EFFECT CGF SON NG DATE AND MO STURE STRESS ON
DRY SEASON MAI ZE (Zea mays L.)

BY

YAKUBU TSALA

A thesis submtted to the Postgraduate School,
Ahmadu Bello University
in partial fulfillnent of the requirenents for the

Degree of Master of Science in Agronony

DEPARTMENT CF AGRONOW

FAQLLTY G- AR QLTURE

AHVADU BELLO N VERSI TY
ZARA NERA

FEBRUARY, 1985



DECLAIATICN

I hereby declarc that this thesis hos been written by
me and that it is a record of my own research worke It has
not been presented in any previous application for a higher
degree. Akll guotations ore indicated and the sources of
informotion are specifically acknowlecged by means of

references.

YAKUOY TS.ALA

Date: . 24‘.‘.’ o

The above declar2ticn is confirmed.

"7-54.&\-{4\-0 -

DR."T. D. SINHA

Major Sun-pvianT)

n‘(&’.f'i’&’

Date: svedsansavacnngeas



iii

CERTIFICATION

This theede cntitled 'EFFECT OF SOUING OATE AAD MOISTUAE
STRESS ON DRY SERSON MAIZE (Zea mays L.)' by Yakubu TSALA
meets the regulations governing the degrec of Master of
Science of Ahmadu Bello University, Zoria, ond is approved
for its contribution to scientific knowledge and literary

presentation.

T Ac O Ul
Lg:-,_,_T/?“// ~ Sipha fv/zmr/‘

Chairman, Supervisory Committee llember, Supervisoy Comniitteo

e

7o Yhrock e

llead, Agrono’ry kaartnent

- ' ~
Date .:k.‘?..l..\/.(.jxs

AHMACU DELLO UNIVERSITY
ZARIA



v

ACKNDWLEDGEMENTS

The author wishes to express profound grotitude to
Or. T.D. Sinha, Chairman of the Supervisory Committee for his
untiring efforts, encouragement, meaningful suggestions and
criticisms rendered in the conduct of the investigation and
write-up of this manuscript. The seame sincere appreciation
is extended to Dr. Vijay Kumar and Or. P.N. Egharevba, memors
of the Committee, for thelr veluable contributions at various

stoges of the project and during the write-up of the thesis.

Sincere appreciation is oalso expressed to
Frof. J. Y. Yayock, Head, Department of Agronomy, for hig
imspiration, encouragement and edvice throughout the cource of

this study.

Acknomledgement is extended to Dr. Ne M. Fisher,
Dr. S. Abdulmumini, Messrs W. C, Mayaki, J.0. Lashilola,
Je Mo Urndi, Tijani Tsate and tn all the members of staff of
Agronomy Department who offered one type of assistance or

another during the course of this worke.

Thanks are due to the management of Upper Benue River Basin
and Tural Development Authority for sponsoring me throughout
this study, Thanks are also due to esuther's wife and chiliren
for their understanding and patience during the trying periods
when they have to stay away from their husbend and father
throuchout the course of the study. Apprecistion is also

expressed to Mr. Jdadaman Tizhe and his family for the



t‘

tremendol.o assistance renderecd to the author during his stay
in Zaria., Appreciation is alsp expressed to Mallam Haruna
Ge Kundi, whe typed the initial draft and to Mr. Cyril C. Egeolu,

who typed the finnl copy of this thesis.

Ahmedu Bello University, Zorial Ys Tsala



Vi

ABSTRACT

A field experinment was conducted at the Irrigation
Research Station, Ahmadu Bello University, Kadawa, during
the 1983/84 dry seaabn (Septenber - May) to study the
Effect of Sowing Date and Misture Streee at various growh
periods of maize. The treatments consisted of six sow ng dates
starting from 23 Septenber 1903 at nonthly interval, ending
23 February, 1904 and three noisture stress treatnents
consi sting of unstressed (nornmal irrigation of 65mm depth of
water was applied at weekly interval), noisture stress at

flowering and noisture stress at grain devel opnent.

Earlier sowings i.e. Septenber and Cctober were superior
to late sowings. The naximnumgroin yield of 71G7 kg/ ha was
produced when nai ze was sown on 23 (ctober- Del ayi ng sow ng
until Decenber, January and February reduced grain yield by
27.6, 33.0, 72.1 and 42. 0% especially conpared to Cctober

Sow ng.
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Chapter 1

INTRDDUCTIDN

Maize (Zea mays L.) is an important grain crop of the
world, In production of totol graie crops, it ranks secand
in the world as well as in Nigeria (Anonymous, 1983), It is
grown in more countries than any other cereal, and has produced

the highest grain yield per hectare of any cereal,

The traditional areas for mslze grailn production in
Nigeria have hzen those approximately south of latitude oo
mainly the forest zone, but now the production potential of
maize has increased from south to noxrth up o 119N in the
northern Guinea savanna where according to Kassam and Kowal
(1972) malze hos its greatest yield potential attributed mainly
t0 higher seclar radiation end other favouraoble growth faciors
for the crop. Kassam et al. (1975) hove reported the climutic
yield potential of a single crap of maize in the savanna nrecs
is considerably higher than in the forest and derived savanng
areas, They reported 8 yield potontial of £,000 - 10.000 kg/ha

in the Quinea savanng arces.

Because of its worldewide distribution and the relatively
lower price of the grain, maize is used dirpctly as human
food, for industrially processed food, for industrial production

of starch, oil and aleohol, and as a livesteock feed.

Especimlly as human and livestock feed there has been an
lncreasing demand for melze in the cpuntry and the Government

had to import maize to wmeet the demand. For example, in 1977,



about S0,000 tonnes of meize was imported into Nigeria atl a
coct of over 18 milllon dollars; while 293,000 ond 345,000
tonnes were imported im 1961 and 1982, respectively (innoymous,
1963). This is inspite of the production figure of 1,6

million tonnes recorded for 1982 (ﬂqnnvnaqp‘ 1903), Oecnuse of
the stroin of importation on foreign exchanoe, Government is

determined to preduce enough moize to mect its requirements

To meet the ever increasing, cemond, effcrts hove to be
made mainly in two directions - incrense in yield per hectore
and increose in hectaroge. The incursion of moize into the
savenno in the last few yeors is on effort in this direction,
Further increase in hectornge cam be mode by the utillzation of
irrigotion facilities,being developed by the River Basin ~n!
Rurcl Developmeny Authoritics, durino the dry season,
Singleton et al. (1950) reported moize to he one of the beot

groin crops for irrigotion becnuse of the high yields thot

can be obteined from 1%,

In Nijeris however, 1little or no wvork has been reportod
on the growing of dry sgoson meize under icricetion, Most of
the work reported on mrize production covers rainfed
cultivation. There is, therefore, the nzed for = thorough
research into the ospect of maize production in the dry scason

under irriooted condition.

The present study, thercfore, wis undertaken with the

objective: tuv study the effect of sowipg dote and moisture
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stress at different growth stages on the growth, yield

components  and yield of doy senon maizo.



Chapter 2

LITERATURE REVIEW

The avaeilable literature on the effect of spwing date ond
moisture stress oun the growth, yield compeonents and yields of
maize are reviewed in this chapter. PMost of the literatures
reviewed cover moinly the rainfed maize a8s very little wurk

has been reported on dry season maize.

2.1 Effect of Sowin, Date

2.7¢1 On plant growth

The growth and development of & crop plant cen be
influenced by agronomic practiceas. These practices may also
affect the yield ond quality of the crep. Time of sowing
either under rainfed or irrigeted cunditicn ic one of such an
importent ogronomic practices. Time of sowing of 2 crop mainly

depends on the prevailing weather conditicne

The dry season (October - May) in northern Nijgerio is
characterised by wide fluctuntions of day and night
temperatures. The temperatures decresse from October to
January and increese from February to April or May. The abrupt
rise of tempercture in March or April limits the growing
season of malze ond the crop yield decrecse in relation to
sowing dates (Kumer et al., 1982), They further reported
that very high temperatures 35°C or above and low humidity

during tasselling ond silking stage of moize may result in



floret sterility in spite of freguent irrigotion. According
toc them, the ideal temperature requirement for maize groln

K

growth and develupment is 24 - 30°%¢.

Nogase ond Takomura (ﬂgﬁﬁ),_Deﬂhev (1974) and Balan
{19773 Have %ehdf%bd bha aﬂfly aabiﬁg produser the higheet

dey matter yield of irrigated maize.

El«Sharkauwy Ei.gi..(1975) workiny in Llbya reported that
vegetative growth, os meesured by plant height, declined with
late planting. Komel gt al. (1979) ohsurved sowing dote to
have a significent effdct on the perdisntage of barren plante,
number of edars per plodd, wecioht of var and grains per ear and

orains per plont, 9Helling perbentage and yield of grains,

AT N T I R o R

z;ﬁ.é' Bh ﬁicld components and gfain yield

;wgmu} It hos bzen repérted that high temperatures amd louw
humidity at the time of pollination heve sdverse effocts an
pollination and fertilizotian of moize, cuusing a iezduced
gseed set. It is the alr temperature that causes the low
grain yield of dry season maize in Niperia. The environmant
with cool night (14 - 187C) and moderate day tempereture

(25 - 30°C) is morc favourable to moize nrain developmoente.
Accordingly, sowing date has to be fixed in o woy so that the
orowth of the plant colncides with the tompercturss Pavourshla
to the plant especislly during grain formation. ODuncaon et al.
(1964), Benolt gt gl. (1965) reported that the late planting

effect on yleld wos releted to the high air temperature during

A

[P - . ere e e ¢ v



the ear formation period. HKumar et z2l. (1982) reported
excessive high temporatures and low air humldity at the time
of pellimation have ndverae effects on pollinetion and
fertilization. Coligado and Brown (1975) cbserved a
consistent decreose 4n the time to tossel indtiotion as
temperature wos incremsed from 15 - 25°C.  Hunter a2t als
(1975) also observed decreas@ in the number of doys to tassel
with an increase in tempernture. Briggs and Attinaw (1979)
reported that sowing date (depending en the prevoiling wegther
conditions) significantly aoffetted the days to maturity.
Balan (1977) ohserved longer cob Heving a mesh length of 24cm

with early sowlng.

George (1943) found o reduction in the size of maize
grains with delayed sowing. HKemel et 2l. (1979) also nbszrved
the effect of sowing date on the size of maize grains.
Individusl groin weiqht is the product of the duration of the
effective rain filling period and the rate of grain growth,
and both are affected by environmental factors, perticulorly
temperature (Tollenear, 1977; and Fischer cnd Palmer, 1500).

A maximum grain size wos ochieved at a mean temperature of
ZQ.BDC. with a kernel growth rate of 6,04 my per doy and o

duration of effective groin filling of 31 doys.

Balan (1977) reported early sowing gave higher mean

1000-grain weight of 330y as compared to late sowing.

Many workers have reported that date of sowing significantly
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influences the yield of waize. The genoral cansensus is in

fécéuf_af aérly stwing.  George (1843}, El-Ghorkewy gt rl.
(1975), Balan (1977), Brigys and Attinaw (19793 and Kamel

et al, (1979) obgerved that date of sowing algrificently
affected the groin yield. The highest nroin yield was obitolned
from the earlicvst sowing detes, There was o cortinuous

reduction in yicld with delony in sowing dotes.

Vernon (15953) reported é iUéé;mf abhout 25% in Qield mitﬁ
eéch week!s deloy in sowing. Beroilt et al, (1965) reported
thot yield decrezsed with late plantihg independent Df the soil
moisture levels Napase and Taketiura {1965) chtained the
highest grain yield of maize oM Lrrigutid plots by early soulnge
Farrel {1975) obtalred a maximum OTEAR viele of 11.9 t/ha with
eérly éﬁ@;ﬁénuﬂ Botober 25, “umer et al. (19682) reported feom
a result obhteined from Bakura (Nigerim) that higheat_maize
vield was qbtﬁined From plots planted in mid-ﬁepfehbéfzagd
that'ﬁhé‘éféin yield was reduced linearly with time ag date of
sowlng was delayed uptill mid-Februsey. Mayaki and Palmer1 -
reported similar result from Kadawe in Nigeris. Farmworth and
Said (1983) ohzerved when they planted maize between Feheuaary
and Aprll, that the highest yield cof 7.23 t/be were obtainzd
by the earliest sowing date vf Februory, ant the lowest yield
was ohtained at the penultimate gowlng date of 24 March.

Yields gencrally decressed with lote snuing. Pacheco (1583)

1Peraunal Communication, W.C. Mayakl ond J. L. Palmer,’“”'-?% ”’
Irrigation -° Research Station, Abmodu Hello University, Zeria,
Nigeria,. ‘ S . e e

BT G e Yies Doteoanl nben lhest ek



observed, when malze was sown on 30 September, 16 Octaber,
20 November ahd 22 December in the dry season, that the yield
decreased with sowinn date. Vields obicined were 4.81, 3,64,

3.6k and 3,55 t/ha, respootively., - w0 T

Lo 2.2 Effect of Hoisture Stress

2,2.7 0On plant gtowth

in the post, investigntions have heen carried out on
different ospects of mplsture stress on the growth of malze.
Short supply of wrter demage crap by limiting nutrient uptake
ond metabolic sctivities, thus leading to rediced crop growth
and yield. It hes been observed that water reduirement of crops
vary with the stage mf their grnwth. When water supply ig
limited, 1t becmmea nenvssaru tn knou *he critical gtages of
crop growth when the limited woter can ke utilized, The

phenulngical atnges of moize the been reported by Hanway (1371)
E T

and Egharevbm (197&). These are listed in Appendix A. The

stages arp delineated into the following three periods:

fery, T 4) sivegetative

1) reprndunt1UL (flowering) and

111)  grain=filling and deuelummant

‘
. A . ' P N
A . B EA I e

The most ecritical stage at mhicﬁ the crop is susceptible to

matter stress is fluuering (Robins and Damingo,. 1953).

Lnnmis (1934) repurtud thot under low maistura condition

oo -__-_'!q}g i

maize plant growth was checked, fAccording to him, the Qruwth

Lo b : . T TN P " 1 e L -



of maize depends on o libernl supply of water at the grnming
polnts Hoynes (1245) alsp found shat the vegetative growth
of molze woe markedly affacted by the degree of ovailability
ﬁf sbii mﬁisﬁdra. T4 has been rerdvrterd by many workers thot

moisture stress csuses reduction 4n plaont height. Severs

fhaa

ﬂuarfing of plant from soil molsture deficits during
ZSEgééaEidé étagum was reporied by Anbins and Domingo 61953);

. Bimilarly, Demmcad and Shaw (1960) pbservud a reduction in

the stem enlongeation becouse of stress in the vegetative stage
of growth. Clsassen and Shaw (1964) poported a Teduction of
10.2cm 10 the height because of stresp 2t vegetative period,
Gardner gﬁ_g;. (1981) reported an avorage height differences
of 50cm betbeen fully irrigated ard uhelrrigated plante.

Increasing irrigation increased plant height (Nnadi, 1975),

N Nallef and de Jager (1971) reported that moisturs strioss
prior to silking produced a gm2ller Final leaf area; whergas
eccording to Nnadd (1975) frequemt irrigations reduced leof
area of malze, - - | . - "_;‘ﬁ?'”“ o
B X Cal.

It has been reported that moisture stress causes dry
matter redustion in maize, severity depends upon the timing
of stress. Woter deflicites @uproximately 3 weeks before 75%
pilking reduced totol dry matter by 156 « 17%. (Claassen and
Shaw, 1967). 5cil molsture strees during 50 - 60 days aftier
maize emergence cousSed @ reduction in total dry matter
(Vivekenandan et si,, 1974). According to Wilson ant Allison
(1978) a mild stress during grailn filling reduced total dry

20
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matter yield. Gregersen (1979) obtained highest stem dry
matter yields with frequent ir-igntion hefore flowering and

less freguent at other stooes.

Other effect of moisture stress on the growth of maize
is delaying in tasaeiling and 8ilking emergence (Kemper et al.,
1961). Rubins and Dominge (1953) w»eported delay in tasselling
and silking by about 4 to 5 days because of moisture stressa
Claassen and 9Haw (1964) also ohserved delay ih silking by
2 to 5 ddys uhder molsturc stress. Barnes ond Woolley (1964)
found a delay in silk emergence with stress impossed at the
silking=-pollination stage. .irnon (1975a) reported that when
the plants are close to wilting or actuslly wilted, the
extension of the silks put of husks is slowed down and complete
gilking is delayed. HKumaz g% ol. (1992 reported thet the

exertion of the eilks is deleyed yrder low molsture conditions

at the time of pollinatior.

2e2.2 0On yield components

The yield components of maize include ear size (lunoth
ond diameter), weight of gr2ins per ear, number of grains per
ear, kernel denth, 1000-grain weight ond shelling percentoge.
Moisture stregs causes reduction in these components. The
percentage of reduction depends on the timing of moisture

stress.

Robins and Domirgo (1953) anc! Vivckanandan et 8l. (1974)

reported reduction in enar cize becouse of moisture stress,
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Kiesselbach (1950) reported thnt droucht following
fertilization shortencd thz ears by doying back from the tip.
Denmead and Shaw (7960) fonn redvced cob length because of
stress at flowering. Redvction in cer size due to moisture
stress has also bren reparted by Clanssen and Show (1967).

They reported that stress ot 75% silkihg reduced! ear size.

Loomis (1934) cbserves thnt stross noer tasselling
produced sterile tossels and large nercentage of barren
stolks, Moisture stress ot tosseling cadsed reduction in
fertilization due to nu£are:u;fiue s5ilks which resulted to
poor grein filling (Robins o.d Domingny 1953). Kemper et ale
(1961) have repnrted thot mristure stress during tasselling,
earirdg and pollination mny couse 4inc 7esels and uppar leaves
to dry up, tassels may fail te shed vicble pollen causing
pertial fertilization. According to them, the silking period
which normally is not much longar than ten days can extend
over @ period of four weeks oy mirn, Clanssen and Show (1967)
nhserved significant reduction in kernel numbers with stress
before or during silking pollination. Vivekanandan gt al.
(1974) reported moisture stress at 50 - 60 days after
emergence caused reduced number of grains per cob. Larson
(1975) reported drought stress during anthesis and
fertilization in maize provides for little to no fertilizotion
of the ovules which result in ear void of grain because of the

dehydration of pollern grains.

Robins and Domingao (1953) verorted a reduction of 02.7=77.6%

in shelling percentege when Shere w's deficit of molsture at
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tassclling.

Drought following fertllication roluced the kernel size
tdue to destruction of the nproduntive %lssues (Kiesaeclbzeh,
1950)., Claasscn and Shaw (196h) alsn reported a reduction in

kernel size due to stress at silking.

Mﬁistura stress at silking adversely affected the
ggsimilation rate causing reduction in grain weight (Denmead
and Shaw, 196004 Claassen and Shaw (1967) reported streass at
ear dévelopment and sllking to cause deorecsed kernel weight.
Arnon (1975h) reported thaﬁ moisture stress during flawering
iarg91§ determines the numbcr of kernels to be produce:d.
Moisture stress during kerrel enlarcamznt during which
considerable ampunts of nutriuns reserves are tranaported into
the kernel affect the weight of thg kerngl resulting to small
and shrivelled grains. | S

242.3 0On grain yleld

foniwerss

- Efficiency of woter use is judped by the crop yield
obtalned per unit volume of water, (Frilure to apply water
at right stages of growth couses reduction in yleld, soverity
depends on the timing of failure), Nnndl (1975) reported .
graeln yiclds to be positively relatoed with frequency and o,
quantilty of water applied during the grouwing season. The
detrimental effect of moicture stress on groin yield vorieg
depending on its durstiop mnc +he stage of plant development
during which water stregs hag osorads 0 o0 oo

CALLL - R LI . . . Y . B il . e T e
BT ermiel oo o 0 e e s R
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Withholding irrigotion ot diffzrent gruufh stagee differ
in their effects on grain yicsld. Denmead and Shaw (1960) |
reported from Towa (UWB.0.) thot molaturc stress during
vegetatlve growth, silkiny ond grain davelopment of malze
reduced yield by 25, 50 ang 219, =sepratively. Stroess ot
allking ceused higher JrecreaBe in grata vield. OClaassefd snd
Shaw (1967) wtbserved 2 rrein reducSica o 12 = 15% after atrese
during the vegetatlve dovelopment ohr 535% groin yield reddction

associated with stress nt 79% of silcing.

Miller and Duley (ﬂ9255 hat reanrtet that grain production
was dependent on an aden febe water supnly from tasselling to
waturitye They found thot plznts, wiich were suffering from
woter deficiency durinn thelr early jrowth were able to fecnver
and produce good yielrds if optimum cvrilable snil water was
restored in root zone during the re; roductive stages. After
igaéﬂéiﬁefience in irrigated malze, .eonurc et al. (1940)
concluded thot if.mnly pne irrigotior ie rossible, it should

be applied ot tasselling etage to ge! the maximum orain yiuld.

% ... Robins and Domingo (1953) report2d that soil water deficit
maintained for one or two days during tosselling or silking
reduced groin yield by 22% and a spil woter deficit for 6 or C
days durlpg thls stage redured yield hy 50%. Howe and Rhoadoes
(1955) found that malze irrlgated just before tasselling and
during silking yielded almgst s high (9.0 t/ha) and not |
gignificantly different foom malze irrigoted throughout the

season (9.6 t/ha). HKempar gt Aal. (1961) gnt lower grain yleld

U [ AU
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when water was not applied during tessslling, eﬁriﬁg and
nollination perind. Henckel (1264) ruported that the critical
pericd in cereals beglhs with the apnearance of pollen mother
cells ond ends of pollinatisn. Aapinall et al (1964) reported
even short perlod of weter stregg at nathesis to markedly ceduce
the number of flowers that sct secd. Gn'wmez and McClug (1960)
repbrféd that irrigation wes most effective during the 15 - 20
days before eoring. Accorcing teo them meximum yield can be
agbtained from preventing maisture stress during the béfidd frum
tasselling tn silking. Mallaet ond de Jdager €4971) by
subjecting matze plants tn moisture otress priar to sidking
observed a emaller grain yizla than these which oid not suffer

from molsture atress,

“T Hﬁié%ufé.sfrésa imhﬁssed.ét the mullinaﬁiun”ﬂﬁd blister
kernel stages signiflcantly redgcsd yicld (Barnes and Wonlley,
196h4), Campbell (1964) aolso reﬁnrted stress at late silking
and 9t very early car stapes resulted in decrigse in gradin
yield. DOrought during grain filling has been shown to reduce
translocation ouf photosynthate from the leaves. This responsc

in addition to reduced photosynthesis contributes to lower grain

yield (Larson, 1975). UWilson ond Allisan (1978) observed mild

e i TR
n . 1 . )

stress during grain filling had little effect on grain yicld,

Gordner ei al. (19081} reported yield reductions were greatest

when water stress occured thuring the pnllinatimh ﬁr Qréin
filling perlod. Harder gt rl. (1582) reported thot molsture

strees occuring wlthin 2 wzeks 2fter gilking reduced grain
:'<‘<_i JIeL'\.\:‘iI.. '\:.: M "’ f b.'... e : ‘_,:“. N '..:'II R . ) s 1 '=._.' ' J\ !: 5“?_ i oo : ° Teoo

RS AT
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number by 15% with little 20°foct on fiaal weight of grains,
Further stress had little effuct on grain number, but inhibited

Further apleal groin developmznte

2.2¢4 0On hzrvest indey

Loomis (1934) reportzd drounht near tasselling resultod
in a large percentage uf barrem or nearly Lnrren stolks,
nﬂ&b811 tdo6h) reported strege at lote silking and very early
gar stages resulted in morked incrense in stalk weight, These
increase corresponded with grain yield decrease. Claassen
and Shaw (1964) also repnrted significant increase in stalk
welght 8s o result of stress at lote silking end very early
ear stages,

b b



Chapter 3

MATERIALS AND METHODS

The experiment was chnducteﬁ undar irfigation durlng tﬁe
dry seagor (end of September to Moy) of 1983-04, oh the farm
of Abmadu Bello University, Irrigatiun Research Statibng
Kadawa (11039'N, 0602 E anct 50Nm above mean ssa level) 4n the
Sudan sevarina zone. The datn on temperature during the perind
of expefimenfatiun, recordad From meteorcloglical lsboratory,

Kadawa, ore presented in Tobla 31,

: +he eull at Kadawa are moderately deep, sandy lgom with
loomy sand tops. The physicel ond chemical properties of snils

of the experimentzl plnt are presented in Table 3.2.

3,1 Experinential Design and Plot Size

The experiment was laild gut using the apllt-plot design
with 18 treatments. §iv scwing dntos and Shree irrigation
treatments were ollocated at roandom in the meir plots and
sub=nlotis, respectlvely, The trestmonts were replicoted three
timgs, giving @ total of 54 pliots. The size of each sub. 1ot
wos 6 x 6m, To prevent seepage from the adjeining plots
complete bumd wos made arcund eagh plot and a border 2m wide
was left around ench irripation plot. VYield date were
collected from the net plots measuring 6 x 1,5m, while othey
observations were corried ocut on the remeining stands within -

each plot.
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Table 3.1. Moximum, minimua oo mean tééperatﬁfé;hﬁhd
i relative humicdity o 10--drys pericd covering the
o experimental perind rt Modowe.
. TEmrovgtwre Reletive
Monthe/Feriod Max. Mina. 2an humidity
21=30 Sept. 30,6 25,2 27.9 No record taken
- 110 Ott. 30,9 23.0 7.0 o
. Afuz0 v 31.4 204 25.9 "
24u31 v 31,3 1940 25.0 "
1=10 Nov. 31.8 100 25.3 "
14420 ¢ 31,7 19.5 25.6 .
2lw3g ¢ 29,7 7.9 23.8 o
"1~10 Dec. 3.2 14,2 2247 30.8
19-20 " 32.5 1140 22,2 29.6
2131 20,4 1208 203 32,0
1=10 Jan, 2640 12,2 19.4 33.8 .
19-20 " 25,9 1241 15.0  27.1
21=31 ¥ 26.9 12,3 19,6 2448
1«10 Feb. 27.9 11,9 19,3 26,5 .
1120 30.B 14,9 22.9 20,0
21w29 ‘ 32,1 17.6 24,5 21,9 -
110 Mowe 3541 17.6 264 3.0
1-20 " 37.1 19.3 20.2 28,6 .
21,31 v 36.4 214 28,9 27.1
1-10 Apr. 368 21.5 29.0  23.0
11=20 30.3 23,3 30.8 23,2
21-3g 356.9 23.3 30,1 34,4
1=10 May 35.4 23.h 29,4 45,5
1420 * 34.0 23,3 29.1) 5642
21=31 * 33.9 22,7 20,3 41,8
1;10 June 4.9 - 22,6 20.8 No record taken
11-20 © 33,2 23,7 20.2 "
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Table 3.2+ The physical and chemical propertics of the

soil collected up to o d3pth of 30cm from

the axperimental site ot Kordowa.

Spil properties

Avallable scil moisture at ~ 3 bar

Characteristics
Physical properticeg:
Band (%) . 53.3
Bilt ® 38.6
Blay 8.1
Textural class Sandy losm
Chemical properties:
pH dn H 0 6.5
bH in O.ODIM r:aclz 5.8
Exchangeable cations:
Np (meq/100g scil) 0,155
T L D116
Ca LA 3.350
Total P{ppm) 100.940
Tatel N (%) 0.022
CEC 5.82
Soil Mnistufe'relatinn: (cm/25m)
Figld capaclty 7.05
Avallahle s0ll moisture at - 15 bar 3,61

L,2h
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3.2 Treatuznts

-

7 Main plot Srevtment (sowing dated: AR

September 23, 1903 _
October 22, 1903 (23 being a Sunday)
November 23, 1983

December 23, 1583

denvary 23, 1984 .

February 23, 1904

Bubeplot trestment (moisture stross):

No moisture stress (control) - irrigation of 65mm depth
of water was given to the crop mt 7 doy interval through crop

| growth. _ i

Moisture atress at flowsriig

Molsture stress at grain filling

AT e L,
Irrigation water wis delivercrd to the plots by
gravitational method using siphon. After sowing o light
irrigation of 40mm depth nf water wos given to ensure good
germination eand estahlisiment. Normal irrication of &5mm
depth of water was given to the crop et 7 days inmterval untll
tnsselling stoage when differential irrigation as per treatment
was started, At all the sﬁress trentments the crop was denicd
weter until the total cummulative non evnporation (CPE) over a

periocd of time resched 200m-., This wes messured uslng the USWB

1glass A' pan-evaporimeter of the station. The irrigation
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gohedule are ghown in Table 3.3. The filrst irrigation after

molsture stress was 100mm depth of wnter in all cases.

3.3 ﬁgruﬁbh}n'bractiqga

The experimental ares was thoroughly nloughed, horrcuwed
and ridged at 75cm aparts. Fipel bunding of 58 plots wag done

manually.

Fertilizer rate of 150kg N + 50kg PED and LDkg Hzﬂ/ha

5
wes applied as per the recommendation of Institute for
Agricultural Research, Ahmadu Bello University, Zarisa.
Nitrogen woe applicd in twe splits. Helf of the nitrogen and
all phosphate and potesh were applied At the time of sowing
and other half of nitrogen wag =ii'‘e-dressed six wesks aftier
sowing. | a I.
Maize variety 'TZB' was scwn at monthly interval starting
from 23 September, 1983, and ending on 23 February, 1904.
Sowing was done on ridges ?5em apart and 25cm within row.

Before sowing the seeds were dressed with Aldrex T at 20g per

10kg seed.

The maize crop was harvested from a net plot of 6m X 1.5m
after physioclogical maturity, The date of hervest and crop

duration in the field are ghown &n Table 3.4.

. The héfuesting, shelling and cleening of seeds were done

manually,



_m Teble 3,3. Irricetion schedule of dry se2son maize as affected by sowinn date and irrigziion treatment

T at Kadaways 1953-04,
. Number nmlmuswmmewo:m T
Treatments wmwwwwwwmﬁ ‘Before imposing After molsture Uater stress qoamu number Total Amount of _“,w
L : aPtor wuaﬂmm._mawmwcwm Stress stress stage period, days of irrigations w=zier supplied (mm) .
. mmmmr 1, 1 16 - B - 17 1060 h
B S # 1 9 b . 28 % 805
i 1, 1 12 - . 28 13 ; 820
Oct. I 1 19 - - 20 . 1275
HA 1 10 b - 30 17 o 1115
Hm 1 13 2 29 . 16 1050
Nov, 1, 1 19 - - 20 . 1275
1, 1 & 5 . 27 17 © 1115
- Hm 1 14 | - _ 29 _ 15 550
N Dec. . I, 1 18 . - - - 18 : 145
, 1, 1 12 ’ 3 N 24 BT - 1050
. I, 1 " - - 22. 14 _ 950
Jan. I, 1 15 . - e 16 1015
e . I, 1 g A : .18 : 14 805
I, 1 12 - 3 16. 13 820
Feb. 1. 1 13 - - 14 oes
I, 1 7 b . 17 : 12 795
I, 1 - 10 - - b 11 : 690
I, = No moisturc stress o | S =t e o o o N -
....... Ha = Stress =t flowering - _ wl T T TP . . -
I, = §tress ct grein filling L s
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Table 3.,4. Dote of sowlng and harvesting ond total durntion .
of maize in the field.

Date of sowing Date of hotvest : Crop duration (davs).
Sept. 1983 . . . Feb. 2, 1906 EETIE ) B

Dot. 1983 © Moy, 28, 190k 15

Novs 1983 o Apr. 23, 1984 152

Dec, 1963 Moy 15, 1964 166

Jans 19683 May 29, 1904 127

Feb. 4984 dune 11, 1806 108

3.4 nssaﬁahunt nf Growdhly Yield Components and

Grain Yigld

I F N P SR TS 5 I AR 0 SORN TS TR 195 S A
3,001 Emergence count . v
K R A il T M 4 M e e e o gt e s Tt L B Ly b e 4 e e e e b i T e e . mom e Y

Sk o The number of plants per plot were counted ot two wecoks

o n [ . C e R e A e oY

ofter sowin o o
'l-,__', o t‘.»_-..\j:;- g. : - :»"‘J ",‘ o . 3?3
3eke2 Growth charocters - Con ol
r‘:‘.QU‘ : N "',::

Far the purpose of determining the followlng growth

LA
[

characters, samples of ten plants were token from each plot.

. ;gight hEight:yIThe'luhgtH of the shoot was measured fFrom

.-

the ground level to the bose of the top most leoves to determine

the plant beight, The height of the plants wos recorded at 3

PR

and 6 weoks after sowing and ob tassclling stoge.

T,

Leaf area index: Durlng tosselling fresh leaves from

r o S e e - A R . e e ame b - wm i % e

S LT, . L IR T . [ R
RIS 1 HEIR AT MR oS ARSI CHE VAN PRRTORVL WV Ry [ ADEE IR A LRI o
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10 plants, werc removed from thelr basc. Their number,
length and breadth (From the widest npint) were measured with
a ruler. The pnroduct of length and Ufeadfh wds multiplicd by
a factor of D.7% in coloculeoting the leaf area {(Duticon and
Hesketh, 1360). To find the leaf area index (LAL), the loat
arga per plant in cmz waa multiplied by the number of planta

per mz and divided by 10,000.

kLl
Egr height: The lemgth of stems wos mensured from the
aground level to the bBase of the lower gar to determinge the anp

hEighto

Dry mattor produgtion: At physioclegical maturity, the

whole plant including oven dried ledves and eors from each

plot were oven dried ot 60°C for 40 hours and weighed. The

dry matter per mz was determined. - Lot e o SRR
. . L - _"_.__-:.:.']-,:. e BRRR RS F Z""!»j..‘!:-.‘;;'-L;:'w. S
3.4.3 ¥iold components

l’l.:. ‘.; '-l.l & ‘," ‘_ ' . ‘ 1, i o (‘!"Il 30e FOBLEE il -

Bee For the purpose of determining the following yield ?
components, samples were teken fram ten plonte in each plot -

after harvesting. . o,

Number of eonrs per plot: The number of gors from tho

net plot area (6 x T.5m) wos recordeds 0 Grhevaioe cenr oy

I 2 A
Ear _length: The overage ear length from ten plants uas

recordeds iy L BT AR LT TSORARE SEUS SRR LIPS LI ST S Y

Ll nle

Ear diometer: The nverage ear diemeter from ten plants

: - - e e el :-,r‘-.n,.;--,s:* 4
wee recorded, ..
BT _y,:'{."u-. il Lo _.*-;‘"f.- L O A L X T R T SRR

Pt R | T S a
VLT LY S R R TRE N
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Cob diameter: The average cob diameter from ten planta

was recorded.

Kernzl depth: This was obtoided by substratting the cob

-t
diameter from the ear diameter and dividing by two (Diogunde,

15037,

Shelling pertentaggl For the purpose of determining tho

shelling purcuntage; gars from ten plants were welgWeds Tha
ears were threshed and groins cleered and weighed. The welght
of the grains was divided by the welght of the unshelled cors

and multiplied by 100 o get the éﬁeiling percentages

Groin wedght per eag: The weight of greins per ecey

of ten pldnts was recorded.

Lt tad e b E L N R SR VAL to vl
g 1000-groin weight: From the sample of ten plants,
1000«grain weight (in grams) wis determined, '
SRR S T St b
. tisdhii Hervest index: Herveet index (HI) wag chtained by |

fakiﬁg the ratio of grain over totnl dry matter.

3ebol Groin yleldd - - v i o e CF chptoweerdnn

N

after threshing and clesaning

IO IS TR CTID :

Groin yield uas ahtoined
' fhe segds harvested from the net plot area (8 x 1.5m) and from
this the grain yield per hectore wes dete;miggdUE§fvi§%
molsture).

ER AN

1Pursunal -communication, 0. 0. Dlogunde, Institute for
Agricultural Hesearch, Ahmadu 8ello University, Zerla, figerio.

Ay

FRFA IR & 415 D RS ST, L) L T L TP AL S AR
e e L L N e ! ¥

ot an b ome T S N e e
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3e5. Stgﬁiaticnl Annlysia

The dota collected were subjected to statistical
analysls of varlance ns described by Snedecor amd Cochran
(1967). Main and sub plot tieednents meaHs whbre dompated using

the least significent differente at 9% level of probability,
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Chapter &

RS -:'._ o R S PR .. ; Ca mae e
. . EL I

e

... :. 4.1 Effect of Sgwing Date and Moistuse Stress

Le1.1 Plant growth

Plant helaht: The plont kelght wos recorded at 3 and

& weeks after sowing (WNS) and ot tasselling.. The dats

obtained ere presented in Table 4,1,

At three wecks after sowingg the Februory sowing producod
significently toller plants (BC.5cm) followed by Dctaber,
Septembey), Novembep, December and January sowing. There was
no algnificant difference between Octuber and September; anct

also between December and Janupry sowing dotes.

TR

At six weeks after ééﬂiﬁg;'the February and December
sowing produced tallest (132.7cm) ond shortest (G6.3cm) plants,

respectively, For other four sowlng datas the trend was

ELb o e p Sy e g e
RN

almost SImiTAF to thet observed ot three weeks ofter sowing.

BRI TR PR e
w PLE

oihs VR T T e >
Dotober sowlng produced

At té:ééifiﬁg'stage; fﬁé
gignificantly toller (254.1cm) plants then all the othur datcs.
The September sowing beilng statistidally eameg to November

and December sowing was found to be superior te February and
January sawings. There was no glgnificant differences hetwoen

November, Deocemher, January and Februsry sowings. .0 o 3

Rt

As the crop was not strossed hefore tasselling the



Table 4,1. Effect of sowing date and moisture stress ot
emn % different stages of growth on haelght of mﬁiZﬂ
at Kadawa, 19503/04. B

Plont height (cm)

Troatmenta

3 WAS 6 _WhS Tasgalling
Suuing dote
5ep£. 1903 43 100.5 2ﬂ§a2
Dot. 41903 ' 40,5 10449 25441
Nov. 1983 : 36.9 BO.5 194 .8
Dec. 1983 ' 27,3 6643 10844
Jan. 1984 24,3 93,7 175.2
Feb., 1984 60.5 132.7 175.6
S.E. (4) 1.8 2.0 7.5
LSO (0.05)' - 5.6 049 23.6
: T P A S L T S

Irrigatiun
Mo moisture stress | 40,1 97,9 2019

Maisture atfeas at T L
flowering = ... 393 976 017954

i
]
ko

Moisture atress ot

grain filling 41,1 97.08 195.6
g.£. () | 1.5 2.0 3.7
LSO (0.05) NS NS “:iﬁé
Interaction BTG S Toatah
Irrigation x Date NG NS W
SeEe (#) oWl TEELT 9.2
LSD (Q.05) e RO 26.08
Eﬁs = Weeks afier sowing e &Il
NS = Not elgnificent * = Significont ot 5%
LEnl.,
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moisture stress, therefore, did not affect the height.

Interactlon between sowing date and molsture stress wos
significant at tasselling stage, Octobor sowing pfdﬂucbd
taller plants in all the irrigatich treatments (Teble 4.2),
On the other hend Jenuary and February snwing ptroduced
signi?icéﬁ%iQ hﬁnftéf ﬁibnts under the two moisture atress

conditionss - -~ - o T O

Leaf area index ot tossellingt The leof arem index o

affected by sowing date and moisture stress were measdred ot

tasselling stdoe, The dota ore predented in Table 4u3

The Ottober rnd September souwdng being stﬁtistically
similor produced signifiesntly bigher LAI than nll the otber
adﬁinge. Yhere was no significant differcnce betuween
November tno Felruory sowing dotes. R 5 T AP S SR

R R R LA E TSRS I I

The moisture siress at.grﬁin fPllling aﬁﬂ at finmering

hnth being statisticelly similarp mith no stress produced the
: S SATHAS SRR NEL I

highest (5.0) and lowest (4.7) LAI.

e P

~oigt The Interaction between the two factors was signifilcant.
October sowing under all stress canditiuns produced hinher

LATI than others (Tnble 4. h). It was follamed by Slptembur

¥

sowing which produced higher LﬁI under all atress conditinns

exCept January souwing wltdh stress at grein filling.

[
] Ty

Ear height Thé Défdhur sawilng being statistienlly

similar with aeptemher sowing produced elignificamtly talleat
TN RN TVIN e?qr ' :
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Table 4,2. The interactlon effect of sowing date and
moisture stress on plant height ot tasselling

at Bndawa, 1903/04.

Treootments Irrigation -
I 1 f,

Sowing dote
Sept. 1503 211,3 211,7 192.5
Oct. 1503 24047 256.7 257.0
Nove 1983 202.3 | 15046 19,7
Dec. 1903 176.5 19845 - 153,1
Jare 1504 1607 167.0 170,0
Feb, 1904 104 ,1 - 173,3 169,3
5.E. (+) (Irripation) : 9.?"'
S5.Ea (ﬁ) (Sowing date) | 12:5 "
LSD (0.05) (Irrigation) 26.8 “

" LSP (D,05) (Sowing date) uu;g -
ID = No mcisture stress
11 = Stresg at flowering
I Stresg at grain filling

o
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Tahle he3. Effects of sowing date and moisture stress at
different stages of growth on lesaf area index, =
eay height and days to 50% tasselling and

silking nf dry season maize st Kadewa, 1903/0b4,

i

LAI at Eor Daye Daye

Treatments  tesselling heipht to SO% Yo 50%
e s , (cm) . tasselling  gilking
Suwing Dote

Sept. 1903 5.5 12,2 73 01
Oct. 1903 _ 64e% 122.6 77 07
Novas 41903 bot 9647 83 52
Dec. 1563 : 4ok 97.5 a9 gl
Jin. 1904 4,5 99,0 69 77
Febe 1904 By2 dos,7 52 B0
BOEO (i) DI3 5.3

LBD (U‘DS) Dag 16.5

Irrigation

No water stress - 449 100.6 ol p
Stress at flowering 4,7 10041 - Ol a3
Stross at grain S L IR,
filling | 5.0 00,1 oy o1
S.E. (+) O £ O 2,7 O wal

LSD (0.05) N2 7.0 +
Interaction ’

Irrigeation x Date Sig NeDeo NeDa N.S,
S.E. (:) : 0.2

LSD (0.05) " Du6

+ = All replications bave the seme number of days,
therefore, no 5.E. and LSD can he calculated.

Nof Ngt BiQﬂifiCBnt-
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Table 4.4, The interaction effect of sowing date and
mnisture stress on leof aret index at

tosselling of malze at Kadows 1903/04.

Sowing date x?riQQﬁiuh
) Io L5

Septe 1903 : 5.9 Fe3 5.5
Dct. 1983 E.1 a3 6.0
Nove 1903 . 4,3 3.8 4,3
Dec. 1503 ' heO keB h;ﬁ
Jon. 1954 L6 3.8 5:0
Febs 1904 » Lo L,2 4.2
§.£. (4) (Irrigation) 0.2
S.E. (+) (Sowing date) 0.5 e
LED (0.05) (Irrigasiom)™™ "  g.e =~ 0 o
LSD (0.05) (Sowing date) 1,5 A
IU = No molsture stress o N
12 = Otress at grain filling 5
Lnh. HA s . Tl

ve  TLD3 fea » ey X
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ear helght than all other socwing dates (Table 4,3). The

September sowing was stotistically aimiler with 8ll other

scwing dates.

The effect of moisture stress on cer height showed that
the no stress being statistically similar with stress 2t
grain fillihg both produced significantly talier ear helght

than stress at floweringe.

- Days to 50% iasselling: The number of days to 50%

tasselling was found to vary with sowing date (Table be3).

The November ond December sown crop tock longer doyd 4o tosscl
(83 a2nd DY deys, respectively) where os the Jonuary and
February sown crop took Bhorter number of dovs to tdesel (639

and 52 days, respectivelyl.

Days to 50% silking: The effects of sowing dates and

moisture stress on days to 50% silking wes found to vary
(Table 4,3), For sowing date the trends was similsr as for
nurmber of days to 50% tasselling. 5ilking was found to be

telayed by two doys by moisture stress ot floweringe Lt

Dry mptter productipn: The effect nf sowing dete and

moisture stress an total dry metter production ore shown in

Table h.5.

The September sguing being statistically similar with
Qctober, December and February sowings, produced significantly

more dry matter than November and January gowings. Oecember
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Table 4,5, Effect of sowing date and moisture stress at
different growth stages on total dry matter

of dry season maize at Kadawa, 1983/04.

b

Total dry matter production

Treatments

(t/ha)
Sowing date:
Sept. 1903 28.8
Oct. 1983 26.1
Nov, 1983 2047
Dec. 1903 25.1
Jan. 1904 15.0
Feb, 1504 24.1
5E (+) 1.8
LsD (0.C5) 5.7
Irrigation:
No water st-oee 25.3
Stress a2t flownring 257
Stress at groin filling 23.3
5E () 0.0
LSD (0.03) 2.0
Interaction
Irrigation x Date NS,

NeS. = Not significant
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and February sowlng, both being statistically similar with
Novemher sowings produced more dry matter than Janunry suuing;
There wdas no siognificant difference bptween November and

January sowingd

Nn aﬁgé£ﬁre 3£reaa and moloture struss at lowering zoch
betng statisticolly simller with moisture stress nt grain
filling nfuduced significantly hiphest (25.3 t/ho) ond lmmaét
(241.7 t/Ha) dry motter:

k1.2 Yield components

Number of cars pab plot: The data on the number of ears

per plot as influenced by sowing dete and moisture stress are

presented in Table 4.6,

The October sowing produced significantly more number of
ears {314) per plgt than all the gther sowing dates, This waoe
followed by September and November sowings which ware
statisticelly similor with esch other. The later sowlng dateos
December, Januwary and February and Februery which were o
statisticolly simil=zr with eocch other, produced significontly

lower number of ears per plot.

The interaction betwean sowlng date and molsture stress
wes significont. Octnober sowing irrespective of moisture
stress treatments produced mbfe number of ears per plot
(Table 4,7)., This was followed by September sawing which

produced more numbepr of ears per plot under all stress
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Table 4,6, Effect of sowing date and moisture stress at
different growth stfges cn the number of cors
per plot of dry season maize ot Kadoawa, 1903/04,

.o

Treatments Number of ears/plot

Sowing date

Septs 1903 . 28D.2
Oct. 1963 3Mb.b
Nov. 1983 | 2L8.6
Dec. 1983 207.3
Jan. 1964 213.2
Feb. 1904 . : 206.5
S.E. (&) . 6.6

Lso (0.08) | 2046

Irrigotion

No woater stressg | 24064

Stress at flowering ' L. 239.,2 s
Stress at grain Pilling 240.6
5.E. (#) | 3.9

.80 (0.05) .3
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Tdbiu ﬁ;?. Interaction effect of sowing dote and molsture

stressg on number of wars per plot of dry season

malze ot Kodowa, 1903/04,

" - - IPECR Y oy

Sowing dote . irzinntion
o o5
Sapt. 1983 290.2 2593 223,4
ODct. 1903 315.4  321.3  300,5
Nov. 1903 242,3 221,5 202,7
Dec. 1983 208.6 24,4 195.2
Jan. 19684 2075 221.6 211.1
Feh, 1984 . 207.3 190.6 215,3
S.E. (+) (Irrigation) . T 0 G¢B v e
S.t. (+) (Sowing date) . B Y "SI :-; SRR
LS00 (0.05)(Irrigation) coci s 277
LeD (D.D5) (souing deted 35,9
IU = No molsture siress -i. A
g I1 = G&tress at flowering o S R
12 = &Stress ot grain filling EXa T )
. CE e <
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conditions except November sowing with stress at grain

fillinge

Ear length! The data on the lehgth of the eor as
influenced by sowinn date and moisture stress are presented

in Toble 4.0,

January sowlng being stetisticolly similor with Octobur
and November sowing produced significantly shorsed ears thon
the Fahruar?. Detember ohd SghteMber scwings. September,
gouUing  weos found to be statisticelly similar with December,

Februory, November and October sowinga.

The no moisture stress treatment, which was stotistically
similar with strees at groin filling and development produced
significontly longer ears thean the stress ot floweringe Thaere
was no significant difference between stress at grein filling

and stress at flowering.

Ear dizmetier: The January sowing produced significontly

lower car diameter (3.9 cm) than cll the other sowing dates,

The Scptember sowing being statistically similar with October
sowing produced significantly higher ear diasmeter than Februory,
December aond November sowing (Table 4,9). There wes no
significant difference between October, February, Decembcr and

November sowitKe.

The ng molsture stress produced slgnificantly higher ean
dioameter than the other tws stress treatments which were

statistically similar.
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Table 4,08, Effect of sowing date and moisture stiress at
differert growth stages on eor length of dry

geasnn malze at Katdows, 1503/84,

Trentments Mean ear lemgth (cm)
Bowitig dotg | T

Sept, 1903 | 15.9

Oct. 1903 | 4.2

Novae. 1303 1h.b

Dec. 1003 _ 15.7

Jnan,. 1904 13.3

Feb, 1904 15.6

S.E. () | ' 0.6

LSD (0.05) ' 1,8

Iryigation

No water stress : | 15.4
Stress at floworing 16,4
Stress at grain filling 14,8
S.E. () 0.3
LSO (0.03) 0.0
Ingggactiqg

Irrigation x Date N.S.

N.5. = Not significant



Tebleg 4,9, Effecte of sowing date and moisture atress nt

different growth simges on eor diameter, cob

dismeter and kernel depth of tdry seasah maize

at Kodawa, 1983704,

A

r3 El

Rt e

Kertal

Ear Cob
Treatments dianeter diameter depth
(cm) _ (em) LCBm)
Bowing date
Sept. 1903 4,67 2,73 0.97
Oct. 1903 b7 2.76 U0.06
Nove. 1903 4,31 2.53 .89
Dec., 1983 o35 2+56 0.00
Jan. 19864 3491 2.43 D.74
Fehe 1504 B L.3% 2051 0.2
B.E. (#) 0.08 .06 0.03
LSD (B.05) D.25 0,12 0.10
Irrigation d'
No water stress . b0 2062 0,93
Ytress at Flowering h,20 2457 J.05
Streas and groin filling 4,29 2s56 ' (.85
SeEe (+) 0.06 0.03 .02
LSD (0.05) D16 N.S, .07
Interaction
Irrigation x Date N.S. N.S. N.S.

N.5« = Not significant.
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Cecb diameter: The dato illustrating the effect of

sowing date and molsture stress on the cob dicmeter ore ahuuﬁ

in Tahle "". O

the October and September sowihy being Qtatisticallg
similar had significantly bhigher cob diometer than the other
souwing dates. The December sowing heing statisticaliy
similar with November and Februery sowings had significantly
higher cob riemeter thom the dahuary sowing. There was no
signifitant differences between November, Februgry ond January

sowings.

There was no significent effect of irrigation stress on

caob diameter.

Kermel depth: The data illustrating the effect of sowlng

date and molsture stregs on the koernel depth of malze are shown

in Table 4.9.

~ The Jdanuary sowing pruoduced significantly lower kernoel
depth than the other sowing dotes. The moximum kernel depth
(0.97cm) uwos produced by 9eptember sowing which was found to
he statisticnlly similar with February, November and Cecember
scuings. October sowing wns stotistically similar with

February, November and December scwings.

The no stress treatment produced sipgnificantly higher
kernel deptha than the stressed trestments which were

statistically simllcor with each cther.
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Weight of aralns per var: The September ond Janunry

srwings produced significantly highest (160.,0y) and lowest
(70.,0g) wzight of grains per ear, The effect of the cther
sowing dates on welght of grains per °or wns statiéticallv
same and they being statistically similnr with eoch nther wore

in betweon these two extremes (Toble 4.70),

The no stress treatment produced einnificantly highor
grains per ear than the tws stresses which were atatistically

similar with each others

8helling éerégﬂﬁqggi septomber scwing produced
slonificontly bigher shelling pereentoge thon the viher sowdng
dates (Table 4,10). The lowest shelling porcentoge was from
Jenuary sowing which was stotisticolly similar with November
antd Decgmber sowlngs. February sowlng boing statisticolly
similar with October produced more thanm thot hF Dacembuy and
November sowinns. Sowing in Ogtober, Novmboer and Degcember

did npt differ significantly.

The no stress produced significzntly higher shelling
percentage than the twn stress trentments. The stress at
Flowering and grain filling were found to be statistically

similor with each other.

Weight of thousand grains: Septewmber, Pecember, Januory
and October sowlngs belng stotisticslly slmilsr produced
signiticantly more thousand grain weight than November sowing

which was superior &0 Februnpy sowing (Table 4.11).
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Toble 4.10: Effects of snwing date and'mmisfuré'afress at
gifferant growth stages on weight of grains
per ear and shelling pevcentage af dry sensan
m3ize at Bodawn, 1903/06.

—y e " ")

Treatments Grair weich* Bhelling
per nar {gm) bprrcentage
Sowing date
Sept. 1903 160,0 | 00a1
Oct. 1903 111.0 E9.4
Nove 1903 | 108.9 6h,Y
Dec. 1903 12A,.7 65,5
Jan. 1984 70.0 | 59.7
Febe 1904 119.6 71.9
S.E. (#) _ Bel3 - 149
LD (0.05) 27,0 62
Irrigatiaon
No water stress 129,0 " 7.9
Stress at flowering ' 107.6 ' 67.8
Stress at gratn Filling | 112.2 657.8
B.E. (4) b Y
LSD (D.05) | 12,8 2.5
Interaction ...
Irrigation x Date _ N.S. N.S.

N.Se = Not significant.
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Table 4,11, Effuct of sowing date and muisture stress ot
different growth stoges cn 1000wgroin weight
of dry season maize a2t Wodowa, 1903706,

. - ——

Treatments | _ 1000=0rain weight (gm)

Bawing date

Gept. 1903 291.0
Dete 1983 275,6
Nov. 1903 251.5
Dec. 13903 20443
Jan. 1984 | 27640
Fet. 190k | 2260
B.E. (#) 8.0
LSD (0,05) 21.4

Irrigation

fio water stiress 271.6
Stress at flowering 263.7
Stress at groin filling 4.5
SQE. (:) NaSl
Interaction

Irrigntion x Date N.S,

N.S. .= NDt BiDniricht.
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There was no gilgnificent effoct of moilsture stress on

1000-groin weight,

hale3 G;ain_yield‘

The Octeber sowirg being stotistically similar with
Septemier sowing produced significontly more grain yield tha
fther sowing dates, The total groin yield were 7167 =nd 5567
kg/ha with October and Septembzr sowings, respectively. The
January soun crop produced lenst grein yield (2000 kg/ha).
There was no significant difference between September,

November, Decumber and February sowings (Table 4L.12),

The crop grown without any water stress produced
significantly higher grain yield (5528. . kg/ha) than the
gtreys 8t flowering and grain filling treatmonts which were

stotigtically similar with each other.

belet Harvost index

Higher harvest index was achievod with September sowing
uhich'uas stotistically similor wlth October sowing. Dcotober
sowlng h2inp statisticeally similar with November scwing
procduced more harvest index than Febrdory, Jenuary and ODecaember
gowings. Npvember belng statistically similer with Februory
sowlings produced more harvest index than January and December.
There was no significant difference between Februsry, January

and December,

There was no significant effect of molsturec stress on

harvest indexe
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Table 4,12, Effzct of sowing date end molsture stress at
different growth stages un groim vield of dyy

geasen malze at Kodaws, 1003/0h,

w——

Treatments - Groin yield (ke/hn)
Suwing date

Sept. 1503 5567

Oct, 1583 P

Nov. 1903 _ ' 5169

Dec, 1803 : 4322

Jone  190L 2000

Febe 1504 L1567

S.E. (£ 542

LS0 (0.05) 1700

Irrination

N water stress : 5820
Stress ot flowering L2o4
btress =f grain filling 4533
8.E. (4) _ e,
LSD (0.05) o . 605
Interaction

Irrigation % Date _ - N.S.

Ne3e = RNot significant.
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Tohle 4,13, Effect of sowlng dete and mpisture stress ot
different growth stages on horvest index of

dry secaon malze at Kadays 1503784,

Treatments Horvest index

Sowing date

Sept., 1503 0.326
Oct. 1903 0. 308
Nov. 1903 ' | 0,272
DPec. 14ia3 0,181
Jan. 1904 _ 0,195
Feh, 1904 ~ “ 0.214
5.E. () | 0,018
LSD(0,.U5) H.050
Irrigation

No water stress 0,258
Etress at flowerling ‘ D.256
Stress at grein fllling 0.236
BEo () ' 0.012
150 (0,05) NeSa
Interactlion

Irrigation x Déte_ ' N.S.

NeBe = Not significant,
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Chapter 5
DISCUSSION.

MO W W m————

5.1 Effect of Scwing Dato on frain

PP

Yield and Yield Onmoonzfcs

The early sowlng dates (Sgptember ond October prouduced
grain yields of 5567 kg/ha and 7167 kn/ha, fespectiuely
(Table 4.12), Thesz yields ore more than the yields obtainad
in the wet setison triasls ot Kodawa which ranges from obout 3
to &4 t/ha. This cuuld be becousz the Sudun zone receives
higher glabul solar radiation (500 - 520 Cal/mo/day) in the ey
geason than the wet seascn (DN -~ 450 CHl/mZ/dﬂy) (Kowal and
Knabe, 1972). Ouring the reiny season, there is s stendy
decline in radiatinn the lawest colncirdding with the peak af
the rains. Also there 15 o less infoctation of disesses,

insects ond wegds in the dry season maize croo.

It was found that delaying sowlng beyond Dctober reduceil
gredn yields by 27.6, 33.0, 72.1 and 42,0% when soun in
November, December, January and Fobeuyary, resgectively.

Genrge (1943), Benoit et al. (1965}, El-Shark=my et ol.
(19752, Balan (1977), Brigons &nd Attinow (1979) and Kamel

ki ol. (1979) also reporter reductinn in yield due to laote
sowing. Very similar to the finding reported herein, Farrel
(1975) obtained maximum grain yield with early sowing on
Cctober 25, The early sowing dotes produced more groin yicld
bocause of the optimum temperaturs (19 - 26”C) and high

relotive humidity (29,68 - 33.0%) during the periocds of
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flowering and fertilization (Table 3,1). The low yields
obtained by late sowing could boe explained in the linht of the
high temﬁeratures (35 - 30°C) am low relative humidity

(21 - 26%) in Moreh and April, the period of floweeing aru
grain development, A& comprriscon of yields with meah moximim
temperature and relative humicity for ten dayas immediatoly

ofter tasaelling is shouwn in Talle 5,1),

Table 5.1. Malze yields as Influenced by Mean Maximum
Temperature ond Relatlve Humidity {RH) during
Flowering and Grain Develupment of Kadows,

1903/0k.
Mnan
Moximum
tonp. : Mean
(7C) at Maxdmu
; tassel- temp. (CY RH (X)) -

' ' ling «+ at grain at ornin Grein
Sowing Joseeilin 10 doys RH (%) at  develope dovelop- yield
dote Days Dste ofter  tasselling ment ment  ko/ho
Sept.1903 73 5 Dec. 32 36 27 3 5567
Oct, 1983 77 7 Jam. 28 26 29 28 7167
Nov, 1983 03 14 Feh., 31 27 36 M 5109
Dec, 1303 09 22 Mar. 36 26 30 23 4022
Jan, 1904 €9 3 Apr, 37 21 33 25 2000
Feb, 1904 52 16 Apr. 37 25 35 51 4167

NB: Mzan maximum temperature at groin development was recorded ot

10 days after silking for 30 days.
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It is clear from Talle 5.7 why tho Januaby sown erup
produced sionificantly lowest grain yield than the gther sowing
dotes. This is becouse of the low relative Hdmidity (215%) at
the time of flowering. Arnon (19754%) hus reporied that, high
temperatures (35 - 38°0) and low reletive humidity during the
perind of flouering hove adverse effect on fertilization hy
cousing excessive dehydration of pollen or Stigma. Similar
effect hove been reported hy Benoit et 21. (1965). Kumar
et al. (1902) have reported thot low humicity and high
temperature during tasselling ond silking of mailze may result
in floret sterility. They exulained further that, the
gnvircnment with conl night (16 - 187C) and moderate day
temperatures (25 = 20°0) ia morn favnurable for maize qroin
productivn. They repcrted thot avoey 1L incresse in mindmun
temperature (night temperzture) beyond 14°6C decreased grain
vields by 153 kg/ha. While gach %% increase in mean
temperature beyond 30°C decrensad ori3in yleld bL more than
211 kg/ha. | .

- | |

The February sown tiop produced more grain yield than
the January stwn crop, becavse the tumperature wos lowex
and relative humidity wads bighzr at the time of grain

filling and development (Table 5.4).4n Fepruary sown cvon.

The low yield obtained by late sowing, Decembur to
February could clso be expipined in the light of reduced dry

matter nroduction, number of ears per plet, ear length,
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weight of grains per eor and shelling percentage which were all
affected by changes in temporatutes and relative hunidity ok

the time of crop growth, development entd arain formation,

The number of cars per plot, edr longth, ear and oob
diameter, kernel depth, weight of groins per ear, shelling
percentage and harvest index (Toable 4.6, 440, 4.9, 4.10 and
4,13} were found tu be affected by sowing date in this study
in a similar trend to the grain yield., The =arlier sowing
dates, September and October produced more of these
poramgters, Wherpas %the later sowing dates from December to
February produced the least, The January sowing was ohserved
to produce the least of these parameters when compared to
other sowing dates. UWeight of groins per ear was reduced by
55.7% uwhen sowing was delayed from September to Jenuary. The
reduction in these parameters could be attributed to the high
temperatures and low relative humidity at the time of flowering
when most of these parometers were formed. Similer rosult

werg reported by Balan (1977), Kamel ct al, (1979).

Thousand grain welght (Table 4,11) was found to be
affected by sowing dote in @ similar trenmd to grain yicid.
The highest (291,0g) ancd the lowest (226.0g) 1000-grain
weight were produced by September and Febiruary sowing,
respectively, This could be attributed to acceleration of
growth and transioecaticn of aasimilation intoc the grain
hecause nf the higher temperatures in March and April during

the tiwme of grain formation in the later sown crope. Similar
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rosult has been reported by Balon (1977) whe got 1000=orain

weight of 300g from early sowing.

5.2 Effect of Mofsture Stroes on Grain

Y¥ield and Yield Components

The grein yiclc (Table L.12) was influenced
gignificontly by withholding irrigation at both flowering
and grein-filling and development periods. No water stress
treatmont (control) produced the highest grain yicld
(5527.8 kg/ha). The least grain yicld was chtained when
irrigotion was not given ot flowering, resulting in 22,.3%
yield :eductimn. Withholding irrigation at grain fillinc and
development reduced grailn yield by 16,2%. This marked
reduction in yield when wator stress was imposed et flowering
wos atiributed by Siatyer (1973) to the reduced fertilization
and grain set, caused by the dehydration of pollen grain or
probably poor germination of the pollen or failure of growth
of the tube from the stigma to the ovilocs. Robins and
Dumingn (1953), Demmead and Shaw (1960), ¥emper et al.
(1961) and Clamesen and Shaw (1967), asserted that water
stress at flowering reducest grain yield due to productian of
dried sterile tasscls, which may Tail to shed viable pollon
cousing partinl fertilization. Moisture stress during grain
filling has been shown to reduce translocation of photosynthate
from the leaves to grein, thus ledding to reduced grain yield
Henkel (1964), Cleassen ond Shaw (1967), firpon (1975b),
Gardner, (1961), and Harder et cl. (1902) hové also reported

PR T
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similar findings.

Ear length, eﬂf diémeter, kernel r'eépth, weight of groins
per eor ond shelling percentage were otversely affected by
moisture stress. The effect of moilsture stress on these
parameters follpwing & similar treend to groalin yleld. Molisture
strees at flowering produced the least of these poremcterse
The reduction inm these parametors with molsture stress could
be attributed to reduction in translocation of photosynthate
from the leaves to the gar, veductirn in cell enlargement and
destruction of the productive tissues for want of molstura.
Similor results were reportnd by Kiesselbach (1950), fnhing
and Domingo (1953) and Claassen antd Show (1967). Salter and
Goode (1567) repnrsed thot molsture stress rduring the :
formation of reproductive organs and later ot flowering were
most sensitlve, resulting in abnrted or sterile qurets.
This, of course, may be expected since the number nf grﬁina
per ear is established during infloreacence development
(8latyer, 1973 nnd Flecher, 1973), Luomie (1934) and Rabins
and Domingo (1953) hod reported earlier that moisture strcss
3t tasselllng, eering and pollination resulted to sterile

tassels and reductinn in fertilizatinn.

The number of pars per plot, cob diameter, 1000-grain
weight and harvest index (Table 6.6, 4.9, 6,17 and &.13)
were not significantly affected by molsture stress, The
highest of these paramcters, bowever, otcured under no

moisture stress condition and the lcwest with stress at
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flowering.

5.3 Effect of Gowing Date on Flant Growth

the growth and develapmont of maize crop plant was

influenced py gate of scwing in relation te variation in the
environmentel conditlons At Kadewa. The plant height
measured at different periods during vegetative phase was
influenced by snwing datec. The effect whs clear and
precnounced durimg all the sampling periods, It was observed
that at three ond six weeks after sowing the February sowinn
produced the tallest plant. The November, December and |
Jdanuary sowings pruduced shurter plants. This might be
hecauyse of changes in tha atmospheric temperaturce during the
growth periocd. Rise and fall of temprratures accelerate and
retard the growth of plants, respectively, Rise in
temperatures in the mopths of March and fpril fovoured the
February sown plonts to grow talleor. The Nauémher, Dénember
and January sowing dotes produced shorter plents becouse of
the lower temperatures during the monthe of Décember to

February (Tahle 3.1 and 4.1).

At tassellinj; tﬁe October sowing prmduﬁmﬂ thé tallest
plant. This could be attributed to the optimum
temperatures and other cnvirommental contlitivns during the
crop's growth perinds. Low temperatures during ODecember and
January and high temperatures during March and fipril might

have checked the growth of plants whien sown ruring November
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to February. November anﬂ Decemhne sown plants sufferer duc
to very low temperatures and Januery and February cown plants
suffered from high temperaturss durinn tnesellinp. This is
furthcr evidenced from the data nresented in Toble 4,3
showing the number of doys toc 50% tasscelling. El-3horkawy
et al. (1973) had alsoc reported that plant height declined by

late sowing.

Like the beight of o plant, sizz of lonves is anothur
parampgter of mcasuring the growth of a plont. fAs the
variations in temperatures affected the height of plants whon
gown on different dates, sc alsc the leaf greo was affected.
The Dcotober and September sowing which rocuccd toller nlonts
nt tasgelling consequently produced higher loaf erea inriex

{Table 64.,3).

The ear helght wes affected by suwing dates. The trend
was similar to the planis hoight ot tasselling and lenf owea
index. The October and September sowing produsced the tallest
ear height, In the othor sowing dotes i.e., from Novembier to
February, eafs werg Formed ot the same height on thé mlantg
which were at par with September sowings. This varistion in
ear height is ag a result of varistion in plant height booauwsn

of changes in environmental temperatures.

There was a wide variction i,e. 56 days in February sown
to 09 days in Deczmber sown on the number of days to 50%

tasselling. The six dote of sowinns cnn wosily be groupod into
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three 1.e. February and January, Scptember and October anc
November and Decembcr, Tasselling was carlier (52 - 69 days)
in the former end later (03 - 09 days) in the later group.
The variation must have been due to the changes in tﬁe

temperatures during tasselling.

So far number of days to 50% eilking was concerncd the
trend and the reasons ere the seme cs for 50% tasselling.
Low temperatures during December to February and high
temperatures during March to April retorded and accelerated
the formation of the reproductive orgons, respectivelye This
observation is in agreement with the findings of Coligadu and

Brown (1975) and Hunter et al. (1975).

The last parameter measured during tho vegetative phose
wos the dry matter production. Flont height and number of
lgoves per plant determine the total dry motter productione.
Early sowing during favourable environmental contitions
produced the highest dry matter., The September and Octobor
sowings produced taller plants and higher leaf area index
consequently produced higher dry matter., These findings orve
also in harmony with those of Nagase and Takemura (1965),
Dechev (1974) and Balan (1977). #Arnon (1975b) exploined thet
the amounts of dry matter produced dependent on the differences
of photosynthesis of the crop, which will further depeni! on @
large and efficient assimilating arca and favourable

A —

environmental conditionse. .
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5.4 Effect of Moisture Struss on Flant Growth

watef as a constituent of prmtnplaém, solvent for
nutrients snd resdert, is the most importent foctor affecting
the groutﬁ éﬁﬁ survivel of plants. The effect of moisture
stress coused by withholding irrigotion at different stages

of molze growth was investigoted in this study,

Imposing moisture stress nt flowering produced lower leaf
arca index (4.7), but not significently cifferent from the no
moisture stress treatment (4.9). This is expected since the
irrigation treatment commenced dering the reproductive phase
befure which the vegetative growth hag presumahly ceased and
it is expected thet leaf area may nut be affected by mplisture
stress at any of the reproductive stoges. Molsture stross at
flowering reduced var height significently (Table 4.3). This
is beceouse, during the molsture stress pericds, protoplasmic
dehydration reduced the physinlocical activity of the cells,
particuloply in tissups which requirne water supply for their
development (Salter and Goode, 1967.. bLtress at grain filling
hatt no effect on ear height becouse this uﬁnuféd nfter the

eidr formation.

Moisture stress at flowering significantly reduced the
dry matter production in comparison to no moisture stress,
This and the stress ot grain filling snd development reduced
dry matter production by 14,05% and 0.07% over the no stress

treatment, respectively, The amiunt of (ry matser produced
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depend on the effectiveness of photosynthesis of the cron.
In wmaizg, apporent photosynthesis wns reduced by soil moisture
stress (Baker aobd Musgrave, 1064). The Findings in this stuny
are alsoc in harmony with those of Cladssen end Show (19643;

Vivekanandan gt 2l. (1974) and Wilscn and Allison (1970).

The moisture stress at flowerinpg (Table 4,3) wss found
to delay silking by 2 -~ 3 days in this studys This is becauss
moisture stress reducee the ratu of appearance of floral
prigordia (Larson, 1975). Similar findings have been reported
by Kemper et 3l. (1961); Robinscn and Domingo (1953) and

Cloassen and Shaw (1964).

5;5 Smming_Date.aﬁd Moisture Stresg Interaﬁtiuh
From fﬁe stﬁdy ﬁF fhe.iﬁferactiﬁn gfnﬁniatﬁfe.étfééglnﬁﬂ
sowing dote, it hes becon found that October sowing produced
taller plants, Hiéhér leaf oreo index ot tasselling and more
number nf ears per plot in all the irrigetion treatments.
The later sowings from Oegcember to February on the cother hand
produced the leost of these parameters. This ohservotion can
be attributed to the sensitivity of the plants to increasing
soil moisture stress under condition of high temperature

expericneced by the later scwing dates.
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Chapter 6

BUMMARY AND CONCLUSIONS

‘A field trial was Sondueted a4 tne pegiongl Irrigation
.Résearch Station, Ahmadu Bello University, Kodawa, during
1983/64 dry sesson tc study the response of growth,
deﬁelmphent end yield in maize to dates of sowinp end moistuves

stress impnsed at various growth stages.

THe treatments consisted of combination of éix stwing
dates (malmn plots) anmd threc meisturs stress conditions
(sub=plots). The sowing of moize wos done on 23 of eoch
month from September, 1983 to February, 1984. The irrigation
treatments were: normal irrigation of 65mm dupth of watar
at 7 days interval, molseture stress at Flumcriﬁg and moistueo

gtress at grain Pillinge.

It was pbserved, that, late scwing beyond the month of
October reduced the growth paroncters viz:  plant helght, loaf
area index anpd dry motter production at tasselling. Delaying
sowing till the month of January reduccd ear length, cor
diameter, cob diometer, grain weight per ear, sbellling

percentage and kernel depth.

The final grain yield was very much affe:ted.by sowing
gntes, The highest grain yield (7167 kg/ha) was obtalned
when malze wag sown In October. Delaying the sowing beyond
October reduced grain yield by 27,6, 33.0, 72.1 and 42,0% when
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sown in November, December, January and February, respectivoly.

: It was observed that meoisture stress either at flowering
or at grain filling and development rcduced most of the yicld
parameters viz: ear diameter, kernel depth, gralpn weight per
gar, shelling percentnge and grain yicld when compared with
no moisture stress. Grain yield was reduced by 22.3 and 16.29,
when maize suffercd from moisture stress at flowering and grain

filling snd development, respectively.

Based on the present findings, it may be concluded that
the optimum time to sow maize in the dry season under
lrrigeticn in the Sudon savanna is From Sepiember to late
October. Latc sowings beyond Octoher reduced grain yield and
most of the othor psrameters because of clther low relative
humidity or high temperatures during fertilizotion and graine
filling. With the high yields (7167 kp/ha) cbtained, there
will be no exaggeration in saying that thero is & guod scope
of maize coltivation in the dry sesson in the Sudon spvanng

with irrigation,
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fppendix A:  GBrowth stoges of the Maize Plont*

State Days after scwinn

Stage D 5 » 7 days

Stage 1 | About 2 weeks ofter plont bmergence

Stage 2 About &4 weeks after plant emergence

Stage 3 Atlout 6 weeks ofter plant emergence

Stage & Tassel has emerged from the whole at the tip

Stane 5 Emergence of silks and the shedding of pollen

Stage & Reached about 12 days after slilking

Stage 7 Dough stane reoched 24 cays ofter S0% silking

Stage O Grain development ani prowth of embryolis rapid

Stage 9 Hernéi; fully dented, WReached sbout 40 days
after 50% silking o |

Stage 10 Plant physinlogical mzture . o

o

*Bource: P. N. Egharevba (1974).
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