Abstract

o tfié Republic of South Africa maize cultivars are usually

. aliated by comparing vields at different localities. No
p‘é&iél attention is normally paid to espacement or fertili-

ation.

fn order to determine whether the cultivars which can give
Ligh 'yields under favourable conditions are penalized by
Lot fertilizing the soil properly, this investigation was un-
dertaken.

l;'rhre'emaize cultivars, one adapted to unfavourable, one to
H . . . s
werage and one to optimum climatic conditions were

Y

ielected, planted during 1971 at eleven different localities

vourable conditions was out-yielded by the other two.

Raising the fertilizer ievels increased the yieid of all culti-

vars, but no interaction between cultivar and fertilization

tould be determined. The results confirmed further that

M?én comparing cultivars, a realistic pfant population
should be chosen according to local climatic conditions.
Cultivars could then be evaluated by determining the yields
sat any reasonable level of soil fertility.

Introduction

:During recent years a few research workers have studied
imaize cultivars to determine their ability to utilize plant
inutrients. - Klimashevskii & Pisetskaya, (1964) found in
Russia that maize varieties differed in their reactions to
different levels of nutrients. During the same year Kudzin
1 & Chernayavskaya {1964)concluded that the amount of
?nutrients removed per hectare, the amount of nutrients
sconsumed per tonne of grain anc increases in grain vield
:due to P, NP and NPK were different in different hybrids.
Robertson, Hammond & Thompson {1965) found that in-
+Creases in plant population increased yields and N, Pand K
;Uptake. They also showed that hybrids differed greatly
in their ability to utilize applied nutrients.

b
: By breeding maize cultivars with increased potential, a
i continuous testing programme exists in all countries for
1 evaluating the cultivars for commercial production. In the

evaluated by comparing their yields against standard hy-
4 brids at different localities. Unfortunately no special atten-
¢ tlon is given to factors such as espacement or fertilization.
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% three planting densities and fertilized at three levels. :

The overall effect was that the cultivar selected for unfa

Difference from standard yields in begn
N A
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4 Republic of South Africa new maize cultivars are usually -
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1t was feit, therefore, that as a result of low soil fertility
and incorrect plant populations, high-yielding hybrids
might not be able to express their full yield potential.

This study was conducted in the 1971/72 season and was
initiated with the object of determining whether different
maize cultivars respond differently to fertilizer under vary-
ing dryland farming conditions. Furthermore, in order to
establish the importance of espacement on yield under
different conditions, three plant populations at eleven lo-
calities were included in this investigation.

Procedure

The field experiments were planned in such a way as to
achieve the highest yiélds undera particular set-of condi-
tions. Plant population and fertility levels were common so
that vields at the different localities could also be com-
pared. '

Cultivars

After consulting Laubscher (1971) and Geerthsen {1971)
cuttivars adapted to favourable and unfavourable climatic
conditions, were selected as follows:

1 " Unfavourable condiﬁons, PF.‘xK64r'
2  Unfavourable and favourable, SSPPxKB4r and
3 Favourable conditions, Pioneer 99.

'According to Geerthsen & Roberise (1969) the adaptabili-
ty of these three maize cultivars can be seen from their
regression fines where they are compared with the average
yield {standard) of all cultivars planted in South Africa.
See Figure 1. . :
From these regression tines it can be concluded that

PPxK64r will yield better than the average under low pro-
duction potential conditions. Pioneer 99 on the other hand
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Fig 1 Relative yields of the cultivars PPxKG4r, SSPPxK64r
and Pioneer 99 in comparison with the average yield
of some 72 cultivars used in 85 cultivar trials
{Geerthsen & Robertse, 1963).



produces lower yields under similar conditions but has got
the potential to outyield the other cultivars under condi-
tions favourable for high yields. The cultivar SSPPxKE4r
will always give higher yields than the average.

Plant population

For each locality three consecutive peopulations from the
range B 000, 16 000, 24 000, 32 000 and 40 000 plants per
hectare were selected according to average climatic condi-
tions, viz:

Low-rainfall area 2000 16000 24000
Medium-rainfall ares - 16000 24000 32000 -
High-rainfall area - — 24000 32000 40000

In this way at least one population is common and serves
as a reference for comparison.

Fertilization and planting

In order to cater for the different climatic regions and soil
differences, three consecutive levels of fertilizer were
chosen from a series of five possibilities in order to ensure
one commeon reference application level. The five levels of
N, P and K {kg/ha) chosen are given below:

N P K
1 15 10 5
2 35 15 10
3 55 20 15
a4 75 25 20
5 95 30 25

All the P and K and the lowest level of N {15kg/ha) was
bandplaced before planting. For this purpose maize
planters equipped with special fertilizer applicators were
used to apply the fertilizer in bands approximately 75 mm
deep.

Maize was hand planted, (two seeds per hill) and thinning
to the desired population was carried out three weeks
later. At this stage the balance of the nitrogenous fertilizer
was applied as a topdressing.

The gross area of each plot was 1/100th of a hectare and
the nett area harvested 1/200th ha,

Localities

Although sixteen sites were selected in the maize triangle,
only eleven trials could be planted during the 1971/72
season. Sites were chosen in a manner which allowed low,
medium and high production-potential areas to be covered.
The location of these sites is given in Figure 2 and covers
the Western Transvaal, North Western Orange Free State
and Eastern Transvaal. Isotonic lines clearly iltustrate the
increase in rainfall from west to east.
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Fig2  Map showing the approximate siting of expen:
ments and isotonic lines indicating average mm
fall in mifimeters

Soils

The soil form, series and chemical analysis of topso]
samples are given in Table 1. ,-

The effective depth of these soils was between 75 and ‘IOU
cm. Harrismith was the only exception, the effective depth
being 60 cm. .

Gesaprim was used on aII plots. Ail triafs were treated fur
stalkborer. o _j_T

Harvesting

The ears on the nett plots were hand picked, weighed and
final yields calculated by applying a threshing percentage
applicable to each cuitivar and then expressed in bags
{90,7 kg each) per hectare. i

k

Statistical calculations

Yields of the experiments at each locality were anallzed
separately to determine the effects of plant populatlon.
cultivar and fertilization on the yields and possible mter-
actions. The influence of plant population, cultivar and fer
tility on the yield was also determined at the comparable
levels for all localities.

A e

Results and discussion

Effect of pilant popuiation on yields -

o A

Using the statistical results of the individual expenments
the yield of each cultivar was tabulated for each of the flve.

plant densities, irrespective of the fertilization level. {J
lj
1
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.‘ocalitv, soil form Colour Text- pi oM N CEM Available
& and series ; me/100g| P* K Ca Mg
iy ture KCl Hy0 % %ol ppm ppm | ppm | ppm
‘ gchweizer Reneke :
__j_Hutton, Shorrocks RBr fSaLm 6,4 7.6 Q.2 0,025 4,5 10 180 870 100
. 1 Weﬁelsbron
- Clovelly, Blinkklip Br LmSa a,7 5.8 0.3 0,022 2,9 10 130 280 80
Bothaville
- Avalon, Scetmeik Y fSaCl 5,2 8,0 0,2 - - 15 a0 160 20
‘Reitz
Avalon, Bleeksand 1tBr LmSa 4,3 5,5 — - - 15 70 240 30
Bethlehem
Cloveily, Annandale Y LmSa 5,2 6,2 0,7 0,034 3.2 15 104 404 57
Harrisrmith
Westleigh, Westleigh Y8Br fSaLm [ 4,2 54 o1 0,041 4,6 49 108 306 80
Vereeniging
Hutton, Msings R SaCllm| 4.7 57 15 0.088 | 111 7 236 S80 | 340
Delmas
Avalon, Avalon Br SaClbm 4,5 5,4 1,5 0,063 8,6 25 88 | S86 130
Middelburg
Hutton, Msinga . R SaCilm 4.5 5,8 - - 58 10 150 290 110
Bethal
Hutton, Hutton ¥YBr LmSa 4,2 5,2 0.9 0,041 2,5 63 72 143 27
Wakkerstroom
Hutton, Balmaoral RBr SaCl 4.9 5,9 4,0 - 29,8 5 80 2110 {1000

'BrayNo2.

From the calculations and final summaries of the individual
experiments, the overall effect of plant densities on the
vield of the different cultivars is shown in Figure 3.

From Figure 3 it seems as if SSPPxK64r can produce high
yields at high plant populations. Pioneer 99 on the other
hand, produced well up to 32 000 plants per hectare and
PPxK64r followed the same trend. Over the whole range of
plant populations PPxK84r gave lower yields than the
other two cultivars. This finding is supported by the results
obtained at a comparable plant density of 24 000 plants
per hectare. (See Table 2).

When taking all localities into calculation at the same plant
density of 24 000 plants/ha, PPxK64r produced significant-
ly lower yields than SSPPxK64r and Pioneer 89.
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The higher-yield cultivars utilize more plant nutrients and
depiete poorly fertilized soils sooner than low-yielding cul-
tivars. Figure 3 indicates that Pioneer 99 and PPxK6&4r did
not give the same yield increase at high plant populations,
which might have been caused by a deficiency of available
plant nutrients in the soil.

At Bethal such an interaction between plant popuiation
and fertilizer level was significant and the figures are pre-
sented in Table 3.

The results in Table 3 shows that at a lower fertilizer level,
yields declined with increased plant population while just
the opposite happened at the highest fertilizer level.

In general low fertility can be expected to limit maize
vields at high planting densities.
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irrespective of fertilization level irrespective of plant population and the u‘reore

tical yield based on the fert:l.rzer nitrogen applred

b

TABLE 2 Average yields in bags of 80,7 kg each per hectare for all localities as determined at the same plant density or

fertitizer level
Yields in bags (90,7 kg) hectare
Cultivar
Comparable plant density Comparable fertilizer level
24 000 plants/ha 56N 20P 15K
PPxK&4r 33,31 31,57
SSPPxK&4r 36,63 33,72
Pioneer 99 36,75 34,95
LSD (P=0,05) 2,40 2,00
TABLE 3 Interaction between plant population and fertilizer level at Bethal (bags of 80,7 kg/ha)
Plant population (piants per ha)
Fertilizer level . Average
24 000 32 000 40 000
1 448 41,9 39,8 42,1
2 49,2 54,2 49,7 51,0 :
3 : 47,8 56,2 63,1 55,7 g
Average 47,3 50,8 50,8 —

LSD (P=0,05) = 9,3 bags/ha

Misstofvereniging van Suid-Afrika Joernaal 1 1974



Ajsuap

e
ucine|nd 18yBiy
-od jueyd yim
sayby spiiA suolIoRIaI U
(PRI Blaaik:e]
spialA [y gixddSS
Janag pue .
sU IFIXLdSS | 1FO3%dd su su su su su suU su su
su su o'z l'e y'e su su [ A 5l su (s0'0=d) A%
oLy 805 y'ap Z'ey 0'te 000 oY
¥'lg 8'09 o'or oLy L'op Ly L'LE L'Ee Qoo ze
5'09 4 8'og E'pp 6'LY Ty o'se 8'6¢ L'z 0'8i gl 000 +Z
g'er L'Th 1'ge 2'6l b9l L'El Goo ol
G'Gl 8'el o'tl 000 8 uoje|ndod juelyg
-4 ¥'G su L'e su Z'E 0'e su su g'l su (50‘0=d) ST
9'Ls L85 vy 1’15 - oy - v'ze - - - g
L'es o'ls oLy g'gp g'gv 8Ly L'9g L'Ze '8l - - 4
z'hy L'ey z'6E 9'Le ety Z'6e Z'se v'ie g'gl 9'Ll L'gl £
- - - - v'vv - 80t - ¥'5l z'el S'Z1 z
- - - - - - - - - g'vl o'l L Jez1iaed
su £'s 9’z L'e v'e Z't su z'z 0’z G'L su {50°'0=d) 51
8'6v S'ay 0'sv g'ov Z'ov L'ty (A4 0'se Z'el Z'gl gyl 66 J2auoly
g'iq 565 6'0v VA 9’6t 0'pp +'Ee Z'le o'oz oLl g8'cl W9 XddS8s
£y 'op ¥'9E Sl g'lp 0'6E i'¥E £0€ 0Ll 0'si 8'El 9N *dd
u100.18 Bang BujBiu s way ETHE uoug ajsusy
leyiayg sewl|aq 118y sieAlR|ND
-1933EM -PPPIN DRI, -1dey -a|meg -BY10g -§|8SSaM | 49ZIBML DG ’

aiejosy 4ad (6 £'0g) sbeq ur uanlb 'Sejeaof UsASIS 18 SPIaIA uo uoneindod Jueld pue 192111148 JBARIND JO S12843 buIs  p 78 frdfd

1974

7

Fertilizer Society of South Africa Journal



Effect of fertilization levels on cultivar vields

The average yields of the three cultivars are plotted at the
different fertilizer levels in Figure 4.

. The histograms in Figure 4 illustrate that Pioneer 99 and
SSPPxKB4r out yielded PPxKB4r at all levels of fertiliza-
tion. When plotting the thecretical yield which could be
achieved by fertilizer alona {using the assumption that

every bag of maize requires 1,8kg N} it appears that
SSPPxK84r and Pioneer 99 could utilize more N from the
soil at low levels of fertilization than PPx K&4r.

On the other hand SSPPxKB4r and Pioneer 99 must have
utilized more of the applied fertilizer at the higher rates of
application. It seems therefore that the high-potential cul-
tivars can most probably make more effective use of the
available soil fertility, as well as of the applied fertilizer.

Cultivar, fertilizer and plant population effects
at different localities

The results of the single effects of cultivar, fertilization
levels and plant population on the vietd of maize at eleven
localities are given for the individual experiments in Table 4.

The significant effects from Table 4 are tabulated in
Table 5. ;

The cultivar PPxK64r was out-yielded by SSPPxK64r and
Pioneer 99 at seven localities whilst yields of SSPPxK&4r
and Pioneer 99 were always comparable.

In six out of the eleven trials, fertilizer could be applied at
~the medium application rate resulting in better yield re-
. sponses. ‘ '

In none of the experiments couid an interaction between
cultivar and fertilizer level be determined. |nteractions
between plant density and cultivar were significant at
Middelburg and Bethal.

TABLE 5 Significant differences as a result of cultivar, fertilizer feve! or plant pépufa tion at the different localitios

A plant density of 32 000 piant for the Eastern Transva:‘i
24 000 plants for the central parts and 16 000 plants
the far western parts of the maize triangle, could be chog’
for comparative studies. :
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Opsomming

DIE BELANGRIKHEID VAN BEMESTING BY o}j
EVALUERING VAN MIELIECULTIVARS :

In die Republiek van Suid-Afrika word mieliecultivars g
woonlik geévalueer deur opbrengste van die ondemkt{IeE
cultivars, soes verkry uit proewe by verskillende fokati re.;n
e vergelyk.

Omdat die verbouings-en bemestingspraktyke by efke lg
kaliteit konstant gehou word vir alle kultivars, het die ver
moede onstaan dat sekere kuftivars onder dieselfde
klimaatstoestande dafk refatief beter kon presteer by ’n
meer gunstige voedingspeil van die grond. i

voedingspeil van die grond op die mielie-opbrengsee na tei
gman. Die proewe is by elf plekke in die mieliedriehoek uit
@elé om die verskillende klimaatstreke in te sluit Verder is
die mielies teen drie plantpoptiiasies aangeplant om die
voedingseffek meer duidelik uit te wys. Bemesting is teen
drie peife toegedien. Die verkose cultivars was sulks daf
PPxK64r opbrengste sou lewer wat beter is as die verwagte
gemiddeld onder lae produksietoestande en .dat SSPPxKE dr
altoos goeie opbrengste sou lewer en Pioneer 99 na vef—f
wagting swakker sou prestesr onder lae opbrengstoxtanaf?
maar sou uitstyg as die produksiemoontiikhede verbeter.

Hierdie proewe is derhalwe beplan om die effek van diel

Locality Cultivar Fertilizer Plant Population
Schweizer Reneke ns ns ns
Wesselsbron PPK < SSPP = Pnr 1 <2 =3 8 <16 = 24
Bothaville PPK <SSPP =~ Pnr ns 8 <16 = 24
Reitz PPK = SSPP <Pnr ns 16 <24 =32
Bethlehem ns 2 <3 =24 ns
Harrismith PPK <SSPP = Pnr 3 >4 <5 _ ns ‘
Vereeniging PPK <8SPP = Pnr ns 16 <24 =~ 32 E
Delmas PPK <SSPP =~ Pnr 3 <4 <5 24 <32 > 40
Betha} ns 3 <4 =5 ns
Middelburg PPK < SSPP <pnr ns 24 <32 <40
Wakkerstroom ns 3 <4 =5 ns
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keuse van plantpopulasie en bemestingspeile was sulks

e

it'-dj: aangepas was by die klimaa _tstoesrande van die be-
L okke gebied. Daar was altyd ‘n referensie plantp opulasie
on pemestingspeil by alle lokaliteite ingesluit, sodat die
?restasfes van dfe drig kultivars volgens lokaliteit ook ver-

?;eiyk kon word.

it blyk uit die resultate dat PPxK64r wat gekies was om
% gogd te presteer onder lae opbrengstoestande, dt_zurgaans
dngr opbrengste gelewer het as die ander twee cultivars.
lverhoging van die bemestingspeife het die opbrengs van
ifle cultivars verhoog, maar daar was geen wisselwerking
dwssen cultivar en bemesting nie.

\n die oostelike, hoér reénval areas van die rmieliedriehoek
Yewer 32 000 plante per hektaar, in die sentrale deel
24 000 plante en in die droér westelike dele 16 00 plante
die beste opbrengste. Hierdie plantestande stem ooreen
imet die praktyke wat reeds deur boere aanvaar is.

iDie resuftate bevestig dus dat wanneer cultivars vergelyk
iword, ‘n realistiese plantestand gekies moet word wat aan-

q
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pas by die betrokke streek en dan kan die cultivarverge-
lvking by ‘n redelike bemestingspeil uftgevoer word.
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