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ABSTRACT

Two field experinents were conducted at the Institute for
Agricultural Research Farnms. The first trial was at Kadawa
during the 1997 dry season and the other at Samaru during the
1997 rainy season. Treatnents, laid out in split plot design
consisted of three plant populations (26,700, 53,300 and
80,000 plants/ha), in sub plots; conbination of four
fertilizer levels (0-0-0, 60-30-30, 120-60-60, 180-90-90 kg
NPK/ ha) and two varieties of quality protein maize (Cbatanpa
(0.P.V) and GH110-28 (Hyb) in main plot.

It was observed that 53,300 plants/ha produced
significantly higher grain yield, nore stalk |lodging, taller
pl ants, higher stover dry wei ght, arger nunber of grains/cob,
hi gher cob weight (kg/ha) and harvest index than 26,700
pl ants/ ha (the | owest popul ation) in both seasons. The hi ghest
popul ati on produced statistically the highest |eaf area index
and root | odging.

The application of 120- 60- 60kg NPK/ ha produced
significantly higher grain yield (kg/ha) and cob weight
(kg/ha) than other rates except 180-90-90kg NPK/ ha. The
fertilizer rate of 60-30-30kg NPK/ ha) produced taller plants,
| arger nunber of |eaves/plant and higher |eaf area index.
Significantly higher stover wei ght, wei ght of cobs/plant, 100-
seed weight and harvest index were produced by 120-60-60kg
NPK/ ha in the rainy season. In the dry season the application

of 60- 30- 30kgNPK/ ha gave significantly heavier stover weight,
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wei ght of cobs/plant and 100-seed wei ght.

The control treatnment (0-0-Ckg NPK/ ha) resulted in
significantly longer period to the attainnent of 50 percent
tasselling and silking. It also caused nore stalk and root
| odgi ng in both seasons.

GH110-28 (Hyb) was superior over Opbatanpa (QP.V) in
terms of grain yield, cob weight, took nore nunber of days to
50 percent tasselling and silking and higher nunber of
| eaves/ pl ant, 100-seed weight in the rainy season and hi gher
harvest index in the dry season. Obatanpa was superior to
GH110-28 (Hyb) in terns of plant height, |eaf area index, dry

matter/plant, root and stalk lodging in both seasons.
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CHAPTER ONE
1.0 INTRODUCTION

Maize (Zea mays L.) is a member of the Poiceae family.
The origin of maize is controversial. Modern maize probably
evolved from wild maize in the Americas. Among the world’s
cereal crops, maize ranks second to wheat in production.
However, maize ranks first in Latin America and Africa
{Dowswell et al., 1996).

Maize contains about 10% protein, 70.4% carbohydrate and
2.9% fat (Cortez and Wild-Altmirano, 1972). Quality protein
maize has higher levels of lysine and tryptophan. This makes
its protein nutritionally superior to other maize varieties
(Anon. 1995). The largest maize producing countries (about 20)
account for 91% of world production and 80% of the total world
maize area (Dowswell et al., 1996). The United States produces
42% of world’s maize. From 1950 to 1980, world maize
production increased from 145 million tons to 450 million
tons, growing at a faster rate than either wheat or rice
(Dowswell et al., 1996). World’s annual production is
currently put at 580 million tons with an average yield of
4.13 t/ha. Nigeria's production in 1997 was 6.2 million tons
with an average yield of 1.4 t/ha (FAO, 1597).

Maize is used in more ways than any other cereal (Watson,
1988) . It is used for feed, food and in industries and is the
staple food in the diets of people in many countries of the
world. Hoffman (1965) estimated that some 1,000 million people

in the world consume maize. The crop is used mainly as animal
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feed in temperate regions, providing over two thirds of total

feed grains. Maize occupies the unique position of the "hungry
breaker” being the first crop to be put at the dispossal of
consumers after the dry season in Nigeria (Edache, 1996). The
later further stated that in that condition, maize is mainly
consumed fresh as corn on the cob, boiled or roasted. In human
nutrition, maize is processed into pap, dried and processed
into flour, According to Breth (1998), a special type of maize
called quality protein maize (QPM), has the potential to
reduce malnutrition where maize is grown because its amino
acid balance is comparable to that of milk. Maize is also
high in energy, low in fibre and therefore, highly digestible
(Miracle, 1972). Besides it is an important raw material in
pharmaceuticals, baby food, soft drink and brewery industries.

Maize has a wide range of tolerance to climatic
conditions but it is essentially a crop of warm countries with
adequate meoisture (Obi, 1991). The bulk of its production is
in warm temperate regions and in the humid tropics.
Temperature, length of growing season and length of day
greatly influence production of the crop. The amount,
distribution and efficiency of rainfall are alsc important
factors (Jugenheiner, 1976).

Optimum tempertature during tasselling is between 21-
30°C. It needs an annual rainfall between 600-9500mm
distributed evenly during the growing season (Cnwueme and
Sinha, 1991). It grows on a wide variety of aerated, deep,

sandy loams and silty loams containing adequate organic matter



3
and it can tolerate soil pH from 5-8 but does best under pH 6-
7 (Purseglove, 1972).

Maize supplies the highest level of per capita food
consumption and is mostly eaten without any protein supplement
in most of the Sudan and Northern Guinea savanna areas which
proved to have the greatest potential (Edaéhe, 1896) . The
people in this environment feed mostly on normal maize and
other cereals (millet, sorghum) as their staple food. The
dependency on traditional maize and other cereals in the
savanna ecological zones of Nigeria cannot sustain acceptable
growth and adequate health, especially in children, pregnant
and lactating mother because of its low protein content.
Adults and particularly infants feeding on normal maize and
other cereals in this areas without a balanced protein
supplement become malnourished and face several health
problemgs or hazards.

In Nigeria responses of maize to application of
fertilizers have been reported by many workers. The cptimum
rates and fertilizer types to be applied in any maize field
for production are determined by inherent soil fertility,
yvield potential of maize variety, and previous crop grown on
the land. Current recommendations are based on genotype and

agrececological zones.

Research work in the Agricultural Institutions in Nigeria
have concentrated on conventional maize. There was little or

.
no report on the effects of NPK fertilizer and plant
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population on QPM in the agro-ecological zones of Nigeria. The
cresent study is therefore undertaken with the following
chjactives:
; 8 To determine the effect of plant density and varying
fertility levels on growth, yield and yield components of

cpen pollinated and Hybrid quality protein maize QPM.
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population on QPM in the agro-ecological zones of Nigeria. The
present study is therefore undertaken with the following
objectives:
1. To determine the effect of plant density and varying
fertility levels on growth, yield and yield components of

open pecllinated and Hybrid quality protein maize QPM.



CHAPTER TWO
2.0 LIT E REVIEW
2.1 Effect of plant population on maize

The influence of plant population that gives stability in
grain yield in maize crop had recieved serious attention from
scientists. Anon (1992) in the United States observed that the
average ear weight decreased from 216g at a plant population
of 15,000 plants/ha to 182g and 126g at a populations of
30,000 and 45,000 plants/ha respectively. Anonymous (1992)
observed that ear weight depends on genetic, environmental and
cultural practices. Shubeck and Caldwell {1955) reported that
increasing number of maize plants per unit area up to a
maximum (50,000 plants/ha) increased crop yield after which
further increase in number of plants per unit area resulted in
yield reduction. In a review work, Drowney (1971) concluded
that the optimum plant density for maize hybrid is in a range
of 44,000 to 66,000 plants/ha. Increasing plant population
beyond this range resulted in mutual shading, induced
barrenness, which in turn limited grain yield. It was also
cbserved that grain yield was significantly increased with
increase in plant population from 24,000 to 43,000 plants/ha,
but decreased at 72,000 plants/ha (Chinwuba, 1976). Agboola
and Kayode (1981) reported that grain yield was not affected
by plant populaticn. However, seed yield per ear and number of
ears per plant tend to decrease with increase in plant

population. This reduction in yield components is due, among
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other factors, toc increased environmental stress resulting
from greater competition among plants.

Agboola and Kayode (1981) working with 37,000 and 62,000
plants/ha at Mokwa and Samaru reported, no significant
difference in grain yield. They cbserved that yields from the
lowest population (37,000) compared favourably with that from
highest population (62,000 plants/ha). Ologunde and Ogunlela
(1984) obtained significantly higher grain yield from a higher
plant population at Mokwa and Omu-Aran. They obtained 48 and
53% increase in grain vyield at Makwa and Omu-Aran
respectively, when plant population was increased from 24,000
to 48,000 plants/ha. They ncted that a further increase in
plant population to 72,000 plants/ha resulted in 10 percent
and 18 percent yield reductions at the respective locations.
They suggests that a plant population of about 50,000
plants/ha may be regarded as being adequate for maximum yield
in the southern Guinea Savanna ecological zone of the country.
This suggested that plant density should be higher than the
current officially recommended plant population of 36,000
plants/ha for maize in the Nigerian savanna ecological zone
(Ancn, 1973).

The general low yields of maize at low plant densities
have been associated with low light interception resulting
from poor ground cover (Haggar and Cooper, 1972) while the
decline in yield occuring at levels above the optimum plant

population has been attributed to inter-plant competition for
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moisture, nutrient, light and carbondioxide.

Plant population has been known to affect plant height.
Nordem (19265) found that increasing plant population from
12,000 to 62,000 plants/ha increased plant height by 17
percent, while Apdullahi (1975) observed that plant height was
not significantly affected by plant population. However,
yithin the plant population (17,570 - 78,282) adopted, plant
height tends to increase with increase in plant population.

Many workers have studied the effect of plant densities
on the yield components of maize. Bunting (1973) observed that
the number of ears per plant producing ripe grain decreased
with increasing plant density. He cbserved an average of more
than one fertile ear per plant at densities below 70,000
plants/ha. At a higher plant density of 200,000 plants/ha,
however, he observed an average of 0.8 fertile ear/plant.
Similar observations were made by Filev and Pan’kin (1976) and
Rathore et al., (1976).

Wilson and Allison (1978) observed that the size of
grain, the number of grains/ear and the length of ear
decreased with increasing plant population. Similarly,
Ologunde (1974) observed that weight/ear, number of
kernels/ear, weight/1,000 kernels and length of ear decreased
by 36.8, 23.4, 12.7 and 19.8 percent, respectively, when the
rate of planting was increased from 40,000 to 80,000

plants/ha.



8

Chinwuba (1976) in Nigeria found that percentage loss in
stand at harvest and percentage barren plants increased
linearly as plant population increased from 24,00 to 72,000
plants/ha.

Kohnke and Mike (1951) observed that silking date was
delayed by one day for each increament of 8,750 to 10,000
plants/ha. These data are close to that obtained by Shubeck
and Caldwell (1955), showing a 5-day delay in silking
asscciated with increase in plant population from 8,900 to
45,500 plants/ha. Contrary to this, Zuber and Grogan (1956)
could not associate any variation in silking date with
increase in planting rate.

2.2 Effect of nitrogen on maize

Response of maize to nitrogen application was studied
(Jones, 1973) and 65 kgN/ha rate was recommended for maximum
grain yield throughout the Nigerian savanna. Under good
management, this recommendation may have to be doubled when
growing improved varieties of maize (Jones, 1973). It was
observed that increasing application of N at various levels up
to 120kg/ha resulted in grain yield increase. Further increase
of N to 180 kg/ha leads to yield depression. Optimum N rate
for maize in the southern and Northern Guinéa savanna zones
was suggested to be between 100 to 150kg/ha Chude, 1996). In
the Sudan and Northern Guinea Savanna, open polinated maize
requires 120kgN/ha; while hybrid maize requires, 150kgN/ha

(Chude, 1996).
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Maximum plant height and length of ear were produced by
maize when 200kg/ha of N was applied (Sattar et al., 1975).
Plant height was found to be increased by increasing N from 0-
200kg/ha in maize cultivar pera 280, (Gagro, 1978 Muhammed et
al., 1978). Increase in stover yield of maize was ocbserved

when 126kgN/ha was applied in three split doses (El-sharkawy,

1976). However, Iincrease in N application may not have

significant increase in plant height (Reyes et al., 1972).
Dave (1976) reported that the peak demand for nitrogen occurs
during the peried from about three weeks before and two weeks

l.,(1978) demonstrated

after tasselling. In India Singh et
that increasing the rate of nitrogen N from 0 to 60kg/ha
significantly increased grain, yield but yield differences
between 60 and 90 kgN/ha, were not significant. Such
significant increase 1in grain vyield was attributed to
gsignificant increase in almost all yiela contributing
characters, especially number of cobs/ha, grain weight/cob,
cob length and grain/row. Similar observations have earlier
been made by Shukla and Bhardwaj (1976} and Verma and Singh
(1976) . However, if the native soil fertility is very high, a
non significant response to applied nitrogen would be observed
Steel et al., 1982).

Increage in dry mater in response to fertilization was
reported by Mikhail and Sheleby (1979), but some researchers
have reported little or no response Douglass et al., (1972)

have found depressions in dry matter yield with rates greater
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than 700kgN/ha (Powell and Webb, 1972). Singh et al., (1979)
observed significant increase in Kernel weight, number of
Kernels per ear and length with increase in the level of
nitrogen application frem 0 to é60kg/ha, with these attributes
producing 37.3, 52.2 and 33.3 percent increase, respectively.

Nitrogen hag been known to affect the number of days to
50% tasselling and silking. Rathore et al., (1976) observed
ghat nitrogen application increased the number of days to
tasselling, while Ologunde (1974) observed a decrease in the
numbey of days to 50% tasselling with increasing nitrogen
levels. Salame and Aly (1979) reported increases in the number
of days to maize silking with nitrogen application.
Conversely, however, Sharma (1973) observed that increasing
the rate of applied nitrogen decreased the number of days to
50% silking. The variable response in the number of days to 50
percent tasselling and silking to increaments in nitrogen
fertilization should be attributed to location effect, the
variety used and prevailing climatic conditions.

Ologunde (1974) found that ear weight, number of kernels
per ear, weight per 1000 kernels, length of ear, kernel depth,
ear diameter and number of ears per plant increased by 35.5,
26.8, 5.8, 19.6, 6.0, 70 and 13.0 percent, respectively, when

the nitrogen level was raised from 0 to 336 kg/ha.
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2.3 Effect of phosphorus on maize

Increasing levels of phosphorus applied to maize in the
presence of nitrogen increases grain yield and some attributes
of yield significantly (Lornhard Bory and Nemeth, 1989). Leaf
area index in particular was observed to increase by 18-24%
when phosphorus was increased from 0-60kgP,0s/ha.

A transient deficiency of phosphorus during the early
growth of maize might reduce final yield not as a consequence
of smaller leaf area but as a result of lower number of grains
per cob (Barry and Miller, 1989). Shoot growth rate is
retarded by phosphorug limitation and also the formation of
reproductive organs. Flower initation is delayed (Rossiter,
1978) and seed formation is restricted in particular (Barry
and Miller, 1989). Premature senescence of leaves is another
factor limiting yield in phosphorus deficient plants.

A linear response to phosphorus application and a highly
significant and positive interaction was observed when
Mcphilips (1989) applied two levels of phosphorus (32.5 and
65kgP,0s/ha) and three levels of nitrogen (78, 136 and
1%0kgN/ha) to maize.

Sun et al., (1989) studied the effect of phosphorus and
nitrogen on the extent of lodging and yield on maize and
observed that, lodging in plots where nitrogen was applied
alone was 58.8% as against 56.4% in plots with both nitrogen
and phosphorus applied to the plots in plots with no nitrogen,

the lodging was as low as 43.8% but grain yield was

- - |

oAl L N
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significantly higher in nitrogen and phosphorus than in
checks. In plants suffering from phosphorus deficiency,
reduction in leaf expansion and leaf surface area (Fredeen et
al., 1989) and also number of leaves (Lynch et al., 1991), are
the most striking effects.
2.4 ffe £ . 88 o ize

Response to K on farmers’ plots were low due to poor
ﬁusbandry, and low intensity of cropping (Tag et al, 1972).
Nye and Greenland {(1960) indicated that responses are small
and more common in the forest than in the savanna zone of west
Africa. Reports by Amon and Adetunji (1970, 1973), Heathcote
(1973) and Anderson (1972) have indicated pottassium response
of crops in the tropic and maize in particular to depend on
the soil parent rock, climate and cropping system adopted. On
soils derived from sandstone, using high yielding maize
variety and good management, the response can be very
dramatic. If soil organic matter is low, rates of K up to
120kgK,0/ha may be required, it could be higher than the
economic recommendation of 700kgK,0/ha for the savanna
ecclogical zone of Nigeria (Sobuloc, 1973).

When potassium is deficient, growth is retarded and net
retranslocation of K' is enhanced from mature leaves and
stems, and under severe deficiency, these organs become
chlorotic and necrotic, depending on the light intensity to
which the leaves are exposed (Marschner and Cakmak, 1989).

Lignification of vascular bundles is also impaired (Pissarek,
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1973) a factor which might contribute to the higher
susceptibility of pottassium defficient plants to lodging.

2.5 Effect of variety on maize

Varieties differ in their adaptation to new ecologies,
yield potentials, maturity period & c¢anopy architecture
{Dowswell, 1996). They also differ in physical and chemical
Qroperties of the grain, which affect their suitablitity for
various end uses (Kling, 1991}.

Elemo (1990) in his evaluation of hybrid maize cultivars
for adaptation to the Northern Guinea savanna ecology reported
that there was no measurable difference in grain yield and
hundred grain weight of hybrid maize tested as compared to the
open polinated variety. However, hybrids are clearly higher
yielding than the best open pollinated varieties in all
ecological zones of Nigeria (Fakorede et al., 1993). Kim et
al, (1988) showed in his work that the performance of hybrid
maize was 34% higher than what was obtained with improved open
pollinated maize varieties.

Averaged over four years of cultivation, Nigerian hybrids
yielded 4.4t/ha (4.6t/ha in the forest early, 3.6t/ha in
forest late season and 5.1t/h in the savanna region). This
yield compares favourably with the average hybrid yield of
4.5t/ha in the USA in 1965 (Steele, 1378) some 30 years after

hybrids were introduced.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental gite.

Two trials were conducted, one during the 1997 dry season
{Nov-May} and the other during the 1997 wet season (June -
October) . The first trial which was under Irrigation, was
gited at the Irrigatiocn Research Station (IRS} of the
Institute for Agricultural Research, at Kadawa (11 39'N, 08"
20’'E and 500 m above mean sea level) in the sudan Savanna
ecological zone, While the second trial, under rainfed
condition was sited at the Institute for Agricultural Research
Farm, Samaru (11 11’ N, 07 38'E and 686 m above sea level)
in the Northern Guinea Savanna ecoclogical zone of Nigeria.
Weather data during the trials were recorded from the
Meteorological stations at Kadawa and Samaru and are shown in
Appendices Ta and b. The physico-chemical data of soils from
the two stations are also represented in Appendix ITI.

3.2 Treatments and Exverinmental Design.

The treatments consisted o¢f two varieties of quality
protein maize (QPM} (Obatanpa and GH110-28), four levels of
NPR compound fertilizer (0-0-0, 60-30-30, 120-60-60 and 180-90
~90 kg NPX/ha} and three plant populations (26700, 53300 and
80000 plantg/ha.) |

A split-plot design was used for the experiment. The
combination of fertilizer levels and varieties were assigned

to the main pleots. While plant population was allocated to the
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sub-plot. The treatment was replicated four times. Each gross
plot size was 4.5 metre wide and consisted of 6 rows of 5
metre length, while the net plots consisted of 2 inner rows of
5 metre length.

3.3 Varieties

3.3:3 Obata :+ is an open peollinated variety of guality
protein maize (QPM). It was obtained from the Crop Research
Institute Kumasi, Ghana. Its seed is white in colour and

dented. The plant possess resistance to maize streak virus
disease. It is tall (above 1.5m) and of intermediate duration
of maturity (110 days)

2432 GH110-28 is a hybrid quality protein maize, also
obtained from the Crops Research Institute Kumasi, Ghana. The
seed of this variety is white flint and dented. It also
posseses resistance to maize streak virus disease. It is short

in stature (less than 1.5m) and of intermediate duration of

maturity (110 days).
3.4 Cultural practices
3.4.1 Land preperation

The sites were ploughed and harrowed at a week interval

and ridged at 75cm after which land was marked out into the

plots.
3.4.2 Sowing

Sowing was done on ridges, on 28th February, 1997 for the
dry season trial and 19th June 1997 for the wet season trial.

Twe seeds were sown per hole at depth of at 50, 25 and 17cm
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intra row spacing alcng the ridges and thinned to one plant
per stand at 12 days after sowing to achieve a density of

26,700, 53,300 and 80,000 plants per hectare respectively.

3.4.3 Fertilizer application
Fertilizer was applied at the rate of 0-0-0, 60-30-30,

120-60-60 and 180-90-90kg/ha. Each rate of NPK was applied in
two equal split doses. The first half at one week after
planting by side placement B-10cm away from the base of the
plant stands. At four weeks after sowing the second dose of
NPK (20-10-10) was top dressed by side placement 8cm away from
the plant.
3.4.4 Irrigation

This was done at a weekly interval. At each irrigatiocon
the soil was brought back tc field capacity. The irrigation
was stoped two weeks before harvest to allow crops to dry

completely in the field.
3.4.5 Weed control

Weeds were controlled by manually by hce weeding. At
Kadawa four hoe weedings were carried out at 2, 4, 6 and 8
weeks after scowing because of the presence of noxious weeds
(Cyperus spp). At Samaru trial three hoe weedings were
carried out at 2, 4 and 6 weeks after sowing for proper weed
control.

3.4.6 Harvesting

Harvesting was done when the cobs were fully mature and

dry in the field. The net plot was harvested for yield at
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harvest. The cobs were picked dried, and threshed and the
chatff was separated from the dry seed by winnowing with trays.
3.5 Soi alys

Before land ©preparation, soil samples from the
experimental sites were randomly taken at the depths of 0-15cm
and 15-30cm, respectively, using a tubular hand auger. The
samples were bulked, dried and the composite sample ground,
sieved with a 2mm sieve-mesh and analysed for physico-chemical
properties using standard procedures (Juo, 1979).
3.5.1 Soil texture

The texture was analysed by hydrometer method (Boyoucus
1951) and textural class determined by texture triangle.
3.5.2 Total nitrogen

Total nitrecgen was determined by the Micro-kjehdahl
procedure (Bremmer, 1965, IITA, 1875).
3843 Available phosphorus

Available phosphorus was determined by the method
described by Trough (1930). The extractable phosphorus was

determined by the molybdate blue colours (Bray and Kurtz,

1945} .
3.5.4 Exch ab a

Exchangeable cations were determined by the acetic acid
method (Reith, 1967). Magnesium, calcium and potassium

concentrations were determined by the atomic spectro-

photometry using Perkin Elmers Model 403.
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3.5.5 pH_and organic carbon
pH and organic carbon were determined using the standard
procedures described by Black (1968).
3.6 Observations
Five plants per plot were used as sample for the

collection of the relevant data on each parameter such as:

3.6.1 Plant height (cm)

This was measured at 4,8 and 12 weeks after sowing. The
measurements at 4 and 8 weeks after scwing were taken from the
ground level to the tip of the innermcst whorl leaf. But at
12 weeks after sowing, the reading was taken from the ground

level to the tip of the flag leaf.

3.6.2 Number of leaves per plant

The number of open functional green leaves for each of
the five plants was counted and average was taken at 4, 8 and

12 weeks after sowing.

3.6.3 Total dry matter (q)

The dry matter was determined at harvest. Five plants
were randomly uprooted and oven dried to a constant weight at

70°C and the respective weights recorded.

3.6.4 Number of days to 50 percent tasselling

This was taken as interval between the date of sowing and

the time when 50 percent of the plants per plot have

tasselled.
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3.6.5 Number of days to 50 percent silking

This was taken as days from the date of sowing to the
time when 50 percent of the crop plants per plot have silked.

3.6.6 Lodging count

A count of loﬁged plants was taken at crop maturity. A
plant was considered lodged when it is inclined at more than
45" from the vertical position or if the stem is broken below
the ear. The number of lodged plants was counted in each plot
and expressed as percentage of the total plants in a plot. A
plant was considered as rootly lodged if the angle between the
stem and the ground level was less than 45°. If the stem was
broken below the ear, it was regarded as stem lodged.

3.6.7 Weight of cobs per plant

Five plants were randomly selected and the mean weight of
the cobs was recorded.
3.6.8 Leaf Area index (LAI)

Measurements were taken at 4,8 and 12 weeks after sowing.
The length and breadth (at its widest point) of a functional
leaf blade was measured. The product of length and breadth
(apparant leaf area) was multiplied by a factor (K=0.75) to
arrive at the actual calculate the leaf area (Watson, 1988).
The leaf area index was calculated by using area obtained by

the number of plants/m’ and divided by the land area (Duncan

and Hasketh, 1968)
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L = Leaf area index

A = Leaf area {cm®) L =A _
p

P = Ground area (cm)

3.6.9 Number of grains per cob

The average numnber of seeds per cob from each treatment
was recorded by randomly selecting five cobs
3.6.10 Harvegt index

Tt is the ratio of seed to the total plant dry matter
{TDM) . The calculation was done using the equation:-

K% = CGrain vield from x kg of TDM x 100

x kg of TDM 1

3.6.11 100 seed weight

100 seeds from each treatment were randomly selected and
weighed.

3.6.12 Cob vield

Cobs from each plot were removed, dehusked and then sun
dried and weighed. The weight of the dehusked cobs/plot was
extrapolated per hectare.
3.6,13 Grain vield
The grain yield from each plot after cchs were threshed,
and winnowed, weighed and later expressed in kilograms per
hectare. AAS..{

3.7 Statigtical analysis of data

The data collected were subjected to statistical analysis
of variance as described by Snedecor and Cochran (1967).
Significant difference among the treatments means were

seperated using Duncans’s Multiple Range Test (Duncan, 1955]).
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CHAPTER FOUR

4.0 RESULTS
4.1 Plant height

Tables 1 and 2 show the effect of treatments on the
height of plant at various sampling dates for 1997 dry and
rainy seasons, respectively.

The effect of increasing plant density on plant height
was only significant at 8 and 12 WAS in 1997 dry and 1997
rainy seasons respectively. At 8 WAS plant population of
53,300 and 80,000 plants/ha produced similar but taller plants
than the lowest density of 26,700 plants/ha. At 12 WAS no
significant difference in plant height was observed between
plants grown at 26,700 and 53,300 plants/ha, although these
were found to be significantly shorter than those plants grown
at the highest plant population of 80,000 plants/ha.

Obatanpa variety was significantly taller than GH110-28
at all the stages of growth in both seasons.

The effect of fertilizer application was significant at
all the growth stages in 1997 dry season and at 8 and 12 WAS
in 1997 rainy season. It was cobserved that applicaticn of
fertilizer up to 60-30-30kg NPK/ha significantly increased
plant height. However, there was no significant difference
between the applied rates of 60-30-30 to 180-90-90kg NPK/ha.

None of the interaction was found to be significant.
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Table 1: Effect of ccmpound fertilizer and population on plant
height {(cm) of QPM varieties during 1997 dry season at

Kadawa.
Weeks after sowing

Treatment 4 8 12
Population (plants/ha) (P)
26,700 16.9 88.4b 108.0
53,300 17.1 93.8a 113.6
80,000 - 17.8 95.6a & s s I
SE+ 0.7 2.06 1.97
Varieties (V)
Obatanpa 19.9a 99.0a 114.9a
GH110-28 14.6b 86.2b 107.3b
SE+ 0.68 3.42 2.26

ert zer Levels (F)

0-0-0 13.5b 65.6b 87.2b
60-30-320 18.2a 98.3a 117.23a
120:60:60 17.8a 29.0a 119.0a
180:90:90 15.5a 107.4a 120.%a
SE+ 0.97 4 .84 3544
Interaction

P xV NS NS NS
Px F NS NS NS
VxPF NS NS NS
PxVxF NS NE NS

Means within a column followed by the same letters do not differ
gignificantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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Table 2: Effect of compound fertilizer and population on plant
height (cm) of QPM varieties during 1997 rainy season at
Samaru.

Weeks after sowing
Treatment o4 8 12

Population (plants/ha) (P)

26,700 21.9 107.3 153.0b
53,300 a3 102.6 156.6b
80,000 - 22.4 106.1 160.3a
SE+ 0.81 2.43 2.38
Varieties (V)
Obatanpa 24 .4a 114.1a 161.9a
GH110-28 19,3b 96.5b 147.1b
SE+ 0.91 3.50 4.02
Fertilizer Levels (F)
0-0-0 22.9 71.7b 124.5b
60-30-30 22 -8 i17.4a 164 .1la
120:60:60 21.8 316.38 165.0a
180:90:90 20.1 115.8a 164.0a
SE+ 1.28 4.96 5.68
nteract
P x V NS NS NS
PxF NS NS NS
VxF NE NS NS
PXVXxF NS NS NS

Means within a column followed by the same letters do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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4.2 DNumber of leaveg per plant.
The number of leaves per plant as affected by the

treatments are shown in tables 3 and 4,

Plant population had no significant effect on number of
leaves at all the sampling periods in both seasons.

Variety had no significant effect on number of leaves per
plant at all the sampling periods in 1997 dry season and at 4
WAS in 1997 rainy season. However, at 8 and 12 WAS in 1997
rainy season GH110-28 had significantly higher number of
leaves than Obatanpa.

The differences due to fertilizer application were highly
significant in both seasons except at 4 WAS in 1997 rainy
seascn. At 4 and 8 WAS in 1997 dry season and 8 WAS in 1997
rainy season, increase in fertilizer level from 0-0-0 to €0-
30-30kg NPK/ha increased the number of leaves. But further
increase beyond 60-30-30kg NPK/ha was not significant. At 12
WAS in both seasons, progressive increase in number of leaves
was observed with every increase in fertilizer level from 0-0-
0 to 120-60-60kg NPK/ha, increasing fertilizer rate above 120-
60-60kg NPK/ha did not affect this parameter. None of the

interaction was significant,



W

Table 3: Effect of compound fertilizer and population on number of
leaves per plant of QPM varieties during 1997 dry season
at Kadawa.

o
9]
}

w

Weeks after sowing
Treatment B B 12

Population (plants/ha) (P)

2&,700 7.4 12 .4 11:3

53,300 7.4 12.4 11.5

80,000 f 988 12.8 316

SE+ 0.14 0.17 0422
Varieties (V)

Obatanpa 7.6 12.5 11.3

GH110-28 b . 12.5 11.6

SE+ 0.17 0.24 0.23
Fertilizer Levels (F)

0-0-0 6.5b 11.0b 9.5¢
60-30-30 7.%5a 12.%a 11.4b
120:60:60 7.7a 12, 9a 12.4a
180:90:50 8.0a 13.4a 12.6a
SE+ 0.25 0.35 0.32
Interaction

PxV NS NS - NS

PxF NS NS NS

vV xF NS NS NS

PxVxF NS NS NS

Means within a column followed by the same letters do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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Table 4: Effect of compound fertilizer and population on number of
leaves per plant of QPM varieties during 1997 rainy
season at Samaru.

weeks after sowing

Treatment 4 8 12
Population (plants/ha) (P)

26,700 ' 7.7 11.2 19..3
53,300 TS5 11.7 10.3
80,000 ° 7.6 11:8 10.3
SE+ 0.13 0.14 0.10
Varieties (V)

Obatanpa 7.6 11.4b 9.7b
GH110-28 7.7 12.2a 1¢.9%a
SE+ 0.15 0.16 0.22
Fertilizer Levels (F)

a-0-0 7.6 10.4b 7.8¢
60-30-30 7.6 12.0a 10.5b
120:60:60 TS 12.4a 11.3ab
180:90:90 7.4 12,.3a 1l.7a
SE+ 0.22 0.22 0.34
Interaction

PxV NS NS NS
PXPF NS NS NS
VxxPF NS NS NS
PxVxF NS NS NS

Means within a column followed by the same letter(s) do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.



4.3 Leaf area index

Tables 5 and 6 show the effect of treatments on the leaf
area index at various sampling dates.

The effect of increasing plant population was highly
singnificant at all the sampling periods in both seasons. Each
increase in plant population resulted in an increase in leaf
area index at all the sampling periods in both seasons.

The difference due to varieties was only significant at
4 WAS in both seasons. Ar 4 WAS Obatanpa had significantly
higher LAI than CH110-28. The differences due to fertilizer
levels were highly significant at all the sampling periods in
the 1997 dry season and at 8 and 12 WAS in 1997 rainy season.
During the 1997 dry season, increase in fertilizer level from
0-0-0 to €0-30-30kg NPK/ha increased the leaf area index
significantly but further increase in fertilizer level from
60-30-30 to 180-90-90kg NPK/ha did not affect the LAT at 4 and
8 WAS. While in the 1997 rainy seascon increase in the rate of
fertilizer application £from ©0-0-0 to €é0-30-30kg NPX/ha
significantly increased LAI at 8 and 12 WAS, further increase
beyound 60-30-30kg NPK/ha did not affect LAI significantly.

There was significant interaction effect of plant
population and fertilizer on LAI during the 1997 dry season.
During the 1997 rainy season there was significant populaticon
and variety interaction at 4 WAS, population and fertilizer

interaction at 8 and 12 WAS.
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Table 5: Effect of compound fertilizer and populaticn on leaf area
index of QPM varieties during 1997 dry season at Kadawa.

Weeks after sowing
Treatment -4 8 12

Population (plants/ha) (P)

26,700 0.1c 1.1c 1.1c
53,300 0.3b 2.5b 2.2b
80,000 0.4a 3.8a 3.6a
SE+ 0.03 0.14 0.01

Varieties (V)

Cbatanpa 0.3a 2.6 2.4
GH110-28 0.2b 2.4 2.2
SE+ 0.03 0.18 0.11
Fertilizer Levels (F)

0-0-0 0.1b 1.5b 1«3d¢
60-30-30 0.3a 2.6a 2.2b
120:60:60 0.3a 2.6a 2.7ab
180:90:80 0.3a 3. 1a 3.0a
SE+ 0.04 0.24 0.16
Interaction

PxV NS NS NS
PxF NS NS *
VxF NS NS NS
PxVXxF NS NS NS

Means within a column followed by the same letters do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.



29

Table 6: Effect of compound fertilizer and population on leaf area
index of QPM varieties during 1997 rainy season at

Samaru.
Weeks after sowing

Treatment 4 8 12
Population (plants/ha) (P)

26,700 D.le 1.7¢ 3+5¢C
53,300 0.3b 3.1b 3.0b
80,000 - 0.6a 5.0a 4.7a
SE+ 0.03 D12 0.13

Varieties (V)

Obatanpa 0.4a 3.3 2.9

GH110-28 0.3b 33 3.3

SE+ 0.03 0.14 0.14
Fertilizer Levels (F)

0-0-0 0.4 1.8b 1.4b
60-30-30 0.3 3.7a 2 :5a
120:60:60 0.4 3.8a 3.6a
180:90:90 G.3 3.8a 3.9a
SE+ 0.04 0.20 0.20

Interaction

PxW g N8 NS
PXF NS s *
VXF NS NS NS
PxVxF NS NS NS

Means within a column followed by the same letters do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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Table 7 shows population and fertilizer interaction at 12
WAS in the 1997 dry seascn at Kadawa. Considering the
fertilizer treatments at each population levels, it was
observed that at 26,700 plants/ha increase in fertilizer rate
from 0-0-0 to 60-30-30kg NPK/ha significantly increased the
LAI, but further increase upto 180-90-90kg NPK/ha showed no
significant increase, while at 80,000 plants/ha increased
fertilizer rate from 0-0-0 to 60-30-30kg NPK/ha did not affect
the LAI, but when the fertilizer level were increased to 120-
60-60 and 180-90-90kg NPK/ha a significant increase was
observed. When the population was considered in respect to
fertilizer levels it was observed that at 0-0-0 and 60-30-30kg
NPK/ha each increase in plant population was acompanied with
a corresponding increage in LAI. While at 120-60-60 and 180-
90-90kg NPK/ha increase in population from 26,700 to 53,300
plants/ha did not affect the LAI. However, further increase in
plant population from 53,300 to 80,000 plants/ha significantly
increased the LAI.

The interaction between plant pcpulation and variety, at
4 WAS is shown in Table 8. Considering the plant population in
respect to variety it was observed that Obatanpa. produces
higher LAI than GH110-28 at 53,300 and 80,000 plants/ha while
at 26,700 plants/ha the LAI of both varieties were
statistically similar. The LAl was alsoc observed to
significantly increase with every increase 1in plant

poepulation/ha irrespective of variety used.
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The interaction between plant population and fertilizer
at & and 12 WAS are shown in Tables 9 and 10 respectively.
Increase in plant population from 26,700 te 53,300 plants/ha
at control did not affect the LAI, but further increase in
population to 80,000 plants/ha resulted in higher LAI. While
at 60-30-30, 120-60-60 and 180-90-90kg NPK/ha, every increase
in population level was acompanied by an increase in LAI. When
the population was viewed in respect to fertilizer, it was
observed that at the lowest population level (26,700
plants/ha) increasing the fertilizer level from 0-0-0 to 60-
30-30 kg/ha did not affect the LAI at 8 WAS, further increase
te 120-60-60kg NPK/ha significantly increase the LAI. When the
fertilizer level was further increased to 180-90-90kg NPK/ha,

the LAI was obsgerved to decrease.
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Table 7: Interaction of plant population and fertilizer on leaf
area index at 12 WAS during the 1996/37 dry season at

Kadawa.
Treatment Fertilizer levels (20:10:10Kg NPK/ha)
Populaticon D-0-0 50-30-30 120-60-60 180-9%0-90
26,700 0.58g . 1.14fF 1.42df 1.51d€£
53,300 1.15f 2.12e 2.724 2.86¢d
80,000 2.30c 3.45hc 4.05b 4.87a
SE+ 0.24

Means followed by the game letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
(DMRT} . NS = Not significant.

Table 8: Plant populaticon and variety interaction as it affected
the leaf area index of QPM varieties at 4WAS during the

1997 rainy season at Samaru.

Treatment Variety

Plant Population {plants/ha} Obatanpa GH110-28
26,700 ' 0.23cd 0.154
53,300 0.44b ) 0.31c
80.000 0.81la 0.48b
SE+ d.04

Means followed by the gsame letter{s) do not differ significantly at
0.05 level of prokability according to Duncan Multiple Range Test
{DMRT) . NS = Not sgignificant.
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Table 9: Plant population and fertilizer interaction as it affect
the leaf area index of QPM varieties at 8 WAS during the
1997 rainy season at Samaru.

Treatment Fertilizer levels (20:10:10Kg NPK/ha)

Plant Population (plants/ha) ©0-0-0 60-30-30 120-60-60 180-90-50

26,700 ' 1.28d 1.81d 2.00c 2.01
53,300 1.52d 3.71b 3.82b 3.40bc
80,000 2.69c 5.72a 5.81a 6.01a
SE+ 0.27

Means followed by the same letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
(DMRT) . NS = Not significant.

Table 10: Plant population and fertilizer interaction as it
affected the leaf area index of QPM varieties at 12WAS
during the 1997 rainy season at Samaru.

Treatment Fertilizer levels (20:10:10Kg NPK/ha)

Plant Population (plants/ha) ©-0-0 60-30-30 120-60-60 180-90-90

26,700 1.86d 1.79¢ 1. 76cd 1.%94cd
53,300 1.18d 3.44b 3.83b 3.81b
80,000 2.25¢ 5.37a 5.30a 6.02a
SE+ .29

Means followed by the same letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
(DMRT) . NS = Not significant.



4.4 Dry matter r ant

Tables 11 and 12 show the effect of treatments on dry
matter per plant, in 1997 dry and rainy seasons, respectively.

The differences due to plant population on the dry matter
per plant was not’significant at all the sampling periods in
both seasons.

The differences due to variety were highly significant at
all the sampling periods except at 9 WAS for both seasons.
Obatanpa produced significantly higher dry matter at 3 and 6
WAS than GH110-28.

In the 1997 dry season, a highly significant difference
was observed with increased application of fertilizer. At 3
WAS increase in fertilizer level from 0-0-0 to 60-30-30kg
NPK/ha did not affect dry matter/plant, further increase to
120-60-60kg NPK/ha increase this parameter. However, when the
fertilizer level was increased to 180-90-90kg NPK/ha a non
significant difference was observed. At 6 WAS there was a
progressive increase in dry matter with every increase in
fertilizer level up to 120-60-60kg NPK/ha, further increase
did not affect dry matter, while at 9 WAS the highest
fertilizer level gave the highest dry matter than others. The
differences between dry matter at 60-30-30 and 120-60-60kg
NPK/ha was not significant. Plants supplied with no fertilizer
gave the lowest dry matter. During the 1997 rainy season,
fertilizer significantly (P>0.01) affected the plant dry
matter at all the stages of sampling. Plant dry matter was

found to increase
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Table 11: Effect of ccmpound fertilizer and population on dry
matter per plant (g) of QPM varieties during 1997 dry
season at Kadawa.

Weeks after sowing

Treatment 3 6 9

Population (plants/ha) (P)

26,700 1.94 29.70 159.90
53,300_ 2.33 36.30 186.70
80,000 M 35.8¢0 160.70
SE+ 0.130 2.140 10.570

Varieties (V)

Obatanpa 2.48a 40.00a 182.90
GH110-28 1.18b 27.80b 155.30
SE+ 0.090 1.590 10.100

Fertilizer Levels (F)

0-0-0 1.66b 12.70¢e 81.60c¢c
60-30-30 1.95b 28.70b 175.60b
120:60:60 2.34a 45.30a 185.20b
180:90:90 2.61la 49.10a 235.00a
SE+ 0.130 2250 14.280
Interaction

PxV NS NS NS
PxXF NS NS NS
VX F NS NS NS
PxVXTF NS NS NS

Means within a column followed by the same letter(s) do not differ
gignificantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.

Table 12: Effect of compound fertilizer and population on dry
matter per plant (g) of QPM varieties during 1997 rainy
season at Samaru.
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Weeks after sowing

Treatment 3 6 9
Population (plants/ha) (P)

26,700 2.86 46.20 347.00
53,300 2.90 42 .50 325.00
80,000 2.84 43.50 312.00
SE+ 0.180 2.340 29.910
Varieties (V)

Obatanpa 3.56a 50.00a 353.00
GH110-28 2.17b 38.10b 303.00
SE+ 0.130 2.570 25.670
Fertilizer Levels (F)

0-0-0 2.33b 37.50b 160.00b
60-30-30 2.6%a 43.20a 338.00a
120:60:60 3.17a 45.50a 382.00a
180:90:80 3.27a 50.10a 432.00a
SE+ 0.180 3.640 36.280
I ac

PxV NS NS NS
PxF NS NS NS
VxF NS NS NS
PXVxF NS NS NS

Means within a column followed by the same letter(s) do not differ
gignificantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.

with increasing fertilizer rate from 0-0-0 to 60-30-30kg

NPK/ha at all

the

growth stages;

furt

her

increase in
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fertilizer rate did not affect plant dry matter. None of the
interaction was significant.

4.5 Stover dry weight (kg/ha)

Table 13 show the effect of treatments on stover dry
weight during the 1997 dry and rainy seasons. The differences
due to plant population was highly significant at harvest in
both seasons. In 1997 dry season increase in plant population
from 26,700 to 53,300 plants/ha increased the stover dry
weight significantly. Further increase to 80,000 plants/ha
resulted in a non significant difference in stover weight at
harvest. However, in 1997 rainy season, the highest plant
population (80,000 plants/ha) gave the highest stover weight.
The differences due to variety were not significant in both
seasons.

Fertilizer significantly (P>0.01) affected the stover dry
weight at harvest. In the 1997 dry season, increasing
fertilizer level from 0-0-0 to 60-30-30kg NPK/ha increased
stover dry weight significantly. However, in 1997 rainy
season, stover dry weight was found to increase with
fertilizer from 0-0-0 to 120-60-60kg NPK/ha, further increase
did not increase stover dry weight. All the interactions
except for population x variety during the 1997 dry season
were not significant. Table 14 shows the interaction of plant
population and variety on stover dry weight of quality protein
maize during 1997 dry season at Kadawa. Considering the two

varieties at various populations, it was observed that the two
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varieties have statisticaly the same stover weight at all the
population levels. However, when the population levels were
considered in respect of the varieties, it was observed that
in the case of Obatanpa, increase in plant pcpulation level up
to 53,300 plants/ha increased the stover weight, further
increase produced an insignificant difference. When GH110-28
was looked at, it revealed that increase in plant population
from 26,700 to 80,000 plants/ha did not affect the stover

weight.
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Table 13: Effect ¢of compound fertilizer and population on stover
dry weight at harvest of QPM varieties during 1997 dry
and rainy seascns at Kadawa and Samaru respectively.

Treatment 1997 dry season 1997 rainy season
Kadawa Samaru

Population (plants/ha) (P)

26,700 1232b 6,392c
53,300 2301a 8,852b
80,000 2734a 11,418a
SE+ 153 590
Varieties (V)

Obatanpa 2197 8521
GH110-28 1981 9254
SE+ 188 610

Fertilizer Levels (F)

0-0-0 1168b 4,680C
60-30-30 2061a 9,411b
120-60-60 2412a 10,542a
180-90-90 2716a 10,918a
SE+ 267 862
Interaction

P xV * NS
Px F NS NS
VXxF NS NS
PxVXxF NS NS

Means within a column followed by the same letter(s) do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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Table 14: Interacticon of Plant population and variety on stover
weight of maize during 1997 dry season at Kadawa.

Treatment varieties

Population Obatanpa GH110-28
26,700 1.27b 1.20b
53,300 ’ 2.72a 1l.88ab
80,000 2.60a , 2.87a
SE+ : 0.52

Means followed by the same letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
(DMRT) . NS = Not sgignificant.
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Table 15: Effect of compound fertilizer and population on number of
days to 50% tasselling & silking on QPM varieties during
1997 dry and ralny seasons at Kadawa and Samaru.

Davs to S50% tesselling 50% silking
Treatment 1997{DS) 1997 (RS} 1997 {D5) 1997 (RS}

Population (plants/ha) (P)

26,700 65.72a 59.59 68.47 62.94b
53,300 64.13b 59.75 70.28 64.63a
80,000 - 64.13b 59.72 69.78 64.31a
SE+ 0.430 0.080 1.400 0.270

Varieties (V)

Obatanpa 63.35b 58.44b 67.90b 6£2.69b

GH110-28 65.96a 60.94a 71.13a 65.29a
SEx+ 0.590 0.290 1.040 0.510

Fertilizer Levels(F)

Q-0-0 9¢ .08a 60.71la 73.00a &£8.04a
60-30-30 63.93b 59.63ab 66.67b £3.29%9b
120-60-60 6€3.42b £E9.33b £8.50b £2.25b
180-90-90 6€2.42c 59.08b 67.88b 62.25b
SEx+ 0.790 0.400 1.470 0.720
Interaction

P xV NS NS NS NS
PXPF NS NS NS *
VxF NS NS N& N&
PxXxVxF NS NS N&S NS

Means within a column followed by the same letter’s do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.
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Table 16: Plant population and fertilizer interaction as it affect
number of days to 50% silking of (QPM) during the 1997
rainy season at Samaru.

Treatment

: Fertilizer level (20:10:10) kg NPK/ha
Plant population 0-0-0 60-30-30 120-60-60 180-90-90
26,700 64 .63b 62.88b 62.13b 62.13b
53,300 70.50a 63.38b 62.38b 62.38b
80,000 69.00a 63.63b 62.38b 62.25b
SE+ 0D.851

Means followed by the same letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
(DMRT) . NS = Not significant.
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4.6 Number of days to 50% percent tasselling

Table 15 shows the effect of treatments on number of days
tc 50 per cent tasselling. During the 1997 dry season,
increased in plant population from 26,700 tc 53,300 plants/ha
decrease the number of days to S0% tasseling significantly,
but further increase tc 80,000 plants/ha did not affect it.
However, during the 1997 rainy season the differences due to
plint population were not significant.

GH110-28 took significantly longer period to reach 50 per
cent tasselling than Obatanpa in both seasons.

Number of days to 50 percent tasselling was significantly
affected by applied fertilizer in both seasons. There was a
highly significant decrease in number of days to 50 percent
tasselling with increase in fertilizer level from 0-0-0 to
180-90-90kg NPK/ha, even though there were no significant
differences between 60-30-30 to 120-60-60kg NPK/ha in 1997 dry
season. In 1997 rainy season, however, a significant decrease
in the number of days to tasselling with each increase in the
fertilizer from 0-0-0 to 60-30-30kg NPK/ha was observed but a
further increase in the rates to 180-90-90kg NPK/ha had no
effect on this variable. None of the interaction was found to
be significant.

4.7 Number of days to 50 percent silking.

Tables 15 shows the effect of treatments on number of

days to 50 percent silking.
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The result showed that the difference due to plant
population was significnat only in the 1997 rainy season. The
attainment of silking was significantly delayed with each
increase in plant pcpulation from 26,700 to 53,300 plants/ha.
However, further increase in plant population to 80,000
plants/ha did not increase this parameter significantly.

CH110-28 took significantly longer time to reach 50
percent silking than Obatanpa in both seasons.

Days to 50 percent silking was affected by applied
fertilizer. There was a highly significant decrease in number
of days to silking with increase in fertilizer rate from 0-0-0
to 60-30-30kg NPK/ha, and beyond in all seasons.

The population and fertilizer interaction on days to
8ilking was significant in 1997 rainy season (Table 18).
Application of fertilizer at 26,700 plants/ha did not affect
the number of days to 50 percent silking, but when the plant
population was increased to 53,300 and 80,000 plants/ha, the
number of days to sgilking decreased with application of
fertilizer from 0-0-0 to 60-30-30kg NPK/ha. Further increase
in fertilizer level to 120-60-60 and 180-90-90kg NPK/ha did
not affect the number of days to 50 percent silking. When the
fertilizer level was considered in respect of plant
population, it was observed that at 0-0-0kg NPK/ha number of
days to 50 percent silking increased with increased plant
population up to 53,300 plants/ha, a further increase in

population to 80,000 plants/ha did not significantly increase
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the number of days to 50 percent silking. At other levels of
applied fertilizer, increase in plant population produced no

significant effect on this parameter.

4.8 8Stalk lodging

Table 17 shows the effect of treatments on stalk lodging.
The differences due to plant population on stalk lodging was
significant in both seasons. Increasing plant population from
26,700 to 53,300 plants/ha showed a similar and non
statistical difference between the two, but increasing the
plant population to 80,000 plants/ha showed a decrease in
number of stalk lodging.

There was a highly significant variation in stalk lodging
between the two varieties tested, with Obatanpa having more
gtalk lodging than GH110-28 in both seascns.

Application of 0-0-0 and 180-90-90kg NPK/ha produces more
stalk lodging in 1997 dry season. However fertilizer levels of
60-30-30 and 120-60-60kg NPK/ha and 120-60-60 and 180-90-90kg
NPK/ha gave sgtatistically similar stalk lodging. None of the
interaction was significant in both seasons.

4.9 Root lodging

Table 17 shows the effect of treatments on root lodging.
The differences due to plant population on root lodging was
significant. Increasing plant population from 26,700 to 53,300
plants/ha did not significantly increase roots lodging,
further increase to 80,000 plants/ha showed a highly

significant increase in the number of root lodging in both
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Table 17: Effect of compound fertilizer and population on stalk and
Root lodging of QPM varieties during 1997 dry and rainy
seasons at Kadawa and Samaru.

Stalk lodging Root lodging
Treatment 1996/97(DS) 1997 (RS) 1996/97(DS) 1997 (RS)
dry season rainy season

Population (plants/ha) (P)

26,700 1.38a 1.56a 2.28b 2.59b
53,300 1.38a 1.50a 2.28b 2.:53b
80,000 1.28b 1.28b 2.81a 3.25a
SE+ 0.070 0.080 0.180 0.130

Varieties (V)

Obatanpa 1.50a 1.50a 2.92a 3.35a
GH110-28 1.19b 1.40b 2.00b 2.23b
SE+ 0.070 0.060 0.180 0.160
Fertilizer Levels (F)

0-0-0 1.63a 1.92a 4.33a 4.21a
60-30-30 1.17b 1.42b 2.2%b 2.88b
120-60-60 1.13b 1.33bc 1.58b 2.2%9bc
180-90-90 1.46b 1.13c 1.63b 1.79¢
SE+ 0.090 0.080 0.250 0.220
Interaction

PxV NS NS NS NS
PxF NS NS NS NS
VxF NS NS NS NS
PxVxF NS NS NS NS

Means within a column followed by the same letter(s) do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS = Not significant.



47
seasons.

The differences due to varieties were highly significant,
Obatanpa was found to be more susceptible to root lodging than
GH110-28 in both seaons.

Fertilizer had highly significant effect on root lodging.
Increasing the rate from 0-0-0 to 60-30-30kg NPK/ha decreased
root lodging, but further increase in fertilizer rate from
120-60-60kg NPK/ha and beyond had no effect in 1997 dry
season. However, in 1997 rainy season it was found to decrease
with increase in fertilizer rate up to 120-60-60kg NPK/ha.
There was no statistical difference between rates of 60-30-30
and 120-60-60kg NPK/ha, further increase toc 180-90-90kg NPK/ha
did not affect root lodging. None of the interactions was
significant in both seasons.

5.0 Number of cobs/plants

Table 18 shows the effect of treatments on number of
cobs/plant. Analysed data showed non significant difference in
the mean cobs/plant with increase in plant population, in 1997
dry season but a highly significant difference in means of
number of cobs/plant in 1997 rainy season. Plant population in
1997 rainy season had a negative effect on number of
cobs/plant. Increasing plant population from 26,700 to 53,300
plants/ha decreased the number of cobs/plant. Further increase
tc 80,000 plants/ha did not affect number of cobs/plant.

GH110-28 has a higher significant number of cobs/plant

than Obatanpa in both seasons.
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The differences due to fertilizer application was highly
signifecant. Increasing fertilizer rate from 0-0-0 to 120-60-
60kg NPK/ha, increased the number of cobs/plant in the 1997
dry season with no significant difference between 120-60-60
and 180-90-90kg NPg/ha. However, in 1987 rainy seascon, the
response to fertilizer application was significant up to 180-
90-90kg NPK/ha did not increase the number of cobs/plant. None
of the interactions was significant in both seasons.

5.1 Weight of cobs/plant

Table 18 show the effect of treatments on number of
cobs/plants. Analysed data showed a non significant difference
in means of cobs/plant with increased plant population in 1997
dry season. However a signifiant difference in weight of
cobs/plant with increased plant population was observed. Plant
population had a negative effect on weight of cobs/plant.
Increasing plant population from 26,700 to 53,300 plants/ha
decrease weight of cobs/plant, further increase to 80,000
plants/ha did not affect weight of cobs/plant.

There was no significant difference in weight of
cobs/plant between the two varieties tested in both seasons.

The differences due to fertilizer was highly significant
in 1997 rainy season, increasing fertilizer rate from 0-0-0 to
60-30-30kg NPK/ha increased the weight of cobs/plant, but
there was no significant difference between 60-30-30 and 120-
60-60kg NPK/ha and 120-60-60 and 180-90-90kg NPK/ha,

respectively. However, 180-90-30kg NPK/ha showed a significant
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difference from 60-30-30kg NPK/ha. In 1997 dry season,

increasing fertilizer level froem 0-0-0 to 60-30-30kg NPK/ha
increased weight of cobs/plant, further increase does not
increase the weight of cobs/plant. None of the interactions
was significant in both seasons.
5.2 Number of grains/cob

Table 18 shows the effect of treatments on number of
grains/cob. Plant population had a significant effect on
number of grains per cobs only in 1997 dry season. Increasing
plant population from 26, 700 to 53,300 plants/ha significantly
increased number of grains per cob, further increase up to
80,000 plants/ha did not produce significant increase in
number of grains per cob.

There was no significant difference in number of grains
per cob between the two varieties tested in both seasons.

The difference due to fertilizer levels was highly
significant in both seasons. Increasing fertilizer rate from
0-0-0 to 60~30-30kg NPK/ha increase number of grains per cob
significantly while further increase to 120-60-60kg NPK/ha and
above produced statistically similar number of grains/cob with
60-30-30kg NPK/ha. None of the interaction was significant in

both seasons.
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Table 18: Effect of compound fertilizer and population on number of
cobs/plant, wt of ccbs/plant and number of grains/cob of
QPM varieties during 1997 dry and rainy seasons at Kadawa
and Samaru.

No. of cobs/plant Wt. of ccb

nt

o

&

Treatmant 1997(DS) 1997 (RS) 1997(D8) 1997 (RS) l99%(DS] 1297 (RS)
Population (plants/ha) (P)

26,700 1,09 1.31a 137.30 170.80a 324.70b 532.00
53,3680 1.00 0.99b 148.80 150.90b 393.70a 482.00
80,000 1.14 0.95b 151.60 159.20b 360.70a 515.00
SEx+ 0.051 0.051 5.631 4.8861 11.741 24.751
Varieties (V)

Obatanpa 0.98b 0.95b 140.00 154.40 346.50 478.00
GH110-28 1.17a 1.22a 151.70 167.20 372.90 542.00
SE+ 0.041 0.041 5.53% 5.151 16.691 26.231
Fertilizer Levels (F)

0-0-0 Q.. 82c 0.66d 109.00b 91.80¢ 234 .60b 321.00b
60-30-30 1.04b 1.08c¢ 146.90a 171.40b 365.20a 524.00a
120-60-60 1.23a 1.17bc 160.40a 182.10ab 409.00a 601.00a
180-90-90 1.21a 1.43a 167.10a 195.80a 430.00a 593.00a
SE+ 0.051 0.051 7.301 7.301 23.601 37.121
Interaction

P xV NS NS NS NS NS NS
PxF NS NS NS NS NS NS
VxPF NS NS NS NS NS NS
PXVxF NS NS NS NS NS NS

Means within a column followed by the same letter’s do not differ
significantly at 0.05 level of probability according te Duncan

Multiple Range Test

(DMRT) .

NS
DS
RS

wowu

Not significant.

Dry season.
Rainy season
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5.3 Gz K

Table 19 show the effect of treatments on grain yield.
Grain vyield was found to increase with increasing plant
population from 26,700 to 53,300 plants/ha further increase
did not affect it in 1997 dry seaons. Plant population has no
significant effect on grain yield during the 1997 rainy
season.

GH110-28 produce significantly higher grain yield than
Obatanpa in both seasons.

Grain vyield was found to increase by increaseing
fertilizer rates from 0-0-0 to 120-60-60kg NPK/ha in both
seasons, further increase in fertilizer rate did not increase
grain yield. However, no significnt differences were observed
between 60-30-30 and 120-60-60kg NPK/ha and between 120-60-60
and 180-90-90kg NPK/ha in both seasons. None of the
interactions was significant in both seasons.

5.4 Cob weight (Kg/ha)

Table 19 shows the effect of treatments on cob weight in
1997 dry and rainy seasons. Cob weight in 13997 dry season was
found to increase with increasing plant population from 26,700
to 53,300 plants/ha, further increase does not affect it.
However, in 1997 rainy season, plant population had no
significant effect on cob weight.

GH110-28 produced significantly higher c¢ob weight than

Obatanpa in both seasons.
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During the 1997 dry seascn increasing fertilizer rates
from 0-0-0 to 120-60-60kg NPK/ha increased cob weight,
further, increase did not effect it. However, no significant
differences was observed between 60-30-30 and 120-60-60 and,
120-60-60 and 180-90-90kg NPK/ha.

In 1997 rainy season cob weight was found to increase
progressively with increase in fertilizer rates from 0-0-0 to
180-30-90kg NPK/ha. There was no statistically Significant
difference between 60-30-30 and 120-60-60kg NPK/ha.

Nene of the interactions was significant except
population x variety on cob weight in 1997 rainy season.

There was a significant population and fertilizer
interaction on cob weight (Table 20). In the 1997 rainy
season, at 0-0-0 and 60-30-30kg NPK/ha increasing plant
population from 26,700 to 80,000 plants/ha did not affect
total cob weight. While at higher fertilizer level of 120-60-
60 and 180-90-90kg NPK/ha, increasing plant population only up
to 53,300 plants/ha significantly increased cob weight. No
significant difference was observed between 53,300 and 80,000
plants/ha. When the effect of plant population was considered
at varying levels of fertilizer rate, increasing the rate from
0-0-0 to 60-30-30kg NPK/ha had no significant effect on ccb
yield. However, at higher plant population, (53,300 and 80,000
plants/ha), it was found that increasing fertilizer rate,
increased this parameter. It was observed that at the lowest

plant population of 26,700 plants/ha increased fertilizer rate
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Table 19: Effect of compound fertilizer and population on grain
yield and cob weight of QPM varieties during 1997 dry and
rainy seasons at Kadawa and Samaru.

Grain yield (kg/ha) Cob weight (kg/ha)

Treatmant 1997(DS) 1997 (RS) 1997 (DS) 1997 (RS)

Population (plants/ha) (P)

26,700 1816b 5087 2758b 5990

53,300 3098Ba 4520 4550a 5774

80,000 3013a 4946 4405a 6391

SE+ 220 725 273 278

Varieties

Obatanpa 2375b 3966b 3569b 5069b

GH110-28 2910a 5737a 4239a 6368a

SE+ 161 585 213 315

Fertilizer Levels(F)

0-0-0 1255¢ 1400c 2022¢ 1861c

60-30-30 2707b 4488b 3893b 6035b

120-60-60 2987ab 5606ab 44772ab 7053ab

180-90-390 3621a 7910a 5231a B2%Z26a

SE+ 301 827 302 453

Interacticn

PxV NS NS NS NS

PxF NS NS NS *

v P NS NS NS NS

Px V x NS NS NS NS

Means within a column followed by the same letter’s do not differ
significantly at 0.05 level of probability according to Duncan
Not significant.

Multiple Range Test

(DMRT) .

NS
DS
RS

nouu

Dry season.

Rainy season.
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Table 20: Population and fertilizer interaction as it affect total
cob weight of QPM during the 1997 rainy season at Samaru.

Treatment

Fertilizer level (20:10:10) kg/ha
Plant population 0-0-0 60-30-30 120-60-60 180-20-90
26,700 2627c¢C 5255b 5376b 6704b
53,300 1234c 6172b T'7l6a 7973a
80,000 1721c 6677b g8066a : 91Q2a
SE+ ) 640

Means followed by the same letter(s) do not differ significantly at
0.05 level of probability according to Duncan Multiple Range Test
{DMRT) . NS = Not significant.
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from 0-0-0 to 120-60-60kg NPK/ha had no effect on total cob
vield. However at higher plant population of 53,300 and 80,000
plants/ha it was found that increasing fertilizer rate only up
to 120-60-60kg NPK/ha significantly increased cob yield/ha,
beyond this level no significant response was recorded. The
highest cob yield was recorded at higher plant populations of
53,300 and 80,000 plants/ha and fertilizer of 120-60-60 to
180-90-90kg NPK/ha while the least cob yield was recorded at
0-0-0kg NPK/ha at 26,700 plants/ha.

5.5 100-seed weight (g)

Table 21 shows the effect of treatments on 100-seed
weight. Plant population had no significant effect on 100-seed
weight in both seasons.

GH110-28 produced significantly higher 100-seed weight
than Obatanpa only in 1997 rainy season.

In 1997 dry season increasing fertilizer level from 0-0-0
to 60-30-30kg NPK/ha significantly increased 100-seed weight,
while further increase to 120-60-60kg NPK/ha and above
produced statistically similar 100-seed weight. In 1997 rainy
season, however, 100-seed weight was found to increase with
increase in fertilizer rates from 0-0-0 to 120-60-60kg NPK/ha.
There was no stistical difference between 60-30-30 and 120-60-
60kg NPK/ha as well as 120-60-60 and 180-90-90kg NPK/ha,

respectively. None of the interactions was significant in both

seasons.



5.6 Harvest index

Table 21 shows the effect of treatments on harvest index.
In 1997 dry season, harvest index was found to increase with
increasing plant population from 26,700 to 53,300 plants/ha,
further increase does not affect it. However, in 1997 rainy
season, harvest index decreased with increase in plant
population from 26,700 to 53,000 plants/ha, further increase
in plant population to 80,000 plants/ha does not decrease the
harvest index.

GH110-28 was found to have a higher harvest index than
Obatanpa in 1997 dry season. However, in 1997 rainy season, no
significant difference between the two varieties was recorded.

Fertilizer level has no significant effect on harvest
index in 1997 dry season. However, in 1997 rainy season,
harvest index was found to increase with incréased fertilizer
rate from 0-0-0 to 120-60-60kg NPK/ha. There was no
statistical difference between 60-30-30 to 180-90-90kg NPK/ha.

Nene of the interactions was significant in both seasons.



57

Table 21: Effect of compound fertilizer and population on 100-seed
weight and harvest index of QPM varieties during 1996/97
dry and 1997 rainy seasons at Kadawa and Samaru.

100 seed wt Harvest index
Treatmant 1996/97{(DS) 1997(RS) 1996/97 (DS) 1997 (RS)

Population (plants/ha) (P)

26,700 30.38 25.81 0.41b 0.32a
53,300 31.85 26.24 0.45a 0.28b
80,000 - 32.64 28.55 0.46a 0.26b
SE+ 1.071 0.081 1.001 0.011
Varietiea (V)
Obatanpa 30.09 26.79b 0.39%a 0.29
GH110-28 33.16 28.21a 0.44b 0.29
SE+ 1.061 0.781 0.021 0.021
Fertilizer Levels(F)
0-0-0 27.55b 23.00c¢ 0.35 0.20c
60-30-30 31.1%7a 27.2%7b 0.41 0.28b
120-60-6Q 33.1l4a 29.32ab 0.4%5 0.32ab
180-90-90 34 .64a 32.40a 0.46 Q358
SE+ 1.501 1.451 0.031 0.021
te ion
PxV NS NS NS NS
PxF NS NS NS *
VXxF NS NS NS NS
PxVxF NS NS NS NS

Means within a column followed by the same letter(s) do not differ
significantly at 0.05 level of probability according to Duncan
Multiple Range Test (DMRT). NS Not significant.

DS Dry season.

RS Rainy season.



5.7 Correlation analysis

The associlation between grain yield, growth and vyield
parameters are shown in Tables 22 and 23. A positive and
gignificant correlation was recorded between grain yvield and
leaf area index at 12 WAS and cob yield per hectare in bcth
seasons. While the relationship between yield and number of
cops per plant and harvest index were significant but negative
in the rainy season. The correlation between grain yield and
plant height, number of leaves per plant, dry matter per
plant, number of days to 50 per cent silking, No of cobs per
plant, weight of cobs per plant, No. of grains per cob and
100-seed weight in 1997 dry season were all positive but not
significant. Likewise the correlation between grain yield and
plant height, number of leaves per plant, No of days to 50%
gilking and tasselling in 1997 rainy season was positive
though not significant. Plant height was gsignificantly
correlated with LAI in both seasons and significantl& and
negatively correlated with number of cobs/plant (in 1997 dry
season). In the rainy season yield was negatively correlated
with total dry matter/plant, weight of cobs/plant and number

of grains/ccb. ’
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