 10 and =< Kay 1971. Toe moll at tois
tiue contained 14,7 % moisture., Toe techaicque used wgs o site
a snort section of & 10,10 oo internsl dieseter stewl plpe on
bare ground within the pasture. (ne edge ol the pipe had wesn
tapered to [acilitate sealing the pipe with the #round in orde:z
to contain e water in the pipe. Sealing w»us zculeved by
preas.ng tie plpe into the sround and sisal canecusly turaln. the
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plpe to the left and to thoe right, disturbiog ws litlle soil au
possible. QOnce toe pipe was seaied «ith the soll, 1w ml of
water was poureéd into the pipe snd Lbe tiuw Lasen for all the
sater to infiltrate the eoil mage noted by oeans of o otop watch.
The seasurc.ents wveres sade oo bere 50il because 1t was found
that Af 5 grass plant was contzined within the pipe, mater
tanged to uelp repldly inoto tae soll via cosnnels neab to the
root system. Io each paddook four such messurveents were Laken
on tie diagonal opposite to that used for the soll dessity
messurezuvnio uul at corresponding positicns. —The four readings
obtaloed fox <ach paddock mere seanesa.

Similaz mcgourcunents (10 sites) were nede 1o eijacent veld gng
in saize plots (10 sites) mithin the same eaperimental area.
ln the malge, vight messurancenls wecre lcoken where tne SIOVEr
mas ploughed under asonually and eipht wnere it wss recovead
snoually. These additionsl mesuiressnty eire Lasen %0 compare
the rate of infiltration of suter on these uiles witn toose
under intonsively grazed pasture.

(iv) Specific soil resistance (5.5.g)

Floughing of the grass pestures used in tne two experisents
started on U Lay 1971 when the soil was ary (12,7 % moisture)
ana toe measurenents were gomple vd three 2ays later. The

dvonanicul cualysis of the soil ia glvea under Seotion £.2.

A caterpillar trector and a trailing toree-furrow dise plough
Fithed wilh atandurd TU om diameter uiscs wsere wed to plougn
tie graseés under,. A mouldboard plougl wes Tried but the soil

was found too sard for thnis plough to do the operation
satinfactorily.

The tractor was linked to tiw plough tnrouph a dynamometer shish
Weasured the dreught required to pull the plough. ploughing
started in the centre of the paddocks along the length of eggh
Teplicetion of thne tec expericents in both girections. When
e orening fuzzows in ooth directions had been gompleted
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dynamometer rezadings were taken in egoh paddoock as the plough
moved from one plot to the others poundaries between paddocke
were s8till clearly vielible. %'th seach pass of the plough, CLive
dynamome ter readinge were [z«é@n per paddock bY & recorder walking
alongside the traotor and plough. A pressure gaupge attached to
the dynamometer with a flexible luad #nabled the recorder to
carry the gauge aud make the readings. In each paddock 5J such
régdings were taken, 25 in each direction. These wers meanad

for each paddock.

with each paws of the plough tne width and depth of the furrow
was recorded along u line across the middle of each paddock.
Thus in every plot 10 of easch of these measuremeénts wure made
which were weaned. The specific soil résistance (5.5.H) was
used g8 the measuring unit ia preference to plough dradsht as

it was the soil property that weabeing messured and not the
ghauracteristios of a partimlar plough E]Eillu,?ﬂ?ﬂ}- AE tha
data was comparative in nature it was degided to inglude total
plough draught in the caleoulation of 5.8.RH. This considerably
elmplified the equipment needed for measurement. Ing 5.3.0.

wag calculated using the fommuls

ElE‘iHl L

XXy

whare d is the total plough drausht in newtons (K), X 1s the
width of cut of the plough in om, and y is the depth of plough
farrow in an. §5.5.R. is expressed in kilopascale (kPa).

When gll megsurements on the pustures were gomplete an area of
veld adjacent to the pastures wae alsc plougheds Similar

me gsurements to those taxen on the pastures were made and the
S5.5.R. for soll under veld (aloulated. Thus the 5.5.H, of
801l undéer cultivated pasture and under veld could be compared.
The scil under veld contained 10,84 % moisture when ploughed,
The plough settings were the same for both eites.
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HEesults

(1) Basal Lover

Phe initial bamal cover of the four grasses in November 1968
before the experimental stockin, .ates weér: ioposed on the
grasses in the t{w. experiments ace shown in Table 24.

Table 24. Mean vassl cover of four grass pastures
sxpresssd ac & percentage of total pastiure
nrea,

G rasam

Bushman Mine| Vietorim
Panicum Falls

Fanioum

Glant Riwdes| Muguga Star

Basal cover, % 1,80 3,70 <,20 2,33

Muguga Star had i highest initial basal cover and Glant Encdeas
tha lowsat. Pushepan Mine Panicusm and Victoria Falls Panicums had
aimilar, and intermsediatea, covors.

In Tatle 25 the bamal covers of the four prusses grased at a
atocking rate of $,B8 steérs per ha for three sempsons in Experiment
1 (Section 4.3.3) are shown aflter esch scsson's experimental
grasing togethir witn their three-year means. The basal covers
of all weeds in the swards are also shown.
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Table £5. Tiw mecn basal cover b® & peroentage of total pacture
sr@a of four grasues () and weeds (in parenthesis)
oraged at a atogking zate of 5,08 steers per na during
three growing sececné end fertiliszed with 250U =g N and
gu kg £'zl:|5 per na, anoually. (Analysis of veriance
tuble appendix 2.30).

Year Gras:zep Moans

faan Yictors oo
ians o
fhodas sur kine Falls i
Fenlous Panigun

1964 1, 77(0s5) | 5:27(0,0) T:10(0.4) | 4.56{04) 4,00(C,})

1570 2,50(C,8)| T,60(0,0)] 9,00(u,2)| 5.00(1,1 6,13(0,3)

1971 1023(2,4) Tous(0.4) | 9,05(0,5) | 4.,05(5,v 2:08(1,32)

Threw= '

year 1,77(1,2) | 6,63(0,1)| B.04(0,3) | 4.97{1.,5)] 3440(0,8)

EE Gne

sg % L5De
" % Uit

196Y 1,72 J:45 Je2l oy 30

1970 Uyl 1,28 a4 PR

1971 1,46 e 033 Y426

Threa=

year 130 P 4,12 4:52

muEans

The three-;esr r¢an basal povers of Bushmgn Mine panloum and Muglga
Star sere greater (P« U,U1) than the cover of Giant Rhodes,and the
gwan basal covsr of PBuwhman Nine Panioum wgs greater I.r{u,uj} than
that of Victoria Palls Panioum. Of ail the swards Victoria PFalls
Fanicum contained the greatest propurticn of seeds.

At tox enc of the firet season's graziog (150%) the basal covers of
Kugpupa Star, Bushman Mine Panicum and Victoria Fails Panlicum had
inoressed considerably otompared witn teeir cover befors grazing
started, while tie basal cover of Glant Rhooes nud remained nvaerly
the seme (Tables 24 and 25). petween 19659 ana 157U csnal cover



of all the grassee lad incressed bul between 1970 and 1971

only the cover of Bushman Mine Panloum kad showsn any further
inoreasw, 'Tha basal covers of Glant Rhodes and Victoria Falls
panioum wazre 46,5 % and 17,5 % lower ina 1971, respeotively,
compa:ed with their cover in 1970. The busa. cover of Giant
Rhodes ia 1971 wae lower than ite ‘nitiel ocover before
experimental grewsing stacied (Tables 24 wnd 25). Toe basa.
gover of Mugugm Star was only slightly lcower lo 131 than in
1570,

iithough 3 000 points tagen with a point quadrat provided an
acceptable degree of experisental socuracy (ev. range 6,6 to

26,3 %) for tos basal coves of Lhe grasses it did not provide

an acceptable degree of aocurscy Lor the total basal cover ol
weeds in the swards. JFor the weeds, ov.'s of B3,4 to 114,6 % were
obtained and for this reason statistiowl oriteria for them are not
presented. liowover, the proportiom of weeds in Giant Hhodews and
Victoria ¥=lls Panicun tended to fnoraase witrn time but in Lugugs
Star and Bushman Mine Penicum swazds the weed population was
negligible, In 1971 we2ds comprised u],1 % of the total basal
cover in Clant Rholes awards, 3,3 % of Victoris Falls Panicum
swards and only 5,4 % and 2,5 % in Mugugs Star and pushman Nine
Panicum swards, respeotively. The prinoipal w»eeds were
Maim indiga, Setaria gallidt-f_um. BEporobolus pyramidelis

and Paspalum conmersonii.

In Pigure 24 the basal cover of thres grassés grazed at stooklng
rates of 9,68; 12,%% 14,63 und 17,30 steers per o for toree
segeons in Expeziment 2 (Section 4.3.3) are sbown after each
seasonn @recing with their three=year Goans. The total basal
cover of gll wrede in the swards i8 also shomn,

The threa=yoar mean basal cover of Bushman Mine Penicum over all
stocking rates was greater than that of Muguge Star (P {Lr.uj}
and of Victoria Palle Panioum (P V;01)s Stocking rate had
no affect on the three-year mean Dasal covers of the gresses .
The mean basal cover of the weeds in Victoria Palls Panicus
pastures wus slmilar at all stocking rates. In kuguge Star and
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. Three-year oeans

i HlugUgd Star

__.-i-".-"“h"‘-h.‘
r-'

86

12,3

g_ :;ﬂ— ':==$’- :"

—(—  Bushman Mine Panicum
—3— Victoria Falls Panicum
=== Yadds in grasses

K

'Ff--ﬂ
s

-‘.’

T % T 1
14,683 'I'f_lh »58 15-55 14,83 17.¥

Stooking rate steers per ha (@)

The mean basal cover ad a percentage of total pasture
area of three grasses (G) and weedo grazed at four
atocking rates (H) during three ;rnninu g@asons and

fertilized with 350 kg N and 50 kg Py
{Apalysis of varisnce table Appendix Ej}?]

per ha, annusll
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Bushman kine Panicum pastures the amount of weed fended to
incresse with increasing stocking rete. Ho stutistical
gcriteris are presented for bseal ocovers of weeds [or reasona

already given in regard to Baperiment 1.

No difforénces In busal cover betwean grasses weré found in
196y and 197U but im 197) Bushman Mine Panioum nad a denaer
gover (P < l.I',LIU"I:I tnan e¢ither Nuxuxa Star or Vietoria Falls
Psnicum, Only in 19€7 did stocking xate have gny influsnce

on the Bosal cover of the graceus. ¥ith Muguga Star bagazl
gover inoreussed between the [irst end eecond stocking rates

and theregfter degreased with imcreasing stooking rate but

only oatuedn the Tirst two rtocking rates weré dillerences
significant (P < U,U5). The bueal cover of Viotoria Falis
Penioum incregsed with increasing stocking rate but significant
differances {P-{:D,Ui} only oogurred betweep the [irst and thired
and betwvenn the Tipst and Ffourth stooking rotes.

In the first two years the proportions of weeds in all three
grasses were omall but by the third yesr weeds had increused.

In Vigtorisg Falls Panicum there was oo Ielationsinlp DeTwWeEn
stocking rate and proportion of weads but in Hushman Mine Fonicum
and particularly in Mugugs Star pastures the proportion of weeds
loporeased with increasing stooking rate. Thoe weeds were the

samé @B thoseé found in Experiment 1.
(ii) So0il density
In Table 26 the density of the soil under four gTaBEEs grazaed

at a stocking rate of 9,60 ateers per ha io Baperiment 1 is
shown .
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Pable 26. Tha density of oven=dried scil in g per mi at
7,62 and 22,86 ca below soil surfece under four
grasses (G) feztilized with 350 kg N and 50 kg
PEDE per ha, snoually snd grazed at a stooking
rate of 9,86 staera per na for three growlog
EERAONS . {Analysis of varianoe table Appendix

2.38).
So0il Depth om G

Graes (G) 7.62 22,86 De ans
Giant Rhodes 1,42 1,32 137
Muguga Star 1,38 1,29 1.4
Bushman Mine Panicum 1,59 1227 1433
Victoria Falle Panioum .55 1429 1,54
Depth means 1,40 1,29 1,55
sg & 0,05 0,04

There were no differences at both depths in the density of the
80il under the four grasses. The density of the soil at the

22,86 om depth wmas wlightly lower than that at the 7,62 ca depth
for all grasbes.

In Table 27 the denesity of the soll under three grasaes grased
at four stooking rates In Experiment 2 is shown.
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Teble 27. Density of oven-drisd soil in g per =l at 7,62
and 22,86 om below soll surface under Lhres
grasses (G) fertilized with 350 kg ¥ and Y0 kg
pzl;lj por he, monually sad graved at four stocking
rates (R) durdioy three growing seasons. (Analysis
of variance table Appendix 2.39).
Stocking rate (R)
Dapth ateers r bha G
arass (G) s [T 5,5 | 14,85 ] TT-R0| means
Muguga Star 71,62 36 1,42 142 1,42 141
22,86 | 1,29 | 133 ] .36 | 1,30 1,32
Bushman Mine 7.02 1.3 1,58 1,58 1,42 1.5
Panious 22,86 1,27 1,28 1,32 1432 1,30
viﬂtﬂ!h !ﬂlll T.'—'IE 1.}5 113'& 'I.:IE "I|41 1-39
Panicum 22,86 1,29 1,28 1,29 1,31 1,29
1,62 1., % 1,59 1,40 1,42 1,40
i) 22,86 1,2 | n | 132 | un| un
17,62 1424 1,29
Yeid 22,86 1230 1,30
g A
5 B + ‘.',EE U, 0,02
22,86 0,0 , 04

Boll densities at 7,62 om were similar under all grasses and mo
were the deasities at 22,86 om.

imposed on the grasses had no effect on soll density.

Alsg, the various stocking rates

The soil

density at the 7,62 om depth was slightly more than that at the
564l density at 7,62 om depth under veld was
less than that under cultivated grees but at the 22,60 om depth
denel ty of soll under veld and cultivated grams ware similar.

EE'HE o d'_pﬁi
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(444) weter infiltration zute

The rate at which water infiltraced %“he soil under four Qrasaes
gruzed at o stocking rate of 9,68 steers per ha in Experiment 1
is shown in Table 26,

Table 20, |jLean time in minutes for 1uu ml water to
infiltzate the soil under four Brasses (G)
fertilised with 35U kg B and S0 xg Pzﬂi peE
ha, snnually and grazed at a stocking rate
of §,88 pteers per na for three Zrowming EesBODE.
(ARalysis of variance table Appendix 2edU]a

Giant Kuguss |Bushmgn | Victorias G
Grasses (G) Ehodes Star Hine Faulls B A5
Peonicum | Panicum
Nean time 98,2 44,1 45,0 4,) e
einuten
Elt 3,0

The tioes tulenm for 100 m]l of water to infiltrate the soil under
the four g rasees mere not signilicantly difierent despite the
fact that the range cetseen the fastesat (Musugs Star) and
sloweat (Victoris Palls Panioum) zates of infiltration was

3,2 minutes. There was 8 high deapmee of experimental error

in these n.asurements (cv. 54.3n) walch proosbly sccounts for
the lace of significant effeots.

In Table 2% the rate at whish weter infiltrated the soll under
three grasses gra2ed at four different stockin, rates is snowan.

Keither grasses nor the different stocking rates at whicn the
graosses were yrazed were plgnificantly different from one snother
in terms of ths rate at which watér infiltrated the poil. On

veld nowever, it took leas tnan half the tioe fozr the same amount
of water to infiltrate the moil.
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pgble 29, Nesn tise in sinutes for 100 ml water to
infiltrate the soil under three grasses (G)
fertilizged with 350 kg ¥ and 90 kg Pzni per
ha, sonaplly snd grazed at four stocking
rates (R) during thres growing seasons
pompared with veld and with malze.
(Analysis of varisnce table Appendix 2.41).
gtooking rate (R) steers per ha a
Grasses (G) 9,88 | 12,36 | 14.85 | 17,30 | mesns
Bugugs Star 44,1 3748 76,8 49,9 52,7
s 49,0 | 99,9 | 8.2 | 53,3 | 5749
Vieterta Palls | 4,3 | 41,5 | a1 | 3148 | 45,8
R seans 39,8 49,4 39,2 l 47,0 5241
Teld 22,5
Mailze stover
removed 19,6
Stover ratained 17,0
& i
ss 2 8,4 91

0n land ploughed swnnually for a saise crop it took considerably

less time, an expected, for the same asmount of water to

infiltrate the soll as it did on the pastures ut only slightly

less time than om weld. On the maize land where maize stover

was retumed %o the soil each year, it took 1},) % less time

for the water to infiltrate the soil than it did where maize
atover was ramncved sonoslly.
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{iv) Speoific sedl recistance (5.5.K)

In Table 50 e 5.5.H to w disg plough used to plougl ondes
four grassas ,razvd «i & otocking cete of Y08 steers  vr ba
in Experisent 1 la phowi,

Pable 0. Specilic scil resistance (b.s.n) in k Pa to
8 diso ploush used to plough under four gr=sdea
(G) Erazed at a stooking rate of 4,00 pteers

per ha during three grosing sessons. (#nalysis
of variwnce table Agppendix 2.44).
2 Giant Muguga Bus hman Vigtloria G
Grasses (G) Hnoges Star uine Falls nEans
Panloum Punicum
S.2.0. k Pa YU,55 YT ,u3 114,39 93,65 96,55
SE & LSD
T T
9429 b, W0 9edd

The 5.5.H. on Bushman Mine Panicum was greater (P < U,u1) than
co the otiex tl‘ﬂ“l HLLOEBE.

The 5 8.0, to s dleno plougn used to plough under tnree grusses
orasea at four ditlerent stocking rutes is suosn in PlRure 23.

There wure 0o "Aifferences between grasses or between & loceling
rates in 5.8.4. Bosever, the intersction bel-éen grasses and
stooklng futos was mignificent. kith Bushsman EKioe Penicum the
S.9.0, dvoreascd betwesn the first and third stooking reves und
then ilncore.sed again %o the fourth stoockin, rate, this guadratiec
elfect belng slgnificant (P € YU,V1). The 5.5.k. of Victorla

Palie Puiloui lnorvased at an inoressing rate beteeen the firot




in kPa

5.5.H.

Figursas 25.

105

- j4d =

115 ¢

10

100

95

90

B85k 1 1 L 1
9,88 12,56 14,83 17,50
Stocking rate steers per ha (K

The specific scil resietance (5.5.R) in LkPa to a
disg plough used to plough under three grasses (G)
grazed st four stocking rates (R) during three
growing seasons compared with the 5.5.R. of weld.
{(Analysis of variance table Appendix 2.43).

Grasses (G)

S HMuguga Star
e g Bushman Mine Panioum
_— Victoria Falle Panlcum
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and the seoond, and the second and the third stocking rates and
then decreased to the fourth utocking rate and this oublo effect
was aleo significent (P 0,00). The §.5.R. of Muguga ESar
inoreased with insreasing etooking i1ate but this response was
not significant.

Diegusaion

Only in 1970 wae the basal cover of Glant Rhodes greater than
ite initisl cover in 1968 (Tables 24 and 25)s By the third
year Glant Rhodes pastures had deteriorated to the extent where
enly 33,9 % of the basal cover was Gilant Hhodes and 65,1 % was
waed, This is olearly a grass shich is unsble %o withstand
intensl ve Erafifys

in 1970 Mugugs Star becase infested with a black smut, Ustilago
oyoodontis, on the flower and seed heads. Tnie disesse appeared
to affect it's vigour, particularly during 1970-71 and this
probably accounts for its slightly lower basal cover im 1371
compared with 1970 (Pigure 24). The basal cover of weeds in
Muguga Star psstures was small during the first two years but
increased markedly with ingreasing stooking rate in the third
year and at the highest stocking rate was egual to the grase
cover (Figure 24). This also indicates that the ssut reduced
the vigour of the Mugugs Star swarda.

During the 1969-70 smeason, ons of below average and poorly
distributed rainfall (Appendix 1), it becamw apparent that
Victoria Palle Panicum was not suited to dryland conditiona.
Patoghes of it died cut and these areas were invaded by weads in
the 1970-T1 seascn. At the end of 197U=T1 season 39,3 & of
the total basal cover of the sward over all stocking rates
comprised weeds.

In all throee seasons Bushman Miné Panicum nad a consistently
good basal cover and it was on this grass that the denseat basal
cover of 12,1 % was regorded in 1971 where the stocking rate

wai 14,83 ateexs per ha. The three=ye¢ar mean basal cover of
this grasn wam aleso the highest of all the srasses. Further zore
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the wesd component in Bushman Mine Panloum swards was the lowest
and so it is deduced thet of the [our graseses, Bushman Mine Panicum
mithatood intensive pgrazins mosti Satislactlocily.

Only in 1969 did stoocking rate have differential effects on the
basal covers of the grasses (Pigure 24), though its eifects sere
inconaietent. 4 reason for the small response to stocking rate
over the duration of the experisent could be that the periods
for which the grasces were grazed each year beoame ahorter as
stocking rate increassed although the number of steer grazing
days per ha for all stockins rates were similar (Table 23).

In conseguence, pustures stocked at the two heavier rates were
destooked in time to allows them to recover somswhat before the
end of the seasson. [Jor this reason basal covers of the grasees
at the two hoaviest stoocking rates mere no betlter or no sorse

than the basal covers at the two lighter stocking rates.

Beoguaa the densities of the soil 7,62 ca below soil surface on
the intensively grazed grasses were similar regardless of the
grasa or stocking rete, it ls clear that thesew [actors did not
have any influence cn soll density at that depth., However, if
the density of the soll under veld is compared with that under
pasture there is a difference. The soll density under intensively
sTazed cultivated graow was 0,11 g per ml greatéer than soil under
lightly grazed veld. A possible explanation for this difference
is that virgin scil usually hae & higher organic matter content
and a bettér orumb struoture than ploughed scil and therefore is
not as dense.

At the 22,66 cm depth below soil surface there were also no
differences in woil denslty betwsen grasses or atooking rates
but the soil was 0,09 g per ml less dense than the soil at 7,62
em, This indicates that there was slight compaction nearer the
scil surface or that the ploughing process caused the changes.
This supposition is strengthened when the density of the soll
under veld is compared with that of pasture since the densi ty
under veld was Bimilar at both deptha.

Larger variations in soll density may have been obtained had
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2,54 om below the soil surfuoce. Tihe eonolusion reached from
the results was that there sas some compaction of scil undez
the intoswively grased geasses shen ovmpareéd sith that under
virgin veld.

There were no differencea in iz rate of wmater infiltration
inte the poil between grassss or between stocking rates.
However, there wus & large difference in the rates at which
water infiltrated tie acil undeér weld compared with pasture.
This indioates that there might have been differences posnibly
in the physiocel structure and organic mattér content ol the
scll under veld and undez pasture but the soll denmity
megsuremsnts shuwed that at the 7,62 oa depth the soll under
pasture was only 6,5 £ more dense tuan that of the wveld.

At the 22,86 = depth soil densities were similar under pasture
and under weld. This indioates thuat il there were diiferences
in the physical structure of the soll under wveld and under
pasture they must have ococurred between the soil surface and
the 7,62 ca depth of saapling.

When the four grasses Qiant Rhodes, Muguga Star, Bushman Mine
Panicus and Victoria Palls Panioum grazed st s stooking rate
of 9,68 steers per ha (Experiment 1) were ploughed undez, the
5.5.8, of Bushman Wins Panicus was greater than the other three
grasses, This difference oould not have beaen due to soil
density because the densities of the soils under the four
grassas wore sizilar (Table 20). Bushman Mine PFanicum did
nave a greater basal cover than the other gresses (Table 25)
and this might have been the reasson for the greater resistance
to the ploogh. However, in Expérjount 2 thers were no
differences in 5,5.H, between Bushman Mine Fanicum, Mugugs Star
and Viotorla Palls Panicum despite the fect that PBushman Mine
Panioum had a mugh higher mean basal cover im 1571 (Piguze )
when the grasses were ploughed under. Therelore the suppouition
arrived at in Biperiment 1 that basal cover might have been the
reéason for the greater 5.5.H.on Bushman Mine Panicum, sust be
treated with reserve. Although there was & significant
interaction between grasses and stooking rate in Experisent 2,
the results are diffiocult to interpret despite a high desree of

experimental acouraoy (ov. 5,9%) and no explanstion is offered.



The veld had a similar 5.5.R. %o Glant Rnodea grass. Although
the basal density of the veld was not measured it is assumed
that this was lower than the cultivated pastures and therefore
the veld yrasses would have prescnted less resistance to the
passage of the plough. However, the soil density messurements
indicated that soil under veld within the plough layer (7,62 cm
below ground level) was less dense than the cultivated grasses
and itmay also have been for this reason that there was leas
resistance to the passage of the plough through the soil.

General conclusions on the vacious effectis of grazing on grasses

The measurements msade on the basal cover of grasses, the density
of tiw® soil under grasses, the rate of water infiltration into
the soil and the resistance to the passage of a plough through
the soil after a period of grazing, showed that the grass used and
the stooking rate at mshich the pastures were grazed influenced
some of the pessuresents, However, the diiferences betuedn the
grasses grased at ths various stocoking rates were not as great
as were anticipated consldering that grusses with dif ferent
growth habits were used and the intenslties at whioh they were
grazed. Interpretation of some of the resultes was diflioult
despite s high degree of experimental soouracy. Furthermors
no literature oould be found on the subject and therwfore the
results of similar research oould not be compared. (Qlearly

this is a field of research which doe#s not appear to have been
ipvestigated.

Géemmrally the results show that the basal covers of the grasses
used in the experiment varied {rom year to year and that the
stocking rates at which they were grazed had little influence

on this. Weeds tended to lnvede grasees that had been affected
by disease or by poor rainfall at a faster rate than grasses

that rezained healthy and that were not affected by poor raeinfall.

Heavy trampling by cattle of the soil under the Lrasses did not
affect the density of the soil because this was similar under
all graeses at all stooking rates. However, it was ocbserved
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that the soll under veld at 7,52 om depth of saupling was of

lower density than eoil nnder pasture, indicating either that
there had been some soil ocompsction on pastures or that toe
ploughing of the soil for establishment of pastures caused tnis
difference,

There were no differences in the rate at which water infiltrated
the #oil under the graeses and nor did stocking rate affest this.
However, observations showed that it took the same volume of
water (100 ml) 2,4 times &s long to infiltrate the soil under
pasture compared with soil under veld. This indicates that
there might have been differences in the physical structure and
organic watter content of the soil ander veld and under pasture.
50il under pasture was slightly more dense than under veld at
7,62 ce depth but similar at 22,80 cm depth. Therefore any
differences in the physmical structure would have ocourred between
the 7,62 ca and the soll surface whioh was not samplcd,

Differences to the resistance to the passage of a plough through
the sol]l under four pgrasses grazed at a atogkins rate of 5,88
steers pér ha for turee grosing seasons were found. The
differences appeared T b2 related to the basal cover of tha
grasses at the time of ploughing. Howewer, this zesull must
be treated with reserve because shere three grasses .ere graged
at four stocking rates there mere no dillerences Detlwddén ETraanes
to the passaye of a plough deapite differences betasen grasses
in basal cover. Tha rate of atocking pustures with catile also
aifected the resistance to a plough through the scil but
intezpretation of these results was not poasiole. It was
observed that the resistance to a plough through the scil ander
intensively grazed grasees was greater than that in soll under
natural veld grasees. Thore were four possible reasons for
tnise. Firstly the soil under veld was cbserved to be less
dense than under pasture, secondly that the basal density of

the veld grasses was lower than on pasture altlhough this was
not measured, thirdly the veld asnd pestures were of different
structures in that veld was mainly tufted and pastures mainly
scod, and fourthly that ploughed soil haw a different physical
strugture to that of virgin moil,
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4.4 The Characterisation of the Qrowth of Cynodon asthiopicus
{n?- Ho. 2 BtHI]

1o =arly; experiments in whioh the herbuge yields of grauwses wsere
compared (Section 4.1.1) it was found that Punicus coloratum (cv.
Bushman Mine) and Cynodon nlemfusnsis var. nlemfuensis (ov. Rugusa
Star) yielded more herbage (2100 and 1900 kg dry matter per na,
ﬂnpnnti'iralﬂ than C. sethicpicus (ov. No. 2 Star), menceflorth
referred to as Star grass, However, in grazing sxpsricents wnere

the effecte of stoocking ratea on grasses were determined (Section
4+543), both Bushman Mine Panicum and Mugugas Star developed
weaknesser and proved to bée unsuitable for grasing on dryland.

In contrast, Star grass, both in preliminacy grazing triale (Sectlon
4+3+1) and in other experimente (Seotion 4.).<) nad shown that it
had tne ability to withstand intensive grazing and drougnt and

wad disease free. jlso it has been growm in Rhoaesia for many
years mith success and has a wide range of adaptation. Purtiermore,
Harlan (1970), Harlan,de wet, Hulfine and peskin (1%7u) and harlan,
de Wet and Hawal (197U) described C. sethiopicus Clayton et Harlan
as being the most midely distributed species in gast Africa with a

distribution frie Etoiopia to the Trensveal, ifrom coastal lowlands
to Righlandss For these reasons emphasis was glven LIET pTuss
in the ppsture resegrch progromoe between 1971 and 1975 and the
regainder of this report deals principally with this prass.

ln devising suitable systems of Brazing management for a grass it
is isportant to know what chenses take place In the amount and
guality of tues herbage components during growth and development;
that is, to charscterise growth. Such a characterisation study
®as carzied out during the 1574-T5 growing season.

Experisental Objeotlives

To deterczine the changes in the amount ang guality of the heriage
components of Star grass durlng growth and developmest gnd to
observe its regrowth potential after being harvested at different
atages of growth. BSuen information mwight be used in devising
systeas of munageament that would maintain quality and production
ol nerbage for grazing by beel cattle,
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gaterials and Methods

The 8tud; was cgarrled out on a eix-year-old pasture ol Star grass
that had bees fertilized snoually and grased frequently during ita
l1ife gond =zs8 in a productive conditlion. Pour repLications of &4
plots each megsuring 1,5 x 1,5 m vere oesed, pPefore the raina
started on 19 Hovember 1974 (Appendix 1) all plots received 90 kg
PEEE pEr ha. In addition 500 kg N per ha was applied in four
equal dressings at approximately monthly intervals starting on 20
aovember 1974 (oee Pigures 26 and £ ). Three aspects of grosmth
and developeent were studied ana in all cases heroa.® was out to

5 gm above ground level and nmet glots of 1 nE wErdé harveated.

(1) Undisturbed growth

Tuis sas measured by narvesting plote serially at weekly intesrvals
from the time growin started on 20 November 1574 until light
interpeption in the smard wge apparently at a maximom,. Using
thle criterlon two gzowin periods were studied. The firat growth
puriod lasated for 1U weeks from <V lovember 1974 to £b Janusry
1975, that la, from early to mid growing season. (n 28 Januazy
light interoeption in the sward wae at a maximum aud all plots not
previously used were ocut. These plots were then used to measure
the undisturbed growth during the second period from mid-to-late
growing esuson that lasted for 1) weeks from 2d Januar; to 29 April
1975, At this time light interception in the sward w=as again gt
A maximum, The atudy was then terminated.

Light interovption wam measured at weekly intervuls at solar noon
on the day prlor to harvesting plots. For this purpose a wooden
probe [ittud with photo-electric cells that sere counected to a
wioro=ammetor was used. The probe was 35 ca long and 3 ca wide,
and the 1U cells, which were made of selenium, were coupled im
seriss and opaced J om apart along toe length of the probe. The
géelles were coupled to the micro-ammeter by means of an insulated
flex 60 cu longs To measure light interception tne probe was
inserted into the sward at ground level and the reading taken.
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Immediately theresfter another reading was taken above the canopy
in full daylight, the difference between the two readings giviag
tha amount of light intercepted by the sward.

At €égoh harvest the yield of herbase and the progortions of green
leal, excluding sheaths, dead anuo dying leaf (hereafter termed
dead 1i5£} gnd stem were determined by separating samples and
oven=-drying tham. The dry mass, in vitro digestiple dry matter
and crude protein contents of each ocomponent were determinad.

The in vitro digestible dry matter wae determinea by digesting
U;25 g Bamples at 4Gnu for 46 hourse in & mixture of four partis
buffer solution to one part ramen liguor tuken from fistulated
Bheap . After "digestion' the samples were centriluged; the
liguor removed and the samples 'digested' auein at Ibnﬂ for 4d
noura in acid pepain. The samples were sgain centrifuged, the
liquor remecved and the samples oven-dried. In vitro digestibility
was then caloulated by difference. The crude protein content of
the wvarious components of herbage were determined by the Kjeldahl
me thod .

(11) Initisl regrowth

All plots harvested eerially to determine uninterrupted growth
wére harvested agaln one week later and the herbage yield termed
initial regrowth. The object of this was to determine the
regrowth potential of Star grass after beimg out at ditferent
stases of growth and development. The herbage was not separated

into leaf and etem in this cese oput samples were tawen to
deteruwine dry matter.

(iii)  Residual regrowth

Following the Iinitial regrowth harvests all plots in both the
firet and segond growth pericds were allowed to grow until

light interception in the undisturbed growth was at a maximum
when all were out and the herbaxe yleld termed residual regrowth.
This perbage was not separated into ite different components but
dry matter wae determined from oven-dried sampleas.
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{(Lv) ‘Total regrowtn

Prin vas cutained by summing inftial regrosth god rouicual
regroath for voth the [irsl and secona periods ol grosti.

(¥) Total production

This wae thu sum of undisturbeu grosth, initiel regruwin and
resigual regrowth, for both the rirst and seoond growin
perioda.

Resul ts

Regression moduls weére fitted to all the dete in bOSH %ne Lirst
anu seoond sro-th pericds. In each case Lhe aocdel whicn IilLted
the Jdats most @ocurately was adopted. In both periode of
unaisturbed grosth tne cubie regression model

.‘.-’-n-rﬁD-rﬂﬂz-riDj

where y iu the dry matter yield, &, by © sno d ere constants
and D ie tie number of days [rom when growth ptartea, wus used.

The daily groxth rate for the unuisturbed prowtn was caloulated
froma the model

;r-lihh*ﬂliz

shere ¥ is the ozy matter yield and @, b amd ¢ aré constants
and D is tie number of days Crom when growth started. TEEn
growth ratée was at a maximum when

£ . 0

Tné obaserved and derived values and the regreasion models for i
andisturbed growtn, growth rate of undisturbed growtn, light
intercépiicn in unaisturbed growth, residual regrowmth, total
régrowth and total production, are shown in Pigures 20 and 7.
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Figure 26. Qrowth ourvem of Star graes between 1Y November 1974 and 2
January 1979 and the percentase light intercepted by a
pward allowed to grow undisturbed. Arrows indicute when

nitrtogen was applied.
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somemmemse Dally growih rate of UG(DUG) ig W'
DOG = 21,75 + 15,8 D - U, D
Wﬂitll:ilulthﬂlgl T

b

28

shen 15,16 - U, 36 D= U
Maximum at 36,06 daye

Light ilntercujption (LI) in %

L} = 4,76 + 0,85 D + U,U16 D° - U000 D7
BT o .Gl

SEEREE SIS b



Ory matter kg per ha

13
12
1

10

sure 27.
T
0
. .
a
R
+
—4—
[ ]
sesnereeties

; 27w 21 2 35 42 43 36 63 70 77 B4 9

d‘:hj-

100

Y
B
Tu
il

LV

d
N
20

1u

Day= (D)
Growth curves of S5tar grass between 25 January and 29
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Undisturbed grosth (06) im LOL' 3
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gg = 14655,932 - 544,598 D + 6,743 ?* - uyue] b°
= U,JTU3

Total regrowth (TR) im UGU" 5
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G = =-11,99 4 9,94 1 - U,096 D°

G at maximum when

&. o
when 9,14 - 0,192 D = O
Maxinus at 47,6 days

Light intercepticn (LI) in *E
LI =—6,28 + 0,31 D + 0,086 T° - ©,0002 p°
BRZ = U,9872

Licht interception
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The undisturbed growth in both the Lirat and second periods of
growth showed the typloal sigwoidal growtn curve. Gruwth started
slonly for the firat two to three wevks, looreased rapldly lor
five to seven weeks, and then slowed down until lipht interception
was at & maxioum in the sward and tne herbageé was cut. Growth
during the first period was more rapid than during the second.

1t rewched a maximus of 13 55V ky dry matter per ha In 1U weeks

in the first period (mean 194 kg per ha per day) and @ cezimum

of 11 75V kg dry matter per ha in 15 weeks in the second period
(wean 12y kg pur ha per day). in both periods warly flowsring
ggaurred in tha fourth week of groeih and by the [ifth =esk the
Gtar grusm vao in full [lower, The calculated mazimum daily growth
rete ooourred at 36,56 days (263 kg per ha per day) in the [irst
period whou light interception waa 45.1.3-;, and st 47,6 days (218
kg per ha puvr uay) io the second period when light interception
was 48,2%. At nlne wee.s In the [irst growth period light
interception in the sward was at a sazisum of o4 ,0% and in the
second growth geriod it was at a paxisum of To,U % at 12 weeks.

Initial regro-th sas core uniform during the first grosth perica
(mean 50 kg dzy satier per ha per day, range 43 to 81 kg) than
during the secomd period (mean 43 kg dry matter per ha per day,
range 26 to EU kg) (Pigure 26). The data was too vuriable [lor
regression models to be [itted, sc only the actual dats are
presented. joet rapid inltial regrowth in the first pericd
ogcurred on plots harvested for uncisturbed growth three weeku
after growth scarted, whereas in the second period it ocourred
on plots harvested for undiswturbed growth four weeks after growsth
started. The dally initiasl growth rates at these tines were 81

and B0 kg dry matter per ha [or the first and =econd growth
pericds, reocpootively.

fesidual regrowth durling both pericas of growth (Figures 26 and 27)
ingrewned ap tinwe after the initial regrowth cuts increassd. In
the firet perlod residual regrowth accumulated for eight weeks

and in the second period it accumulated for 11 weeks wien 11 510
and 11 200 kg dry matter per ha had accumulted, respectively.

In both growth periods greatest total regrowth sas obtained on the

{izat plots ha:vested for undisturbed growth followed by tis first
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harvests for initial regrowth. Total regrowth ssounted i«
11 950 and 11 270 kg dry matter per ha for the [irst, &and

segond periode, respectively.

In both grooth periods total production (Pigures 26 and 27) was
greatest at the beginning and ot the end of the perioos. Where
plots were harvested seven days alter gromth staerted to determine
uninterrupted growth followed by the initial regrowth cut and thea
the residual regrowth out, total production was 12 510 kg and 171 10U
kg dry watter per ha for the firat and second periods, respectively.
Total prodaction at the end of the periocds was 12 B20 kg and 12 200
kg dry matiey per ha for the firet and eecond pericds;, respectively.
Total producgtion at the and of the perlods comprised a single cut
taken at 10 weeks in the first period and at 1) weeks in the Becond
period. The smellest total production cccurred at five weeks after
growth started in both pericds and amounted to 9 320 ks and & 380 kg
dey matter per ha for the first and second periods, respectively.

The most rapid ratea of growth in the uninterrupted growth occurred
between three and six weeks in the first growih period and betwean
four and seven weeks in the second growth period (Pigures 20 and 27).
Light interception by the awards during these times was from 50 to
6U% in the first period and from 26 to &0% in the second period.

The results clearly show that harvesting Star grass during the

period of most rapid growth (three to seven weeks after growth or
regrowth starts) reduces the totsl proauction of herbage.

The amounts of green leaf, dead leaf snd stem in the undisturbed
growth of Star grass for the first and second pericas of grouwth

are shown in Pi;ures 29 and 30. In Figure 29 the cubic regression
model was used for all the data wxcept for dead leafl where the
quadratic model

Y = 8 + hD « unz was used, where
¥ is the yield, a, b and o are conutants gnd D ies the number of
days from when growth started. In Figure 30 the cubiec model was
used for undisturbed growth, stem and dead lealf but the guartic
model was used for green leaf. This model is represented by the
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Plgure 289. Asocunts of grean leafl, dead leal and stem in the
andisturbed growth of Star grass all in ky dry
Batter per na, between 1% November 1474 and 28
Jaouary 1975.

— Undisturbed growta (UG) im LOU" 3
q - 51 .E E 3 31.?:} n - {‘-5? n o U-UEF n
B = U,9581

— N Stem (§) in L' §
= 5, = 264,0037 - 52,0157 D + T,4uniTe 2° - 0,09%150D
R® = U,y948

PUEEE = Green leaf (GL) in OOV’ 2
- - =45,54185 & 44,24357 D + 1,5476857 D° - 0,2321092p
R - 0,598%

— Daily growth zate of GL (DGL) in V'
DOL = 44,24 + 3,096 D - O,06590 D
DGL at maximum when %[_ 0

when 3,006 - 0,13%2 D = O
Maximum at 22,2 dayse

WIS, 2 Desd leaf (IL) in VU’ :
+ nﬁ.muaqz-whun+u?n
T
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Amounts of green leaf, dead leafl snd stem in the
undisturbed growth of Star graés all in kg day matter
Per ha, between 28 Jenuary and 29 April 1975.

Undisturbed growth (UG) im 000, 3
Uﬁ m==235401 = 11,59 D+ 4,57 D - 0,0528 D
- 0,5926

Stem (8) in OUU" o
S, = 264,97 - 62,62 D+ 5,591 D
B = U554

Green leaf (GL) in 00O’
6L = 468,065 = 0%, 141 D+ T EUEEED - 0, izeeanj

2L in ke dry matter per ha

B = 0,53519 Oy uhﬂﬁ?n

Daily growth rate of GL (DGL) in O
DGL at maximum at 28,8 daye
(for caloulationa see text)

Dead leaf (IL) in 00C"

- 368,93 - 35,30 D 4+ U,889 D° = 0,0045 D°
R = 0,9960



equation

,-;-|+I:a1ulf1dnj+-ﬂq
where y iy the yileld, a,b,0,d and @ are constanls 4nu [ 1s Lhe
number of Jdoys alfter growth etarted.

In Pigure 20 the deily grostin rate of green leaves anl tne time
when leaf growth wed &t & ceXisus were caioulated io a similar
nanner as ior undisturbed growth in Plgures <b und 7. put in
Figure 30 the daily rate of growih for green leaves wus caloulated
from the gueztic model and the day (D) shen srowta wes o« & naxleud
from the same eguation by differsntiation représentel by

]]-h-l-zlﬂnirildﬂi

+ @29
o =109,141 o 15,2U552 D = 0,36675 D° + U, 00257824 1’

The dally rate of growth of green leaves was at a maximum (or

minigus) when

2
15420592 = 0,7355 D + G, 007147 & = O

p=0,7355 * J (=0,7335)° - 4(15,20592)(u,L071347)
2 x U,U071347

0,1539 * 0,32259
001420594

= 85,50 daye (maximum) or 74,01 daye (minizus)

io both periods green leafl in the undisturbed growth accumulated

at a steady rote for seven seeks and thereslter the acount decreased.
Initially, etem sccumulated at a slower rate than ygreen leaf out
three weeks after grosth started stem pegan acoumulsting rapidly

and scontinued to do so for the remainder of each growtn period.
Approxizately 25 days after growth sterted in the flrsi period

and approximately 31 days after growth started in the second period,
proporticns of preen leaf, and stem, in tue undisturbed growth,

sere egual. After this the proportion of stem increased marnedly



and by the [ime light interception was at a meximum ln the
undisturbed sward, stem actudlly comprised T1 and T2x and .reén
leof 21 gnd 47 of the herbage for the Ciret gnd sesoonl promth
puriods, respeatively. Degd legl appedared in the undisturbed
growth four weeks after growih started in both pericds.

Dead leaf durin: both periods sccumuiated aslowly until there was
8 and 114 lor the first and second periods, respectively, when
light interception was at 2 maziaum in the updisturbed swards.
& the amounts of dead luafl incressed 80 amounte of green leafl
gecregsed, Maximom daily growth rates of @reen leal ooocurrad
at 22,2 days after growth atasrted in the firat growth pe-iod and
after 28,8 days in the seocond period. Tha dalily growth ratas
at these timas were 79 snd 871 kg dry matter of green luaves for
the firet and second periods, respeotively.

The in vitzo digestibility fox green leaves, dead leaves and stem
in the uninterrupted growth of Star grase for the [irsat and sciéond
growth paricds gre Buaown in Pigures 31 snd 3Z. ln all cases,
cxcdpt for dead leaves in the firat period, tone cublic regression
model Fitted the data most Eccurately. Tne guadratic regression
modél was uséd lor dead leaf in the first periocd begause there

were too few uata points for the cubio model (Pisure 31).

The levels und patterus of chunge in digestible dry matter contents
of green leaf and «tem were very similar for ovoth growtn gerious
and, in g eneral, the digestipilit, of the stem component wmas
elightly higiher than thet of green leaf. Por the fizst three
waaks of prowth in the seocond growth period etem had reiatively

low valusa of digestibility. This was probaply due to tie laot
that old stewn in the atubble was elevated above 5 cx by intercalary
growth following the cutting and removal of zature Iwrbage before
the second gruwth period etarted. The digestibility of deaa lear
wag, in gencral, scme 18 units lower than that of green leaf.

The rate of degrease in digestibility with time was similar for
all tnree componenta.

In Figures 33 and 34 the crude protein content of green legves,
dead leaves and stem in the uninterrupted growth of Star srass for

thw first and second growth perlods, are snown. The oubia regyression
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o Stem (5 3
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Pigure 52, The is vitro Jdigestibility of green leaves, dead lesves
and stems in the uninterrputed growtn of Ster grass
betwsen 28 Junuary and 29 April 1975, as a percentaye
of dry matter.
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The crude protein content of green leaves, dead
leaves and stem in the uninterrupted gromth of
Star grass L. .«éen 19 November 1974 and 28 January
1975, as a precentage of dry matter.

Stem (5) 3
52 m 26,16 = U,912 D « G, 016 n = L, 00U11 D
R = U,5348

Green leaves (GL) 3
uE 34,70 = U654 D+ U008 D° = LunS D7
= U,5574

Dead leaves l,l:l.% .
By = .8 C 1l D5 00153
= U,9U55
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Figure j4. The crude protein content of green leaves, dead leaves
and etems in the uninterrupted growth of Star grass
between 28 Januacy and 29 april 1975, as a pErcentage
of dry mattar.

72 stea (s)
S, = 268,9752 - 62,6273 D + 3,5157 D° = U,0244 D
R = U504
NI Green leawes {GL} ”
“k - 28,2974 + 0,06U51 D - O,0U81 D° 4 U,0000625 p°
- 94!‘31
++ Dead leaves (DL)

= 46,0648 = 1,420 T 4 0,01754 0° - u,0U00T277 D°
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model was used for all the date exoept for dead leaf in the
figat paciod when the gupdratio model wes umed (Figure 35j.

The crude proteim content ol Aten was apprecisbly lower than
that of greén leéaf and comparable to that of dead leal. The
pattern of ohenge, however, wam nlollar for wl! Lboree components.
Tha applicetion of nitrogen resulted in temporary incroases in
the orude protein content. This effect can be scen Detssen the
fourth and fifth end between the nicth sod tenth weeks in the
firet growth period (Pigure :3) and between the ihird and fourth
weeks in the ascond growth pericd (Plgure M ).

Discussion

Tone vesmults show that the hérbuge in the undiisturbed growth of
Stazr grase acoumulated for U weeks im the Jixs% growth period

and for 13 wesksa io the geccnd srowth period. At thia stage of
growth light intergepted by the swards sas &t sn apparent maxioum
of sbout Uy and berbage wie a®out 1 m tall end lodging. Light
intercepticn did not excesd oUL probably bescuuse lignt was allowed
to sntaxr the sverd whepever lodgling ooccurred. In the {iret period
dry sattér acousulsted st & mesn rate of 194 kg per ha per day and
in the second period et a mean rete of 129 kg per ha por day.

Daily marimam growin rales wére reached at 36,6 and 47,0 days for
the [irst and second periods, rei eotively. Light ictexception
at theee times was 46 ,U% for the [iret perlod and 48,5 for the
gacond pariod. Pre marimum dally growth rate of greevn leaves in
the undipturbed growth wae reached at 2£,< and 24,0 duys in the
first and ssoond periods, respectively. Light inlecception at
thepe times for both periods wam JU,U%. The slower growth rates
in the se#vond period cen probably be attributed (¢ sessonal effeots,

in that growth rates generzlly decline from mid-to-late growing
E@aaon.

Clearly Star gremss is sensitiwe to defolistion when ilgnt intérception
in the undisturbed sward is between 4U and S0%. Maxisum growth rates
of berbage were obtained when light interception fa the undisturbed
growih was w»ithin the range and c¢efoliation at this time peduced

total production, Fartloularly during toe second grosth peziod
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{(Figuraa 26 and 27). Total production was greaslest where Light
interception was leas than 30% or greater than JUg. Tisse
resultas lead to the conolusmicon thel mansyeswnt of Star grass swards
ehould aim at deioliatiog It onl, =pen light intercspiiom in the
svard is within the raoge 0 to JOf or greater than TOwn. But whare
lignt interoeption in the swaszd is greater than TUR the merbage
will be at leasst saven wmeeks old and will be of relatively low
quality because (¢t »ill comprise mainly stem (Fisures 29 and 30).
Woere light interception in svards is 308 or less, berbage will

be less thon five weska cld, tha proportions of green leaf and
stean willbe core or leas sgual an’ the berbage will be of nigh
qual ity.

In order to provide nutritious Iorage [or Leefl cattle Star grass
snould be grazed within four weeks from the tluwe growlh starts.
Up to thie time the proportion of green leaf in the herbage is
areater than, or equal to, the proportion ol stea present,

sl though the gtem is of slightly higher digestibility than the
leal. After this time the proportion of siea pecomes raplidly
greater than that of leaf. While green leéaf provides both
proteln and enezyy, stem mainly provides energy. For the growth
of cattle a balence betwesn proteln and energy in the nerbage ias
necsssary and therefore goeen leal is more deairable than stem.
Furthermore, cattle reguire about 15% orude protein in their
diet for the efilcisnt digestion of food ingested. At four weeks
after growth ntarted in the first growth pericd and after five
weeka in the seocond pericd, eruce protein in the stea was avout
15 but thereaslter the amount decreasec with time. pead leaf
made ite appearapce in the sward from four weeks alter growth
starteds It had & lowsr in vitro digentibility than both green
leaves snd stem and a orude proteln content similar to stem.
Clearly it is undealrable to allow dead lsaf to appesr in a sward
before grasing it. Laredo and Minson (1973) found that sheep
voluntarily consumed more leaf than stem of five troplcal gresces
despite the faot that the leafl was less digentible (52,6%) than
the stam (55,0%), This indicates thet manegesent should aim at
maintaining ae great a proportion of leaf in the swurd as possible.
However, it is known that preference of sheep and cattle for
drasses are ot the same (Mille, 1576) and therefore the same
might not apply to cattle.
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The changes in the leal and stem components in 5tar grass are
similar to those in other grasses. Por example Barnes (1906)
found that if Panicus mexismusm ver. trichoglume (cv. 5Sabi) was
allowed to grow unchecked throughout the growing season, stem
comprised &65% of the total herbage at the end of the wwason.
gimilarly Teerum (1570) found that the proportion of stem in
Cenonrus clliaris var. biloela, gchloris gayana and Panigum
saximum inoreased with sdvancing maturity of nerbage from one
gooth to nine months after planting.

The levels of digestibility and of crude protein in the hervage
componenta of Star grase and the rate of degline in digestibility
and crude protein with sdvancing maturity of berbage are similar
to the findings of Gomide, Foller, Mott, Conrad and Hill (1964),
Minson (1972, 1973)y Backer and Minson (1972), Pord and Williams
(1973) and Reid, Post, Olsen and Mugerwa (1973), with other
fropical gErasees.

Ths results for initisl regrowih show considersble varlation
from weak to week due probably to rainfall. Teaperature
througnout the study was adeguate for growth., However, despite
these variotions initial regrowth was greatest during the third
wesk in the firat growth pariod and during the fourth week in the
second growth period. After this there was a tendency,
particularly during the segond period, for initial regrosth to
decline with time. This can be caiplained by the fact that as
herbage in the undiasturbed grosth became more mature sc less
sreen material capable of photosynthesis was left in the stubble
for initial regrowih after the mature herbage was cut and resoved
to determine undisturbed growth.

Total regrowth in the firet yrowth period was greater than in the
second. This indicates that the sward in the late growing season
is more sensitive to defoliation than in tne firnt halfl of the
growing sesson.

Total production wae lowest at four weeks in the first growth
period and lowest at about five weeks in the seocond period.
Thereaf ter amounts of herbage harvested increassed considerably.



Total production in the seguvad Nalfl of eacu period gousieled
largely of undisturbed growth and therefors does not indicute
any senuitivity of the sward to Jdafoliation. HoweveT, curlng
the Lirst four weeks in the Tirst period and during tne Lirst
Five wueki during the sscond period; resulta indicats tnat Star
gruis bsoame ipnoressingly senwitiwve to defoliation.

The results of Lhe characterisallon study on Star grass clearly
showed that researoh into suitable systems of manageaent for this
grass for grasing by beef cattle should be aieed &t maintaining

the sward herbage coaponentas, ithelr digestibility and crvde protaia
pontents, in a similar etate to that found dorzing the first four
weoks of undisturbed growth. It is also during this time that
Star graas awarde appear to be least sensitive to defoliacion

and the regrowtih potential is greatest, It mas to this end that
further stadies into the managwuent of Star graes were directed.
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4.5 Monapesent ol Star Grass Fastures

4 5.1 Preliminery observations on sanagement

Cleariy, in devisiu, systérs o punagement suitavle fir jtar
srass pastures it ie necesaary to examine a numcer ol harvesting
procgedures to [ind cae which proiuces the mazximum susialmed
apount of hervag® of a quality suitavle for mnimal willization
and producticn. PBooysen (1500 indicater that t.le lnvoives

the repetitive harvesting cof nes growth oo that tim Largest
possiole amount of herbeg® DUt e remouvel wt esch hervest and
tne interval beiween sucoesalve lLa:zveals Lu ae shor' as possible.
Thus @« 12y eaoh defolization there muat be & Fupid recommencement

of new grouth and a rapid regrowth rats sust Le maintained until
the pext defoliation.

The study in which theé ohangeas ln the amount sod guality of the
herbage componente of Ster grase (Qynodon wethicplous ov. Ne. 2)
during growth scd devalopment were observed (Section 4.4) indicated
that this grase should bes grszed within the [irat lour seeks of
Erowth or zegrovth. Durin. this tioe quaiity of hurbase was
optimal and growth and regrowtih rates had régohed a maxioum

(Figures 20 and 30). However, befoge this study was made other
investigations were carried out to try to [ind a menagesent system
that would maximise production from Star grass pastures,

Experimental Objectives

To determine the level of applied nitrogen reguired, and the
height that Star zroes should be allowed to sttain befuze being
grazed, %o produce maximum smounts of heczbaye.

Materiale and Methode

Star grass tist had been established during January 1969 and that
had been fertilized uniformly (2U0 kg § and 40 kg Paus per ha) and

gstazed by ) cows and calves per ha during the 1565-70 srowming
Béason, was used for the experiment.



During the 19T0-T1 and 1971-72 growing s=asons 17U, 34U and J1u

kg § per ha were applied to the Star prass annoally, with g

basie dregsing of 90 kg P:ﬂ5 pEr hae The nitrogen was applied
in four egual monthly dreseings starting on 17 Hovember in both
BE4T0NE . The phosphate was applied during Qotober wacn Besson.
In addition the Star grass wad gLraged whenever growth or regrouth
reached & menn haight of 10, 20 or 30 oo above ground level with
éach amount of applied nitrogen, giving nine treatment combinstions
on unreplicated plots of 0,4 ha. The mean heaight of grass Lrowth
sithin a plot waes estimated from measurements tgkeén ot U rendom
aites with a ruler. Whenever thiu méan corresponded to the
allotted experiment height the plot wee grazed by 296 cow and

culf units per m for up to 24 hours,Bo that nearly all the

herbage was removed guickly.

Threa groups of ocws were used to graze tle experimental plots,
one for each level of applied nitrogen. Woen the cows were not
grazing experimental plots they were held in adjacent paddocks

of Star grass fortilized =t the same rales of nitrogen as those
applied to the sxperimental plots. Each group of cows ,razed
Stur gurads fertilized at the same rate of applied nitrogen in
both experimental and non-experimental pastures, Tnie wae done
to reduge traneference of plant nutrients throush the animal

[rom high nitrogen to low nitrogen plote. Immediately before
grazing three 1 mh guadrata ware out to 5 ocm st rendom in &very
plot and the drxy matier content of the herbage determined from
oven-dried samples. Following grasing, plots were mown to 5 om
with & rotmzy mower and any residues left in oitu. Tha sampling,
grazing and mowing proocedures were carrled out as many times ase
possible in both eeasona.

When the experiuental treatwents ceased =t the end of botn srowing
seasons, the basal cover ol Star graes and weads in each treatment
was determined by the point yuadrat method. in every U, 4 na plot
1 frames of 10 points each were systematicelly distr vuted over
the plot. Hits were recorded only when a point st ground level
touched a stem rcoted at that point. The object of determining

basal cover was %o establish whether pastursa wsere improving
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or A-terlorating with trestment. AR increase in basal cover
sould indicate impzovement whereas a decresse would indicate

detaricrat! ~1,.

Reinfall i both seasons war sizmllar in ssount aud distribution,
941 mm falling im 1970=-T71 and 301 =& in 1571-T2 (Appendix 1).

ReaBults

As treatments were unreplicated, che results were anal /sed by
gomparin® the mean sgueras for nitrogen and for nelignts agoinat
the msean sguare for the nitrogen x heighie interaoticcn. Tha F
tent io all ceses was therefore oconservative Degause the
intersotion term used wam larger than the no-osl error tem.
Hervagt ylelds obtained during tos 15T0=T1 eand 1271-7< growing
seaponDm ®re shown in Pigure 35.

In both growing seasons the amount of hervage reaped decrossed
significantly (P <0,U1) as the neignt of kerbage st which grazing
compénced inoresaed. The wifect of nitrogen on hertege yields
was not significant. However, !n 1971=7Z nitroger had a marked
effect on the amount of herbage reaped at the W cm grasing
meight when yields increassd proportiomately with lncreasing
nitrogen applicaticn. A%t all other grazing helghts in both
sessons, including the 10 o= beight im 1570-71, berbage yields
wirh at a oaximum where 30 kg N per ha were applied.

By dividing the amount of herbage reaped at every grazing for
each treatment By the number of days between grauzings, the woesn
daily growth rate of herbage for esoh rest period was ocaloulated.
The deily growth rates of hérbage for all treatments for the
1970-71 and 1571-72 growing seascns are shown in Fgures 36 and
7. also shown are the smounts and distribation of rainfall.

Io both seasons dally growth rates of hervage decreased as the
height of herbage at which grezing commenced increased. In
1970-71 the dally growth rate at 20 cz grazing height was 66,0%
snd that at 30 om 59,7% of the deily growth zate ot 10 ocm (97 kg



-Hﬂ-

SERE

=
e
-
=
| —
e
=
L
4§
‘ma.
|| —
T
—
-
=
—
—

&
¥

ighl’

IO TR
I

o

170 k5 ¥ per ha
340 ks K pexr ha
510 kg N per ha
F seans

Dry natter kg per ha OGLO"
—r
T
[ 5

NEMEn N

20 30
Helght of herbage at which grazing coamenced
in o=
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of variance tables Appendiz 2.44).
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per ha per day). Im 1971=72 the daily grosih rates at the &V
god U ca grasing bejights waze £ ,5 and 50,04, respegtively of
that at the 10 cm height (158 kg per ha per day).

in 147u-T1 daily growth rates at all grasing lwights w»ere
greateat viere 30 kg § psr ha was applieds JIn 1571-]2 the
greatast dolly azowth rates wore achleweo slth sn applicetion

of 510 kg ¥ per ha and whare bactage was graced when reaching 10
em in beight but at the 20 snd W ca neights it war again
popleved with 340 kg § par hu. In ganeial the «llect of
appliad nitrogen on dally growth cates wad nOt 09 grest us Lhe
height of Lerbage at whish grazing comaenged,.

Gresteat variations durlng the two seasons in dally srowsth
rates ocourred whare grasing commenced when rerbage mas 10 cm
tall, it varlationa bDegame progressively less with incressing
height of wrbage at whica grasing comménced. [ere was a
tendengy for srowth rates to lporease ap Lhnd geEson proLTeseEdd
up to 100 to 120 days im 15T70-71, regacdlens ol applied nitrogen
and beight of hertnge at which grazing commeEnced. in 1571=T2
this was nof apparent but where graszing started wnen lwroage was
U an tgll rainfall spparsntly alfected daily grosth ratas 60

to 60 day? and 100 %0 110 days, sftez the season started.

The meen intervele oetween graziongs mith the varlous asmounts of
applied nitrogen und the beight of herbage at which grasino,
gompenced aré shown ino Table 31.

Tabtle J1. The effects of applied nltrogen ana the belght
of herbage at whioch grasing commenced on Star
greass on the pean intervuls in days betwean
grazings for the 1970-T1 and 1971=72 growsing seasona.

[Helght of Kitrogen kg pec Na ptr season
herbage
shen grazing 170 340 510 eans
| coamenced em
(1 155 14,5 14,0 14,7
20 24,5 22,0 23,0 25,2
¢ Wed 26,u €643 29,0
Means 23,5 21,5 21,8 22,3
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The pumber ol days for herbage growth or regrowth to reach 11U,
2v or 30 ouw height betesen grasings bécule progr-esively more with
inocressing height at =hich grasing cosmsynced. Only 14,7 days
~ere required between grazlpgs for growth or regrowtn to reach
10 ca height.

The #ffecis of truatzents on the cnanges in the basal covers of

the pastured gz Ehown in Table 52.

Table 32, The effects ocn Star grass pasture of epplied

nitrogen and the lwight of herbage mhen grazing
was gommenced om the bDasal cover of Star yrass and
weeds expressed as a percentage of total pesture
area during the 1970-T1 and 1571-72 grosing
Bdasond . Means of 1 UGU0 peints,

]H;rn,glnl RS ‘Height of Derbage shen @rating compenced o=
kg per | of basnl
ha cCover L 2 2
1570-11 | 197172 [1970-71 1971-72{1970-71]1571-72] Mewns
170 Stax
£Iedns 4,4 4,8 4,0 2ol Ja2 4,3 4,0
wesdn 2 | 5,0 | 25| 5,5 | 58 | a2 |52
Total G0 9,8 945 0,7 ¥:0 8,5 9,2
Star
140 ::":5 6,2 70 449 B4 94 Tyl 9,8
4,0 1'.}_ 154 }IT }!B 4,1 u
Total 10,2 8,3 11,3 10,1 9 - Dl
Star
510 sImen 6,7 T4 1.2 Byl 5,8 T4 Tet
Wea 1|E Q‘l'ﬁ 1,0 ﬂ.i 1;1 D,E I.IIT
Total 15 8,0 8,2 | B,5 6,9 T8 T.8
Star
EIadn 6,1 9,7 2.2 Jeb
Me Y
s Weeda 2,9 b5 | i Jed
Total 5,0 904 8,4 8,9




Thy basal cover of Star grass increased and that of weeds
deoregaed as the amount of applied nitrogen increased, Basal
;nwe: of ster gzrass tended to degresewe ra the height s AL T
herbage was grazed lncressad. The principsl weed wae

Sporobolus pyramidslia.

Disgusaidan

Generally, in experiments where the effects of applied fertilizerzs
and various olipping frequencies on the proacuction of g asn
herbege are measured, clipping [réquénoles are neerl; always
fized subjeatively. Exanples of Buch experiments are thosze
reported by Purton, Jackson asnd Hart (1963), Cakes and Skov
(1964 ), Hallock, Hrown and Blaser (1365), Ahmad, Tullock-Reid
and Davis (1569), 't Mannetjie and Shaw (1972), Juns, Balasko,
Alt and Stevens, (1474), Olsen (1974) and Whitpney (1¥74). 1In
this experiment thé growth Tate of the 5Taf JPass withinm each
tregtment detérsined clipping frequency. The time interval
between harvestis wes determined mainly by the height to which
barbega wal allowsd to grow belfore belng grazedy but also to
some extent, by applied nitrogen and by the ezount and
distribtution of rainfall. Therefore within the envircnmental
faotors wnd the experiments]l constraints imposed Star grass
ghoold B¢ grazed every 14 to 15 daye when grosth 1s no taller
than 10 am to obtein maximum memo.nts of herbege. From this

it was deduced that either a 15 paddock rotstionsl arazing
eyatem where each paddock would ba grazed for oneé dey and then
repted for 14 days in rotation, or an eight paddock system where
eaon paddoock would be grezed for two days and then rested for
14 days, would maximise production from Star grass pastures.

4lthough the limited statistiesl analyeis that unuld. b2 gavried
out on the experimental results indicsted that the effects of
applied nitrogen were not significant, nitrogen had a marked
effect on herbage yields in 1571=72 wheze frazing commenced

where the berbage was 10 cm tall (Pigure 35). This obeervation
indicated that perhaps more than 510 kg N per ha should be applied
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to maximise herbage production when herbage is grazed wnenever
regohing this helght. In 1970-T1 applied nitrogen had little
effeat at the 10 om halght of prazing barbaze possiblv Fic-uae
pestures had not yet been conditionad for this systew of
panggenent. TPhis is indicated by the repid incresse in the
daily rate of growth of hervege at the 10 cu grazing neight
for the first 100 days of the seasoh. Similar oceervations
were made at the 20 snd 30 om <razing heights but the inorease
in deily growth rates were not eo marked in theee pases. BY
the end of ths 1970=T1 growing season all pastures ware
conditioned to the managemént trecatmente being lmposed on them
and in 1971-T72 results were more appliczble.

Observations slao indicated that treatments aifected the
pharaoter of awardas For expmple, grazing Star grass siBnever
growtn reachad 10U om resulted in a dense, leafy award, clos=e to
the grounds Where grazing commenced when herbage was 20 or

W cm tall, swarda were gencrally loss densc with an apparent
gregter proportion of atem to leafl, perticularly wsnere nperba.e
was grated wheén 3 om tall. Pur thermore, when the residual
herbage had been removed by mowing after grazing, little moze
thao stenm remainad in the stubble osusing the rate of regrowth
to be Below Decause of lack off photosynthetic tissue. Thisa
observaiion was oconfimmed by the results obtained in Section 4.4.
However, whore swards were grazed whenever growth reached 10 em,
a yreen, leafy stubble remagined, even after mowing, and rapid
régronth waa therefore possible.

The results showed that at least 510 kg N per ha should oe applied
to prévent invasion of Star grass swards by Sporobolus pyramidalis,
a coarse porennial grass unpaletable to livestock. 4t the end

of the second yesr this gress comprised 57, 4U and 9% of awards
wuere 170, 340 and 510 kg N per ha were applied, respeotively.
Benszell (1971) in Apustralis noted that Qhloris gayana swards
receiving less than 224 kg N per ha anaually, became progressively
invaded by Digitsria sp., gxoncpus affinie and Qlycine tabacina.




4:5«¢ The effeots of applied nitrogen on the herbage yields
of Star grass grazed whanever grcowth reached a hejght
of 10 om above ground level

Tha prelisinory observations carried out on the sanagément of
Star grase (O nodon aethiopicus ov. No. 2) pastures, (Section
4.5.1) indicated tnat vo produce mazimum amountes of h=rbage this
grasa should be grazed rotatiomally, at approximately 13-day
intervals, shen growth or regrosth reaches s heighbt of 1V an
above ground lewel., Im 1971-72, results (Pisure 5] indicated
that more than 510 ky ¥ per ha =ight be required to saximjse
proauotion from Star grase manegéd in this may a® h=roage yields
increased markedly over the zange of levels of nitrogen applied
(170 o 510 kg N per ha).

Experimental QObjectives

To determine whether more than 510 kg N per ha should be applied
to Star gruns pasiures grazed wimnever growtn reached 1 eom
acove ground level in order to produce maximum smounts of
herbage.

Materials and Methods

The Star grass pastures that were fertilised with 54U and 510 kg
§ per ha and grazed whenever growth resched a neight of 10 cm
@bove ground level in the prelliminary senagewwnt studies (Section
4.5.1) were used for this experiment. Thnese O,4 ha pastures
were both sub-divided into four 0,1 ha plots. Bach growing
season, 350, 500, 650 and 600 ks N per ha were applied in two
ceplications of a randomised blook design. The nltrogen was
applied in four montnly dreseings starting on 28 Novewber 1972
and on 7 November 1973. 1n addition 90 kg Pﬂuﬁ per na were
applied during Qctober in both years as a basic dressing,

Flots were grazed whepever herbage in then reached & mean height
of 10 om abeve ground level. This was deterwined by walking
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through plets and mdasuring the height of nerbage at £2u positions
at rendoma. Wnen nerbaxe had reached this peight thréc 1 m£
uadrests gere gut to 5 op and the dry metter content of rerbaga
determined from oven-dried samples. (Cows were then put 1a to
pruze for up to 24 hours at a stocking rate of 296 cow and calf
unite per na. lomediaiely e cows were removed pasStures wers
topped to 5 om with s rzotary mower. These procedures were
carried out for as many times as growin reached 10 em in each

H£I0Rlng BE380N.

The 1972=T73 season wase one of the lowest reinfall seasonr on
record. Gnly 56y mm of raln fell and this was poorly distributed.
In gontrast 1973=74 was one of the heaviest rainfall seasons on
record with 1 31U mm being recorded (Appendix 1}.

Hesults

The herba.e yvields obtained in the 1972-T3 and in the 1473-T4
crowling segsong together with the Two=year mesn ¥ields are Bhosn
in Pigure 8.

In coth growing seasons herbage incressed mith thne [irst locrement
of nitrogen, decressed witn the second and iHGIEHEHd.lith the
third imorement. In the [irst sesson there was also an overall
incraase in herbage produstion ovir the range of nitrogen levels

applied.

In both seasons yields were much lower than usually recorded and

responses to oppplied nitro.en above 5UU kg N per ha were swmall
and inconsistent.

The mean number of days between grezings, Lnat is, the time taxen

for regrowth of awards to reach s height of 10U ocw after Erazing,
are shown in Table 33.
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The time interval in days between graiings on

Stor Hfﬂnl pubtures fertilized with Various amounts

of nitrogen and grezed whepuver parowin resche’ 19 o

above ground level.

Ve Hitrogen ‘i,..E.'_'f'f=

550 BUU sy Bl
1472=T35 ju,B 27,46 25,V 2347
1973-14 18,3 19,4 19,8 17,6

In 1972=7% periods batween graziogs wers much Ereater than they
were in 1973=74 sud they beosme shorter wilh lnoressing anounts
of applied uitrogen., Intervals betmeen grazings at ail rates
of applied adlzogen were similar in 1973=74.

Discunsion

In the firat growing weasen (1374-73) the generally low berbage
yields from Ltar gress in coaparison with previous years
(Section 4.5.1, 19T1=T2, Pigure 35) cean be attribated to poor
rainfall (Appendixz 1). The second season (1573=74) was an
excesnively wet one with long spelle of cool, oveércast wwatner.
Theae oconditicns %oc, were not fsvourable for grass grosth
although loss of applied nitrogen through leaching might nave
been a factor contributing to poor heroage ylelus. Similar
observations were mude by Chheda und Mohamed Seleem (1373a)im
Nigeria. They observed that poor responses of Cynodon sp. to
spplied niftrogen Iin terms of berbage yleld were procably dus to
excésaively wet conditions with littie sunshine, Loss of
applied nitrogen due %o leacning, they stated, wsas also a
posslbility.

Tne responses of Star grass to applied nitrogen in the dry year
L1¥72-73) and in the set year were similar in that hirbage ylelds
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ingcreased with the first incresent of applied nitrogenm (35U %o
Syl ke N per ha), decoreased with the second (5UV0 to 65U ke N per
ha) and inoreased with the third (65U to BUU kg H per ha) incurewen ‘s
#Ao explenation can @ advanced for the [all-off in beErba,e yielo
sith the segond lnorement of altrogun. Hosever, thy rusalts show
tnut the responses to applied nitrogen in excess of 500 kg & per
ha on 8tsr ,rtoss pastures managed in this senner are ] icely to be
snall. Thezeiore ior pracitical purposes oot more than this
asount should be applied to pasturea.

45«3 The affects of height of stubble left after sizmulated
rotaticnal grazing on regrowtih of Star grass

In Sections 4.5.1 and 4.5.2, Star gruss (Cynodon aethiopicus ov.
No. &) was mown after e¢ach grazing to leave a stubble 5 gm in
height. Hegrowtih rates say vary according to the amount ang
quality of merbage lelt in the stabble alter grazing snd it was
not known whether a 5 cm stubble would procuce maximum regrowth
rates following grasing.

Experiz=ntal Objectives

To determine the effect of the height of stubble left alter
srazing on the production end Quality of Star graas herbage.

kRateériale and Methods

Bell-entablished 5Star grees pastures that had previously been
freavily fertiiised (350 kg K and 90 kg pﬂn= per ha, annually)
and that had buen intensively gramed (12 yuarling steers per ha
each growlng season) were usad.

During the 1972-7) growing season the Star grass received 3N kg
H and 90 kg ‘2“5 per ha. The nitrogen waw applied in four
monthly dressings starting on 20 November 1972. Plot size was
Uy ba and the Star grass was graged to leave & 5. 15 or 25 om
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stubole aftor gresing. ‘Treatnents were replicated twice,
Graziug started shen theare was 3 000 kg dry herbage pir na

grove tie three specified heightr apd witi this criterion
~Tazing started on 16 Decesber, £2 December snd 11 Jatuuly

for the 5, 15 and 25 om stubble hejights, respectively.
Izmediately before sach grasing, shich mas dome st 15-day
iotezvale, three 1 mﬂ guadrats wore olipped above the caperimental
atubble hoights using a metal comb with adjustatle legas to obtain
the correct heignt. The dry matter content of the terbage was
deternined from oven-dried samples. When the yuadrsts ned been
clipped, 296 cow and calf units per ha ware put in %o grroze for
a limited time j mogording to the amount of herbas® available
Lor grazing above the Hifferént stubble heipghts. After esch
grazing,; a rotary mower with Id,]lllt-lh.l outting hei,ht _cut each
pasture 4% scheduled stubble Meisht.

The experiment was repeated during the 19]4-79 srosing season
except that 500 ky N per ha wore applied in four egual monthly
dressinge starting on 1] Hovesber. During Ooctober SV kg Illll:n5
per ha was applied. Mitrogen was inoreased from 350 &g N per
ha in 1972-73 %o 500 kg N per ba in 1974-75 because of the
observations made in 1971-72 with W0 com swards (Section £.5.1).
Grazing started in 1974-T5 whén there were 2 50U kg dry matter
per ha above the 3, 15 and 27 cm atubble meights because in
1974=15 the swarde had taxen too long to produce 3 UUU kg dry
Satter per ha. Immediately befo:v ewsch grasing in 1974-75
samples of herbage from sbove the diiferent astubole heighta
wire taken and separated into green leaf,aead or dying leaf
(herealter termed dead leaf) and wtem, Al the sane time Lhe
amount of hcrbaee below the schedoled stubble heights was

de terminad by clipping three 1 n’ quadrats ot ground level.

The smounie oi dry gzeen leaf, dead leaf and stem present were
determined from oven-dried samples.

Poor rainfull in the 1572-T73 growing sesson (Appencix 1) did not
allow all the experimental grazings to be dome at 15=day intervals
becsuse of periods of moisture stress during shich groeth was
negligivle, TFor the 5, 15 and 29 oz stubble nelghts four out
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ol #wewan, two vut of wix and two out of five grazings were
done at 19=day intervuls, respectively. However, in 1574=75
s year of good roinfall, (Appendix 1) all the experisental
grazings were curried out at 15-day intervals.

Hesults

The influence of the height of stuoble left after grazing and
mowing on total amounts of herbage narvested in both groming
seasona, and the mean amounts of herbage present in the stubbles
in 1974=75 are snhown in Figure 39. Also shown are the
gontributions made by leaf and stem in tne he rbage harvested
and in the stubbles in 1974=T5.

1n 1472=T3% and in 19T4=75 total herbage yields above the ) om
stubble heijht were significantly greater (P< U,uU5) than those
above the 15 and 25 om stubble heighta, Differences between
the latter twe heights were not signilicant. In 1974=T3 yielcs
where a 5 ouw stubble wae left glter grazing and mowing werae
considerably g.eater than in 1972-T3 but ylelds where a 15 or a
25 em stubble wvere left after grazing and mowing were similar
in both Beacons, In 1974=T5 the zean total amounts ol herbage
left in the residus after grazing in the three stubble height
treatments wore all significantly different (P< U,U5). The
amounts of green leaf (P {D,EH'_:. dead leaf (P< U,05) and

atem (P<CU,01) vere also all ditfferent for the three stubble
height tregtucnts, The mesn total awounts of herbage in the
gtuoble veried inveraely with total herbage yield abvove the
different stubbla heights,

While differences were detected in the total amounts of herbage
above the different stuoble heighte, proportions of green leaf,
dead leaf and sten were similar in the 5 and 15 oo treatmenta

being 39,4 ; 4,1 and 56,5 % of the total herbage respectively,
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In the 25 o utubble height treatasnt the proportions were 1ot
very diiferont beiog 47,5 5§ 3,0 and 4,94 for green luafl, dead
luaf and & lun, Tespectively.

Fhe relative proportions of yreen leaf, dead leal and ste. in
the stubble left after grasing are shown in Table 34.

Table 3%, Pho relative proportions of green léal, dead
leaf and stes in the differeat meights of
stuvble expressed as & percentage of tha
mtan total amounts of hecrbage in the

stubble.
Herbaga
A Stubble mxﬁht o
* | 12 25
Green leal 13,3 1T d 1M
pead leal Gl 9l Upd
Stem TTlu ?jr’- 14 lﬁ

The relative proportions of greem leaf, dead lezafl and stea in
the stubble uere similar with all three stubble-moight
treatmants §  though in the 5 ca stubble, the proportion of
green leal waw sligntly lower, and the proportion of dead
leal slightly i her, than in the other two stubble heigntu,.
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Discusaion

Elawstere in the world, eifects of leaving grass siuchle cf
dillerent heighte after harvestiog have given inoonsistaént
résults in terss of total herbage harvestdad above thise hai.nta.
For uxample Evers and Holt ['Iy‘fi:} cut _:?_uninu.n goloratum to leave
stubble neighta of 5 and 15 om &t intervale of three, four por

five woeks oud found that jlelds were yreater «ith the 15 om
Bhubble wlght. Chheds and Mohamed Saleez | 1973b)out pastures
ef gyoodon sps(cv 1B8) to leave etubble heights of U o 25 em
after grazing followed by reat peciods of six wieks. ey
concluded that an 18 om stubble left after grasing maintalned
guality and production of herbage. Someshat contradictory
redults were obtained by Ethredge, Beaty wnd Lawrence (1973).
They found that Cyncdon sp. ev (bastal Bermuda produced zore
hervege whitn clipped to ground level than when clipped to leave
stucole heights of T and 14 ca. Clipping Ireyuencies varied
from three to peven seaks. Bimilar results wmere ooctained by
Richards (1965) with Bermuda gress and with Digitaria decumbens
ut not with Penicun maxisus. These grassas ware olipped to
leave stubble heights of 2,5 % 7.5 and 9,0 om at different
intervale and with various fertilizer applicationa. It w»as
cbserved Llhat Bermuda gress and D. decumbens should be grazed
as low as possible for maxzimus herbage production, even %o the
point of owzrgrazing, but P. maxisus was killed by such treataent.
The most suitable height for thi. grass wmas 7,5 to 9,0 om.

Trnis indicates that the growth nacit of a g@rass may influcnce
tne helght oi stubble that should be left af'ter Rrazing beocause
Ee. maximum 1o @ tufted yrase wnireas the other two are prostrate
gravu@l, lurt, Carlson and MoCloud (1971) experimenting with
Festuos arundicaces anc Dectylis gloserata and Knlevel, Jacques
and Saith ('571) with Bromus Inermis and Paleus pratense, found
toat total berbaye yields of these grasses were greater when

stubkles of 4 %0 5 om were left after clipping than where taller
stuobles were left.

The results of this experiment show guite conclusively that to
produge Daximus esounts of herbage from Star Erass grazed
rotationally st 15-day intervals the stubble left after prazing

suould be no taller than 5 ca. (Clesrly, the generalisation so
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of ten guoted, that the rate of regrowth after cefoliation »ill

be proportivnal to the amount of photosynthetic tissue resaining
after defoliation, is incorrect in this instance. In Figure 39
it gun be scen that the 5 om etubtie ued the Jesst acounl ol
herbage in it and in Wble 5§ that it nad the lowest proportion
of green leaf in it. Neveriheless tals stubble height rvasulted
in the highest hazbage yields (Plgure jﬂ]. The results indicate
that aither the elfliciency of tue photosynthetic tissue resalilng
in the stubble after srazing varlied with treateents ang that wilh
tne lower stubble heights was more eliicient or reserve
garbohydrate levels were influencing regrowth rates. Howuvar,

s full explanation of the results would require 4 more detailed
study where measurements of the assimilation rates of the

various tissues involved in situ would bé neéceasary and where
reserve carbohydrates as an enerygy bource lor regrosth is taxen
into acoount.

Horbage ylelde in 1972=73 were lower thao in 1374=75 (Pigure 9)
probably bocause of differences in rainfall. The {irst sesson
was a drougitt wuercas the second was @& sesson of good rainfall
\Appendix 1). Howsver, more nitrogen sas applied in the second
season (500 inotead of 35U kg N per ha) ana tols too, may have
increased yliaeldas.

It is clear that for different grusves different stubble heiplts
say be required after olipping or gresiog for tnem to produce
saxizus amounts of herbage. Therofore grasses asnlci sncw promise
for intensive gJrasing purposes should [firet have thneir growth
characterissd as desoribed for Star graws in Seotion 4.4. Buoh
a cnaracterisation study will indioate the length of the period
during whioh quality of nexbage ims at an optimum, and growta and
refronth rates are at a maxioum following olipping. This
inforsation could be used to plan further triale in wonlen various
stubble Lei hte are left alter grazing. Grazing shoula be done
rotaticoally and the lengths of periods of rest cetween grazings
suould be within the pariod of most rupld growth or regrowth when
quality of herbage iw at en optimum as indicated by the
cheracterisation study. Sisultanecusly, conditions {for growth
snould be =ade as near cptimum ae possible by applying adequate
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nutrients for grass growth end eénsuring that molsture streEs ie

not a problewm,

4.5.4 Hejuvenation of Btar grass paBTlures

Star grass (Oynodon sethioplous ov. Noe 2) pastures giown on the

gilty alay soils on Henderson Research Statiom rapidly oo
tnveded by Sporobolus pyramicalis (kats Tail prass) when leas
than 510 ki ¥ per ha is applied tc them annually. Hats Tall
eTass 15 a tafted perennial wnich is coars2 ead unpalatacls tc
Livestock, An exacple of how rapldly Eets Tail pruss invaces
Star srass pastures is given in Section 4.5.1 (Tacle j<).

there 170,540 and 5% kg K per h= were appliecd annually to Ctar
grass pastures 57, 40 and 9n, respectivel; of the total bessl
cover was Huts Tail grass after only two jeard.

gxpesripental ODjectives

To dutazmine wouther by incrcasing acounts of nitrogen a-plied
to Star grade pastures already invaded oy Hats Tail grass and
by mowing and grazing, this srass oould be eradiceted from such
pastures.

Materials snd Methoda

Three, four-yoar-old Star grass pastures were used lor the
experiment., These pastures had only receivea smgll dresainge
of nitrogen previously and had a mean total basal cover of 9,5%
when tos experiment started in lecember 197<. Of tnis basal
cover 33,B8% ven Sizr grass and Eb.‘-’.‘j was Hagts Tail gruse as
determined by ibe point quadrat method. Wnole plots, each U,4
ha in arem, «ere divided in halfl and ond half wes Left unmonn
and tne othor was mown to 5 ou lmmediately following grazing
wnioh was done at 15-day intervals every growing seasson. Both
unmown @nd mown plots were further sub-divided into four seb-plots
to wnioh 200, 350, 5U0 and 650 kg N per ha were spplied at random,
annually. In addition, 90 kg qu5 per ba were applied each year
in Qctobér a0 & busic dressing before the rains started.
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Toe nitrogen was mpplied in four equal monthly dressings
alurtilng with the firet good raluk ln €apcl Seadons.  Jralling

wan done by 296 cow and oalf units per ha for up to 24 nours. tme
ouject bodng to remove as much Lerbage tarough the animal as
poswibie, The same halfl of =sch whole plot »as mown lor the
duration of the experiment. Any residuss following oosing seare
l=it in situ. At the and of =ach growlpg ceascn in Lay or June,
the basal cover snd comporents of that cover were estimated by
toe point gusdrat method, In each sub=plot g frace paving 10
pina spaced 5V,0 mm apart waa plaoged in 100 atratified positions
in eaoi sub-plot so that the wholie area wasa uniformly covered.

The expericant continued for three Years. During tm first
year, 1572-T3, little rain fell but 1973=T4 and 1574-75 were
seasons of good rainfall (Appencix 1)«

Resulta

The total basal gover of the pastures and compoounts of that
cover are shown fn Table 35.

Treatmentso during the firet year did not affect the basal cover
of elther Star grees or Hets Tail grase in swards, Hewever,
the basal covers of both components were los#r than sbén the
experiment cturted in pecesmber 1972, This reduction in cover

was probably ceused by the poor zainfall during the 1472-T3 sesson
(Appenzix 1).

During the seogond yesr, applied nitrogen significantly (P <C w,U1)
effected the amount of Hate Tail wress in uwarde in that as amount

of applied nitzogen was lnoreased basal cover of Hate Tail erass
dégreased.

The basal cover of Star grase wis decreasad (P L) by nosing
in toe third year and the besal cover of Rats Tail grtasa uecreased
\PZU,01), slthougn at a decreasing rate (P 0,u5), a8 amounts
of nitrogen applied incressed.



Pable 32« Tne e¢ifects of applied nitrogen () and of mowing (k) on ths mean basal o rsra
of Star (5) and Rats Tail (H) gra-ses expressed as a percéntage of total prstira
BTEds (Analysis of wvariance table A_penaix 2.4T7).
vour [onana | Morin (L —_gstsomse (o) £ goz ba —F R
200 250 Auu a3d k means st raote
Alown 1,3 1.4 1+25 Oy
8 [rumcwn Oy 1,0 1,8 Wy 15135
1575 N means 1, U 1355 1,35 1,05 U, et
Kown 4 53 328 L E‘|E }tT& 0. 90
R | _Unmown 5,0 4,1 3,0 s 4,3u 4
B means 4,92 3153 3,40 9309 U435
hown 1,0 1.4 241 1,0 1,8z D3
3 Unmown 145 - 2yl 223 2,0u o
1274 I} _means 1, 1,8U 2,03 1,95 U, 37
Mown el 254 1,0 1.7 2,485 G,15
R Tnmown 3.9 2ed 1,7 1,0 2.23 :
] T 1
§ means 3,54 2,35 1,15 ¥ 35 Uy 21 H o+
Mawn 2.4 3 d 247 243 £,d3 G, 06 -
3 Unzowo 251 442 43 430 2122 2
) i N megns 2,55 2y O 4434 3473 LL
own 1.9 442 2,5 £yl 4,28 U, 37
a Unmown 042 Ak 2k 2,1 3445 y
~ L "Ran L
N means T, U5 3y U £ 5 &3 15 Uyad
kown 1!?_" £, U7 1o 1,50 Tews Ui u-l-
Three- 5 Jrmawn 1,85 2,57 £, 6% 2,80 | £, 36 i
i::;s K meaas 1,74 2,52 &y Ju 2425 g3
Koun 3437 2037 2oy £4 317 Fa 3 v,13
H | _Onzown 9,89 S s £y 24 A 3 L k.
N means TV el £yl 2,45 Wyl Niame, ¥i'as

-E'h:l__
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Phe mean elfeots of treatments over the three years was that
wowing deoreased (F £ 0,0%) the baeal cover of 5ter srasa while
the napgl cover of Rate Tail grass was degregued by L(noreRasing
smounts of applied nitxogen (P £ O,U01) although at a décreasing
rate (P& 0,01), an more nitrogen was eppiied.

Disguesion

In 14972 when the experiment started 60,2% of the mean total
vasal cover (9,5%) of swarde was Rate Tail grass and 3J,5%

wge Star grass. By the end of the third year applications

of 500 and 650 kg ¥ per ha hud reduced the proportions of jats
Tail grass to 4u,2 and Jb6,4% of the basel cover of swards,
respeotivelys

There is much experimental evidence that on grused dryland star
gTass pastursra on Henderson Research Station the rate of response
to applied nitrogen falle off rapidly at levels in excess of

350 kg N per ba. Therefore tne cost of applyding 340 to o530

by, ¥ per ha as & means of controlling invasion of Hats Tail

grass in Star grass pastures would be prohipitive. Thus ,
neither mowing nor fertilizing with nitrogen can be regarded

an 8 precticel means of controlling Rate Tail grass.

However, by applying a level of nitrogen whion produces near
maximum amounts of herbage, that is 350 kg N pér ha, tme rata

of inveeion will be slowed down compared to Invasion where lower
levels of pnitrogen are applied. Invasion lo thuse circumstances
oould be controlled by aystematic hand hoeing during the dry
seasen when labour regquirements are pot at a premium.
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4.5 Yielda of Maize Pollowing Heavily Pertilized and
Intensively Grazed Grese Pestures

phen the late Dr. William Dpvies, tha wall knoen authority oa
grasalund faming in the Unlted Kingdom, visited Rhodezia in
1947 ha streosed the importancd of grass leys in f«rming Systems
in Rhodesia | saying that leys would build-up soll fertility
snd bind tue woil so preventiog soil exosion (Davies, 194().

His visit had a marked lanfluspoce on the development ol ressarch
in Rhodeaia for the next 10 years. Much of the research at both
the Henderson and Grasaluands Hescarch Stations during this tize
szd spent oa developing grasa leys for HArodesisn oonditions and
ssasuring the eifects of these on yislds of following orops.

A% Henderson the graino ylelds of meize after four years of grass
lay {mnu;, 'iﬁﬂﬂ] wiF8 no greater than those of maize grown
for 12 successive years on the same land provided adeguate
fertilisern wioze applisd %o tbe malze and She waize Btover waa
ploughed in annually (Thomas, 19033 .mm:u.--nu;. i506). ‘Tuerefore
theé belie! Lhat grass leys would improve the fertility of the silty
elay woils on thia Station was not substantiated by this early work.
However, only relatively ssall ssounts of fectilizazs (up to 120
ks N and 45 ks P 0. per ha, annually) were applied to the grass
leye and tlay were lightly graezed during the growing season (2,5
yearling steers per ha),.

since 1963 yrass pastures have been nesvily fertilized with 350 kg
N and 90 kg quj per ba and gresed ilntensively at 3 etocking rate
of 12 yearling stesss per ha, Ovez epch growing aesson. Seil
fertility wmas likely to be anhanced to a greater degres under
such pastures then undex the leys already aesgribed because of the
larger applicationa of fertilizers and tha greater amounts of
outrients being recyoled in the exoretas of grasing enimals. It
might wel]l be expeoted that grain yields of meize grown after the
paatures would be greater than those of maize grown after the

lightly fextilized leys and of maize gromn oontinuouszly on arable
land.
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Experimental Qbjectives

To detéermine whether maize grown aiter grass pastures that hed
baen neuvily fertiiized and intensively grazed f[or several years
would yield more graln than maize grown in sucoessive years on
the same land.

Meterisls and Methods

To achieve this objective the pastures in the experiments described
in Section 4.%.3 ware ploughed under and cropped with mesize to
determine whether or not the treatments applied to the pastures

had any residugl eifects on maize production, and also what

effect nitrogen applied directly to the malze would have on
production. For a full description of the treatments applied

to the grasses refer to Section 4.5.5.

There were thrée experiments to determine the wvarious residual
affects ol previous treatments to grass pastures on malze gromn
after the pastures.

Experiment 1

This oconcexrned the test cropping of the four prasses Chloris gayana
(cve Glent Rhodes), Cynodon nlemfuensie var. nlemfuensis (ov. Muguga
Star), Panicum coloratum (cv. Bushman Mine) and F« repena (cv.
Victoria Falle) that were grazed at a stocking rate of 5,88 ateers

pér ha for three growing seasons prior to test groppings. The se
plots were taken as three randomised blocks of the four @rasses,

eaen cuntaining five plote to accommodate different nitrogen
applicationa.

Expariment 2

This concerned the test cropping of the plots previously ocoupied
by Muguga Star, Bushman Mine Panicum and Victoria Falls Panioum
that were ygrazed at stocking rates of 9,88% 12,363 14,83 and 17,30
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gtesrzs per ha for three growing seasons, Phese plots formed
three replioations of a aplit-plot design comprising three whole-
¢

plota (the former grass plots) each containing five sub-plote to
gooczmodate different nitrogen applications to the maize.

Experiment 3

In the originsl experimental pasture lay-out (Seotion 4.5.3)
provision was made for successive oropa ol malze to be Jrown
annuglly on plots within the experimental area. This allowed
yields of meise grown on the formezr grass plots to be compared
sith yields obtained after several yesra of oropping on the maize
plota.

Maize was grown for the first time in these plots in 19bb-567 and
wae followed by sucpessive crops in the mext four yeara., Annually,
the maipo recoived g standerd fertilizer application of 135 kg N,
90 kg PEﬂﬁ and TU kg IEG per ha. Io addition, on one=half of
éaon plot maize stover wge removed sa@ch year wshile on the other
half it wae ploughed into the soil. In 1%971<72 the maize in thase
plota waa treated similarly to that following grass except that
maize stover was removed or ploughed into the soil on appropriate
plota. The plots on which stover was removed or returned
aonually were divided into five sub=plots to accommodate different
nltrogen applicetionss Thus thr désifgn was three repllostions

of g aplit-plot deeign with each replicate having two whole-plots
and each whole-plot having five sub=-plota.

The pastures invelved with Experiments 1 and 2 were ploughed under
batween 10 and 28 May 1971. During September 1971 the area was
péploughad and then diso-harzrowad, On 13 and 14 Qctober 1971,

T0 kg quﬁ' 70 kg IE“ and 220 kg dolomitiog limestone per ha were
distributed over the entire area, inocluding the plots previously
planted 0 maize, and ddeced in. On & and 9 November 1571, SR52
hybrid maige seed was machine-planted into dry soil in rows 91,4
on apart with seeds spaced 22,9 om in the row. Soaking rains
fell on 16 November 1971 (4appendix 1) and on the next day the
hérbiolde Atrasine wee applied by siroraft at the rate of 2,24 kg

zotive ingredient per ha, a8 a weed control measure.
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Nitrogen at zates of 67, 154, 201 and 266 kg N per na wus
applied during the growing ceascn W the sub-plots in all
tnres experiments with one sub-plot left unfertiiized as

a control. On 19 Hovember 1971 one=thirzd of the experiztntal
nitrogen wus spplied by hand on the soll surface over lhe
ungerminated maize seed. This was followed five weeks later
by the recsining tw-thizde of the nitrogea dressings. This
was distzibuted ocetwesn the maize rows by hand. Toe pd of
the woil was 5,74 (calolum ehloride .

The maige was harvested during Juns 1972 from all sub-plrts in
ail tnree experiments, the plota harwvesteu being 0,005 na in
area., Befors harvesting, plunt stand counte wmere doue in all
experizents and the mean stand gount wam Jo 64 plants per ha.
The caige from esch split-plot sas shelled, the grain was
seigned and a semple of grain cven-dried %o determine dry
matter content of grain.

During 1972-73 meize wan again planted sxperimentally in all
three experiménts sl 8 secgond Test orop. Howawver, only 568 mm
of pocorly districuted rain fell whicn resulted in poor growth
of caise mand grain formation. T refore the maize was not
harvested for experimentsl purposes. ]In conirast the 1571=72
geason was a good one for growth of salze and S0 mm of well
distributed rain fell (Appeodixz 1).

Hesulta

Experiment 1

Tom effect of applying nitrogen to uzize grown after Glant Rnodes,
Muguga Star; PEenman Mioe PFanloum aod Viotoris Felis Panlcum
pastures that vore grased 4t & stocking refe ol 9,68 ateers per
ha for taree groming seasons, is snown in Table 3o,

Eesponses to nitrogen applied to tne maize were negligloie, the
yield without nitrogea being similar to the yields outained with
nitrogen. The mean yleld of waife yrown on the Bushoan Mine
Fanlcus plots was greatez than the mean yleld from the Glant
Rboaes plots (P < 0,01),
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Table 3. The effects of applying nitrzogen (N) to meize

in 1571=T2 followsing lour grasses (G) Lhat nad

bean haavily fertlileed and grazed al a stooklng

rate of G, 04 steers per La lor toe previous

three growing ssadons.

in %1 kg bage per ha contalning 12,5 moisture,

Malze Hra:l.n- yielda

{jnul_p’ﬂil of variance table Appescix Z.4o).

Nitrogen (B) ks por na a
Grusses (G) _
U 67 134 201 208 o
Giant Rhodens V5,9 11,4 1uj,s 14,2 1us, T tud 4
Mugisa Ster 13,7 118,35 121 4 109,55 112, 4 115,1 l
Bushman Nina
Panlioum 20,8 125,V 115,:5 119,45 1€5,0 1£1, 3
Vigtoria Falla |
Panicoum 113,5 116,7 114,y 1,3 16,6 15,6
i means 13,0 117.% 14,5 115,4 14,0 113,42
L |
gE £ 3,09
Siguiliocant T
efleats 0

LED P = U,05
P = ﬂ.ﬂ"l

P 0,000 |
-

o,V bage per ha
1%,4 bage per ha
15,8 bage per ha

Experiment 2

The residual effecta of treatnenis on thrss af&E8ep, and ihe

direot effeote of applying nitroger to malige gzonn after the

#rassco,are shown in Table 37,
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Tabla 37. The eifecta of applying nitzogen (K) tc meize in
1971=72 grown after three gresses (0) that were
heavily fectilised and intensiwvely grazed at
different stcoking rzates (H) for the previous
three growing eeasonss Meize grain yielde in
91 kg bags per ha containing 12,5 % meiature.
(Analysis of variance teble Appendixz 2.49),

gto
Grase (G) | rate (R Biteogen . (¥) kg gz ha K
otoors
per ha 0 a7 154 a0 268 D ans
9,88 15,7 | 18,3 | 121,4 | 109,5 | 112,8] 115,1
Mugusa 12,% (03,7 | 105,5 | 104,9 | 108,2 | 100,7| 10%,6
Star 14,63 18,7 | 116,53 | 112,86 | 121,58 | 122,4]| 118,}
(G1) 17,30 [113,8 | 122,4 | 17,0 | 17,7 | 118,6| 117,9
N means 12,5 | 15,6 | 14,0 | 114,2 | 115,0] 114,3(01)
pushman 9,60 20,8 | 123,0 | 19,5 | 19,5 | 123,86] 121,3
Minas 12,3 1159 | 8,2 | 12,0 | 120,0 | 116,6] 114,5
Panicus 14,83 [122,5 | 112,9 | 15,6 | 24,0 | 1%4,8] 17,6
(e2) 17630 11508 | 11747 | 16,7 | 119,71 | 114,9] 1156,8
N moans 118,7 | 18,0 | 148,0 | 120,6 | 117,5| 118,6(G2)
Victoris .88 N15.5 | 18,7 | 14,5 | 11,3 | 8,8 115,8
Falls 12,36 1117,9 | 10,2 | 19,9 | 18,1 | 126,0] 116,4
Panicuz 14,583 22,8 114,7 118,5 1e5,2 120,58 121,0
(G3) 17,30 R0, | 111,5 | 106,5 | 113,9 | 111,13 110,7
¥ means 17,3 | 115,8 | 115,71 | 17,1 | 19,2 116,5(e3)
N maans L‘
thzee 16,2 | 115,8 | 15,7 | 17,3 | 117,2| 116,5
grasses
A
Bt 0 1,97 G b
R 2,27 S8igpificant effacta N T 5R -
B 2,52 Y i
RxE 1,74 B8R .
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A high degree of scouracy was schisved in lnis &xperiment (o.v.
S5iom). Probably beoause of this soocurucy, twe high order
‘atergctionn petwesn stogking rate on Areuced and altro-ep on
Baize ware detectsd. Ho appliceble iateppretution of thess
latersctions was possible Deéceuse of thelr complexity. Howevs B,
uifferwnoes wers ezsll and Trom & practioml poln® of wiew,
negliginie. Yields of mals® wmitoocut oltrogen were eclullar to
those snere varlous smounts of nitrogea were applied.

Expariment 3

The wileot of applying diiferent smounts ol nlSregen to seize
grown on the maue land in succeseive yewors and the eilect of
removing opr ploughing under maige stover snbually on Lalze
yield, are showsn in Table 35.

Table 8. Eriieols of applying different smounts of nitrogen
\ii) removing or plougning umder maisc otover (5)
snnually, on waizge grain yield shuze maize was
grosn on the sape land for alx suooessive years.
malse grain yislds in 91 4y bage pur oo cuntainia,

14, 0 noisturs, (Apalyels of varianece tatle
.&i”ﬂndl: 2‘&“]-

Naize stover (5 Bitroges (i) kg per ha m

v 61 134 LU 26 T
§ removed 2.3 | 105,7 |w,s 4344 iuh,b i ,g
8 returned V16,7 | W77 |119,v 1179 Tud,q 11341
¥ seuns Wi,e | 06,7 |1v,9 l_‘lun.T 1o, W1,.3
88 = Signifigent effects
lnternal 2,18 H'
8 v 19
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Applying different amounte of nitrogen had little effect on

maize yields, end yields without nitrogen were similar to those
whare nitrogen wae applied. Where etover wae ploughed baock into
the soil annually, maize yields weze 11,7 bage per ha greater tuan
where maize atover was removed anpually. The mean maize yleld
following the four grasses grazed st a stocking rate of 9,88
steers par ha (Tgble 56) was only 2,1 bage per ha grester, and
that following the three grasses ¥rased at different stocking
rates (Table 37) only 3,4 bage per ha greater, than yields where
mailze wes grown on the same land in supceseive years and stover
mgs réturned to the eocll annually.

Disguasion

The application of nitrogen %o the maize following grass end to
the malzs grown oo the same lend in successive vears, had a
negligible effect on maize yields from & practical point of view.
The laok of response to nitrogen can be explained by the faot
that there was adequate nitrogen in the soil for tha yields
obtained, @ven where meize had been grown on the same land for
8lx Buccesslve Years. Boil esnglyses done before the melze wWas
planted ahowed that the mean nitrogen content of the soil after
incubation was 1059 ppm following grase and T2 pph whéré maize
had been grown annually {ﬂ.ﬂanynuua, 1*;}']'1}.. These amounts of
nitrogen in the scil would be adeguate for the yields sbtainad
both where meize was grown after grasm and whare it wes growm
annually, provided other plant nutrients were not lacking,
panegement was food and there wad Bufficient available molsture
in the soil (Fenner, 1977). Rainfall during 1971-72 was well-
distributed and adeguate for maise (Appendix 1).

Although the maige did not respond to spplied nitrogen in all
the experiments, maize grown after Bushman Mine Panicum in
Experiment 1 produced 12,9 bags more per ha than maize grown
after Giant Rhodes (Teble 36). During the grazing experiment
Bushman Mine Panioum provided 91 0258 srezing days per ha and
Giant Rhodes B4T graszing daye per ha (Table 21). Therefors
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mors plant nutrients ln the exoreta of steers would hava bean
dropped on Pushuan Mine Panioum pastures but shethex this would
have oauned the greater yields on those pastures .8 not known,

Of particular practioal signiliocange was the [fmct thuot grain
yislds obtained where maise had been grown [or silx successive
years and where stover war returned %o tie soll pnnoually, weras
similar to those achieved aftsr grase. |However, where malze was
grown snnually and stover removed, yislds were abtout 10 £ lowesz,
Hoemal fam praotios is o grase maise stover io oitu and then
plough it undex, or %o plough it under without grasing. Cleasly
the results show that beavy fertilization and intensive grazing
of grezs pastures 4id not influence moll fertility [or malwme
produgtion. Growing suo¢essive crope of saize on the msans land
on silty clay escils apparently is feavible, provided adeguate
fertilisess are applied and the malze stover is ploughed back
into the soil anoually.

Thess oonolusions gonfirm the views expressed by Ellis (1953) who
stuted thal malinteuance of svil fertility would beiter be schiaved
by proper manaiement and fertilizer praciices than by the use of
#raes laya, The main reason for planting leys i to contral
soll erosion and to maintein scil structure. Tids epplies
mainly %o sandy escile and pot %W siity olay soils. Thersfore

on pilty olay soils it is cglear that grass pestures zust be
egonomioally vieble im their owe right to find spplicatica in
fazailng practioe.
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4.7 Managenent of Veld in Relation to Pasture Menagement

Taring the dzy season (April to Noveaber) veld grass herbase
conteins low levels of crude protein. For example, Ellictt
and Folkersten (1961) found toat in the early dzy eeason ihe
orude protoin content of veld was as low as j,V% of the dry
matteaz. furtlernore, Elliott and Fokkeas ('56U) showed that
the digestibility of the grude protein varled direoctly with
the orude protein content of the herbage. Wiean the orude
protein content wam 10,508 of the dzy matter digestibility
wae 56,9% enu when it was 3,54 a oegative 4l estibility
goeificient was reocorded.

It is well known that if cattle grasing oa weld during the

iry sesson are not supplemented with ssall smounts of protein-
rich asupplepents they lose body caes., Where suoh supplements
are fed body mass say bs mainteined asod even incressed due to
sreater intoke of herugge and more efflclent digestion of the
goarsa dry roughage by cattle (Murray, Romyn, Haylett and
Exiksson, 19% j Murray sad Romym, 1939 § Rbodes, 1956
Elliott, 1960).

Addison {(1963) was the [izrst To suggesat that fesrtilised grass
pasturse ahould be used for grasing during the growing season
and that the wveld should ba resatsd during this time. This

would aleo sllow the wveld grasses %o grow out, set peed and
agcumulats root reservesy all factors favouring the masintenance
of plant vigour. The herbage that would scocumulate during the
groning sessan would provide a satisfactory malntenance food for
gattle during; sbe dry seasson, provided protein-zich supplemanta
were fod to them. Ehere the veld mas protected during the
growing segson, competition [rom the grasses would innibit buash
encroscheant and would produce large smounts of herbage for
afasing. This herbage oould be heavily grased during the dry
season without deleterious effegta on the gramses, becausa they
wére in a dormant state. [Furthermore fewsr paddocks would be
needed to effect correot wveld managezment.
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Boultwood (1969) showed that veld grasses harvested once at

the and of the ruiny seasou, produced as wuoh herbuge as, or mwore
herbuse than, veld gresees harvested more frequently during the
season. Therefore if weld wes resated for the whole of tie
growing sesson and grazed only in the dry sesson msxizum amounts
of nerbage would be svailable for grazing.

addison (1363 ) noted that bush encroachment and eward deterioration
of veld wers gloaely assooiated with frequent and intenslive @raslog
during the growing season. Pefore this it had been lound that
body mesu gains in oattle grmeing oa weld could only be expected
during the period December te mld-ppril when veld grass ovntained
adeguate gmounts of crude protein for ruminante (Elliott, 1950a,b,
1960 4 Anonymous, 1960). Although a taree herd four paddock
rotational grasines system on the wveld stooked &t a rate of 1 ocow

te 1,6 ha during the growing season had been found satisfactozy,
invasion by the unpslateble grass Sporobolus pyramidalis inveriably
occurred (Anonymous, 1957 ).

Fumerous sxperiments bave béen done opn vEld panagecent in =any
parts of Rhodesia in the wediua to low rainfall areas. In these
experimenis, shich wére all designed to use wveld throughout the
yesr the effocte of rotational pracing, stocking rates and fire
on the wegetation were sssessed (Kennan, Staples and west, 1955
Kennad, 1960, 196% ; West and Rattray, 1947 ; weat, 1547, 1944,
1954, 1958, 196%) ; the effect: of removing trees using
ringbarking or srboricides on the produsilon of natural srass
berbage werc meassured (Ward and Cleghora, 1904 § 1vy, 1969 ;
Wilsom, 196%), and the seasonsl grosth and changes in the chemical
composition of veld grasses were determined (Weinsann, 1948).
None of these experisents gave sny Information on the effecta

of fire and stoocking rate on wveld grazed cnly during the dry
season., Accordingly, a trial w»as laid dowm in 1959 to etudy

the long-temm effects of these f[actors on veld used s thio
LDENOBET .
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Experimental (Objectives

The objective of this trzial was Lo inveatigate tas Youg- “er.
effects of reeting veld during the growing seascn followel by
different intens:ties of grezing during the dry season and
different freguoncies of burning in the latle dry Eeas0N.
More specifioally, these treatments were io ba zssessed in

tarma of 3

(1) the effects of grasing and fire on the bctanical
compoaition and basal cover of tha weld

(11) the effeots of grasing and {ire on the productivity
af the wald in terme of herbage yi#lds and in terme
of body mass galos of cgattle grazing the weld during
the dry sesson at {ifferent intenslties, and

(114) the effeots of grazing and fire oo busn control and
development.

Matezialo and Ko Llhodas

The expericental site was satumped in 1559« Only a few large

shade trees were left. A botaniocal survey of the area prior

to stumping ehowed that Braohystegla boshmii (mufutl), Julbernurdias
globiflora (mufbonde) and B. epicifozmis (muSasa) were present

at densitiss of 1485, T26 and 180 trees per na, respectively.
Thens treen are tle most important enorcachment species In the

arta and indesd over most of the high reinfall azeas of Rhodesia.
Total tree donsity was 3012 trees per ha. The total basal

gover of th: herbacecas layer was 5,508 comprieing mainly grasses
dominated by Eragrostis racemosas, Digitaria diagonalis, gporobolus

stapfianus, Miorochlos kunthii, Hyparrhenis spp. and Eltl:ngnﬁnn
gontortus.

During the 1960 dry season the triul was acclidentally burnt.
Starting with the 1901 dzy eeason, the following treatments were
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applied annually, using three rzéplicates of a } x 34+ 1 deaign
in three randomised blocks, until the end of tke 1375 dry ssasca
shen the trial wam terminated.

gontrol tresptment

No burnlog and mo grazing of veld.

Jrazing treatmentas

Graze the veld esch dry seascn between June and Qetober for
60 § 90 or 120 grazing days par ha.

Burning treatmenta

Burn at the end of Ootober after grazing and just beiore the
commenoepent of the rainy seasnon either avery year, svery seoond
¥year or every third year.

The plots, each U,2 ha in ares, were grazed every dry season
by non-lactating Africander-type cows, which were fed 600 g
oottoneeed aeal {t 40% crude protein) per bead, daily. The
body mass chang=s of the gows were determined by weighing them
before and after they graszed each plot. Ewery plot was grazed
oy three cows, the oumber of daye being adjusted to give tha
correct number of grasing daye per ha. The mean body masa of
coms when goling in to grase was 365,4 kg per head.

The votanical ocomposition of the herbacecus layer and the number
of trees by specien was sstimated in 1961 end agaln in 1975.

The herbaoceous vegetation wam analysed by seans of a point guadrat
to measure bassal ocover by cpecien. |(Heights of trees were
mtasured in 1975, but not ln 1561 when all the trees ware below
0,5 m in helight, exoept for the few lazge shade trees that
remalned alter stumping.

The amount of herbage available for grasing in each treatment wae
detormined by cutting two 1 :i quadrats Iln every plot lmmediately
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before srasing started esach yaar.
the herbage was welghed and the dry satter content deterained

fr~a oven-dried aanples.

HEtsulta

(L)

he rbacecus plante

The changes in the total bamsal cover of the herbacecus vegetlaticon

Effects of trestemnts on the totml basal cowver ol

petwsen 1951 and 1975 are shown in Table 39.

Inmediately after cutting

e

Table %%, Ti» changes in percentage basal cover of the
ke rbacesous plants between 1961 and 1975 with
ths wvarious zrasing intensities (i) and burning
treatmenta ¢B). (aAnalysis of variance table
Appendix 2.51).
Siasiin craring (G) and burning (B) treatsents
intensity Grazed; Grazed; Gramed;
{G) erazing| Not burned burned burned every burned every G
_d..HI_PI ga| or oTazed | eVery year second year third gear Eeane
o -0, 52 -U, Je
&0 ﬂlﬂﬁ +U|}ﬂ s, 72 +1 !E}
0 +2, 17 +1,43 +0,05 +«1,41
120 -u-l.?‘j' 1,07 w10l +1,12
L means =0,352 'I-lla} +1,14 *J,79
5E 1 Iaternal 0,53
Eazginal U, 51
gignificant effects contrel wva mest

Protection [rom burning and greazing resulted in a slight reduction
in basal ocover, while in all other treatments, cover incressed.
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The bssal cover of the protecgted plots was significantly lower
{p £ U,U1) than the mean cover of all of the other plots.
Neithar fraquency of burning nor graging intensity afiected
busal cover and al though ouver fended to deoreuse with
gegreaning burning frequency tils was not significant.

(14) Bifeéctas of treatmentsa on gruss apeclies composition

Thé pean basal coverm of the grase apecies in the conftzol plote,
and io the burned and gremed ploie inm 1567 and im V575 is shown
in Teble 4U. The treated plote had very aimilax compoaiticns
in 1975 regardless of stoocking intemsity or burnim, [requency.
Toersiore only the seans [or all the treated piots are snoun.

The species composition of the control plots and the grazed
and burmed plots in 19561, was similar. However, there was a
lesser amount of the arrienl erthelia spp. droup and a
¢reater emount of each of Miorcohloa kuinthii and Eragrostis
racemosa in e plots scheduled [or grazing =od burning than
in the oontrol plote. Fotable differencea in 1975 were the
very much greater asount of Digitaria diagonalis, ths greater
amounts of Dihetéropogon amplectens, PTmemeds trisndra and
Heteropoccn contortus, and the lecser amounts of Sperobolus
pyramidalis and Kiorochloa kunthil in the grezed snd burned,
a8 gompsred wili the comirol plols., pEragrostis racemoss
disappeazed in botl treataents and was replaced by Eragicutis
gepunsis.

(1ii) Bifects of trestments on the trees

The percentage changé in the number of trees present in 1474
a8 oompared w»ith 1961, and the esotual number of tress pressunt
in 1561 are showsn in Table 41. Data for the three mank
important encroschment species are ahown separately,



Table 40. ‘The percentage “:sal cover by speciesa, and percentage speciea composition of the berbacecus
gover on the control plots and the grazed and burned plots im 1961 and 1575.

Peroentage basal ocover by species

Parcenta,? compoeltion on basis oOf bL.sal

cover
Specien Control plhota Orezed and Control plets Grazaed and
. burned plotem buzned plots
1961 | 1910 1961 1915 %0 1915 1969 1

Hypazrhenis filipenduls 0,55 0,54 11,58 To96
Arr opp . 0,68 0,45 dd8 Ut 15,41 947 6,70 6,78
Hyperthelia dissoluta 0,25 0,40 5,26 9.30
Dihsteropogon asplectens 0,50 1,08 10,53 15,93
luemeds triandzas 0,31 | 0,05 0,18 | 0,47 6,11 | 1,05 3y 26 6,93
Monogymblus ceresiiforms 0,14 2,08
Diglteria disgonalis 0,52 | 0,05 0,75 | 0,75 10,26 | 1,05 13,59 11,06
Eoteropogon gontortus 0,34 0,05 0,35 0,40 6,71 1,05 T07 S0
Sporobolus pyrasidalis 0,58 0,55 0,45 0,21 11,44 11,58 8,88 310
fporoboius stapfianus 0,72 0,30 0,65 U, 64 14,20 6,52 11,78 Sedd
Migroohloa kunthii 0425 0,50 0,57 ,15 4,93 | 10,53 10,33 2,20

frsgrostis racescss 0,31 0,82 6,11 14,86
Exagrostin capensis 0,40 o, O:44 B,42 0,15 6445
Other grasses | g 24 0,45 C,B6 Uy34 24 ,46 947 1354 5,01
sedgen ¢,05 0,35 0,13 | wu,62 0,99 731 2,56 9,14
| Forbs 0,07 | 0,30 0,17 ] 0,14 1,36 | 6,32 5,08 2,08
Total basal cover 5,07 4,75 S5.52 6,78 100,00 |100,00 100, 00 100,00

A A
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Table 41, 'The pergentage changes in the pusbers of trees present
in 1975 as compared with 1961 with different graziog
intensity (0) and busning (B) treatsents. jotual numbers
of trees in 1951 showed in parenthesis. (Amalysis of
variance table Appendix 2.32)

Grasing Graziog intensity (G) and burning (B) tresi=cnts =
intansitiss UTrazéd i ] Crased ;
(6) gzasing | Mot burmed| burned buzned svery| burned eve mE G
duys per ha or grazed | every year| segond year | third yesr |
Azaghyetsgly beehmid
0 +26(234) +20( 254
60 =17 19 +15( 208 + 121 553 + 5{206
-1 -“ij“ + TL355 +38 ju]‘i +1ﬂi5¢u
120 =14{ 26V) + 1L 33 22| U5 +13(291
B me:Ds +26(234 ) =15( 307) | +17( Ju2) +24{518) + PU‘UH]I
B8.E. = laternal 17 Mazginal 10 glgnificent =flfectas
. Conirocl wva TEst &
L5.D P=0,05 28,73 B
Juibsprnardia Elnhulnr:
0 +715(69) F +73(69)
60 =63( 1050 -HEHE =230 191 ~42(145
90 =591 234 ) =27(127 =24( 178 *ﬁ?iiﬂﬂ?
120 =63(115) | - 2{17] +28( 134 =12(142
B means +73(69) -62(153) -23{145) - b{168) ~30(156)
6.8 ¥ JInternal 13 Marginsl 7 Significant effects ,
y gonteol i rect aes
L.BED Pe0,00 2¢,6 p=0,007 42,2 Bawn G
Br slsgla spiolfomin
o +38(20) |+3a¢28
EC ~83(50 =41( 38 =13(52) ~45(41
90 -71(28 -35(56 - 9037} |-3e(s0
1_1“_ =Jof 2 =22{ 31 - 2d | - &b
I means +38(28) =TT(33) -33(42) - 8(38) -35(38)
8B I Ictermal 21 Naxginal 12 Significant effects 4
Control ve rest ®ae
L.B.D P‘-uru‘:‘ 114 P=l,011 15,56 B
‘11 tree lE-nil-
o +87(427) 4z
60 -31(569) | =24(542 - 7(654 - toe
30 -26({723 -18( 761 +1u( 636 -11(707
120 =27{53 10( 62 +158( 570 + 157
e +87(427) | -28(614) | -11(642) + T(633) |-10(e30)
SE I Internal 17 Marginal 10 Significent effects 4
L8.D Pe005 17,6 ;lfntﬂl Vi rogt ses
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The number of tress in She cootrol plots inorsased by Ujw over

the 15-yvaxr pericd.

Most of the enoroschling treee Iin the contzol

plote weye Papinexi curptellifolias, Cusscnis sp., and Temminalia

#tencetachya and not toe mein scoroachoent species Eraohselegia

foenmii, Julbernarila “J_Lntr:..l‘u-:l and B. splecilormie.
gan bé mdvaaced for shle Sutl aspéct maEy bave had so@e lnliluence.

o resaon

Grazing and borning every Year or évery asgond year resulted in a

deorsaue in the numbers of trema of all speoles, elthough in the
caoe of H!ﬁ'“ﬂ! boslmii there was an inoresss sith the tio-

year burning frequency.

uith gresing sod burning wvery third
year most trees were conirolled but B. beehamil increased.

Only with Julbernggpdin globiflory wam the numoer of trees
slignificantly decregsed (P {Q.Uj} by inoreasing the grasing
Although there was & simllear trend with Braghystogia
boahmii and with all tree species, diffezences were not smignificant.

Intenality.

The mean parcentage [requancy distrlbation by height elassem of

the treen Erul:lh...-.full&' a boshmii, Julbernardia Elabiflu:_! and B.
spiciformie in 1575 is shown for the difféerent yraving and burning
treataents in Table 42.

Tgble 42. The parcentage [regquenoy disizibution by beight
clasoes of Brachystegia bosimii, Julbernsrdia
cbiflogs and E. -Etdiwl_x.__ll in 1975 with
different grasing and burning treatments,
Gregiong and burning trestsents
Pree heipght Grazed;burned | Grazed; burped
elass Not burned| Gresed, burned| every second | evesy third
[ ] Or graged 2Very year ¥ear year
{ur} 3.8 20,5 9,7 14,3
Uyi=g,0 24,7 6T 4 65,9 49,7
€yU=4,0 67,8 11,2 23,8 35,2
) 4,0 57 0,5 L Uy U8
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1n the gontrol treateent the majority of treem pressat fell

into the 2,0 to 4,0 m beight olase, whereas in the tnree

graging snd barning tresizents 1os majority fell ioto the 0,5

ta £,0 m neipht claen, There sgs g distinct snlft in frequsnay
distribution by helght in the tiree grazing and burning treztments.
Witn annual burning moat of the trees were short whlle there was

a8 progroealve inoreasd in meEsn Lree helght mith Ltoe 1w and

three yeur burpning f[reguencies.

{iv) The elfectas of treatosnts on the herbage yield of vald
HTaEses

The mean herbage yields of the veld grovewes ipn the dilferent
trentments over the 1%-yuar period are presented in Tabla §3.

Table 43, Tne affects of compléte protéction and of
various grasing lotensity (G) end ourning
(B) tfeatments on the 1%5-;6ar ocan snnual
merbage yisld of veld grossss in Ky per Na
dry matter. (Aoaljsis of warisooe table

Appendix 2.33).

E:::ﬁ:ﬁt}’ Burnipg frequenay (B)
(@) Every| Every s
sresing No Every [second |third G 35 -
daym -
per ba burning | year [jesx |jesr z=e ans
0 4 500 §I300 | Interoel
&0 5280 387D Aoy 50 170
99 2750 |3320  |3400 3160 |Karginal
120 42580 13700 [38TL | 3950 100
B means 4300 | 3440 13650 i#hﬁﬂ

Although more bexbage wes harvested fzom conizcl plots as compared
nith the Breazec and burnt plots, the diifezeoces were not
sigrificant.  Dilferences between the grazed end burned plots
wero small,
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(v) Changes in the body muss mains of cows grazing the different
tré s tinonty

The eifects of the different gracing and burning treatments on

the body meen changes of oows are shown in Table 44.

Table 44. The eifects of various mgrazing intsnsity (g) and
purning LH:I tregtoents on veld on the 15=year mEan
booy mass onanges in kg of Africender-type oows,

{Anelysle of varisnce taple Appendlz £.54).

Grazing Burning frequency (B)
intenslty
(G) Every Every G 3B
arazing LVETY sggond | tonird + gignilicant
daya year year year mEans effeata
pa T ha

= + 8,87 | =14,17 | =7.17 | =4,16 | Internal

gu = 0,33 = 4,30 -1,23 =4 ,55 JEIE

12U =10,0U | & 147 | =33V | =4,V2 | karginsl

. 29,8

B mesns = 3,65 | - 5,67 =332 | =4,38

Neither tie intensity of @resing the veld during the dry segson
nor iregucnoy of burning the weld in the late dry seasca after
grazing, hed any eifeéct on the bod, mams changea of the cows.

The mean body mess of cows wmhen going into prase was 345,4 kg
per cow Bnd when they finished grasing it was 381,00 4, per cow,
tne body masc loss per cow belny 4,58 k. over the graging period.

Disgussion

In tnis expericent there Wad no evidence that grazing during the
dry sesson and burning at =sny of the frequencies used in the late
dry seascn resulied in g deterioration in gress =;egie¢s composition
@and in yleld of Lress herbags. In faect in the burping and grazing
treatments toere wes a distinet improvement in Laesl cover and in
the species compesition of the grasses betseen 1961 and 1975.
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For exasple the lyparrhenia/Hypertmmlia group ol gresses had
inoressed from 6,70 to 20,64 % (Table 40) of the totel vesal

gover during this tims while ths unpalatable speocles Sporobolus
pyismidelis decressed from E,85% in 1551 to j, 0% im 1975.
Purther examples of lmprovemsnt ware the dissppearance of the
sonusl grasa weed Lragrostis ragesosa by 1975 snd the reduction
in apcunts of Microchlos kuothii znd Sporobolum staepfl.ous whioh

produce inoilgniflicant smounts ol herbsge and are unpalaetacle @
cattle. The sppaarance of Jibetercpogon asplsgtens and the
inorease in amount of Theseda trisndra, both grasses oigh in suao-

olimax stuge of vegetation of the srea, although the luti=r grass
is not very palatable, are further indivations of the laprovement
in graaa spéoies oomposition., The results obtalned from the
protegted plots swre of moademio intezest only. In these the
amounts of Hyparxhenis/Hyperthellis increased out overall the basal
cover of grasses degreased.

Cleazly buruing way be used o contrzol the nuaber of Leeks ana
their height in veld grased only durloy the dry ssason. However,
the domicant tree species in tihe ares Bracihyetegla boehmii, was
only reduged in numbers with anoual bumning and increassd with
less {reguent buming wnile the other species wera pontrolled
even with a tri-snousl bura.

The cows grazing on thée vald during the dry season lost on average
only 4,38 kg per cow in body mms: und there were no dillerences due
to grazing intepsity or burning freguency. This is an insignificant
losss Cluazly it is possible to maintaln cows during the dry seasson
on the goarse dry herbage that scoumulates as & result of resting
veld caring the growing season, but as the protein content of the
bBezoage Is low a protein suppleseant wust be [ed to cattle to promote
intake and digestion,

Tiw results show that resting the wveld annually during thne srowing
sesson and grasiog ooly during the dry season is a simple and
offective way of mansging veld. The veld wes improved in species
composition and produced msxylsus spocunta of neErbade whicu was
efficiently used tc maintain cattle during tme dry season.



-E‘ﬁ:;—

Purthermore grasing during the dry season regquires a minisus
of fenoing and watering points. 4 aingle paddock per hexd
for the dry season is pll that is needed. |VPHowever, the Cire
hassrd in managing veld in this cenner would be nigh and

adeguate protection would be needed mguinst accidentsl fires.



4.8 jsaseslng Productivity of Pastures in Production Systems

The sxperimental results desoribed in Section 4.7 showsed that

il the weld on Henderpon Hesecarch Ftatlocn wes rested during the
growing ssason and grazed only during the dry season, the wveld
was improwved Ln speciss oomposition and produged sdeguate amounts
of bmrbage to provide for at lwast 120 grazing daye pe: ha,
annusl Lys Purthermore cattle that are fed small amcunts of
protain-rioh supplements while grazing dzy cosrse roughages
during the dry ssason will galn slightly in body mass (Elliotis,
1963}, On saise farms there is slso stover that can be used

in this manner.

By 1972 4%t had been shown that Star grass (Cyncdon astnlopicus
ov, No. 2) pastures could carry large numbers of cattle during
tha grosing sesson. Experisantal results had shown that when
350 kg ¥ and 90 kg F0, per ha were applied to Sta: grass pastures
grased on a set-ntooked basis, herbage production was at a
saxisus (Seotion 4.3.2)s I% had alec been found(Section 4.3.3)
that by stocking similar pastures with 12 yearling s teera per ha,
efficient nae of the herbage was achiswed compared to where
lightar or hesvier stooking rates were impossed on them. jnother
experiment (Bection 4.5.1) showed that if Star grass was grased
rotationally at 15-day intervale and s stubble of 5 ocm was left
after grazing, more herbage was produnced than when the intervals
betwesn grazings were longer and the same haight of etubble was
laft after grasing,

Alwo by 1972 a high energy diet had been developed for fattening
of beel oattle thatl contained 134 crude protein and comprised

T0% maize neal, 20% roughage and 10% of a protein-rich concentrate
(Reed, Elliott and Topps, 1966, 1568; Bllictt and Reed, 1468 ).
@teers of about 300 kg initial body mass gained wpproximately

140 kg 1o body maes wfter about 100 days of feeding im pens and
ware in slaughter condition.

AR analyeis of this acousulated kaowledge indiomted that an
intensive system of beef production for the maime growing areas
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of Ehodesis ocould be developed. The system msould be suitable
for basf stoerp or heifers, and wmould make use of available weld,
e*op residues, pastures and maine as follows.

(1) Bixz-to-eight-month-old calves would be weaned

(11)

(131)

Auring May and June of ¢ach year at betwaen 180
and 200 kg body mess. JFor the pesainder of the
dry season thesy would be omrried on wveld reated
during the previous growing seascn and on crop
reaidues. while on these forages the weasnsras
would be [ed a protein-rich supplement to main.ain
plight body mass gains sc that they would be
approximately 240 kg body mess in Hovembar at the
end of the dry season.

From the end of November or beginoing of December,
with the onset of the raine, yearling cattle would
be carried on fertilised Star grass pasntures until
approximately mid-jpzril dependiog on rainfall.

By this time they should have gaimned up to 60 kg
in body mess and weigh approximately 300 kg body
mape per heud.

From mid=-jpril, which is the beginning of the dzy
ssason, the 18-month-o0ld cattle would be fattensd
in pens on a high energy diet. After about 100
daye of feeding they should be 400 to 430 kg in
body mess and thus ready for slaughter at 20 to
24 months of age.
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4.8.1 'The effacta of managenant and stoaking rate on caroass
mass geine of steezs oo Stax grase pastures and the
affects of treatments or thair performance whes fattened
for mlaughter in pens

The experissntal resulte obtained htﬁn 1964 and 1972 on
fertiliszed dryland grase pasfures needed testing on a lLarger socale
than badl been poasible at the time, and preferably sc as to fulfil
some role in s production aystem. This appuared to be necesEary
before further advances ocould be =made in reseasrch. {p to 1572
the productivity of pastures hasd been messured in terma of smounts
of berbage harvested and/or the Lody mauss gains of the live anisals
grasing them. Doth these oriteris are, at best, only estimates
of produotivity beoause, with grasming, not all available berbage
is consumed and thies material ie not of constant digestibility

and guality. Aleso, tha asount of food in the digestive tract

of the animal when weighed ocan oause varlations in its body mass
of up %o 15,9 (Johnson and Elliott, 1965). By messuring the
caroans mags of oattle, as opposed to their body mass, wmhile
grazing pastures, a preolse measurement of the productivity of
pastures would be obtained.

Circa 1972, 1t was comson practice for farmers %o suppleaent
cattle with energy-rioh food (up to 5 kg per head dally) while
grasing on veld or pastures during the growing season. ‘Ths
efficlengy with wnioh this supplecent, in sddition to the grass,
was used for gain An caroasns mass was pot known, but it was well
known that roughage and concentrate fooldm mre used with different
afficlencies for fattening omttle ; aleo that for moat efficient
utilisstion of food 1% is pDeceasazy %o maximise intake (Biliots
and Reed, 1368). It might be more efficlent to feed an equal

amount of gomosntrate to oattle in pens at the end of the growing
season, rathexr than during it.

Experimental Objectives

The objeotives of this trial were



-EEE-

(1) to test the praotical application of the knowledgs
gained from research on the mansgement and stoocking
ratee nf pasturrs in & veefl production syste.

(i1) to obtein a preciss messurement of production from
gtar grass pastures in terms of carcass mass gailns

of stecra

(111) to test the effects of trestments on sizers on pasture
and on their performance when fattened in peas on &
gonoentrate diet after coming off pasturea,; and

(iv) to investigate the advisability of aupplementing
animals with emall amounte of energy-rich concentrate
while grasing pastures.

Hateriale gnd e lbhods

For the experiment 100 Bussex x jliricander weaner asteexrs wers
obtained during June 1972. The mean body mass per steer was
203 kg. For the remalnder of ths dry season the steers grazed
on maize stover and on veld thset had been rested from grazing
the previocus growing seasdn. The steerza were supplemented with

700 g cottonseed mesl (L 408 orude protein) per steer daily to
maintain slight gains in body masus.

A well-e#ptablished Star grass pasture was used for the experiment.
The pasture had been heavily fertilized (350 kg N and 90 kg Pznfi
per ha, annuslly) and intensively grased (4 to 7 cows and ocalves
per ha) for the previous three growing eessons. During ths
1972-73 growing season the pastures were again dressed with 350

kg N and 90 PEQE per has The nitrogen was applied in four equal
monthly dressings startiog on 27 Hovember 1972 shile the phosphate
wae applied during Ootober.

On 12 December 1972 the steers were divided inte five groupa of

20 steers each. Ths mean body mase per steer gToup Was 243 kg.



- 270'=

one group of stesrs was slaughtersd %o messure me&n Oarcass
nass at that time and the resaining four groups were allotted
a. ranédim to ope of four “reatecn ta.

(L) Pusturs set-stooked at & stocking rate of 1=
stesra per has

(11) ture rotatilonslly gresed ueing 15 paddocks
at o stocking rate of 12 steers per ba. [Each
paddock was grazed for one day and then zrested
Tox 14 dayms

(141) pastuzes rotationally grased as in (ii), but
at a stooking zate of 20 ateers per ha.

(iv) Pantures rotationally grazed as in (iii), bat
atears were supplemented with 3 kg cobcentzate
pez eteer daily containing 138 erude protein.

Thi steers wore dipped weekly %o gontrol sxtermal parasites and
sere weighed fortnightly to determine chaoges in body mass.
Tosards the end of the growilng sesscn steers wer: weighsd weekly
and groups of steers were removed from the differsnt traatments
shen they Lad lost body mass for two consecutive weeks.

The 1572-T5 sesson was a drought and only 508 mm of rain fell
(Appendix 1). The growing seascn was therefore shorter than
ususl and the stesrs grased on pasture [or a shozter pariod
than in previous years (Sectiom 4.5.1). Steers in Treatment
(1ii) were zemoved from pasiure on 5 March, thoes in Treatmint
(1) on 12 March snd those in Treatsents (ii) and (iv) om 19
Maroh 1973%. From 5 Maxeh to 19 March ateers coming off the
axporipental pastures grased on adjacent and similar pastures
to maintain body mass.

on 19 March 10 steers from emch treatzent with sean body mase
almilar to that of the whole group of steers were slaughtered
for assessnsent of carcass mass gains while oo pasture.
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The remaining 10 steers from ¢ach treatment wmere put iaoto pens
snd fed mith a high epezgy diet comprising 7O% maize meal, 204¢
nlllnd bay and 10% of a orotel -righ concentrate. [ leers from
Preatoents (11), (i1i1) and (iv) remained ln pens until stheir
megn body mass was 450 Kg per steex. At thils mass they were
slaughtered. Steers in Treatment (i) were fed p similar amount
of concentrate (3515 kg per ateer) in pens as had been caten by
the steers in Treatment (iv) wiile on pasture. The object of
this comparison waw to asceen the relative efficliency of
oconcentrate when fed to steers elther om gress oz later in the
pens ,

Eatimates of the smounta of herbage on offer to the steers in the
differsnt treatzents were oade at 15-day intezvals during the
grasing pericd. This was done by cutting three 1 lE quadrats

k0 5 om at random in sach of paddocka 1, & and 11 of the

treataania inwlving rotational grazing and three gquadrats in

the set-stocked treatment. The herbmge wes weighed after cutting
and it3 dry matter content determimed from oven-dried samples.

From the results the mean amount of herbage avellable to the steers
in tha different tréatmants over the grasiog period was caloculated.

Hesults

The carcass galne of the steers mhile om pasture are shown in
Table 45.

Table 45. The cazcass mass galns in kg of steers managed in
different ways on §tar grass pastures Teptilised

with 350 kg § end 90 kg P:“:; during the 1972-73
grosing semson.

Treatment E::: steegs | CAFC4SS mass per steer| Carcass msss galn

peT ha V2. 72.0512] 19: 3:15973| 5% Bizer |pe: ha

(1) 12 109,6 144,68 35,2 422,4
(41) 12 109,6 143,4 35,8 | 405,6
(444) 20 109,6 127 .4 17,8 356,0
(iv) 20 09,6 72,6 63,0 1260,0
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Qaroass mass geins of stesrs that ware s@t-sptoocked or rotationally
gramed at 12 steere per ha were similar. Steers that were grasved
z~%at!orplly at 20 per ha galped caly 17,8 kg carcess rass per bead
while those graced ino like mannér and given a conoceatrate
supplenent gaimed 63,0 kg per head.

Estimstes of the mean ssounts of herbage on ofifer to the stesrs
during the grasing period showed that thore was 1 610 kg dry mattar
per ha (134 kg per mteerz) in Treatment (1), 1 B30 kg per ha (153
kg peEr ltil:] in Teeatwment (i1}, 1 400 kg per ha (70 kg pexr steer)
in Trestment (14i) and 2 240 kg per ha (112 kg per steer] in
Treatment (iv).

The gelns in carcase mass fade by the groups of steers lo pens
following the different treatasnts on pasture are shown in Pable 46.

Table 46, The carcass mass gains in kg of steers fed a
soncentizrate [uunu.] dist in pens after being
subjeoted to various treatments ou Star grass

P ture .
iﬂ- a mII; _Eilllﬂ; I.E ﬂnﬂm
it Cargass pasa per steerx days |gain sonsunsd| consused
u. in SaTcans | per per kg
13231373 | Hioal| Gain puna naEn Etear gargass
per e gain
staer
(1) 144,56 16874 | 42,5 42 101 ns Tod
(44) 143.4 23%,6| 90,2| 98 t,92 185 8,7
(441) 127 .4 232,2|104,8 | 105 1 8o} 8,2
(1v) 172,6 | 232,3] 59,7| 790 U,83 | 568 945

Note ; The concentrate consumed excludes the 20% milled hay
added to the ration.

Duripg the residual fatteniog phase in pens, the most efficisnt
conversion of goncentrate into carcass mass vas in stesrs (Treatment
(1))whioh woze fed with the same amount of concentrate in pece

(315 kg pexr steer) as had been consumed by the steeze supplesernted
oo pasture in Treatment (iv). This ssount of food resulted in



- 273 -

42,0 kg oarcans gain snd wae used with ao effiolenoy of 7,4 kg
sonoeutrate per kg carcase gein. The least efflclent comversion
of ccncentrate Into cercass masr wam in steers (Treatw-at (iv))
that had peen supplemsnted with concentrate while om pusture.
These steors were the buaviest stesrs mhen golng intoc pens and
thay consumed 56t kg concentrafte per steer while in pens,
réprassnting an «fficlenoy of 9,0 ky concentrate per LS oarcass
gain.

leguialon

In thie experinent steers whion were set-stocked at & stooking
rate of 12 nfeors per ha on pssture gaioed slightly mose in
carcacs maon than steers grated rotatlonally ovesz 15 paddocks

at slmilar stooking rate, 4 stocking rate of 20 steexs per ha
wanloh grased rotatlonally over 15 paddocks (Trestment (1ii))
mai cleazly too hemvy under the prevalling weather conditions
sAd geins in carosss sass boLL per steer and pex O ware lower
than atesrs whion grased st the lighter siooking rate. Estimstes
of the mean amounts of herbage avellable %o tha steszs in the
diiferent treaiments showed that least berbage (70 kg per stesr)
sas avallable %o steera in Trestosnt {iii'_i and oo gaios in
garcasd mass would be expectad to be lower.

Elsewhere in the world experiments have shown that pastures
Brazed on a set-stocked or contlnucus basla have produced as

much galno in body mase of cattle aw have multi-paddock, rotational
systeas., Jor exaaple Stobbe (1563) found that s continuous
graalng and a thres paddoek system on Panlous maximun/Nacropiilium
Atropureul pasture Wus more produotive than a six paddock aystes.
Hood and Balllie (1963) stated that s two field set-atocked systams
on a Lolium perenne/Phleum pratense pasture, shere the {islds were
alteroately grased and then rested fox @ silage out, could be
grased at similar stogking rates to, sod produced oody mass galns
a8 gréat as, sulti-paddock roistiomal systess.

The effect of feeding 3 kg concensrate per stesr dally where
Eteors ware mtocked at 20 steers P*r ba and grased rotationally
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on pasture (Treatment (iv)), resulted in a }54% incresse in
garcass gain per ha compured with She unsupplemented =tesrs
srazine rotaticnally at sisila- stocking wate [Treata ot (1ii)).
Mott, Keiser, Petarson, Peterscu and RAhykerd (1971) also found
that by supplementing steers with grain at the rate of 1 kg grain
per 1O kg body mass, stocking rate om FPestuca arundinaces pastures
could be Inoreaced by 15 and body mass gaine per ha Ly 2338

compared to where stsers were uisupplemented. Clearly [eeding
the mupplesent reduced the intake of grasa by steers and this
rasulted in & mean of 112 kg dry bsrbage per sfteer belng avallable
to the supplemented stesrs whils only 70 kg per steer was avallable
to the unoupplesented steers. The apparent effioiency with which
the gonoénirate was gonvertsd into garcass meas by stesra gan be
caloulated by a comparison of the supplessnted and unsupplementad
stears shich grased at a stoocking rate of 20 steers per ha. The
advantage of supplesenting was 45,2 kg (05,0 - 17,8, Table 45)
resulting in a ratio of 7,0 kg concentrate per kg sdditiomal gain
in carcsss zasa, This howaver, 1s not s trus cosparisen of the
effects of supplementing steers on pasture becsuse the unsupplessnted
eteezs bad only 02,5 (70 kg pexr eteer) as much berbage as the
unsupplemented steers (112 kg per steer) to grase and select from.
It would be more reslistio to compare Trestments (i) and (11) with
Treatment (iv) mhere more herbage was avallable to steers. Although
less gress was aveilable to steera in Treatment (iv) there was still
smple gress for thes gonsidering that the ptesars vare unlikely to
consuse moxre than U kg dry matter per ateer daily. Thare would
be 102 kg left (I 400 kg green berbage assusing a 25 dry matter
content) of which a proportion sculd be fouled and trampled,

This comparison shows that the responas %o concentrate supplement
was 26,5 kg (63,0 = 54,5, Table 45), resclting in a caloulated
effiolenay of 11,1 kg cooosntrate per kg carcass gain. This
indicatea that it was probably less efficient to feed concentrate
to steere ca pasture than to use the goncentrate during the
fattenling phase when stears are in pens and shsre concentrates

sre used more effiolently (Table 46). Dhe feeding of concentrates
to atesra grasing veld or pasture during the growing seasom is
8till prectised despite the apparent lower efficiency with which

it is used, begawse of the higher prices paid for beef during
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the oid-to=late growing sesmson, The results snow tnat when no
goopentrate supplesants are fed on pasture set-stocking rather
thgn cobatlong) ~razsing shonld > used.

Qbservatione cn the system of production indicated that carrying
weaner steers through the dry sesson on veld grazing, grazing
them intensively on paatures during the growing season and then
finishing them in peéns on a high energy congentrate diet wae a
practical and highly intepsive system of besf production. Hot
only did the eyetem take cogolesance of the needs of thes weld
(i.¢. a8 growing eseason rest) to maintain vigour but it made
efficient use of pastures and maizo.

Furthermore caloulations of the grose mergine [rom the different
treatments within the pyatem of beef productiocn used showed that
the system gs a whole was very profitable. For theea geloculstions
the following current {1319] ooets of production and prices for
beef were used (Ashton 1978, 1979; Murphy 1978, 1979) .

v(1} The purchase price of weaner staera was j%a per
kg body mass.

v(2)s V(3) and v(4) were the carcass maes values of the
otaere at the end ol the dry season, at the end
of the period on fertilized pasture, snd at the
end of ihe [sttening perlicd in pens, respectively.
The wvalue per kg of carcess maes was taken as
81,4 o in each cave.

c(1) Wore the variable costs (dipe, veterinary, labour,
interest, eto.) to meintsin a weaner steer through
the dry season including the protein-rich concentrate
(cottonseed meal) fed. The cost of cottonseed meal
was 14,200 per kg.

c(2) Were the varisble costs to meintain a yearling steer
on fertilized pasture during the growing scason gnd
inoluded the cost of both nitrogenocus and phosphatio
fertilizers applied to the pasture, The cost of

fertilizers was $179,22 per ha.
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Wers the variable coste to maintain an 18-to-24-
sonths-old steer io pens duzing fattening wund
inolnded the c~o% of the high enexzgy conoer‘rate
ration fed. The cost of maize in the ration was
§63,00 par tonne.

g(1), g.l.,:J and G(3) were the gross sazglns per steer lop

the veld, peasture and fatteaing stages of the
produotion system, respactively. Thess were
obtained by subtracting ths verisble costs pex
steer in eaoh stage [rom the value of sach stz
at the end of each stags. G(4) was the groass
margln per atoer in the whols syotem obtained by

susming G(1). G(2) and 6(3).

The coets and gross margine per steer in each part of the production
eystem and in the whole system ar¢ shown 1o Table 47.

Pable 47.

The groses margins inm § por ateer duriog the periode
they grased on veld, om pasture and then during the
[wttening pluse, and the groas mATgin per stes:

resulting from the whole beef production systes in

1972-71.
Treatoent oo pasture
(4) (45) (111) (iv)
V(1) 66,99 6b,99 66,99 66,99
v 2) 89,21 89,21 89,21 89,21
e(1) 22,18 22,73 22,73 22,13
(1) = 051 - D451 - 0,51 - U
v(2) 89,21 89,21 89,21 89,21
v(3) 117,86 116,72 103,70 140,49
e(2) 18,27 16,27 18,27 41,67
a(2) 10,38 924 - 3,78 9,61
V(7 117,86 e, 7T | 105,70 10,45
v(4) 152,54 150,15 169,01 189,09
c(3) 19,38 45,08 33,41 33495
I 8{3) 15,10 24,55 51,90 13.55
| a4) 24,97 53,28 27,64 22.65 |
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Hote 4 TPragtments

(1) ©staerr et 8% “ed at 12 steers pexr t .
(1) Steers rotationslly grazed over 15 peddocks
st 12 steexs peér ha.
(ii1) steers grazed ms im (11) but at 20 steeza
peEr ha.
(iv) sSteers grased as in (i44) but received }
kg concentrate per steer, dally.

Qoata and returns

v{1)s (2), (3) and (4)were toe vaiues per steer
when purchased, st the end ol the dry season,
at the end of the grasing period on pasture
and when slsughtered, respeotively.

e(1), (2) and (3) were the varisbtle costs to
salntaln a steer during the dry sesson,
while it grase! on pasture and during the
time it wogs fattened for slsughter in pens,
respectively.

ﬂ“}, [.2] and [}} ware the gross margions for the
dry season, the period on pasture and for
the pen fattening phase, respectively, mhile
G(4) wam the tota. gross margin of the whole
production system.

During the dry season when all steers regeived identical

trestcent oo veld a loss of 51c per steer was lnourzred. The
greatest groos mergln per staer on pasture was obtaioed where
steers were sei-stocked at a stooking rate of 12 steezs por ha.
(Preatasnt (1)). The gross margine per sfteer were lesa where
steers were rotationelly grezed at stooking rates of 12 (Treatment
(i1) snd 20 (Treatment (iv))where a concentrate supplesent was
fed) head pex has A loss of §3,76 per steer resulted shere

thay were rotatioaslly grazed at a itooking rate of 20 head

per ha without = supplement (Treatment (iii)).
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In ths pen fattening phase the caroass mass gaine made by steers
from the pasture Treatmente (ii), (iii) snd (iv) were comparable.
cteexr in Treatment (i) vere or'y fed 375 kg = conce: irete in
pens for regsons already stated. This was about half or less
than half the amounts consumed by steers from other treatments
{Table 46). ©Of the three treatment groups of stears that were
comparable in pens, thosa which made the least carcess mass galna
on pasture {Treatment (iii)) produced the greatest groas margins
in pena. Tha steera that maode the greatest oarcass mass gains
on pasture (Treatment (iv)) made the smallest grosa margina in
pEns. This gonfirms that the body masa of a steer when going
into pens for fattening affects not only the efficiency with
whiaoh eoncentrate is converted into beefl but also the
profitability of fettening a steer.

An examination of the effects of the different pasture treastzents
((ii), (4ii) and (iv)) om the gross margins in the system of
production ghowe that the greatest groés margine wers from steers
that were carried on pasture during the growing season without
being fed on epergy-rioh supplements. The lowest gross mazgins
resulted from steers which did receive an energy-rich supplement.
Thereliore 1t Ils not advisable to feed these supplements to steers
while on pasture ino this system of beef production.
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4.8.2 The effects of stocking rate om steer gains on Star grasa
pasture and on their subsequent performance shen fattened
for al. ughter ‘n uweas

It is well established that stocking rate bas a profound effect

on produgtion from pastures in terms of body mass gains of cattle
(Seotion 4.5.3), Rusne and Raftsry (1964 )3 Bryant, Hszses, Blaser
and Pontenot (1965)y ctobbs and wWnitting (1970)y Eryen snd Evanse
{1971)s Mears and Bumphzeys (1574) though there is a nwed to
determine ppecific responses in given eltuations.

With a stookin: rate of 12 steera per ha in the experiment
described in Section 4.8.1 where steers wera cither set-stooked
or grased rotutionally over 15 paddocks, thare was more herbage
available per stesr (153 kg) shere ateers were rotated than
wiere they were set-stocked (134 kg). The wieers that were
set-stooked guined more in carcass mass (35,1 kg per steer)
than those thua: were motationally grased (35,6 ka pex steer).
But where oteers were rotationally grazed =t a stocking rate

of 20 steezn por ha there wse lecs berbage available per steer
(7V kg) and caromss galns were lower (17,8 kg per steer). The
faot that more hwrbage wam avallable per steer whare staers
werea rotatlionally grased at a stwoking rate of 12 atears per
ha than where thoy were set-stooked indicates that probably
more than 12 steera per ha could have been cazried with
rotational grazing. Galns in carcass mass per steer might

be no greater than steers set-sicgked at 12 steers por ha bat
gains per ha would be higher because of the heavier stocking
rate. Although a atocking rate of 20 steexrs per ha was too
heary in the experisent desoribed in Seotion 4.8.1 this was a
drought year and thersfcre in a good rainfall year gains might
be gréater at this stooking rate. In prectice a lower ocarcass
mass galn por steer might be acoeptable becsuse thare was
apparently a relation between ca-case mass galos on panture

and the efficiency of feed conversionms in pens staazrs that
gaiped lesa on pastura were found to conwvert feed into carcass
morea effioiently during the pen fattening phase (Section 4.8.1).
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There was therefores resson to do another expériment shioh would
determine the effects of & range of stocking ratas betwesn 12
ard 20 stec-a per he a8 tha goseaac gajar o0 ataera pad on ithe
subsequent efficienoy of feed convexsion of atesrm whon being
fatteped in pens.

Experiment Objlectivens

The objectives of the sxperiment ware

(1) to determine the effects of stooking zate on
steer carcass mass galos on Star grase pastuze
graeased rotationally over 15 paddoocks

(i1) to determine the effects of treatments on
atad»s on pastura on the effigcléency of use
of concentrates by sléers in pens duzing tne
subssquent fattening phase, and

(ii1) to make obseérvations on the overall efficiency
of the beefl production system cutlined in
Section 4.8.1.

Materials and Methodw

For the experisent 100 mized weaner steers (Hersford x

Africander, ifricender x Shoma end Abordeen Angus) of mean body

mass 154 kg per oteer were obtained during Jume 197%. petwsen

Junt and mid- Hovember 1973 the ateers grazed on veld that had

besn rested the previcus growing season and wore fed JW g cottonseed
meal per head, dally, to gain alightly in body mass,.

On 20 November 1973 the steera were divided ints {ive usifora

groupe of 20 steers with the breeds equally represented in each
group. The mean body mass per etesr was 212,68 kg. One group
ol steers was slsughtered immediately to obtain the mean carcass



maas of stearn golog onto pasture. The remsining four groups
were allotted at randoms %o four stocking rate treatments namely
12,0 v 14,7 3 17,2 4=, 0,y _tesezs prr ha. JFor each stocking
rate there were 15 peddooks whioh were grazed in rotation, each
paddock being grazed for one day and then rested for 14 days.
The Star grass pasturer used for the sxpériment described in
Eection 4.0.1 were awleo used lfor this experiment excepi that

the paddook previously set-stocked was divided into 15 paddocks.
During the growing seascn 350 N and 90 kg PEUE per ha were
applisd to all treatments. The nitrogen was applied in four
egual dresaings at monthly intsrvale stazting on 7 Moveaber 1373
while the phosphate was applied during Jeotober.

The steers sere dipped weekly tc control external parasitea and
weighed fortnightly to determine changes in body mass. Biting
fliea (Stomoxis up.} worried the steers incessantly during
daylight hourm throughout the season whioh was exceptiocoally
wet (1 314 mm of reln was recorded (Appendix 1)). Attempts to
control theee fliss by spraying the steers with insecticides
failed. Towards the end of the growing season the steers were
waighed weekly and the groups of steers in the diffesent
treatments were removed {rom pasture when they had lost body mass
for two gonsecutive wewkly weighinge. With this criterion the
groups of steers stocked at the rate of 17,3 and 20,0 steers per
be were removed on 26 Maxrch 1974 and those stocked at rates of
12,0 and 14,7 steers por ha on 4 aod 16 jpril, respeotively,

The groups of steers that were removed before 16 April wers held
oo adjacent and similer grazsiog io order to saintain body mass.

On 16 April 10 steers from esch treatsent group were slaughtered
to assess carcass mass gains while oo pasture. The remaining
10 steers from sach treatment were then [attened in peos oo a
high energy diet containing 13% orude proteln and comprising
1% saise meal, 2U% milled bay and 10% of s protein-rich
concentrate until the mean body mmss per amteer in sach group

"as approximately 390 kg when they too were slaughtered.




Herbage production from the differsnt pastures was sstimated
during the period the steezs grazed on pasture. This was done
by ol scing two herbags ~zrter ‘D sach af padi~ecks 1, & and 11
(L.e. three replications) of emch stocking rate treatment and
outting 1 II.2 quadrates of berbage within the crates to 5 om above
ground level at 15-day intervals from the time grazing stazted.
Following 2aah gut the barbage cratea were moved to new sites at
random within the paddocks whicn were also ocut to 5 cm before the
orates were placed om tham, Inma diately following cutting the
herbage was weigied and the dry matter content determined from
oven-dried samples.

Initielly the carcass mass gain [ﬂn] per eteer and per ha were
statisticelly analysed using a constant initlal carcass mass

(CM) of steers shen going on to pasture estimated from the oconmtrol
slaughter of 20 znimals snd from the final carcass mass (FCM) of
stesrs when coming off pastures estisgted from the slaughter of
bhalf of each group of stéére. By using a constant ICM, the (MG
for lazger plaere was considerably over-estimated and that of the
saaller steors under-estimated. Thus the variability of CMG for
steers within troatsents was over-estimated and the incorease in

error variance réduced the apparent mignificance of treatment
affecte.

Therefore the data was re-analyeed using an estimated ICM for
each animal basesd on the regression of ICM on initial body masa
(IEM) cbtained from the control slaughter of 20 mteers, Similarly
the data for the 4U steers slaughtered when ocoming off pastures

ware wsed to esiimate the csrcess mase of the unslaughtered animals
coming off pasture.

The regresslons used wera

ICM = 5,10 4 0,442 IHM E* = 0,86
PO = =4,62 4 0,497 yiu B = 0,95

Ry B
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fResul ta

Tl Ch."@dm agpoe sgine Y4h pe- utear ard per ha zade n the
pastures axze shown in Pigure 4U together with the theoretical
gcarcass gains ocaloulated from the lioear regression model for
carcase gain per atesr.

Caroass mass gains both por steer and per ha decressed linearly
(P=< 0,001) with inoreaning stocking rate. Steers that graszed
at 17,3 bead pexr ha on pastures baraly improved on their initial
carcmid mass when thay weat ocato pasture st the begioning of the
grasing period. The stears that grazed at a stocking rate of
20 head per ha lost carcass mass ower the grasing period. In
the prevalling weathsr conditions pastares stocked at 17,5 and
£0,0 steezs por ha freguently becams puddled, but more seversly
at the latter rate. Puddiing did not ocour where the atocking
rate wan 12,0 or 14,7 eteeza per ha.

The stocking rate (R) at whioh carcass gains per ha would have
béen thecreilgally at & mexisum was caloulated from the model
for carcass gain per ha (Yh).

Yh « 55,4712 = 3,13 18°
Th g at a mazisua when gli = 0

when 59,47 - 6,26 8 = O
6,26 B = 59,47

» - B

R = 9,50 steera per ha

The stooking Tate of 9,50 ntesrs per ha lies outside the range
of stooking rates used and therefore no further comment la

warranted. (Clearly in the prevailing circussatances the stooking
rates impoeed ware too heavy.

Herbage production amounted to 10 430, 11 590, 11 580 and

11 370 kg dry matter per ha for the 12,05 14,74 17,3 and 20,0
steer per ha stocking rate treatments, respectively. Differences
in bezbage produstion were negligible and not signifiocant,
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Figuze 40, The ocaleulst®d carcsss maes gains in kg of
steera grazing at different stocking rates
EE] on Star grass pastures fertilized with
Hﬂul-nnaﬁupzuﬁp:mmn; the
1973=T4 growing seascn. Actual mesn carcass
mass galns per stesr (YeQO) and per ha (Yhe)
shosn. Least significant differences for
oarcass muss gains indicated by vertical bars.
(Analysls of variance table Appendix 2.55).

Ys = 59,47 - 35,150 R (Jones anc Sandland, 1974)
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The gaine in carcass mass made by the groups of steers in
pens alter coming off pastures are shown in Table 45.

Table 48. Gains in oarcass mass in kg of steers fed a
concantrate (cong.) diet in pens after grazing
on Star gres:e pastu=é at differzent stocking

Fated.

[ 5 tooking No. 1y (K8 nm:
rate oo [Carcace masa per steex | days | gadn Cong. consumsed
pasture T io Qarcass |consumed |per kg
steers |16.4.74 | Pinal | Galm | pens | mass pur |per steer|carcass
per ha |mieer kg gain

12,0 1175 | 213,0 | §5:5 105 1 0. 831 9,8
14,1 114,6 | 211,2 | 96,6 119 | 0,81 871 9.1
17,3 14,3 | 211,3 |107,0. 112 | 0,96 H54 6,4
20,0 93,7 | 216,1 20,4 155 | U, 91 486 8,1

N¥ote ; The gonoentrate consused by steers excludes the 20%
gilled hay added to the ratiom.

gtesrs that grezed at = stocking rate of 20,0 steers per ha on
pasture and which were the lightest steers when going into pens
converted concenirate into carcess most elficiently and required
6,2 kg of copoentzate fox every | kg carcass gain. There was a
tandepay foz affliciesnoy ol coppentrate utilization © decreass

the greater the garcass mass of ateszs golng into pens. Howewer,
the steera that grased at a stockiog rate of 14.7 eteers par ha

on parture and that were the second beasviest steecrs whan going

into pens converted copcentrate i{ota caroass mass, least efficlently.

The length of ths feeding period for the groupas of stesers to
regoh similar final alaughter sass gesnerally Anaressed the
lighter the mpteera were, when golng ioto pens. (me exception
was where steszs grazed at a stocking rate of 14,7 head per ha
on pasture, Thaee steers took longer to finiah goapared with
the other group of steezs thai grazed at 12,0 begd per ha on
pasture and that were of similar carcasa mass whan going ioto the
pens .
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Disgussion

Body and carcaes mass geins both per eteer and per ha were
markedly affected by stooking rate and were considerably lower
than those recorded in previous experiments (Sectiom 4.3.1 and
4.8.1). The oool, overcast, wet weather during mcet of the
segson (Appendix 1) affected the steers adversely. A% the two
heaviest stocking rates, 17,3 and 20,0 steera per ha, herbage
was often fouled with mud from the trampllog of the steers
making the herbage unpalatabola to them. Furthermore the
trampling and puddling of the pasturea at these stocking retes
resulted in bare areas,; particularly near acoessE gaien, The
biting flies also added to the discomfort of the steers and they
ware citen observed to be stending in groups with their heads
together a8 a means of escaplng finn them.

Clearly the high reinfall during the seascn alffected steers
geesing intensively on pestures far more than during the previous
gegeon, ona of low ralpfall. Tn 1972-T3 when only 568 mm of

rain fell, oteers graing on Star grass at & Etocking rate of

20,0 steeras per ha galped 17,8 kg in carcass mass per head and

3556 kg per ha (Section 4.8.1). During 19735=74 whes 1 314 om

of rain fell, steers grazing the same pastures at similar stocking
rates and similar fertilizer application (350 kg N and 90 kg PEU
per ha) lost 2,2 kg in ocarcaes mase per steer resulting in a
44,8 kg loss ip carcses mess per ha. ‘The results indicate
that in the prevailing adverse weather oconditions the stocking
rates were too heavy. 4 range of atocking rates from & eteeram
to 15 steers per ha would have been more matisfactory.

2

Estimstes of the amounts of berbage produced oy the different
pastures showed that these were very similar regardless of
stocking rate and much lower by comparison with yields produced
by similer pastures in previous years (Seotion 4.3.2} 4.5.1 anod
4:5.3)s It wae also obeerved in enother experizment (Section
4:5+2) done during the oame season (1973-T4)that herbage yields
were lower than usuasl snd this was also attributed to the cool,
overcast, wet weather. Bimilar observations were made by Chheda



- 287 -

and Mohamed Seleem {1973b) in Nigeria on the effects of cool,
wat weather on the herbage production of grass.

Steers that were the lightest when coming off the experimental
pastures cocoverted concentrates into carces® maed in pens more
efficiently than steers that were heavier when coming of{f pastures.
This confirms tha observations msde in Seoticn 4.6.1.

Although the reasults with the pasture treatments were disappointing
under the aboormal ociroumstegncoms, the resulte wiih the production
system as a whole ipnoluding pastures, as in Bection 4.8.%, was
atill practical and profitable. Thie is indicated in Teble 49
where the gross margios for the veld, pasture and fattening phases
of the producfion eymtiem are mhown. The cgalculations are based

on the sameé ooste of production and prices for beef used in
Section 4.8.1. The sbbreviations used are alec the mame.

In the drzy ceqdocn when the wWaaher steers all rdécoeived similar
treatment while grasiog veld, & loss of 37o per steer was
ingurred. During the growing sesson the costs of grazing the
eteers on pasturs were greater than the value of thelr carcass
mass galna, the losses becoming larger with lnoreasing stocking
rate. In pensg the value of the carcass mass gains of steers
was grester than the costes and very satiefactory gross margins
per stesx were obtainsd. 4s the results in Section 4.B.1.
indicated, the lighter the steers were whem going into pens,
the greater the efficiency of concentrete uss and therefore

the greater Lho groes margin per steer.



Table 49.

The gross marginse in § per steer for the pariods

they grased on weld, grased at different stooking

rates op Ptap yreve pagture snd then mere (attepad

in pens, and tha gross margin resulting from the

whole besf production system in 1973=74 .

Stogking ratv on pastare,

ateers per ha

12,0 14,1 17,3 | 2,0
¥(1) 60,72 60,72 80,72 6u,72
v(2) 80,30 80, %0 80,40 80, %
e(1) 19,95 19,95 19,95 19,95
a(1) - 0,3 - 0. 57 - U3 - 0,57
¥iZ) 80,50 80, % 80,50 BU, 50
v(3) 98,14 91,97 85,83 78,06
e(2) 19,95 16,80 4,72 15:5
e(2) - 2,11 - 5,13 -11,19 =15, 55
v(3) 98,14 91,97 63,83 74,06
vi(4) 115,87 170,60 170,92 176,06
e(3) 51.86 54,55 5539 61,45
6(3) 25,87 24,08 31,70 36,57
G(4) 23,39 18,58 20,14 20,65

Rate Contes and returns

V(1)s (2)s () and (4) were the valuss per steer shan
purchased, at the end of the dry sesson, at the end

0L e grasing pexied on pastures, and shen slaughtered,
reopeotivaly.

0(1)s (2) and (3) were the variable costs to maintain a
stear during the dry season, wnile it grazed on
pasture,and during the time it was fatteped for
alaughter in pens, respuctively.
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G(1), (2) sand (3) were the gross margios for the dry
season, the period on pastures, and for the pen
fottening phase, respectively, sinile g(d4) wes the
total groes sargla of the mlicls productiocn system.

4.8,3%, The effects of combinaticos of stocking rzate and leavels
of fertilizing with nitrogen on oarcass mass gsalns of
stuere grazing Ster grass pastare sand on their subsaguant
periormance wimn fatiened for slaughter in pens

Experipental results during 1972-T73 indigated that a stocking
rate between 12,0 and 20,0 yearling steere per ha mignt have
produced maxioum carcass gaine of steers on 5tar grass (Cyncdon
sethiopious ¢ve No. 2) pastares grazed rotatiocaally over 15
paddocks and fertilized with 350 kg ¥ and 90 kg r,n5 per ha
(Seotion 4.0.1)s In 1973=T4 stocking retes of 12,0; 14,T;

17,5 and 20,0 steers por ha wore lmpossd on Star grass fezrtilised
at the same levels and sanaged (o @ like sanner (Section 4.6.2).
Carcass mack galns of atesrs were at a maxisum at the lightest
stocking rate and decreased limearly with increassing stocking
rate., |Howewer, the 1573-74 season was excesaiwely w»et and oool,
pastures were puddled anéd the herbage was fouled with mud at the
teo beavicst stocking rates. Biting {lies (Stomoxis sp.)
worried the steers continuously during the daylight hours.
Hervage producticon also was low io gomparison with previous
years. Conseguently, the steers zade poor gaine on pasture

and the resclts were clearly oot a true reflection of production
from pastures, Toherefore the experiment was repeated in
1574=T> with ceztaln sodifications.

In 1971-72 Btar grase that was grased every 15 duys and then mown
to leave a 5 on stubble imsedistely after sach grasing produced
greztest scounts of herbege where 510 kg N and 50 kg PEDE per ha
were applied (Sectiom 4.3.1). Where 34U kg and 170 kg N per ha
wire applisd yields of berbage were propotionately lower when
pastures wera grased and mown io this manner.
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These resulis indloated that possibly too little nitrogen had bean
app-ied to Star grass for the heavier atogcing rates lmposed in the
two experiments described in Sections 4.8.1 and 4.8.2. In these
wapeziments 33U kg N per ha were applled but stocking rates from
12,0 to 20,0 yearling eteers par ha were lapoeed. LoOgically, as
the rate of stooking of pastures inoreased wo the rate at wmhich
nitrogen wan applied to pusture should bave increased sssuming that
the rate of lpnorease in bBerbage production would be proporticnate
to the nitrogen applied and stocking rates impomed. Tuls suppoai tion
appeared to be correot as experisental results (Section 4.5.1,10
om grazing hoight) io 1971=72 indicated that herbage yieids
increased proporticnately to nitrogen appllied between applications
of 170 and 510 kg N per ba. Tie pesclts of the experiment in
Section 4.5.2 indicated that no more than 500 kg N per ha should

be applied to Ster grass pastures. Thus at a stocking rate of

20 steers per ha the niszogen application should have been 500 =

20 = 25 kg H per steer por ha, Therefore for stocking rates nf
12,03 4,7 17,3 ead 20,0 steezs per ha JOU,U; 307,53 432,5

and 500,0 kg ¥ per ba, respeotively should have besn applied.
Barlier experisents (Seotiom 4.3.5) bad shown that a stocking rate
of 12,0 yearling steers per ha on pastures fertiliged with 350 kg

N per ha gave satisfactory utilization and production f{rom pastures.
Tmerefore differences betwesn an application of 300 and one of 350
kg N per ha to pastures both grazed at a stocking rate of 12,0
eteers per ha, were likely to be =amall.

Exparimantal Qbjeotives

The objeotives of this experimant were

(i) to determine the effeot of stocking rate on carcass
mess galns of steers graszing rotationally over 15
paddocks on Star grass pastures

(i1) to determios the eifect of inoreasing the nitrogen
applied to pasture in proportiom to stocking rate
On QEromBE masd gzine of steers

(4414)  to determine the effects of treatment %o steers on

pasture on their subeequent performance in pens
when being fattened for slsughter, and
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(iv) to make observations on the overall beef production
gystem am outlined in Seotion 4.8 .

Materiale and Methode

Por the experiment 90 Herefoxrd xz Africander weaner steers of 189

kg mean body mass per steer were obtaiped during June 1974. Between
Juns and 4 Deocember 1974 they grazed oo weld that bad been rested
the previous growing season and were fed TUU § cottonseed meal per
nead, daily, to0 gain slightly in body mass.

Oon 4 December 1974 when the mean body mass per steer was 2U9 kg,
the steers wore divided into five unifors groupe, one of 10 steers
and four of 20 steers easch, The group of |0 eteers wgs slgughtared
immediately to obtain &n estimate of carcess mass of those entering
pasture gnd each of the four resmaining groups were allocated at
random to ona of four stocking rate treatments, namely 12,03 14,7
17+3 and 20,0 steera per ha. The Star grass pastures used for the
experiment described in BSeotions 4.8.1 apd 4.8.2 weére also used for
this experiment. Nitrogen was applied et the rate of 25 kg per ha
per ateer so that for the four stocking rates applicutions amounted
to 300,0; 367,55 432,5 and 500,0 kg ¥ per ha. A basic dressing
of 90 kg PEUE per ha was applied during Qotober while the nitrogen
wad applied in four equal dressinge &t monthly intervals starting
on 20 November 1974.

Each group of stesers grazed 15 paddocks im rotation, staying one

day in each paddock. The steers were dipped weekly to control
external parasites snd were weighed fortnightly to determine changes
in body mass. Towards the end of the grazing season the steers
were welghed weskly. The different groups were removed from
pasture in the late growing season at dlfferent times, the criterion
being loes of vody mass for two conssocutive weeka. (o this basis
the groups of steers whiobh grazed at 20,0 and 17,3 steers per ha
were removed on 18 April 1575 and those that grazed at 14,7 znd

12,0 steers per ha om 29 April 1975.

When each group of steers was renoved from pasture half of each
group was sleughtered to sssess the carcass mase gains of the
ATOUR. Tha remsining 10 steers were then fattened in pene oo a diet
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comprieing TOK maize seal, 204 nilled hay and 10% of a proteln-rioh
goncentrate uctil the mean mass per etedr lo mach group was

approximate’'y 429 k£, whan thay too were slavghtered.

During the grasiog seasco ectlcaes Oof herbage production were made.
Tole was dope by protecting lerbage from grasing with ocages and then
ciipping gusdrats within the cuges at.the wnd of sach completa
grasing cycle. Two such ceges were plaged in each of paddocks 1,
6 and 11 of sacn trestment giviong three replicaticns. Quadrats
were clipped initially to 5 om but subseguently tc the mean height
to which the gress was grased outeside the oages in paddésck 1 of
esch treatment. The helght of ‘wzbage was measured immediately
stears were removed from these paddocks in sasch grazing aycle.

The weac height to wnioh the herbage was grazed was detezmined by
messuring the height of bherbage in 20 random positions on each
ocoasion. After each ayola Lha cages weére resoved to naw aitas
where hezbage was olipped to the average height to whigh herbage
was grazed Lo paddcck 1 of each treatavmt before sitipng the cage.

The ocarcass mass dats were analysed io a similar ssnoer to the data
in Section 4.8.2. That is, initial oazcass mass (ICM) of each
atesr was estisnted from the regression of ICH on initial body mase
(ImM) obteined from the control alaughter of 10 pteexs., Similarly
the deta for the 40 stesre slaughtered when coming off pastuze wers
used to cotimale the fioal cercass mass (FCM) of the steears that
were not slaughtered from the regresaion of FOoy on fingl body mges
(FEM) of mteers, The regressions used were

I = 33,17 + 0,320 Im B 0,44

PO = 6,62 4 0,449 FHM 2° 0,88
The IE value of C.44 for IQM is low because only 10 steazs wers
slsugbtered whereas in the sxperisent described in Seotion 4.8.2
20 ateexe wars slaughtered initially resulting in an IE valus of
0,66 for JAM., The reason for slaughtezing fewer aninals in this
experiment was coe of econcay, the caroass valus of the steers
slaughtered before entering the experiment being less than theliz
valué slx months earlier as weaners. Clearly for exzperisental
agoursey at least 20 steers should be slaughtered to estimate I0M.
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Henul ta

The cazoass meas gains made on the psstures both per stesr and
pez ba sre shown in Pigure 41 tosether with the thaoretical
carcase gzine caloulated from the quaedratic regressicn model

for oarcass galn per ha.

The grentegt actual garosans mass gaips per ateer and per ha were
made &% & otooking rate of 14,7 steexs per ha. Durcass gains
ware 37,5 kg per stesr or 551 kg pex ha. The carcass mass gains
per stear at the stooking rate of 14,7 stesrs per ha we.s
significantly greater (F < 0,05) than thome of steers grasing

at a stopiking rate of 17,) eteers par ha and also greater [r{u.nm}
than those eteers grazing st 20,0 steers per lw. Carcass mass
gains of stesra snioh grased at 12,0 steers per ha were grester
(P € 0,01) than those which grased st 20,0 steers per ba.
Carcass galos per ha at stocking rates of 14,7 ateera and 17,3
stesrs per ha wers greatsr (P < 0,05) than those cbtained st s
stocking rate of 12,0 stesza per ha. No other significant
differences beiwesn ocarcass gains were [ound,

Using the guadratic regression model for csccass mass gain per ha
(Yh) (Pigure 41) the stocking zs%e (R) at shich maximus cazocass
galne por ha would theoretically bave been at a maxious was
caloulatad. By differentiation

Yh « =992 4 183,4 B = 5,424 &°
Yh is= I‘l-lﬂ.ﬂ--hﬂ%
= 0

when 183,4 - 10,846 R =« O
10,848 3 = 183,4

R = 18
1,

R = 16,9 atesrs per ha

At a stooking rate of 16,5 stedrs per bha the csrogss mass guins
vers caloulated %o be 3) kg pe: ateer and 558 kg per ha.
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Yh = =992 4 183,4 B - 5,424 R° (Jones and Sandland,1974)
Yh is at a maxisum (556 kg) where § = 16,9 steers per ha.
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The stocking rate at which the maximum profit per ha could have
been zipected was calculated using Boo;sena (1%75) metnod. The
formula used wae

br = &

R = ﬁ shaTe b End o a8 ﬂﬂﬂltlﬂtl, r is the

price of the produst per kg in ocvnts and @ is ihe variable costs.

Li85.4 x 81 I‘a =1

B e 544 = 81,4

R = 16,9 steezs per ha

Thierefore the stocking rate that would have produced the maximum
profit and that whioh would bave given thé naxzimua carcass sass
gain per ha were in this ioatance, ths same.

The production of berbage during the grasing pericd was 11 760,
12 520, 11 960 and 14 180 kg dry matter per ha for the 12,0;
14,73 17,3 and 20,0 stesrs per ha stocking rate treatments,
respeatively.

Tha results of the steers when being [attened for slaughter in
peos are ghown in Table 50.

The steers that grazed at a stooking rate of 20,V steers per ha
on pasture fertilised with 500,0 kg N per ha and which ware the
lightest steers when golog into pens converted conoentrate into
carcass mass most efficlently. |However, the differences in the

efficiency of concectrate utilization were scall between all the
groupas of staera.

The 1974-75 season was a good ond for growtn of both grass and
cattle. Above average raln (914 am, Appendiz 1) fell during the
seadon but this was well distrituted. The beefl production systes
practioed (Sectionm 4.8.1) proved opce ageln to be an efficient
one effectively uaing veld, pastures and maine.



Table 50.

after belpng subjectead to various

Gains in oarcass maes in kg of steers fed a concentrate (cono,.)dlet in pens
treataents on Star grass pomture.

Treatment on pasture Carcass euss par sterr No. of ::iir Babb En:uu::d.l
Stocking rate | Nitrogen days in| oarcass | consumad per kg
ateers per ha| ks per ba Initial | Pinal Galn pens BALY per | pexr steer cercaia

stoer kg, gain
12,0 500,0 134 ,0 2337 991 124 u,8u 1045 10,5
14,7 367,5 136,1 229,6 | 93,5 112 0,83 935 10,0
1743 432,5 129 ,8 222,8 | 93,0 112 0,83 5958 10,6
20,0 500,0 124,17 226,44 |101,T 119 0,85 1010 349

Hote. Tha

ooncentrute consumed by steers excludes the 20% milled hay added %o ths ration.

- 96z =
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Discussion

%he=-% Ster grose pestures gre fertilised with 35U kg 5 and 950 kg
5205 per ha the stocking rate cau be ingreased from 12 steers per
ha where pastures ere set-stocksd (Seotion §.5.3) %0 15 steers
per hs where pastures sre rotetionally grased over 15 paddocks,
each paddock being grazed for one Jday and thean rested [or 14 days.
Carcase gaina of oteers par he at this lewvel of fertilization are
near saxisum for thw two ayetsoe of grazing ot thess ftwo stocking
ratas, Therefoze rotational grazing in this manrmer allows tha
stooking rate on pantures to be inoreamed by 25 %, but it does
not follow that carcass mass gaina per ha =illl inorease by a
eisilar gmount,. In section 4.8.1 Star grass that was {ertilized
witn the saee gmounts of fertilizers and that was set-stocked and
rotationally grased at a stocking rzate of 12 steers par ha
produced aimilar carcass gains per steer gnd per ha with both
systems. Although etocking rate can be incressed by 25 & by
rotational grazing the gost ol fencing and stock watering
facilities will be spproximately 325 % grester than on set-stocked
paatures, This would hawve to be taken into consideration mhen
determining wiether to set-stock or rotationslly graze pastures.

The applicetion of incressirg amounts of nitrogen with increasing
stooking rate at the rate of 25 kg N per steer per ha did not
result in a proportionsl incresse in herbage production.

Estipates ahowed that production of berbage lncreased as nitrogen
applicstions inocreased from 3U0,0 to 367,5 kg per ha but decreamed
between nitrogen applications of 367,5 to 432,5 kg per ha. With
further spplications of mitrogen (432,5 to 50U,0 kg per ha) lwrbage
production again increased. Altbough the elffects of stocking rate
end nitrogen on herbage production could nmot ba mnalysed
statistically becsuse nitrogen levels and stocking rate were
confounded, the responses to¢ increaslng amounts of nitrogen were
similar to those obeerved in gectiom 4.5.2. No explanation could
te advanced for the nature of these responses and none can be
advancad in this case. But it is clear that on Star grass
pastures that are set-stocked or rotationally grazed over 15
paddocks no more than 350 kg N per ha should be applied for
saxizua prodwtion in terms of carcass gaina of steers per ha.
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The caromss mans gains made by the steers during 15 74-(3 were
gonniderably greater then those made by toe sieers during
1973-74 at nimilar stocking rates (Seotion 4.6.2). For example
in 1974=75 steers whiol grased at 20,U steers per na gaioed
25,6 kg pex ateer in carcass sass wheréss in the previous year
steers grazing &t this stocking rete lost 2,7 kg in carcass
sass per steer, Furthermore the caromss mass gaine cade by
the steer:z grazing et & stooking rate of 20,0 steers per ha
during 1974=75 galned more in carcass mass than the steers
grasing at = etocking rete of 14,0 steers per ha in 1573=-T4
(Section 4.8.2). The large differences in carcass gains of
stesars betweon the two yeare are clearly due to weather,
partioularly rainfall. The 1973-74 season was very wmet and
gool whersas the 1974-75 season was warmer and not as wet
{Appendix 1). Turthermore the biting flies (Stomoxis &p.)
that ware a ouisance to steazs im 1975-T74 were not s0 prevalent
in 1974=T5.

In pens there was relstively little difference in the efficlency
of use of concentrates by the steers which grazed at different
siooking rates on pasture although eteers wmiich were lightest
in carcass mpas when going into pena converted concectrates
most effioiently lnto carcase masa. The results from the
fattening phase snow that the aim on pastures should be to
obtain maximum caroass gains per ha and not pecessarily maximus
guins per steer, as Aifferences ic ¢ffiioiency of use of
congentzrates in peas due to differences in carcass mass of

stoers coming off pastuzes, were small. The etesera from the
different treatasnts on pasture sll graded Chiller 1, the beast

grade of beefl at the time, after being [attened on the concentrate
ration.

The beef produotion systes where weaner ateers were carried on
veld during the dry sesscn and were supplemented with protein-
riech supplenents, grased on fertilized Star grass pastures
during the growing season and were them fattened for slaughter
in pens on a high energy ration alter coming off pastures,

agaln proved, as in Sections 4.6.1 and 4.8.2, to be a practical,
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intenaive and afficlent system of beefl production that is
highly sconomlical in present (1979) circamstances (Table 51).
"a sant coates of production, priges for besfl and abbryvirtions

were used as in Section 4.8.1.

Table 51, The gross uaXgins in § per steer for the periods
pteers grased on veld, op dillerent trestments
o8 Star gress pasture and then were fattened
for alavghtey in pana, and the gromm margin
resulting (rom the whole beefl procuction system

in 19’!4"?5--
Stooking rate on pasture, steers per has
14,0 14,17 1743 20,0
¥(1) 62,37 62,37 62,37 62,37
v(2) 80,41 80,41 80,41 80,41
6(1) 21,1 21,11 21,7 21,11
'ﬂ“} - J.07 - 3,867 - 3ol - llﬁ"fl
v(2) 80,41 80,41 BO .41 BO,41
C[E] 18,35 18,06 1754 17,08
6(2) 10,04 12,41 8,03 3,80
v(3) 109,04 110,88 105,76 101,27
T{‘} 150,23 186,89 181,35 184,28
c(3) 64,48 57,82 60,94 62,40
G(3) 16,71 18,19 14463 20,61
ﬂl‘} P } » L zﬁiﬂj 18 15” Q0 ET*
Note § Qoats and retarns

¥(1)s (2), (3) and (4) werze the values per steer when
purchased, at the end of the dry BBEson; at the end

of the grasing period on pasture, and when alaughtered,
zespactively.
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€(1), (2) and (3) were the variable costs to muintain
a pteer during the dzy sesson, while it grased
on pasture, und during the tise it waa fattened
for slaughter in pens, respectively.

G(1)s (2) and (3) wore the gross margine for the dry
seanon, theé poriod on pasture, and for the pen
fattening phase, respuctively, while G(4) was
the total groes margin of the whole production
syetem.

A loss of §3,67 per stedr was incurred durlng the dry seascn

shen all steers reoeived similar treatment while grazing on vald.
On pasture the gross margins per steer incressed as stooking rate
inoreased from 12,0 %o 14,7 steers per ha and then decreased with
further increases in stocking rate. During the fattening phase
steers which were the lightest when going into pens (2U steers
per bha treatount on p..ltu:l} mades the greatest g-ces sargine in
tinis part of the production system. In the production systen

ad & whole steers that were ptocked at the rate of 14,7 hansd

per ha on pasture made the greatest gross margin.

Although the carcass zase gains nade by the steers om pasture
during the yrozing season were consldérably more than thoss made
by steers during the 1972-73 (8ection 4.8.1) and 1973=74 (Section
4.8.2) growing seasops the final gross margin per steer was
similar. Therefore it ls conoluded that the aystem of beefl
production uséd as outlined in Section 4.0 10 an efficient and
profitable one in current oconomic circumstances in both good
and poor rainfall seascas.
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§ INTEGHATION OF DRYLAND GHABE PABTURES INTD THE
QURRENT FARMING SITUATION 1§ TEE MAZOE VALLEY

Early attempts to integrate cultivated grasaes as greass leys into
farming in the Mazoe Valley were not successful. The reasons for
this failuye wire cutiined by Ellis (1953) and Eosland (1955) who
both stated that yields of erops grown aftey leys weare (lsappointing.
Eowland (1953) belleved that the Lfallure of leya to lmprove the
yislds of orope groen aftsr them was due to a disregard of the
fertilizer and oultural reguiresente of leys and 4 failure to
incorporate suitable legumes with the grass. Yields of naize
following grass leys were no bettur than where maize was growm on
the same lend snouslly snd the stover plougbed back imto the scil
Bach year. Hany management studies on frase l=ys were oarried
out betwsen 1953 and 1964 (Anonymous, 1953 - 1766) but maise
yields following leys that were [ertilized and either grased in
the growing Bsason or in the dry season, or cut for hay, or
subjected to various combinaticom of these trestoents, were no
batter than where malse waa grown on the sase land snnually
(Thomas, 1963; Ancoymous, 1966).

The Mazoe Valley has been primarily & cash cropping ares since
the early days of European ocoupation and sven today is one of
the most intensively cropped asress in Rhodesia. Consegquently,
livestook heve besn, snd still are, of secondary importance and
the availsble weld co [arss has been sore than adequate to carzy
the livestock populstion. There has been little incentive to
inteoeify in liwvessgok production, although t'ere has been an
inoreads in nusbers during the last decade. The Masos Valley
is one of the most important maise groming areas of Rhodesia
(Bannington 1972; Buttress 1973 Devis 1974 ) and the potential
for beef production through s combination of veld, nitrogen
fertilizsed grase pustures and maise grain is dreat. Thers has
been some Jsvelopment of paptures in the area (Hamaingson, 1572
Buttress, 1973) but in terms of the potential the area established
is insignificant. There i» oonsiderable mcope for developing
systean of farming incorporating pastures to smake mory effi cient
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uge of the land but the succeseful utilisstion and expanslion
of pesture is dependent upon improved prolits from cattle
{Tavia, 1974 ).

During the early 190U's genéral opinion waa that pastursz would
heve to be econcmlically wiable in their owan right, would have

to be permanent and would only be planted on marginel soils because
the beat solils would be planted W ocash orope. Comparisons warsa
made betwesn the profitebllity of maise and of pastures. For
example Robertscm (1970) compared the profitability of maise and
of pastures over a eix-year period (1964 to 15TU). The gross
sargins [rom pastures were onmly 5.4% losex than from =aisze.

The mean yield of maize over the period was 60 bage (91 kg) per

ha snd producticn from pastures 917 kg of body osss gain in cattls
per ha. Hobertsom (1970) concluded that pastures produced a
more stable gross retum compared with maice begause pastures

sare not affected to the same extent &9 was malze oy adverse

(dxy) weathor conditiona.

The comparison made by Robertson (1370) was smisleading because
in & farming system integrating maize and pastures for beef
production, they would not be in competition, but complementary
to one another. Therefore the =ost important criterion is tha
output of the production systam as a whole and not of each facet
of the system. The fairest way in which to assess the
coatribution of pastures to0 a production systes is to compare
the total output with and without pastures in the system.

This seotion of this dissertation desocribes such an asscssment.

Four eystess of beel production are scheduled (Tables 52, 54,
%6 and 58) and then compared. ®Table 52 shows the 1976 position
regarding the sizge of farms, oTops grown, numbers of livestogk
carried and the potentlal use of saize for fattening slsughterx
stock. Table 54 indicates the number of cattle that could be
carried year-round using veld and available maize stover stocked
to their full capacity, snd maigze for fattening the slaughter
#toox, Table 56 shows the thecretical nusbers of cattle that
could be supported if the breeding berd were carried year-round
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on veld and waize stover j§ thelr progeny carried om heaviiy
fertilized, intensively grased, dryland Btar grass pastures

§ thy growing season, aaod all slaughter cattle »ere fattened
on & bigh energy die%. Table 56 shows the estizmated numbers
of cattle that oould be carried if pasturées were used for all
gettle during the growing season and the veld and maize stover
for tha dzy sesscn and all slaughter oattle fattened on a high
energy diet.

The 1976 detalls of farms have been taken a8 & base for comparison
because eince this time the general situation in the areas
goncurned hao become abnormal because of lerzorism and itas
sogompanying problems. Therefore the 1576 figures represent

the "norzmal® situation.

For the four aystems certain assumptions were made.

(1) 1o calving rate in each case was 554 of the
total number of cowa.

(41) cCows in the herd were replaced at the zate
of 15% per anoum. All cows not in call were
culled.

(4i1) Beifers that replaced cull cows wers tulled
at the age of two-and-a-quazter years.

(iv) Cows and beifers were bulled during December
%o February and calved down between September
nod November ®ach year. Calves were waaned
in June.

{(v) 41l progeny except for replacemsnt heifsrs
were fattened for slaughter at 168-24 months of
Gge on a high energy ration comprieing TU%
maize meal, 20% roughage and 10% of a protein-
rich concentrate. The crude protein content
of the ration was 13%.



- 300 =

(vd)  &ll ocull cows were fattened for slaughter
on the same ration we in (v).

(vil) The slsughier cattle consumed maiss at the
followin, rates curing fattening; cows 5
begs, beifers 5 bage and steers 7 bags (99
kg) per head.

(viii) There was no mortality.

(ix) All Star grees pasturés were fertilized for
saxisus production pe: ha in terms of body mass
and carcass mass gains i.e. 35U ka N and SV kg
PE‘“:; per ha per groslng season. The carrying
capsoity of pastures was | LU's per ha from
December to Aprily 1 LU (livestock unit) being
equivalent to 500 kg boly mass of cattle.

()} The potential carrying capacity of tue weld in
@ differant Intensive Conssrvationo Areas
(1.0.A's) year-round was Barwick j,5, Bindura
6,0 Glendsle 4,0 and Marodsi/Tatagurs 6,0 ha
per LO. (Anonymous 15725 Carew, 1377
Hannington, 1977). Differences in the potential
carrying capscity of the J.C.aA's is due mainly to
topography. Barwick and Glendale are relatively
flat while Bindurs and Marodzi/Tatagura are
relatively hilly.

(xi) Where the veld was rested during the growing
season agnd grazed only during the dry seasonm
thé currying capacity wmas double that oo a year-
round bapeis i.e, Barwick 1,75, Bindura 3,00,
Glendale 3,00 snd Marodsl/Tatagura J,U0 ha per L.

(xii) Haize production was 65 (91 kg) bags grain per ha.
About 3% of farmers in the four I,.C.A'c obtain
¥ields of this order (Anonymous, 1577).
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(xiii} The ourrying capacity of salse stover was 22U
LD grazing days par bha.

(xiv] The ares taken up by the homeetead, ferm bulldings
and roads on each farm wem 5% ol the total [lurm
areds

{xv) The standerd of farming in all ocases wes mimilar.

Liveatock equivalente (LU).

Por caiculating L0's the following equivalents were uaed
\ Anonymous, 15'Tb'b'_l

Closn of animal W
Bull 1,27
Cow L,
Calfl (male or female) U, 36
eanay (male or femalwe) Ued 5
Steer {1 to 2 yegra old 0,64
Reifer 1 to 2 yaare old 0554
Heifer 2 to 3 years old U,73

Herd composition

The berd composition of 100 LU's based on tle assumptions asde
and tne equivalents of various classes of livestock in the herd
for different seasonm of the year were

Growing c=eason (December to April)

Hoe of Lisad Lo
53 oous 48,2
45 calves 16,2
B two-year-old heiferxs 9,8
22 1)=to=id-month-old heifexe 11,8
23 15-%0=18-month-o0ld steers 14,7
3 (2,5) bulla 3,3

154 1u,0
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Dey sesson (Muy to Ausust)

¥o. of hiad L
4% cows in galf 41,V
8 24-to-J=year-old heifera in ocalf 5,8
8 1B=wonth-old meifexs 43
45 weancrs 20,5
__ 3 (2,6) bulls 5,3
19 Tao T

Fattened for slaughter in pens during dry ssason

I-ﬂr n.l' haad L-E

8 cull cows Ted
14 18-month=-0ld heifezs T.6
23 16-zonth-0ld steszs 15.1
45 29,6

Dry season (September to Novamber)

Ho. of lwad LU
55 cown 48,2
45 calvean 16,2
8 teo-year-old baliers 5.8
2¢ 12=to=15-month-old neifers 11,8
23 12=tg=15-month-cld ste=rs 14,7
3 (2,6) balde 33
154 100,0

Economic pssepoments

An sconomic sssesszent of the costs and returns of each of the

potential beef production systess wss made and compared with the
*normal® situation im 1976. [Por these assessments current (July
1979) ocoats of produotion and prices paid for msize, beef, feeds

and fertiligers were used (Ainonymous, 1578, 1575 ; Murphy, 1978,
1979 ).
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Malze

The onat of production of maise &t a yield of 09 (91 kp) bags
per ha was $218,71 per ha or $36,58 per tonne.
The selliog priom was joj,00 per tonoe.

Cattle feads

The coat of protain conoantrate in the high soergy fattening
ration was §164,68 per tonoe.

The cost of maise in the fattening retion was $36,98 per tonme.
The roughage in the fattening ration had no valus. Tha whole
maize cob including sheaths when milled provides the 204 roughage
in the ration.

Yariable costa to saintain ocatils

The variable gosts (dips, veterinary, saintenance [eeds, labour
ete.) to maintain 1 LD for a year mas §16,50.

Gruass pastures

The fertilizer coats at an application of 350 kg ¥ and 90 kg
ons per ha was §179,22 per ha.

Values of cattle when sold (July 1979 prioes)

gull comm §140,70
Heiferas 18-24 months old $160,60
Steers 18-24- sontha old 179,08

Bulls $195,00
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(1) The farming eituation in 1576

Phe meen size of farms in the four Intensiwe Conservatiom Areas,
the a-eas of the different orops gromm, and the numbers of
liveatock carried during 1976, and the potential use of maize
gruin for fattening slaughter stock are ahown in Table 52

( Anonymous, 1%77b).

The mean size of all farma in the four I.C.Ai's was 8268 ha of
which 119 ha was coropped io 1%76 and 667 ha was available for
grazing of which 1862 ha was potential arable land and 42 ha was
ogocupied by farm buildinga end roads. Thke mpean area of maize
planted for grain was 59 ha and the mean production was j B35
(91 kg) bage grain per farm. The mean number of liveatock
garcied was 125 LU of which 117 L0 were beefl cattle. The
stocking rate on veld and maize stover was 5,683 ha per LU.

The wetimgted potential stocking rate was 4,19 ha per LU

( Anonymous, 14(2; Carew, 1377y Hannington, 1577). Fame

in genaral wer: therefore understocked.
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Tabla 52. The mean sige of farms, crops grown, number of
livestock apd stocking rates im 1976 and the
potential use of maize for fattening beel cattle
i{n four Intensive Coanservation Areas (I.C.A'S)

in the Mazoe Valley.

MEans
Details of farma T o0 A
8ize of [arms ba B28
Arable land ocropped ha 119
Asrable land uncropped (veld) ha 140
Other land suitable grasing 1la =27
Buildings, roads etec. ha 4e
Crops i Maize grain ha 29
Eaize for seed, silage ha 3
Tobacao ha 12
Cot ton ha b
S0¥a beans ha 8
Qther crops has b
Total crops ha 119
Maize grain produced (91 kg) bags 3 B35
Livestook ; Beaf cattle no. head 185
peef oattle no. LU 117
Deiry cattle no. LU [}
Sheep no. LU £
Total no. LU 125
Available wald ha 667
Maize stover ha 62
Total ha 125
Stooking rate on veld and maize stover, ha per 1 LU 5,83
Annual offtake of beef cattle for slaughter no. head 55
Potentiagl use of maize for fattening cattle, bags Fa k]

Percentage maize used for fattening of total produced

B,1
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The annuul of ftake of beefl cattle wmas 55 bead shioh would require
411 bags of malse grain %o fatten them to slaughter conditlion.

Tonis ls omly 4,1% of the total maize grein produced.

Tha e fozw

thezde Lo adeguate malse availabiv [lor [sttening cattle should

the carcylng cepacity of farms be ingzeassd.

The gross margine from maise end cattle in the "pormal™ ef tuation

areé shown 1ln Table 5).

Table 55 1The estipated gross margioe from muize and from

oattle based oo malze produced and cattle carried

in 1976 (Table 52).

L Coata Salen
1 tem N s
Malce
3524 bags sold 20 203
Coat of production 3524 bages maize 11 _85%
Oroos margin from maine 8 346
cattle
55 nead sold 9 187
VYariable coste 177 LU 1950
Cost of produstioz 311 bags maize 1 4o
Coat of 4,043 t protein concentrate 666
Gross margin from cattle 5 544
Gross farm margin from
saize and cattls 13 850

1o these circumstances the sale of maize would contribute 60,1%

and cattle 39,9 of the gross farm margin.

(ii) The situstion if farms were stocked to thedr full
potential on veld and availsble maize stover

The posltlon on larme If the veld and crop residucs were &tocked

tc their estimated full potential is shown in Table 54,



Table 54,

_p}“,n_

The potantial numbers of beef cuttle that could

bea carried on farms in four Intensive Qonservation
hzeas (I.C.A'8) 4n tie Mazoe Valley if the veld

pid maeize stover were stooked to their full capscity
year-round and all slaughler cattle are finished on
a hizh eneryy dist, baned on the details presented

in Table S52.
Ietalile of farme I;:EB

I.C.A'®
Mean alze of farms ha Bz8
Available veld ha 667
Buildings, romds eatg. ha 42
paigze ha 62
fotal maize yield (91 kg bags) 5 835
Other orops ha 1 |

Potential satocking rate on veld yesr-round ha per LD 4,688
No. of LU on vald year-round LU 1357
Carrying copncity =size stower no. Lo 57
Total no. LU 174
Total no, head 207

Overall atocking rate oo veld and maize atover, ha

per LU 4:19
Annual offtake of cattle for slaughter nuv. head 13
§o. bage maize to fatten cattle for slaughter 444

Maize grain used for fattening as a percentage of
total produced 11,6

The mean number of beel cattle that could be carried would be
174 LU's (267 head) if the vnld and maize stover were stocked
to their potential ocarrying capacity to give s stocking rate
of 4,19 ha per LU. This represents a 48,74 increase over

numbers actually carried oo farms in 1576 (Table 32).
result of this incregee the annual offtake of ocattles for

As a

slaughter would rise from 55 to 79 head and the amount of ssize
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gruin used for f[attening would increass [rom B,1 to 11,0% of
the pean soount of muize grain produced per farm.

Thé 4ross margina fros maize and cattie if the wveld and crop
residues wore 3tocked to their full cvarcying ocepacity ure
shown in Table 55.

Table 55. The estimated gross pargins (rom maize and from
cattle 1f the weld mpd melze atover wmer:s atocked
to thaeir full carrying ospacity year-round and
all slaughter cattle are finished on high =*nergy
diets besed on details in Table 52,

oRtE Sales
Itea 3 3
@LEN
3391 baga sold 19 441
Cost of production 3391 bage maime 11 410
Grooe margin from maize 8 034
gattie
19 head sold 15 182
Varlable costs 174 LU 2 8T
Coat of produstion 444 bage maize 1 454
Coat of 5,811 t protein concentrate 951
Gruss margin from gatile 71 B&&
Groes fars sargin from maise
gl gattle 15 897

1f the veld and maize atover wers atocked to their full capacity
and all slaughter cattle fsttemdd om & high enexgy diet, maine
would contribute 50,5% and cattle 49,54 to the gross fars sargin.
The total gross farm income in tnis case is 14,4% greuter than
the income shown in Table 53 where the position im 1976 is
sisuleted (Table 52).
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(444) The sitluation if fertilized dryland Star grass (Cyocdom
a#thiopicus cv. Koo 2) psstures were introduced intc the
gyzten and used to carry all the progeny ol a breeding
hird in thea growlng seascn

By introducing Star grasa pastures for grasing bty tha 15=to=18-
month=0ld stoers and belilers during the gromng season and by
carrying the b seding berd on iha veld end maizZe satOover yuure

round, the ocarryin, capacity u.‘hruﬂl could oe increse=d (Tacle 56).

Table 56. The potential numbers of beel cattle that could be
carried oo farme in four Intensiwe Consezvatlon
Areas (I.C.A's) in the Mazce Valley if breeding
hérds were carried year-round on veld and maise
stover siogked to thelr full espacity and all
progeny are carried on fertilized dryland Star
grase pastures during the growing segson and all
slaughtez cattle are finished on high energy dieta.

Meana
petailas of farma four
_1.C.4's
Mean wize of farms ba 826
Availacle wvcld ha 658
Buildings, roads sie. ha 42
Malze ha b
Total maize yield (91 kg bage) 3 835
Qther cropa ba 57
Pertilised grass pasture ha 9
Carryling capascity weld year-zound ha per LU 4,68
No. of LU on veld year-round 135
Cargyin. ocspacity meize stover no. LU T
Total mo. LU 172
Total ne. bead 235
No. of LU's o0 pastures du:lng the gIOWing Se8son )
Bo. of boead 106
Annual offtake of gatile for slaughter mo. heed 107
No. bags maize to fatten cattle [or slaughter a0y
Malze graln used for fattening ae a peroentage of
total produced 15,7
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The use of 9 ha of Star grass pasture lnoreased the carryiog
capacity by 35,1% cver the system without pastures (Table 54).
gonsegquently the number of cattle for slaughter would increase
by & similar assount and 15,7% ol the salse produced would be

used for fattuning.

The 4roas margins that ocould be sxpeoted [rom meize and cattle
shere only ti® progeny of a breeding herd are carried omn % ha

of pasture, are shown in Table 57.

Table 57. The estimated zrose margine from maize and
cattle if the oreeding herd are carried yuwar=-

round on veld and maize stover and their
progeny on fertilized dryland Star grass pastures

in the growing ecason and ell slaughter cattle
are finished on high energy diets.

oaks L
1ten ¢ - E-: 8
Maize
5232 bagm sold 8 529
Goat of production 3232 bags maize 108
Gross mergin from mgige 7 655
attie
107 mead sold 17 820
Variable costs mean 204 LU 3 366
gost of productionm 603 bege malize 2 U2y
Qost of 7,839 t protein concentrate 1 29
Coat of 9 ha pasture 1 51:
Groes margin from cattle 9 51
Gross farm margin from maize
and cattle 17 176

Where all the progeny of the breeding herd are carried on pasture
during the growing season maize =ould contribute 44,0% and cattle

29,4% of thu gross fars income. Tie gross farm income would be

0,0% ligher than that from the system where only veld and saize
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stover stooked to their full year-round carrying capacity were
availuble for graszing (Tablea 54 and 55).

(iv) Tha pltuation i€ the veld and maise stover were grazed ooly
in the dry =eason and all cattle are grazed om SLar grass
pas uires during the growing season

If all cattle, includipng the breeding herd, were carried on Star
grass pastures during tha growing segeon and on the wveld and maize
stover during the dry season the carrying capacity of iarms, und
thurefore the number of cattle for elsughter could be sarcedly
increased (Table 58).

Table 58, The potential pumbers of beef cattle that could be
carried on farms in four Intensive Conservation areas
(I.C.A'8) in tha Mazoe Valley if the weld and maize
stover were used for grasing during the dry season
and fertiliszed dryland grass pastures were used
during the growing seascn and all the slaughter
gattle are finlshed on high energy diets,

Means
Details of farms four
JaC.4'6
Mean size of farme ha 8ig
Available wold ha 612
Bulldiogs, rooude #tc. ha 42
Maize ha b2
Total maize yleld (91 kg bage) 5 835
Othar crops ha 21
Fertilized gruse pusture na 29
Carrying capacity veld dry season ooly bha per LO 2,44
No. of LO"s dry season only 250
gazeyicg capacity maize stover no. LU 37
Potal no. LU 287
Potal no. head 420
Stocking rate on weld and maige stover dry season only,
__ha per LU £33
No. of LU on paotures during growing season 187
Bo. of haad 932
Annual offtalie of gattle for slaughter no. héad 176
 No. bugs saize reguired to fatten cattle for slaughter j92
uli;: lf!.:':d ﬁ: for fattening ae a percentage of 23,9 |
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The noumber of cattle would bte increased fzrom 174 LU's (267 head)
shere veld end malse stover were stocked to their full year-round
capasoity (Table 54)to 387 LU'e (592 head) during the growing
seagon and 2E7 LU's (420 hnd} dusing the dry sesson where pasturea
were introduced into the beei procuction systsa (Table 58). This
represents o moan inoresse ol '}j,ﬁj in numbere carried compared
to the systom without pastures (Table 54). Conasguently, the
uese of maize grain for fattening purposes would rise from 11,6
to 25,9% of the total malse grain produced pvr f[arm. EowevVEL,
toere would otill o 74,1% of the maize remaining tnat sould have
to pe sold, or alternatively also used for fatteming cattle if

sone other muans of increasing cerrying capacity further could
be found.

The gross margine that could be expacted from malse and cattle
in this systes are shown in Table 59.

Table 59. The estimated gross margine from maize and from
cattle if the veld and malze stover were stocked
to capaoity and grezed only in the dry season
and all oattle grazed on fertilized dryland Star
grasd pasturea during the growing season and all
slsughter cattle are finished on high energy diets.

Tiem l‘:ﬂ:tl :l:al
Meize
2643 bags sold 16 299
Cost of production 2843 bage maize 9 566

Gross murgin from maize & 733
Cattle
176 nead solid &y 360
Variable cossa mean 337 LU 9 Sbi
Cost of production 992 bage maize 3 3%
Coat of 12,896 t protein concentrate 2 124
Coat of 55 ha pasture 3 305

Gross margin from cattle 8 432

Groas ferm margin from maize

and cattle 15 165
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In this system maise would contribute 44,4% and cattle 55,08
of the grosa farc margin. Gross farm margin however, would
be §7.2 lens than that obtalned if the veld and maise stowr=
were stocked to their potential on a year-round basis (Tables
54 and 55%.

Disgussiaon

The comparlsons of the different beef production eystezs show
that farme in the Masoe Valley do not support the numbers of
gattles that they could do on the wveld and maize stover
available, The estimates of potentiasl carrying capacity on
veld and malge stover with the maise used in a high energy ration
to fatten all slaughter stock, show that s mean of 174 LU could
be curried per farm whereas ia 1576 only 117 LU were being
garried. In 1976 ,tharefore, B,1% of the maize produced could
have been used to fatten slaughter cattle on the high energy
diet, Despite the increase in numbers of catfle carried iAf

the potential of weld and maise atover wae exploited, only
1,6% of the saize would be needed. Therefore B6,4% of the
saize would have to e sold. This maize could be used for
fattening more cattle if the oarrying caepacity of famms oould

b« increased, The schedules (Tables 56 and 58) where Star
grass pastures were iomtroduced into hypothetical beef productionm
syatems for grasiog during the grosing season, clearly ehow that
the carrying oapacity of farms could be inoreased.

The ecooomic appessments of the different systems show, however,
that progressive Intenmification through the use of pastures for
srazing during the growing season does not necessarily mean that
profitabllity of the produotion systems aslso inoresses. In the
first stage of intensiiication where the progeny of a breeding
herd are carried on pasture, the gross farm margin from maize
and cattle would be increased by &,0% in comparison with the
veld and stover system stocked to ite potential carrying
oapaclity without pastures, and that production costs would be
14,66 higher, Where all cattle are carried on pasture during
the growing season and on the veld and maise stover in the dry
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sewason, the gross farm margio would be 4,04 less than that [rom
the veld and msize stover aystem,but production costs would be
B2, ¥ qrezcter. In ocurrent circumstances theréfore, pastures for
carrying the entire beel nerd during "he growing season cannot
be recommended. Tim zreason for the large increases ino costs
of production with reduced gross fars margin mhwre all cattle
are carriesd on pasture, are oclear. Experisental results on
Henderson Research Station have shown that Star grass pastures
fertilised with 350 kg ¥ and 90 kg panﬁ per ha have a carrying
capacity of 7 cows and 7 calves per na during the growing season.
At thls stocking rete about | OO0 kg of body maos gain pe. ha
oan b8 expected over the ssason, approxXimately one=toird to one=
hall the gain being from the cows and the remainder from the
calves (Rodel and Boultwood 1971; Farkin, Rodel, Holoess and
Boultwood 1977y 1978). A8 the gains made by the cows cannot
be looked uwpon as production, only the value of the gain of the
calves can be offset agalnet the coste of pastures. If the
value of the gain in body msss of calves is 3¢ per kg the valus
of their gain pexr ha would be §165,00 where half the Lain per
ha 18 frou calves. Qurrent [ertilizer costa at the foregoing
rates of application are $179,22 per ha. 4 loms of $14,22 per
na would therefore be ilnourred.

The ocaloulations do show that pustures ocan be recommended in
current circumstances [or use by the progeny of a breeding herd
and that the inoreased production costs to achieve this degree
of intensification,whioh are 14,68 higher than the weld and
Ealze stover systes without pastures, would be acceptable in
practice, |[Before this degree of intensification would be
reconmended however, 1t would be logical to use the available
veld and maize stover to near their potential year-round carrying
Qapacity beiore such intensification is contemplated. These
gresing resources are olearly the cheapest sources available.

Al though carrying the eatire beel berd including breeding cows
on pastures is not econcalcally viable in current sconcmic
clroums tanoes, the resulte [rom Section 4 show that a production
system where weaners are purchased and not bred on fams, is
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"highly profitable. In this system weanera are purchased ip
June, carried on veld and maize atover sappléemmnted wmith protein-
rioh conoentrates during the dry season, grase fertilized ftar
grass pastures during the grosing searon and then are fattened
for slaughior on a high energy diest. (sing the data in Table

58 the mean potential carrying capacity per farm in the Mamoe
Valley during the dry wseason is 287 LU which is sguivalent to
638 weansra of both sexes. TPFor this nuaber 54 ha of pasture
sould be pecded during the growing season and 5 628 bage of
maize for (attening purposeEs. The mesn production of maize

per farm is 3 835 bage (Teble 52) which is suificient to “atten
633 head (320 steers and 3195 heifers). Therefore in this system
the following gross sargins from maise and from cattle would
result (Table 60).

Table 60, The grosa margins per farm from maize and from
cattle i weaner cattle were bought annually in
June , farried on veld and malze stover during
the dry season, praze on Star grass pastures
during the growing sesson and are subseguently
fattened for slaughter on high energy diets.

Costs Sales
[4 £
Cattle
Cost of purchasing €39 weaners at 40 487
33 o per kg body mass.
Cost of 54 ha pasture 9 678
Qoet to produce 3835 bags maize 12 94
Cost of 16,468 t protein concentratas B 210
Varlable costs to maintain a mean of
332 LU for a year 5 478
Sale of 639 sleaughter gattle 108 537
Gross farm margin 31 Te0
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The gross fars margin from this aystem of production would be
Y9,%% greater than where the veld and maize stover were tocked
to their potential year-round carrying capacity with no pasture
in the saysta= (Table 55), 85,C4 greater than whére all progeny
are garried on Stur greos pasiure in the growing eseascn (Table
57) and 109,68 grester than the system where all cattle are
carried on pastures in the growing segson (Table 55 ).

The development of tais systes in the Kazoe Valley msould be
dependent upen an sdeguate and regular supply of suitadble beefl
weaners which does pot exist at present. In the future,
within the mpise growlng areas,flarms with large areas of veld
might produce weaners for sale to farms wiere the ocarrying
capacity oould cope with them but not with breeding herds as
well. Alternatively the ranching areas of Rhooesia (Hegions
111, IV and V, Pigure 3) oould be a source of supply. In this
case transport comts of the animals to the maize .rowing aress, or
alternatively tiw transport costs of the maize to the ranching
aregs, would have to be taken into consideration.

The use of nitrogen fertilised srass pastures is not the only
posaibility for lnoreasing the carrying capecity of faraa.
Researcn since 197¢ with tropicel and sub-tropical pasture
legumes nhas shown that if they are used to reinforce veld,
carrying capacity, and therefore output of beef, ocasn be increased.
Various methods of establishing lesumes into veld have been used
succesafully. Theee have included disocing veld in the late dry
season immediately after a burn and then oversowing the need,
seeding into ripped stripe and aleo using specially adapted
seedars. Generally 100 to 200 kg single superphosphste per

ha is applied at seeding.

Clatworthy (1976, 1977, 1978) has shown that veld on granite

Band at Grasslands Research Station, when reinforced with
Stylosanthes guiasnensis (ov. Pine Stem) has o greater carcylng
capacity and output of beel tham similar untreated veld., Fine
Stam Stylo does not grow well on the silty elay soils on Henderson
Research Station but Dessodium uncinatum (Silverleaf) and




!;nluptilium atropurpureum (Siratro) do grow well. Thers is
reason to belfieve that they will aleso grow well in the mazoe
Yallsey. Twrefore the possibility exista for increasing the
carrying capacity of ferms through veld reinforced with legumes,
espeolally onl lend hé e mEdllioery can oo uged. The average

areg of poiential arable land per farm that remained as weld
in 1976 was 140 ha (Table 52). The year-round potential
carrying capacity of this wveld iz estimated as 1 LU per 2 ha.
By reinforeing this weld with legumes ita carrying capacity
gould be reised by at least U% allowing an additional 21 LD
to be carried per farm. Thus the potential carrying capacities
of the different beef production systems outlined would be
increased by 12,1% in the veld and maize system (Table 54),
by 11,4% where the progeny of a beef herd are carried on
pasturea (Table 56) and by 4,4% where all catile including
the breeding herd are carried on pasture (Table 58).
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& GENERAL CONCLUSIONS

The e.amination of the poeciblilities of integrating fertili. sd
dryland grass pastures for grasing during the growing suapson
into various systems of beef production in the Mazoe Valley
(Section 5) show that the research objectives ol the prograume
started in 1963 and completed in 1975 weré largely attzined.
The primsry purpose of this work was to increuase the carrying
capaality of grass pastures so that their productivity, 1o terms
of beef, would be increased to a point where they couid be
profitably integrated infto intensive beef production Eystems

on malze farme. The various sysiems o pael production ocutlined
in section 5, together with economic assessmentm, Boow that
pastures can be profitably used in twe of the beel production
gybetems described im this Section in current {13?9}enannmin
circumstances ond can therefore be recommended. These are

(1) the oystem where a breeding herd is carried on veld and
availgbleé maize stover on & yesr-round basis, all cattle
are supplemented with protein-rich ccncentratés during
the dry begson, all progeny are carried on fertilized
dryland grass pastures during the growing season, and
all cattle for elaughter are finished on a high enerygy
diet containing TO% malze and

(ii) the syotem where weaner gattle are purchesea annually
in Junu, graze on veld and maisze stover during the
dry seascn while they receive protein-rich supplements,
graze on fertilized dryland grass pastures during the
growing season and then are finished for slaughter on

a high energy diet containing TO% maize after coming
off pasture.

The productivity of grase pastures was ingreased by selecting
grasses firstly for their herbage yielding sbility when heavy
dressings of nitrogenous fertilizers were applied to them , secondly
for their abllity to withetand intensive grazing, and thnirdly by
determining the productivity of the most promising grasses in
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terma ol body muss and cercass masd galons of cattle graiing on
tham over the grosing season.

Several grasses were selegted initially on thelr herbage
yinlding abiilty but all excep: Cynodon asthiopious (ov. No. &
Star) were discarded for verions reasons. fopd of the grasses
that responded well to beavy anltrogen applicstions (up to 650
kg N per ha were applied on some experiments) were unable to
withstand intensive grazing. Others were affected adwversaly
by drought and one by disease. 0f mll the grssses tested Star
grass wap found to be the most suitable and is therefore
reconmended for neavily fertilised, intens.!vely grased dryland
pastures on both clay and ssndy sofils.

The responces of grasses to applied nitrogen were detarasined.
Where grasees were not graszed maxisum herbage yields were attained
sith 450 kg § per ha on silty clay soils and 225 kg per ha on a
sandy soll. When grasses were grazed maxisum heroage yields on
silty clay sol]l were attained with 350 kg N per na but this was
not determined on sandy soile. It is recommended that the
nitrogen be applied in four equal dressings at monthly intsrvals
starting «with the [irst good ralna of the season. Splitting the
nitrogen into four applications gives a greater measure of control
in drought yoare although research results indicated there was
little difference between applying the same amount of nitrogen

in three or four dressings. An annual application of 90 kg

P‘EI:I5 peér ha should be topdressed before the reins start each

year when thie level of nitrogen is applied.

Stockling rate and management studies showed that when pastureas
were set-mplooked the most satisfactory stocking rate was 12
yeurling steezs per ha, This stocking rate gave satisfactory
body and carcass mass gains of steers and resulted in the
efiicient utilization of herbage. Where steers were rotational ly
grazed over 15 paddocks where esch paddock was grazed for one day
and then rested for 14, the most procuctive stocking rate wam 15
steers per ha, Although only ome direct comparison was made
between steers that were set-stocked and ateers toat were
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rotatlonally prazed, body mase and carcass mass gains mare not
alffected to any =xtent by system of managemeént at a stocking

rate of 12 sicers per ha. Therslore set-ptocking is preferred

to rotational greazing. Thé cosmt of fencing and sateér are also
factors that have %to be taken into consideration. Fo: sxample

the fenoing requirements of & 15-paddock rotational graszing

system are cstimated to be 4715 greater than of & set-atocked aystea.

Al though ouzrcass mass gainse of more than U0 kg per ha seére
obtpinad over the growing season the ocutput of beef and final
groes larm pargin from ocattle ano from maize in the systesm
cutlined in Section 5, was hardly affected by the galns made by
steers on pasture in the growing season. For example in the
1975-74 growing season, an eéxcessively wet one, with 1 514 mm
of rain (Appendix 1), gains of sieers were the poorest on record
and a mean loss of §6,50 per stesr was incurred on pasture
(Figure 40, Table 49). However, in the beef production system
as a whole the gross margin per steer was oo average §20,69
(Table :ﬁij. By comparison, in the i1974-75 season shen 910 mm
of rain fell (Appendix 1) and which was a good segson for growth
of both cattle and grass, the gross margin per steer over all
pasture treatments was $8,57 (Pigure 41, Table 51). Io this
case the gross masrgin per steer in the system was §22,44. Thne
reason for the emall difference in the gross margin between
steers in 1973=74 as compared with 1974-75, was that the
compensatory growth made by steers in the first year when
finished on the high epergy diet resulted in greater efficiency
of ooncentrate usage and therefore greater profitability in this
facet of the production system, than in the second year. AB
stated previoualy it is not the profitability of each facet of
the production system that is moet important, but it is the
combined output and profitability of the system as a whole.

Wonile all the rosearch described in this dissertation shows

that in cuwrrent economle ciroumstances beef production is
practical and profitable where nitrogen fertilized dryland

arass pastures are used in production syetezs, it is emphasised
that the frequent changes that ococcur in the costs of fartilizers,
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malze and beel could materlially affeoct future profitability of
nitrogen fertiliszsed pastures for beefl production. Purthermopas,
while there is a surplus of maeize at present that can Le used
for the fattening of elsughter cattle, the demand for maize by
an expandlng human population, could reduce and eventuzliy
eliminate ita use for cattla. Heverthelesa once the terrorist
war has stopped and peace and atability reetored, nitrogen
feriilized grase pastures could bave @ major role to play inm
producing beef in the future Zimbabwe-Rhodesia.
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APFENDIX 1. Monthly and yearly totals of rainfall in mm recorded at Henderson Hesearch Etation
between 1963=64 and 1974=75-
Year

Month idmyear

1963-64| 1964-65 [1965-6§ 1966-67 196708 1968=65 1965=70|1970-T1{1971-72| 1972-T5| 1973-T4| 197475 | mean
October 47 16 <4 13 4 1 78 4 3¢ 18 3o 11 24
November 50 T0 127 65 64 130 18 247 225 116 241 17 123
Decamber 134 309 95 120 T3 204 378 133 85 101 320 208 180
January 150 267 105 167 104 274 92 263 209 1717 134 151 178
February 163 96 278 156 B8O (-1 47 162 116 27 318 251 147
March 15 &9 81 263 50 116 18 30 134 B3 188 T3 92
April 1 1 78 18 28 47 16 26 76 46 17 98 33
Eay 1 1 22 21 2 8 - 76 5 - 17 - 13
June - - 2 17 1 - - - - - 4 2
July - - - - - - - F - 29 2y 5
August 6 - 3 1 - - - - - - - 1
september - b 1 13 - - - - 17 - 15 15 6
Totalas 607 835 816 856 396 831 TOT 941 901 568 1314 914 810G

_qt{_



Standard statistiocal abbreviations are used in the tableas.
Blgnifloant effects are indiocated as follows ;=

- P = 0,05
as P=0,01
ses P =0,0

EN 2s1

Sourcs of $ignificant
Variation  d.f. 3.3 M.5. F. Y.R, Effects
Replications 2 1,4547 0,7273

Grasses €3 a6, 42) 3E,0594 9,21 2,69 ade
Ezzor 28  204,2586  5,5217

Total 89 1152,2556

1957 =08

Replications 2 9,9945 4,9972

Grusses 29 988,325 M ,1009 6,47 2,69 g
Brrox 58 241,5062 4,1718

Total B9 1240,8280

1968=06

Replications 2 1,5287 U, 7644

Grasses 29 903, 3087 31,1486 13,16 2,69 -
Error _58 131,2930 2,36T1

Total B 1042,1304

1904=70

Replications 2 35,7544 16,8772

Grasses 29 1578,0318 54,4149 9,24 2,68 sen
Brroz 58 341,66873  5,8912

Total &g 1953,4735

!ﬁlll—l!!l B0 a0

Replications 2 T:3924 3,6962
Grasses 29 175,8487 27,4431 14,03 2,69 LIl
Exror 112 1,9422

Total 89  515.8880
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AEFENDIX 2.2

jualysis of varisnce of the affects of appl
hs in varioua split dressings with or wl

krasl manure per ha on M!‘by; yields Gian
in kg dry matter per ha. (Helerence mﬁ-ﬂj._L—-—‘_

1965-66

Source of Significant
Variation dofs 8.8, M.S. P VuR. _ Bffects
Replicaticna 2 1,7653 L8827

Method (M) 5 231,3156 46,2751 26,7920 0,19 wees
Eraal Menure{k} 1 €3+1324 25,7344 14,8503 14,8 eee
¥zkK 5 5,0086 11,1217

grror 22 31,9989 1,7272

Total 35 302,4808

196b=60

Souroce of Signifigant
Veriation d.f. 5.8. M.S, I. YLk. Effects
Replications s 1. 7221 v, 8611

Method (M) 5 17,8257 3,5651 3,3378 2,86 .

Kreal Manure (K) 1 19,4984 19,4984 16,2552 14,38 T
MxK 5 6,0489 11,2098

Error 22 23,4980 1,0681

Total 3% 68,5931

APEENDIX 2.3

anoe of the effect of a

fruﬂl.ll of wvarl
varioua m ]
mEnure E hia
k "

Source of Significant
Yariation LT S.5. 45, E. Y.R. _ Eifects
Replications g 3:,1438 1,579 95,9424 9,61 balodod
Method (M) 5 27,4401 2.4800 34,7122 8,15 e

Kraal Manure (K) 1 0,6316 0,836  3,9949 4,30

Nzxk 5 95,1333 11,0267 6,4540 6,19 -

Errcr 22 34791 0,1581

Total 35 39,8279
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APFERDLX 2.4

Aoalyeis of varlance of the eifects of applied nitrogen (N
?a'i-h € ylelds in kg dzy saiter pe:

B 156]= wn in & sandy soll darlve «(Reference
R

Souroe of Significant

Yaciation d.1. B3, M.B, P, VY.R. Effects
Ryplicationa 2 0,0617 0,0%09

- 1 101,0882 101,0882 163,89 15,29  wes
oo 1 16,5930 16,5330 26,77 13,29 e
N 1 1,4855 1,48355
q‘i i‘ 31!“"5 10.2}1ﬁ 1"-” Tpu} -
¥,,2 6 3 T,0364 2,3455 3,80 2,92 .
Ny ¥ G 3 35,8536 1,284 5
K =z 3 4,3636 11,4546
grroz 30 18,5046  0,6168
Total 47  184,6017

Souroe of Significant
Yariation d.L. 5.8. M.S.. F. Y.H. Effects
Byplications F) 14442 00,7221

B, 1 59,2620 59,2620 51,22 13,29 suw
'Iil-l‘ 1 '5-4';'55 E'!#WE 2154 *r"? -

¥ 1 0,7517 Uy 7317

G, 3 190,4832 63,4944 54,08 7,05 ses
N,, =0 3 54,9296 18,3059 15,83 7,05 i
B,,.,2 06 3 11,5115 583712 3,32 2,92 -

E =x@ 2 1,247 0,4049

Erzor 3o 34,7078 15,1569

Total 47  360,7145
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ARPENOIX 2.6

#is of varisoce of the effscts
the herbage ylelds

of applied nitrogen (
z of four grusses

im 1558-07 grown io san LA Eeference
Pigure 6},

Source of S8ignifiocant
?Hli‘tinn LI m‘ m.- Iq. IL‘ I.Iflﬂll
afpliultinnl 2 16,7537 g,5769

N, 1 239,5416 239,5416 T4,13 13,89 “ee
LT 1 28,6354 28,6354 6,86 7,56 e

N 1 9,3181 93181

Gy b 26, 3700 9.4567

H,, =@ 3 15,4655 5.1570

H,,.x & 3 6,8348 24,2783

¥ x4 3 12,4187 4,1356

Error 96,9445  3,2315

Potal 47 454 ,2887

APPENDIX 2.7

Apalysis of variance of the effecta of »

the her alds in Eattiar 4 OUr gEragses
in 1968~ ®n in & 8ilty clay soil, (Reference Pigure
Source of Sianilicant
Varistion defs 8.5. M.5. F. VY.R, _Effects
Rfplicaticns 2 4, 7275 2; 3640

. 1 603,6019 603,6019 332,36 13,29 wnn
e 1 88,0968 88,0968 48,51 13,29 wea

1 0,787 Oy 2767

'ﬂ'. 3 26&-5551 EEIB"-&D 47 |H"2 T+45 LRt
N,, =@ 3 62,5322 20,8441 11,48 17,05 wae
lI'lI @ i EEI?EW Elgj‘ﬂz 4!92 4!51 e
H =z@ 3 10,2967 24 329
Ersor 30 54,4826 1,8169
Total 47T 1111,3445
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AFFENDIX 2.8

!.III.]. giz of varignoe of the erfecta of lied pitrogen on

the herbase yields ino diy mateer “E—rrﬁmﬂl@
in 130 rown in a :ilnd_.;r 801l di.rrwd. f:n.l !:
Refersnoce Flgure 0).

Source of 8ignificant
l'ltiﬂt\lﬂﬂ dlr- 3|-El ‘!5‘ Il- H- ﬂf"ﬂtl'
Replications 2 1,326 0,6913

N 1 129,2607 129,2607 75,57 13,29  wee
ne 1 21,756 21,7504 12,72 T,56 L
el 1 1,2756 1,27586

G 3 W, 7711 10,2570 bB,00 4,5 Ll
#* x4 3 22,7152 ?-‘}EH 4,45 2,92 .
N'* x G J 4,939 1:-'54

E'''x G 3 1,5019 U, 5006

Ezror 30 51,3146 1, 7105

Total 47 264 ,9530

AEPENDIX 2.9

i) o
OUr gTasses
. {ll_fizlnul

Souroe of Bignificant
Yariation E. 5.8, M8, F. V.R. !If-ntl
Replications 2 1,1748 U,5674

N 1 601,68197 601,817 103,45 15,29 wan
N*! 1 45,7942 49,7942 13,52 15,29 bkl
Nevo 1 10,6082 10,6082

G 3 114,2846 38,0949 10,34 7,5 *ne

i' 0 3 25,5102 8,505

' xg 3 1,3410 0,03

N'"*x g 3 7.0754 30251

Errcr b 110,4763 53,6825

Total 41 924 ,2644
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poalysis of varisoce of the effectis of !ggllld nitrogen iu} an

the Lhrde-year mean herbage yields in matter per o
Tour grasses [0) grosn in a sandy soil !l:ftii Trom granite,
Reference Plgure o).

Souroe of Significant
Yaziation d.1. S.5. M.S. E.  ¥.R. Effects
Replications 2 2,1706 1,0853

N 1 41,1383 141,138) 125.456) 13,29 wee

ure 1 2u, 5127 20,5127 16,2535 15,2y wee

gy 1 30525 hls23

G 5 14,6679 11,5560 10,2720 7,05 ees

E'* x4 2 11,3524 57175 5518 2,92

N'' 2 G 3 U,4uU5s5 U155

N*''z G 3 348455 1,2818

Erroz 30 gdyiaue 1,1250

Tﬁtil 4? 2&”!915‘;

APPENDIX 2.11

alysis of variance of the effects of applied nitrniln EE}
Ar mean her ieids in ky dry matter per

romn in a eilty clay soil. {atftxtnul Figure 7

Source of Sigallicant
Vaziation dofs 8.8, M.5. F. V.B, _Effects
Beplications 2 3,0697 142345

N L 366,2181 366,2181 210,8560 15,29 ese

L 1 M A47T 34,4477 19,6540 15,29 wee

qree 1 4,6745 4,6745 2,0914

¢ 3 119, 2698 39,7566 22,8507 Ts05 wee

H* x2 06 5 31,4151 10,4717 6,033 4,51 e

Ntz @ 3 5,5536 11179

Eriix g 3 T,1805 24,3935

Error 30 52,1026 1,7368
Tatal 47 621,7316
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APPENDIX 2.1

Bourcge of Signilicant
Yariation g1 8,8, _M.8. F. ¥.E. __Effeots
8 1 43,7576 43,7576 3540 218U ee

8 x Rep 4 2.,4400 1.0

N 2 235,7100 178,300 124,07 b,17 wes

G 3 70,1071 25,3690 16,33 6,17 wes
Nxg 9 27,0880 3, 0098 2,10 2,10 =

5 x N 3 34,9111 11,6370 Byl 6,17 wue
§xG ) 83,8314 27,9438 19,53 6,17 wee
Sx18zx0G 9 4455 5+383) 2436 2,10 #

8 x N xG xRap &0 85,8537 1,4 309

Total 95 916,4085
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2.1

& protein uunt-lg roellag€
TaBsEn rown 1o a landLlnll deriwved
erenoce Flgure 10).

E ‘llﬂit‘- [i'

Source of Signiticant
Variation d.fe B,5. M.5. . ¥.H. Bifects
Replications 2 1,57 0,75
N* 1 340,36 340,36 250,26 13,29 swe
HYY 1 5|ET 5|HT 4,5 *liT »
e 1 0455 0,98
G 3 145,06 48,36 35,58 1,05 #=us
K* 26 3 4,42 1,47
F''x @ 2 15,03 5,01 3,08 2992 »
N'tvx [ 2,81 0,94
Error 30 40,68 1,36
Total 47 556,81
N 21

alyals of variance of the effects of lisd ni.t;qiin (H) on
nred=year oe crude protein content ss & percentage of
d tter o. lour grusses GI grown ino a :ift; ¢l!g woll.
Ilih

rence Figure 1U).

Souros of Significant
Variation dafs B3, M.3. F. Y.R. Effects
Replications 2 0,29 U15

N' i 369,62 3ol ,62 2u6,53 13,29 wwe

| L i 5. 08 5,08

Brve 1 0,68 U, 68

G 2 15,29 5,10

 x g 3 49,70 16,57 9426 1,05 #=e

N x § 3 12,56 4,19

K'''z @ 3 3,88 1,28

Brror 30 53,69 1,79

Total 47 510,79
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ME'UE Et'li
sis of variance of tne effects of sulphur !EI; toron (B),
ﬁ%%’{.r,]__md magnesium | on the nerbage ylelds Lar grase
o¥, Hu. 2 in kg dry matter per ha Iuﬂﬁ !EEI-H. (Helerence
TIEII 151.
Source of Significant
Variation d.f. 3.5, .3, F. ¥.R. _ Bifects
Replicutions 2 1,5278 0,763
5 1 0,5485 Uy0483
B 1 0,8631 0,8631
Zn 1 U, 2309 U, 2205
Mg 1 0,0u23 0,0023%
5B 1 0,0590 0,05%0
52n 1 0,0688 0,0688
SME 1 U,1172 0,1172
BZn 1 0,2204 0,204
BMy 1 0,350 0,5502
ZaMg 1 0,1368 0,1368
§BZn 1 0,0614 0,0614
SBMg 1 0,4064 0,4064
SZnMy 1 0,4365 0,4365
SHZaMs 1 Ug1i20 U,1320
Error Fi 5,9641 9,364
Total 47 15,3252
APP:NDIX 2.16
sis of variance of the elfects of sulphur {51; boron !5],
no (Z) and ma slus !E} on the herbage yields Star yrass
OV NO. dry matter per ha dui.:iﬂ‘l.';w- (Relerence
Tacle 10),
Source of _ Significant
Variation d.f. 8.8 M.5. k. V.K. bifects
Replications ' 1,940 0,90670
5 1 15,0100 13,0000 ©,2650 7,306 -
B 1 1,347 1,5147
&an 1 U, b4 7 u,86847
Mg 1 1,0602 1,0802
88 1 53226 5,3226
sia 1 Uy 210 Ug5102
SMe 1 5,6uU05 5y BUGS
BZa 1 0, 2448 U,24486
Bilg 1 0, 3292 U, 3292
ZnMs 1 U, 0679 u,0679
Sbin 1 U, 0041 0,0041
SHMs 1 u,0782 u,0782
SZaMg 1 0,1599  0,1399
SHInMyg 1 U,0638 U,0638
Erzor i 51,0225 1,6459
Total 47 82,2133
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241

Test of treatsects x plages interactions of the mean ylelds of

dzy bervage in %T!EIF !ﬁ_llr plot in 19/0=-71 from grasses grosn

in unfusigated soil and in soil fumigated with me thyl bromids in

1970.  (Reference Table 11) (Cochran and Cox, 1350}

S5cil not Soil T
Grasson fumigated fumigated - |

Ermelo Love 11,52 5485 96,88
Sabl Paniouam 958 1,38 110,84
Paraguay Paspalum 8,47 10,56 108,55
Wintergreen Paspalum Tl 9,01 95,04
Star av.No. 2 10,13 14,97 141,10
Glant Rhodes 13,47 11,74 141,15
Viotoria Falls Panioum B,2u 15,4 121,16
Bushman Mine Panicum 9,25 16,64 145,74

% 5492 5169 11,21 = W
Total [.Fi] 18,35 92401
LR 432,49 526, 36 ¥26,87 = G
8.5, {Elj T92;18 1151,85

n-& 8 2
Corzection tems C = 3= = %} - 10252, 36
rntlli.[tinij - Cw (5,92)(792,18) & (5,69(1151,86) = ¢ = 674,435
FPlaces ii{uirf} ~=0= ﬂ- (B2591,00) = ¢ - 106,27
2
matnnuEEJ. - 0 - 264,55
(]

Treatesnts x Places =« 674,55 = TupﬂT - 264,50 = 339,73 = I

= (pn=-4)(n - 2 {g-*l“t-ii[ - 4)
f nI[nq.-t-T} 1 with {ﬂ..} = . daf s

X = 153,25 with 3,68 d.f.
3dfe X° = 16,27

4 4.1, f - 18,47
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ES 2«18

Twat of treatsentis x places interactions of the acan yields of
dry nerbage in -;-:m kg per plot io 1971=72 from grasses grown
in unfusigated scil and in soll fumigated with methyl bromide in
15]0, (Reference Table 11) ( Cochran and Cox, 195v).

So0il oot Soil

L fus_.gated fumpigated Ei-
Sabl Panious 5,28 3455 41433
Paraguay Faspalum 11,50 12,58 124,71
Wintergreen Paspalum 794 6,70 T1.84
Star ow No. 2 T, 6U 11,06 106,12
Gisnt ghodes 3,95 2,74 3,46
Yictoria Falls Panicum 4,86 12,37 102,85
Bushuan Mine Panioum T.86 9,608 92,08

g 3,04 1,12 10,16 « ¥
Total [rij 56,20 Tu,08
wlpi 170,85 438,27 665,62 = G

F

F.i
orrection term ¢ = %i - rﬁ?f%ﬁ%%%j— - 519,91

Total E-i"i’;} = 0= (3,04)(434,57) + (7.12)(722,57) = C= 545,88

Places g (WP, “)= ¢ = § (44618,56) = © - 57,41

)
T tmen t e i
s 'E'.t - 0 = T40,55

Treatmentes x Places = 545,60 « 57,41 = 740,55 = 147,92 = I
Iz L 0 = ““"E - ‘-‘-‘1- 0 = d-rr
¥ = 66,713 wth 3,68 dof.

3 dels 12 - 1&.“
s ot TR 18,47
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] 2.1

Anelysis of variunce of the effects of outting three grasses (G)

at sarly anthesis on thelr herbage ylelds during 1371=-j2.
(Reference Pigure 15),

Souros of Bignificant
Variation d.f. 8.5, M.5. [E. ¥.8. Effects
Replications F) 0,0114 U, 0057
G e 1,4500 0, 7450 44,88 18,w s
ror 4 0 .Uﬁl’lL U, 0166
Total 8 1,56T7
APFENUIX 2.20
Apalysis of veriance of the effects of cut three grasses (G)

at UIIII anthesis on the crude protein content of thl{; h-rhgﬁ -
(Reference Pigure 15).

Source of Significant
Variation dele 5.8, M5, Fas Y.R. Effecta
Replications F 3,0 1,61

G FJ 1,02 Ueh1

Error 4 6,10 1,53

Total 8 16, TH
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EN Py

Analysis of variance of the effects of cutting tlree yrasses (G)
at eazly antiwsis oo their root and sftum base mausses,
(Reference Fisuze 15),

Source of Significant
Variation a1, §.5. M., [F. Vi, _ Effects
geplications 2 209 135

G 2 1387 694 9913 6,94 "

Erzor 4 juz 76

fotal -] 1458

APFENDIX 2.42

analysis of variaoce of the offects of oculting three grevses [gl

at u:.'l.; anthesls on the grude E:mtuin gontent of roots and stem
bases . (Relerence Flgure 15),

Souroe of Significant
Vaziation dafs _B5.8. M,8. F. V.8, Effects
Replications 2 U, 95 Ugd8

[r 2 U v, 00

Error 4 2,06 0,52

Total [ 3,01
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APFEN 2.2

Analysis of varience of the eifncts of cutling three grasses (0)
at early anthesis oo the %totel aveileble carbohydrates
their roots and stem bases, (Refeérence Pigurs 15).

Source of Sianificant
VTariation d.fs 3.8, M.5. - Lk. Bifecta
Replications P U,Bu U 40

G 2 51,73 25,87 117,59 81,25 sew
Error [} U, 87 O,2¢

Total 8 95,40

AFENDIX 2.24

Analysis of variance of the eifects of cutfing turee grasses (G)
at thres-seekly intervals on their hlrbnia yields during 1571=72,
(Reference Pigure 1b6).

Source of Significant
Yaziation defs S.8. M,3. E. V.M. _ Elfects
Replications P v, U, 005

1] P U, 45 u,22%

Exrox 4 0,26 u,070

Total B 0,74
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AFPFENDIX £.23

analysis of veriance of the effects of gutling Liree .rasses Lgl
at thrnu-hankli_intt:!gég on the crude proteln content of the

herbage , (Reference Pigure 16},

gourae of Signilicant
yariation defs 8.5, H.5. F. Y.R. Effects
Replications 2 1217 U39

G 2 61,52 0,76 256,33 61,25 .
Error 4 Uydb O 12

Total 8 63,15

AFPENLIX 2.26

Analyeis of variasnce of the effects of ocutting tnree grasses (G)

at tnree-weskly intervals on theilr root and stem base masses .,

(Reference Fijure 16),

Bourge of Blgnificant
Variation d.1. 5,8. M.2. F. Y.E. Effegts
Heplications F; 226 112

G 2 2600 1300 56,52 18,00 e

Error 4 93 23

Total 8 2919
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ARPENDLX 2:2]

Anslyuis of variance of the effacts of outting tnree grusses (G)

at theee=woekly ;nu;vgi on the oruda l:utlin content of _;nﬂ“
und stem bLases, (Refezence Pigure 18),

Souroe of Sisnificant
Vazistion d.f. 5,8, M.8. . IL.R. Effects
Replications 2 129 0,65

G ‘ 3,30 1,65

Error 4 1,13 Ced 3

Total (-] 6,32

APPENUIX 2.2

Eu;-u of varisnce of the effects of uutun. tirea graises iil

at three-weekly intervals oo the ftotal availaple carbohydrates
(TAC) of roots and stem bases. (Reference Plgure 16).

Souroe of Significant
Veriation d.f. -1 18 M.5. P Y.k Eifects
Replications 2 0,24 0,12

G F 87,96 43,58 75,50 61,25 -ae
Erzor 4 2,41 0,00

Total 8 90,61




APPENDIX 2.25
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rbage

Analysis of variance of the sean effects of applied ultrogen on
t

ields of Star sgrass ?ll'l'ld on a set-etocked basls
season by lklm]l_ §0

Tence Fisure 1] ).

1y00=

Bource of gignilicant
Variation d.f. 5,.8. M.5. F. ¥,d. Bifects
Replicaticns 2 1316,76 658,38

N* 1 43142,46  43142,46 35,76 35,51 see

yi ! 1 5281,45 5261,45

Ny 1 2909 ,22 290y, 22

Erzoz b T7238,07 1206,35

Total 11 59887,96

12“2-!”

Souroe of Significant
Variation dafe E.8. M.S. I M. Effects
geplications 2 3TU, 34 185,17

N* 1 113717,64  11377,64 21,41 15,74 e

N 1 5369,92  5369,92 10,10 5,59 e

LR 1 10,29 10,29

Error & 185,05 231,50

Total 11 20317,22

1970=T1

Source of Significant
Variation ad. 5.8. M.5. F. V.,k. __Effeots
Replications 2 1335,88 667,94

N 1 16673,54  16673,34 55,07 35,51  wws
N'" 1 1252,56 1252,56

A 1 192,56 192,96

Error 6 16816,45 302,74

Total 11 €1271,19
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APEENULK 2.2 (Continusd)

palysis of variance of the sean alffegta of

rbage yields Star orasi prased on @ eel-slocke
Sach growing ceason by sbeep , (Relerence Figure 11,
19 {1=i<
Source of Significant
VYariation E— Lt Ht h ':E " EI’.““
Heplications P 25,54 1,77
N' 1 35147,60  35147,60 94,62 35,51 ees
N 1 Bb18, 34 8618,34 23,45 13,74 ==
g 1 160,49 160,45
Ezrror 6 2224, 00 370,67
Total 11 46173,97
197 2=
Source of Sisnificant
Variation d.£. 8:8. M.2. P, Y.hH. Effacts
Replicaticns F 248 ,84 124,42
N' 1 T4356,19  74350,19 41,86 355,51 ewe
lll 1 1&}“.“ 155”#“ lu -}2 ilﬁ -
| LAL 1 100,24 100,24
Erzor & 10656,62  1U658,62
Total 11 103697,97
Four-year ceans (1969-70 to 1572-73)
Source of significant
Variation d.f. 5.5, K.5. F. V.R. Effects
Heplicaticns 2 17,86 B,53
Nt 1 20664,71 20664,71 64,20 35,51 wse
N'? 1 4095 ,91 4U95,91 12,72 5,99 =
A 1 113,44 115,44
Brror 6 1931,33 321,89
To tal 11 26823,25
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AEPEBULX 2030

Moan effects of applied nitrogen on herbage yields in ky dry
aatter per na of Star grass sben rested Irom gra oF various
pericds, .

Qne Ellt|l reat after Fu.i,nﬁ_{-ml of Im_;-.r:}

Sourge of gignificant
Variation def. 8.8. M.5. P. V.B, _ Effects
Replicationa 2 32<,91 161,46

NY i 284 35,97 2B435,97 156,53 5.0 ene
N 1 274216 2T4€,10 15,09 15,74 -
e 1 44,03 44,03

Error & 1U90,02 181,67

Total 1 32635 ,Uy

Two year's rest alter grazi weans of three years)

Soures of Bignitiocant
Variation defs 5.8, M.5. r. Y.k. Efiects
Replications 2 2,55 £71,28

N 1 16002,41  160U2,41 10,56 35,51 "o

N 1 1735421 173521 W,37 5,99 .

LR 1 21,72 21,72

Erzor 6 1004, 24 169,37

Total 11 21306,13

Toree year's rest after grazing (means of two years)

Souroce of Significant
Varistion d .f. 8.8: K.S. F. V.A. Effects
Replications 2 16,33 38,17

N’ 1 20627,87 28627,87 194,05 35,51  wes

" 1 13158,6u 1316,80 8,54 5,99 .

AR 1 422,41 422,41

Error o 854,78 147,50

Total 11 31330,3%




- 356 =

APPENLIX 2.30 (Continued)

Mean effegts of lpplud nltrogen on herbage yields inm dry

Bakter per ha of Star grass IE-n rested from srasing for variocus
eriods , (Relerence Pigure 16,

Four jear's reat after graging (one year)

Sourga of Significant
Yapiation a.f. 8,8, M.5. F. V.H. Efiects
eplications 2 1507,48 935,74

K | 40251,T1 40251, 71 12,00 35,51 L

gree 1 19,66 19,0

Brroz & 2349 ,26 391,54

Total 11 S6UUT , T5

Mean eifect of resting (all years of resting)

Source of Significant
Variation def. 5.5. M.5. F. V.R. Effects
Eeplications 2 150,21 55,11

N 1 21477,98  21477,96 469,10 35,51 bk

AL 1 1956,92 1996,92 43,62 35,951 e

g 1 116,20 115,2‘:’

Brroz [ 274,66 42,78

Total 1 240U55,91




APPERDIX 2.31

= AT =

pnalyeis of variance of the body muss wains ia 12 per ha of
til

BLBEp that were set-atooked on

various amounts of nitrogen .

1968-69

Source of

Veriation E;{. B.8.
Replications £ 2274
NY 1 11829
K 1 o8B
Hr 1 5762
Error -] 25186
Total 11 108941
1989=70

Source of

Variation d.f. 548,
Replications 2 14654
N 1 2254952
N 1 26403
LA 1 4
Error b 175745
Total 11 443756
1597U=T1

Bource of

Variation d.1f. B.3.
Replications 2 20024
K" 1 150970
K 1 716960
1 10270
EBrror 6 23176
Total 11 327400

L
Tistere

Lass fﬂl

zed with

M.5.

137
182y
5888
5162
4198

M.5.

10012
150570
Toeg60
10270
4863

nce Table 10).

Blgnificant

!. ¥V.H. Effects

1M1 13,74 L

Significant

F. V.R. Effects

78,03 j5|51 L

Slgnificant
F. V.R. Effects
el 35,51 "
12:83 13,74 -
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APPENUIX 2.31 (Continued)

Analysis of varlance of the body mass ga k! per
|J::aaiu that were set-stoocked oo 5tar Illl fIItI d ufr-

various amounts ol nitrogen , (Helerence Table 10,

1971=T2

Source of Significant
Yariation d.£. S.5. ¥.8. Z. X.R. _§ifects
hkeplications 2 68716 4 358

Nt 1 1434069 1434069 85,45 35,5 ee
LR 1 380520 Um0

Nrte 1 23681 23681

Error ] 102451 17075

Total 1 20098357

197=73

Source of Signilicant
Variation d.f. 3.8. M.S. F. Y.R. Effects
Replications 2 6721 3361

K* 1 112926 112926 14,68 15,74  #»

Ll 1 1160 1160

Hran 1 1}&2 1}52

Error [ 46145 7651

Total 11 168364

Means 1370-71 %o 1572-73

Source of Significant
Vgriationo defa B.8. M.S5. P. Vi, Effects
Repliocations 2 6734 3387

N* 1 431233 431283 93,62 35,m .t

N 1 95544 93944

it 1 25 25

Ezzor b 27644 4607

Total 1 561640
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of

€
Source of Significant
Yariation da1. 8.5, M.E. F. Y.R. Effects
Replications 2 175,09 Bby 55

G 3 1197,26 359,09 2,26

Beror b 1DHIEE 176,52

Total 1 2428 ,27

1 =70

Sourge of Significant
Variation d.f. 8.8, M5, I X.R. Effscts
Replications P 311 1,56

G 3 3739,59  1246,46 645 4,76 .
Brror 6 1159,14 192,15

Total 117 4901,64

1970=11

Source of Significant
Variation d.£4 .5, M., F. V.R. _ Effecte
Replications F 279,350 159,75

G J 1034 ,04 344,68 6,0 4,70 .
brror o 309,75 21,65

Total " 1625%,29

Thres-yoar ceans

Souroce of Significant
Yaziation d.1. 8.8. M,8. F. V.R. _ Bifects
Replications FJ 6,89 41,45

G 3 045,24 44,41 6,55 4,76 .
Ezrzor o Juy, gu U, e

Total 11 1428 ,63
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APPENLIK .53

Annly:ia of variance of the body mass Ilﬂ& FEI ha in kg of
steers grazing four graﬁﬂaa {(G) at a stocking rate of 9,56

steers per ha and ized wiih 350 kg N sod 90 ky P Enﬁﬂ—u

ha, annually . {nifar-nut Flgure 20).

1566 -69

Source of Significant
Yariation daf. 5.8, M.5. F. Y.H. Effects
Replications 2 16699 B4 50

G 5 116859 26955 2eh

Error & 103290 17215

Total 11 257048

1EEE'IU

Souroe of Significant
Variation d.f. 5.5. M.5. F. V.hH. Etfects
Heplications Fd 302 151 :

G 3 305046 121682 * 6,45 4,76 .

Error & 113185 18661

Total 11 47851%

15?0-{1

Sourge of Significant
Variation d.f. B.8. M.5. F. ¥.R. Bifects
Replicatiocns 2 27292 13646

G 3 100931 33644 6,68 4,76 .
Error b jo222 5037

Total 1 158445

Three-year means

Source of Significant
Variation daf. 5.8. M.E. F. 1.k Effegts
RHeplications 2 8104 4052

G 3 101660 53953 6,95 4,76 -

Error & 293519 4587

Total 11 1359263




APPENULY 2.34

4nalysis of verisnce of the effects of four stooming rates (K)

on tu Suan sass gaine in | er ateer ol l‘hil!‘l .-.nini,_
thre: grasses (G) lertilised I.'l.t-h q_] and 50 ki—lip-j per
ang Eelesence Flgure

1965=
Source of Significant
Variation d.f. 5.8. M.5. I+ YLk Bffects
Replications 2 244,79 122,40
G g 375,85 485,45 el Dadd4 L
R 1 6220,28 220,28 65,035 14,38 -
R 1 195,86 199,86
an 1 0,10 0,10
G x R* 2 40,0 270,01
g x g*"t 2 16,68 18,5
g x g 2 114,70 37435
Error 22 104,35 95,65
Total 35  10439,66

By=T0
Sourge ol signiricant
Variation d.f. $.8. M3, E- Y. __Eifects
Replications 2 18,17 9.5
G 2 1823,67 911,84 4,69 5,44 .
R' 1 19424,72 19424,72 99,92 14,3 -
R 1 14427 14,27
R* 1 4,36 4,36
G x R' P 453,435 226,72
G xR' 2 339,14 169,57
G x R 2 225,31 112,66
Error 22 4276,83 154,40
Total 35 26700,50
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ABPENDIX 2.34 (Continued)

Aualysis of variance of the effocts of four stoowing rates ()
gn the sean body mase gains in er steer ol steers grazi

Lhres grasses ertilized wit
a-; Ilﬂ“izii_ Reference Pijure

19Tu=T1

Source of Significant
Vazistion dof. 5.8 wi. B L.B. _Bffects
Replications 2 156,05 78,03

G 2 1372,09 686,05 9,719 5,72 we

R* i T4U2E .45 14048 .45 118,57 4,% P

| L 1 20,64 202,64

grae 1 446,34 446,34

g x R* 2 BU,72 40,3

G xR 2 11,43 Jele

G x R'"? 2 450,18 223,03

Error 22 2607 ,28 116,51

Total 35 19335,18

Eh.tiﬂ-m: gdegne

Source of Significant
Varistion dfe  §8. M8, F. V.B. _ Effects
Replications 2 2:57 1,78

G < 91,05 25,53

R 1 12597435 12597,33 171,28 14,56 e

Are 1 120,73 130,173

' ek, 1 25,87 38,87

G x R ) 35,95 17,98

G x R Z 55045 26,73

g x 't 2 87,15 45,58

EIror 22 1618,04 13435

Total 35  14636,14




ABFSNOIX 2,39
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sie of variange of the effvcte of four stocking rates (

ine in

T ha Ol Btaers

1E&d-h2

Gource of

Yariation d.1. 5.5.
Replication 2 14890
() 2 135223
R' 1 2849135
R'! 1 291
RI LI} 1 }59
G xR' 2 61772
G x R'Y P 10340
ﬂ X R‘I i 2 15:2‘_,9
Error 2e 314467
Tatal 35 B61450
1965-70

Spurce of

Variation d.f. B8,
heplicationa 2 17345
G 2 276164
R' 1 1344727
R"' 1 JT033
F bl 1 202
G = RY 2 211310
G xR . 39838
G x A" 2 36757
Exror 22 eyed]
Total 35 2611683

il 2.

17445
67612
64319
291

30886
5170
9605

14295

4475
19,93

M.8. I

8675
158082 3,63
| 544727 20,52
37693
2u2
10565
19919
18569
38075

razin

Significant

V.k. _Effects

L

14,36 -

8ignificant
Effects
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APPENDIX 2.35 (Continued)

analyaia of variance of the effects of four etockiug rates (&)

ainl in

per ha of Bieers grazing three

on thea maan huﬁi EET)
Tass8s ertilized -ith g%
gunually, (Heference Pigure B

1970=T1

Sourae of

Variation defs 3.8.
Replications 2 30670
G & 2290677
R! 1 402105
x' 1 1106
Ry 1 35392
G xR 2 1457
G x R'!Y 2 1831
G X R'" p 82127
Error &2 4457 518
Total 35 1542683
Three-year means

Souroe of

Variation defs 5.8,
Replieations 2 1240
G £ Buz2y
R 1 479435
R*' 1 4011
EI e i ETEE
G x R - AH4H
G x R'" £ 4450
G x R"'1 £ 10729
Error 22 243577
Total 23 763819

and YO kﬂ—EEEE per hﬂl

K.S.

15235
1146339
4U2105
1106
96592
7129
916
41064

22605

i .

670
4074
479035
4011
8792
1919
2225
3365
11063

E.

2y

17,14

2.

45,50

Bignifigant
YsRs pifeats
2ed g L
14 5 50 L
S5ignificant
Valis Bifects
14 4 56 LT
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APPERLIX 2.36

nalysis of variance cf the meéan LsSal gOVer ul a perountage of

tal pastuce srea ol lou:r gFaz-édl LG aged at & sfockl rite
ol Eigg eteers per na and fertilized wi
ann y. (Heference Tatle

N and 5V

!2&2

gource of Signifioant

Variation def. 5.8,  MS. 2. Y.B. _Effects

Replications F 1418 UyaY

G | 44,16 4,72 §,97T 4,76 o

Error 6 11.13. 2,56

Total 1 63,07

1E]U

Source of Significant

Variation dafs Es8. .8, ¥. Y.R. Effecta

Replications 2 Tv29 3965 ek M4 ol

G 3 15,86 25,29 61,68 23,70 wan

grror ] 2,48 Oud 1

Potal 1 B5,63

'IEI‘I

Source of Bignificant

Variation d.Lq B.8. N.5. F. Vahia Effects

Heplications 3 8,0u 4,0

G 3 119,65 W b

Error & E}:'Ij %:33 33 i

Total 1 150,96

E'II'-IIII O ) i

Souros of i
Siunificant

Variation LT B.8. M5, F. Y.E. Effects

Replications 2 1,21 U, 66

G 3 T6, 52 2 75

ooy 4 ‘H:‘ll’l'l 3:';'; Visid 9,78 L

Total 11 86, 64
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FENDLX 24

palysls of varlanos nI the mesn busal ocover ae & percentage ol
%ntul E!!tuni Areg an three Jrasses (G) grazed st four

stocking ra and Egﬁ
per ha, lnnuliiy. {nif':tnnl Flgure f

1363

Souroe of Signiiioant
Varlation d.L. 5.8, M5 . ¥ Yaks Effecis
Replicaticna 2 6,56 5.,48

G F. 1|‘E' 0,73

R' 1 <ydl 2,41

R 1 34 34

R'Y 1 b I 3943

G x R' £ 1931 9,76 v 344 -

G x R 2 9,26 4,63

G xRr'"" £ UyaT 0,24

Erzor 22 54,02 2,48

Total 5 101,18

171U

Source ol Significant
Yariation d.f. §,8. M.S. ¥  Yalls Effects
Replicationp 2 24 , 61 12,51 4,15 4,44 .

G 2 17,13 5,81

R’ 1 0,85 U85

R*" 1 0,11 0;11

Al 1 0,086 u,06

G x=R' 2 15.&5 7.83

G x R' 2 4,95 2,48

G x a*" 2 3,70 1,85

Error 22 56,99 2,59

Total 35 124,65
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APFENLOIX 2.3] (Continued)

Analysis of varignoe ol the mean basal cover &s a peroentage of

total pasture area ol three prasses grazed at four stocking rates
and fertilized annuaIiy with 55U ky N and GU Eg PEEE per ha,

{Relecence Figure 24).

1278

Source of Significant
VYariation d.f. 8,8, k.5, F. V.K. Effects
Replications 2 16,63 9,32

G 2 197,44 98,72 20,74 9,61  #es
H' 1 Ja TG 3.70

R'! 1 1,21 1,21

EnLS 1 8,19 ;19

@ x R - 12,96 6,48

G x R 2 2,81 1,41

G x go! 2 21,22 0,61

Error 22 104,76 4,76

Total 35 370,92

Three-year means

Source of Significant
Tlriitiﬂh HI m- ".ts-. E. H_...R. Eff&utﬁ
Replications 2 1,70 L85

G F U, 08 15,29 6,54 2ele *x

R 1 0,72 u,7e

R'! 1 1,16 1,186

R 1 0,08 0,uB

@ x R 2 12, 67 634

G x R* 2 1,66 0,83

G x R**! 2 5,22 2,61

Error 22 23,00 2441

Total 35 106,79




PPEBULL 2.8

palyslis of variance of the deneity of oven-dried soil at
and EE 2]

- 378 -

om LeloW 80LL surlmsoe

with
stocking rsa%e o rd per
IIhE am &nEth

Source of

Yariation def s E&i*

Replications 2 0,0292

G 3 0,0u23

Error & U,0181

Totel 1 0,0496

£é;56 om depth

Source of

JaEiation .. S.5.

Beplicaticne 2 0,0218

G 3 6,002y

grror & 0, 0086

Total 11 0,0533%

0,0146
U, 3o

U, 0104
0,0G10
0,0014

Significant

¥. Vaote Effects

Bignificunt
F. V.. Effects

TlTE 5.14 -



NLIX 2.

-3y =

urfaoe under three

n-l sis of variance of the denuity of oveu-dried soil at 7,62
EE 55 om below 8o0ll surl [TTTI i"} fertilized
T kg W and 30

“‘Tan*ﬁ:r""r"

maaed at

rates {;J llfnlnn-

1;62 c= depth

Source of

Yazistion dafs 8.8,
Replications 2 0,12700
G 2 0,00400
-1 1 D,W}Il
B'? 1 u,ﬂﬂﬂlﬂ
UL 1 0,00002
G xR 2 0, 00000
g x A*" . ﬂ.uﬁliﬂ
g x R 2 0,00150
Error 22 0,04700
Total 35 0,18806
EEIBﬁ [+1-] dIEth

Souroce of

Variation d.1. 5.8.
Replicaticns 2 0,04915
R' 1 0,004 64
E.I ] 1 ﬂ.W'I ﬁ]
R 1 0,000%1
G xR £ 0,00136
G x R £ 0, 00537
G x R''" 2 0,00033
Error ¥ U.ﬂ@?ﬂ!
Total 2 0,09818

M.3.

U,ub 350
u,00200
0,00544
U, 00080
0, vz
0,00000
U, 00215
040075
0,0021%

r.
25,81

2.

18,62

Li.
9,61

V.R.

9,01

Bignificant
Eifects

Significant

Effects

-
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AFPEN 2.40

analysis of verlance of the mean time in minutes for 10U Bl sater
{ I&thnta the soil under four Lrasees ertilized wit

N and
) ,38 stears

r ha apnuaall rased at a stocking ra

Souroe of Significant
Variation dole 8,8, - F. Y.R- Effects
Replications 2 10v5,52 547,76
G 2 1585,69 527,9¢
Error 6 5615,56 335,93
Total 11 B2%4,77
AFPERDIX 2-11
alyeis of variance oI the mDean time in minotes for Y00 ml water
tn infiltrate thP. luil under three grasses (G) lertilized w U
kg N and 90 r hs ELnualiy, and prased at four stoo ng.

att- rates (&), (ae ura ce Table 2£9).

Source of §ionifloant
Variation d.f. 5.8, us. F. Y., _ Effects
Replicationa 2 212,37 106,19

G 2 1062,79 531,40

K* 1 163,55 163,59

W' 1 133425 155425

sl 1 4 30,55 430,55

G x &' 2 2379,44 1189,72

“ x R'' 2 27T1,48 1385,74

G x R*'" 2 149,49 174,80

Error ¢ 19759,  B31,80

Total 35 26264,50




A .

Sourge of Signifloant
Ypriation defs _B.8. M.8. F. V.B. _ Effects
Replications 2 &.79 2,40

+] 3 17,67 389 9,98 9,14 .
Exzor b i Uy a3

Total 11 25,97

AFFERDIX <40

ﬂﬂ;.ilru_!_;uunm of the specific

to s dise plough cse
grasees (0] fertilised w :
annual and grased at lour stock
Figure .

Bource of Significant
Yaristion £, B8 M8, P Li. _ Effects
Aeplications 2 12733 13,867 18,2¢ 3,61 ten

G 2 4,638 <4545

R* 1 1,402 1,402

R'* 1 0,065 0,085

R 1 0,991 U991

G xR' F 4,398 £,299

G xR'' 2 10,179 5,09C 6,69 5,72 e

G xR'YE < 59523 2,762 3,65 5,44 =

Ezrzox 23 16,747 u, 761

Total 35 11,956




AFFENDIX 2.

Aoaslyals of varignoge of

—jﬁ-ﬂ-

tna effecta of applied nitr

en (N} and

the height at which Hzaa{gﬁ_EF'Etar grase commenced (GH) on heroags

Jlelds in kg dry mattex per ha durin. the 1Eju-?1 and 1971=72

irnlinﬁ_ggalnnﬂ.{gafarance Flgure ﬁii.

1970=71

Souros of Siynificant
Yariatioo d.i. S s M5 F. ¥V.H Effects
H : 3Te55 18,78

GH . 152,28 Tés14 25,13 18,00 -
NAGH{Erzor a) 4 12,12 3,03

Mein plots B 201,96

N 1 12,34 12,54

N 1 25,22 25,40

GH' 1 149,86 149,86 47,97 34,12 -
o’ i 2,43 2,43

B x gH 1 2,68 2,68

NXGH other

_(Exror b) 2 3,46 5,13

Sub=plota 16 403,95

1971=72

Source of Signiticant
Yarlation dat. .3 .5, F Y.8. Effects
] 2 53,1 26,55

GH 2 272,09 286,04 2U,06 1B.00 -
NXGH (Erzor &) 4 57 ,03 14,26

Main plots B 682,23

N 1 48,29 48,29

K 1 4,62 4,82

o 1 559,24 559,24 90,64 34,12 .o
ﬂ? i 12,85 12,65

N x oE 1 38,5 38,59

NXGH other

—{Brroz b) 3 18,91 6,17

Sub=plots 16 1364 ,45
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ianoe of the elffectes of a
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ied nit

f0pen

s ol

henaver growih reamche

_ii_ﬁii!l_EE
rTazsad

mEtter per

tar grams 1o %E i!ﬂ g &
W A nelght om above ground level.
ilillrlnﬂl FIguri !Ej.

197 2=
Souroe of

Variation d.{. 8,8,

Replications 1 215

¥ 1 13517550

y - . 177906

o 1 3879685

grroz ) ___ 1578076

Total 1 19151554

1973-T4

Source of

Yaziation dof. 8.8,
Replications 1 e

n' 1 1568279

x' . 200503

i 1 1524782

Erroz 3 465606

Total T 96791715

:E—Iiﬂ Eilan

Souroe of

VYaziation E;E. B8

Heplications 1 613

:l:i 1 6074643

N 1 189113

' 1 5547270

Erzoz 3 BU1063
Total 7 12612702

M.5.
<715
13517550
177906
2875685
526026

M-8,

1568279
200303
7524762
128535

M.S.
613
6074643
189113
247270
207021

2,70

F.

12,20

38,54

p

2dyio

U 17

Significant
Y.§. _ Bifects
W13 -

Slgnificant

Va.B. . Eifects

10,13 -

M2 we
Significant

¥.h. Effects

10,13 -

10,13 .
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ARRENDIX 2.46

alysis of vazience of the sffect of meignt of stubble left
Eur sisulated rotatiooal rui £ op resgrowth ol SiaT grafs
18 1 3 - - - T that regrowth

onente o

ixy ma
147 2=
Total hezbage
Souroe of digniiicaent
peplications 1 2u56672 2650672
Stubble heizht 2 9384122 4652001 <2,39 19,0u -
Exzor F 419073 29537
Total § 12461867
g T
i roage (T)
Replications i 4 5500 #3500
Stubble haight 2 TH455733 STT<Io6] 46 .4< 19,00 "
Erroc [ 1358508 TI9in
Total 2 1747525
Green leal (G)
Replicaticns 1 1Ti365 171365
Stubble Delght s 874 2240 4371120 52.% 19,00 L]
frroz Fi 167144 83572
Total ’ 9080745
pead leaf (D)
Replications 1 3700 3700
gtubble helgbt 2 14637 T3186
Ezror < [926 3965
Tatal 9 157997
Stes (5)
Kepllcetions 1 224 2 T
Stubble meight 2 SR39TTI0 146388065 139,56 .
Exeor 2 485 393
Total 3 SO142757
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AEPENDIX 2.45 (Continued)
5’__]._1.:- of variance of ine esifect of heignt of stubble (5) left

tar -inul.hd rotetional grasing on regrowth of Star grass in
- 4 on thl TegTONLD and snts of thak regrowth and

ta zhaye in stubbls (T)

Source of Significant
Jaristion d-f. 2.3, MS. K. Y.i. _gifects
BEeplications 1 9082 Sus2

Stubble height 2 115368560 5769480 70,32 19,00 .
Error 2 162703 81352

Total 5 11710745

gresn leaf (G)

Replications 1 2774 2774

Stubble height F 490184 245092 192,2  9%,00 we
Erzor 2 2850 1215

Total 5 495508

Dead leaf (D)

Replicatiocnas 1 3902 igoz

Stubble height 2 5H26% 29942 24,22 19,00 .
Error P 2406 1203

Total 5 64591

Stes (5)

Replicaticna 1 46465 46465

Stucble height 2 5062150 3031075 240,52 99,00 .-
Brror 2 25203 12602

Potal 5 6133818




ied nitrogen

(i) s
, of Star (§) end Hats Tu}]'.ﬁ

of toWal pesture area.

Significant
Variation d.fs 8.8, M.E. F. V.E. Effects
keplications 2 LT | 132
N 3 644 21
Erzor (a) ] 155 _ F{
Main plota 11 483%
M 1 9 b
MxE 99 23
Brror (b) 8 115 14
gub-plots 23 706
374
Replications Fl 384 192
N 70 23
grror (s) & 506 84
Mein plota 11 G980
M 1 67 67
LS - 104 35
Erzror (b) ] 311 (¥)
Sub=-plots 24 1542
1975
Heplications 4 545 272
N 3 603 201
Erzor (a) 5 1174 196
Main plote 11 2%20
M 1 T04 704 27,08 25,42 .
' 3 196 65
Bexox (b 8 210 26
Sub=plots 23 3430
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ABPENDIK 2.4](Continusd)

of mow.n

T R R L A

Star srass

Thiee-yoar means

Sourge of

Variation d.t. 5.5,
Replioations 2 227
N 3 143
Erzozr (a) & 187
Main plots 1 563
M 1 17
MxB 5 bz
Ezxroz (b) g 128
Sub=-plots &5 a70
Ratn :1!1

2313

Esplivations F 16
L 3 112
Bxror (m] & 122
Main plota 1" 1510
N 1 165
Mxl 3 119
Ezxzor {b) 8 364
Sub=plots 23 21%
1314

hepilcations i 2689
') 1 2058
- 1 198
“hel E 13
Exroz (a) 6 M1
Main plotas 171 2905
N 1 3%
KxH 3 18
Erzoxr (b) & 210

Bub=plets I e

LS.
114

21

1
21
16

257
120

165
40
46

145
2056
158
13

35
i3
26

Significant
? Y.K. _ Etfects
Tedl 2.0¢ -
35,48 15,74 we



APPEMDIX 2.4] (Gontinued)

aiysila of variance of the effects of mpplied nitrogen (N) and
of mowing [M] on the basal oover ol Star (5) end Rats Tail (&)
Tuboes expTepEsd as a pero@ntase o Lotal pasturs area.
Relerence Teable 33).

Rate Tuil

1315

Souroce of Significant
Yariation 4.f. 8.8, M.8.  P. Y.B. _Bffecta
Replioations 2 81 44

0 ' 1915 1915 46,83 33,51  ane
lm 1 1517 1211 1,79 5.99 -
N 1 0 v}

Brro: (a) b 1011 165

Maln plote 11 10530

M 1 425 425

MxN 3 268 &9

gzrozr (b) 8 1423 178

Sub=plote 23 12446

Threw-year means

Replications 2 3 25

l:l 1 2625 2625 100,68 35,51 —_—
l‘l| 1 53z 532 20,46 13,74 P
N 1 0 o

Exror il! ] 154 26

Main plots 1" 4365

N 1 23 24

LxH b J k.

Bzroz (b) a 168 21

Sub=plote 23 365




ARFPENDIX 2.46

pnalysis of varisnce of the effects of applying nitrogen (N)

to maiege in ]ET1-TE grown after four prasses !G} that were hln?il{
fertilized and grazed at a stocking rate of 5,58 steers per ha

for the previous three growing seasons. (HReference Table 36).

Bource of S8ignificant
Vagriation defs _8.8. M.8. ¥. Y.R. Effects
Replications 2 265,69 132,85 13,95

@ 3 194,63 64,88 6,82 4,31 we

N 4 20,39 2,10

¥ x0 12 82,42 6,87

Erzor 47 447,31 9,52

Total 59 1 010,44




v 00

nitrogen

it =EI8

to
W1

erent lhiki_nglﬁ%_;_

L.E.
9,81

6,85

3192

ABPENDIX 2.49
nalys nt variunge of the lIrlutl of appl

-] i 1) - rown '. nasaa G
NI ae Blve B8

WLF SSivisun Visss e iiag seascis, (hefecence %o

Souroe of

Yariation d.1f. B:8.' ¥.5. E.
Replications 2 T4e,22 34,11 10,14
R i 1,56 1,56

R 1 1,40 1,40

R 1 95,10 95,10

G g ‘ 86,85 4343

G xR 2 93,12 46,56

GxR 2 143,5% 71,78

TS I 2 67,72 33,66

Ezror (a) 22 812,02 36,91

Total Main Plots 35 2049 ,55

::_ 1 172 1,12

5 1 2,09 2,09

' 1 2,16 2,16

At : 1,89 1,89

I 1 0,73 0,73

K % ; 7510 7,10
¥ 1 1 LN

R 1 0,00 0,00

gl 1 10,52 10,52

' a" \ 13,60 13,60

' 2 1 20,56 20,56

I 1 63,97 63,57 11,11
. 1 8,70 8,70

I”r i” 1 23,23 25,23 4,36
Irllilrit b G 0,38

N f 1 4,597 4,97

¢ x ¥ 2 4,10 2,05

G xN 2 18,5 9,30

Gxm ' 2 AN T4
ulxl_ill'l 2 E'TD 1l}5

Ezrox (b) 120 691,14 5,76

Total Sub-Flote 179

2957 ,89

Significant
Hflntl

L

Ll
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AEFENULX 2.50

nalysis of variance of the effects of applying different
ol nitrogen (N), removing or ploughing under maize stover

- : nérd BRiEZE wWaR grown on llﬂ!
Or B.X -uunu Ve yeari. |(Relerence mﬁ-m_————

mownta

Souroe of Ell_nifinunt
Variation d.f. S5.3. M.5. B. XY.R. _Rifects
Replications 2 450,85 225,43 11,50 10,% aw
8 i 159,39 139,99 8,16 4,41 .

N' 1 0,3 0,31

' 1 321 5.21

Lk 1 0,05 0,05

i adely 1 4,79 4,79

HNx3 4 17547 43,87

Brrozx 18 352,71 19,60

Total 23 1147 ,44

APPENDIX 2.51

alysis of varignce of the chanyg peroentage basal cover
n; Tk herbacecus plants between m,ﬂp wi th

ﬁ:ﬁ intensities (G) and burnl ng treatms T

L

rénoe Tﬂm;’ »

Source of Significant
Variation d.f. 3.8. M.5. E. Y.B. __Eifects
Replications F 0.,5079 ©,2540

Control ve rest 1 7.4401 T7,4401 8,74 8,28 e

G 2 4.,4428 2,224

B g 0,7763 ©,3882

G x B 4 1,099 0,273

Error 18 13,3223 0,8512

Total 23 23,5833
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APPENDIX 2.32

Analysls of variance of the perventags chanses in numbers of
t:aeg_EEpsunt in 1975 =a ccmpsred with 1901 with different

grazigﬂ intensity (i) and hurniné:ii} treatmants. {Rufaranﬂ#
334]-

Brachystegia bochmii

Source of Significant
Variation dal . 5.5. WS, F.  V.E._Bffects
Heplications 2 6633,6 3316,8 4,06 3,55 -
Control ve rest 1 B156,5 815,55 9,99 8,28 e

B - 119847 J89%.4 4,78 3420 *

G e 911,6 233,48

Bx G 4 1418 ,0 554 5

Error 18 14694 ,4 816,4

Total 29 J9z212,8

Julbarnardia Elubiflur-

Repliocations 2 1995,4 990,7

gcontrol ve rest 9 268768,0 28768,0 359,44 15,38 ann
B 2 1#592,7 TM6,4 15,18 1,39 Fe
H 2 4422,5 2211,5 4,57 3295 *
Bx0 4 30171 54,3

Error 18 8712,6 4484 ,0

Total 29 61606 ,7

E:anﬂgutaﬁia uEiuifﬂrmil

Replications 2 57687,8 2893,9
Control v rest 1 1596,6 1596,6
B 2 21831,4 10915,7 8,28 &6, g
G s T00,3 50,2
B x G 4 ET'E'rE' EErT
Error 18 2734,5  1318,6

Total 24 53923,2




=0 -

APPENDIX E.EE Enntinutd

inni;liu of variance of the percentage o

Tees present in 197

a8 comparea with 1

benzea in numbers of
36T

with diiferent

razing intensity (G} sand burning (B) treatments. (Reference
aoia 1}!
All tres species
Source of Significant
Yariation d.f. 8,8. M.8., F. Y.BR, Effects
Replications 2 3766,5  1885,3
control ve rest 1 25365,5 25365,5 27,683 15,36 # e
B 2 T012,8  3506,4 248e 3495 *
't} 2 2461.,5 1230,8
8xG 4 1256,5 314,2
Error 18 16522, 2 917 ,9
Total 2y 36383,4

ENDIX 2.

Aualysis of variance of the effects of complete protecgtion and

azir

ol various

Source of
Variation d.f
Replications 2
Control va rest 1
B 2
G 2

a intensit
the 15-year mean annus rhbage [
matter per Nas

dals

and burni

treatmente on

1585666,4 Ty2833,2
114162,3 114162,3
935366,5 467683,2

1585988,7 732994,4

1021663,0 255415,8

3943836,5 330549 ,8

BxG 4
Brror 18
Total 29

11192743,2

ol veld grasses in kg dry
Heference Table 43).
Significant
S.5. N.S. ¥, V.R. __Effacts
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FER 24

Source of Signifiocant
Variation def. 5.8, M.5. ) V.i- i{{lgtl

Replications 2 254U ,6 1270,3% d,2% 5,63 L
G 2 68,1 M1

B 2 42.; 21,2

G x3B 4 1309,2 32,3

Error 16 4734,0 295%,9

Total 26 8694,9

APPENDIX 2,55

Source of Significant
Variation d.f. 5.8. M.S. P. V.R. Efifects
Regreamsion
for R 2 1209,7586 T2U5,758 14,76
Regreasion R°/R 1 506,324 36,3
Lack of fit 1 89,946 99,94
Error Eliil:l
in R 16 6307, 324 82,99
Total 19 7913,352
ialyeis of varisnce of the garcass mass gains per ha in tﬁ of
ers ETAZLOE & iifrl:lni ltﬁuii-- Tates (R) OO SLar grass

Sourga of Significant
Variation dofs 8,8. M.5. I V.H. Effects
Eegréeaslion

for R 2 1 68 957 68 857
Regression R /R 1 120 4968 120 498 5,70 4,99 .

Lack of fit 1 14 675 14 &75
Error (steers

in B 16 1606 705 21 149
Total 12 1810 735
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