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CHAPTER 1

INTRODUCT ION

1,1 Seneral

Of the four major cereal crops = sorghum, millet,

maize and rice - grown in Nigeria, maize (Zea mays L.)

ranks third in importance both in terms of total production
and utilization. The estimated annual production of maize
is now about 1.6 million metric tons of dry grains from
about 1.5 million hectares of small peasant holdings
(Federal office of Statistics, 1972). This indicates a low
average yield of about 1,000 kg/ha. Virtually all the grain
produced is used for human consumption with a very small
proportion used for livestock and poultry feeds. The
traditional areas for maize grain production have been those
approximately south of latitude BON, and maize is regarded
as the most important staple cereal crop in the Jestern,
Kwara, Lagos and to some extent in the Mid-Yestern and East
Central States. In areas to the north of the main maize
belt, sorghum and millet dominate the cereal crop acreage
with the latter gaining more prominence as one goes still
further north where the total rainfall and its distribution
becomes inadequate for the long season traditional sorghum
varieties. However, even north of the main maize growing
areas short season varieties of maize adapted to the season
and environment have been grown for centurdes in relatively
small plots in or near the homesteads to furnish ears that

are often eaten green after boiling in the husk or roasting



without the husk.

£lthough research in agricultural and food
sciences in Nigeria is about fifty years old, its
increased tempo to meet the crucial challenge of
increased food production to meet the need of lligeria's
fast growing population and provide the essential raw
material to stimulate industrial growth is less than
two decades old, Earlier research effort tended to
emphasize export and industrial crops such as cotton,
groundnuts, cocoa, rubber etc. much more than the food
crops. A fairly balanced research approach, now pursued
on all the major crops in Nigeriz includes husbandry
practices, plant breeding, crop protection, and maintenance
and improvement of soil fertility.

Maize research in lMigeria has been the respon-
sibility of the Federal Department of Agricultural
Research with its headouarters at Ibadan in the Western
State, Migeria's most important traditional maize
growing area., In the last decade, through cooperative
and active participation of other research organizations
such as the major cereals project of the Organization of

ifrican Unity(JP 26) and the Institute for Agricultural
Research of Ahmadu Bello University, maige reseorch programmes
have expanded to cover both the southern ancd the llorthern
parts of MNigeria. Information gathered especially in the

1 5t five years showed that the production potential of

reize increases from seuth
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to north up to 11°N in the northern guinea savanna where
maize has its greatest grain yield potential (Kassam et al.
1974) . Though two maize crops can be grown under the
bimodal rainfall distribution in the south, on crop to
crop basis, the higher potential in the north is attributed
to larger solar energy for photosynthesis during grain
filling. HNorth of 11°N insufficient moisture during
growth becomes a more important limiting factor to maize
production than solar radiation.

Inspite of this great potential for maize as a
grain crop in the north, agricultural extension services
are finding it difficult to promote maize production at
the expense of sorghum. The reason for this may he
sociological, but it should be noted that maize,
especially its high yielding varieties, does poorly and
often fails completely when grown with little or no
fertilizers uncer the conditions peasant farmers at
present commonly grow their adarted long season sorghum
varieties. It is hoped that this great potential for
maize grain production in most of the northern p2rts of
MNigeria will be exploited through intensive 2nd extensive
campaigns to get farmers to accept the use of fertilizers -
an important prerecuisite to successful maize production.
At this juncture it is important to point at other
characteristics that help to make maize an acceptable

crop to farmers. In many areas of the north maize will



ripen at the end of the rainy season and dry down to a
moisture level allowing safe storage while still on the
field. Also the husks give come partial protection to
the grains against birds, insects and from damage by
rain during the ripening period.

The work reported in this thesis was an
investigation of the growth performance of three maize
genotypes with particular attention to their post
flowering pattern of development in relation to
production of dry matter and grain yield =t Samaru
(11011'N), in northern MNigeria, classified as having
dry sub-~humid climate according to Thornwaite's (1948)
classification, In the first year of the study growth
response to changes in plant density was investigated.
Jsing the optimum plant density 2s determined from first
year's investigation, response to date of sowing and
top-dressing with niirogen were investigated in the
second ye2r of the study. In addfition, suprlerentary
field experiments were carried out to study the source and
sink relationships and pattern of translocation of
assimilates in the plant after silking. It was hoped
that the study would provide general agronomic
information on maize huslt:ndry for the samaru area and
areas with similar growing conditions, and would also
elucidate some of the physiological bases for yield
differences between the genotypes uncer the agronomic

treatments included in the study. .:1so incortant is the



understanding of the rel-tions ips of plant characters to
yield so that the mode of inheritance of these characters
could provide the basis for definite and constructive

progress in plant breeding and agronomy.
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CHAPTER 2
LITERATURE REVIEW

2.1 General
Information which can be put to practical use in

crop production consists essentially of relationship
established between crop yield and variations which can
be brought about by changing husbandry practices or by
modifying plant character through plant breeding. These
relationships between yield and environment only describe
the connection between the end points of long and complex
chain of inter-dependent processes in the environment and
in the plant, the understanding of which broadly speaking
form the object of agronomic and physiological research,
For this understanding to be achieved plant growth must
be identified in measurable terms and then growth
reaction of the plant to these envirommental factors must
be determined. The problem of accounting for variation in
terms of growth, development and yield of crop plants has
been reviewed by Jatson (1952). It involves the effects
of external factors on all the physiological processes of
the plant, the interwrelationships between the different
processes of the plants and their dependence on the
genetic make-up of the plant, 3Some of the major environ-
mental factors which are themselves inter-dependent but
which have direct or indirect effect on plant growth and
development are temperature, rainfall, light intensity,

day length and the growth medium of the plant. Other



factors, which are incidental to the environment,
affecting growth of crop plants are insect pests and
diseases. The growth reaction of the plant to environ-
mental factors is also dependent on plant density, time
of sowing, soil moisture and nutrient availability.
Though considerable progress has been made since the time
of Brooks (1902) who emphasized the need for integrating
all factors which determined growth to the advantage of
the farmer, there are today still many gaps to be filled
towards a fuller understanding of the way in which
different physical and physiological processes interact
to determine plant growth.

2.2 Growth analysis

Early growth analysts such as Balls and Engledow
(1934) measured morphological and numerical changes in
plant organs which took place during growth but shed no
light on the underlying physiological factors. Their
technique did not succeed in defining easily measured
plant characters which controlled yield and which the
plant breeder could use as a basis for selection. The
trouble was that the different yield attributes were
not independent expressions of growth. Early investi-
gators on growth also concentrated on one or few well
known varieties of each species and emphasized comparisons
among species rather than variability within species.

Reviews of methods, terminology and results have
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appeared many times in the literature (Watson, 1952;
1958, 1968; Wallace, 1958 and Hayashi, 1966). The
growth analysis method is based on periodic sampling
of a growing crop to determine total plant dry weight.
The sampling may be over the whole or part of the life
cycle of the plant or crop. In addition the analysis
of growth may include division of plants into their
components (e.g. leaves, stem).

Several expressions are commonly used to
explain growth and morphological characteristics of an
individual plant or a crop community. The review
sources given above give most of the original
references to these growth parameters. ISlackman
(1919) took the first step to develop a procedure for
analysing growth in terms of dry weight changes. He
regarded increase in dry weight as a process of
continuous compound 'interest'!, the increment produced
in any interval adding to captal growth in subsequent
periods. Thus Elackman suggested the use of relative
growth rate defined as the mean increase in dry
weight, per unit dry weight per unit time as a
measure of the rate of growth of plants. Heath and
Gregory (1938) worked with a number of species in
different environments and concluded that net assimilation
rate, defined as the net increase in dry weight, per

unit leaf arca per untd time, was a relatively

constant paramcter for all plants; and that observed
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differences were attributed to different envirommental
variables such as light. DBriggs et al, (1920b) pointed
out that the relative growth rate was eguivalent to the
product of net assimilation rate and lecf area ratio.
Leaf area rxatio was defined as the amount of leaf area
present per unit dry weight of the whole plant.

Wwatson (1937) suggested another useful growth
concept - the concept of crop growth rate which is
defined as the net increase in dry weight per unit of
ground area per unit time. Further he showed that the
crop growth rate was equivalent to the product of net
assimilation rate and leaf area index - leaf area per
unit area of ground., The reviews by Williams (1946) and
Watson (1947a) highlighted some of the limitations,
inaccuracies and assumptions made in the use of net
assimilation rate as a measure of photo-synthetic
efficiency. One of its inherent limitations is that
the net gain in the dry weight which is the net
difference between gain from photo-synthesis and loss
from respiration, is related to leaf area when in fact
respiration occurs throughout the plant and not only
in the leaves. Errors in estimating net assimilation
rate are present when only the above=ground plant
parts are measured to the exclusion of the roots.
Inspite of these limitation net assimilation rate
remains a convenient method of estimating mean rates
of photosynthesis of field crops from successive

extended periods of time.



2.3 Physiological bases of inter- and intra-specific
differences in yicld

This subject was reviewed by Watson (1952) who
emphasized that differences in dry matter accumulation
must be due to differences in either the size, or the
net activity of the photosynthetic system or both.
This again stresses the importance of growth analysis
in studying field crons.

2.3.1 leaf area difference

Thoxe. is considerable information in the literature
on the relationship between leaf arca and crop yield., Watson

(1958) showed that leaf arca, the size of the assimilatory
system, was’ generally nore inportant than net -
asginilation rate in deternining yield.

Leaf area index unlike leaf area per plant serves as
a better indication for the surfaces available for
light interception and absorption and provides a more
common denominator for discussing the photosynthetic
potential of a given crop. The early work of
Nichiporovich (1954), Watson (1947a) and Brougham
(1960) made immense contributions to the usage of
leaf area concepts., I'ichiporovich suggested that
each economic crop has an optimum leaf area index.
Such optimum leaf area is sufficient to intercept as
much of the incoming radiation as possible allowing
little or minimum parasitism by one part of the plant
on the other., He considered this optimum to be between

2,5 and 5,0 pointing out that the leaf area index must
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suit the conditions and purposes for which the crop
is grown, Duvick and Noble (1970) showed that
optimum leaf area index values may vary for different
maize hybrids and environments. In their study these
varied between 3.3 and 5.9, They also showed that
environmental differences changed optimum leaf area
index values of individual maize hybrids as much as
two fold., Similar variations in optimum leaf area
indices for different maize hybrids were reported by
Eik and Hanway (1966); William et al. (1968); liumez
and Kampath (1969); and Hunter et ale (1970). Tanaka
et al. (1964) reported that optimum leaf area index of
crops varied with plant types and light conditions
during growth,.

Watson (1958) found differences in leaf area
indices and leaf area duration (the integrated leaf
area for the growth cycle) of a range of field crops =
the greater the leaf area the greater the dry matter
accumulation. Van Eijanatten (1963) found that a
difference in the rates of leaf area senescence (the
duration of functional leaf surface) was responsible for
a difference in grain vield between two maize varieties
in Ibadan - southern part of Nigeria. R oonstra (1929b)
found that oat varieties with longer duration of leaves
had bigger grain yields.

It is evident that leaf area size, its duration
and efficiency are affected by several environmental

factors in addition to those inherent in the genetic
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make-up of the species and varieties, Literature is
generally consistent on the relationship between leaf
area index and plant density. As plant density is
increased the leaf area index also increases until
it reaches its highest value at maximum plant density.
However, the leaf area per plant decreases as plant
density is increased. Maximum grain yields are
generally not associated with maximum leaf area index
values, eventhough no drastic reduction in grain
yield is found associated with maximum leaf area
index., Watson (1947b) reviewed evidence that showed
the influence of mineral nutrition and leaf expansion
on the size of leaf area, OGregory 2nd Crowther (1928)
found a difference in the response of barley varieties
to nutrient application, and attributed this to
differences in leaf area. Similar differences in the
response of hybrid and inbred maize to nutrient
applications have been recorded by Whaley (1950).

243 Differences in net assimilation rate

Heath and Gregory (1938) as mentioned earlier
considered that net assimilation rates were relatively
constant for a wide range of plant species, and that
leaf area was the main factor determining dry matterxr
accunulation. Watson (1952) however rerorted
considerable variations in the net assimilation rates
of several crop species ~ barley, wheat, potatoes and
sugar beets. However, only limited variations were

observed within species, Buttery (1970) found the



net assimilation rate in maize to be twice that in

soyabeans.

Many workers (Loomis and Williams, 1963;
Loomis et al, 1967; Duncan et al, 1967; vWit, 1959,
1965) reported a possible correlation between light
intensity and net assimilation rate. Watson (1952)
showed that increase in the leaf area of sugar beet
reduced light intensity within the crop canopy with
consequent reduction in net assimilation rate. These
differences especially among varieties or strains
within species have in recent years been understood
to be attributed to differences in leaf disposition
and the manner of light interception. Evidence is
available to show that the chlorophyll concentration
in leaves can affect net assimilation rate. Sprague
and shive (1929) and Sprague and Curtis (1933) related
tleaf efficiency' and consequent grain yield to
variations in the chlorophyll concentirations of
maize leaves, Miller and Johnson (1938) however
found no such relationship. Gabrielsen (1948)

investigated the effect of chlorophyll concentration

in different species and concluded that chlorophyll
concentration was important only under poor light
conditions, It would appear that the result of
investigations on the relationship between chlorophyll
concentration and net assimilation rate would depend

much on the conditions under which the experinents



were carried out.

2.+:3.3 Translocation of stored assimilates to the grain

In the early decades of this century, it was
generally believed that dry matter already present in
the plant at the time of flowering made the greatest
contribution to the final dry weight of the mature
grain. £Archbold (1942) working on barley and Barnell
(1936) on rice, however, found that the amount of dry
matter formed in the grain of these two crops represented
more than twice the amount of dry matter lost from the
shoot during the period of grain filling. Later
investigations by Archbold and Mukerjee (1942) showed
that dry matter lost from barley shoot during grain
filling was equal to a maximum of 20% of the final
dry weight of the ear while the dry weight lost from
the root, most of which was considered to be mechanical,
amounted to only 10% of the final ear weight. They
concluded that at least 80% of the final dry weight
accumulated in the grain of barley came from
assimilation taking place after flowering or ear
emergence. In further series of experiments with
barley Archbold (1945) concluded that only
concurrently assiB®ilated carbohydrates are utilised
for grain growth and that once the sugar is stored
elsewhere in the plant, it is no longer available for

translocation to the grain.,
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The conclusions of Archbold and her co~worker
have been confirmed in more recent investigations with
other cereals, Judging the relatiQely little changes
in the weights of the different parts of the shoot
compared with the large changes in the weight of
grain between flowering and physiological maturity,
it appears that in most cereals, carbohydrates present
at flowering make at most only minor contributions to
final grain weight. This general conclusion has been
confirmed by several workems - Asama and lMani (1949, 1950);
Kiesselbach (1948); Watson et al. (1959, 1961) Van
Eijanatten (1963). Goldsworthy (1970) reached a similar
conclusion with different varieties of sorghum at Samaru,
Northern !Migeria.

llevertheless, there were reports, few and
inconclusive as they were, which have indicated
movement at least under certain conditions of stored
dry matter to the grain. Aldrich (1943) reported
that mean kernel weight of maize increased by up to
20% within eight days after a pre-mature cutting of
the stem. In recent investigations Daymond et al.
(1973) and Adelana and Milbourne (1972) showed evidence
that considerable remobilization of dry matter may occur
from the stem of maize towards filling the ear up to two
or three weeks after silking. They also suggested that
dry matter continues to be stored in the stem during

the first three weeks after silking due to inadequate

ear sink.



4 Contributions of the voricus marts of the photosynthetic

arex to the prod:iction oi dry mitter after flowering

From the review in the vrevious sections it is 2opaxent
that most of the cry matter used for filling the gr-in of
cereals is riormally procduced Ly assinil tion t-king nlace
after flowering aud during grain filling. .° considerable

L} - 5
A

nunber of studies h~d been carricd ocut with a number of
crops to cdetermine the absolute and welative cotributions
which various varts of the Hhotosyribetic orgy-ias of pl-nte
nake to the firzl dry maotter accumulotes in the grains.
Most workers hrve rensured these contiributions o5 a part
of the difference in weight letween contrel 2lonts and
plants in which the part w:s removed or shwded, or as an
increase ir weight when only the paxt in ZJuestion wos
allowed to photocynthecize. “he techri-ues of oonstr=z
(1929) 2nd 3mith (1923) worxking orn: wheat; those of “Jatzon
and iloerman (1923°) werking with barley showed the rrowninent
role of the exxr in its owi. groth nd Jdeveloi—ente. In
these planis the eaxr ceontributec between 30 - 504 of its
own weight ~iter emexrgence. Jheir studies shoed the
contributions made by the lenves, both larinte -—nd

-

sheths, to be of simil x mgnitude to thut of the eix.
noonstra repoxrted that most of the contri:tionc fzonm the
leaves cine froi' the tor; fou: lenves wrincert. It was 2lso
reported by Torter et ~l. (1950) ithit tae coatrilution of

the flag leof to the et weight of Lurley #:s of the sar»

rzgoitule os that of the enr itself - eunch centribrting
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ihile Lfor barley, wheot "né rice ihwere is evidence

.

that up to about 60.. of the e~r weight is jointly contributed
by the flag leafl and the esx itself, recnlic of experiments
with crops such as sorghun ~nd wzizz suqoest that leaf lomine
is the chief sovrce of dry riaitter for fi11in; the grodine.
Complete leaf reroval at about flowering hos led to severe
decreas2s in the grodn yields of scrghum (Li -nc€ Liv, 19355
ané Ztickler ~nd Fauli, 1961),

cungan (1230, 19:2) found thot renoving noize liminze
soon ~fter flowsering cousad severe reduction in groin
yield suggesting that laninae sup-lied rost of the dyy matter
to fill the griine In r2ice -s in sorghum, stniliacs by
Xurbator ~nd Dovn>r (1060), frime (1960), .oyt nd “radficld
(1962) and ottray (1962) showed that the unver lecves noke
substanticlly grenter contribution to dry —matier production
of grair than lower lecves, cverihoagh Leoomis (1235) found
thzt the contribution to d:iy rmotter nnd grrin yield of a
given =re- of lower leaves wos ecual to that of unrer ledves
at eruzl illunintticon. In niny studies soch s the once by
Jan 3Fijnntten (1963) on ~aize it wis shom that
contributions mnde by leas sheath and ecxr corne’ to that
rnzde by l:widnce were sm~ll,

2e5¢5 3ink-sourcz relutionships

— — -

In the —vevicus sectiont the imwortonce of the
cciril - tory swster: to yielcd s reviewed. It 7rms shown
thet yield ray be lirmitel by the soree of thwe whotosynthites,
In ro-e recant noctulrtes, it wie shom tiist tiue yield na
also be lirited “y ihe cize of the 2ccacric 3in!: (e.gs head,

exr) in which assindil:ites are ctoresd, iost e:xperiiienis on



the effects of defoliation showed that the reduction in
the size of the »hotosynthetic system .t silking resulted
in lese than proucrtion te Jecrease in tle graii yield of
maize. This suggests that the hotosynthetic efficiency
of the remuining (ssinil-tory surfice iz iacre:.sed fterx
partial cdefoliction, an. the increcse in ef“icicncy may
be due portly to increascd light to the remaining leaves.
Just as the efficiency of the —hotocyni’etic nysten is
increcsed by redicing its size, studies nhitwe ghow: tlhot the
efficiency of the sir!: iz incroosced then It size iz

cecreased rel:tive to the size of the source of rhotosynihntes,
Ve ..1lister and Xrober (125C) rouorted the @iL.ility of two
soy~beans varietiss to corpenstite for nod lasges of 22% ~ncC
17% %y 2n inecrease in seed weight of the remaining seeds.,
Zingh and Colville (1262) redced tue size of ha~ls in

sorghun 2and ncticed an increcse ia the test weight of the

seeds. They rerort2d only 13% reduction in grein yield

when sorghun hea2l size ins »clucced by l.alf daring booting

and heading stiges., emrit (195€) showec taat when the sialc
capacity of notite nlants wag reduced Ly removing turers,
the photosyrthetic riite wis also rec:ceds 3cllswerthy

and Tayler (1970) choued that the lack of ywizld recnense to
better crop husioondry Ty tihe till locnl corgiaum verietins

n northera Ifigeria wis princisslly Mne to tie 1limited
capecity of tho 'hends to store cssirilotes, esults of
experirents Ty '1licon "nd “latson (1806) cl.cred ti:nt
rovenent of corkbolaylr-tes into tae gr-ins of v ize was

deterrined ty the c3neity of the grainc to recemnt it.
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Yoss (1962) showed that when grain formation is prevented

the assimilates in raize accumulate in the leaves resuliing
in slored phetocynihetic activity. Sdelona cnd Milbourne
(1972) xzerorted thot after reroving 305 eirs of two maize
varieties, grcin yiclc was zeluced by only 1¢45 -nd 3.
respectively. 7They fouad thi.t the storage cinli ond the
capieity of the ear responded 2y incre-sc in the weighit of
grain,

The warious investigotions on sink=soree relotionships
considered thot the Jistribation of netabolities betwicen the
source and the sin!: is contrclled by the gr-dient between
then (Tcnzka et al,, 2966). The ravidity cof cssindl-te
moverent towzrds 2 giver sink wns reteriined by the steepness
of the gradient ~nd the gradieat is mode steever Ly the
unloading or rermoval process ot the sink. Investigators
hayve horever found it difficult to decie whether it is the
source of accimil-te or the storage cordcity that is
restristing the yield in -ny given situation. ~eevaers
(1969), a2nd Tanzka (1972) ~greed thoat in scurce-sink
rel-tionships there is = cornle: inter ction in rshich the
rhotosyntheiic rate of the cource ay~c-xs tc be very closely

related and regulcted by the ‘erand of thie sink.,

2+3.6 I'attern of mctabolites tr nslccotion

Defcli tion ~nd shoding techniiues have for nany
decades been used to measvre the coniridutione of the
various parts of the cssinil-tory syster to yiell of

econor:ic plants esteciclly cerexzls, Technl-ues using
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~ 14
rzdio=ctive carbon="""°

C, have been 2dded and used to study
rattern and efficiency of tronslocation of assiril:tes in
plants. CSome investig=tions hove so far shown thot afterx
flowering the upper leaves of maize exported c~rbon
principally to the earx (Felmer, 1969, Tan-ka 1972), Otherx
studies (almer et al, 1973, -nd Tripathy et ~1l. (1972)
have shown that even thoutgh ultimciely the vwrincipal sink
of issinil-ted carbon after flowering is the erx, the
position of the leaf rolitive to the develoving eor
strongly influe..ced the rate of tr rnslocation, The use

of 140 techricquz has also sied¢ sore addiction..l light to the
uncderstanding of the source-sink theory. 7The stndy of
Falmer et l. (1972) showed thrt mfrize vlanis which had
partly fertilized ears accumulnted loavwger cuantities of

14C in the sten -nd roots tion nlants wshic
fertilized ecxs,

2.3.7 2ffect of rlant Jeasity on dry meotier pooduction

Briornous literature on the 2322t cf lant density
on dry notter producticn ~nd Zistribution in m2ny cconomic
crops has been published. Investigations in this area are
concerned not only with fundarmental inforr ~tion on growth
and develorment of on individu~l »lant within 2 crop
community but 21lso with the ernally important asmect of
growth and development of the crop cormunity -~s 2 whole.
This is decuusce in wpri.ctice firnerss e more concerned
with the behaviour -nd rarforrcnce of = grou» rother
than with individu2l plants. .csalts of these invostigne-

tions cre varichle ~-d rray tines controdictory “Jererding



- 2] -
on the crop species, and genotypes within species or
varieties, and the environmental factors which include
level of fertility, moisture availability and solar energy.

Several investigators (Bond et al., 1964; Colville
and McGill, 1962; Carmer and Jacobs, 1965; Stickler, 1964)
have reported decreases in yield both of grain and stover
per plant as the number of plants per unit area increased
but the total dry matter produced per unit area may and
generally did increase. For crops that are grown for their
total dry matter the advantage of high plant density scems
obvicus, But many economic crops arc grown for only a
specific plant part, and for cereals such as wheat, rice,
sorghum and maize, they are grown primarily for grain,
Literature is generally consistent that the density for
maximum dry matter preoduction of cereals is generally
higher than the optimum density for grain yield,

Sielinger (1926) investigated the effect of plant
density on grain yield of tillering and non=tillering
varieties of sorghum, He reported different optimum plant
densities at which the two types gave their best grain
yields, Tillering types yielded better at low densities
while the non=tillering varicties had greater yields at
relatively high densities. Karper (1929) reported similar
results to Sielinger's from experiments with various
sorghum varieties over a ten year period. He pointed out
that the different varicties of sorghum may recquire
different plant densities to produce optimum yields. He
also attributed the differences in optimum plant densities
of sorghum varieties to differences in their tillering

capacities., Goldsworthy and Tayler (1972) studied the
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effect of plant spacing on grain yield of tall =nd dwarf
sorghuns -t Zamcru, northern iligeria, In both varicties
the grain yield per nlcont was two to three tires lorxger at
24,000 plmnts/ha thon 2t 135,000 ond 247,000 nlants/ha.
This yield advantage was due to rore gr-in Zer »lint at the
lower population, tcda ond liakagama (1971) stundied the
interaction betwecen plont dernsity ané nitrogen oir the
yield of twelve 'merican sorguur cultivoxrs. Jhey renorted
optimum grain yicld at 4¢,000 tizrnts/ha. In cnother study
tkias et al. (1968) zcrorted that short (4=-cweaxrf) grain
sorghum hyktrids ylclded 11% nore in 76 contimeter rows
compsred to 102 centineter row spocingy but in Hoth row
spacings a »X~nt populxtion of 215,000 ~l-nts/hs nrociced
the highbest grain yield. Cror. this review on scrghwny, it

¢ cle2r that ovntirmum plant Jensities vary with genotyne

e

from os low 35 24,000 plants/iin for tlhe tall long se-.son
varieties such -s rejyorte:l bty Scldsucrthy and Payler (1972)
to as high as 215,000 plants/ha for double dawirf sorghum
hybrids in the Jnited Stutes of .ncricn.

uncan (1953) found that gr:in yield of maize
plants decre~sed not only with i:creasing zl:nt (ensity
but due to othe: factors such as soil fertility, soil
molsture and genotype. ile cortrxied cut 2 ceries of
experiments on widely diffoerent soil tycs cad with various
levels of fertilizers in the corn “elt of tihe United 3totes.
de reported yield differences resulting frorm increasing
plent density from 12,000 »l-nts/.~ to 59,000 plants/ha
ranging frorr a loss of 1425 kg/ha on low Ffertllity to 2

gain of 4066 kg/ha cn Ldgh Jertility. He zlso found
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that the late-m:turing hybrids ocut-vielded the rmedium-
maturing hybrids up to 39,000 plants/hc beyond which there
was no significint difference between the late-and medium=-
m-turing hybrzids, L.ong et 21, (1956) founcd th-t initially
as yield/ha w:s increased due to increrse in nlont density,
there was gradual thorgh less rprorortion~te reduction in

the weight of e~rs ner nlant uvu> to the density corresronding

» et

to maxdmunm grain yield ver hectore, Leyend this peoulation
there is o sharp decline in the grein yield per »l-nt.

Termude et al. (19632) stuicd the effects of
population on yield and woturity of corm hybtrids in the
Morthern Great Fl-ins of the United Jtoites. hey rerorted
optinum plint sorulotion ranging “rom 28,000 to 39,000
plantc/ha, Jeoley, Trzacco ~nd issel (19€2) found thot
grovth “iitributes irere irflucnced rore by -~1-at omulation
per s than Ly Dpatter: of cowinge.

2.4 ZZTect of sowing date

Investigations on c:.te of sowing cerecls »erticularly
nillet, sorghun =nd mczize in illgeris and other countries
have been reported (Curtis, 1967; .ndrews, 1273; ./1l-n :und
Musiznga, 1973; Coorer, 1972), It h-s bce2n observed that
in many tropiecal regions these iiportont cerecl crops gilve
higher qr:-in ylel s rhen sown with the ecxrly est-klisimrent
of the raoiny scison thimn say sunceessive latcer sowings. In
arecas with chort grewing secsons this Jdecline in yield is
obviously caused to o gre~t e:sient by deficit of roisture
at the end cof tlie growing period. owever even in “:easl

with long r:infell cersens w.exe 1'.te sovm crons do not
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suffer such water deficits, cirilar decline in yields
have been c2used by delayed sowing. .1llan and Musisnga
(1973) feournd that in the long rains2ll season oreas of
western Xeny2 these doclines howve been as much as 70 =

80 kg/ha for cvery <iw's delay in sowing naize ~fter the
estzblishnent of the rains. Srays (1972) rerorted
simil-ry trends as with m-~ize in south west fenr> where

he showed that t{he decre~se I vield we to del-y in
sowing w2s prevenied by tor-_reccing with nitrogen. In
the northern prrt of lligexr .. «with its Jigctinctive dry and
wet seasons, ard where all of iligeriat's rillet ond sorghum

-

zxe vroncel, sinil:» Shenore:no:n of roduced yleld duc to

£

1ote sowing wns rerorted Dy Zitis (1907) ant nlxers

e

(1973) Loth oY whom worlized -rith sorghur. Kissur ond
‘ndrews (1974) xerorited o loss of 380 kg/h:. oX gz:in in
sorghur for every week's Jel.wy in sciring ot T.nvtxu ~Ttex
lay 285, Zltihough litexsture -nd observitions on the
acv-atages of early sowing of cexc.ls is congi<erible,
there has been relatively litile informotion on the
mplknertal renscns why this is usunlly so,. In . zrthern
lligeria pcxt of the el nition for zecluced vields of
l-te sown sorghum is sue to locc of gsorghum ci-:i.:s as &
result of attack by t.z sicct fly (_xihegon. sit.)s This
iz in addition to the -rter Jeficit (urinc gr-in filling
after flousring shich coincl’es itk the end of rorncl
r:iny ce~sons.

Ianconclusive and riihier Lnecasistent experirental

evidernce cuggects othexr »o:'sibly eanscs of re. nced yi2lds



when sowing ic deloyed, Experiments (Cooner, 1970) which
relate the char cteristics of maize plant to the climatic
and soil con itions at the beginning of the grosing season
suggest th~t unlier trcorieal conlitions rize sown ot the
start of the r-ins is ut into roict, well aeritad, wern
well, ~nd growe throagh the ost critical first five to

51 weeltss under ihe nost favourable concditionse. laize
»linted later on is put iato wet, roorly aeraied, ccoler
soils anc therefore eixperiences unfovours-ile conditions
during tais criticzl stige of growth. Thais Ly eause a
severe check on e:ixly grorth from vhich the nl-nt ncver
fully recovers., In the long r~.in7%cll ce~son arxeis of

Keny~ tne decline In yi-lds <re tc 1late cowing rs rerorted
to be cdue to poor soil -exition i the erxly stages of

greirch ¢f lote sown paize. I tle short r.infzll se~son

()]

arers late rl-ated moize e:n suffer Jrom tiidls effect cos
well ~c fron water deticsit loter ir tiue secon. llore
recent work by 7 wal nd Krssarr (1974) cuggestec that the

caugses in yiell vari-tion for Yoth e2xrly =rl 1l-te scm
cexeals could be further cor-licated Ly the sensitivity
of the various rhisec of =lant Jevelennent to waterx
stresses whici: .y occur regardlass of waetiher rr-ins per
S® were l-te or eiorly in tae scosons

Stocizinger " Jones (1973) sttributed rel:ced maize
rielcds with lnateaess in sowdng to chortige of nitrogen curing
thz gradn £illing 5k se wale:r ocours os ¢ restlt of

- I

le:ci.ing bHetaseen coring -1l florering.



CHAPTER 3

MATERIALS AID MiTHODS

The experiments were conducted at the Sayf;u station
(11°11'N and 7°40'E) of the Institute for Agricultural
Research of Ahmadu Bello University in northern Nigeria.
The 45 year mean annual rainfall at Samaru is 1093 mm of
which about 90% falls between the months of May and
October . Average annual minimum and maximum temperatures
at Samaru are 69.3°F and 87.1°F respectively and remain
relatively steady during the growing season = between
May and October (Kowal and Knabe, 1972)., The vegetation
is of northern guinea savanna which has been described
by Keay (1953). Soils are generally of aeolian deposit
overlaying the basement complex (Pullan, 1968).

3.1 1972 Secason

3.1.1 Experiment 1 - Genotype x population

Maize Bulk 3-096 synthetic variety, Diu Yellow x
Ci0 hybrid, and improved local variety =« Domo Local =
were planted on the 17th of May, 1972 on a portion of
agronomy farm which had been under grass-legume ley
for about fifteen years. The field was plcughed and
896 kg/ha of 21-14-14 compound fextilizer, equivalent
to 188, 125 and 125 kg/ha of N, P205 and K,0,
respectively, were broadcast and disked in. Sowing

was by hand on the flat. The experiment was a

split-plot design with the genotypes in the main plot
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and plant populations completely randomised in the
sub=-plots. A uniform plot size of 7.3 x 10.1 m was used.,
Two row spacings = 91 and 61 cm; and three within-row
spacings - 56, 28 and 20 cm were used to give populations
of 19, 570; 38, 140; 57, 710; and 78, 280 plants/ha
after thinning to one seedling per stand two weeks after
emergence. About the fourth week after emergence some
plants showed apparent symptoms of zinc deficiency.
Zinc sulphate solution was sprayed on the whole
experiment at the rate of llkg of zinc/ha, Plots were
clean weeded by hand hoeing three times between sowing
and tasseling.

3.,1.2 Measurements and records

3.1.22a Dry matter accumulation and its distribution

From the time of 75% silkinag and thereafter at two
weeks interval until physiological maturity (black layer
formation at the placental region of the cob), five plants
from each plot, randomly selected from rows other than the
guard and two centre rows, were cut at ground level and
taken to the field laboratory for growth analysis. Because
of the relatively small proportions of sampled to total
number of plants in the plots, the random nature of the
samples, and the stage of development at the time of the
first sample, it was reasonable to assume that the growing
conditions, especially light distribution in the canopy of
the crop, were not materially altered by the sampling to

significantly affect the parameters measured in this



growth analysis study. Each plant was separated into

leaves, stem (including leaf-sheaths and tassel), top
ear and bottom ear, Third ear which occurred
occasionally was bulked with the stem, Similar

plant parts from the five plants of each plot were
bulked to record the total fresh weight. Sub=sannles
(about 10% of the fresh weight) of the leaves, stems
and ears were dried in a forced draught oven until there
were no changes in weight. It was necessary to chop
the stems before sub-samples for drying were taken.

The date of 75% silking which marked the first sample
date was different for the three genotypes; so varietal
comparisons in post flowering development were between
equivalent stages of post-flowering development of the
genotypes which did not necessarily occur at the same
time.

3.1.2b Folliagg area measurement

(i) Leaf area

Leaf area was determined from the leaf dimensions
of length and maximum width,., The relationship between
lamina area and lamina dimensions is of the form:~

Area = length x maximum breadth x k

where k is a correction factor. £ seperate k was
estamated for each variety using samples of laminae
from plants taken in all plots at the time of silking.
The sampled laminae were phototraced on light sensitive

paper and their actual area was determined with a hand
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planimeter. Regression analyses were run between the
products of length and breadth and actual lamina area.
It was found that for the hybrid and the synthetic
variety the estimates for k were virtually identical
at 0.77. The k value for the local variety was 0.,80.
In this study i~ was not necessary to further relate
actual area with dimension mzasurements after silking
because the leaves were already fully expanded.

For the leaf area estimation per plant, five
intact plants randomly selectec from the two centre
rows of each plot were used, and the length and width
of laminae on each plant were recordad. At subsequent
fortnightly intervals the number of live and dead leaves
were recorded until physiological maturity. A leaf was
regarded as being dead when it had lost more than 50% of
its green surface,

(ii) Sheath area

Leaf sheath area was calculated from th=
measurements of the circumfereonces of the bottem-most and
top~most sheath and the length of stem between the two
sheaths., The product of the average circumference of
the plant and the length of stem is the estimate of
sheath area of the plant. Flants used for foliage
measurement were used,

3.1.2c_leaf number

At silking individual green leaves on each of the

five randomly selected plants from each ploi were counted,



Plant heights of the five plants used for lamina
area measurements were recorcded., It was measured from
the ground level to the tip of the tassel.

3.1.2e Ear height
Ear height was recorded from the five plants used

for leaf area measurements. It was nmeasured from the
ground level to the node at which the top-most ear was
attached.

3.1.2f Lodging counts

On the day of harvest the number of lodged plants
in each plot was counted. A plant was regarded as lodged
if the angle between the stem and ground was less than
45° or if the stem was broken below the ear,

Eare from plants in the two centre rows of each
plot were harvested after lodging count was taken. Top
and bottom ears were kept separate., After removing the
husks, the cars were air dried to about 20% moisture.

At this stage the ears were weighed. GShelling percentage
was determined from sub=samples of about 5kg while

exact moisture content was determined from oven dried
samples. Final grain weight was adjusted to 12% moisture.

The number of grains per ear and per 100 gm weight
was determined,

3,1.2h Analysis of major nutricnts

Sub=-samples dried for dry matter measurement were
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ground to prass 2 40 mesh sieve for nitroaoen analysis,
Total percent Il was obtained by kji-ldhal method.

3.2, 1973 Season

In 1973 the same maize gencty-es &s the oncs
described under e:jperiment 1 in 1972 were usecd.,

3.2.1 Experiment 2 - genoiye x sowing date x nitrogen

The optimum plaint density obtained from the 1972
trial - 38,570 plants/hs - was used to exarmine the
effects of date of sowing and top dressing with nitrogen
at tasseling on the post flowering develonment of the
three maize genoty»es. The first sowing was on 13th
June. 7he second and third sowings were on 27th
June and 11th July respectively, Sowing, was by
hand and on the flat. (11 ~lots received a blanket
cpplication of 8% kg/h~ of 21-14-14 ccr pound
fertilizer at sowlnge. /{1t tasseling hall of ecach »lot
received an additional 56kg/ha 1! arilied zs I'itrochalk
(Calcium /rmoniun ITitrate, 26501), The additional N
was placed on the surface as near the »lont as possible,
The design of the cxmeriment was a split-split-plot
with date of the sowing in the nain plots, genotypes
in the sub-plois and top=dressing with nitrogen in
the sub=sub-plots, The tre-trents were replicnted
three times. Ilot size was 7.3 x 10.1m. lcasurceiienis
for dry matter, foliage arca, plant height, car’
height, grain yield and nutricat ccatent of the plents

were o8 described under cxperinent 1 in 1072,



3.2.2 Exporiment 3: Sink-source relationchips

3.2.22 Lleaf ond car clipping study

In ancther split-plot layout treatments were

1

2pplied to investigate the rel-tionships Petween the
major source of rhoteosynthesis - the leof 1lraiine - and
the major sink feor these assirilates - the coxre Sowing
was on the flat and by haad on 12th June, The plots
received 89 kg/ha of 21=14=14 corpund fertilizer ot
sowing. The maize genotyres were in the main plot
and the following trceatments were randomisced in the
sub=-plots about onc week after 100% silking:-

Trcatment

/e = Intact plants - control

9

- EBors werce removed

C - &l11 larince removed

o = .V bout 50% rediction in & lirin: area.
11 leaves were clirped to half size,

E - Lbout 50% reduction in lamina area.
i1lterncte laminse wcere rewmoved,

F « /[bout 50, recuction in ear size,
The toep half of the Fertilized coxr was
carofrlly cixtecised 2nd cixtracted from the
huck leaving the bottom half, /Lter
rermoving the top hali¥, the husks were
closed back ond cellztaned to protect the
reraining half of thw e'r from pathogens
and inzects.

£t the tine of treo-trint five nlants were sarpled

from each.of thc four control jlots of e:ch voricty to
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deternine total dry natter of plont parts and its
distribution between stem (including leaf sheaths
and tassel), ears and lenaves, Leaf area, number of
leaves per plont and plant height were nmecsured. lo
more s~mples were taken in this cxperiment until
physiological maturity when a twenty plant samole
was taken from tr2ated ond contrel lots teo Getermine
grain yield and dry matter of rl-nt parts.

2
3,2.2b Translocation of 140 sStudy

Flants in the control nlots of the ciperiment

14
COz on two dates.

were sclocted for feeding with
The first fecding ot about 75% silk and the second
three weeks liter, /.t first fceding the index lenf
(the lenf sub=-tending ti'e top ear) of czch of the
eight ol nts selected was allowed to assinilate

14 14

0, for 4 hours, The “°CO, (70 uZi) was gener:ted

in 2n ccsimilation chasiber by adding in hydrochloric

acid in excess to an acqueous sclution of Ila, 14c03

as illustrated in fig, 1, 7The chamber which wes

40 x 8 cn and cylincriccl in sheore was constructed

from '!"elinex' polyester film (50 rdcrons thickness).

One end of the chamber was closed and the ormen ond was
lined with O.6cn thick strin of jolynercthrare foun to
improve the seal, /i small ogloss tule was fized ianside

the assirmilation chamber cuch thot its open ead was
towaxds and about 2cm below :the closed ci:d o the chumber.
*t the tire of feeding about half the length 25 the leaf
was introduced into the cssimil-tion ch rbexr and the

oven end of the chamber was tightly closcé using two



- 34 -

aluminium strips which could be screwed together. The

N2y, 14203 solution w:2 introduced into the srcll glcss
tube by piercing the scaled end of the charber with a
hypodermic neecle fixed to an '.glal' nicromctier syringe.
ftnother syringe and necdle was usced to intrcduce the excess
acid to the corbonate after which the ne2dle hole was
irmediately closed with a strin of cellotave, /.1l feading
was done between 1000 and 1200 hr. loc~l time, At the
second feeding the sance precedure 2s in the first feceding
was used c:icept that cighteer 7lants were chosen =nd
divided into twc groupe of 9 plants cach, In orme group

the top=most leuf (flng lc~f) w-os fecd :anl in tie second

v

gzoup the indeix lesf w-s Ted.
Twenty=-four hours -fier feecding, the tre-ted rl-nts
were hiarvested ot grounc level and were senerated into

- - 1/.' - -
the following parts ‘or the ~ ¢ “etermin-tions:-

b Index leaf {IL)

2, Flad leaf (L)

3. Top ear (T2)

4, ottom ear (whcre one w-s fecund) = (23)

5. Lezves ahove thke top caxr (TL3)

G Leaves belew the ton ear (CL3)

7. Top nortion of the sten rbove thke node of the

top exxre {70
8a Pottom worxtion of the stem below tlie node of
the top car (i:3)
The plant partis were oven dried until there was no
change in weighits. The dried sz .les were weighed an

flaely

c
grounc with Jiley mill to pass trough a 40 ~ mech sicve,
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andioactivity of cdried tissue wes ossayed by counting
technique using 2 thin end winlow 5Sciger tube (2BE2) and
a panax autoscaler F7603., In 211 c=ses the brckground
count was token and subtracted Ifrom the gross count of
each sample to obtain net zctivity. The count per
pilligram ver miaute (Suecific activity) was calculated.
The specific ccetivity multirlied by the total dry weight
of the simple in milligrarm grwve the total counts The
relative distribution of 146 in each poart of tue MHMlant
was e:pressea as the percentiage of tiae total radlooctivity

in the whole nlant.



FIG|

ILLUSTRATION OF “Co, ASSIMILATION CHAMBER USED IN

wc ASSIMILATION STUDY

Needle njection
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~ Menilex chamber
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3.3 Growing condition -~ Zlirate

™

Total rc its distribution, fcr the two

.

nfall =n

P

yeare of the cimperiments are vrescented in toble 1 nd
fllustrated in figs 2. In both ye-rs total r-~infall was
below the 45 year averige. <orly esiavlishment of
rainfrll in 1972 rade early sowing possible on 17th
lay. Ir 1973 rainfall was est~blisihed in the second

rlanting was only rossible

-

week of June and the first
~round the middle of June - about 4 weeks later than
1972 sowing. Iicrever in 1972 rainfall cesscation was
early, and evaporztion was grecter thom riinfz1l in
the “irst decade cof 3enterber rather than the third
decade cf the same month ir 2 norm-) crowing scason.
In addition to thosc used to cdescrilbe the
cefoliation tre~tients (scction 3.2.2b above) ihe
following codes were uscd throughont this thecis to
describe “he verious other treatrents in this study:-

Flwt Fepulstion ‘%gzal

Zode

Pl 2,570 nlants zer hect T2
) 39,140 " L

P3 58,710 »

F4 78,280 ¢ “

V1 Ir- roved Domwo Locnl

V2 BPiu Yellow 3 T1l0 hybrid

V3 2nlk 3-096 Syathetic variety
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First S~ple at silking
3econd Sample 14 days after the first

Third Gample 23 days =fter the first

I lanting vzte (1973)

First Ilanting ~ 13th Junec, 1973
Second Ilanting - 27th Junc, 1973

Third Fl-nting ~ 11lth July, 1973



Tz2ble 1 2rinf~1l Listribution Fattern Zor 1972 and 1973

Comrzred with 45 = Year mean (rr)

Feriod Rainfall 45-Year mean
1972 16732
Jan. 1 ~ 10 - -
11 ~ 20 - -
21 -~ 31 - - 0.2
Feb. 1~ 10 - - 0,2
11 -~ 20 - - 5
21 - 28 - - 0.3
[Inxrch 1 ~ 10 - - 0.5
11 -« 20 0.2 - el
21 -« 31 0.5 2,5
Loril 1 - 10 S .4 - 6.9
11 -~ 20 25,9 22 .4 04
21 -~ 30 16 .0 - 19.3
I'ay 1~ 10 46 ,2 5.0 32.3
21 - 31 99 .6 37 .2 58,7
June 1 -« 10 30.5 110.6 L
11 - 20 18.0 0,3 55.5
21 - 30 AT o2 G8 W4 58.2
July 1~ 10 $5.0 62,0 57 7
11 ~« 20 38,5 T «3 70 .6
21 <« 31 68 .3 90 .0 93 .2
Lusmst 1~ 10 124 .5 0344 35.1
11 -~ =0 0% .2 87 .0 87 %

21 - 31 108 .5 69.2 110.,0



Ferica Rainfall 45-~Yoar mean
1672 1973
Sept . 1 - 10 11.2 222 .8 63,0
11 - 20 21.8 A% o9 30,5
21 - 30 52 .3 36 4 51,6
Oct. 1 - 10 19.1 1.6 21.6
11 - 20 5.1 - 9.7
21 - 31 - - 3:3
bLnnuzl Total 934 ,4 1012 .6 1093,1

- —
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FIG-2
MONTHLY RAINFALL DISTRIBUTION AT ZAMARU RESEARCH STATION IN

972 & 1973 AND THE 45 YEAR — MONTHLY MEAN (m,m)

Scale lcm = 25mm
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Grain yield ond dry matter production - Experiment 1

Grain yiclds per hectare from cxperiment 1 were
based on plants harvested from the two centre rows of
cach of the expcerimental plots. Thesce are summarised
in Table 2. Analysis of variance showed significant
yield differences among genotypes and between plant
pepulations. There was no significant interaction
effect betwecen genotype and population on grain yield.

Increase in plant population from P, to P2 increased

: |
the grain yield of the three genotypes significantly.
Further incrcases in plant population to P, and P4
produced grain yields which were not significantly

different from those obtained at P, in all the three

2
genotypes. At the lowest plant population the yields

of the Biu Yellow x C hybrid and 83-096 synthetic

10
variety were not statistically different; but both
genotypes gave significantly higher grain yield than
Bomo Local variety. In Py, P3 and P4 the genotypes
gave grain yiclds which were significantly different
among themselves, The highest grain yield was from
Biu Yellow x clO hybrid followed by the synthetic
33-096 and Bomo Local varietics in that order. The
effects of genotype and population on grain yield

components arc summarised in Tables 3 and 4, The

numbex of sceeds per cob in Bomo Local and 33-096
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varieties were not significantly different, Biu
Yellow x C10 showed significantly greater number
of secds per cob “han either the Bomo Local or the
33-096 synthetic variety., The number of sceds per
cob was 420,.,3, 549.,8 and 426 ,5 for Bomo Local, the

Biu Yellow x C hybrid and the 83-096 synthetic

10
variety respectively. This means that the average
number of sceds per cob ‘n the hybrid was 30.3% and

28 ,9% greater than in the Bomo Local and 33—096
synthetic varieties respectively., The number of

seeds per 100g. were 390,3, 339.,6 and 302,7 for the
local, synthetic and hybrid maize types respectively,
and thesc were significantly different from each other's
These yield components showed that the superiority

in the average grain yield of thc hybrid over the

other two varicties was significantly due both to its
greater number of sceds per cob and its heavicer seecds
in 1972. The supecriority of 83—096 synthetic varicty
over the Bomo local variety was attributed to its
heavier secds rather than by greater number of

sceds per cob. The number of seeds per cob and

the number of seeds per 100g. were not different

hetween P, and P, each of which showed significantly

1 2

greater number of seeds per cob than either P, or

3

P, which were themselves not different in respect



of these yicld cemponents. This being the case
the increase in grain yield resulting from
increasing plant population from P, to P, was
primarily duc to increasing the nurber of ears
per unit land area without reducing the number
and weight of the grains produced by the eaxrs of the
individual plants. Failure to attain increased
grain yield per unit land area by increasing
plant population beyond P, as earlicx reported
(Table 2) was because of the significant
reduction in the number ond weight of grains

produced per plant due to increased competition.



4,2 Srowth of main shoct and cornoncent parts

including leaf arca caznges

Zhange in total Sy weight ver plant between
silking and physiologaical mhturity are surmarised in
Tables 5 znd 6., Changes in the weights of stem, ear
and leaves are presented in Taltles 7 to 14, The
effects of plant density on totzl dry mattor
production per hectare are given in Tables 15 -~ad 16,
Total dry weight per plant decrcased significontly with
increase in rlant popul:tion =nd this decracse is
reflected by the (ccrease in the weight per plznt of
stem, ear and leaves os o recult of dinter plant
competition when the vlant ropulation wos increcascd.
The resulis however showed significont incroease in
total dry matter proluced ver hectare when plant
population was increased (T-ble 15), The total dry

el

matter mer plant or per hectnre increased by about
52 .5% between silting and physioclogical m .turity.
This increase was primarily due to th: dry matier
which was assimiloted =~nd stored in the grain aftor

silking. Of szcon'ary iriortince esrveciilly at the

lowar two w»lint ponuliticns w-s the significont
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continued increase in the weight of stem in the first
two weeks after silking. There was an initial
increase in foliage dry weight soon after silking
which showed a decline at physiologiczl maturity.
This ultimate decline in leaf dry weight was
attributed more to mechanical rather than other
causes when the lecaves were dead. The results

showed that at silking the proportions of stem,
leaves and ears were 61.,6%, 26.6% and 11.8% of the
total dry weight respectively. At harvest the
corresponding percentages were 33.2% 1l1l.8% and 55,.,0%
for stem, leaves and ears respectively,

The results so far generally concurred with
earlier reports (Bond et al., 194; Colvilie and
McGill, 1962; Carmer and Jacobs, 1965; Stickler, 1964)
on dry matter accumulation and its distribution in the
maize plant after flowering; and the effect of planting
density on the accumulation and distribution on the dry
matter., It was shown that increased plant population
caused significant reduction in the total dry weight
per plant arising from reduction in dry weight of its
component parts. The resulis also showed that total
dry matter production per hectare was increased
significantly by increasing plant density. This means
that the l~ss in plant weight due to plant competition
was more than compensated for by the total increase in

dry weight arising from increased number of plants per
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unit area of land. Dry matter assimilated after
silking was diverted primarily to the developing
grain. The weight of the ear at silking was for
practical purposes considered to have consisted
entirely of husk and ear sheaths since, from
observation and the dry matter distribution data
obtained in this experiment, the fertilized ovules
had accumulated no measurable dry matter compared
with the dry matter which was subsequently
accumulated in the following six weeks,

Flant leaf areas and canopy leaf areca indices
for the four plant populations and the three
genotypes are presented in Tables 17 - 20. Leaf
area per plant attained at silking was reduced
significantly by the increased plant density up to

P3, but plant leaf areas for P, and P4 were not

3
significantly different. Leaf area indices, however,
increased with increased plant density. /At silking
LAIs for plant populations F,s Py, PB’ and P4 were
1.99, 3.70, 4,99 and 6.53 respectively; and these
were significantly different from one another.
Between silking and maturity, as expected, the leaf
area per plant and conseguently the leaf area indices
showed a gradual decline as the leaves a2ged and
senesced, The rate of the decline during this period

of grain filling was faster in higher than in lower

plant densities. The higher rate of decline in leaf



azea in high plant population was probably due to
increased shading of the lower by the upper leaves

as plant populations increased, Thus the relative
duration of the leaf area per plant was greatest at
lowest plant porulations and vice~versa. But because
the leaf area duration per plant did not decrease in
the same proportion with increase in plant density,
the total leaf area per unit land area increased
asympotically with increase in plant density (Table 21).
Given that the final dry matter accumulated in the
g=zain is a function of the LAI and L&D, it could be
expected that the highest grain yield should be
produced at the highest planting density. A4s it
turred out the yield cf grain was not significantly
sncreased by increasing plant density beyond a leaf
srrea index of 3,70 at silking with a leaf area
duration of 123,55, This coculd imply that beyond a
LAI of 3.70, there was an under utilization of
sun’icht by the foliage at the lower part of the
cancpy profile which apparently remained functional
at the expense of the upper pertion of the plant
profile. Thus visual estimation of the functionality
of th2 leaf, as was the case in this study, had
prcbably resvlted in over-estimating the apparent
¢xratilon of the leaves in respect of their positive

contribution to dry matter stored in the grain.
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There were significant differences among the
genotypes in their leaf area indices at various
stages of grain filling in 1072. At silking the tall
53—096 synthetic variety which had the greatest
number of leaves per plant, gave the greatest total
leaf area per plant and of course the largest leaf
area index. This variety was followed by the Riu

Yellow x C, . hybrid and the improved local variety

10
in that order. {lthough leaf area per plant and
leaf area index at silking were higher in the
synthetic variety than in the hybrid, the hybrid,
ultimately at harvest, had greater leaf area per
plant and leaf area index. Because of the faster
decline in the leaf area of the synthetic variety
it ultimately had the same leaf area duration with
the hybrid. The superior yield of the hybrid over
the synthetic variety must have been due to other
factors such as the differential efficiency of the
foliage or the ability of the grain (the sink) to
accept assimilated dry matter, In fact the latter
is more likely to be the imrortant reason for the
higher grain yield of the hybrid because the total

stover weight of the synthetic variety was greater

than that of the hybrid.
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Table 2

1972: Interaction of population and genotype

on vield of grain (kg/ha)

Plant pop./ha EBomo Local Biu Yellow x %10 53-096 Aver.

19,570 2968 46 57 - 4765 4130
28,140 2480 7740 6151 6124
57,710 4227 7a30 6171 5943
78,280 . 4980 7328 5668 5992

LSD .05 = 520

Table 3

1972: Effect of genotype on seed weight

and seed number/cob

Sceds/cob . Seeds/100 g.wt
Bomo Local | | 420.3 . 300.3
Biu Yellow x Cj, 549.8 . 302,7
B,~096 426 45 o 339,6
S 2 L 167 N 8.1
Table 4

1972: Effect of population on seed

weight =nd number of seeds/cob

Population {Plants/ha) Seeds/cok . - Seeds/100 g.wt,

19,570 . . 486.9 . 331,2
38,140  401.4 325,90
57,710 | 446 &6 363.5
78,280 o 437.,2 | 356,1

S e a . ) 16.8 8‘8
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Iable 5

1972: Effect of variety on changes in total

dry weight/plant over sampling period (gm)

GSample Date Bomo Local Biu Yellow x C10 83-096 SeCe
Sy 142 .9 176 .3 229 .4 6,3
S, 234 ,8 258 .9 310.6 18.2
Sy 337,5 366 .7 386 ,0 23.0
S, 322 .6 421 ,6 440,1 22.7
Table 6
-a72: BEficct oi population on changes in total
dxy weiaht/plant over sampling period
Plant population (plants/ha)
Sarnle date 19,570 38,140 57,710 78,280 s.e.
S. 235.1 195.9 165.7 134.7 10.5
S, 355,1 310.,9 218 .4 187.9 17.6
S, 497 .7 414.5 282 .9 235.4 19.7
S, 556 .2 426 .6 316 .9 269.4 21.4
Zable 7
Plant__ population /ha
Samp’e date 19,570 38,140 57,710 78,280 S.e.
31 142 .8 122 .2 103 .7 81.7 6.2
So 172 .5 149.3 107 .3 99.0 6.7
S, 184.,2 155.,0 111.9 100.0 6.8
S, 180.3 143.1 104 .2 92,9 4.7
Ge2a 8.1 7.1 3.4 4.3



Table 8

1972: Effect of genotype on mean weight of stem

per plant at different sample dates

Sample date

S

n
N

LN ©)
W

Bomo Local Biu Yellow x CIO 33-095
87 .6 106 .6 143 .5
112,2 125.2 158 .4
117 .7 125.0 170 .6
93,5 137 .4 159.5
Iable 9

1972: Effect of genotype on mean weight of leaves

ner plant at different sample dates

Sample date
|

Bo—o Local Biu Yellow x
37 .7 47 o3
43.9 49.0
5.3 51.9
35.3 A7 oLk

B,=-096

C10 3

58,9
59.1

62.2

SeCe
3.1
8.2
5.6

4 .4



Table 10

1972: Effect of population on mean weight (gm)

of leaves/plant at different sample dates

Plant population /ha

Sample date 19570 38,140 57,710 78,280
S, 56 «8 49.3 45,9 39,9
S, 60.2 55.6 45,6 41.3
S, 64 40 58.8 46 o5 43,6
8, 56 o3 48 .6 40,9 34,7
S.C. 1.9 1.4 1.0 0.9

Table 11

1972: Effect of population on mean weight (gm)

of top ear/plant at different sample dates

Plant population /ha

sample date 19,570 38,140 57,710 78,280

S, 27 .8 19.6 12.3 10.7
s, 87 .5 86 .7 60.1 45,3
S, 189.0 175.5 12347 103.7
S, 254 ,6 212.9 160,9 135,9

SIEC 8-9 5-8 3.7 4.2

S0

S.Ca
2.3
4.9
8.4

77



- 53 -

Table 12

1972: Effect of genotype on mean weight of

top ear/plant at different sample dates

Sample date Bomo Local Biu Yellow x C

10
S1 13.9 18 .6
52 63 .5 7542
S, 1353 17546
S4 173 .9 224 ,0
Table 13

B3-096
20,3
70,9

133.,0

175.0

1972: Effect of genotype on mean weight of bottom

ear per plant at different sample dates

Sample date Bomo Local Biu Yellow x C,,
Sy 3.5 3.7
S, 15.1 9.4
83 21.2 14.3

S, 19.7 13.0

B,=096
7 4
23.9
41.1

53.3

SeCo
1.6
3.0

14,3

847

S.2.
0.7
2.7
5.5
6 .6



Table 14

1972: Effect of population on mean weight (gm)

of bottom ear/plant at different sample dates

Fopulation /ha

Sample date 1€,570 38,140 57,710 78,280 35.e.

S, 8.9 444 3.8 2.4 1,1
s, 34,9 20.1 5.7 3.9 3.2
s 60,7 25.5 9.7 6.3 4.8
S4 74,9 23,6 10.9 5.2 8.1
S.€ y 5.1 -1 | 1.5

Zable 15

Experiment 1l: Effect of pl=nt population on total dry
matter production (metric tons/ha)
between silking and physiological maturity

Population /ha
sample date 19,570 38,140 57,710 78,280

Sl 5.07 8 .44 10.71 11.98
52 7 65 13,40 14.12 16 .71
53 10.73 17 .87 18 .29 20,93
S 12.20 18.39 20,49 23,95
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Table 16

Experiment 1: Effect of plant population on the total and
relative weights (tons/ha) of stem leaf and
ear at silking and harvest

Sample Population (plants/ha)
date 19,570 38,140 57,710 78,24
Total Wt. % of Total Wt. % of Total Wt. % of Total

(ton/ha) Total Wt. (ton/ha) Total Wt. (ton/ha) Total Wt.(ton,

Stem
S, 3.08 60 .7 5427 62 4 6.71 6247 7 «26
S4 3,89 31.9 6.17 33,6 6 .74 32,9 8.26
Leaves
51 1.22 24.1 2413 25,2 2.97 27 3 3 .55
S, 1.21 9.9 2.09 11.4 2.64 12.9 3.09
Ears
51 0.79 15.6 1.03 12,2 1,04 9.7 1,16
34 7.10 58 .2 10.19 55.4 11.11 54 .2 12 .54
Table 17
1972: Effect of genotype on leaf area index at different
Sample dates
Sample date Bomo Local Biu Yellow x C;, B,-09 S .2,
54 3.91 4,35 4465 0.14
S, 3,19 3.61 3.78 0.14
S, 3,06 3.39 3 .46 0,09

54 1 .74 2 0‘1‘6 2 .21 0 .20
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Table 18

1972: Effect of population on leaf area index at
different sample dates

Plant Population /ha

Sample date 19,570 38,140 57,710 78,280  s.e.

N 1.99 3,70 4,99 6.53 0,13

Ba 1.67 3.13 4,01 5.28 0,13

S, 1.63 2,90 3,84 4.85 0,11

S, 1.29 2,04 217 3,06 0,20
Table 19

1972: Effect of genetype on leaf area per
plant (sgq.cm) at Different dates of sample

Sample date Bomo Local Biu Yellow x Clo B3-096 S .Ca

Sy 8113 9178 9873 273
s, 6671 7606 8121 260
S, 6361 6545 7576 203
s 3694 5714 5209 372



Table 20

1972: Effect of population on leaf area per plant

at different dates of sample

Plant population /ha

Sample date 19,570 38,140 57,710 78,280 SeCe
Sq 10,202 9,437 8,502 8,072 232
S, 8,518 7,983 6,833 6,535 225
S, 8,289 7,386 6,545 6,001 229
S4 6,604 5,209 - 8. 58, 3,764 441
Table 21
1972: Effects of plant populction and genotypes on mean
leaf area Duration (LAD) between silking and
physiological maturity
Genotype Plant population /ha
Bomo Local Biu Yellow 2,~09% 19,570 38,140 57,710 78,280
x C
10
LAD 125.2 144 ,9 148.3 69.3 125.5 157 .5 207 .1

25,6



4.3 Net assimilation rate and crop growth rate

Effects of plant population and genotype on net
assimilation rate and crop growth rate in the 1972 growing
season are summarised in Tables 22 and 23 respectively.
Net assimilation rate which is dependent on leaf area index
declined with increase in plant poprulation. This is most
probably because at higher ronulations the leaves
especially at the lower profile were more shaded than at
the lower plant densities. The higher net assimilation
rates in lower plant densities did not however compensate
for the bigger leaf arez indices in the higher plant
densities znd consequently as has been shown in Table 23
the crop growth rates were bigger at higher than at lower
plant censities. There was 2 sharp decline in the net
assimilation rates and crop growth rates in the two weeks
before the end of the grain filling period which was a
reflection of the corresponding decline in the leaf area
indices of the crop populations during the same period.

The differences between the net assimilation rates
and the crop growth rates of the varieties after flowering
is only partially accounted for by differences in their
leaf area indices during the same period. For example
the synthetic variety which had higher average leaf index
during grain filling than either the hybrid or the local
variety showed lower net assimilation rates and crop
growth rates than the hybrid. This would mean that other

factors and parameters beside, simple relationsi:ips
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net assimilation rates, crop growth rates and leaf

-~y

vRALERCS
avea index are probably as important if not more important

‘@ explaining the differences in total dry matter
procduction in maize varieties after flowering. It is
suggyested that the efficiency with which the canopy
o7sinmilates are more important detzrminants of the vari-

ability ir the net 2ssimil~ation raotes and crop growth

rate~ anong maize varieties cduring the period of grain

£111ing Zhaen the leaf area index.



Table 22: Exveriment 1: BEffect of Plant cdensity and igpotype
on net assimilation rate during grain filling
_(2 .ﬁ.mfweek_l
Genotypes Intervals between dates of saroling
51-52 32=53 32=54 Aver .
2Zomo Local 59.1 60.8 1.7 40,5
Piu Yellow
x C 47 .8 74 .0 4041 53,9
10
BB-O% 44'0 59.5 15 |4 39-9
Aver . 50,3 64 .8 19.1
Flant Population /ha
19,570 63.9 85.3 40,0 63.1
38,140 67 .9 57 .6 345 46 .7
57,710 35.2 66 .3 11:3 375
78,280 34,2 49,9 10.6 31.6
Aver . 50.3 64 .8 19,1

Table 23:

Genotypes

RBomo Local

Biu Yellow
-+ C10

E5=096

Lver ,

Experiment 1:
on _crop growth

Effect of population and

genotype

rate during grain filling (g.sqa.m/week)

51-52

206.8

190.2
185.7
175 .4

Plant population /ha

19,570
38,140
57,710
78,280

Aver,

116 .9
232.2

257 4

52-53

10,3

259.0
215 4

174 .7

40.7
174 .0
260,5
252.9

174 .7

853=54

el

87 o4
43,7

66,9

Dy“\

58,
35.8
33.4
41,9

6645

Lfver,

127 .9

169,5

119,2

107 .8
151.7
116 .6

179 .4






