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AODSTRACT

The response of maize cv, 096 to five nitrogen rates
(0, 50, 100, 150 ond 200 kg N/ha) end three plant population
levels (25,000, 50,000 and 75,000 plants/ha) was investigatod
during the 1903 wet seceéson at Seméru. The investigation revealo:
that grain yield increased significontly with increasse in
nitrogen application up to the 15C kg N/ha rate and =
non=-significant increase resulted from further increase in the
:rate of nitrogen to 200 kg/ha. Length of ear, ear diameter,
number of kernels per eer, kernel depth, weight per 1,000
kernels and number of eara per plant increased by 98.6, 37.0,
49,2, 52.5, 64.5 ond 145.4 per cent, respectively, with
increese in N From 0 to 200 kg/ha. Increesing N retes from O
to 200 kg/ha delzyed days to 50 per cent tossellimg and silking

by 12,3 and 15,6 days, respectively.

A slight but nomesignificont decreese in grain yield wag
observed with increase in plent population from 25,000 to 50,000
plants/ha. A significant decrease in grein yield resulted from
further Increasc in plant population from 50,000 to 75,000
plents/ha. This result indicated thet under low ra2infall
condition as recordec for this trial, it would be adequate to
use a8 planting density that is on the low side in order to
maintain reliable production. Number of kermels per ear, length
of car, ear diemeter, kerngl depth and number of ears per plant

decreased significantly with each 25,000 plants/he increase in
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plant population from 25,000 to 75,000 plants/ha. Days to
50 per cent tasselling and silking was 2.0 and 3.6 days earlier
when the plant population wis raised from 25,000 te 75,000

plants/ha, respectively.

Increase in N applicotion significantly increased the
concentration of N, K, Mg and Mn in the ear leaf. Plant
population had no significant effect on the ear leaf content

of N, F, K, Ca, Mg, Mn, Zn, Cu and Fe.

Maximum grain yield wes associated with 2.1€ per cent @
in the ear leaf, The relationship of grain yield to per cent

N in the ear leaf was significant (r = 0,518).
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Chapter 1

INTRODUCT ION

The maize grain industry in Nipgeria has expanded
rapidly since the mid=19708. The estimated annual production
ie about 1,55 million motric tonnes from abiout 1.66 million
hectares of small peosant holdings (F.A.0.4 1980). Virtuolly
all the grains produced ere used for human consumption with

8 very small proportion being used for livestock feed.

In Nigeria, the traoditional arems for meize production
had hitherto been in the rain forest ecclogicel zone, whore
two crops of maize cen be grown in 8 yeer. However, it hes
heen reported that the savanna zones of northern Nigeria have
the greatest potential for maize production because of the
higher soler radiation (Kassem et @l., 1975). This potentinl
can, however, be realised with increcsed lecvels of fertilizer
application (Norman et =l., 1976), since most savonpna soils
are known to be deficient in native =0il nitrogen (Jones, 1973)
and phosphorus (Hache and Rogers, 1970; Mokwunye, 1974),

With the rapid expansion of the poultry ond livestock
industries and the higher grain demand created by increasod
human population and nvailability of fertilizers, moize
production is now expanding ropidly to the savenna ecological

ZpNE.

But due to the traditional Farming practice of bush
burning which destroye part of native nitropen in the savanna

soils, ond the relatively high requiremsnts of nutrients by
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“ maize, judicious application of nitrogen fertilizer hes

hecome necessary in order to attein and meintaln high yinls.

With better fertilizotion, 3nil management and adeguirtco
aupply of soil moisture, high nlont density would be required
to provide the number of stomds required for meximum graih,:
yield. Uhen plant populntion falle boelow the optimum lovel,
all other inputs of procuction would fail to produce the
desired effect on yield. ‘However, an incresse in plant
population abave the optimum for a crop hrings about &
decreass in graln yisld of the individuol plants, This
reduction in yield is due among othor factors o mutual
interference znd incressed enviropmentol stress resulting

from grooter competition among plants.

Hitherto, 1ittle hns beerd rTeported on the effeoct of
nitrogen ratee end plunt population on meize in the northorn
] o
Guines savanna zone of Nigeria. Most of the recent stodics

on the effect of nitrogen rates and plant population un moize

. in Nigerie have been conducted in the rein forest and southern

i i

‘Buinea savanna zones of the country (Agbnola cnd Kayode, 1901;

Dlogunde and Cgunlela, 1983; Ologunde and Dgunlele, 1904},
where the snil fertility apd rain distribution are more

favourable than in the morthern Guineso savenna.

" The present study was, thernfare, undertaken with the

~

PO S
LR

following objectives:
iy

1. To investigate the direet effect of nitrogen rete

1




application, leads to an increese in grein yield, but 2t o
diminishing rote. In India, Singh et 2l. (1978) demonstzoted
that increasing the rate of nitrogen from D to 60 kg N/ha
significantly increased grain yield; Hut yield difrercnces
between 60 and 90 kg N/ha, were not significent. Such
significant increase in groin yield "“MB attributed to
gignificant increase in almost all yileld contributing
cheracters, especiolly number of cobs/ha, grain weight/cob,
grains/cob, cob length and greins/row. Similar observetions
have earlier been made by Shuklo and Bherdwsj, (1976) and
Verma and Singh (1976). However, if the native soll fertility
is very high, @ non-significent response to applied nitrogen
would be observed (Douglas gt al., 1972; Reyes et al., 1972;
Steele gt ol., 1902).

Nigeria, many rescarchors hove resorted positive yield
responses of meize to application of nitrogen fertilizer.
Goldsworthy, (1967) reported resporse of maize to nitrooon
fertilizetion ond rocommended = rate of 65 kg N/hs for meximum
yield throughout the savanna arcn, However, more recent work
ot Samaru has shown that improved vorietios of maize will
respond to nitrogen levels ot least twice ns high when orown
under good levels of management (Joncs, 1973)., In field
triels ot Samoru, Balasubramonion ei al. (1970) obsaerved that
increasing application of nitrogen 2%t vorious rontes up to
120 kg N/ha resulted in increcse in grain yield. They notoed

that further incresse in the rate of nitrogen to 180 kg/he



resulted in yield depression. Ologunde and Ogunlele (1904)
reported that the optimum nitrogen rote for moize at Mokua
and Omu-Aren lies between 100 ond 150 kg N/ha with yield
depression being observed beyond 150 kg N/ha. They
suggested & revision of the nitrogen recommendation foz
moize in the southern Guinea savanne from the present 65 ko
N/ha to 120 kg N/he in order to 2llow for greoter nitrogen

requirements of improved higher vyielding varieties now grouwne.

The response of maize to nitrogen fertilizor is known
to be reloted to the level of soll orgenic matter, the total
N content of the =onil, the texture of the soll and the
variety of maize used. Generally, maize planted in sandy loan
soil performed better than those plrnted in loamy sand at all
levels of nitrogen epplised (Singh et el., 1979). This wos
due to the ability of the sandy loam tn retein more moisture
per unit volume and the better physicel environment comporcd
to the loamy sande. Brown (1966) in Malawi found MO economic
response of maize to nitrogen on sandy cloy loam solls with
nitrogen content being greoter than 0,20 per cent, and on
sandy loom and sandy soils with nitrogen content greater than
0.15 per cent. Jenny (1930) had earlier reported positive

correlation between maize yield and total soil N.

Variable dry matter yield responges to increments in
nitrogen fertilizaetion rates hove been reported in the
literature. Increase in dry metter yield in response to

increased nitrogen fertilization wae reported by Bishop et al.



(1972), Jones (1973), Mikhail =nd Shalaby (1979) and Homicosa
et o1, (1979), but some researchers have reported little or
no response (Dickson, 1960; Dougles et nl., 1972) or have
found depressions in dry motter yield with rotes grenter

than 700 kg N/ha (Powell and Webh, 1972).

Gagro (1978) in Yugoslovie observed an increcse of
21.7cm  in plant height when nitrooen rote opplied to moize
cultivar Pan 200 wes incresscd from 0 to 200 kg N/ha.
Similorly, Mohammed et 21. (1970) in Somalia found signifieant
increase in plant height with increassed levels of nitrogen
applicetion, On the other hend, Reyes et 2ls (1972) in
Mexico, observed that plant height wes not significantly
affected by incressing levels cf applied nitrogen from 0 to
200 kg/ha, They attributed this to the high native soil

fertility of the experimental site.

Gagro (1978) alsg reported on increase in zar height
with increase in levels of nitrongen application. He recorded
an increase of 13.6cm when the lcvels nf nitrogen were
increased from 0 to 200 kg N/hze A similer observation had

earlier been reported by Bolton (1971).

Nitrogen has been known to affect the number of days to
50 per cent tasselling nnd silking, Rathore et al. (1976)
observed that nitrogen 2pplicetion increased the number of
days to tasselling. While Dlogund=z (1974) observed a decrease

in the number of days to 50 per cent tasselling with increuasing



nitrogen levels, Salem and Aly (1979) reported increascd
in the number of days to meize silking with nitrogen
applicotion. Conversely, however, Sharma (1973) observed
that increasing the rate of applied nitrongen decreascd the
number of days to 50 per cent silking. The veriable
response in number of days to 50 per cent tasselling and
silking to increments in nitronen fertilizetion should be
ottributed to locotion effect, the varicty uysed, and the

prevailing climatic conditions.

2,1.2 Nitrcgen ond yield components

Mony researcher= have studied the cffects of nitrogen
rotes on the yield components of moize. Singh gt 8l. (1970)
observed significant incrense in kernel weight, number of
kernels per ear and efr length with increase in the logiels of
nitrogen applicetion from O to 60 kg/ha, with these ettributes
producing 37.3, 52.2 and 33,3 per cent increases, respectively,
Increasing the nitrogen rate to 90 kg/he foiled *o produce
any further significont increcse. Wrantz and Chandler (1951)
found increases of 17 and 41 per cent in the averege cor size
ond number, respectively, when the level of nitrocen wes
increased from 20 to 190 kg/ha, Ologunde (1574) found that
ear weight, number of kerncls per ear, welght per 1,000 kerncls,
length of ear, kernel depth, eor diometer end number of cors
per plent increased by 35.5, 26,0, 5.6, 19.6, 6.0, 7.0 and
13.0 per cent, respectively, when the nitrogen level was roiscd

from 0 to 336 kg/ho.



Horrocks and Zuber (1970) observed increase in shelling
percentage with increcse in cpplied nitrogen, especially ot
high levels of nitrogen applicotion of 135 to 269 kg/ha.
Conflicting result wos obteined by Ulogunde and Ogunlela
(1984), who found that shelling percontoge wos ircreased by
low rate of nitrogen and decreassed by high nitrogen rate,
However, Agboole and Kayode (1581) observed that nitrogen
hod no effect on shelling percentoce in maize. The
differential response in shelling percentege to opplied N
observed by different workers might be due to the methods of
determination, the year, locotion, date of planting, the

cultivars and culturol proctices (Horrocks and Zuber, 1970).

2.2 Plunt Population

The number of maize plants per hectore resulting from
varying either the plaonting rote within the row or the
distance between rows has a marked influecnce on nutrition,
grouwth and yield. The effects uf plant density on meize yield
and other agronomic characters hove been intensively studied,
Shubeck and Caldwell (1955) revicwed litercture on maize
population and planting studies conducted prior to 1950 in
Minnesota and concluded that increasing number of moize plants
per unit area resulted in increase in yield up to @ point,
which depended upon soil type, omount of sunlight, native soil
fertility, the fertilizer used, and the moisture supplye.
Drowney (1971) reviewing plont density/yicld relations in moize

concluded that the optimol plont density for moize hybrid lies
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approximately within the ronge of 40,000 to 60,000 plants/ha.
At a plant density higher than this, mutual shading induccs

barrenness, which in turn limits groin yield.

Reports on the response of maize to varying plant densiiy
have been inconsistent. Singh ond Neir (1975), in India,
observed that increase in plant popul-tion from 25,000 to
50,000 plants/ho resulted in Lb pur cent increase in grain
yield; o further incresse of 0 per cent wos observed when
this was increased to 75,000 plants/ha. In England, Bunting
(1973) observed increasc in groin yield with increase in
plant population. At plent populotion levels of 40,000,
80,000 and 120,000 plants/ho, he recorded yields of 4,020,
4,720 end 5,270 kg/ha, respectively,

In Nigeria, Chinwube (1967), from on experiment -involving
five populations which renged between 24,000 and 72,000 plants/
ha found that groin yield incresmsed with increase in plant
population from 24,000 to 42,000 plants/ha, but decreascd ot
72,000 plants/ha. BOakcr (1975) obtained an increanse of 11
per cent in grein yield at Samaru when the maize population
waw increased from 35,000 to 61,000 plants/hz. Oesed on the
results of field trisls conducted ot Mokwe, de Wolf (1966)
concluded that a plant population of 36,000 plants/ha would
be adequate for maximum grain yield. Similarly, Agbocolc and
Keyode (1981) in field triols ot Mokwno and Samaru with plant

population levels renging from 37,000 to 62,000 plants/ha



1
observed thet there wae no significent difference in the
yield obtained from the vorious plant populctions adopterl.
They noted that the yields from the lowest populaetion (37,000
plants/ha) compared favourably with that from the highest
population (62,000 plents/ha). Cn the other hand, Clonunde
and Ogunlela (1984) obtoined significontly higher grain
yield from & higher plant populsticn at Hokwa ond Omu-Arane
Averaged over years and nitrogen rotes, increases in groin
yields obtained were 40 and 53 per cent when plont populetion
was increcsed from 24,000 te 48,000 plants/ha at Mokws and
Omu=Aran, respectively. They noted that o further increuse
in plant population to 72,000 plonts/ba resulted in 10 per
cent and 18 per cent yield reductions at the respective
locetions. They suggested that @ plent pepulation of ocbout
50,000 plants/hc may be regarded ms being adequate for
maximum maize yield in the southern Guinea savapna ecologicol
zone of the country. This suogested plont density is higher
than the current officially recommended plant population of
36,000 plants/hz for moize in the Nigerian savanna ecolongicol

zone (Anon., 1973).

The generally low yields of moize at low plent donsities
have been ossocioted with low light interception resulting
from poor ground cover (Haggar ond Cooper, 1972) while the
decline in Uieldnugurringﬂt levels obove the optimum plent
population has been nttributed tu inter-plant competition for

moisture, nutrient, light ond carbon dioxide.
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A very important factor affectling the response of mulzo
to vorying plznt populotion is the molsture condition of tho
soll, de Goeus (1973), reportcd that for the molze growing
ereas of South Afrien where the rainfoll varies from 375 to
075mm, @ low plant population of 11,750 plante/ho is adedusto
in the lpuwer rainfal; areas, in crdor tc give coch plont
Bccess o more muistﬁfe. itk fewer plionts per hectore coch
plant would have 3t its dirFppszl 0 lorger soil volume g
sotisfy not only 1lts woter requirements but olso its nitrogen
and other TQQUiremﬁnﬁs;. Oozed on the rosults of an expeoriuent
with three plant populstions and three nitrogen levels,
conducted over o period of nlme yeors, under conditions of
1nsufficient soi) meisture, 11,750 plonts/ha yielded
significantly morg than 2id 23,500 plents/ha which in turn

outyielded 32,250 plants/ha.

Plont populstion has buen known to affect plant height
and ear height in meize. Osorio (1976) rennrted increasc in
ear height with ipcreasing plont population. Norden (1965)
found thet increasing plamt population from 12,000 to 62,000
plants/ho incressed plant beight by 17 per cent; while
Abdullahi (1975} obsurved that plent height was not
significantly affected by plent populaticn.  Houszver, within
the plant population (17,570 - 70,202) adopted, plont beight

tends to incrense with increcec in plant populotion.

Many workers have studied the offect of plent denaitics
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on the yield components of moize. Ounting (1973) observed thot
the number of eors per plant producing ripe grain decreoscd
with increesing plant density. He obgerved on sverage of more
than one fertile eor per plont ot densitics below 70,000
plants/ha. At @ higher plont density of 200,000 plants/hm,
however, he observed an ~veroge of 0,0 fertile car/plant.
Similar observotinns were mode by Filev and Pan'kin (1976)

and Rethore gt al. (1976).

Wilson and Allison (1978) observed thot the size of
grain, the number of groins/vor nnd the length of ear
decreased with increosing rlont population.  Similorly,
Ologunde (1974) obeerved that weight/cor, number of kerncls/
ear, weight/1,000 kernels and length of eor decreacsed by
36.8, 23.4, 12.7 ond 19.0 per cent, respectively, when the

rate of planting wes increased from 40,000 to 80,000 plants/ha.

Chinwuba (1967) in Nigerio found theat percentage loss in
stand 2t harvest 2nd percentage barren plonts increased
linearly as plant population incrensed from 24,000 to 72,000
plants/ha.

Kohnke and Mike (1951) observed thoet silking dote wos
delayed by one day for each increment of G,750 to 10,000
plants/ha. These dote are close to thot cbtained by Shubeck
ond Caldwell (1955), showing @ 5-day delay in silking associnted
with incresse in plant populetion from 0,900 to 45,500 plants/
ha. Contrary to this, Zuber oancd Grogon (1956) could not

associate oany variction in silkino dote with increase in
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plonting rote.

Horrocks ond Zuber (1970) in (iissouri reported incrense
in shelling percentage with increcec in plont population over
the ronge of 30,000 to 60,000 plants/ho. Singh gt ol.

(1978) in India found that incrensing plont populotion hed
negative effect on shelling percentrge, However, Ologunde
and Ogunlela (1904) in Nigerio nnted thot plant densities
appeared to have no effect on shelling porcentoge. The
variation in response by shelling percentoge tec increase in
plant population cculd be attrituted te the method of

determination, locotion effect nnd the cultivar planted.

2.3 Nutrient Element Concentrations in the Ear Leaf

Generally, oan increacse of nitrogen in the growth medium
normally leads to an incresse in the concentration of
nitrogen in the meize plant (Krantz and Chandler, 1951;
Thompson, 1962; Ologunde, 1974; Kalism, 1975; Santos et =l.,
1975; Rabuffeti cnd Kramproth, 1977; Cornforth and Steele,
1961), Cornforth and Steele (1927) cbserved from n series
of trials that nitrogen concentreotion in the ear leaves was
increased significantly by increase in the levels of nitrogen

applicetion.

The addition of nitrogen fertilizers has been ghown by
mony investigotors to enhance cnnsiderably the utilization of

fertilizer phosphorus by moize. These effects were most
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marked on soils lopw in avellable nitrogen. Terman and
Noggle (1973) and Terman et 21. (1977) cbserved 8n increase
in phosphorus concentration end uptoke with epplied nitroqgen.
Such increase in phosphorus uptoke upon the addition of
nitrogen was considered by Millar (1974) to result from one

or more of the following mechanisms:-

aj An increase in root growth in the volume of soil

fertilized.

b) An increased physiulngicol copacity of the root to
edsorb phosphorus, probebly due to an involvemcnt

of nitrogen intermedietes in the adsorption process.

t) Alteruticn of pH 2t the soil root interfece due %o
excess of cation cover onion 2dsorption and a

consequent releose cf HY.

However, Shuklo (1972), in Guyann, observed o decrease
in the concentrotion of phosphorus with increasse in spil
nitrogen. The influence of nitrogen fertilizers on the
evailability of phasphate differs with the form in which the
nitrogen is applied 2s well ns with soil nhysicel and chomicol
conditions. Generally, NHZ-N increased phosphorus uptoke more
than ND;-N. This effect was noted tc be more pronounced ng

801l temperature incressed (Dormoar ond Ketcheson, 1960).

Maize is one of the mony crops which take up nitrogen

and potassium in neorly equal omounte. Increased rotes of
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nitrogen were found to increcce the levels of potassium in

maize leoves when odequote 2mounts of the cther two mojor
nutrients were suprlied (Murdeck et al., 49623 Hume gt gl., 1979).
Conflicting reports were given by Tyner and wWebb (1946), who
cbserved that increcsing the levels of nitrogen in the scil
decreased the percentage content of potussium in the leoves,

Such decrease in potascium content with increase in applicd

nitrogen has been attributer to dilution effect (Dlogunde, 1974).

Increasing nitrogen in the growth medium hes also been
reported to affeect the levels of Ce, Mg, Mn, 5} Zn, Al ond Cu
in the ear leof of the molze plont., Steelc et al. (1901)
cbserved thet added N significcntly increamsed the levels of §,
Mn and 2Zn in the ecr lenf of meize; while the levels of Mg
tended to be higher in the nbsence of added N (Hume gt =2l.,
1579). In field experiments on © cdork brown clay (pH 5.0) in
southern Rhodesin, increesing N supnly in the soil depressad
Al levels but increased Cu, Zn ond ¥n contents (Thompson 1962).
Hume et al, (1979) ohserved increnses in § levels in the loaf
with added N, Such incressecswere thought to result from o
mechanism similar to thuse involved in increase in P uptake
by additicn of N (Miller, 1974). Increcses in Ca ond Mg
concentrotions in the eor lesnf of mnize with increase in
applied N have also been reported by Terman and Noggle (1973)
ond Cornforth and Steele (19801)., Such increases may be rue
to the usual effect of NU; ions in increosing the totol

inorgenic cations in plants (Cunninghem 1964).
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It has bgen reported thot increasing plont population con
influence the per cent nitrogen content of the ear leaf,
Gagro (1978) observed thet the overage content of nitrogen in
the leaf decrecsed with incresse in plant population.
Abdullahi (1575) has corlier reporied a significant decrenso
in the nitrogen content of leoves =t silking when plont
populntion wns increased from 19,570 te 57,710 plants/ho,
However, @ further increrse in plant population to 70,202
plants/ha resulted in @ non-significant deocreose in nitrogen

content.

2,4 Relotionship between Nutrient Element

Concentr=tions ond Grein Yield

Meize yields 0s o function nf the concentration of plont
nutrients in the cer leaf ot tossel hoe been researched gqulie
extensively., Tyner (1946) recommended the sempling of the
ear leaf at full silk for leaf annlysis. He goave four reascns

for his selection:-
1. The stage is easily recognized and described,

2. All verieties meture in cbout the some number of days

once silking ond tasselling occur.

3. The weight of vegetntive parts is ot or near its puak

et this stage and

4, This is 2 period when nutrient demonds by the plant ore

very high.
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Following Tyner's (1946) work, investigators have more
or less standardized upon the selgction of the ear leaf for
assessing nutrient stotus of maize rlants and for studying the
relstionship between nutrient concentrotion in the ear loof
ond yield (Hanway, 1962). An ndditionnl advantage for the
selection of the ear leaf for assessing the nutrient stotus
of maize plant is thot relinble relotionships between leof
composition at this stoge and yield response to fertilizors

have been established (Hopway, 1962).

Dumenil (1961) found a stntisticelly significant
relationship between malze yield and nitrogen, phosphorus and
potaseium concentraotions in the ear leof. Honway (1962) found
thet when other factors are foirly constont, yield increcscs
from different levels of apilicotion of nitrogen fertilizors
ore usuclly directly proportionnl to the increese in the per
cent nitrogen in the leaf resulting from the fertilizer
application. 5Stecle et 71. (1902) in their studies estatlishodl
that there is o reloticnship beiween the reletive grain yield
of maize (the yield exjresscd ns o percentage of the maximum)
and the concentrations of nitrogen in leaves and grain. In
this trial, maximum groin yield was estimated to occur with
28 nitrogen concentretion of 3.21 per cent in ear leoves sompluod
2t 50 per cent silking and 1.52 per cent in grain. In the
United Stotes, maximum groin yield wos ossocieted with cbout

1.5 per cent nitrogen in groin (Pierre gt 21., 1977).

Andherio et al. (1953) and Neichmon et al. (1959) have
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olso reported high positive coorelntions between the level
of the nutrient element in the leaf, the rete of nutrient
epplication or its availebility in the soil and the yicld of
the moize groin. Santos et al, (1975) cbserved that leaf
nitrogen content end crein yield incressed linearly with
increased rates of nitrogen opplicetion, but could not
establish @ criticel nitrogen level., Agboola (1972), in
Nigeria, cautioned that high eor leof nutrient content was
not a guarentee of high grain yield since ear leaf nutricnt
value of low yielding varicties were similer to thouse of the

high yielding varieties.

The high pusitive correlations found between leaf nitrogen
ond grein yield has led to colculetion of regression equaticns
in on attempt to estoblish scme quantitotive reletionships.
Tyner (1946), in West Virginie, found that for ecch chanpe of
D.1 per cent nitrogen, phosphorus oand potossium in the ear lenf
at silking grein yields varied by 277.8, 158.6 and 128.5 ko/ha,
respectively, Bennett gt cl. (1953) found that eoch change of
0.1 per cent nitrogen wes related to o yield change of 200.0
kg of meize. Viets et al. (1954) however nbserved that ecch
change of 0.1 per cent nitrogen corresponded to 353 to 430 kg
of meize. These investigotors however coutioned thot the
existence of many uncontrolliable ond varicble factors which
influence final yields coulr meke the widesprend use of such

quantitative interpretotion questioneble.



Chapter 3

MATERIALS AND METHODS

3,17 Experimental 5{35

A fielq trionl was conducted during the 1583 wet seascn
ot the Institute for Agricultural Reseaorch (IAR) farm, Samoru
(11° 11'n, 07° 38%), Nigeris. Somoru is locoted within the
northern Guinea savann2 zone (Keay, 1959). The experimentcl
field used hed been left fallow in the preceeding three yoors.
The spil type wes a sendy loem. The reinfall data collectud

8t Samaru for the 1903 wet season ore shown in Appendix A.

3.2 Souil Somple

After disc ploughing and hzrrowing @ composite soil somplo
was taken from O-20cm depth prior to fertilizer application,
and this wes analysed for physico-chemicnl properties the
results of which are presented in Table 3.1. The nnalysis was
done at the National Cerenl Research Institute, Moor Plantotion,

Ibadan.

3.3 Treatments

3.3.1 N;trnggn

Nitrogen (N) was applied os colcium ammonium nitrnte
(26% N) at the rote of O, 50, 100, 150 ond 200 kg N/ho. Each
rate of nitrogen wos applied in two split doses, half ot

planting and the other hzlf wos applied six weeks later. The
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Teble 3.1: The Physico-chemic.l properties of the scil

collected up to 2 depth of 20cm from the

experimentnl site ot Semaru, 1983,

Soil Properties

Physical prupertics Characteristics
Sand (%) 71.1
Silt (%) 10.5
Clay (%) 10.6
Textural Class Sandy Loam
Chemicoal properties
pH in Waoter 5.9
pH in 0.0MM KCI 5.2
Drganic C (%) 0.33
Total N (%) 0.026
Available P (ppm) 16.2
Exchangeable Cations (meg/100g)
K 0.26
Mg D.61
Ca 2.02
Na 0.03
C.E.C. (meq/100g) 3,3
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first dose of N fertilizer wos banded on top of the ridge Ly
making & grogve about Ocm deep and 2cm wide. The second dose
was opplied six weeks after plenting by side dressing in & holz
about 10cm deep, O=15cm on both sides of the maize plant and

covered with soil.

Basal opplication of phosphorue (P) ond potassium (K) wes
done at the rotes of 60 kg PZDS/ha ond 60 kg HZD/hu,
respectivelys Phosphorus was applied ns single superphosphote
(109 Pzﬂs), while potossium was opplicd os myriote of potash
(60% HED)'

3.3.2 Plent populntion

Three plant populntion levals were compared, nomely,
25,000, 50,000 and 75,000 plonts per hectare. Réowe were
apeced 75cm epart oand interplent spacing wee varied to maintein
the desired plant population levels. The interplent spacings
adopted were 50, 25 ond 17cm for the 25,000, 50,000 and

75,000 plants/ha plant populetions, respectively.

3.4 Plot Size

Each gross plet wos 6.0 x 10m and the net plot from which

grain and other yiclr variables were estimated, was 3.0 x 10m.

3.5 Planting

Planting was done on ridges on June 29, Three seeds of

maize (cv.096) were scwn per hill at a depth of 5ecm and thinned
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to one seedling per stend after two weeks.

3.6 UWeed Control

Weeds were cuntrolled by pre-emergence opplication of
primagram ot the rotes of 2 kg B.i./ha, This wae supplemcater!

with hoe weeding ns the nced orose.

3.7 Observoticns

The observation token ot tasselling were plant height,
ear height, number of green function2l leoves per plant, days
to 50 per cent tasselling and silking, leaf area and dry
matter yield. At harvest, observotions teken include stovor
weight, total dry matter yield (from five randomly selected
plants from the discord rows), groin yield, nnd yield components,
The various yileld components were determined from @ sample of
20 ears per plot. These include length of eor, kernel depth,
ear diemoter, weight per 1,000 kernels, number of kernels paer

eer and number of ears per plont.

3.7.1 Leaf samples

The ear leoves of five rondomly selected plents were
sampled from each plot ot full silk as described by Tyner
(1946), The semples were pleced in o forced air oven ot
approximately 70°C for 72 hours. Each oven dried sample was
ground in @ Wiley mill to pass through 2mm mesh screen.
Analysis for N, P, K, Co, Mg, Mn, Cu @end fe was done at the

National Cereals RResearch Institute, Moor Plentation, Ibadon,
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Total N was determined by micro-Kjeldehl method (Dremncr,
1965). Fhosphorus was determined by vancdomolybdate
colorimetric method (Jackson, 1950). Potassium was determinad
by flame photometer and Ca, Mg, Mn, Zn, Cu 2nd Fe were
determined using &n atumic abscrption spectrophotometer as
described by Jackson (1550). Results arg reported on o dry

weight basis.

3.8 Experimentol Design and Staotistical Analysis

The experiment wos loid out in @ randomized complete
bloek desigm. The five levels of nitrogen and the three rotes
of plant populotion were combined to give fFifteen treatmonts

which were replicoted four times.

The data were nnelysed s o rondomized complete block
design. Analysis of varionce was done fof each of the obscrved
paremeters. Mein and intercction effects were determined for
the observed parameters. Singnificance of mean differences
was determined using the test of least significnnce differcnco
(L.S5.0.). Simple correlation analyses were wide for some

selected veriasbles,
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Chapter &
RESULTS

4,1 Groin Yicld ond Yield Compongnts

Table 4.1 shows the effects of nitrogen rotes and

pocpulation levels on groin yleld ond yield components.

be1,1 Grain yield

The effect of nitrogen on the grain yield was
significant. There was » significant increase in groin yield
with each 50 kg N/ha increment in the rotes of N Ffrom 0O to
150 kg/ha. A further increase in the rete of N to 200 kg/ho
resulted in @ non-significant O per cent increase in grain
yvield, Groin yields of 403, 2235, 3459, 3053 and 4151 kg/ha
were obtained for 0O, 50, 100, 150 and 200 kg N/ha levels,

respectively.

Plant populntion hod o significent effect on grain yicld,
Althcugh, an incrense in plant density from 25,000 to 50,000
plants/he did not affect grain yield significently, o furtheox
increosse in density by 25,000 plants/hn, however, decressed
grain yield by 11 per cent. The nitrogen ond pcpulation

interaction effect cn groin yield was not significent.

be1.2 Number of kerngls per ear

The effect of nitrogen on the number of kernels per ear

wes significent ot the 0.07 level of probobility. Incrensing
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the nitrogen rote from O to 100 kg/he significently increased
the number of kernels per ear; thereofter, each 50 kg N/ha

increment had no effect on this variable.

The number uf kernels per enr decreosed significantly hy
gach increment in plent population. The levels of decrease
due to ploant populntion were 10 nnd 22 per cent when plant
population was increased from 25,000 to 50,000 end 75,000
plants/ha, respectively. Interaction effect of nitrogen ond

population on the number of kernels per ear was nont significant.

b.1.3 Length of ear

Ear length increcsed with cach 50 kg N/ha increment in
apprlied N up to the 150 kg/hs rate (Teble 4,1). Increasing the
rote of N above 150 kg/ha had no further influence on the
length of edr, The length of ear decrensed significantly for
each incremeht in popdlation up to the 75,000 plants/ha
density. These decrcoses were 10 and 21 per cent for 50,000

and 75,000 plants/ha, respectively.

Nitrogen ond populotion internction effect wes significont
ot the 0,05 level of probebility (Figure 4.1). With no epplied
N, increase in populotion density from 25,000 to 75,000
plante/ha resulted in o non-significant decrense in the loenoth
of ear, As the rote of N wos increosed, the length of ear Tor
each increment in plont population level a2lsn decreesed. The

longest eor length wos obtained when 25,000 plants/ha was
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Table 4.,1: The effect cf nitrcgen end plant population on grain yield end yield components of wiize et
mﬂsun:m 1983.

- —

i ~ Applied Grain yicld No. of kernels Ear length Ear diemeter Weight/1,000 HKorncl No. of ears

kernels depth
(kg N/ha) kg/he per ear (cm) (mm) () (mm) ____per plant
0 403 172.4 7.1 26.0 125.9 10.1 0eb
50 2235 299.8 10.8 N2 176.,7 13.4 1.2
100 3459 k0L, 3 13.1 38.0 202.4 14.5 1.2
150 3053 4b13.1 13.9 38,6 201.8 14.9 .
200 8151 29,6 14,1 39,7 2071 A5.6 1.4
LSD (0.05) 30C.1 29.1 0.7 1.2 16.0 .0 Ce1
fopulation
(Plants/ha)
25,000 3063 304.0 13.2 30,2 156,2° 14,7 1.6
50,000 205C 345.6 1.0 36.1 103.6 37 De9
75,000 2540 301,2 10,4 3b.4 167.3 12,8 0.7
LSD (D.05) 230,7 22,5 10.5 1.0 12.9 U6 C.00
Nean 2n20 343.8 1.0 36.2 102.4 13.7 - 1.9
L.V % 13.3 L 10.3 6.9 4.2 10,7 75 1.0
Interaction (N x P) NS NS - NS NS NS ..
NS = Not Significent
* = Significomt (P = 0.05)

. = Significont (F = 0.01)
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supplied with 200 kg N/ha.
4,1.4 Ear dioemeter

Ear diometer wns influcncad by applied N (Table 4.1).
There wes 8 37,8 per cent increcee in eor diometer when tha
rote of nitrcgen weas roiscd from O to 200 kg/ha. The first
twc increments of 50 kg N/ha, however, influenced GOF dicmeter

more thean did the subsedquent increments in applied N.

Significant decreasc in ear diometer wos obscrved with
euch increment of 25,000 plant densitye About 5 and 10 per
cent decreagses in ear dismeter were observed when the plent
density wes incrensed from 25,00C to 50,000 and to 75,000

plahts/he; respectively.

The intercction between nitrogen ond population on the

gear diometer was not significant.

be1,5 UWeight per 1,000 kernel

Applied nitrogen rotes significently affected the
weight per 1,000 kernels (Table 4.1). Increasing the nitrogen
rate from 0 to 100 kg/h2 increased the weight per 1,000 kernele.
Retes @bove 100 kg N/ha had no effect on weight per 1,000
kernels. The weight per 1,000 kernels were 125.9, 174.7, 202.4,
201.8 and 207,1, for 0, 50, 100, 150 ond 200 kg/ha N potes,.

respectively.

Incrensing the population level from 25,000 to 75,000
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plants/ha resulted in 2 15 per cent decreaese in weight per
1,000 kernels., The first 25,000 nlaonts/ha increment in
population level resulted in @ slight decresse in weight per
1,000 kernels, while o further incrunse in the population to
75,000 plonts/ha resulted in @ significent decrease in this
vorioble. The interaction effect of nitrogen and populetion

wes not significont.

L.1.6 Hernel dBEth

A significont increase in kernel depth was observed with
gach 50 kg N/ha increasse in nitreogen level from 0 to 150 kg/ha.
However, o slight but non-significent incresse in kernel depth
wow observed when the applied nitrogen waes further incresscd
to 200 kg/ha. A 52,5 per cent increese in kernel depth occurred
when nitrogen rote wgs realsed from O to 200 kg/he. Kernel
depth decreased significently for eoch 25,000 plents/ha
increase in population by 6 and 12 per cent, respectively.

The nitrogen and population interaction effect wes not

significent.

b.1,6 Number of ears per plent

A significont incresse in the number of ears per plant
due to nitrogen applicoticn was observed when N rate wes
increosed from 0 to 50 kg/ho, with © none-significant incrense
resulting when the epplied N was incressed to 100 kg/hae A
further incremsse in the rate of egpplicd N to 150 kg/ha resultod

in a significant incrense in the number of ears per plant, with
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a slight but non-significant increose resulting with incrence
in N rates to 200 kg/ha.

The number of ears per plant decreased significantly for
eoch 25,000 plants/ha incresse in plant population. The
magnitudes of decrease due to plont populntion were 42 and 57
per cent for incresse in population from 25,000 to 50,000 end

tc 75,000 plants/ha, respectively.

The interocticn between nitrogen ond population for the
number of ears per plant wos significant (Figure 4.2), At
each rate of ocpplied N, increasing the plant population level
decrensed the number of ears per plant. Application of 200 kg
N/ha to 2 plant populntion of 25,000 plents/ha gove the

highest number of eers per plant.

k.2 Morphorlogical Characters

Table 4.2 shows the effects of nitrogen and plont
population on plant height ot tossel, ear height, number of
functional leaves per plent and days to 50 per cent tesselling

and silking.

k.2,1 Plant height at tossel

Nitrogen application positively influenced plant height
at tessel. Plent height increcsed with each increase in
opplied N up to the 150 kg/ha rate. A non-significant 5 per
cent increase in plant height wos observed when the nitrooen

rote was further incressed to 200 kg/ha.
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Teble 4,2: The effuct of nitrocgen @ngd plant popul2tion on some morphorlogical characters cof maize ot

Samaru, 1903.

Flant hcight

—

mmwlwwmwwmm nnhﬂnmnmu Ear height Number of leaves Days to 50 per cent Days %o 50 ;or cent
em) (cm) per plant tasselling silking
0 2.4 52.3 77 77.0 0546
50 134.5 064 1.9 67.1 747
100 1610 112.8 13.1 64.9 704
150 170.3 117.9 13.6 64.6 70.3
200 LA87.0 121.1 13.5 647 2
LSD (0.05) y [P 7.9 06 1.2 1.5
Population
(Plants/ha)
25,000 139.6 93.3 12.4 6.5 7.3
50,000 1431 97.3 11.0 67.7 74.3
75,000 _A52.4 103.7 11.7 68.6 3.9
LSD (0.05) Cel 6e1 0.5 0.9 1.2
Mean 16540 98.1 12.0 67.6 --.”mmmwp
C.V. % 9 9.9 65 2.2 e oD
Interaction (N x P) IS NS NS NS iy

NS = Not Significcnt
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Increess . in plant populotion hed & significant positive
effect on plant height. Each 25,000 plante/ha increment in
population level from 25,000 to 75,000 plants/ha, progressively
increased the plant beight. However, the first 25,000 plants/
ha incrament resclted in only @ 3 per cent increamse in plont
height, while a further incresse in the populatlon level to
75,000 plants/ha resulted in a 7 per cent increcse in plant
height. The internction of nitrogem 2nd plant population

had no effect on plant height.

h.2.2 Ear height

Nitrugen applicestion belnw 106 kg N/ha aignificnntlv
nffected ear helght. A non=significent increase in war h.oight

however resulted when nitrogen above 100 kg/he was applicd.

Increasing the plant ﬁnpuléfﬁnn from 25,000 to 50,000
plants/ha hove no effect on ear helght. When plant population
wae further increased to 75,000 plents/ha, ear height wos
pignificantly incroansed by 5bnut 7 per cent. The interaction
between nitrogen and nlant populotion on ear helght was not

significant ot the 5 per cent level of prohabillty.

4.,2.3 Number of leaves per plant

Applied nitronen positively affected the number of
functional leaves per plant. A significont incresnse in the
number of functional leaves ner rlant due to nltropen woa

observed with ench ingrense in nitrcgen rate from O to 100 ko/his,
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with 8 non-significant increase resulting when the 8pplied
nitrogen wes increased tc 200 kg/hn. The overage number of
leaves per plant were 7,7, 11.9, 13.1, 13.6 and 13,5 for
nitrogen rotes of 0, 50, 100, 15C and 200 kg/he, respectively,
(Table 4.2).

A significant effect of plant populstion on the number of
functionnl leaves per plont was observed, The number of
functional leoves per plont decreased significantly 2s the
population rete wes rnised from 25,000 to 50,000 plents/ha and
8 non-significant decreose with © further increase in plant
population to 75,000 plants/he. The per cent decrease due to
increcse in plont populaticn from 25,000 to 50,000 and 75,000
plants/ha were S5 and 6, respectively. The interzction bziwcen

nitrogen and plont populetion wes not significont.

Lke2.4 Daye to 50 per cent tnsselling

PR

Nitrogen cpplic=tion had ©o highly significant effect on
the number of doys to 50 per cent tiossclling., Days to tassclling
wes 12.3 days earlier with 200 ko N/he os compared toc the no
nitrogen treatmont. Substantiaol decresscs in days to tosselling
were observed with eoch increcsz in opplied N up to 100 kg §i/hn.
A further 50 kg N/ho increment in N, however, hod no substontinl

effect on days tc 5C per cent tesselling.

A positive effect of plont population wos observed on the

number of days to 50 per cent tasselling., DOays tc 50 per cent
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tosselling was asbput 1 day loter when plant populztion wos
increosed from 25,000 to 50,000 plants/ha. However, a furthor
increase in population to 75,000 plents/ho had no substontinl
effect on the number of days to 5C per cent tosselling. The
interaoction between nitrogen and plant population was nct

significant.

4.2.5 Doys to 50 per cent silking

Days to 50 per cent silking was negatively affected by
opplied N. There was a significent decreose in the number of
doys to 50 per cent silking with ench incrense of 50 kg N/ho
from 0 to 100 kg/ha. However, further increasses in the rotes

of nitrogen to 200 kg/he had no effect on this variable.

Number of days to 50 per cent silking was positively
affected by changes in plant population. The attainment of
eilking wns significantly delayed with ench increase in plant
population from 25,000 to 75,000 plonts/ha. Some 2.0 and 3.6
days of delay in silking were observed when plant population
wag incressed from 25,000 to 59,000 ond to 75,000 plants/he,
respectively. The nitrogen by plant population interaction

effect was not significont,.

be2.6 Ear lecf esrea, totol leef arec per plont and leaf

aren index

' Table 4.3 shows the effect of nitrogen nnd plant

population an the ear lenf oren, total leof oree per plent and
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Table 4.,3: The effect of nitrogen ¢nd plant population on thz
ear leaf 2ren, leaf ores ner plont and leaf area

index nf maize ot Samoru, 1983.

N - Applied Ear lecf Leaf areas Leaf aren
(g N/ha) erea (cm2) ___ per plant (cm”) index
0 214.5 1500 0.01
50 367.5 2707 1.21
100 400.1 3758 1.00
150 59440 L724 2.32
200 _607,5 4505 2,14
LSO (0.05) 57.6 654 D36
Population
(Flents/ha)
25,000 514,0 3985 0.99
50,000 Lht .1 3467 1.76
75,000 400. b 2973 2,24
LSD (0.05) bl o6 506 __0.28
Mean 4L52,9 3475 1.66
C.V. % 15.5 23 1620
Intercction(N x P)  #= NS .

* = Significant (F = 0.05)
** = Significant (P = 0.01)
NS = Not Significent.



leaf area index.

The effect of nitrogen on the eor leaf aren, totol leof
orea per plant end leof area index were significant at the 0.01
level of probebility. Significont increases in ear leaf nireon,
total leof area per plant and leof grea index, due to nitroncn
were observed with each increocse in nitrogen rote from 0 to
150 kg/ha with non-significont decreeses in leaf area per
plant ond leaf aren index resulting when applied nitrogen rmte
wos increased to 200 kg/ha. However, increasing rote of N frum
150 tc 200 kg/ha resulted in n non-significont increese in the

ear leaf areo.

The effects of plant population on the ear leaf aren,
total leaf orea per plant ond lenf nren index were significnnt.
Significant decrenses in ecr leaf aren and total leaf aree per
plont were observed when the populntion level wos increased
from 25,000 to 50,000 plants/ho. A further increase in population
to 75,000 plants/ha resulted in o non-significont decrease in
ear leaf area and total leof crea ner plont. A significont
decrease in leof ares index was hnwever cbserved for each
25,000 plents/ha increase in plant population from 25,000 to
75,000 plants/ha.

The intercctions between nitrooen and plant population on
the ear leaf ares ond leef oren index were significent. Figure
4,3 shows that et low nitrogen rates of O and 50 kg/ha, ear

leaf orea wes not significoantly nivected by increases in plent
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nopulation. Hm&ever, nt N rafes Higher than 100 kg N/ha,
responses of ear leaf aren teo incrense in population diffors
aignificantly. At 200 kg N/he ear leaf ares for the 75,000
plants/ha populntion reduced signifilcontly, while those af the

ather two plent densitiee resnined relatively high.

At each rete of applied My 1ncreaaing plant population
Increased the lenf areo lndex (Flgure 4.4). Applic~tion of
150 g N/ha to 2 plont prpulotion of 75,000 plents gave the
highest leaf aren index. Increassing the N rate above 150 kn/ha
resulted in the reductlon in the leaf aren index of plants ot
75,000 plapts/te while those of the 25,000 2nd 50,000 plonts/ha

were not adversely affected.

4a,2.7 Dry motter yield at toeselling :,m,_--r

The dota showing the effect of nitrogen on the dry meuter
yleld at tasgel ore contolned in Table b.ke Dry matter yield
at tosselling incressed o8 the nitrogen rate was incrzased up
to the 100 kg/ho pote. A further increcse inm the rate of
nitrogen to 200 kg/ha resulted in only @ glight increase in dpy
matter yicld ot tesselling. Dry matter yiclds were 1.0, 3.3,
Ge7, 7.0 and 0.8 ko/plot for nitrogen rates of 0, 50, 10C,
150 and 200 kg/ba, respoctively. Plant population hed a
silgnificant nosltive effect on the dry matter yleld at tassuliing.
Increasing the populotion from 25,000 to 75,000 plents/ha
sigﬁificantlv increasgd the dry motter yield. An incrense of

35 and 76 per cent waeg observed by roising the population rate

AREII
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Table b.b4: The mawmnﬁ m@u%wwuunmz and plant populetion on Stover weight, grain to stover ratio
. Ory mctber yield st tasselling end at harvest of mzize ot Samaru, 1903.

N - Applied Ssover weight Grain to Ory matter yield Dry metier yiald ag
(Kg N/ta) ofolot Stover ratio tasselling (kg/plot) harvast (io/clot)

- L, 33
W %S paeh g

- o T
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o5 "7
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L 15p oM T naes DY S -
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—Ima .ﬁm.mmv ..- . AOu - f, D.Dmh—. .. . m,. . .....n.. .Q‘D " ...‘. .. . . Alu ﬁu~ ! . . a.\..
& Pocpuletion . o _ u.pﬁwaw”gmkyx\.memmm _. S ) | ,
UL (Plants/ha) .t o - T | .
" L.50,000 - Set O.b28 T B8 43,0 .
7 95,000 9.5 0, 400 741 : 3.3 |

Mean 0.5 D52 5.5 12.5
n..:. Aﬁw.c Ju.D Jh’.u . Am.m
Interaction (.x P} NS . L Mg

... NS fiet Sicnificant
* Sipnificant (F = 0.05)
** = Sipnificent (P = 0.01)
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from 25,000 to 50,000 ond 75,000 plonts/ba, respectively.

A significont nitrogen x population interaction for

dry matter yield nt tassel wis observed (Figure 4.5). For
each level of plont population, o neor linear response to
applied N wos pbserved. With low opplied N (0 - 50 kg/ha)

the three plant densitice used gove evasentially similar dry
matter yield. However, at high M rates (100 - 200 kg/ha) dry
matter yield of coch of the population densities was markcdly
different with 75,000 plonts/he density hoving the highest dry

matter yield ot ecch pf the opplied N rate.

k,2.0 Dry matter yield at harvest

Dnta on dry matter yicld ot horvest are shown in
Toble 4.4. A significant increaose in dry matter yield ot
harvest was observed with ench incrense in N rate from O to
150 kg/ha. A further increase in N rate to 200 kg/ha resulted

in @ non-significont 3 per cent increase in dry matter yield.

Plant populntion hod @ morked effect on dry motter yiel:d
at horvest (Table 4.4). Increasing the population level Trom
25,000 to 50,000 plaznts/ho significontly incressed the dry matter
yield by 10 per cent. However, @ non-significant increase
was observed when plont density was further raised to 75,000
plents/ha. The interncticn botween nitrogen oand population on

the dry matter yleld ot harvest was not significent.

4.2.9 Stover weight

The effect of opplicd nitrogen on the stover weight vos
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significant (Teble 4.4). Stover weight incrensed with incronse
in applied nitrogen up tc 150 kg N/ha. A non-significent
increase was observed when the nitrogen rate was subsequently
roised to 200 kg/ha. Stover weight was 3.1, 6.4, 9.9, 11.4 ond
11.9 kg/plot for nitrogen rotes of 0, 5C, 100, 150 and 200
kg/ha, respectively.

Plant population had o significent influence on stover
weight. There was o significant incrense in stover weight ag
the populetion rote wes roised from 25,000 to 50,000 plants/ha.
A further incremse in populotion to 75,000 plants/ha resulted
in 8 non-significant incresse in stover weight. Increases in
stover weight due to incrense in plant population were 29 and
34 per cent, when plant populrticn wos increased from 25,000
to 50,000 and 75,000 plonts/ha, respectively. The interaction
between nitrogen and plant populotion for stover weight was

nct significant.

4.3 Grain : Stover Rut!g

The datn on the groin : stover ratio es influenced by
nitrogen and plant population ore contoined in Table 4.4, AN
increase in groin : stover ratio duc to nitrogen application
wow obsérved with increcse in nitrogen rate from 0 to 50 kg/he,
with o significont decrease resulting from further increase in
the rotes of applied nitrogen to 100 kg/ha. Thereafter, ench

50 kg N/ha increment had no effect on this variable.

A significant decrense in the groin : stover ratic wos
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observed for ecch 25,000 plents/ho increcse in population rote

from 25,000 to 75,000 planta/hﬂi Decrenses in groin : stover
n

ratio resulting from incresses/population tc 50,000 end 75,000

plants/ha were 24 and 29 per cent, respectively.

The interaction betwecen nitrogen and populetion for geein g
stover rotic was sicnificont (Figure 4.6). Increments in N
rot%@. above 50 kg N/kg did not have effect on grein : stover
rotio when plonts were plontad nt populations greater than
25,000 plants/ha, The maximum groin : stover ratio of 0,74 uas
obteined with a plant populstion of 25,000 plants/ha. This
groin : stover rotio volue, hnwever, wos not significently
different from those nbtoined with 150 and 200 kg N/he ot tho

same plant populetion.

L4 Shelllng_Percentﬂge

The dnta on shelling percentoge are presented in Table L.5.
Increasing the nitrogen rete from 0 te 50 kg/ha increascd the
shelling percontoge by 7 per cent. Applied N, however, had no
gffect on shelling percentoge when increesed obove 3 level of

50 kg/ha.

The maximum shelling percentoge of 00.0 per cent wos
obtained with 2 populetion of 50,000 plants/ha. The populetion
density of 25,000 plonts/hn pronduced essentiolly the same
shelling percentege while the shelling pcrcentage observed

with the 75,000 plants/he wo= slightly lower than that for

either the 25,000 or 50,000 plants/ha.
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Table 4.5: The effect of nitrogen and nlant population on
shelling percentige ~nd number of barren stnlks
per plot of mrize ot Gamaru, 1903.

1

N - Applied Shelling No. of barren stnlk
(kg N/ha) percentoge per plot
o 75.5 7.1
50 00.7 3.0
100 01.5 3.1
150 01.4 2.0
200 01.6 2.7
LSD (0.05) 1.2 0.7
Fopulation
(Plants/ha)
25,000 79.9 1.5
50,000 00.0 3.2
75,000 79,7 7,0
LsD (0,08) 0.5 0.5 _—
Mean 80,1 3.9
C.V, % 1.0 20,7
Interaction (N x P) . *e

* = Significont (P=0,05)
s = Significant ( P = 0,01)

1 = Squoare ronot transformed data.
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The nitrogen x population interection effect on shelling
percentoge was significant (Tnble &4.6)s The highest shelling
percentage of 081.9 was obgerved with @ plant population of
50,000 plants/hc and o nitrcgen rate of 100 kg N/ha. The date
in table 4.6, however, suggest the tendency for maize plonted
at © low populetion (25,000 plants/ho) to hove @ relatively
high shelling percentzge with low npplied N. When the plant
populotion wes incrensed to 75,000 plants/ha, o relatively
high N rete (100 kg N/ho) wes required to bring the shelling

percentage to 2 high value of about 01 per cent.

Lok, 1 Number of barren stolks per plot

There was a progressive decrcose in the number of barran
stalks with increase in opplied nitrogen from O to 200 kg/hn
(Teble 4,5). However, only the first increment of nitrogen
from 0 toc 50 kg/he resulted in @ significont decrease in number

of barren stalk.

Darprenness wee significantly cided by increase in plant
density. The number of barren stoalks increesed significantly
fcr each 25,000 plents/ha increasc in populotion level. Tho
number of barren stalks per plot were 1.5, 3.2, and 7.0 for the

25,000, 50,000 nnd 75,000 plants/ho, respectively.

The intersction between nitrogen and plant population
for number of barren stnlks per plot was significant at the

0,01 level of probability (Figure 4.7). It shows that at the
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Table 4.6: The effect of intercction between nitrogen ond
plant population on the shelling percentage of

maize at Samaru, 1903.

N = Applied Population (plants/ha) e
(kg N/ha) 25,000 50,000 75,000 Mean
0 73.9 70.2 7445 7545
50 B1.4 01.2 7945 00.7
100 01.6 D1.9 00.9 B81.5
150 01.3 81.3 01.7 B1.4
200 81.4 01.4 01.9 01,6
Mean 79.9 00.08 79.7

0 rate of applicd N, increased plant population significontly
increased the number of borren plonts/plot. Application of N
reduced barrenngss in maize planted ot 01l population densitico,
however, the magnitude of reduction wos greater for the 50,000
plants/ha then for the 75,000 plants/he density. Nitrogen ratos
higher than 50 kg N, howover, had no effect on barrenness in

maize planted ot 25,000 plants/ha.

4o5. Nutrient E;gment Concentrations in the Ear Leaf

Table 4.7 shows the effect of nitrogen and plant popul=ation

on the nutrient element concentrations in the eor leof.
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Table 4.,7: The =ffect of nitrogen and plant population on nutrient element concentraticns in the ear

leaf of moize ot silking at Samaru, 41983,

NS = Not Significons
¢ < Significent (F = 0.05)
** = Significant (F = C.01)

N - Applied i P H Ce Mg Mn in Cu Fe
- % ppm .
(kg N/ha)

g - R 0,236 1.41 0,264 0,131 153.2  26.2  21.2 1203
50 14007 0,247 1,10 6.205 0,145 16844 24,2 21.9 122.2
100 2,07  0.256 1,13 0.208 0,165 191.7 2641 21.7  122.8
150 .12 0,264 1,19 D.262  0.192  103.8 26,8 29.2  118.0
200 © 2,16 . U,26h. 1.3k 0.236 8.202 1814 27.3 21,8 115.0
LS0 (0.05) (.26 NS | 0.13 NS 0.015 10,7 NS 5 Ns
(Flents/ha) | .
25,000 - . 2,03 Q.28 1.4 0,205 G717 475.1 26,2 21,7 125.3
56,000 S 1,99 0.257 - 1,17 D.269 0.156 16h.5 26.0 21,5 119,9
75,000 10D G255 1,21 0.218 0,16k 170 o 26,0 _21.5 116.7
LSD (G.05) T8 NS NS NS NS NS NS 8 NG
Maan 1,94 5.253 1.12 0,213 0167 171.7 26.1 2145 120.7
C.V. % 12,9 11,9 13.6 19,0 11.0 13.3 11,7 42,3 10,7
Interzction (N x ) 8 NS NS NS NS NS * w3 "



- 4.5,1 Nitregen

Applied N signigiﬁﬁnfig afféﬁtad ear leaf nitragen
concentration (Tehle 4.7). Nitrogen in the ear leaf increosnd
gs the rate of opplied N wes incremsed from O 40 100 kg/hﬂQ
R non-significont increass resulted as the N rate was further
increased to 200 kg/ha. # 41.2 per cent increase in the W
concentration in the eor lenf was ohserved by relsing the

rote of applicd N from 0 to 200 kg/ha.

Flant pmﬁulatinﬁ %9d nn significant effect on eur.leefy.
KN concentraticon, but the cuncentration of N in the cer leaf
decreoscd with increase im plant population from 25,000 to
75,000 ploants/hz. The interaction of nlitrogen and plant

opulation on ear leaf N concentration was not significant.

4s5.2 Phosphorus

Although applied N incremsed P concentration in the
gar leaf the differences were not atéfiétibally significant

(Table 4.7). S e

Flont populatlicn had no significont effect on the eer
leaf P concentration., Interaction effect of nitrogen and
plant populztion Ffor phesphorus enncentratleon in the ear leaf

was not slgnificant.
hk.5.3 Potassium S

Nitrogen application of 0 toc 150 kg/ha had no affept on
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eor leaf K concentration (Table 4.7). A substential increase
in K concentraticn wes, however, observed when applied N wos
increased to 200 kg/ha. Increasing the roates of applied N froum
0 to 200 kg/he resulted in o 20.7 per cent increase in the K

concentration in the ear leaf.

Plant populntion had no effect cn the potassium
concentrotion in the ear leaf. A tendency for the concentration
of potessium in the ear lenf to increasse with each increase in
population wns, however, observed. The nitrogen end plant
population interaction for potassium cuncentration in the oor

leaf was not significant.
4.,5.4 Calcium

Response of ear leaf calcium concentration to applied [}
was not consistent. Colcium concentration in the ear leaf wos

however higher =t low than n% high nitrogen rotess

Plant population hand no significont effect on the cnlcium
concentration in the ecr lenf. Nevertheless, the highest
concentration of D.2689 per cent of calcium in the ear leaf
wos observed in plants scwn ot 50,000 plents/ha. The -
interaction of nitrogen and plant population for celcium

concentration in the ear leaf wes not significant.

Lo5.5 Hﬂgmg ium

The concentration cf magnesium in the ecr leaf was

significantly offected by applied N. A progressive incrense
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in magnesium concentrotion of the cor leaf was observed with
gach increase in opplied N up to 150 kg N/ha. A further
increase in applied N tn 200 kg/he resulted in a non-significont

increcse in magnesiun cuncentration in the ear leaf,

Populaticn rate hod no effect on the magnesium concentration
in the eor leaf. However, the magnesium concentration in the
ear leaf was hicher ot low pepulation density than at higher
population densities. The nitrogen and plent population
interactiocn for magnesium concentrotion in thg ear leaf wos not

significent.

'0-5.5 Hﬁ!‘lgﬂmaﬁ

The response of mongenese concentration to applied N wis
similar tc that of mognesiume /1 significant increase in the
manganese concentraticn due to nitrogen was observed with
increose in N rate from 0 to 50 kg/ha, with 2 non-significant
increase resulting when the opplied N wae increaosed to 100
kg/ha. A further incresse in thc rote of epplied N to 150
kg/ha.resulted in o significent increase in the manganese
concentrotion in the ear leaf, with o slight decrease resulting
with incresse in N rates toc 200 kg/hn. Fopulation level hod
no significent effect on the mangenese concentrotion in the cer
leaf. Thc nitrogen and plent population interoction effect

was not significant.

be5.7 Zinc, copper and ircn

The effect of nitrogen on zinc (Zn), copper (Cu) &nd
P (TR
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iron (Fe) concentrations in the ear leaf was not significont.
Population rate had no significant effect on the Zn, Cu 2nd Fe

concentrations in the ecr leof.

The nitrogen ond plant popul~tion interaction was
significant only for Zn (Table 4.0) ond Fe (Teble 4.9). Table
4,0 shows that & nitrogen rote of 100 kg/ha and 2 plant
population of 25,000 nlants/he resulted in the highest Zn
concentrotion in the eer lecof, Generolly, there was no
consistent trend in the responee of gar lenf Zn concentration
to applied nitrogen and populnticn. The application of
200 kg N/he to = population of 50,000 plants/ha resulted in
the highest eor leaf Fe concentrotion of 131.3 ppm (Table 4.9).
Generally, high N rate on low plent populntion tends to decrense
ear leaf Fe concentraticn. At high plent population, this

trend appearced to hove disoppesred.

k.6 Simple Correletion Studies

Simple correlntion studics were mnde between grain yield
and some selected voriablee (Tnble 4,10). The selected varliahlos
nre daye to 50 per cent tosselling, ear height, shelling
percentege, ear length, weight per 1,000 kernels, number of
lenves per plant, ear lenf arez, total leaf area per Dlan?,

dey matter yield nt tasscl ond grain to stover ratio.

Only days to 50 per cent tosselling was negntively
correlated with groin yield (r = - 0.901). All the other

variobles; err height, shelling percentnge, ear length, weight
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Toble 4,0: The effect of interncticns between nitrogen ond
plont populotion on Zn (ppm) concentrations in
the ear le=f of maize ot Samaru, 1983.

N - Applied Populntion (plonts/ha)

(kg N/ha) 25,000 50,000 75,000 Mean
1) 26.0 26,7 26.0 26.2
50 25.0 2Lke2 23.5 2,2

100 30.0 23,5 24,7 26.1

150 24.0 26,7 29.7 26.0

200 26,0 29.0 2640 27.0_

Metn 26,2 26.0 26.0

LSD (0.05) (N x P) = 4,3

Toble 4.9: The effect of interactions between nitrogen snd
plant populaticn on Fe (ppm) concentrotions in
the eor lecf of moize nt Samoru, 1983.

N = Applied Population (plants/ha)

(kg N/ha) 25,000 50,000 75,000 Mean
0 143.3 11345 104.3 120.3
50 125.0 120.5 121.0 122,2

100 120.5 11045 129.3 122.0

150 120.5 115.0 120.0 119,0

200 117,5 131,3 100.3 119,0

Meon 125.3 119,9 116.7

LSD (0,05) (N x P) = 10,4
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Table 4.10: Simplc crrreleticon coefficients for the relationships between selected varizibles tnd grein
vield of moize grown =t different plant population and nitrogen rotes.

—

Total
Days %0 Noc. of Ear leaf DOry mctter Grain/
07 Ear Shelling Ear  Wt/1,000 1leaves/ leaf @area/ yield:o stover
VVarisbles *mmwmwwmwm1.:m»nsw percentage length kernel plant area plant ﬁmmﬁmw. ratio
Ear e
height -0.0242
Shelling b s :
percentage =0,7015 Ue7264 -
Earp ELs X aw 'z
length ~0.8715 0.5030 ©.7129
En\.._-man_ ey "% % v \ew
kernels -0.0673 Le0309 0.7478 0.9%00
Noc of leaves iy . e s "
per plent -0,9223 £.0000 0,7693 OeB870 0.0194
Ear leaf ww L *w . - el
area -0.7657 J.0621 0.6037 0.0606 0.7443  0,7004
Total leof B 8 L *% ue =% *®
area/plent -(1,722G C.0226 0O,5472 0.7771 0.6676 0.7502 0.B415
o
WMMH_MDMHE ~0.6000  u.7u05 0.6094 0.5960 C.5506  0.7375 0.6080 0.6050
tossel
Grain/stover na o . . e o s e o
ratio =0.0301 0.,7505 0.6904 0.0724 0.0272 0.7792 0.7266 0.6003 C.3543
Grain o e - s - =% s e L2 L
yield =0,5009 0.9306 0.7041 0.9229 0.8618 0.00895 0.,0358 0.7556 U.7630 0.0226

- - —

¢, ** indicates ¢ cinificont difference ot the 0.01 and 0.00Y levels of probability, respoctivalye.
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per 1,000 kernele number of lesves per plont, ear leaf aren,
total leaf area per plant, dry matter yield at tassel and
grein to stover rotio were positively correlated with grain

yield (Table 4,10).

Comparison of the sclected vorizbles with each other
indicates thaot only days to 50 per cent tasselling wns
negatively correloted with 011 the other variables, while the
remoining varinobles positively correlated with each other at
the 0,001 level of jirobobility. The only exception being the
correlation of dry matter yield ot tossel with groin to stover
ratio that was positively correlated nt the 0,01 level of

probability.

4.7 Relotionship between Zor Leaf Nutrient Content and

Groin Vvield

Table L.11 presents the simple correlation for the
relationship between grain yield nd the ear leaf nutricnt
content. Groin yicld wee positively correlated with enr 1lpaf
N (r = 0.,52) and Mg (r = D.75) cencentrations. While the
correlation between P, K ond grain yicld were positively
significant ot the 0,05 level of probability. The dMn, Zn ond
Cu concentraticns in the eor leaf wes, however, not correlrted

with grain yield.

The concentrotion of N in the ear leaf positively affactod
the concentration of both Mg and Mn in the ear leaf, while thot

of P affected only K ond Mg. The concentration of K in the aenyp



Table 4.11:

Simple correlation coefficients for the releationships between grain yield cnd eor

leaf nutrient content of maize ot tassel.

Variables N P K Ca Mg Mn Zn Cu Fe
N
P N.1692
K 0.0226  0.2500
Ca ~C.0308 0.0352 0.0693
EL ] Ll ] -
Mg 0.5491  D0.2981 0.4327 -0.0545
Mn 14350 =0.0031 -0.1120 -0.1155 0,223
Zn (41629  0.0033 -0.1110 -0.0644 0.2354 0.2566
Cu C.2101  0.0751 =0.0172 -0.0221 0.0348 0.5120 0.1046
Fe ©.0937 0.0204 -0.0659 0.1035 -0.0907 0.0979 -0,.1606 .040
L
Grain yield 0.5170 0.3223  0.3132 -0.0775 0.7516 0.2330 0.0597 UJ0001 =0.0125

. -

*, ** Significont ot the 0.05 and 0.001 levels of probobility, resnectively.

e A s A e ———
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leaf affected the concentration of only Mg while Ca and Mg
had no significant effect on the concentroticns of Mn, Zn, Cu
end Fe in the eor lenf. Of oll the micronutrients, only Mn
appeared to have any apprecisble effect on Zn and Cu

concentrations in the ear leaf.

4.8 Relation cf Grein Yield to Nitrogen

Concentration in the Ear Leaf

Figure 4.0 presentsa the reletion of yield to nitrogen
concentrotion in the enr leaf, Groin yield increosed
linearly with incresse in nitrogen concentration in the ear
leaf. However, when the nitrogen percentage approximotes 2
per cent, there is o tendency for changes in ear leaf
nitrogen to be nssocinted with smeller incresmses in yield than
those 2t lower nitrogen contents. The regression equotion
Y = -600.6 + 1765.9N indicntes thot for each 0,1 per cent
change in the ear leaf, there would be @ corresponding change

of 176.6 kg/ho in yield.

Figure 4.9 showe that increases in yield and increosses
in leaf nitrogen over control wes positively correl-=ted
r = 0,58. The relotion wos best described by a linear
equation Y = 1760.4 + 2647.4N, This equotion shows that for
each 0,1 per cent change in ear leaf nitrogen corresponded

to 264.0 kg/ha increase in yield.
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of days tc 50 per cent taselling and silking when N rates were
increnscd from 0 to 2640 kg N/ho. Shurma (1973) also obscrved
that incremse in nitrogen rate from 0 to 150 kg N/ha decroensad

the number of days to 50 per cent silking.

A significoent incremse in stover weight, dry matter
vield ot tessel and hervest was cuserved when the yrotes of
N was raised from 0O to 150 kg/ha, and 2 non-significont
increeose resulted from further increase in the rate of ap:licd
N to 200 kg/ha. These results are in agreement with those of
Jones (1973) ond Hamisse et al., (1979) who observed
independently an incrense in dry metter yield in response to
increase nitrogen fertilizoation. Olson et 2l., (1964)
found significont increasc in stover yield with increansed N

applicetion.

An increase in grain : stover ratio was observed with
incresse in the rates of applied nitrogen. This result
suggests thnt as more N wes supplicd to moize more of the N
wes used for groin formation rather thon for stover yield.
Jorden et 8l., (1950) hns earlier reported incresse in groin

to stover ratio cs e result of incrensed N epplicotion.

Shelling percentage increocsed with increased nitrogen
application. However, only the first 50 kg N/ha significontly
increased the shelling percentage. Horrocks and Zuber (1970)
observed thot shelling percentege incressed with increascd

rates of nitrogen especiolly at high levels of nitrogen
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application of 135 to 269 kg/ha, On the other hand, Ologunde
and Ogunleln (1904) found that shelling percentage wae
incressed by low rate of nitrogen and decreased by high
nitrogen rate. Agboolas ond Kayode (1981) however observoed

that nitrogen application hod no effect on shelling percentoge.
The different response observed by the vorious researchers con
be attributed to the method of determination, locotion, doto of
planting, cultivar plented ond culturel proctices (Horrocks

ond Zuber 1970).

As expected, number of barren stelks per plot decreased
with increase in applied N. OUnly the first 50 kg N/ha
increese in N rocte significantly dccreased the number of bovren
stalks per plot. Results obtoiped by Singh et al., (1970)
indicated a significent decrease in barrenness with increnscd

application of nitrogen.

Differences emong levels of nitrogen were significont ot
the 0,07 level of probobility for eor leaf ocrea, leaf oreo pur
plant ond leaf erco index. Nitrogen applicetion was obserxved
to have substentially increcsed the ear leaf erea, leaf crea
per plant and leaf sreoc index up to the 150 kg N/ha rate and
the last 50 kg N/ha increment was not significant. These
observations are consistent with the findings of El-Hattob
et al., (1900) which indicated that leaf area and leaf araes

index increaesed with increszsed N rate.
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ha resulted in @ slight and non-significant decrease in orain
yield. A furthcr increase in plent density to 75,000
ilants/ha significantly decrensed the groin yield. The
decrease in grain yiecld when the population was raised from
25,000 to 50,000 plants/he wos contrary tc expectation, since
it has been known thot groin yleld increased with increase in
population up to 2 maximum after which a further population
increase would result in @ lower yield. The decrease in groin
yield with increase in plent population to 50,000 plants/ha,
could be attributed in part to the low totel reinfall (46G6mm)
received and poor roinfall distribution observed during the
growing period. This possibly resulted in excessive inter
plant competition for moisture and nutrient, resulting in
decrease in the various yield components ond final grzin yield.
Another factor may be the veriety (cv 096) planted in this
trial. This is & late maturing veriety, which takes betwcen
120 to 130 days to meture. Since the roinfall ended earlioer
than expected (September 25) the maize planted on the 29 June
had only 90 days of roinfall. This probably increased the
stress ot higher plont density leading tc decrease in yizld.

In a similar low reinfall condition of South Africa, de Gaus
(1973) reported that 2 low plent populetion of 11,500 plants/hn
is recommended in order to give each plant access to more
moisture and nutrient. It was observed that o plant population
of 11,750 plants/ha yiclded significantly more than 23,500
plants/ha which in turn cutyielded 32,250 plante/ha. However,

in Nigeria, Baker (1975) reported on increase of 11 per cent in
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graln yield at Samoru when the moize population was increased
from 35,000 to 61,000 plants/ha. While Agboola and Keyode
(1981) at Samaru found no response in the yield obtained from
the various plont populetion (37,000 to 62,000 ploants/ha)

odoptecd.

The increases in plant height =nd eor helight with
increase in plant population in this study confirmed the
findings of Osorio (1976) whe cbserved an increase in eor
height with incresse in plant population and Norden (1965),
who found that increesing plant population from 12,000 to
62,000 plants/ha increased plant height by 17 per cent.
Increase in plent height with increase in plent populztion
has been attributed to interplant competition for light

resulting in rapidly growing weaker plant.

Days to 50 per cent tasselling wes delayed by 2 days

when the plant population was raised from 25,000 to 75,000
plants/ha, while it was 3.6 days later in days to 50 per cent
silking. An increase in population would result in @n increase
stress to the crop and thus the plant would mature latter than
the less crowded plant. WKohnke and Mike (1951) observed a day's
delay in silking datc for each increase of 0,750 to 10,000
plants/ha., Shubeck and Caldwell (1955) reported o 5 day tizlay
in silking associoted with an increacse in plant population Trom

0,900 to 45,000 plants/ha,

The number of leaves per plant decreased significently



A

by 5.6 per cent with increase in populztion from 25,000 to
75,000 plents/ha. Stover weight, totol dry matter yield ot
tassel ond harvest increased by 3.4, 77,5 and 20,0 per cent,
respectively, when the populaticnlevel yas incrensed from
25,000 to 75,00C plaents/ha. A substontinl reduction in grain
to stover reotio wes olso observed with each 25,000 plonts/ha
increase in plont pepulation rote. These findings were in
agreement with that of Abdullahi (1975) et Semaru, who
observed increased in the tptal dry matter at tassel and
harvest with incresse in population level from 19,570 to
70,202 plants/ha.

The number of barren stolks as expected increased
significantly for coch 25,000 plants/ha2 increase in population
levgl. This may partially explain the reduced yield at high
populaotion. The high number of borren plonts ot high plant
density can be attributed to inadequate raoinfall experienced
during the experimental petiod. Chinwubz (1967) in Nigerino
observed that per cent barren stalks incrcased linearly as
plent populetion increcsed from 24,000 to 72,000 plents/ha,
talia (1975) reported significant increase in barrenness at

higher rate of planting beyond 50,000 plants/ha.

A non=-s8ignificont incresss in shelling percentage wos
observed up to the 50,000 plants/ho population level. SA
eignificant decrease resulted when the population level was

further increosed to 75,000 plants/ha. Results obtained by
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flothore et al,, (1976) in Indiz, indicoted a decrease in
shelling percentoge with increose in plant populotion, In
contrast, however, Horrocks and Zuber (1970) in Missouri

found on increase in shelling percentonge with incresse in
population over the range of 30,000 to 60,000 plants/ha.

While Clogunde and Ogunlela (19C4) in Nigeria repeorted thot
population densities appecred tn have no effect on shelling
percentage. The considerable varistion in shelling perccntngé
to increase in plant populntion has been attributed to the

method of determination, location, and the cultivar planted,

A significant decrense in esr leaf area ond leaf area noer
plant was observed with increase in plant population from
25,000 to 50,000 plonts/ha, A non=significant decrease
resulted from further increase in population to 75,000 plents/ho.
The leaf aree index increased significently for each 25,000
plants/ha increase in plant populstion from 25,000 to 75,000
plants/ha., These findings ogreed with those reperted by othor
researchers., Adelant ond Milbourn (1972) and Lucas (1981)
pbserved increcsed leef area index with increase in plani
population, Nunez and Kamprath (1969), found a linear reduction
in leof area per plent ns plant population increased from
34,000 to 94,000 plants/ha, Competition for light end/or
carbon dioxide prnbgbly bBrought obout the decrease in leaf

orea with increasc in plant populstion.

5.3 Nitrogen and Population Interaction

The interaction botween nitrogen and population was
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gignificant for ear length, number of ears for plant, grain

to steover ratio, shelling percentage, esr leaf area, leaf aren
index, number of barren stélks per plot, and dry matter yicld
at tassel and horvest. However, nitrogen and population
interaction affect was not significent for grain yield. The
presence of interaction under the condition of this experinunt
is an indication of differentinl response to the different
levels of population and nitrogen applied. The lack of
interaction effect on grain yield w@és however contrary to the
findings of Lang ct s8l., (1956), Earley (1967), Sharma and
Gupta (1968) and Ulogunde and Ogunlela (1984). Inadequ:te
s0il moisture due to poor rainfall and its distribution probably

eccounted for the lack of interaction effect on grain yield.

5.4 Nutrient Element Concentration in the Ear Leaf

Se4.1 Nitrogen

The increase in the N concentrotion in the ear leaf with
Incyeased retewnf nitrogen wos expected. Several workers have
reported an increose in the concentrotion of nitrogen in the
par leaf with incressed retes of N appliceticn (Ologunde,

1974; Kelia 1975; Gontos et ol., 1975; Rabuffetti and Koamprath

1977; end Cornfarth ond Steele 1901),

Increase in plant density decreased the concentration of
nitrogen in the ear leaf, although the decreasc was not
significont. Similar observations were made by Abdullahi

(1975) ot Samoru, who found @ decreanse in the nitrogen content
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of the eor leef with increase in plant population.

Selia2 Phosphorus

Although the effects of increased N ratea onithe
concentration of phosphorus (P) in the egar leaf was not
significant the result show that phosphorus in the ear leaf
tended to increase wit%h increcse in applied N, This result
is in line with the findings of Terman et al., (1977) who
reported an increese in P concentration with increased levels
of nitrogen. Such increase in P upteke on addition of N hos

been attributed to:

a) Increase in root growth in the volume of fortilized

soil (Duncen and Ohlrogge, 1958).

b) Increesed physiological capacity of the root to
adsorb P due to an involvement of N intermedistes in

the adscrption process (Miller 1965) and

e) Alteration of pH at the soil root interface due to
excess of cetion over anion adsorption and o

consequant relecase of H* (Millerigg'gl., 1970).

The cffect of plant populction on the ear leaf P

concentrotion was not significant in this trial.
5.4e3 Potassium

The increase in pot2seium (K) concentrations in the ear

leaf with increesing nitroger yetd is consistent with the
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findings of Shukla (1972) and Hume et al., (1979). This might
be due to the essentizl role which K* plays in the nitrote
nutrition of plant, particularly in the regulation of

nitrate-uptake.

Plant population had no significont effect on the per cent
K content of the ear leaf. However, the per cent K contont

tunded to incresse with increase in population.

5.4.4 Other nutrient elements

Increased rote of opplied N was found to significantly
increese the levels of Mognesium (Mg) and Mangenese (Mn) in
the ear leaf, Although not significent, applied N also tended
to increase the Zinc (In) concentration. The effects of i on
the ear leaf Calcium (ce), Copper (Cu) ond Iron (Fe)
concentration were not significant. While the response of eor
leaf Ca ond Fe concentrotions to increasing N application, was
not censistent, the concentretion of Fe tended to be higher
at low than ot high N levels, Several workers, heve reported
increese in the ear lenf nutrient element with increased N rote.
Terman end Noggle (1973) and Cornforth and Steele (1981)
reported increase in the Ca and Mg concentration in the car
leaf with increcse in cpplied N. Thompson (1982) observed en
increese in the Cu, Zn and Mn content with increased level of
N. While Steele et s8l., (1981) found that added N significantly
increesed the levels of Mn and Zn in the ear lenf. Tha increase

in the Mg, iin and Zn content of the ear leaf associated with
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incremsse nitrogen fertilizeation con pogssibly be interpretoed
og indicoting partial fulfilment of the plant's need for the
elements. Un the other hand, increase in the Mg, Mn and Zn
concentration in the eor lenf with ndded N might be due to
the effect of NO,” in increasing thz total inorganic cation

3
in plants (Cunningham, 1964).

Population effocts on the concentration of the ear lcof
Ca, Mg, Mn, Zn, Cu @nd Fe were not significant. The
interactive effect «f nitrogen and population wes only

significont for the concentration of Zn ond Fe in the eor lcaf,

5.5 Relctionship betwcen Ear Leaf Nitrogen

Concenttotion ond Grain Yield

The nitrogen content of the ear leof was significantly
correleted with the grain yield. GSevercl workers hzve founrd
highly significant correletion between meize yield and
percentage of N in the eor leaf. (Reichmon et al,, 1959;
Dumenil, 1961; Peck et 2l., 1969; Walker and Pegk, 1974;
Steele et al., 1902),

Maximum grain yield in this study was nssociated with
2,16 per cent N in the ear leaf, In their trial, Steele vt ol.
(1982) reported thnt moximum grain yield was obtained with o
N concentration of 3.21 per cent in the ear leef, The lower
value recorded in this triol many be reloted to the level of N
(0.D26%) in the soil snd the cultivor planted.

The relationship of yield to per cent N in the ear lcof
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wog significant, fr = 0.518). The regression equation shows
thot eoach 0.1 per cent change in the ear leof N resulted in

e change of 176.6kg/ho in grain yield, However, the Rz vnlue
26,8 for the relationship woas low, Tyner (1946) in West
Virginie found thot for coch chonge of D.1 per cent N in the
ear leaf ot silking grain yield varied by 277.08kg/ha, whilc
Bennett ot ol. (1953) found thot for each chonge of 0.1 per
cent N there wos a yield change of 200kg/ha. A linear
reletionship was ovlso found to exist between increase in
yield over contrel resulting from nitrogen fertilization ond
ossccinted increase in the N content of the leaf. The
regression equetion indicoted that for ecch 0,1 per cent
change in N, corresponded to 264.B8kg/he increase in yield.
Employing @ similar opprocch, Bennett et 2l., (1953) observed
@ chenge in yield of 200kg/ha for each 0.1 per cent change

in nitrogen in the eor leaf. The existence of many
uncontrellable and variable factors which influenced finnl
yields mokes the wldespread use of such quantitative

interpretetion questionable.

5.5.1 Criticol N per cent of the egor leaf

The establishment of @ criticol nutrient level heve been
made for maize in various places (Tymer, 1946; Bennett et ©l.,
1953; Jones, 1967; Sontos 2t a3l., 1975), The critical level
of 2 nutrient is genernlly assumed to be that which borders on
edequacy. When the critical level of nutrient per cent is

reached, little or no yield increase is to be expected from
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applying odditional increment of the nutrient in question.
However, becouse of the noture of response to N and the weother
constroints obgerved in the study, it was difficult to
estoblish o criticel volue for N in the ear leaf. In thoir
studies, Santos gt al. (1975) cbserved that N content and

grain yiecld incresscd lincarly with increasse rate of N
opplication but could not estoblish a criticel N level. While
Tyner (1946) published criticol volues of 2.9 per cent I for

malze.
5.6 Correletion Studies

The high positive correlation observed between eor
height, shelling percentnge, ear lemgth, weight per 1,000
kernels number of leaves per plant, eor leaf ereo, totol leaf
area per plant, dry matter yield at tossel, grain to stover
rotio and groin yield showe thet on increcse in each of the
above variables will leed to increase in grain yield. The
negative correlotion between deys to 50 per cent tasselling

and groin yield was due to drought effect.

The significant correlation between N, P, K, Mg in the
ear leaf and grein yield observed in this study confirm the
findings of Dumcnil (1961), Peck et ol., (1969) and Wolkor end
Peck (1974) who nbserved highly significant correlation
coefficients between moize yicld ond the percentage nf N, P
and K in the ear leaf.

Nitrogen concentrction in the eor leof correlated positively
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with the Mg and Mn content in the ear leaf. While P
concentrotion aoffected K and Mg. The contentration of K in
the ear leaf only affected the concentrotion of Mg. OF all
the micro-nutriente only Mn in the ear leof positively
affected Cu and Zn concentration in the eer leaf. Resulis
reported by Agboole and Corey (1973) indicated @ negetive
correlation between K ond Ca in meize leaf and o positive
correlation between plant N end tissue F ond Cu. Such
correletion between elements In the ear leaf shows that the
accumuletion nof on clement can accentuate high accumulntion
of other elements, which under the condition of this
experiment tend® to suggest thet such am element ploye o vital

role in meize production.



Chapter 6

SUMMARY_AND CONCLUSIONS

An experiment was conducted during the 1983 wet scason
ot the Institute for Agriculturnl Research (IAR) farm,
Somoru, to investignte the effects of five rates of N (0,
50, 100, 150 ond 200 kg/he) and three plont densities (25,000,
50,000 and 75,000 plonts/ha) on the growth, yield and yicld
components of maize. It was rlsp to study the effect of
these varizbles on tho nutrient element concentrations in the
ear leaf, and to evnluate the relationship between the nitropen

content of the eor leaf and groin yield,

Groin yield increassed significently with increase in
nitrngen applicotion up to the 150 kg N/ha rote and a
non-significant incrense resulted from fyrther increase in thoe
level of nitrogen to 200 kg/ho. Length of ear, ear dicmeter,
number of kerncls per ear, kernel rlepth, weight per 1,000
kernels and numbar of ears per plant increase by 98.6, 37.0,
49,2, 52.5, 64.5 =nd 145.4 per cent, respectively, with
increase in N from 0 to 200 kg/ha. Eor height, number of
leaves per plant and shelling percentoge increased significantly
with increase in N rates. from O to 50 kg/ha, ond a
non-significont increese resulted from further incresse in the
levels of N to 200 kg/ha. Incrense in N PBABS from 0 to
éﬂD kg/ha delayed days to 50 per cent tosselling and silking
by 12.3 and 15.6 doys, respectively, Significant increase

in plant height, stover weight, car leaf area, dry matter
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yield nt tassel ond nt harvest whe observed for each 50 ky 4/ha
increese in N up to the 150 kg/ha rote. Further increasc in
the *aY%88  f npplied M to 200 kg/he did not result in ony
significent increasc. Groain tn stover retio increased
significently with increose in N 98%® from 0 to 50 kg/ha,
with 2 sionificont decreosc resulting from further increesc
in applied N to 100 ka/ho. Thereafter, each 50 kg N/he
increment hod no effect on this voriable, Number of borren
stalks per plot decreanscd with increase in epplied N.
However, only the first 50 kg N/ha increment in N level
resulted in o significant decreasc in the number of barron

stalks.

Increased in the rate of eppliced N from 0 to 150 kg/ha
significantly increased the leof area per plant and lecf aren
index. A non-significant decreose resulted when the levels

of N was raised to 200 kg/ha.

A slight and non-significant decrease in grain yield wog
vbserved with increasc in plant pepulation from 25,000 %o
50,000 plants/ha. A significont decrense in grain yield
resulted from further increase in plent population from 50,000
to 75,000 plante/ha. This result tends to indiceate that under
low reinfall condition &s recorded for this triel, it would
be edequate to use o planting density thot is on the low sire
in order to mointein rclisble production, Such stand moy not
attain quite 2g high o production cs thicker stands in good

years, but will be more ruliable in adverse years, Numbor of
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kernels per ear, length of ear, ear diometer, kernel denth,
number of ears per olant, grain to stover ratio, number of
borren stalks per plot, and leaf area index decreased
significantly with scch 25,000 plants/ha incresse in plant
population. Flant height, ear hoight, stover weight, total
dry matter yield nt tassel and ot harvest increased by 9.2,
1.1, 3.4, 77.5 and 20.0 per cent, respectively, with
increase in plant populmation from 25,000 to 75,000 plents/ha.
Days to 50 per cent tasselling and silking was 2,0 and 3.6
days earlicr when the plent populsticn was raised from

25,000 to 75,000 plents/ha, respectively. Number of leaves
per plant decreased significontly by 5.6 per cent when the
rote of plenting was roised from 25,000 to 75,000 plants/ha.
A non-significant increcse in shelling percentage with
increase in populstion from 25,000 to 504000 plents/ha wos
cbserved. A significant decreese resulted when the plant
population level uas reised to 75,000 plants/ha, Ear lenf oren
and leaf ares per plont decreased significantly with incrensc
in population from 25,000 to 50,000 plants/ha. A none
significant decrease wos opbserved from further increasc in

population to 75,000 plants/ha.

The interaction between nitrogen and plont populsticn
wee significant only for cor length, shelling percentage, ear
leaf orea, leaf area index, number of barren stalks per plot
and dry matter yield nt tnssel. Increase in N application

significantly incrensed the concentration of N, K, Mg and Mn
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in the ear leaf, UWhile not significant, increased N rate
tended to incrense the eayr leaf concentrotion of P, Ca end
Zn. FPlant populeotion had no significont effect on the eor
leof content of W, P, ¥, Ca, Mg, ¥Mn, Zn Cu and Fe. However,
the concentration of N, Zn, Cu and Fe in the ear leaf tended
to be higher ot low than 2t high populction levels Nitrogen x
population intersction cffect was only significont for Zn end

Fe concentration in the ear leaf.

The N content of the ear leof wes positively correlated
with the grain yield. A linear reletionship was found to
exist between increnses in yileld resulting from incrense N
fertilizoticn and associated increases in N content of the

leaf.
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Appendix A: Daily rainfall (mm) during the crop season at
Semaru, 19683.

Days of
the month May June July August September
1 - - - ~2.1 2.0
2 - 9.8 1.0 35.0 -
3 - LoD Tr 14,5 -
L - - 9.7 1.1 11
5 - - 6.6 0.0 21.0
6 - - - - 11.3
7 - - 0.9 27.0 -
6 - 0.2 03 0.5 16.3
9 Tr L 5 - - -
10 - YN 10.2 17.0 -
1" 3.5 - 0.8 - 2.6
12 16.4 - - - -
13 - - 0.3 - Tolt
1% 16,9 - - - -
15 - 6/6 - - 12,0
16 - - 6/0 - 10.0
17 Oe1 - - - -
18 - Tr - LOJL L.6
19 Tr - - 21.0 146
20 17.2 -~ 1.2 14,6 -
21 - Tr - - -
22 ~- - 1046 Us5 -
23 2.0 - - 642 Tr
24 3.0 24,5 - - Tr
25 - 1.0 0.5 26.3 3.5
26 1.3 - £ - 2Le7 -
27 - - 0.3 - -
28 8.9 17.1 27.0 19.2 -
29 - 3.7 6e3 - -
30 - - - - -
31 Le0 - - - -
Total 73.3 74e3 107.5 _259,7 95.2

Source - Deportment of Soil Science, I.A.R., Sameru.
Tr - Troce
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