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ABSTRACT

I nvestigations to study the effect of phosphorus and plant
density on the growh, yield and protein content of green gram
(Mgna radiata (L) WIlczek) were curried out at the Institute for
Agricultural Research farm Samaru (1111 N;07'38VE, 686m above sea
level) Zaria during the rainy season of 1993 to 1995. The
treatnments consisted of five green gram varieties (Gladim, VC
2768A, VCl1178A, VC2778A and VC 1973A); three plant densities
(200, 000; 400,000 and 600,000 plants/ha) and three levels of
phosphorus (0.25 and 50kgP/ ha) arranged in a split plot design in
which varieties and plant densities well assigned to the main plot
and phosphorus levels were placed in subplot. The treatnents were

replicated three tines.

The results showed that variety Gal adima was superior to al
other varieties for the growh characters studied, while variety VC
1178A was superior to other varieties in terns of yield character
investigated with the exception of nunbers of days to 50%
flowering, pod length, pod wi dth, nunber of pods/plant and nunber
of seeds/plant. Variety VC 2778A had higher grain crude protein
than other varieties.

I ncreasing plant density from 200,000 to 600,000 plants/ha
decreased nost of the paranmeters except LA, NAR RG&R pod
wei ght/ha and grain yi el d/ ha which were increased. The grain crude
protein content was reduced with increased density up to 400, 000
pl ant s/ ha.

G owm h characters as well as yield characters and grain crude
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protein contents were significantly increased wth increasing
phosphorus rates fromO to 50kgP/ ha.

Correlation analysis showed positive and significant
associ ations between yield and nost of the paraneters studied.
I ndirect contribution of nost characters was greatest through total
dry matters and 1000-grain weight. Pl ant hei ght and 1000-grain
wei ght make the highest individual contributions to yield;, while
the conbi nations of plant height and total dry matter; and nunber
of seed/pod and 1000-grain wei ght were the highest contributors to
yi el d.

Pol ynom al responses of grain yield to density and phosphorus
were linear and guadratic respectively. Using the regression

constant, optinmm level of phosphorus was found to be 23. 43kgP/ ha.
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CHAPTER ONE

INTRODUCTION.

Green gram (Vigna radiata (L.) Wilczek) is a member of the

family Leguminosae and sub family Papillionoidae. The distribution
of this crop is confined to plains or low elevation between
latitude 30°N and 30°S. It is believed to be of ancient cultivation
in India. It is probably derived from P. radiatug (L) which cccurs
in wild throughout Indo-china and Java (Pulseglove 1980). It was
introduced in comparatively recent time in the west indies, the
United state and aAfrica. In Nigeria, small scale cultivation is
practiced in Plateau state (Nimzing and Falaki 1987) and Oyo state
in experimental plots (Leakey and Wills 1977).

The estimated annual world production of green gram in 1986
was 1.9 million tonnes, with India producing the bulk (1.154
million tonnes) (Anon. 1987). Although a large percentage of this
crop 1is utilized domestically, considerable quantities enter
international trade. Unfortunately, statistical data are extremely
fragmented. Thailand and Burma are the leading exporting countries.
Japan is the major import markKet; Phillipines, Malaysia, Taiwan and
Hongkong also import significant guantities of green gram from
Thailand (Daisy 1979).

Green gram is a rich source of protein, vitamin and minerals.
The protein is rich in leucine, arginine, isoleucine, valine and
lysine amino acids. Although, the quality of grain protein like
other legumes, is limited by low sulphur content containing amino
acids like cystine and methionine, both of these amino acids are

comparatively greater in green gram than in other food legumes
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(Engel 1978). The vitamin contained in green gram includes vitanmin

A,B,B,,B, and ¢ and niacin. The following gives the chemical

| composition of the crop:

Dry matter §8.38

Calories / 10Qyg 363.96
protein 22.96%
fats . 2.0%
water 11 %

fibre 4.2%
carbohydrate 0.4%
Ash Y 3.4%

Source; Sinha 1978.

Green gram s frequently used for feeding children, invalids
and gastritis in times of famine because of its high digestibility
and relative freedom from antinutritional factors such as
flatulences - inducing substances (Rachie and Robert 1974). The
seeds may be eaten whole after boiling or split and made into dhal,
used in various fried and spiced dishes such as noodles, cake and
"moimoi." After the removal of the seed coat and parching, the
seeds may be ground into nutritious flour, or used as a source of
starch. The flour 1is widely used as an ingredient for various
bakery products and snack food. In East Africa, South East Asia and
United states, bean sprout are prepared from the seeds and could be
utilized as a source of L- aspargine (Daisy 1979).

The dry seed is sometimes used for animal feed especially

peoultry. The immature seed-pods are occasionally picked and eaten
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as vegetable, green gram is used in smothering weeds (Mahmud et al
1990)., The leaves and stalk left after the pods have been

harvested, and husk and split remaining after the preparation of
dhal can be utilized for animal feed. The dreen gram flour is
reported to be used cccasicnally in parts of South East Asia as a
scap substitute (Daisy 1979).

In many third world countries including Nigeria, where
population is ever on the increase and the majority of the populace
are poor and therefore cannot afford to include animal protein in
their diets due to high cost. Green gram is a potentially important
alternative source cof protein, more so as the costs of other
vegetable protein sources especially cowpea are generally getting
out of reach of the poor, Although soyabean 1s alsc a very good
source of protein especiaally in the guantity of amino acid, it can
not he used directly by the consumer.

Green gram being a leguminous crop dces not need large
guantity of applied nitrogen., However, 1its reguirement of
phosphorus 1s important. The fertility of savanna soil is generally
low especially with respect to phosphorus {Sanchez, 1978} but crops
respond well to fertilization because of 1ts favourable base
exchange properties (MoRwunye 1979}. The demand for a reasonably
correct evaluation of the effects, beneficial or otherwise of
phosphorus in green gram is rapidly increasing, thus emphasizing
the need for a well established production function model. Also
this therefore calls for intensive investigation on the effect of

phosphorus fertilization in relation tc green gram productivity in



this zone.

Plant density is another important determinant of crop yield
with most field crops, the need for maintaining high plant density
has been found necessary with better fertilization, soil management
and adequate supply of moisture for green gram, there is an optimum
plant density which produces the maximum yield; when plant
population falls below this optimum level, all other factors of
preduction fail to produce any appreciable effects on yield.

Reasearch eforts at the Institute for Agricultural Research
Samaru and similar vesearch institutions in Nigeria, have
concentrated more on other leguminous crops, especially cowpea
which needs high protection measures when compared to green gram.
There is therefore a need to investigate the potentialities of
green gram in Nigerian savanna region. To this end, investigations
were conducted with the following chjectives:-

a. To study the effect of phosphorus and plant density on the
growth and yield of green gram.
b. To examine the effect of phosphorus and density on protein

content of green gram.
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CHAPTER TWO

LITERATURE REVIEW.

Agronomic research on green gram has been reported from
various parts of the world, notably India,Pakistan and Thailand.
Some of the findings occassionally contradict one another even
within the same environment. There is therefore the need to review
published work related to green gram management and production.

2.1 PHOSPHORUS NUTRITION IN GREEN GRAM.

Phosphorus 1is one of the limiting nutrients in most
agricultural soils. Deficiency of phosphorus is particularly common
in the savanna soils with low organic matter content (Bache and
Roger, 1970, and Mokwunye, 1974). In savanna soils total
phosphorus ranges from a mean of less than 100ppm to more than
400ppm and most crops especially legumes will produce only meagre
yield in the absence of phosphate fertilizer (Udo and Ogunwale,
1977. and Mokwunye, 1979). The effect of phosphorus on crop growth
is usually seen in earliness to maturity and enhanced root system.
Phosphorus is required for photosynthesis, respiration and energy
storage. Nutrient absorption and metabolism is also phophorus
dependent. It 1is also a constitutent of cell nuclei and is
essential for cell division and enlargement (Brady, 1978 and Mengel
and Kirkby, 1982).

The response of green gram to phosphatic fertilizer depends on
the amount of available phosphorus in the soil. Dhillon et al.
(1988) reported that green gram grown in India, responded

significantly to phosphorus application only on soils low in
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available phosphorus and the increase in yield was significant up

to 11kgP/ha. The response decreased markedly with increasing soil
phosphorus. Reports from Bangladesh, show that application of up to
26kgP/ha significantly and progressively increased the growth, pod
number per plant, grain yield and straw (Ahmed et al. 1986).
Duraiswamy et al. (1979) and Reddy and Palaniapan (1979) observed
that application of 4 to 18 kgP/ha in soils of medium phosphorus
content had a significant effect on yield and yield component of
green gram at Madras. However, Balaguraviah et al. {1982} reported
that in a trial at 3 sites representing low, medium and high
available phosphorus content, significant response wag observed up
to phosphate egquivalent of 26kgP/ha in all the sites.

The response of green gram to phosphorus is dependent on the
type of soil in which it is grown. On an acidic lateritic soils
with high phosphorus fixation capacity, Mccolani and Jana (1965)
reported a significant yield response up to 44kgP/ha. Patel et al.
{1988) observed that application of 9kgP/ha increased growth and
1000~-grain weight and gave average seed yielad of 0.75t/ha. compared
with 0.57t without phosphorus. Yields were not further increased
with 18 - 26kgP/ha in loamy sand soil. On a clayey soil,
application of 18kgP/ha significantly increased the seed yield,
further increase in phosphorus rate from 18 to 3%kgPF/ha was not
econcmical. The effect of phosphorus on fodder vield was not
significant, whereas increasing phosphorus rates increased the
number of pods per plant and 1000 - grain welight (Patel et al.,

1984). Patel and Patel (1991) reported that in sandy soil
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increasing phosphorus from 0 to 26kgP/ha gave higher seed yield,
number of pods per plant, pod length and number of seeds per plant.

Further more, Mahmud (1991) reported that application of phosphorus
up to 26kgP/ha increase yield and yield component of green gram on
sandy loam soil at Samaru.

The rate or level at which phosphorus is applied to a given
soil is importént. Ravankar et al. {1973) noted that application of
35kgP/ha was optimum for increase growth, necdulation, nitrogen
fixation and seed yield. Reports frem South East Asia showed that
green gram supplied with phosphorus at rates ranging from 0 to
33kgP/ha, gave highest yield with 22kgP/ha (Tej et al. 1975; Panwar

1. 1¢76; Panwar et al. 1978; Vasimar and Subramanian, 1980;

&

Singh, 1984; Kamat et al. 1986; Arya and Kalra, 1988; Balajuraviah
et al. 1989 and Singh 1990). Singh and Hiremath (1%90) reported
that appling 9 or 22kgP/ha increased number of leaves per plant,
number of branches per plant, C.G.R, R.G.R, unit leaf rate, L.A.I
and nodulation. Increasing level of phosphorus from 9 to 26kgP/ha
resulted in significant increase in grain and number of pods per
plant, number of grains per pod, C.G.R, unit rate, LAI, LAR,
Specific leaf weight and 1000 - grain weight (Shrivastava and

Verma, 1981). However, Jain et al. (1987) observed that application

of phosphorus did not show any significant effect on height, number
of leaves and branches, fresh and dry weights per plant, indicating
that, it did not play any direct role in growth and development,

but increased phosphorus level showed significant effect on number

of pods, grain yield per plant, number of grains per pod, grain per



hectare and 1000-grain weight.

Application of phosphatic fertilizer increases the protein
content of green gram. Panwar and Singh (1975) noted that seed
protein content of green gram increased from 18.38 to 19.74% with
increasing phogphorus rate from 0 +to 26kgP/ha. Fhesphorus
application also significantly increased seed protein and
methionine content, but decreased tryptopan content (Kushwaha and
Srivastava, 1978). Higher protein yield was also reported by Patel
and Patel (1991) with increasing phosphorus level from 0 to
26kgP/ha. Tej et al. (1975) reported an increase in protein content
with increasing phosphorus rates from 0 to 33 kgP/ha, while Reddy
et al. (1990) observed an Iincrease in protein content up to
22kgP/ha. However Arya and Kalra (1988) reported that application
of phusphorus up to 33kgP/ha increased protein vyield, but seed
protein content was not affected,

2.2 PLANT DENSITY IN GREEN GRAM.

The optimum plant density that gives maximum yield differs
between crop speciles and varieties under different climatic and
adaptive conditions, resource availability and management
practices. There is a ¢general increase in grain yield of green gram
as plant population density increased from 100,000 to 600,000
plants /ha (Maheshwari et al. 1978; Sabbarayalu ef al. 1988;
Necliosup and Vista, 19281; Singh and Singh, 1988 and Baghel et al.
1989) .,

Singh and Malavia (1981) reported that green gram grown at 10

to 40 plants /m’ gave the highest seed yield of 1.5t/ha with 20
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plants/m!. Increasing the number of plants per unit area increased
plant height and reduced the number of primary branches per plant,
1000-grain weight and percentage light transmission. In Thailand,
Lochaiyukul et al. (1970) observed that green gram sown at 416,000
plants/ha gave the highest yield, also increase in plant population
per unit area increased LAI, total dry matter and growth component
at all stages cof growth. When the performance of Mung bean was
conpared over a range of 12 plant densities from 100,000 to 800,000
plants/ha, increasing plant density was positively related with
significant reduction in flowering, yield per plant, and plant
branching (Mackenzie gt al. 1975).

Huesca and Oria (1981} repeorted that plants were taller with
dense stand (25 plants/m’) and pod set greatest at this density.
Seed yield per unit area were greatest at the density of 10
plants/m’, In a trial on green gram sown at 15 and 30 plants/m?;
yield per hectare and number of seeds per pod on branches increased
with increasing plant density, whereas vyield per plant, pods per
prlant and pods per branch decreased. The number of pods per plant
was the most sensitive yield component to high density (Panwar and
Sirohi, 1987). Trung and Yoshida (1985) observed that increasing
plant density from 8 - 18 plant/m’ increase dry matter production
per unit area, LAT and seed yield and pod number per unit area, but
had little effect on average number(8.2 - 8.6) or weight (0.39 -
0.40g) or seed per pod of 1000 - grain weight (42.6 - 47.1g).

Seed protein content of green gram is reported to decrease

with increasing plant density. Safar and Al-Falahi (1977) observed
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that protein yield was highest with sowing rate of 40kg/ha. Jain et
al. (1988) reported an increase in protein content of green gram
from 17.6 to 21.8 and 22.3 percent when spacing between plants were
increased from 15 to 22.5 and 37.5cm. Furthermore, Jain and Chauhan
(1988) observed higher protein content in wider rows than in narrow

rows, However, little effect was observed by Trung and Yoshida

(1985) on seed crude protein with increasing plant density.

2.3 VARIETAL DIFFERENCES IN GREEN GRAM.

A large number of green gram varieties are grown world wide.
The varieties vary in some morphological, anatomical and
physological characteristics. While some are determinate and end
their vegetative phase at full flowering, others are indeterminate
in which case growth continues even at flowering. The consequence
of determinate types is that plants are short, photoperiod
insensitive, pods borne above the canopy and improved tolerance to
lodging and paa shattering (Fernandez and Shanmugasundaram 1987).
The indeterminate types are photoperiod sensitive, late and non-
synchrorous maturity, susceptibility of lodging and pod shatering
(lin and cheng 1987). The growth of different green gram varieties
vary; Najhaman and Chandra (1980) observed that Asia vegetable
Research Development centre varieties have higher value of leaf
area duration, leaf area index, net assimilation rate, relative
growth rate and plant height at one or other phase of growth than
indigenous varieties. The yield of different varieties also
differs. Ko (1977) and Ling et al. (1988) reported that most of

AVRDC varieties mature earlier, have larger and heavier seed and
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produce higher yield than indigenous varieties. Trung and Yoshida
(1982) also reported a variation in protein content of different
varieties of green gram. He observed an efficiencies for seed
protein production in AVRDC varieties than indigneous varieties.

2.4 INTERACTION BETWEEN DENSITY AND PHOSPHORUS LEVELS ON GROWTH,

YIELD AND PROTEIN CONTENT OF GREEN GRAM.

Thakuria and Saharia (1990) reported that in A trial in Jorhat

(India), green gram grown at 222,000 or 333,000 plants/ha gave
average seed yield of 619 and 680kg/ha respectively. Yields were
increased from 518 to 720kg/ha by applying SkgP/ha, Thus the plant
density of 333,000 in combination with 9kgP/ha was found to be
optimum. In a spacing fertilizer trial, the highest seed yield was
obtained by applying 22kgP/ha and sowing at 50 plants/m’ (Srinivasan
and Kandaswamy 1977). Rao and Rajan (1984) observed the best
economic results of green gram at 10 x 25cm spacing and 18kgP/ha.
Venkateswarlu et al. (1976) reported that an intra-row spacing of
l10cm in combination with 11kgP/ha was found to be optimum under
rainfed condition on sandy loam soil of Madras. Reports from
America indicated that seed yield decrease from 676 to 604 kg/ha
with increase intra-row spacing from 20 to 40cm. Yield increased
from 583 to 632 and 779kg/ha by increasing phosphorus rates from 0
to 9 and 18KgP/ha. Therefore for optimum yield, 20cm intra-row
spacing in combination with 18kgP/ha is recommended (Huesca and

Oria 1981).
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2.5 CORRELATION STUDIES.

Correlation deals with the association between a pair of
variables independant of other variables under consideration and
are of great value in determining the association of quantitative
characters with yield for selecting characters that play an
important role in influencing yield. Ko and Chang, (1975) observed
high correlation between yield and stem length, stem diameter,
numbers of branches, number of pods and number of seeds, but no
correlation was found between yield and 1000-grain weight in their
trial at South Korea. Reports from India indicated that seed yields
were positively correlated with plant height, stem diameter, days
of maturity, pod number per plant, seed number per pod and 1000-
grain weight (Joshi and Kabaria, 1973; Sandhu et al. 1980 and
Salyan et al. 1989). Yohe and Poehlman (1973) alsc observed
positive correlation between seed yield and number of pods, number
of seeds per pod, 1000 - grain weight and plant height. However, a
negative correlation was observed between yield and number of
leaves per plant and days to flowering (Singh et al. 1976) and
between yield and pod length and number of branches (Sandhu et al.
1980) .

2.6 PATH COEFFICIENT STUDIES.

Path-coefficient analysis measures the direct and indirect
influence of each of yield contribution variables on yield (Wright,
1921) . Tomar et al. (1973) reported that pod number per plant, pod
length and seed size were important yield components, whereas, seed

number per pod was less important. Reports of path-coefficient
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analysis on green gram showed that number of clusters per plant,
pod length, pods per plant, seeds per pod and 1000-grain weight
were the major determinants of yield (Malhotra et al. 1974; Pokle

and Patil, 1975; Rathnaswamy et al. 1978 and Saraswathy et al.
1979). In another report Upadhaya and Singh (1981) observed that
days to maturity had significant direct and indirect effect on

vield, but number of pods per plant had the greatest influence on

yield.



14
CHAP THR
s ETHODS
3.1 EXPERIMENTAL SITE.

Investigations were carried out between 1993 and 1995 at

Samaru (11°11'N, 07"38‘E; 686 metres above sea level) to test the
effect of phosphorus and plant density on the growth, yield and

protein content of green gram (Vigna radiata (L) Wilczek). Samaru

is located in the Northern Guinea Savanna zone with a long term
(1928 - 1993) mean annual rainfall of 1054.8mm, concentrated in the
months of May to September. The mean monthly minimum and maximum
temperatures during the rainy season is 12 - 18 and 28 - 35°,
respectively. The mean relative humidity is 48.9%. Meteorological
data at Samaru during the period of the experiments are shown in
appendices I to III. Soil analysis of the experimental site
indicates a sandy loam scil, describe as well drained leached
Alfisol (Klinkenberg and Higgins 1968)., It is characterised by low
pH, Organic Carbon and cation exchange capacity. Physico-chemical
analysis of the so0il 1is contained in appendix 1IV. And
meteorological records for the period of the trial is presented in
appendices I to III

3.2 TREATMENT AND EXPERIMENTAL DESIGN.

Treatments consist of five green gram varieties (Galadima, VC

2768A, VC1178BA, VC2778BA and VC1973A) and three plant densities
(200,000, 400,000 and 600,000 plants/ha) as the main plot
treatments. Three phosphorus levels, (0, 25 and 50kgP/ha) were each

allocated as sub-plot treatments. The experiment was replicated
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three times in a split plot design (Cochran and Cox 1964). Each
gross plot was 2.4 metre wide and consisted of 4 rows of 4 metre
length, while the net plot consisted of 2inner row of 4 metres
length.

3.3 CROP VARIETAL DESCRIPTIONS.
3.3.1 GALADIMA

This variety was obtained locally from plateau state of
Nigeria. It has large size foliage, small sized seeds and pods, and
relatively low yielder (30 - 40g/1000 seeds). The mature pods are
prone to shattering and bear pods very close to the leaf canopy.
3.3.2 VC _2768A

This variety was obtained from Asian Vegetable Research and
Development Centre (AVRDC). A cross between VC 1482A and VC 162BA
(Quyen 1987). It is a moderate yielder (55 to 69g/1000 seeds),
early maturing, moderately seeded and moderately resistant to
powdery mildew and Cercospora leaf spot.

3.3.3 VC 1178A

This variety is a cross between V 1944 and V 2273 (Chainuvati
et al. 1987) and was obtained from Asian Vegetable Research and
Development Centre (AVRDC). It is a short stemed, early maturing,
sparse canopy, large seeded, high yielder (70 ~759/1000 seeds). A
uniform maturing veriety, and is moderately resistant to powdery
mildew and Cercospora leaf spot. It also has its pod extruded high
above the canopy.

3.3.4 VC 2778A

It is a cross between V 1560C and V 1628A (He et al. 1987).
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This variety was obtained from the Asian Vegetable Research and
Development Centre (AVRDC) It is a short stature, large seeded
moderate yielder (61g/1000 seeds), uniform maturing variety that
has its leaves still green and fresh in later stage. Therefore
considered suitable for both feed and manure purpocoses.
3.3.5 ¥C 197337

The variety is a cross between VC 3476 and V 1400 (Malik et al
1987; Lin and Cheng, 1989). It is a high yielder (70g/1000 seeds)
with large seeds. A uniform and early maturing variety that has an
erect stem and non - shattering pods. It is also moderately

resistant to powdery mildew and Cercospora leaf spot.

3.4 CULTURAL PRACTICES.
3.4.1 LAND PREPARATION.

The experimental sites which differed in each year, were
prepared by disc ployghing and harrowing twice in order to achieve
a good tilth, Thereafter, ridges were constructed at 60cm apart.
Land preparation was carried out as soon as the rains were
established in the month of August.

3.4.2 SOWING.

Immediately after the land was prepared, four Seeds were sown
by hand at 8.3, 4.2 and 2.8cm intra row spacing alonyg the ridges
and thiured to 1 plant per hole at 12 day after sowingto achieve a

density of 200,000, 400,000 and 600,000 plants per hectare,

respectively.
3.4.3 FERTILIZER APPLICATION.

Nitrogen at the rate of 20kg N/ha as Calcium ammonuim nitrate
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(CAN 26%N) was uniformly applied to all plots and incorporated in
to the soil. Phosphorus at the rate of 0, 25.0 and S50kgP/ha
depending on the treatment was applied using single super phosphate
(8%P) as the carrier. The phosphorus was placed in bands 6 cm to
the side and 4 cm below the seeds on the same day the seeds were
planted.

3.4.4 WEED CONTROL.

Weeds were controlled by pre-emergence application of a
preparatory mixture of Metolachlor plus Metobromuron in the ratio
of 1:1 at 2.25Kkg a.i./ha immediatly after planting. A supplementary
hoe weeding was carried out at 4 WAS to control the late emerging
weeds.

3.4.5 DISEASES AND PEST CONTROL.

Tank mixture of benomyl as Benlate and mancozeb as Dithane
M 45 was used at the product rate of 0.6kg + 2.5kg/ha in 400 litres
of water to control various fungal diseases.

Insect pest were controlled by applying a tank mixture of
Cypermethrin as Cymbush 10EC and Dimethoate as Rogor 40EC at the
product rate of 0.75 litres/ha from 5 WAS to harvest at weekly
interval.

3.4.6 HARVESTING AND THRESHING.

Harvesting was carried out when pods were mature as indicated
by their turning black. The pods were hand picked regularly as they
mature and stored indoors to dry. On drying, the pods were threshed

and winnowed,
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3.5 DETERMINATION OF SOIL NUTRIENT STATUS.
Soil samples were taken to a depth of 30cm before fertilizer
application and analysed for the following physical and chemical
properties:

3.5.1 SOCIL TEXTURE.

The texture was analysed by hydrometer method (Boyoucos 1951)
and textural class determined by the soil texture triangle.

3.5.2 TOTAL NITROGEN.

Total nitrogen was determined by the macro-kjeldahl procedure
(Bremmer, 1965, IITA, 1975).
3.5.3 AVAILABLE PHOSPHORUS.

Availlable 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 EXCHANGEABLE CATIONS.

Exchangeable cations were determined by the acetic acid method
(Reith, 1967). Magnesium, Calcium and potassium concentrations were
determined by the atomic absorption spectro-photometry using perkin
Elmers Model 403,

3.5.5 pH _AND ORCANIC CARBON.

pH and organic carbon were determined using the standard
procedures described by Black (1965).
3.6 OBSERVATIONS TAKEN.

Five plants were randomly sampled at three week intervals,

until harvest to determine the following characters:
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3.6.1 PLANT H GHT.

Height was measured from ground level to the tip of the plant

in cm.

3.6.2 NUMBER OF BRANCHES PER _PLANT.

The number of branches were counted and average worked out to
give numbers per plant.
3603 dF VES .

The number of leaves on the plants were counted and average
per plant was determined.

1.6.4 LEAF, STEM AND TOTAL DRY MATTER PRODUCTION.

Three plants were cut from the bases according to the
recommendation of Hughes and Freeman (1967) , Radford (1967) - The
leaves, stems and other plant parts (Flowers, puds, pods) were

separated and oven dried at 70°C. The data was subsequently used for

growth analysis.

3.6.5 NUMBER OF DAYS TO 50 PERCENT FLOWERING.

pays to 50 percent flowering were recorded from the time of
sowing to when at least ©50% of the plants in each plot had
flowered.
3.6.6 POD LENGTH.

Length was measured from the proximal to distal end of 10
randomly selected pods.
3.6.7 POD WIDTH.

width of 10 randomly selected pods at its maximum end were

measured using vernier calipers.
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1.6,8 PODS AND GRAIN YTIELD.

The number and weight of pods borne on each plant were
recorded at narvest. The pods were hand threshed, the grains

counted and weighed to determine grain yield per plant.

Total grain yield per hectare was determined by threshing the
entire pods from the net plots. The grain yield was then determined
by weighing the threshed grain.

3,63 1000~-GRAIN WEIGHT.

This was worked out by counting 1000 seeds from each plot and
weighing with the Mettler scale model 1210.

3.6.10 CRUDE PROTEIN CONTENT OF SEEDS.

The nitrogen content of the seed WwWas determined by the
srandard micro-Kjeldahl procedure (A.C.A.C 1975). The method
involved oven-drying of samples at 70'Cc for 24 hours and grinding
to pass through 1mm sieve. From the sieve sample, 1g was digested
with Sulphuric acid, using copper sulphate and sodium sulphate as
catalyst. The solution Wwas distilled in to boric acid and the
distillate titrated against standard hydrochloric acid and
percentage n;troqen determined from the titre. The crude protein
content was then determined by multiplying the nitrogen content by
factor 6.25 (Sankaram, 1966) .

3.6.11 OTHER VARIABLE COMPUTED.

The following variables were derived from computation as

described below.

3.6.11.1 LEAF AREA INDEX.

Leaf area index (LAI) was calculated as determined by Watson
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(1947 and 1952), as the leaf area A (or other wise define as the

assimilatory surface) OVer certain ground area P

L = A/P
where L = leaf area index
A = leaf area (cm?)
p = ground area (cm’)
1,6.31.2 IV oW -

The relative growth rate (RGR) was computed from the equation

t‘p -

W, and W, represent dry matter at times t, and t,respectively.

3.6.11.3 NET ASSIMILATION RATE.

The net assimilation rate (NAR) was calculated as described by
Gregory (1926) from the eguation

NAR = (lod, -lz_:__ls%r.lll——{—-:‘__:—ﬂil
(1_1 - 1|) (tz - tl)

Ww. and W, are dry matter of plants at times t, and t, when
correponding leaf area were 1, and 1, respectively.

3.6.11.4 SHELLING PERCENTAGE.

The ratio of grain yield to pod yield was calculated from the
equation.

s% = grain yield %x 100
pod yield

7.6.11.5 HARVEST INDEX.
The ratio of grain yield to the total dry matter was
calculated from the equation.

K% = Grain yield from Ykg of TDM x 100
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y kg of TDM.

Harvest index

=
o
il

=
il

grain yleld
TDM = Total dry matter.

3.6.11.6 OPTIMUM LEVELS OF PHOSPHORUS.

Using the formula of Gard and Bansal (1972) and Little and
Hills (1978), The optimum jevels of phosphorus was calculated viz;

Xop = =B
2¢C

where Xop optimum level of phosphorus (P)
b and ¢ = regression constants.
3.7 §2L2LEEEQAL_AEbLEQLE—QEAQéEA;

The data collected were subjected to statistical analysis of
variance as described by snedecor and cochran (1967} and
significant differences among the treatment means Were evaluated
using Duncan Multiple Range Test {(Duncan 1955) . The type and
magnitude of relationship between the variables were assessed
through simple cerrelation analysis and the polynomial responses of
grain yield to density and phosphorus were worked out ky the
procedure described by Little and Hills (1978). The regression
analysis was also carried out to determined the optimum levels of
the factor in accordance with Steel and Torrie (1984). The direct
and indirect contributions of the yield component to grain yield
were partitioned (Fath - coefficient analysis) using the method
descriped by Dewey and Lu (1959) and percentage contripbution of

each character was partitioned in accordance with ajala et

al.(1996) .
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CHAPT OUR
RESULTS
4.1 plant height, 1993.

Mean plant height (cm) at the four sampling periods as
affected by variety, plant density and phosphorus levels during
1993 rainy season is shown in Table 1.

The data showed that mean difference due to variety was
significant at 3 and 9 WAS, highly significant at 6 WAS and non-=
significant at 12 WAS. variety VC 2778A had significantly shorter
plants than other varieties at 3 WAS. The height of other varieties
were statistically at per. At 6 WwAS, variety caladima produced
signifi-
cantly taller plants, this was followed by VC 2768A, which was
statistically taller than other varieties. At 9 WAS, variety
Galadima had taller plant, but was statistically at par with VC
2768A and VC 1178A. Variety yc 2778A had the shortest plants, but
was statistically at par with VC 1973A.

pDifferences due to plant density were significant at 3,6 and
9 WAS and highly significant at 12 WAS. Tncreased density either
from 200,000 to 400,000 oOr 400,000 to 600,000 plants/ha had no
influence oOn plant height at 3 WAS, however green gram SOwWn at
600,000 plants/ha gave taller plants. At 6 and 9 WAS, increased
density from 200,000 to 400,000 plants/ha resulted in statistically
the same height; put further increase in density to 600,000
plants/ha resulted in taller plants. At 12 WAS, plants sowWn at

200,000 plants/ha had siqnificantly shorter plants when compared
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Takle 1: Plant height (cm) as affected by variety, plant density
and phosphorus levels in 1993 at Samaru.

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 14.1a 33.1a 46.2a 51.7
VC 276G8A l4.1a 31.1b 45.2a 50.4
VC 1178A 13.8a 30.0c 45.1ab 5G.0
vC 2778A 13.2b 29.1c 43.2c 47.8
VC 1973A 13.3a 29.3¢c 43.2bc 49.3
SE + 0.11 0.29 0.45 1.56
Significance * * ok * NS

ensit P ts/ha

200,000 13.6b 30.2b 44 .4b 46.9b
400,000 13.7ab 30.2b 44.4b 53.5b
600,000 13.9a 31.18 45.6a 55.1a
SE + 0.08 0.22 0.35 1,23
Significance * *k * * %

Phosphorus (kgP/ha)

0 12.4c 26.7cC 38.5¢C 42.4c
25 13.9b 30.5b 45.3b 50.3b
50 14.9a 34.3a 50.8a 56.8a
SE # 0.07 0.13 0.24 1.78
Significance * ok * ok * % i
Interaction
VD NS NS NS NS
VP NS NS NS NS
Dp NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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with other densities ; further increase in density up to
600,000plants/ha did not influenced plant height.

The differences due to phosphorus was highly significant at
the four sampling pericds. Each level of phosphorus application
increased the plant height significantly.

None of the first or second order of interactions was
significant,

4.2 Plant height, 1994.

Mean plant height (cm) as affected by variety, plant density
and phosphorus levels during 1994 rainy season is shown in Table 2.

Analysis of the data showed that mean difference due %o
variety was highly significant at all sampling periods. Variety
Galadima had taller plant at 13 WAS; however its height was
statistically at par with those of VC 2768A and VC 1178A. These
were followed by VC 1973A, which was statistically at par with VC
11784 and VC 2768A. Variety VC 2778A produced the shortest plants.
At 6 WAS, varlety VC 2778A produced significantly shortest plants.
The other varieties had statistically the same height. while at 9
WAS, variety Galadima was statistically taller than other
varieties. This was followed by VC 1178A and VC 1973A which were
taller than VC 2768A. variety VC 2778A produced the shortest
plants. At 12 WAS, varieties VC 2778A, Galadima and VC 1873A
produced taller plants than VC s768A and VC 1178A. Variety VC 2778A
was the shortest of all the varieties.

Difference due te plant density was significant at 3 and 12

WAS, highly significant at 9 WAS and non-significant at 6 WAS.
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Table 2: Plant height (cm) as affected by'variety, plant density
and phosphorus levels in 1994 at Samaru.

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 11.6a 26.7a 39.1a 43.2a
vC 2768A 11.4ab 26.3a 31l.8¢ 34.5b
VC 1178A 11.3ab 26.7a 33.3b 36.2b
vVC 2778A 10.7¢c 22.9b 28.9d 31.0c
VC 1973A 11.1b 25.7a 33.2b 41.5a
SE + 0314 0433 0.57 0.67
Significance * % * k *k * K
Density (Plants/ha)

200,000 10.9b 25.5 32.3cC 3%.8%k
400,000 11.3a 25.6 33.8b 37.6a
600,000 11.5a 261 35.%54 38.3a
SE # 0.09 0.26 0.44 0. 52
Significance * NS * % *

[o) orus P/ha

0 7.3c 23.1c 29.8c 32.3C
25 8.3b 25.7h 33.6b 36.5b
50 - 9:ia 28.2a 38.1la 42.9a
SE + 0.03 0.08 0.16 0.24
Significance * * ok * ok * %
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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Increasing density from 200,000 to 400,000 plants/ha at 3 and 12
WAS resulted in increases in the height of plants. However further
increase in density up to 600,000 plants/ha did not affect the
plant height. At 9 WAS, plant height increased significantly with
increasing density up to 600,000 plants/ha. The differences due to
phosphorus was highly significant at all sampling periods. Increase
in phosphorus level either from 0 to 25 or 25 t¢ 50kgP/ha
significantly increased the plant height at all sampling period.
None of the interactions was significant.

4.3 Plant height, 1%95.

Mean plant height as affected by variety, plant density and
phospharus levels during 1995 rainy season is shown in Table 3.

Analysed data showed a non-significant difference in means due
to variety at 3 and 6 WAS, but a significant difference at 2 and 12
WAS, variety Galadima produced taller plants at 9 WAS when compared
te other varietles. While at 12WAS, variety Galadima, VC 2768A and
VC 1178A produced the tallest plants. The differences in height of
varieties VC 27BBA, VC 11783 and VC 1973A were not significant.
Variety VC 2778A had the shortest plants, but was statistically at
par with VC 1973A.

The difference due to plant density was only significant at 3
WAS. Increasing density either from 200,000 to 400.000 or 400,000
to 600,000 plants did not affect the plant height at 3 WAS.

The difference due to phosphorus was highly significant at all
sampling periods. Increasing phosphorus level toc 50kgP/ha resulted

in significant increased in plant height over 25kgP/ha and control
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Table 3: Plant height as (cm) affected by variety, plant density
and phosphorus levels in 1995 at Samaru.

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Caladima 11.1 37.4 44 .8a 47.0a
VC 2768A 2.0 36.5 40.3b 44 .4ab
VC 1178A 10.4 35,9 38.9b 43.9ab
vC 2778A 10:9 34.6 37.8b 38.7c
VC 1973A 10.9 34.7 38.4b 42.8bc
SE # 0.26 0.91 1.19 1.28
Significance NS NS * *

Density (Plants/ha)

200,000 11.2a 35:4 39.6 43.2
400,000 11.0ab 36:5 397 43.2
600,000 10.5b 35.5 40.8 44.3
SE + 0.20 0.17 0.93 0.93
Significance * NS NS NS

Phosphorus {(kgP/ha)

O 9.9¢ 31.3¢ 35.0c 38.0c
25 10.9b 35.7b 40.1b 43.7b
50 11.9a 40.6a 45.1a 49.1a
S5E * 0.09 0,48 0.54 0.47
Significance * % * * ok * *
Interaction
VD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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at the four sampling periods.
None of the interactions was significant.

4.4 Number of branches per plant, 1993.

Mean number of branches of green gram as affected by variety,
plant density and phosphorus levels during 1993 rainy season is
shown in Table 4.

variety had a highly significant effect at 3 WAS, and
significant effect at 6,9 and 12 WAS. Variety VC 2778A produced
plant with the highest number of branches at 3 WAS, This was
followed by VC 1178A. The other three varieties had statistically
the same branches. At 6 Wwas, variety VC 2768A produced
significantly lower number of branches than other varieties which
were at par with each other. While at 9 and 12 WAS, variety VC
2778A produced higher number of branches than all varieties except
ve 1973A. Variety VC 11782 produced lower number of branches than
ve 2778A and VC 1973A; but was statistically at par with VC 2768BA
and Galadima.

Plant density significantly affected the number of branches at
3, 9 and 12 WAS, and highly significant effect at 6 WAS. AN
increase in plant density from 200,000 to 400,000 plants/ha
decreased the number of branches at 3 WAS, but further increase in
density to 600,000 plants/ha did not influence the number of
branches. However, at 6 WAS, increasing density from 200,000 to
400,000 plants/ha resulted in statistically the same nunker of
pranches, but further increased in density to 600,000 plants/ha

decreased the number of branches. While at 9 and 12 WAS, increasing
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Table 4: Number of branches per plant as affected by variety,
plant density and phosphorus levels in 1993 at Samaru.

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
Variety
Galadima 0.30c l.26a 3.93bc 3.93bc
VC 2768A 0.37c 0.89b 3.85bc 3.85bc
VC 1178A 0.59b 1.20a 3.70c 3.70c
vC 2778A 0.85a 1.22a 4.81la 4.8la
VC 1973A 0.41c 1.30a 4.3ab 4.30ab
SE % 0.04 0.09 0.16 0.16
Significance * ok * * *
ensi L o a
200,000 ’ 0.60a 1.47a 4.27a 4.27a
400,000 0.47b 1l.24a 4.11ab 4.11lab
600,000 0.44b 0.87b 3.88b 3.88b
SE =+ 0.03 0.07 0.12 0.12
Significance * * k * *

Phosphorus (kgP/ha)

0 g:13e 0.49c 1.89c 1.8%¢c
25 0.42b 1.29b 3.82b 3.82b
50 0.96a 1.89%9a 5.64a 5.64a
SE * 0.02 0.04 0.08 0.08
Significance * % * % * * ok
Interaction
VD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
vDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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the density either from 200,000 to 400,000 or 400,000 to 600,000
plants/ha did not affect the number of branches. However, the
numper of branches/plant at 200,000 plants/ha was higher than that
produced at 600,000 plants/ha.

Phosphorus significantly (P<0.01) affected the number of
pranches at all sampling periods. Number of branches increased
significantly when phosphorus rate was increased from 0 to 25 or 25
to 50kgP/ha at the four sampling periods.

None of the interactions was significant.

4.5 umber of anches 994.

Mean number of branches per plant of green gram as influenced
by variety, plant density and phosphorus levels during 1994 rainy
ceason is shown in Table 5.

The differences due to variety was significant at the four
sampling periods. At 3 WAS, the varieties could be divided into
two non-significant group of VC 2768A, VC 1178A and VC 1973A; and
ve 1973A, VC 2778A and Galadima. At 6WAS, varieties VC 2768A and
vCc 1178A produced statistically the same number of branches, but
were higher than the other three varieties. However, at 9 and 12
WAS, variety VC 2778A produced higher number of branches than other
varieties except Galadima.

plant density had no significant effect on number of branches
at 3 and 6 WAS, but had a significant effect at 9 and 12 WAS.
Increasing density either from 200,000 to 400,000 or 400,000 to
600,000 plants/ha did not affectthe number of branches. However,

crops sown at 200,000 plants/ha had higher number of branches.
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Table 5: Number of branches per plant as affected by variety, plant
density and phosphorus levels in 1994 at Samaru.

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 0.26b 1.82b 3.15ab 3.15ab
VC 2768A 0.52a 2.52a 2.96b 2980
VC 1178A 0.52a 2.30a 3.04b 3.04Db
VC 2778BA 0.37b 1.85b 3.44a 3.44a
VC 1973A ) 0.41ab 1.67b 2.8B4b 2.85b
SE + 0.04 0.08 0.10 0.10
Significance i * * *

Density (Plants/ha)

200,000 0.44 2.09 3.22a J.22a
400,000 0.42 2.02 3.04ab 3.04ab
600,000 0.38 1.98 3.00b 3.00b
SE + 0.03 0.06 .07 0.07
Significance NS NS * *

Phosphorus (kgP/ha)

0 0.22c 1.24c 2,22¢c 2:22¢C
25 0.42b 1.98b 3.18b 3.18b
50 0.60a 2.87a 3.87a 3.87a
S5E + 0.02 .02 c.03 0.03
Significance * %k * * % **
Interaction
VD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a coclumn of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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The differences due to phosphorus was highly significant at
the four sampling periods. Increasing phosphorus level either from
0 to 25 or 25 toO s0kgP/ha significantly increased the number of
branches.

None of the interactions was significant.

4.6 Number of branches per plant, 1995.

Mean number of pranches of green gram as affected by variety,
plant density and phosphorus 1evels during 1995 rainy season is
shown in Table 6.

Except at 6WAS, the differences due to varieties were
significant at 3, 9 and 12 WAS. varieties VC 2778A, ve 1973A and
ye 1178A produced similar number of branches, but the number of
branches in VC 2778A was gignificantly higher than VC 2778A and
Galadima. While at 9 WAS and 12 WAS, variety VC 2778A produced
higher number of branches than vC 1178A. The differences among the
other varieties were at par.

Plant density had a significant offect at 9 and 12 WAS only.
Increasing density either from 200,000 to 400,000 or 400,000 to
600,000 plants/ha at 9 and 12 WAS did not affect the number of
branches. However plants sown at 200,000 plants/ha produced the
highest number of branches per plant.

Phosphorﬁs nad highly significant effect at all sampling
periods. Increasing rate of application of phosphorus from 0 to
25kgP/ha inereased the number of branches per plant, but further
increase in phosphorus 1evel from 25 to 50kgP/ha had no significant

effect at 3 WAS. However, at cther sampling‘periods, phosphorus
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ant as affected b
evels in 1995 at Samaru.

y variety, plant

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
variety

Galadima 0.26b 2.07 3.67ab 3.67ab
vC 2768A 0.44Db 2.00 3.25ab 3.70ab
vC 1178A 0.56ab 2.07 3.25b 3.25b
vc 2778A 0.78a 2:55 4.,30a 4.30a
vC 1973A 0.56ab 2.37 3.89ab 3.89%ab
SE * 0.10 0.30 0.25 0.25
significance * NS * *
Density (plants/ha)

200,000 0.53 2.38 4,272 4.27a
400,000 0.60 2+13 3.60ab 3.60ab
600,000 0.42 1.89 3.42Db 3.42b
SE * 0.08 0.23 0.23 0.23
significance NS NS * *
Phosphorus (kgP/ha)

0 0.27b 1.40cC 1.96C 1.96¢C
25 0.62a 2.09b 3.73b 3.73b
50 0.67a 2.91a 5.36a 5.36a
SE # 0.09 0.09 015 0.15
significance * % >k * k *
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
vVDP NS NS NS NS

Means in a column of any set of treatments followed by different

letter(s) are signi

ficantly differen

t at 5

¢ level using DMRT.
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application significantly increased the number of branches per

plant compared with the control.

None of the orders of interaction was significant.
4.7 EHmh2E_2l.lEEHEE_EQE_El§B£;,1222;

Mean number of leaves per plant as affected by variety, plant
density and phosphorus levels during 1993 rainy season is shown in
Table 7.

varieties had a significant ef fect on number of leaves at
3,9 and 12 WAS and highly significant effect at 6 WAS. At 3 WAS
varieties VC 2778A, Galadima and VC 1178A produced greater number
of leaves than other varieties. varieties VC 1973A and VC 2768A
produced the same number of leaves. While at 6 WAS variety Galadima
produced significantly higher number of leaves than other varieties
which were at per. However at 9 WAS, varieties Galadima, yC 1178A
and VC 2768A produced greater number of leaves than other varieties
The differences in the mean number of branches of varieties VC
1973A and VC 2778A were not siqnificant. At 12 WAS, the number of
leaves produced by varieties Galadima and VC 1973A were the same
statistically. while the leaves produced by other varieties were at
per except those of VC 2778A which was the lowest.

plant density had a significant ef fect on number of leaves at
3, and 9 WAS and highly significant effect at 6 and 12 WAS.
Increasing density from 200,000 to 400,000 plants/ha had no
significant effect on leaves at 3 and 9 WAS. However, when the
density was further increased to 600,000 plants/ha, a significant

reduction was observed. While at 6 and 12 WAS, increase in density
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Table 7: Number of leaves per plant as affect by variety, plant
density and phosphorus levels in 1993 at Samaru.

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
Variety
Galadima 15.93a 31.74a 44.41a 33.22a
VC 276BA 14.67¢c 20.69b 43.56ab 31.30b
VC 1178A 15.44ab 22.56b 43.8lab 31.22b
VC 2778A 16.04a 22.89b 40,70c 29.04c
VC 1973A 14.96bc 21.89b 42.52bc 31.79ab
SE + 0w17 600 K | 0.57 0.48
Significance * * % * *
ensit ant a
200,000 15.80a 26.42a 43.80a 35,29a
400,000 15.44a 24.02b 43.67a 29.40b
600,000 14.98b 23.62b 41.53b 29.24b
SE + 0.12 0.26 0.44 0.38
Significance - * & * * %

Phosphorus (kgP/ha)

0 13.69¢ 20.16¢C 39. 98¢ 26.11c
25 15.40b 24.0%b 43.09b 3133b
50 17.13a 29.82a 49.93a 36.49a
SE # 0.06 0.17 Q.19 0.13
Significance * % * % * %k * %k
Interaction
vD NS NS NS NS
VP NS NS NS NS
PD NS NS NS NS
PVD NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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from 200,000 to 400,000 plants/ha decreased the number of leaves
significantly, but further increased in density to 600,000
plants/ha did not affect the number of leaves.

The differences due to phosphorus was highly significant at
all the sampling periods. Each increase in phosphorus level either
from 0 to 25 or 25 to 50kgP/ha resulted in significant increase in
number of leaves.

None of the interactions was significant statistically.

4.8 umber of leaves a 1994.

Mean number of leaves per plant as affected by variety, plant
density and phosphorus during 1994 rainy season is shown in
Table 8.

The difference due to variety was significant at 3 WAS and
highly significant at other sampling periods. Variety VC 1178A had
statistically higher number of leaves at 3 WAS than other varieties
which were at par. At 6 WAS, varieties Galadima and VC 2768A
produced significantly higher number of leaves. They were followed
by VC 1973A and VC 1178A. The differences between the leaves number
of varieties VC 2778A and VC 1178A were not significant. At 9 and
12 WAS, variety Galadima had significantly higher number of leaves
than other varieties. It was followed by VC 2768A and VC 1973A. The
number of leaves of VC 1178A and VC 1973A were similar. Variety VC
2778A had the lowest number of leaves.

Plant density had a significant effect on number of leaves at
all sampling periods. Increasing density from 200,000 to 400,000

plants/ha had no significant effect on number of leaves at 3 and
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Table 8: Number of leaves per plant as affected by variety, plant
density and phosphorus levels in 1994 at Samaru.

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 13.26b 29.89a 43.78a 38.37a
VC 2768A 13.44b 29.52a 35.85b 31.70b
VC 1178A 14.22a 27 .63bc 33.26C 29:52¢
vC 2778A 13,338 26.67cC 30.81d 27.444
VC 1972A 13.44b 28.37b 35.00bc 31.22bc
SE =+ 0.14 0.32 0.71 0.57
Significance * * ok * % *k
Density {Plants/ha)

200,000 13.82a 29.71a 3s.51a 32.84a
400,000 13.67a 28.49b 35.96ab 32.47a
600,000 13,13k 28.04b 34.76b 29.64b
SE 0.10 0.24 0.55 0.46
Significance * * - *

Phosphorus (kgP/ha)

0 12.47¢ 25.60c JOo.64c 27.29¢
25 13:.47b 28.40b 3%.73b 31.69b
50 14.69a 31.24a 40.84a 35.98a
SE + 0.04 0.07 0.15 0.13
Significance * Kk * * % * %
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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12 WAS; Further increase of density to 600,000 plants/ha resulted
in reduction in the number of leaves. At & WAS, a reduction in
number of leaves was observed when density was increased from
200,000 to 400,000 plants/ha, but further increase in density to
600,000 plants/ha did not affect the number of leaves. Increasing
density either from 200,000 te 400,000 or from 400,000 to 600,000
plants/ha did not affect the number of leaves; however plants sown
at 200,000 plants/ha gave the highest number of leaves.

The differences due to phosphorus were highly significant at
the four sampling period. Each increase in phosphorus rate resulted
in significant increment in number of leaves.

None of the interactions was significant.

4.9 Number of leaves per plant, 1995.

Mean number of leaves per plant as affect by variety, plant
density and phosphorus during 1995 reainy season is shown in
Table 9.

Varieties had no significant effect at 3 WAS, but significant
at all other sampling periods. Variety Galadima produced higher
number of leaves at 6 WAS, but was statistically at par with V¢
2768BA and VC 1178A. Variety VvC 19732 produced the lowest numbers of
leaves but was also statistically at par with vC 2778A,VC 1178A and
VC 1973A., At 9 and 12 WAS, variety Galadima produced the highest
number of leaves, but was statistically the same with VC 2768A and
VC 1178A. Varieties VC 1973A and VC 2778A produced statistically
the same number of leaves but were statistically at par with VC

1178A and VC 2768A.

b



Table 9: Number of leaves per plant as affected by variety,plant
density and phosphorus levels in 1995 at Samaru.

Treatment 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 11.0% 27.11a 41.00a 37.26a
VC 2768A 11.07 27.07ab 37.70ab 34.30ab
VC 1178A 11.48 26.56ab 35.67ab 32.56ab
VC 2778A 11.78 25.93ab 33.89b 31.07b
VC 1973A 11.56 2%.37b 34.30b 31.26b
SE * 0.37 i JP % 2 1.76 1.62
Significance NS * * *
Density (Plants/ha)

200,000 11.89 26.29 37.84 34.73
400,000 1+ 18 27.07 36,09 32: 22
500,000 11.09 25.87 35.60 22.93%
SE + 0.29 0.48 1a.33 1.05
Significance NS NS NS NS
Phosphorus (kgP/ha)

0 9.91c 23.24c 31:24¢ 28.49c
25 11.20b 26.56Db 36.07b 32.87b
50 13.04a 29.42a 42.22a 38.51a
SE =+ 0.2 0.30 0.63 0.63
Significance * * ok * % * ok
Interaction
VD NS NS NS NS
VP NS NS NS NS
ppP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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Plant density had no significant effect on number of leaves at

all sampling periods.

The differences due to phosphorus was highly significant at
the four periods of sampling. Increase in number of leaves, was
observed with every increment in phosphorus level from 0 to 25 to
50kgP/ha at all periods of sampling.

None of the interactions were significant.

4.10 Leaf area index, 1993.

Mean leaf area index (LAI) as influenced by variety,plant
density and phosphorus during 1993 rainy season is represented in
Table 10.

The differences due to varieties was significant at 3 WAS,
highly sighificant at 6 WAS and non-Significant at 9 and 12 WAS.
Variety Galadima had significantly lower LAI at 3 WAS than all
other varieties which are statistically similar. While at 6 Was,
varieties VC 2778A and VC 1178A have the greatest LAI, they were
followed by Galadima which was statistically greater than both VC
27784 and VC 1973A.

The difference due to plant density was highly significant at
the four sampling periocds. LAI increased with each increase in
density from 200,000 to 600,000 plants/ha at all the growth stages.

The mean LAI due to phosphorus was highly significant at the
four sampling periocds. Control produced lower LAI, when the
phosphorus level was increased to 25 and 50kgP/ha, the LAI
gignificantly increases at each level,

None of the orders of interaction was significant

7
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rTaple 10: Leaf area index as affected by variety, plant density and
phosphorus levels in 1993 at Samaru.

R

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
variety

Galadima | 0.294b 2.52b 2.92 2.24
YC 2768A 0.32%9a 2.71la 2.86 2.19
yC 1178A 0.340a 2.76a 2.88 2.21
vC 277834 0.327a 2.45C 2.86 2.19
yC 1973A 0.329%a 2.47¢ 2.94 2.26
SE 0.009 0.02 0.04 0.03
significance * % ** NS N8

Density {Plants{ha]

200,000 0.229<¢ 2.20C 2.37¢ 1.47cC
400,000 0.322b 2.58b 2.70b 2.22b
600,000 0.426a 2.93a 3.6la 2.96a
SE + 0.007 0.01 0.03 0.03
significance ** d% ** *k

Phosphorus (kgP/ha)

0 0.248¢C 2.23¢C 2.78¢C 2.13c
25 0.322b 2.58k 2.88b 2.21b
50 0.402a 2.90a 3.02a 2.31a
SE + 0.003 0.01 0.02 0.02
significance * ok * % * * ok
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS N&
vDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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4.11 Leaf area index, 1994.

Mean leaf area index (LAl) as affected by variety, plant
density and phosphorus during 1994 rainy season s shown in
Table 11.

The differences in mean LAI due to variety was significant at
3 and 6 WAS; and highly significant at 9 and 12 WAS. Varieties VC
27788 and VC 1973A had significantly higher LAI than other
varieties at 3 WAS. These were followed by VC 1178A and VC 2768A.
Variety Galadima had the lowest LAI. At 6 WAS, VC 1178A, VC2768A
and Galadima had statistically higher LAI. The difference in LAI
between varieties W¥C 2778A, Galadima and VC 2768A was not
significant. Variety VC 1973A had the lowest LAI. While at 9 WAS,
Galadima had the highest LAI. It was followed by VC 2778A which was
statistically higher than VC 1973A. The difference in LAI of VC
Z768A and VC 1973A was not significant. Variety VC 1178A had the
lowest LAI, but was statistically at par with VC 2768A. Variety
Galadima also had significantly higher LAI at 12 WAS. It was
followed by VC 2778A. The cother varieties had similar LAT.

Difference due to plant density was highly significant at all
sampling pericds. The highest density (600,000 plants/ha) gave the
highest LAI as compared with medium and lowest densities,.

Difference due tec phosphorus was alsc highly significant at
the four sampling pericds. Increasing phosphorus rate from 0 to 25
and 25 to 50kgP/ha increased the LAI at the four sampling period.

None of the interactions was significant.
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Table 11: Leaf area index as affected by variety, plant density and
phosphorus levels in 1994 at Samaru.
Treatments 3 WAS 6 WAS g9 WAS 12 WAS
Variety
galadima 0.420C 1,60ab 3.32a 2.86a
yC 2768A 0.443b 1.66ab 2.44cd 1.87c
yCc 1178A 0.490b 1.70a 2.364 1.81c
yC 27784 0.561a 1.56b 2.85b 2.20b
Yo 1973A 0.550a 1.44cC 2.61lc 1.96¢
SE * 0.017 Q.04 0.07 0.06
significance * * * * *

Density {Plagts[ha]

200,000 0.237c 0.84c 1.3%9c¢c 1.05¢C
400,000 0.443b 1.47b 3.03b 2.33b
600,000 0.799a 2.45a 3.73a 2.86a

>
SE * 0.013 0.03 0.06 0.04
significance * % LL *k *k
phosphorus (kgP/ha)
0 0.353C 1.13¢ 2.01c 1.54cC
25 0.482b 1.60b 2.69b 2.05h
50 0.643a 2.04a 3.45a 2.65a
SE * Q.006 0.02 0.03 0.02
significance * e ** ** k%
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
vype NS NS NS NS
- Means in a column of any set of treatments followed by different

-

letter(s) are significantly different at 5% level using DMRT.
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Table 12: Leaf area indeX as affected by variety, plant density and
phosphorus levels in 1995 at Samaru.

-

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
variety
Galadima 0.353 1+3d 3.34a 2392
Ve 2768A 0.399 1.44 2.25b 1.61b
vC 1178A 0.360 1,52 2.09b 1.49b
vc 2778A 0.453 1.43 2.77ab 2.02b
ve 1973A 0.410 1.67 2.33b 1.67b
SE * 0.033 i e 4 0.31 0.22
significance NS NS * %
pensity (Elants(na)

200,000 ' 0.193¢c  0.92b 1.40b 0.99b
400,000 0.326b 1.28b 1.88b 1.35b
600,000 0.666a 2.24a 4.40a 3.17a
SE * 0.025 D12 .23 (5 [
significance *x * ok *k *k
phosphorus K ha

0 0.254c 1.00c 1.81c 1.256¢C
25 0.387b 1.40Db 2.40b 1.730
50 0.544a 2.03a 3.46a 2.49a
8E * 0.014 0.07 0.16 0.12
significance *k *k *k * %

nt '
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS

VvDP NS NS NS NS
D

Means in a column of any set of treatments followed by different
letter(s) are siqnificantly different at 5% level using DMRT.
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4.12 Leaf area index, 1995.

Mean leaf area index (LAI) as affected by variety, plent
density and phosphorus rates during 1995 rainy season is presented
in Table 12.

Mean difference in LAI due to variety was not significant at
3 and 12 WAS, but significant at 9 and 12 WAS. Varieties Galadima
and VC 2778A had higher LAI at ¢ and 12 WAS as compared to all
other varities which had similar LAI,

The mean difference in LAI due to plant density was highly
significant at all the sampling periods. LAI increased with each
increase in density from 200,000 to 600,000 plants/ha at 3 WAS., At
the other three sampling periods, increasing density from 200,000
to 400,000 plants/ha did not affect the LAI, but further increase
in density from 400,000 to 600,000 plants/ha increased the LAT.

The difference in LAI due to phosphorus was highly significant
at all the sampling periods. There was an Increment in LAI as
phosphorus rates were increased from 0 to 25 and 25 to S0kgP/ha at
all the sampling pericds.

All the interactions were not significant.

4.13 Leaf dry weight (g/plant), 1993,

Leaf dry weight (g/plant) of green gram as affected by
variety, plant density and phosphorus rates during 1993 rainy
seasonh 1s presented in Takle 13.

The mean difference in leaf dry weight due to variety was not
significant at 3 WAS, significant at 6 and 12 WAS, and highly

significant at 9 WAS. Varieties VC 2778A and VC 1973A had



Table 13:
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Treatments

Leaf dry weid
density and phosp
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ht (qulant) as
horus level

affected by
s in 1993 at Samaru.

variety, plant

WAS

6 WAS

9 WAS

12 WAS

/’,1/——/

variety
Galadima
vC 2768A
yCc 1178A
vC 2778A
vC 1973A

SE *

significance

Densit

200,000
400,000
600,000

SE *

significance

Enogpho;ug ;kgE[bg)

0
25
50

SE *

significance
Interaction

vD
VP
DP
VDP

0.327a
0.329%a.
0.324a
0.276b
0.284b

0.004

* *

0.312

0.209

0.203

0.003

NS

0.254cC
0.302b
0.368a
0.002

* Kk

NS
NS
NS
NS

Means 1in a

letter (s)

column of any set
are significantly

different at 5%

5.86a 13.64 10.84a
5.40bcC 14.66 10.33ab
5,50b 15.06 10.49ab
5.07c 15.18 9.33b
5.99a 15.00 10.47ab
0.11 0.48 0.39

* NS *
6.21a 15.81a 13.62a
5.29b 15.40a 9.32b
5.19b 12.91b 7.93cC
0.09 0.38 0.30

* k * * %k
4.06cC 9.48cC 6.65C
5.57b 13.86b 9,81b
7.06a 20.78a 14.41a
0.04 0.22 0.17

* * * %k * *

NS NS NS5

NS NS NS

NS NS NS

NS NS NS

of treatments followed by different

level using DMRT.
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significantly lower leaf dry weight at 3 WAS than other three

varieties which had statistically the same leaf dry weight. At 6
WAS, varieties Galadima and VC 1973A had statistically higher leaf
dry weight. They were followed by VC 1178A which was statistically
at par with VC 2768A. Similarly V¢ 276BA was statistically at par
with VL 2778A. When the dry weight of the leaves were considered at
12 WAS, variety Galadima had higher leaf dry weight than VC 2778A.
The differences in 1leaf dry weight of other varieties were
statistically at par.

The difference due to plant density was not significant at 3
WAS, highly significant at 6 and 12 WAS, and Significant at 9 WAS.
Increasing the density from 200,000 to 400,000 plants/ha
significantly decreased the leaf dry welight at 6 WAS but further
increase in density to 600,000 plants/ha had no significant effect.
At 9 WAS, there was no statistical difference in leaf dry weight
when plants density was increased from 200,000 to 400,000
plants/ha. However, further increased to 600,000 plants/ha resulted
in a significant reduction in leaf dry weight. At 12 WAS,
increasing plant density resulted in a progressive decrease leaf
dry welght.

The difference in leaf dry weight due to phosphorus rates were
significant at all the sampling periods under consideration. Each
increase in phosphorus rate from 0 to 25 and 25 to 50kgP/ha

resulted in increased leaf dry weight at all the sampling pericds,
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4.14 Leaf dry weiqht (g/plant}, 1954,

Mean leaf dry weight (g/plant) as affected by variety, plant
density and phosphorus rates during 1994 rainy season is shown in
Table 14.

The difference in leaf dry weight due to variety was highly
significant at 3,6 and 9 WAS; and significant at 12 WAS. Varieties
Galadima, VC 2768A and VC 11783 produced higher leaf dry weight
when compared with VC 1973A which in turn produced higher leaf dry
weight than VvC 2778A. At 6 and 9 WAS, variety Galadima had
statistically heavier leaf dry weight than other varieties. Leaf
dry weight of VC 2778A was the lowest., The other three varieties
constitute a similar significant group. Variety Galadima had
highest leaf dry weight at 12 WAS, but was statistically at par
with VC 1178A and VC 1973A. They were followed by VC 2768A which
was similar to VC 11784 and VC 1973A. Varlety VC 2778A produced the
lowest leaf dry weight,

The difference due to plant density on leaf dry weight was
highly significant at the four sampling periods. Increasing density
from 200,000 to 400,000 plants/ha at 3 and 12 WAS significantly
decreased the leaf dry weight; while further increase in density to
600,000 plants/ha did not affect the leaf dry weight. At 6 WAS,
increasing density either from 200,000 to 400,000 or 400,000 to
600,000 plants/ha did not influenced the leaf dry weight. However,
plants seown at 200,000 plants/ha produced heavier dry leaf. At
9WaS, lincreasing denslity from 200,000 to 400,000 plants/ha had no

significant effect on leaf dry weight, but further increase in
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Table 14: Leaf dry weight (g/plant) as affected by variety, plant
density and phosphorus levels in 1994 at Samaru.

e ——
3 WAS

Treatments 6 WAS 9 WAS 12 WAS
variety

caladima 0.480a 5.97a 14.58a 10.26a
vC 2768A 0.458a 5,20b 13.49b 9.55b
vC 1178A 0.468a 5.11b 13.94b 9.7%9ab
vC 2778A 0.333cC 4.52C 12.56¢C 8.65C
yCc 19273A 0.392b 5.12b 13.97b 9,84ab
SE * 0.012 3 s B 037 015
significance * Kk ek * & *

pDensity {Plantsgha)

200,000 0.471a 5.37a 13.99a 10.74a
400,000 0.412b 5.18ab 13.60a 9.68b
600,000 g.391b 5.00b 13.53b. 9.44b
SE % 0.009 0.08 0,13 0.11
significance - * * * *
phosphorus P/ha

0 0.322cC 4.46¢C 11.08cC 7.93C
25 0.414b 5.10p 13.61b 9.58b
50 0.540a 5.99a 15.72a 11.35a
SE * 0.003 0.03 0.07 0.06
significance * * K * ok * *
Interaction
VD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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density to 600,000 plants/ha resulted in significant reduction of

leaf dry weight.

Differences due to phosphorus on leaf dry weight was highly
significant at all the sampling periods. Each increase in
phosphorus level from 0 to 530kgP/ha increased the leaf dry welght
significantly at all sampling periods.

None of the interactions was significant.

4.15 Leaf dry weight {g/plant], 1995.

Leaf dry welght (g/plant) as affected by variety, plant
density and phosphorus rates during 1995 rainy season is presented
in Table 15.

Mean difference in leaf dry weight due to variety was not
significant at the initial stage of sampling, but significant at
all other sampling periods. At 6 WAS, variety Galadima had heavier
dry leaf than other varieties except VC 1178A. They were followed
by VC 2768A which was statistically heavier than VC 1973A.
Varilety VC 2778A had the lowest leaf dry weight. When leaf dry
weight was considered at 9 WAS, CGaladima and VYC 11782 produced
significantly higher leaf dry weight than octher varieties which
were statistically similar. At 12 WAS, varieties under study
constitute twe non-significant groups; Galadima -VC 1973A =-VC 2768A
and VC 2768A - VC 1973A ~ VC 2778A. The differences within the
groups were not significant.

Differences in means due to plant density was not significant
at 3 WAS, but significnt at all other sampling periods., Increase in

density from 200,000 te 400,000 plants/ha did not affect the weight
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Table 15t Leaf dry weight (q/plant) as affected by variety, plant
density and phosphorus levels in 1995 at Samaru.

e ——

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
Variety

galadima 0.294 4.91a 15.41a 10.30a
vCc 2768A 0.377 4.25b 13.83b 9.19ab
vC 1178A 0.330 4.81a 14.82a g,.90a
vC 2778BA 0.372 3.22d 13.04b 8.73b
vc 1973A 0.352 3.75¢ 13:13b 8.78b
SE * 0.025 0.14 0.28 0.32
significance NS * * *

Density (Elagtszha]

200,000 0.366 4358 14.B2a 10.01a
400,000 0:33% 4.28a 13.89b 8.95b
600,000 0.366 3.98b 13.,40Db 9.18b
SE & 0.020 0.09 0.22 0.25
significance NS * * *

Phosphorus K ha

0 0.252C 2.66C 9.17c 6.13C
25 0.335b 3.88b 13.40b 8.95b
50 0.450a 6.03a 19.57a 13.06a
SE + 0,10 0.05 0.16 0.17
significance * ** * * * k
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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of dry leaves at 6 WAS. Further increased in density from 400,000
to 600,000 plants/ha resulted in significant reduction of leaf dry
weight. At ¢ and 12 WAS, increased density from 200,000 to 400,000
plants/ha resulted in significant reduction of leaf dry weight, but
further increase in density to 600,000 plants/ha had no significant
effect,

The difference due to phosphorus was highly significant at all
sampling perioeds. The highest leaf dry welght was produced by
application of 50kg/ha followed by 25kdgP/ha and centrel in that
order at all sampling periods. o

None of the interactions was significant.

4.16 gtem dry weight (g/plant), 1993,

Stem dry weight (g/plant) as affected by variety, plant
density and phospheorus levels during 1993 rainy season is shown in
Table 16.

Difference due to variety was highly significant at 3 and 12
WAS and significant at 6 and 9 WAS. Both at 3 and & WAS, the stem
dry weight of Galadima was heavier than all other varieties which
were statistically at par with each other. At 6 WAS, variety
Galadima, VC 1973A and VC 1178A had heavier stem. The differences
between VC 1178A and VC 2768A was not significant, but these two
produced heavier stem dry welght than VC 2778A. While at 12 WAS,
variety Galadima had statistically heavier dry stem than other
varieties. This was followed by VC 2768A which was statistically at
par with VC 1973A and VC 1178A. Variety VC 2778A had significantly

lower stem dry weight, but was statistically at par with VC 11782



54

Table 16: 5tem dry welght (g/plant} as affected by variety, plant
density and phosphorus 1jevels in 1993, samaru.
6 WAS g9 WAS 12 WAS

Treatments 3 WAS

variety

Galadima 0.114a 3.66a 9.69a 11.52a
vC 2768A 0.097b 3.40b g.42b 9,99b
vC 1178A 0.093b 3.6lab 7.78b 9.13bC
ve 2778A 0.094b 2.90c¢ 7.3%b 8.62cC
vC 1973A 0.086R 3.71la 7.99b g9.41bcC
SE * 0.005 0.08 0.32 Q.34
significance *k * * * &

pDensity {Plantszha)

200, 000
400,000
600,000

SE +

significance

Phogphorus (kgP[ha)

0
25
50

SE £

significance
Interaction

Alleel B2 s

VD
vp
DP
vDP

n.102a
g.100ab
0.089b

0.004

0.066¢C
0.096Db
0.128a
0.003

**

NS
NS
NS
NS

2.49cC

3.39b

4,49a

0.03

* Kk

NS
NS
NS
NS

g.81a

g.54a

7.41b

6.38cC
8.03b
10.35a
0.11

* %

NS

NS

N5
NS

13.50a
9.46b
7.25C
0.27

kN

7.50C

9.48b
12.21a

0.15

* %

NS
NS
NS
NS

Means in a colum
letter(s) are si

n of any set ©
gnificantly di

£ treatment
fferent at 5% leve

s followed by dif ferent
1 using DMRT.
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and VC 1973A.

Effect of plant density was significant at 3 and 2 WAS and
highly significant at 6 and 12 WAS. Increasing density either from
200,000 to 400,000 or 400,000 to 600,000 plants/ha did not affect
the stem dry weilght at 3 WAS; however, the stem dry weight produced
by plant sown at 200,000 plants/ha was the highest. At 6 WAS, the
stem dry weight decreased when density was increased from 200,000
to 400,000 plants/ha; but further increased in density to 600,000
plants/ha had no effect on stem dry weight. Increasing density from
200,000 to 400,000 plants/ha had no significant effect on stem dry
weight at ¢ WAS, but further increase in density to 600,000
plants/ha decreased the weight of dry stem. Each increase 1in
density from 200,000 to 400,000 and 400,000 to 600,000 plants/ha
decreased the stem dry weight at 12 WAS.

The difference due to phosphorus was highly significant at all
the sampling periopds. Increasing phosphorus levels from D to 25 to
50kgP/ha increased stem dry weight significantly at all growth
stages under consideratian,

None of the order of interactions was significant,

4.17 Stem _dry weight (g/plant}, 1834.

The effect of variety, plant density and phosphorus levels on
stem dry weight during the 1994 rainy season 1s presented in
Table 17

The difference due to variety was highly significant at 3 and
& WAS, but significant at 9 and 12 WAS. Variety Galadima had

heavier dry stem at 31 WAS, but was statistically at par with
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VC 2768A. The difference between the stem dry weight of VC 2768A
and VC 1973A was not significant. Varieties VC 2778A and VC 1178A
have similar stem dry weights. At 6 WAS, variety VC 2778A recorded
the lowest stem dry weight and Galadima the highest. The stem dry
weight of other varieties were statistically at par. Variety
Galadima still maintain the lead at 9 WAS, but was not
statistically different from variety VC 2768A. They were followed
by variety VC. 1178A and VC 1973A which in turn produced high stem
dry weight than VC 2778A. At 12 WAS, variety Galadima, VC 1973A and
VC 2768A produced heavier dry stem than VC 2778A. The differences
petween VC 2768A, VC 1973A and VC 1178A were at par.

The mean difference due to plant density was highly
significant at 3 WAS, but significant at other sampling periods.
Each increase 1in density from 200,000 to 400,000 and 400,000 to
600,000 plants/ha resulted in a significant increament in stem dry
weight at 3 WAS. At 6 and 12 WAS, increasing in density from
200,000 to 400,000 plants/ha had no significant influence on stem
dry weight, however further increase in density to 600,000
plants/ha resulted in significant increased stem dry weight. At 9
WAS, stem dry weight at 200,000 plants was found to be heavier than
at 400,000 and 600,000 plants/ha.

The influence of phosphorus on stem dry weight was highly
significant at all the sampling periods. Increase in phosphorus
level either from 0 to 25 and 25 to 50kgP/ha significantly
increased the stem dry weight.

None of the interactions was significant.
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Table 17: Stem dry weight (g/plant) as affected by variety,plant
density and phosphorus levels in 1994 at Samaru.

e

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
variety

Galadima 0.179a 1.92a 8.24a 10.06a
vCc 276G8BA 0.175ab 1.57b g.06a 9.88ab
vCc 1178A 0.1l44cC 1.53k 7.41b 9.38b
vCc 2778A 0.140c 1.03c 6.44C 8.60cC
vC 1973A 0.163b 1.48b 7.43b 9.,41lab
SE * 0.004 0.05 0.19 0.21
significance *k * * *

pensity (plants/ha)

200,000 0.173a 1.54a 7.55a 9.67a
400,000 0.161b 1.54a 7.53b 9.37a
600,000 0.146¢C 1.41b 7.07b 9,10b
SE * 0.003 0.04 0.15 0.17
significance &k * * *

Phosphorus {ggg{ng}

0 0.116cC 1.17c 5.59¢C 7.84c¢C
25 0.162b 1.46b 7.26b 9,27b
50 0.204a 1.90a 9,70a 10.28a
SE * 0.002 0.02 0.06 0.07
significance * *k * % * %
Interaction
vD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are siqnificantly different at 5% level using DMRT.
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4.18 Stem dry weight {g/plant}, 1995.

Stem dry weight (g/plant] as affected by variety, plant

density and phosphorus levels during 1995 rainy season is shown in
Table 18.

Difference due to variety was not significant at 3 WAS,
significant at 6 and 92 WaAS and highly significant at 12 WAS,
Variety VC 2778A recorded significantly lower stem dry weight than
other varieties except VC 1973A at 6 WAS. At 9 WAS, variety
Galadima had significant heavier dry stem than at other varieties
which were statistically similar. At 12 WAS, variety Galadima
produced significantly heavier dry stem. It was followed by
VC 2778A which was statistically at par with VC 1178A. The
differences in stem dry weight of varieties VC 1973A, VC 2778Aa and
VC 1178A were not significant.

Difference in plant density was not significant at 3,6 and 12
WAS, however it was found to be significant at 12 WAS. Increasing
density either from 200,000 to 400,000 or from 400,000 to 600,000
plants/ha did not affect the stem dry weight significantly. However
plants sown at 200,000 plants/ha had heaviest dry stem.

The difference in means due to phosphorus was significant at
12 WAS and highly significant at 6,9 and 12 WAS. At 3 WAS, both 25
and 50kgp/ha produced heavier stem dry weight than the control.
While at 6,9 and 12 WAS, increase in phosphorus level from 0 to 25
or 25 to 50Kgp/ha significantly increased the stem dry weight.

None of the interactions was significant.



Table 18: Stem dry w
density an

eight (g/plant

y as affe

cted by variety, plant
1995 at Samaru.

e c———
3 WAS

Treatments

e —————

variety
Galadima
vC 2768A
vC 1178A
vC 2778A
vC 1973A

SE %

significance

Density (Elants{ha)

200,000
400,000
600,000

SE *

significance

phosphorus
0

25

50

SE &

significance

Interaction
VD
VP
DP

VDP

Means in a C
letter (s) are

d phosphorus levels in
6 WAS
0.096 1.13a
0.106 1.11a
0.087 1.12a
0.092 0.82b
0.085 0.98ab
0.018 0.09
NS *
0.108 0.97
0.092 1.06
0.080 1.07
0.014 0.07
NS NS
0.057b 0.66C
0.096b 1.00b
0.126a 1.44a
0.011 0.04
* o n
NS NS
NS NS
NS NS
NS NS

9 WAS 12 WAS
7.56a 11.74a
6.88b 9.81b
6.82b 9.21bcC
6.57b g.47cC
6.87b 8.84cC
0.18 o 5 45

* * *
7.01 g9.96a
6.77 9.69ab
6.92 9.22b
0.15 0.16
NS *
6.01c 6.61C
6.80b 9.20b
7.90a 13.05a
0.09 0.11

* ok *

NS NS

NS NS

NS NG

NS NS

olumn ©

f any set of t
ficantly different a

reatments f
t 5%

ollowed by different
level using DMRT.
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4.19 Total dry matter {(g/plant), 1993.

Mean total dry matter (g/plant) as influenced by variety,
plant density and phosphorus levels during the 1993 rainy season in
presented in Table 19.

The mean difference due to variety was significant at 3, 9 ang
12 WAS and highly significatnt at 6 WAS., The total dry matter
produced by different varieties under trial at 3 WAS constituted
three non-significant group of Caladima - VC 2768A; VC 1178A - VC
2778A andvC 2778A - VC 1573A. The differences within the groups
were not significant. At 6 WAS, variety Galadima produced the
heaviest dry matter. It was followed by VC 1178A, VC 2768A and
VC 1973A which were statistically at par. Variety VC 27782 producs
lighter dry matter than all other varieties except VC 1973A. While
at 9 WAS, variety Galadima has significantly heavier dry matter
than other varieties except VC 1973A. The difference among the
other varietlies were similar statistically. At 12 WAS variety
Galadima produced significantly heavier dry matter than VC 2778A.
The differences among other varieties in respect to total dry
matter were similar.

The difference due to plant density was significant at 3 and
6 WAS, but highly significant at 9 and 12 WAS. Increasing density
from 200,000 to 400,000 plants/ha at 3 and 9 WAS did not influenced
the total dry matter. Further increase in density from 400,000 to
600,000 plants/ha significantly reduced the total dry matter. At 6
WAS, increasing the density either from 200,000 to 400,000 or

600,000 plants/ha significantly decreased total dry matter. The
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Table 19: Total dry matter (g/plant) as affected by variety, plant
density and phosphorus levels in 1993 at Samaru.

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
variety
Galadima 0.441a 9.71a 25.08a 36.84a
VvC 2768A 0.425ab 9.,06b 22.50b i6.04ab
VC 1178A 0.417b 8.11b 22.66b 34.61ab
vC 2778A 0.370c 8.47c 21.40b 34.27b
VC 1973A D.371ic 8.62bc 23.00ab 36.17ab
SE *+ 0.060 0.17 0.70 0.97
Significance * *k * * &

ensit ants

200,000 0.412a 10.12a 24 .40a 38.53a
400,000 0.410a 8.46b 24.16a 32.20b
600,000 ' 0.392b 8.40b 20.23b 26.20c
SE + 0.004 0.13 0.54 0.73
Significance * * * * * ok
Phosphoru P

0 0.331c 6.54cC 15.86¢C 6.61cC
25 0.398b 8.97b 21.85b 9.20b
50 0.496a 11.47a 31.08a 13.05a
SE # 0.003 0.06 0.28 0.33
Significgnce * * ok ** * %
Interaction
vD NS NS * *
VP NS NS * &k
DP NS NS * *
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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Table 1%a: Interaction between variety x density, variety x
phosphorus and density x phosphorus at 9 WAS in 1993 for

total dry matter.

Density (Plants/haj)

Phosphorus (kgP/ha)

200,000 400,000 600,000 g 25 50
Variety
Galadima 30.96a 23.44cde 20.85def 17.41fgh 23.3234 34.50a
VC 2768A 29.21ab 22.73def 15.55g 15.87hi 19.97ef 32.14ab
VC 1178A 24.59cd 23.76cd 19.63ef 16.78ghi 22.28de 29.94kc
VC 2778A 22,04def 21.56def 20.6lef 14.511 19..35fqg 30.368x
VC 1973A 26.85bc 23.19cde 18.96fg 16.78ghi 22.28de 29.94kc
SE + .21 0.87
Phosphorus
(kgP/ha)
D 22.04Qae 20.6lef 21.56ef
25 24.59bc 23.76cd 19.63f
50 33.59%a 33.27a 26.37b
SE + 0.67

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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differences between 400,000 and 600,000 plants/ha was not
significant. At 12 WAS, total dry matter decreased with increasing
density from 200,000 to 400,000 and 400,000 to 600,000 plants/ha.
The difference due to phosphorus was highly significant at all
the four sampling periods. Total dry matter was observed to
increase with increasing phosphorus rates from either 0 to 25 or 25

to S0kgp/ha at the sampling periods.

The first order of interactions at 8 and 12 WAS were
significant except interaction for variety and phosphorus at 12 WAS
which was highly significant (Table 19a and b).

At 9 WAS, when the same variety was compared at different
densities; increasing density from 200,000 to 400,000 plants/ha did
not affect the total dry matter of variety VC 1178A and VC 1973A,
Further increase in density to 600,000 plants/ha reduced the total
dry matter. In the case c¢f VC 2778A, Iincreasing density from
200,000 to 600,000 plants/ha did not affect the total dry matter.
The total dry matter of Galadima was decreased significantly with
increaging density up to 400,000 plants/ha, Further increase in
density to 600,000 plants/ha did not influence the dry matter
producticon. While in the case of VC 2768A increasing the density
from 200,000 to 600,000 plants/ha resulted in increament of total
dry matter. When the same density level was studied across the
different varieties, it was cbserved that variety Galadima produced
heavier dry matter than all other varieties except VC 2768A at
200,000 plants/ha. The differences between VC 2768A and VC 19734;

VC 1973 and V¢ 1178; and V£ 1178A and VC 2778A were not



Table 19b: Interaction between variety x density, variety x
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phosphorus and density x pheosphorus at 12 WAS in 1993
for total dry matter.

Density (Plants/ha)

Phosphorus (kKgP/ha)

200,000 400,000 600,000 0 25 50
Variety
Galadima 52.19%a 31.80cde 26.82fF 26.98e 34.70cd 48.83a
VC 2768A 4B.04h 30.45de 25.35¢f 26.75e 33.88cd 47.%a
VC 11782 46.43b 34.92cd 26.77fF 24.29ef 32.30d 47.25
Ve 2778A 47.78b 30.17cd 24.85¢ 24.03fF 36.07¢cd 42.680
VC 1373A 48.23b 33.66cd 26.61fF 26.92e 35.22cd 46.363
S5 + 0.97 G.63
Phaosphorus
(kgP/ha)
0 33.206d 25.17f 19.63q
25 41.88c 31.00e 23.72¢%
50 64.46a 47.10b 34.04d
SE + 0.83

Means in a column of any set of treatments followed by different

letter(s)

are significantly different at 5% level using DMRT.
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significant, At 400,000 plants/ha, all the varieties produced
similar total dry matter. The dry matter produced by VC 2778A at
600,000 plants/ha was lower than other varileties except VC 19734,
The difference between the dry matter produced by other varieties
was not zignificant.

Variety % phosphorus interaction revealed that when the same
variety was studied at varying phosphorus rates; it was observed
that each increment in phosphorus either from 0 to 25 or 25 to
50kgP/ha increased the total dry matter of all the varieties under
consideration, When the same phosphorus rate was examined for
various varieties, 1t revealed that there was no significant
difference in total dry matter preduce by all the varieties at
control. At 2SkgP/ha variety Galadima had heavier dry than other
varieties except VC 11783 and VC 1973A, While at 50kgP/ha, Galadima
preduced heavier dry matter than other varieties except VC 2768A
which was statistically at par with other varieties,

The density x phosphorus interaction revealed that when the
same phosphorus level was considered in respect to varying
densitlies. Density did not affect dry matter production at
control. At 25 and 50kgP/ha, there was no significant difference
in dry matter production by increasing the density from 200,000 to
400,000 plants/ha, further increase in density to 600,000 plants/ha
decreased the total dry natter. When the same density was
considered in respect to various phosphorus levels, each increase
in phosphorus rate resulted in significant increase in dry matter

at all densities except 600,000 plants/ha where increase in
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phosphorus rate from 0 to 25kgP/ha did not affect total dry matter

significant.

At 12 WAS, the variety x density interaction revealed that
increasing density from 200,000 to 600,000 plants/ha resulted in
significant reduction in dry matter of all the varieties. When the
same density was looked at for various varieties; it was observed
that at 200,000 plants/ha, Galadima had significantly heavier dry
matter than all other varieties which were at par. At both 400,000
and 600,000 plants/ha the mean dry matter of all the varieties were
at par.

The variety X phosphorus interaction indicated that there was
a significant increase in dry matter with each increment in
phosphorus rate for all the varieties. When the same phosphorus
rate was examined in respect to different varieties; it revealed
that, wvariety VC 2778A had the 1least dry matter, but was
statistically at par with VC 1178A at control. The difference
between the total dry matter of other varieties were at par. At
25kgP/ha, there was no significant difference between the dry
matter of all the varieties under consideration. While at
50kgP/ha, variety VC 2778A produced lighter dry matter than other
varieties which had statistically similar total dry matter.

The density x phosphorus interaction revealed that, when
individual phosphorus rate was examined in respect to various
densities; there was a significant decrease in dry matter as the
density was increased from 200,000 to 600,000 plants/ha at all

phosphorus rates. When the same density was considered at various
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phosphorus rates, there was a significant inCrease in dry matter as
the phosphorus rate was increased from ¢ te 25 and 25 to 50kgP/ha
at all densities.

4,20 Total dry matter (gq/plant), 1994.

Mean total dry matter (g/plant) as affected by variety, plant
density and phosphorus levels during the 1994 rainy season is
presented on Takle 20,

The differences due to variety was significant at 3 and 9 WAS
angd highly significant at 6 and 12 WAS. At 3 WAS, varieties
Galadima, VC 2768A,VC 1178A and VC 1973A produced significantly
higher total dry matter than othegr varieties. While at 6 WAS,
variety Galadima produced the highest dry matter. It was followed
by wvarieties VC 2768a, VvC 11782 and VC 1973A which were at par,
Variety VC 2778A had the lowest dry matter. At 9 WAS, variety
Galadima had statistically higher dry matter than other varieties.
It was followed by varieties VC 2776A and VC 1178A which were at
par but were higher than the remaining two varieties, Variety VC
19734 produced higher total dry matter than Ve 2778A . At 12 WAS,
variety Galadima still maintained the lead. 1t was followed by VC
2768A which was statistically at par with VC 11783 and VC1973A. The
latter two were within the same significant group as VC 2778A.

The different due to plant density was highly signifiecant at
3 WAS, but significant at 6, 9 and 12 WAS. Total dry matter was
observed to decrease with increasing density from 200,000 to
400,000 plants/ha at 3 WAS. However, further increase in density to

600,000 plants/ha did not affect the dry matter. At 6 and 12 WAS,



Table 20: Total dry matter
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(g/plant)

as affected by variety,

density and phosphorus levels in 1994 at Samaru.
Treatments 3 WAS 6 WAS 9 WAS 12 WAS
variety
Galadima 0.648a 5.89a 22.81a 40.32a
vC 2768A 0.633a 4.,72b 21.63Db 34.64D0
vC 1178A p.617a 4.62b 21.39b 34.36bC
ve 2778A 0.486C 3.53C 20.004 32.88c¢C
vC 1973A 0.555b 4.60b 20.40c¢ 34.20bcC
SE + 0.016 0.15 0.30 0.62
significance * * % * * ok
Density (plants/ha)
200,000 p.647a 4.91la 21.47a 36.32a
400,000 0.575b 4.68a 21.16ab 36.20a
600,000 0.541b 4.43b 20.74b 33.92b
SE + 0.012 0.11 0.23 0.48
significance *k * * *
Phosphorus (kgP/ha)

0 0.437cC 3.60cC 17.39c 27.85¢c
25 0.576b 4.57b 20.89b 34.74b
50 0.751a 5.85a 25.46a 43.85a
SE * 0.004 0.04 0.11 0.17
significance * * k * % *k
Interaction
vD NS NS * *

VP NS NS * *
DP NS NS B * ok
vDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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increasing density from 200,000 to 400,000 plants/ha, did not
affect the dry matter, however when the density was further
increased to 600,000 plants/ha a significant reduction in dry
matter was observed. At 9 WAS Iincreasing density either from
200,000 to 400,000 or 400,000 to 600,000 plants/ha did not affect
the total dry matter.

The difference due to phosphorus was highly significant at all
sampling periods. Each increase in phosphorus application was found
to increase the total dry matter at all stages of growth.

The first order of interactions were significant at 2 and 12
WAS except interaction between phosphorus x density at 12 WAS which
was highly siénificant (Table 20a and b).

Holding the density constant when the different varieties were
studied; it was observed that varieties fall into two non-
significant groups of Galadima - VC 2768A ~ VC 1178A and VC 2778A -

VC 1973A. The differences within the groups were not significant
at 200,000 plants/ha. When the crop was sown at 400,000 plants/ha,
variety Galadima had significantly heavier dry matter than other
varlieties which were statistically at par. At 600,000 plants/ha,
varieties Galadima and VC 2768A produced heavier dry matter than
other varieties which were statistically similar. When each variety
was examined at various densities; there was not signigicant effect
on dry matter when the density was increaseda from 200,000 to
600,000 plants/ha for varieties VC 1178A, VC 2778A and VC 1973A,
For variety Galadima increase in density from 200,000 tec 400,000

plants/ha did not affect the dry matter, but further increase in
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Table 20a: Interaction between variety X density, variety X
phosphorus and density ¥ phosphorus at 9 WAS in 1994 for
total dry matter.

Density (Plants/ha} Phosphorus (kgP/ha)
200,000 400,000 600,000 0 25 50
variety

Galadima 23.81a 23,.32a 21.32bc 18.20h 21.57ef 28.68a
vC 2768A 23.78a 21.26bc 19.78d 17.48hi 21.23ef 26.1%0
vC 1178A 22.42ab 21.09bcC 20.65cd 17.41hi 21.63e 25.120c
vCc 2778A 21.48bcC 20.17cd 19.55d 17.48hi 20.42f9g 23.30d
ve 1973A 21.02bcd 21.02bcd 20.55cd 16.381 19.584 24.03cd
SE * 0.52 0.36

phosphorus
(kgP/ha)

e ————

0 17.46ad 17.39d 17.324d
2% 21.00c 20.95¢c 20.71c
50 25.94a 25.44ab 25.01b
SE 0.28

=

e ———

Means in a column of any set of treatments followed DY different
letter(s) are significantly different at 5% level using DMRT.
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density to 600,000 plants/ha reduced the total dry matter. In the
case of variety VC 2768A, the total dry matter was increased with
increasing density from 200,000 to 400,000 plants/ha. Further
increase to 600,000 plants/ha did not affect dry matter production.

Variety X phosphorus interaction showed that variety Galadima
had higher dry matter at control than VC 1973A. The other varieties
had statisticélly similar dry matter. While at 25kgP/ha, variety vc
11782 had higher dry matter than VC 2778A and VC 1973A. The
difference between VC 27782 and VC 19734 was not significant. At
50KgP/ha, the differential response of varieties were as follows;
Total dry matters of Galadima was higher than all other varieties.
It was followed by VC 2768A which was heavier thn vC 2778A and VC
1973A. The differences Dbetween VC 117832 and VC 19732 was
insignificant, however VC 1178A has heavier total dry matter than
VC 2778A.

The density x phosphorus interaction revealed that, when the
same phosphorus rates were examined in repect to densities, there
was no significant difference in total dry matter by increasing the
density at control and 25XKgP/ha. However at 50kgP/ha, increasing
density either from 200,000 to 400,000 or from 400,000 to 600,000
plants/ha did not affect the dry matter, but crops sown at 200,000
plants gave higher dry matter. When the same density was considered
in respect to various phosphorus, every lincrease in phosphrous
level resulted in significant heavier dry matter at each density.

At 12 WAS, the variety x density interactions revealed that
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atter.

ety X density,

variety X

at 12 WAS in 1994

pensity (Plants/ha)

Phosphorus (kgP/ha)
25

200,000 400,000 600,000 0 50
variety
Galadima 45.10a 39.41b 316.10bcC 28.43d 34.29cC 46.25a
vC 276BA 37.71bcC 35.70bcC 32.88de 23.98e 30.30d 39.800
vyCc 1178A 36.80bcC 14 .06cd 31.74de 22.77ef 29.57d 38.27b
yCc 2778A 316.08bcC 32.16de 30.38e 21.63¢F 29.47d 35.503C
vC 1973A 38.08b 34.52cd 31.32de 22.43%ef 30.09d 39.400
;E + 1.06 0.69
Phosphorus
(kgP/ha)
0 28.34e 28.30e 26.90e
25 36.11c 15.22¢C 32.91d
50 45.05a 44.54a 41.96b
SE * 0.53

Means in a colum
letter (s) are si

n of any set ©
gnificantly di

f treatments
fferent at 5

followed by different
s level using DMRT.
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increase in density from 200,000 to 400,000 plants/ha resulted in
reduction of total dry matter of varieties Galadima, VC 27783 and
VC 1973A. Further increase in density from 400,000 to 600,000
plants/ha did not affect the dry matter production. Increase in
density of VvC 27684 from 200,000 to 400,000 plants/ha did not
affect the dry matter production, but further increase in density
to 600,000 plants/ha reduced the dry matter. In the case of variety
VC 1178A, increasing density either from 200,000 to 400,000 or
400,000 to 600,000 plants/ha did not affect the total dry matter
production.

Variety x phosphorus interaction indicated that, there was a
significant increase in total dry matter with each increment in
phosphorus rates for all varieties. When the same phosphorus rate
was examined in respect to various varieties, it was observed that
variety Galadima produced significantly heavier dry matter at
control. It was followed by VC 2768BA, VC 1178A and VC 1973A.
Variety VC 2778A produced the 1lowest dry matter, but was
statistically at par with VC1178A and VC 1973A. At 25kgP/ha,
varlety Galadima produced significantly higher dry matter than
other varieties which were statistically similar. At S0kgP/ha,
variety VC 2778A produced the least total dry matter, while
Galadima produced higher dry matter than other varieties which were
at par.

Density x phosphorus interactions showed that, when each
phosphorus rate was examined at varying densities; there was no

significant differences in dry matter when density was increase at
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control. However, at 25 and 50kgP/ha, increasing density from
200,000 to 400,000 plants/ha did not affect the dry matter. While
further increase in density to 600,000 plants/ha resulted in
significant reduction in dry matter production. When the same
density was examined at varying phosphorus rates; there was a
significant increase in total dry matter as the phosphorus rate was
increased from 0 to 50kgP/ha at all densities,

4.21 Total dry matter (g/plant), 1995.

Mean total dry matter (g/plant} as affected by variety, plant
density and phosphorus rate during the 1995 rainy season is
presented in Table 21.

The differences due to variety was not significant at 3 and 12
WAS, but significant at 6 and 9 WAS. variety VC 2778AR and VC 1373A
produced significantly lower dry matter at 6 WAS than other
varieties which were statistically at par. At 9 WAS, variety
Galadima produced the highest dry matter but was statistically at
par with those of varieties VC 2768A, VC 1178A and VC 1973A.
Variety VC 2778A produced the lowest dry matter but was
statistically at par with VC 1973A.

The differences due to plant density was not significant at
all the sampling periods.

Phosphorus significantly (P> 0.01) affected the total dry
matter at all the four sampling stages. Dry matter was ohserved to
increase with increasing phosphorus level from 0 to 25 and 25 to

50kgP/ha at each sampling period.
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Table 21: Total dry matter (g/plant) as affectgd py variety,
plant density and phosphorus levels in 1995 at samaru.

Treatments 3 WAS 6 WAS 9 WAS 12 WAS
Variety

Galadima 0.483 6.87a 22.56a 33.28
yC 2768A 0.464 6.85a 21.9%a 33.22
vC 1178A 0.442 6.70a 22.08a 33.05
vC 2778A 0.352 5.10b 19.95b 32.33
vC 1973A 0.412 5.24b 21.27ab 32.70
SE * 0.035 0.18 0,38 0.42
significance NS * * NS
Density (plants/ha)

200,000 0.457 5.68 21.51 32.86
400,000 0.422 5.62 2178 33.07
600,000 0.417 5,47 21.39 32.82
SE # 0.027 0.15 0.30 0.33
significance NS NS NS NS
Phesphorus (kgP/ha)

0 0.304c 4.75cC 14.49cC 30.29C
25 0.415b 5.45b 20.70b 32.58b
50 n0.577a 6.57a 29.49a 35.88a
SE * 0.020 0.08 021 0.24
significance * % * * * k * *
Interaction
VD NS NS NS NS
VP NS NS NS NS
DP NS NS NS NS
VDP NS NS NS NS

Means in a column of any set of treatments followed by different

letter(s) are significantly dif

ferent at 5%

level using DMRT .
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None of the orders of interaction was significant.

4.22 Relative growth rate (R.G.R), 1993,

Mean relative growth rate (g/g/wk) as influenced by variety,
plant density and phosphorus levels during the 1993 rainy season is
shown in Table 22.

The difference due to variety was highly significant at 6 WAS,
non-significant at 2 WAS and significant at 12 WAS. A significantly
higher RGR was ocbhserved on variety Galadima than vC 27782 and
VC 2768A at 6 WAS. At 12 WAS varieties Galadiwa and VC 2768A have
higher RGR thén Ve 11782 which in turn was similar to VvC 2778A and
VC 1973A.

The difference due to density was significant at 6 and 12 WAS;
and non-significant at 9 WAS. Relative growth rate decreased with
increasing density from 200,000 to 400,000 plants/ha at & WAS but
further increased in density to 600,000 plants/ha did not affect
the RGR significantly. At 12 WAS, sowing at 400,000 plants/ha gave
higher RGR than 600,000 plants/ha which in turn was similar to
200,000 plants/ha.

The difference due to phosphorus was non-significant at 3 and
9 WAS and highly significant at 12 WAS. A significant increase in
RGR was observed with each increment in phosphorus level from 0 to
50kgP/ha at 12 WAS.

None of the first or second order of interaction were found to
be significant.

4.22 Relative growth rate {RGR), 1994.

The effect of variety, plant density and phosphorus levels on
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Table 22: Relative growth rate(g/g/wk) as affected by variety,
plant density and phosphorus levels in 1993 at Samaru.

Treatments : 6 WAS 9 WAS 12 WAS
variety

Galadima 1.19a 0.30 0.17a

yCc 2768A 1.07b 0.34 0.17a

vC 1178BA 1.12ab 0.32 0.1l4b

vCc 2778A 1.09b 0.33 0.15ab
vC 1973A 1.15ab [ 8L 0.16ab
SE + 0.023 0.025 0.006

significance * NS *

Density (Plagtszng]

200,000 1.22a 0.34 0.16ab
400,000 1.06b O 32 0.17a
500,000 1.09b 0.28 0.158b
SE + 0.018 0.019 0.004
significance * NS *
Phosphorus P/ha

0 1.13 .« 30 0.15¢C
25 1523 0.31 0.16b
50 213 0.31 0.17a
SE + 0.012 0.09 0,003
significance NS NS * *
Interaction
VD NS NS NS
VP NS NS NS
DP NS NS NS
vVDP NS NS NS

Means in a column of any set of treatments followed by different

letter (s) are 51gnificantly different at 5% level using DMRT.
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Table 23: Relative growth rate(g/g/wk) as affected by variety,

plant density and phosphorus levels in 1994 at Samaru.
Treatments 6 WAS 9 WAS 12 WAS
variet
Galadima 0.734a 0.42a 0.42a
vC 2768A 0.706ab nD.42a 0.33bcC
vC 1178A 0.671bc 0.36ab 0.32bc
yC 2778A 0.645C 0.35b 0.27c
vC 1973A 0.665C 0.36ab 0.31bcC
SE £ 0.011 0.020 0.020
significance * * *

Density IPlants[ha)

200,000 0.634b 0.35b 0.29b
400,000 0.707a 0.36b 0.32b
600,000 0.712a 0.43a 0.38a
SE + 0.008 0.020 0.020
significance * k » *

phosphorus {kgP{ha)

0 0.676b 0.35b 0.29b
25 0.682b 0.238b G.31b
50 0.6%4a D.42a 0.3%a
SE + 0.003 0.010 0.020
significance * * *
Interaction
vD NS NS NS
VP NS NS NS
DP NS NS NS
vVDP NS NS NS

ollowed by different

Means in a column of any set of treatments f
letter (s) are significantly different at 5% level using DMRT.
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relative growth rate (g/g/wk) during the 1994 rainy season is shown

in Table 23.

Difference due to variety was significant at all sampling
periods. Galadima had higher RGR at 6 WAS than all other varieties
except VC 2778A. Similarly variety VC 2768A also resulted in higher
RGR than all other varieties except VC 1178A. The differences among
varieties VC 1178A,VC 1973A and VC 2778A were similar statistically
At 9 WAS, variety VC 2778A had significantly lower RGR than
Galadima and VC 2768A. While at 12 WAS varieties Galadima produced
the highest RGR. The other varieties have similar RGR.

Plant density was observed to have highly significant effect
on RGR at 6 WAS and significant effect at 9 and 12 WAS. Increased
RGR was observed with every increment in density from 200,000 to
400,000 plants/ha at 6 WAS. Further increase in density to 600,000
plants/ha did not affect the RGR. While at 9 and 12 WAS, RGR was
not affected at the 1initial density of 200,000 and 400,000
plants/ha. Further increase in density from 400,000 to 600,000
plants/ha increased the RGR.

The difference due to phosphorus was significant at all
sampling period; where increase in phosphorus from ¢ to 25kgP/ha
did not affect the RGR, but further increase to 50kgP/ha increased
the RGR significantly.

None of the first or second order of interactions was
significant.

4.24 Relative growth rate (RGR), 1995.

The effect of variety, plant density and phosphorus levels on



Table 24: Relative growth rate(d/9
plant density and phosphoru
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Jwk) as affecte
s levels in

Treatments 6 WAS 9 WAS
yariety

Galadima 0.60 0.44a
yC 2768A 0.54 0.37ab
vCc 1178A 0.63 0.37ab
vC 2778A 0.58 0.28b
vC 1973A 0.62 0.31b
SE + 0.028 0.029
significance NS *
Density (plants/ha)

200,000 0.57 0.35
400,000 0.61 0.36
600,000 0.61 0.34
SE + 0.021 0.024
significance NS NS
Phosphorus (kgP/ha)

0 ' 0.58 0.34
25 0. 59 0.36
50 0.61 0.36
SE + 0.014 0.019
significance NS NS
;gte;action
vD NS NS
VP NS NS
DpP NS NS
VDP NS NS

d by variety,
1995 at Samaru.

12 WAS

e ——

0.35a

0.31ab

0.32ab

0.29b

0.31ab

0.013

0.29b

0.31b

0.35a

0.010

L

NS
NS
NS
NS

Means in a column of any set ©

letter(s) are significantly differen

f treatments
t at 5

followed by different
s level using DMRT.
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Relative growth rate (g/g/wk) during 1995 rainy season 1s shown in

Table 24.

Difference due to variety was not significant at 6 WAS, highly
significant at 9 WAS and significant at 12 WAS. Variety Galadima
had higher RGR at 9 WAS than VC 1%73A and VC 2778A. The RGR of
other varieties were similar. At 12 WAS, variety Galadima had
higher RGR than VC 2778A. The differences among the RGR of other
varieties were not significant.

The differences in RGR due to plant density was significant
only at 12 WAS. No difference was observed when density was
increased from 200,000 to 400,000 plants/ha at 12 WAS, a further
increase in density to 600,000 plants/ha, however sighificantly
increased the RGR.

The difference due to phosphorus was not significant at all
sampling periods.

None of the first or second order of interactions was
significant.

2.25 Net assimilation rate {(NAR), 1993.

Mean net assimilation rate (g/cm’/wk) as influenced by variety
plant density and phosphorus levels during the 1993 rainy season is
presented in Table 25.

Difference due to variety was significant only at 12 WAS.
Variety Galadima had higher NAR than VC 2778A and VC 1973A. The
differences among the other varieties were statistically at par,

The difference due to plant density was significant at all the

four sampling periods. At 6 WAS, increasing the density either from
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Treatments

Table 25: Net assimilation rate (g/em/w
plant density and phosphorus
6 WAS
variety
Galadima 0.0100
JC 2768A 0.0083
vC 1178A 0.0087
ye 2778A 0.0095
vC 1973A 0.Q102
SE + 0.0006
gignificance NS
Density {Plants[ha)
200,000 0.0082b
400,000 0.0096ab
600,000 0.0102a
SE + 0.0005
significance *
Phosphorus (kgP/ha)

0 0.0083cC
25 0.0093b
50 0.,0104a
SE % 0.0003
significance ' % %
Interaction
vD NS
VP NS
Dp NS
VDP NS

followed DY different

k) as af
levels 1

9 WAS

0.0062
0.0065
0.0061
0.0054
0.0063
0.0004

NS

0.0051b
0.0063a
0.006%a
D.0003

*

0.0050¢C
0.0059b
0.0074a
0.0002

K

N5
NS
NS
NS

Means in a column of any set of treatments

letter(s) are significantly different at 5

% level usin

fected by variety,
n 1993 at Samaru.

orus leve’s =~ o ————

12 WAS

0.0060a
0.0053b
0.0057ab
0.005%ak
0.0053b
0.0002

*

0.0053b
0.0054b
0.0062a

0.0002

0.0042C
0.005%b
0.0072a
0.0001

&k

NS
NS
NS
NS

d DMRT.
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200,000 to 400,000 or 400,000 to 600,000 plants/ha did not
significantly affect NAR; however, green gram sown at 600,000
plants/ha gave the highest NAR. While at 9 WAS, NAR was increased
when the density was increase from 200,000 to 400,000 plants/ha,
but further increase in density to 600,000 plants/ha did not have
any significant effect on NAR. At 12 WAS, increasing density from
200,000 to 400,000 plants/ha did not have significant effect on
NAR. Further increase in density to 600,000 plant/ha increased the
NAR.

The difference due to phosphorus was highly significant at all
the sampling periods considered. Each increment in phosphorus rates
from 0 to 25 and 25 to 50kgP/ha significantly increased the NAR.

Both the first and second order of interacticns were not
significant.

4.26 Net assimilation rate (NAR), 1994.

The effect of variety, Plant density and phosphorus levels on
Net assimilation rate (g/cm’/wk) during 1994 rainy season is shown
in Table 26.

The effect of variety on NAR was significant at the three
sampling periods. Variety Galadima had higher NAR than other
varieties, except VC 2768A and VC 1178A at 6 WAS. They were
followed by variety VC 1973A which was also significantly higher
than VC 2778A. While at 9 WAS, variety VC 2778A had lower NAR than
other varieties except VC 1973A., At 12 WAS, variety Galadima had
higher NAR than other varieties except VC 2768A.

The difference in NAR due to plant density was significant at



Table 26: Net assimilation
plant density an
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rate (g/cm’/wk) as a
d phosphorus levels

ffected by variety,
in 1994 at Samaru.

Treatments 6 WAS g WAS 12 WAS
;;}iety

Galadima 0.0135a 0.0069a 0.0059%a
yC 2768A n.0109ab 0.0069a 0.0058ab
vC 1178A 0.0116ab 0.0067a 0.0054b
vCc 2778A 0.0077c 0.0048b 0.0049b
vC 1973A 0.0090b 0.0061ab 0.0049b
SE * 0.0009 0.0004 0.,0002
significance * * *
pensity {Plgnts[ha]

200,000 0.0098 0.0054b 0.0052
400,000 0.0108 0.0059ab 0.0053
600,000 0.0110 0.0069a 0.0056
SE * 0.0004 0,0003 0.0002
significance NS * NS
Phosphorus (kgP/ha)

0 0.0096b 0.0067b 0.0052b
25 0.0107a 0.0068b 0.0053ab
50 0.0113a 0.0084a 0.0056a
SE * 0.0003 0.0002 0.0001
significance * * *
Interaction
vD NS NS NS
vP NS NS NS
DP NS NS NS
VDP NS NS NS

Means in a column of any set
letter(s) are significantly

of treatments f

ollowed by different
different at 5% level using DMRT.
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9 WAS only. Increasing density either from 206,000 to 480,600 or
400,000 to 600,000 plants/ha did not affect the NAR; however, plant
sown at 600,000 plants/ha had the highest NAR.

The effect of phosphorus was highly significant at the three
sampling periods. At 6 WAS, increasing the rate of phosphorus
application from either 0 to 25 or 25 to 50kgP/ha significantly
increased the NAR. While at 9 WAS application of phosphorus to the
tune of 25kgP/ha did not affect the NAR, but further increase in
phosphorus to 50kgPs/ha increased the NAR. At 12 WAS, increasing
phosphorus rate either from 0 to 25 or 25 to S0kgP/ha did not
significantly affect the NAR, but application of 50kgP/ha gave
higher NAR than control.

None of the interactions was significant.

4.27 Net assimilation rate (NAR), 199S5.

Mean net assimilation rate (g/cm’/wk) as influenced by variety,

plant density and phosphorus levels during 1995 rainy season is
presented in Table 27.

Difference due to variety was significant only at 9 and 12
WAS. Variety VC 2768A had higher NAR at % WAS than VC 2778A. The
differences among the other varieties were at par. At 12 WAS,
varieties Galadima and VC 2778A had significantly lower NAR than
other varieties which were statistically at par.

The difference due to plant density was only significant at 12
WAS. Net assimilation rate was increased with each increment in
density from 200,000 to 600,000 plants/ha.

The difference due to phosphorus was not significant.
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Table 27: Net assimilation rate (q/cnﬁ/wk) as affected by variety,
density and phosphorus levels in 1995 at Samaru.
Treatments : 6 WAS 9 WAS 12 WAS

variet

Galadima 0.0018 0.0019ab p.0003b
yC 2768A 0.0017 0.0023a 0.0004a
vC 1178A 0.0020 0.0019ab 0.0004a
vCc 2778A 0.0014 0.0016b 0.0003b
vC 1973A 0.0020 0.0018ab 0.0004a
SE * 0.0008 0.0002 0D.00003
significance NS * *

Density {Plants{ha]

200,000 0p.0019 0.0020 0.0003C
400,000 0.0019 00,0019 0.0004b
600,000 0.0019 0.0018 0.0005a
SE * 0.0006 0.0001 0.00003
significance NS NS * K

Phosphorus (kgP[ha]

0 0.0018 0.0018 p.0004
P 0.0018 0.0019 0.0004
50 0.0021 0.0020 0.0004
SE * 0.0003 0.0001 0.00002
significance NS NS NS
Interaction
vD NS NS NS
VP NS NS NS
DP NS NS NS
vDP NS NS NS

Means in a column of any set of treatments followed by dif ferent
letter (s) are siqnificantly different at 5% level using DMRT.
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None of the interactions was significant.

4,28 bays te 50% flowering, 1993,

Mean number of days to 50% flowering of green gram as affected
by variety, plant density and phosphorus levels during 1993 rainy
season is shown in Table 28.

The differences due to variety and phosphorus were highly
significant and that due to plant density was significant,

Variety Galadima took significantly longer days to reach 50%
flowering than other varieties. It was followed by VC 19734, VC
2778A, VC 1178A and VC 2768A in that order. |

Increasing density from 200,000 to 400,000 plants/ha reduced
the number of days to attainment of 50% flowering. However, further
increase in density did not affect days to 50% flowering.

Application of phosphorus up to 50kgP/ha reduced the days to
50% flowering.

Nene of the interactions was significant.

4.29 Days to 50 percent fleowering, 1994,

Mean number of days to 50% flowering as affected by variety,
plant density and phosphorus levels during 1994 rainy season is
presented in Table 28.

Analysis of data revealed that mnean differences due to
variety, plant density and phosphorus were all highly significant.

As in 1993, variety Galadima took longer days to reach 50%
flowering. It was followed by varieties VC 1973A and VC 2778A 1in
that order. Varieties VC 2768A and VC 1178A took the shortest days

to reach %0% flowering.



Table 28: Day to 50 pe
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rcent flowering

as affected by variety, plant

density and phosphorus levels during 1993 = 95 at Samaru.
Treatments 1993 1994 1995
variety
Galadima 39,15a 43.07a 46.48a
vC 2768A 34.04e 37.104d 40.22b
vC 1178A 34.82d 37.61d 40,26b
vC 2778BA 35.67¢C 38.52C 40.85Db
vC 1273A 36.93b 39,15b 40.93b
SE * 0.16 0.17 0.23
Ssignificance * K * ok *
Densit plants/ha
200,000 36.53a 37.99%a 41.73
400,000 36.07b 37.15b 41.89
600,000 35.76b 36.48cC 41,62
8 £ 0.13 .13 0.17
significance * * & NS
Phosphorus tkgP/ha)

0 37.56a 39.44a 42.99a
25 35.96b 37.40b 41.58b
50 34.84c 35.89c¢C 40.69C
SE + 0.05 0.06 0.14
significance * % *k * ok
Interaction
vD NS NS NS
VP NS NS NS
DP NS NS NS
VDP NS NS NS

Means in a column of any set of treatm
letter(s) are significantly different

ents followed by different
at 5% level using DMRT.
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Days to 50% flowering decreased with each reduction in density
from 600,000 to 200,000 plants/ha.

Significant reduction in days to 50% flowering was cobserved
with each increment in phosphorus rates from 0 to 25 and 25 to
50KgP/ha.

None of the first or second order of interaction was
significant.

4.30 Days_to 50 percent flowering, 1995,

Mean number of days to 50% flowering of green gram as affected
by variety, plant density and phosphorus levels during 1995 rainy
season is shown in Table 2BR.

The data showed that the differences due to wvariety and
phosphorus were highly significant, however the difference due to
plant density was not significant,

As in the other two seasons, variety Galadima took
significntly longer periods to reach 50% flowering than other
varieties which were statistically at par,

Significant reduction in days to 50% flowering was observed
with each increment in phosphorus rate frem 0 to 50kgP/ha.

None of the first or second order of interaction were
significant.

4,31 Pod length, 1993,

Mean pod length (cm) as affected by variety, plant density and
phosphorus levels during 1993 rainy season is presented in
Table 29,

The data showed that differences in means due to variety and



Table 29: pod length (cm) as affected by

90

phosphorus levels during 1

variety, plant density and

- 95 at Samaru.

-

Treatments 1993 1994 1985
variety

Galadima 8.81a 8.79 9.21a
vC 2768A g8.03cC 8.99 8.44cC
vC 1178A g.64ab 8.98 9,.05ab
vC 2778A g8.77a 9.00 9.00ab
vC 1973A 8.53b 8.95 8.94b
SE % 0.07 0.08 0. 12
significance * NS * %
pensit nt

200,000 B.63 9.12a 9,02
400,000 8.54 g8.99%a 8.97
600,000 8.50 8.73b 8.80
SE * 0.06 0.06 0.10
significance NS * NS
phosphorus (kgP/ha)

0 7.44c 8.09cC 8.45cC
25 8.60b 9.02b 8.94b
50 9.63a a.,72a 9.40a
SE * 0.03 0.04 0.05
significance ** * * * %
Interaction
VD NS NS NS
VP NS NS NS
DP NS NS NS
vDP NS NS NS

Means in a column of any set
letter (s) are significantly

of treatment
different at

s followed by dif ferent
5% level using DMRT.
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phosphorus were significant at 5% and 1% level respectively;
while that due to plant density was not significant.

Varisties Galadima and VC 2778A produced the longest pod, but
were statistically at par with variety VC 1178A. There were no
significant difference in length of pods cf varieties VC 1178A and
VC 1973A, but these two produced longer pods than VC 27684,

Pod lengﬁh increased with each increment in phosphorus rates

from D to 50kgP/ha.

None of the interactions was significant.

4.32 Pod length, 1994.

The effect of variety, plant density and phosphorus levels on
pod length (cm) during the 1294 rainy season is shown in Table 29.

Analysis of the data revealed that difference in means due to
variety was not significant, however those due to plant density and
phosphorus were significant at % and 1% levels respectively.

Increasing plant density from 200,000 to 400,000 plants/ha did
not significantly affect pod length, but further increase in
density toc 600,000 plants/ha significantly reduced the length of
pods.

The highest level of phosphorus (50kgP/ha) resulted in longer
pods than other two levels. It was followed by 25KkgP/ha and control
in that order.

{ Both the first and second order of interactions were not
significant.

4.33 Pod length, 1995.

Mean pod length as affected by varilety, plant density and
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phosphorus levels during 1995 rainy season is presented in Table
29.

Analysed data revealed that differences In means due to
variety and phosphorus were highly significant at 1% level. While
difference due to plant density was not significant.

Variety Galadima produced longer pods than other varieties
except VC 1178A and VC 2778A., The difference between the length of
pods of varieties VC 19%72A, VC 1178A and VC 2778A were not
significant. Variety VC 2768A produced the shortest pods.

Pod length increased significantly with each increment in
posphorus from 0 to 25 and 25 to 50kgP/ha.

None of the order of interactions was significant.

4.34 Pod Width, 1993.

Mean pod width (em) of green gram as influenced by variety,
plant density and phosphorus levels during 1993 rainy season is
shown in Table 30Q.

The data revealed that the mean differences in pod width due
to variety and plant density were significant at 5% and the
difference dug to phosphorus was significant at 1 % level.

varieties fall into two non-significant groups of Galadima ~VC
2768A -VC 1178A - VC 2778h and VQ 1178A - VC 2778A ~ VC 1973A. The
differences within the groups were not significant, however variety
Galadima and VC 2768A produced wider pods than VC 1973A.

Increasing plant density from 200,000 to 400,000 plants/ha did
not have any effect on pod width; further increase in density to

600,000 plants/ha resulted in significant reduction in pod width.
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Table 30: Pod width (cm) as affected by variety, plant density and
phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
Variety
Galadima 0.53a 0.51b 0.47c
VC 2768A 0.53a i1.22a 0.55a
vC 1178A 0.52ab 0.50b 0.53ab
VC 2778A 0.52ab 0.57b D.54ab
VC 1973A 0.50b 0.55b 0.51b
SE * 0.006 0.10 0.11
Significance * * *
Density (Plants/ha)

200,000 0.53a 0.91a 0.53
400,000 0.52a 0.56b 0,93
600,000 0.50b 0.55b 0.50
SE + 0.004 0.08 0.009
Significance * * ok NS
Phosphorus (kgP/ha

0 0.43¢c 0.56¢C 0.49%c
25 0.52b 0.68b 0.52b
50 0.60a 0.77a 0.55a
SE * 0.003 0.01 0.05
Significance *k * ok %k
Interaction
VD NS NS NS
VP NS NS NS
DP NS NS NS
VDP NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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Significant increased in pod width was observed with each increment
in phosphorus rates from 0 to 25 and 25 to 50kgP/ha.
A1l the interactions were not significant.

4.35 Ped width 1994.

Mean pod width (cm) of green gram as affected by variety,
density and phosphorus during 1994 rainy season 1s shown in Table

30.
Analysed data revealed that, the mean difference due to

variety was significant at 5% level. While the differences due to
density and phosphorus were significant at 1% level.

Among the varieties, VC 2768A had significantly wider pods,
than other varieties which had similar pod width.

Pod width was observed to decreased with every increase in
density from 200,000 to 400,000 plants/ha. Further increase in
density from 400,000 to 660,000 did not significantly decreased the
ped width.

Increase 1in pod width was observed with each increased
phosphorus rate.

All the interactions were not significant.

4.26 Pod width, 1995,

Mean pod width {(cm} of green gram as influenced by variety,
plant density and phosphorus during 1995 rainy season is shown in
Table 30.

Differences due to variety and phosphorus were highly
significant, while difference due ¢to plant density was not
significant.

Variety VC 2778A had greater width, but was statistically at
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par width VC 1178A and VC 2778A. The differences between the pod
width of varieties VC 1973A, VC 2778A and VC 1178A were not
significant. Variety Galadima had the lowest pod width.
Significant increase in pod width was observed with each
increment in phosphorus rates from 0 to 25 and 25 to 50kgP/ha.
21ll the interaction were not significant.

4.37 Number of Pods per Plant, 1993.

Mean number of pods per plant as influenced by variety, Plant
density and phosphorus levels during 1993 rainy season is shown in
Table 31.

Analysed data revealed that differences in means of pod
number/plant due to variety and density were significant. While
difference due to phosphorus was highly significant.

Number of pods per plant of Galadima was found to be higher
than VC 2778A. The differences among the other varieties were
similar.

Number of pods per plant was observed teo decreased with
increasing density from 200,000 to 400,000 plants/ha. Further
increase in density from 400,000 to 600,000 plants/ha did not
significantly affect the pocds per plant,

Increased number of pods was observed with every increase in
phosphorus rate from 0 to 50kgP/ha.

Interaction between variety and density was significantly at
5% level (Takle 3la). At the density of 200,000 and 400,000
plants/ha differences in number of pods/plant were not affected by

varieties. However at 600,000 plants/ha VC 1178A produced higher
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Table 31: Number of Pods per plant as affected by variety, Plant
density and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
Variety

Galadima 28.70a 26.74a 34.04a
VC 276G8A 28.67ab 24.70a 31.00ab
VC 1178A 28.67ab 22.07b 26.78bc
vC 277BA 26:11b 21.11b 25.78bc
VC 1973A 27.25ab 22.33b 22.56¢C
SE + 0.80 0.56 1.88
Significance * * & %
Density (Plants/ha)

200,000 29.16a 27.16a 29.87
400,000 27.76b 23.04b 27.02
600,000 27.23b 19.73c 27.20
SE + 0.62 0.51 1.43
Significance * * x NS
Phosphorus (kgP/ha)

0 21.84c 17.22¢ 20.31c
A 28.04b 21.98b 28.78Db
50 33.75a 30.98a 35.00a
SE * 0.18 0.26 0.67
Significance * ok *k * %
Interaction
VD * * NS
vP * * NS
bP * * & NS
VDP NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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pods number than Galadima. The differences among the other
varieties were statistically at par. When the same variety was
examined at varyingdensities, number of pods of Galadima and VC
1178A were not affected. In the case of VC 2778A and VC 19734,
higher number of pods were produced at 200,000 plants/ha when
compared to 600,000 plants/ha., Variety VC 276832 produced
significantly higher number of pods at 200,000 plants/ha; however
the number of pods produced at the other two densities were
similar.

The interaction between variety and phosphorus was significant
at 5% level (Table 3la). When the same variety was considered in
relation to various phosphorus rates; there was a significant
increase in pumber of pods with each increment in phosphorus rate
for ail the varieties. When the same phosphorus rate was examined
with respect to various varieties; at control, all the varieties
have similar number of pods. At 25KgP/ha, variety vC 2778& and VC
1973A produced higher number of pods than Galadima. The differences
among other varieties were similar statistically. However at
50kgP/ha, wvariety VC 1178A produced higher number of pods than
other varieties except VC 2778A. Variety Galadima produced lower
pod number than other varieties except VC 2768A and VC 1973A.

The interaction between density and phosphorus was significant
at 5% level (Table 3la}). At each density, increasing phosphorus
rates increased the number of pods. At the same phosphorus level,
there was sigﬁificantly higher number of peod at 200,000 plants/ha

when compared with 600,000 plants/ha at contrel and 50KkgP/ha.
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Table 3la: Interaction between variety x density, variety x phosphorus and
density x phosphorus during 1993 and 1994 for number of pods per

plant.
Year Density (Plants/ha} Phosphorus (kgP/ha)
Variety 200,000 400,000 600,000 0_ 25 S0
1993 .
Galadima 28.00a-d 26.44bcd 23.89d 20.56g 25.22e¢ 32.%6¢c
VC 276BA 30.89%a 26.67bcd 24.22¢ 22.11fF 26.11de 33.56bc
vCc 117BA 29.33ab 29.33ab 28.78abc 26.44de 26.44de 3B8.00a
Ve 2778A 32.33a 28.56abc 25.11bed 28.784d 28.78d 35.44ab
ve 1973A 32.00a 28.67abc 25.44kbcd 28.67d 28.67d 34.22bc
SE *+ 1.38 0.86
Phosphorus
(kgP/ha)
0 23,33d 21.60de 20.8B0e
25 27.67¢c 26.87c 26.60c
S0 35.73a 35.07ab 33.47p
SE * 0.86
Variety
1994
Galadima 33.11a 24.78Bc 22.33cde 20.00def 25.44c 34.7Ba
VC 2768A 29.22b 28.00b 16.89fg 16.89fg 21.67de 35.56a
VC 1178A 34.67a 16.78fg 14.78g 18.8%e 21.00def 26.33c
Ve 2778BA 23.22cd 21.22cde 18.89%ef 15.33g 20.22def 27.73bc
vC 1973A 23.89cd 22.67cde 20. 44def 15.00q 21.56de 30.44b
SE + 1.14 0.81
Phosphorus
(kgP/ha)
0 20.40d 17.33e 13.93f
25 25.860c 21.13d 19.20de
50 35.47%a 30.67b 26.80c
SE + 0.63

Means in a column of any set of treatments followed by different letter(s) are
significantly different at 5% level using DMRT.
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However at 25kgP/ha, the differences were not significant
statistically.

4.38 Number of Pods per plant, 1994.

Mean number of pods per plant as affected by variety, plant
density and phosphorus levels during 1994 rainy season is presented

in Table 31.

Analysis of the data showed that all the factors in the trial
had significant (1% level) effect on number of pods per plant.

Variety Galadima and VC 2768A produced higher number of pods
than other varieties which were statistically similar.

There was a progressive decrease in number of pods as density
was increased either from 200,000 to 400,000 or 400,000 to 600,000
plants/ha.

Application of phosphorus was ¢bserved to increased the number
of pods per plant.

The interaction between variety and density was observed to be
significant (Table 3la). At the same density when dgreen gram
varieties were examined, a differential response of varieties was
found with varying density levels. At 200,000 plants/ha, variety
Galadima and VC 1178A produced higher number of pods than other
varieties. They were followed by VC 2768A. The remaining two
varieties had similar pod number. At 400,000 plants/ha, variety
VC 2778A produced higher pods than other varieties. It was followed
by Galadima which produced higher pods than VC 1178A. At 600,000
plants/ha, variety VC 1178A produced lower number of pods than all

other varleties except VC 2768A. When each variety was examined at
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varying desities, number of pods was reduced with increasing
density from 200,000 to 400,000 plants/ha for varieties VC 11782
and Galadima. In the case of VC 2768A, increasing the density from
200,000 to 400,000 plants/ha did not affect the number of pods, but
further increased density to 600,000 plants/ha resulted in a
significant reduction of pods. Increasing density either from
200,000 to 400,000 or 400,000 te 600,000 plants/ha did not affect
the ped number produced by variety VC 2778A. In the case of VC
17734, there was no difference in number of pods.

Interaction between variety and phosphorus was significant
{Takle Jla}. When the same variety was eg¢xamined in relation to
various phosphorus rates, there was a significant increase in
number of pods with each increment in phosphorus rates for all the
varieties. When the same phosphorus rate was examined with respect
to different varieties; at control, variety VC 11782 produced
higher pods than other varieties except Galadima. The other
varieties produced similar ped number. When 25KkgP/ha was applieq,
variety Galadima praduced higher number of pods than other
varieties which were at par. While at 50kgP/ha variety VC 2768A
produced higher number of pods than others except Galadima, which
was followed by varieties VvC 1973A and VC 2772A which inturn were
higher than V¢ 1178A.

The interaction between density and phosphorus (Table 31la) was
significant. At each density, increased number of pod was observed
with every increase in phosphorus rate at all densities. At thr

same phosphorus rate, when compared at varying densities, th



101
number of pods decreased with lincrease density from 200,000 to
600,000 plants/ha at contrcl and 50kgP/ha. At 25kgP/ha increase in
density from 200,000 to 400,000 plants/ha reduced the pod number,
further increase in density to 600,000 plants/ha did not affect the
pod number pex plant.

4.3%9 Number of Pods per plant 1995,

Mean number of pods per plant as influenced by variety, plant
density and phosphorus levels during 1995 rainy season is shown in
Table 31.

Analysed data revealed that differences in means due to
variety was significant at 5% level; while difference due to plant
density was not significant. However difference due to phosphorus
was significant.

The number of peod per plant produced by variety Galadima was
higher than all other varieties except VC 2768A which also produced
higher number of pods than VC 1973A.

Increased humber of pods was observed with every increase in
phosphorus level from O to 25 and 25 to 50kgP/ha.

Nene of the interaction was significant.

4.40 Number of seeds per Pod, 1993.

The influence of variety, plant density and phosphorus levels
on number of seeds per pod during the 1993 rainy season |is
presented in Table 32.

The mean number of seed was significantly effected by
varieties and plant density, and highly significantly effected by

phosphorus rate.
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Table 32: Number of seeds per pod as affected by variety, plant
density and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
vVariety

Galadima 9.11la 9.,04c 9,52
vC 2768A g.1lla 9.48b 9.07
vC 1178A 8.56b g.8%a 9.22
yCc 2778A 9,26a 9.48b 9.37
yCc 1973A 9.04a 9.59ab 9.48
SE + s 0 0.11 0437
Significance * * NS

Density (Plants/ha)

200,000 9,29%a 9.53a .31
400,000 9.00b 9.53a 9.61
600,000 g.96b a.22b 9,02
!

SE + 0.09 0.09 0.29
significance * * NS
Phosphoru h

0 £.07c 8.3Y¢ 7.98cC
25 9,00b 9.51b g,.38b
S0 9.98a 10.67a 10.64a
SE + 0.06 0.04 0.17
significance * ok * & *
Interaction
vD NS NS NS
VP NS NS NS
DF NS NS NS
vDP NS NS NS

Means in a column of any set of treatments followed by different

.

letter(s) are significantly different at 5% level using DMRT.
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order of interactions was siqnificant.

None of the



104

Table 33: Number of seeds per plant as affected by variety, plant
density and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
variety

Galadima 195.1b 227.3a 324.1la
vC 2768A 196.6b 220.4a 281.2ab
vC 1178A ’ 197.3b 205.5ab  246.9ab
vC 2778A 196.7b 187.6b 241.6b
ve 1973A 201.5a 195.9b 213.9b
SE + 0.70 ¥ 22 25.8
significance * * *

Density (Plants/ha)

200,000 199.3a 244.9a 278.1
400,000 196.8b 202.5b 259.7
600,000 198.2b 174 .6C 245.3
SE + 0.54 5.56 20.33
significance * ok NS

Phosphorus (kgP/ha)

0 191.0c 137.7¢€ 162.1c
25 197.1b 193.1b 270.0b
50 204.2a 291.1a 372.4a
SE * 0.22 2.82 10.43
significance * ok * * %
Interaction
vD * * NS
VP * * NS
DP * * % NS
vDP NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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4.42 Number of seeds per pod, 1%85.

The effect of variety, plant density and phosphorus levels on
number of seeds per pod during 1995 rainy season is shown in
Tahle 32.

Differences due to variety and plant density were not
significant; while that due to phosphorus was highly significant.

Each increment in level of phosphorus resulted in significant
increase in number of seeds per pod.

None of the interactions was significant.

4.43 Kumber of seeds per Plant, 1993.

Mean of variety, plant density and phosphorus levels as they
affect number of seeds per plant is presented in Table 33.

Variety and plant density had significant effect on number of
seeds, while phosphorus had highly significant effect.

Variety VvC 19734 had statistically higher number of seeds than
other varieties which were similar.

Number of seeds per plant decreased with increase in density
from 200,000 to 400,000 plants/ha. However, when the density was
further increaged to 600,000 plants/ha, no significance difference
was observed.

Application of phosphorus significantly increased the number
of seeds per plant.

Variety x density interaction was significant (Table 33a).
When the same density was considered for different varieties,
variety VC 1973A had significantly higher number of seeds at

200,000 plants/ha than other varieties except VC 2778A. At 400,000



Table 33a: Interaction bet
density x phosp
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ween variety x density,
horus during 1993 and 1994

variety x phosphorus and
for number of seeds per

plant.
Year pensity (Plants/ha) Phosphorus (kgP/ha)

variety 200,000 400,000 600,000 0 25

1993
Galadima 126.9bcd 125.8efg 119.7h 120.0e 124.8d 130, 6¢c
v 2768A 128.8cde 127.1def 123.8fqg 119.7e 127.0d 133.0bc
vCc 1178BA 129.3cd 127.1def 125.1efg 120.0e 126.6d 135.4ab
Ve 2778A 131.7abc 126,.1d-g 122.2gh 119.8e 125.2d 135.0ab
vec 1973A 134.1a 133.7ab 126.8def 125.7e 132.1c 136.8a
SE #* 1.20 0.80
Phosphorus
{kgP/ha}
0 122.0e 120.7e 120.3e
25 129.2¢ 126.7d 125.5d
50 136.7a 133.5b 132.3b
SE + 0.62
variety

1994

Galadima 292.4b 211.9de 177.4ef 153.3fg 206.2de 257.0d
vC 2768BA 278.7bc 239.4cd 143.1hi 141.3gh 184.0e 335.%a
vC 1178A 337.7a 154.4ghi 124.41 151.4fqg 223.2d ap7.lab
vc 2778A 197.8def 195.7ef 169.3fgh 115.7h 178.0ef 269.1lcd
vC 1973A 200.4def 200.2def 186.9efg 126.9gh 174.2ef 286.4bc
SE = 12.4 8.82
Phosphorus
{kgP/ha)
0 170.¢6e 141.5¢% 101.1g
25 234.2d 178.8e 166.4e
50 329.8a 287.3b 256.3c
SE * 6.83

Means in a column of any se
significantly different at

t of treatments fol
51 level using DMRT.

lowed by different letter(s) are
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plants/ha, variety VC 1973A produced significant higher number of
seed than other varieties which were statistically similar. Variety
Galadima produced lower number of seeds at 600,000 plants/ha than
other varieties except VC 2778A. The means of other varleties were
statistically of par. When each variety were considered at various
densities; in varieties VC 2768A and VC 1178A the number of seed
was not affected. In the case of Galadima, increase in density
decreased the number of seeds. While increasing density from
200,000 to 400,000 plants/ha increased the number of seeds of
variety VC 2778A, further increased density did not affect the seed
number. Increasing density from 200,000 to 400,000 plants/ha had
no effect on number of seed, but further increase in density to
600,000 plants/ha significant reduced the seed number,

vVariety x phosphorus interaction was significant (Table 33aj).
Examining each variety at varying phosphorus levels revealed that
the varieties responded similarly to application of phosphorus. At
the same level of phosphorus when the varieties were examined;
variety VC 1973A produced higher seeds that all other varieties
which constituted the same significant group at control and
2%kgP/ha. At 50kgP/ha however, VC 1973A produced higher number of
seeds than VC 2768A and Galadima. VC 2778A and VC 1178A also
produced higher number of seeds than Galadima.

Density x phosphorus interaction was significant (Table 33a).
The means have showed that at the same level of phosphorus when
densities were considered; the number of seeds produced by

increasing density from 200,000 to 600,000 plants/ha at control was



108
not significant. However, at 25 and 50kgP/ha, increased density
from 200,000 to 400,000 plants/ha decrease the number of seeds per
plants, further increased in density to 600,000 plant/ha did not
affect the number of seeds. At the same density, when phosphorus
levels were examined, the mean number of seeds incireases with

increased phosphorus rate at all densities.

4.44 Number of seeds per plant, 1994.

Mean nunber of seeds per plant as affected by variety, plant

density and phosphorus levels are shown in Table 33,

Analysed data revealed that only means due to variety was
significant, the others were highly significant.

Varleties Galadima and VC 2768A had higher number of seeds
than VC 2778A and VC 1973A. Other differences were not significant.,

Number of seeds per plent decreased with increasing density
from 200,000 to 600,000 plants/ha.

Increasing phosphorus rate from 0 to 50KgP/ha increased the
number of seeds per plant significantly.

Variety x density interaction was significant at 5% level
(Takle 33a). When the same density was examined for different
varieties, 1t was observed that at 200,000 plants/ha, variety VC
1178A produced the highest number of seeds. It was follwed by
Galadima which was statistically at par with VvC 27682 and higher
than other varieties. At 400,000 plants/ha, variety VC 27684
produced the highest number of seeds, but was statistically at par
with Galadima and VC 1973A. The differences between varieties

VC1973A, VC 2778A. and Galadima were not significant. Variety
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VC 1178A produced the lowest number of seeds. However at 600,000
plants/ha, variety VC 1178A produced lower numher of seeds

than other variety except VC 2768A. The other varieties produced
statistically similar number of seeds. When the same variety was
examined at varying densities, there were no significant
differences in number of seed produced by varieties VC 2778A and VC
19734 at all densities. While increased in density from 200,000 to
400,000 plants/ha resulted in reduction of seeds of variety
Galadima and VC 1178A, further increase in density did not affect
the seed number. The number of seeds was not affected by increasing
density from 200,000 to 400,000 plants/ha for variety VvC 276824, but
further increase in density to 600,000 plants/ha decreased the seed
number significantly.

Variety x phosphorus interaction was significant at 5% level
{Table 33a). Examining each variety at varying phosphorus levels
revealed that, the number of seed increased with each increment in
phosphorus level for all varieties with the exception of CGaladima,
where increased application of phosphorus from 25 to 50kgP/ha did
not have any significant effect. At the same phosphorus level, when
the different varieties were examined; variety Galadima produced
the highest number of seeds at control, the cther differences being
no significant. While at 25kgP/ha, variety VC 1178A produced higher
number of seeds than all other varieties except Galadima. The
differences between the other varieties were no significant. At
50kgP/ha, variety VC 2768A preoduced higher number of seed than

other varieties except VC 1178A.
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Density x phosphorus interaction was significant at 1% level.
(Table 33a). The means had showed that, at the same level of
phosphorus when densities were evaluated; the number of seeds per
plant decrease with each increment in density at all phosphorus
levels, with the exception of 25kgP/ha where increased in density
from 400,000 to 600,000 plants/ha did not have any significant
effect. At the same density, when different phosphorus levels were
examined, the mean number of seeds increased with increasing

phosphorus rate for all varieties.

4.45 Number of seeds per plant, 1895,

Differences due to variety, plant density and phosphorus
levels as they affect number of seeds per plant were presented in
Takble 23.

Variety had a significant effect at 5% level, while plant
density was not significant; however the effect of phosphorus was
significant at 1% level.

Variety Galadima had higher number of seeds than VC 2778A and
VC 1973A, other differences egual.

Each increment in phosphorus level significantly increased the
number of seeds per plant.

Neone of the interactions was significant.

4.46 Pod weight per plant, 1993.

Mean pod weight (g/plant) as influenced by variety, plant
density and phosphorus levels during 1993 rainy season is shown in
Table 34.

Analysis of the data revealed that the differences in means of
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Table 34:Pod weight (g/plant) as affected by variety. plant
density and phosphorus levels during 1993 - 9% at Samaru.

variety
caladima 17.19¢ 18.23d 18.85b
yC 2768A _ 19.30a 20.04bC 21.20a
vC 1178A 18.86a 23.70a 21.82a
ve 2778A 18.42b 18.98cd 20.83a
vyec 1973A 19.32a 20.55b 20.91a
SE * 0.25 0.43 0.44
significance * * K *
pensit P ts/ha

200,000 20.07a 21.07a 20.89
400,000 19.94a 20.83a 20.73
600,000 15,85b 19.01b 20.54
SE * 0.20 0.34 0.34
significance * & * NS
Phosphorus fgquhal

0 15.42¢C 15.98C 18.98cC
25 18.18b 19.71b 20.79b
50 22.25a 25.21a 22.40a
SE * 0.11 0.16 0.18
significance * ok * ok * ok
interaction
VD * * NS
VP * * NS
D &k * NG

VDP S NS NS

P
N
Means in a column of any set of treatments followed by different
letter (s) are siqnificantly different at 5% level using DMRT.
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the pod weight due to variety was significant; whereas plant
density and phosphorus were highly significant.

Variety Galadima recorded the lowest pod weight. Variety
VC 2778A also produced lower pod weight than the rest three
varieties whose differences were not significant.

Pod weight per plant was not significantly affected by
increasing density from 200,000 to 400,000 plants/ha. However
further increased in density to 600,000 plants/ha decreased the pod
weight.

Application of phosphorus significantly increased the pod
weight per plant.

The interacticn between variety and density was significant at
5% level (Table 34a). At the same density, when varieties were
considered; it was observed that at 200,000 plants/ha, variety VC
1178A produced heavier pods than other varieties except VC 2768A
and VC 1973A. Variety Galadima had lower pod weight than other
varieties except VC 2778A. While at 400,000 plants/ha, variety VC
2768A produced the heaviest pods. Galadima recorded lower pod
weight than all other varieties except VC 2778BA. However at 600,000
plants/ha variety VC 1178A produced the lowest pod weight. When the
same variety was considered at varying densities, each increment in
density resulted in reduction in pod weight of all the varieties
with the exception of VC 2768A, where increase density from 200,000
to 400,000 plants/ha did not affect the pod weight and VC 2778A
where increase in density from 400,000 to 600,000 plants/ha did not

affect the pod weight per plant.



Table 34da:

Galadima

ve 2768A
ve 1178A
ve 2778A
ve 19733

SE *
phospho

Galadima
vo 2768A
yc 1178A
yc 2778A
yc 1973A

SE *

Ehogpho;us

(kgP/ha)
0

25
50
SE *+

Megans in a
significan

Interactio
phosphorus

tly dif ferent

n betwee
during

at 5% level using DMR

n variety
1993 and
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Density (Plants/ha}
400,00 00,000

x density,
1994 for pod we

yvariety a

nd density X
ight (g/plant)

Phosphorus (kgP/ha)
5

plant.

13.85¢cd 12.02ef 10.70fg 9.42f 11.424d 15,73b
16.36ab 16,19ab 10.35g 10.924d 14.15¢ 17.84a
17.41a 15.15bc g.,03h g.78ef 13.06¢C 18.75a
15.09bc 12 .49de 12.38de 11.24d 13.29¢ 15.72b
16.12ab 15.06bc 11.79efg 10, 75de 10.75de 18.22b
0.44 0.33
11.44d 11.22de g.61f
14.77de 14.24b 10.54e
15.36a 19.00a 13,39
0.25
18.10f-1 17.59ghi 17.01ghi 14.040 18.00f 22.66d
23.33b 20.10defg 16.681 16.209g 19.32ef 24,60bc
27.82a 22,55bcd 20.73cde 19. 34ef 22.82d 28.95a
20.22cdef 19.05efgh 17,.67ghi 14.91gh 18.11f 23.92cd
22.72bC 19.61efg 19.30efgh 15,39gh 20.30e 25.95b
e —— - ——
0.5 0.52
16.56e 16.53e 14.81f
20.49¢c 20.41c 18.23d
26.15a 25.55a 23.95b
0.40
column of any set of rreatments followed by different jetter(s) are
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The interaction beween variety and phosphorus (Table 34a) was
significant at 5% level. When the same variety was evaluated for

various phosphorus rates, there was a significant increase in pod
weight with each increment in phosphorus rates for all varieties,
when the same phosphorus level was considered for various
varieties; at control, Galadima produced lower pod weight than
others except VC 1178A. The rest of the three varieties were
statistically at par. However at 25kgP/ha, variety Galadima
produced significant lower pod weight than other varieties that
were similar. At 50kgP/ha, varieties Galadima and VC 2778A produced
significantly lower pod weight than other varieties which were
statistically at par,.

The interaction between density and phosphorus was highly
significant (Table 34a). At each density increased pod weight was
observed with every increase in phosphorus level., At the same
phosphorus level, when compared at verying densities, increase
density from 200,000 to 400,000 plants/ha did not affect the pod
weight at all levels of phosphorus; further increase in density to
600,000 plants/ha reduced the weight of pods per plant.

4.47 Pod weight per plant, 1994.

Mean pod weight (g/plant) as influenced by variety, plant
density and phosphorus levels during 1994 rainy season is presented
in Table 34,

Analysed data revealed that differences due to variety and
phosphorus were highly significant; while difference due to plant

density was significantly.
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Variety VC 1178A produced significantly higher pod weight than
other varieties. It was followed by VC 1973A, which was
statistically at par with VC 2768A. The differences between
VC 2768A and VC 2778A were not significant. Variety Galadima
produced the lowest pod weight, but was statistically at par with
vCc 2778A.

Increased density from 200,000 to 400,000 plants/ha did not
affect the pod weight. Further increase in density to 600,000
plants/ha decreased the pods weight per plant.

Applicaticn of phosphorus to the tune of S0kgP/ha significant
increased the pod weight per plant,

Variety x density interaction was significant at 5% level
(Table 34a). Analysed data showed that, when each variety was
evaluated at various densities; varieties VC 2768A, VC 1178A, and
VC 1973A had the highest pods weight when density was increased
from 200,000 to 400,000 plants. When density was further increased
from 400,000 to 600,000 plants/ha, there was decreased pod weight
only for vC 2778A. When the same density was looked at across the
varieties; at 200,000 plants/ha, variety VC 1178A produced higher
pod weight than all others; it was followed by VC 2768A which was
higher than other varieties except VC 1973A. At 400,000 plants/ha
level, variety VC 1178A was found to be higher than other varieties
which were similar. At 600,000 plants/ha, VC 1178A produced heavier
pod weight than all other varieties except VC 1973A.

Variety x phosphorus interaction (Table 34a) was significant

at 5% level. When the same variety was considered in relation to
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various phosphorus rates; a significant increase in pod weight was
observed with each increment in phosphorus rate. When the same
phosphorus rate was considered in respect to various varieties; it
was ohserved that at control, variety VC 1178A produced heavier
peds than other varieties. It was followed by variety VC 2768A
which was higher than Galadima. At 25 and 50kgP/ha, Variety VC
1178A produced heavier pods than other varieties, It was followed
by variety VC 1973A which was higher than the rest varieties except
VC 2768A.

Density x phosphorus interaction was significant at 1% level
(Table 34a). At the same phosphorus level, when compared at varying
density; increasing density from 200,000 to 400,000 plants/ha did
not affect the pod welght at any phosphorus rate. Further increased
in density to 600,000 plants/ha reduced the pod weight per plant.
At each density, increased pod weight was observed with every
increment in phosphorus rates.

4.48 Pod weight per plant, 1995.

Mean pod weight (g/plant) as influenced by variety, plant
density and phosphorus levels during 1995 rainy season is presented
in Table 34.

Analysis of the data revealed that the differences due to
variety and phosphorus were significant at 5% and 1 % level
respectively; whereas that of plant density was not significant.

Variety Galadima produced significantly heavier pods than
other varieties which are statistically similar.

Application of phosphorus to the tune of 50kgP/ha significant



Table 35: Grain yield
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{g/plant) as affected by variety, plant

density and phosphorus levels during 1993-95 at Samaru.

Treatments 1993 1994 19985
Variety

Galadima 9.80c 12.36b 12.60b
VC 2768A 9.50e 1l.23¢e 15.20a
vC 1178A 12.28a 14.33a 15.48a
VC 2778A 10.67b 10.83c 14.83a
vVC 1973A 11.58a 1l.10cC 14.93a
SE + 0:25 0:35 0.43
Significance * % * ke * e
Density (Plants/ha)

200,000 11.29a 13.14a 15.15a
400,000 10.98a 11.78b 14.73a
600,000 10.03b 10.98b 13.12b
SE #* 0.19 0.27 0.32
Significance *k *x *
FPhosphorus (kgP/ha)

0 T« 80C 8.81c 12.38c¢c
2b 11.48b 11.41b 14.73b
50 14.12a 15.68a 16.72a
SE # 0.11 0.14 0 1 |
Siqnificqnce * & * ok **
Interaction
vD * * NS
vp * . NS
DP *x &k *

VDP NS NS NS

Means in a column of any set of treatments followed by different
letter{s) are significantly different at 5% level using DMRT.
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increased the pod yield.

None of the interactions was significant.

4.49 Grain vield per plant, 1993.

Grain yield (g/plant) as affected by variety, plant density
and phospherus levels during 1993 rainy season is presented in
Table 35.

Differences due variety and phosphorus were highly
significant; while difference due to plant density was significant.

Varieties VC 1178A and VC 1973A had significantly higher grain
yield than other varieties under consideration. They were followed
by variety VC 27783 which inturn yielded higher than Galadima and
VC 2768A. The yvield of the latter two were at par with one another.

Increasing density from 200,000 to 400,000 plants/ha resulted
in statistically the same grain yvield; however when the density was
increased from 400,000 to 600,000 plants/ha, the grain yield was
observed to decrease significantly.

Increasing application of phosphorus rates from 0 to 50kgP/fha
resulted in significant increased in grain vield per plant.

Variety x density interaction was found to be significant at
5% level (Table 3%a). Holding the varieties as constant for the
different densities, it was observed that variety VC 1178A,
Galadima and VvC 2778A produced higher grain yield/plant at 200,000
and 400,000 density than at 600,000 plant/ha. In the case of varity
VC 2768A, vield per plant at 200,000 plants/ha was higher than the
other two densities. The yield of variety VC 1973A was not affected

by varying density. Considering each density for different
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Table 35a: Interactien between variety x density, variety x phosphorus and
density x phosphorus during 1993 and 1994, and phosphorus x density
in 1995 for grain yield (g/plant).

Year Density (Plants/ha} Phosphorus (kgP/ha)
Variety 200,000 400,000 600,000 4] 25 50
1993
Galadima B.46bc 7.11cd 4.B4f 3.53h 5.96e 10.92b
vC 2768a 8.00bc 5.90def 5.61lef 3. Tk 6.64de 9.12e
vC 117BA 11.14a 10.98ac 5.73def 6.10ef 9.04c 12.70a
VC 2778A B8.56b 7.95bc 6.51cde 5.03g 7.15d 10.81b
vC 1973A 8.90b 8.47bec 8.36bc 5.11fg 8.59%9¢ 12.04a
SE =+ 0.43 0.31
sphorus
(kgP/ha)
0 5.62e 4.42¢ 4.07%
25 7.B4c p 2% by £ €&.85d
50 12.05a 11.48a 9.82b
SE = 0.24
Variety
1994
Galadima 15.40a 11.4%9bcd 10. 18cde 8.24e 11.244d 17.1%b
vC 276BA 12.71b 12.18bc 8.81e 8.77e 11.19d 13.73e
vCc 1178BA 15.58a 14.8B2a 12.5%9b 10.37d 13.29¢ 19.36a
VvC 2778A 11.42bcd  11.15bcd S.9%2de 8.45e 10.37d 13.66¢c
vC 1%73A 11.82bcd 10.8%bcd 10.5%bcde B.24e 10.58d 14.48¢c
SE *+ c.61 0.43
Phosphorus
{kgP/ha)
0} 9.0%e 8.9%e B.36e
25 12.14¢ 11.78c 10.30d
50 18.30a 14.47b 14.28b
SE * 0.34
Phosphorus
ikgP/ha)
1995
0 12.36d 12.204d 11,384
25 14.36¢c 13.77¢ 13,70¢c
50 16.21a 15.87ab 14.72be
SE 2 0.34

Means i1in a column of any set of treatments followed by different letter(s) are

significantly different at S% level using DMRT.
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varieties, it was observed that variety VC 1178A had higher grain
yield than other varleties at 200,000 plants/ha which were
statistically at par. In the case of 400,000 plants/ha, varieties
VC 1973A and VC 2778A yielded higher than Galadima and vC 2768A. At
the density of 600,000 plants/ha, VC1973A yielded significantly
higher than all other varieties except VC 2778A which also yielded
higher than Galadima.

Variety x Phosphorus interaction was significant at 5% level
(Table 35%a). It revealed that, when the same variety was considered
in relation to varilous phosphorus rates, there was a significant
increase in grain yield with each increment in phospheorus level for
all varieties. When the same phosphorus level was considered for
different varieties; wvarilety VvC 1178A had higher grain yield than
other varieties except VC 1973A at control. The difference between
the grain yield of wvarieties VC 2778A and VC 1973A was not
significant, but these two varieties yielded significantly higher
than VC 2768A and Galadima. While at 25kgP/ha, varietlies VC 1973A
and VC 1178A still maintain the lead. They were followed by VC
2778A which was statistically at par with VC 2768A put higher than
Galadima. Varieties VC 11782 and VC 19732 produced the highest
grain yileld at S0kgP/ha. They were follwed hy VC 2778A and Galadima
which alsoc produced higher yield than VC 2768A.

Density x phosphorus interaction was significant at 1% level
(Table 3%a). when the same phosphorus rate was considered in
respect to varying densities, there was a significant reduction in

yield as density was increased from 200,000 to 400,000 plants/ha at
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contrel, but further increase in density to 600,000 plants/ha did
not affect the yield. At 25kgP/ha, increasing density either from
200,000 to 400,000 or 400,000 to 600,000 plants/ha did not affect
the grain yield; however plant sown at 200,000 plants/ha gave the
higher yield than 600,000 plants/ha. While at 50kgP/ha, green gram
sown at 200,000 and 400,000 plants/ha gave statistically the same
yield; further increased in density to 600,000 plants/ha reduced
the yield significantly. When the same density was considered in
respect to various phosphorus levels, each increased phosphorus
rate resulted in significantly higher grain yield at all densities.

4.50 Grain vield per plant 1994.

Mean grain yield (g/plant) as affected by variety, plant
density and phosphorus levels during 1994 rainy season is shown in
Table 35,

Analysed data showed that the difference due to all the three
factors under study were highly significant.

Variety VC 1178A produced significantly higher grain yield
than others. It was followed by Galadima which was statistically
higher than other three varieties that were statistically at par.

Grain yield decreased with increasing density from 200,000 to
400,000 plants/ha; further increase in density to 600,000 plants/ha
did not influenced the yield.

Application of phosphorus significantly increase the grain
yield at each level,.

As in the case of 1993, interaction between variety and

density was significant (Table 35a). At the same density, when
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green gram varieties were examined, varieties VC 1178A and Galadima
gave the highest grain yield at 200,000 plants/ha; the other
varieties had statistically the same yield. At 400,000 plants/ha,
variety VC 1178A produced significantly higher grain yield than
other varieties which were at par. While at 600,000 plants/ha,

VC 2768A had lower yield than VC 1178A. When the same variety was
examined for different densities, variety Galadima produced higher
yield at 200,000 plants/ha than other densities. Varieties VC 1178A
and VC 2768A produced similar yield both at 200,000 and 400,000
plants/ha densities, but a further increase in density to 600,000
plants/ha significantly reduced the yield. In the case of varieties
VC 2778A and VC 1973A, increasing density from 200,000 to 600,000
plants/ha did not significantly reduced the yield.

The interaction between variety and phosphorus was significant
(Table 35a). When the same variety was considered 1in relation to
various phosphorus levels, there was a significant increase in
yield with each increment in phosphorus levels. Evaluating the same
phosphorus level for different varieties, it was observed that
variety VC 1178A produced significantly higher grain yield than all
other varieties at control and 25kgP/ha. At 50kgP/ha variety VC
1178A had higher grain yield than other varieties. It was followed
by Galadima which in turn was significantly higher than the other
three varieties that are statistically at par.

Interaction of density and phospheorus was highly significant
(Table 35a). At each density, increased grain yield was observed

with every increment in phospherus rate. At the same phosphorus
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level, when compared at varying densities, there was no ;ignificant
difference in the means of grain yield as density was increased
from 200,000 to 600,000 plants/ha at control. At 25kgP/ha,
increased density from 200,000 to 400,000 plants/ha did not affect
the grain vyield, however further increased density to 600,000
plants/ha decreased the grain yield. At 50kgP/ha, grain yield
decrease with increased density from 200,000 to 400,000 plants/ha.
Further increase in density to 600,000 plants/ha did not influence
the grain yield.

4.51 Grain vield per plant, 1995,

Mean grain yield (g/plant) as affected by variety, plant
density and phosphorus levels during 1995 rainy season is shown in
Table 35,

Analysed data showed that the differences due to variety and
phosphorus were highly significant; while difference due to plant
density was significant.

All the four varieties vyielded significantly higher than
Galadima.

Increased density from 200,000 to 400,000 plants/ha resulted
in statistically the same grain yield; however when the density was
increased from 400,000 to 600,000 plants/ha, the grain yield was
observed to decline significantly.

Increasing application of phosphorus rates from 0 to 50kgP/ha
resulted In significant increase in grain yield per plant.

Plant Density x phosphorus interaction was significant (Table

35a). When the same phosphorus rate was considered in respect to
f_l
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varying densities; at control and 25kgP/ha, increasing density did
not affect the yield per plant. However, at 50kgP/ha, the different
between 200,000 and 400,000 cr 400,000 and 600,000 plants/ha was
not significant. wWhen the same density was considered in respect to
various phosphorus levels, each increased phosphorus rate resulted
in significantly heavier graimn yield at 200,000 and 400,000
plants/ha. However at 600,000 plants/ha increase in phosphorus rate
from 0 to 25kgPF/ha increased the yield per plant, but further
increase in phosphorus rate to 50kgP/ha did not have any
significant effect.

4.52 Pod vield per hectare, 1993,

Pod yvield (kg/ha) as influenced by variety, plant density and
phosphorus levels during 1993 rainy seascn is presented in
Table 36.

The data showed that difference due to variety was
significant; while those due to plant density and phosphorus were
highly significant.

Variety VC 1973A produced significantly heavier pods than
Galadima. Other differences were not significant statistically.

Each increase in density from 200,000 to 600,000 plants/ha
resulted in heavier pods/ha. Likewise each increase in phosphorus
level also significantly increased pod yield.

The variefy ¥ density interaction was significant at 5% level
(Table 36a). Holding the variety constant for different densities;
the pod vield of all the varieties increased with increasing

density except VC 2778A where increased density from 200,000 to
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Table 36: Pod yield (kg/ha) as affected by variety, plant density
and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1593 1994 1995
Variety

Galadima | 1282b 1105¢ 661b
VC 2768BA l455ab 1410a 1659a
VvC 1178A 1427ab 1407a 1819a
vVC 2778A 1420ab 1252b 1524a
VC 1973A 1503a 1299b 1783a
SE + 26.9 33.5 134.6
Significance . * ok * ok
Density (Plants/ha)

200,000 1129¢ 1068c 1108b
400,000 1485b 1234b 1576a
600,000 1639a 1488a 1784a
SE * 20.8 25,9 104.3
Significance * % * k * *

Phosphorus (kgP/ha)

0 1079c¢ 9B6¢C 1110c
25 1426b 1305b 1463b
50 1747a 1593a 1895a
SE + 11.7 10.5 50.49
Significance * ok >k * ok
Interaction
vD * * NS
VP * * NS
DP *x * % *
vVDP NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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400,000 plants/ha had no effect on pod yield. When the same density
was examined for different varieties at 200,000 plants/ha, variety
VC 2768A produced heavier pod yield than Galadima. At 400,000
plants/ha, higher pods were produced by variety VC 1973A than all
other varieties except VC 2768A. The difference between VC 2768A
and VC 1178A was not significant; however their pod yileld were
higher than those of VC 2778A and Galadima. While at 600,000
plants/ha, variety VC 2778A produced higher pod yield than VC 2768A
and Galadima. It was followed by VC 1973A which was also higher
than Galadima,

The variety x phosphorus interaction was significant at 5%
level (Table 36a). When the same variety was examined in relation
to various phosphorus rates, there was a significant increase in
pod yield with each increment in phosphorus level. When the same
phosphorus level was considered for the different varieties;
varieties VC 2778A and VC 1973A produced higher pod yield than VC
1178A and Galadima. When 25 and 50kgP/ha were applied, variety
Galadima produced significantly lower pod yield than other
varieties which were statistically at par.

The density x phosphorus interaction was highly significant at
1% level (Table 36a). When the same phosphorus level was considered
in respect to varying densities, there was an increase in pod yield
per hectare, The same trend was observed when the same density was
evaluated in respect to varicus phosphorus, where each increased
phosphorus rate resulted in significantly higher pod yield at each

density.
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Table 36a: Interaction between variety X density, variety X phosphorus and

density x phosphorus during 1993 and 1994, and density x phosphorus

in 199% for Podyield{kg}ha)
I .
Year pensity (Plants/ha) phosphorus (kgP/ha)
variety 200,000 400,000 600,000 0 25
3

Galadima 1039g 1202fF 1605¢cd 995e 1197d 1654b
Ve 2768A 1209f 1520de 1636bcd 1087de 1455¢ 1823a
vC 117BA 1134fg 1443e 1703abc 999%e 1357¢ 1924a
Ve 2778A 1132£g 1273f 1857a 1165d 141lc 1685b
vc 1973A 1129fg 1612cd 176%ab 11504 1461d 1897a
SE = 46.6 34.3
Phospherus
(kgP/ha)
0 B54g 1096€ 1287e
25 1106f 14244 1599c
50 1425d 1936b 2029a
S
SE 26.6
variety
1994
Galadima 891f 1129de 1296cd 680g 1212e 1426¢
ve 2768A 1303c 1330c¢c 1598b 1051f 1387cd 1792a
ve 1178A 1000ef 1328¢c 1894a 1135ef 1458¢ 1629b
yc 2778A 972ef 1250cd 1533b 1010€ 1259de 1487¢
ve 1973A 1120de 1141de 16349 1055¢ 1208e 1633b
SE * 8.0 38.6
Phosphorus
(kaP/ha)
0 811f 97%e 1169d
25 10874 1320c 1508b
50 1287¢c 1705a 1788a
SE * 29.9
Phosphorus
{kgP/ha} 199%
0 825f 1228de 1278de
25 1122ef 1545cd 1722bc
50 1377cde 1954b 2353a
SE #* 105.3

Means in a column of

significantly different at 5%

any set of treatments followed b
level using DMRT.

y different letter(s) are
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4.53 Pod yield per hectare, 1994.

Mean pod yield (kg/ha) as affected by variety, plant density
and phosphorus levels during 1994 rainy season is presented in
Table 36.

Analysis of the data revealed that variety, plant density and
phosphorus have highly significant effect on pod yield per hectare.

The pod yield produced by varieties VC 2768A and VC 1178A were
significantly higher than other varietices. They were followed by
VC 1973A and VC 2778A which were significantly higher than
Galadima,

Each increase in density increased the pod yield., Likewise
each increase in phosphorus rate increased the pod yield.

The variety x density interaction was significant (Table 36a).
When each variety was examined at varying densities; there was an
increase of pod yield with every increment in density for varieties
VC 1178A and VC 2778A. In the case of VC 2768A and VC 1973A,
increasing density from 200,000 to 400,000 plants/ha did not
increased the pod yield; however, when the density was increased
from 400,000 to 600,000 plants/ha, the pod yield increased. In the
case of Galadima, the pod yield increased with increasing density
from 200,000 to 400,000 plants/ha; further increase in density to
600,000 plants/ha did not affect the pod yield. When the same
density was observed in respect to different varieties; at 200,000
plants/ha, variety VC 2768A produced higher ped yield than other
varieties which were at par. At 400,000 plants/ha, variety VC 2768A

produced higher pod yield than other varieties except VC 1178A and
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Ve 2778A. The differences between VC 2778A, Galadima, and VC 1573A
were not significant. While at 600,000 plants/ha, variety VC 1178A
produced significantly higher pod yield than all other varieties,
which was followed by VC 1973A, VC 2768A and VC 2778A. The lowest
pod yield was produced by variety Galadima.

The variety x phosphorus interaction was significant at 5%
level (Table 36a). When the same variety was considered in relation
to various phosphorus rates, there was a significant increase in
pod yield with each increment in phosphorus. When the same
phosphorus rate was considered for different varieties; variety
Galadima produced significantly 1lower pod yield than other
varieties which were statistically at par at control. At 25kgP/ha,
variety VC 1178A produced higher pod yield than all other variety
except VC 2778A. Variety VC 2768A also produced higher pod yield
per unit area than the rest of the varieties except VC 2778A. The
latter was significantly at par with Galadima and VC 1973A. Variety
Ve 2768A produced significantly higher pod yield than other
varieties at 50kgP/ha. It was followed by varieties VC 1973A and VC
1178A which also produced statistically higher pods yield than
varieties VC 2778A and Galadima.

The density x phosphorus interaction was significant at 1%
level (Table 36a). Examining the same density at various phosphorus
rates, each increased 1in phosphorus levels resulted in
significantly higher pod yield at each density. When the same
phosphorus rate was considered in respect to varying densities;

there was an increase in pod yield per hectare both at control and
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25kgP/ha. In the case of 50kgP/ha, increasing density form 400,000

to 600,000 plants/ha did not increase pod yield per unit area.

4.54 Pod yield per hectare, 1995.
Pod yield (kg/ha) as influenced by variety, plant density and

phosphorus levels during 1995 rainy season is presented in
Table 36,

Analysis of the data revealed that all the factors have highly
significantly effect on pod yield.

Variety Galadima produced significantly lower ped yield than
all other varieties under trial which were statistically at par.

Increasing density from 200,000 to 400,000 plants/ha increased
the pod vyield/ha, but further increase in density to 600,000
plants/ha did not affect the pod yield.

Each increase in phosphorus rates from 0 to 50kgP/ha increased
the pod yield per hectare.

Density x phosphorus interaction was found to be significant
at 5% level (Table 36a). Considering the same density at varying
phosphorus rates; it was observed that increase in phosphorus rate
from 0 to 25kgP/ha at 200,000 and 400,000 plants/ha did not affect
the pod yield, further increase phosphorus to 50kgP/ha result in
increased pod yield per hectare. While at 600,000 plants/ha, each
increase in phosphorus increased the pod yield significantly.When
the same phosphorus rate was examined in respect to varying
densities; it was observed that increasing density from 200,000 to
400,000 plants/ha increased the pod yield at control and 25kgP/ha;

further increase in density to 600,000 plants/ha did not affect the
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pod yield. In the case of 50kgP/ha, each increase in density

increased the pod yield per hectare.

4.55 1000~grain weight, 19%3.

Mean of 1000-grain weight(g) as influenced by variety, plant
density and phosphorus levels during 1993 rainy season is presented
in Table 37.

Analysed data revealed highly significant differences due to
variety, plant density and phesphorus.

Variety VC 1178A had significantly heavier test weight than
other varieties. Variety Galadima had significantly lower test
weight than VC 1973A. The differences among the other varieties
were statistically at par.

1000-grain weight was reduced with each increased density from
200,000 to 600,000 plants/ha. Each increase in phosphorus level
resulted in higher test weight.

Interaction between variety and density was significant at 5%
level (Table 37a). At the same density, when different varieties
were considered; variety VC 1178A had significantly higher 1000~
grain weight than all other varieties which were statistically
similar at 200,000 and 400,000 plant/ha. While at 600,000
plants/ha, varieties VC 1178A and VC 19732 had higher 1000-grain
weight than other varieties which were at par. When each variety
was considered at varying densities, increase density from 200,000
to 400,000 plants/ha did not affect the 1000-grain weight of
varlieties VC 1178A, VC 2778A and Galadima; but further increase in

density to 600,000 plants/ha increased the test weight. In the case



Table 37:1000~grain weight

(9)
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as affected by variety, plant

density and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
Variety

Galadima 53.80c 64 .70d 62.82b
VC 2768A 57.90bc 70.99¢c 77.25a
VC 1178A 79.10a 74.77a 80.24a
VC 2778A 60.30bc 70.92c 76.42a
VC 1973A 63.80b 72.93b . oy - )
SE * 2.15 0.34 2432
Significance * % * % *
Density (Plants/ha)

200,000 | 68.50a 71.54a 76.17a
400,000 63.00b 71.34a 75.39ab
600,000 57.50c 69.70b 70.12b
SE + 0.29 1.80
Significance * % * *
Phosphorus (kgP/ha)

G 39.90c 67.12c 66.09cC
25 60.70c 71.09b 73.14b
50 88.40a 74.37a 82.46a
SE * 0+77 0.14 122
Significance * * ok * ok
Interaction
VD * * NS
VP b * NS
DP * * *

VDP NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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of VC 2768A, each increase in density increased its test weight.
Wwhile increased in density from 200,000 to 600,000 plants/ha did
not affect the 1000~grain weight of VC 1973A.

The interaction between variety and phosphorus was highly
significant (Table 37a). Considering the same variety in respect to
varying phosphorus rates there was a significant increase in 1000~
grain weight with each increment in phosphorus level., When the same
phosphorus level was considered for different varieties; at control
and 25kgP/ha, variety VC 1178A had significantly higher test weight
than other varieties. While variety Galadima had lower 1000-grain
weight that other varieties which were statistically similar. At
50kgP/ha, variety VvC 1178A had significantly heavier test weight
than other varieties. Variety VC 2768A had lower test weight than
other varieties that are statistically at par.

A significant interaction was noticed between density and
phosphorus levels (Table 37a). Examining the same density at
varying phosphorus rates, it was noticed that the higher the rate
of phosphorus applied, the heavier the 1000-grains. wWhen the same
phosphorus level was considered at varying densities; at control,
sowing green gram at 200,000 plants/ha gave higher test weight. The
differences in test weight of crops sown at 400,000 and 600,000
plants/ha were not significant. At 2%kgP/ha, each increment in
density resulted in heavier 1000-grains. In the case of SO0kgP/ha,
both 200,000 and 400,000 plants/ha resulted in heavier test weight

than 600,000 plants/ha.
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Table 3%a: Interaction between variety x density, variety x phosphorus and
density ¥ phosphorus during 1993 and 1994, and density x phosphorus
in 1995 for 1000-grain weight(g)

Year Density (Plants/ha) Phosphorus {kgP/ha)
Variety 200,000 400, 000 60G, 000 o 25 50

1593
Galadima 67.0cd 56.1de 3g.3f 29.1h 45.4fq 86.8hc
Ve 2768A 73.,9bc £3.7%7de 46,2f 8. 1g 57.0de 78.6¢
VC 1178A 26.2a 84.2ab 56.9de 50.,7ef 81.7bc 105.0a
VG 2778A 67.4cd 65.0cd 48.6ef 41.1g 56.9de 83.0bc
V€ 1973A 66.7cd 63.0cd 61.7cd 40.2g £2.7d 88.5pb
SE * 3.73 2.57
Phospharus
{kgP/ha}l :
o 46.21% 37.8g 35.5¢
25 67.7¢ 60.6d 53.8e
50 91.5a 9D.7a 83.0b
SE + 1.99
Variety

1994
Galadima 65, 3e £4.,%e £1.%e 56.31 6&.0h 71.8ef
VC Z76EA 72.6bt 71l.86cC 68.8d 68.8g 1G.8f 73.4cd
VC 1178BA 75.8a 74.3ab 74.2ab 72.5%de 74 .8bc 77.0a
Vo 27784A 73.1bc 71.3¢ 68.4d 67.3gh Jj0.5f 75.00be
Ve 1973A 73.6abc 73.2bc 71.9¢ 70.6f 73.%bed 74.7bc
SE + 0.65 a.45
Phosphorug
{kgP/ha}
0 68, 3% 67.0g 66.1g
25 71,8cd 71.44d 70,24
850 76.3a 74 .0b 72.9¢
SE * .35
Ehosphorus
{kaP/ha]

199%

0 69.4cd 65.74 63.2d
25 76.5be 74.8bc 69.1cd
50 88.0a 81.1b 78.1b
SE # 2.00

Means in a column of any set of treatments followed by different latter{s} are
significantly different at 5% level using DMRT.
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4.56 1000~ grain weight, 1994.

Means of 1000~grain weight (g) as influenced by variety, plant
density and phosphorus levels during 1994 rainy season Iis
presentedin Table 37.

Analysed data revealed that the differences due to variety and
phosphorus were highly significant and that due to plant density
was significant.

Variety VC 1178A had significantly heavier 1000 - grains than
other varieties. It was fcllowed by VC 1973A which was also heavier
than the rest varieties. Varieties VC 2768A and VC 2778A produced
similar test weight, but was significantly higher than Galadima.

1000-grain weight was not influenced by increasing density
from 200,000 to 400,000 plants/ha; however when the density was
further increased to 600,000 plants/ha, the grain weight was
reduced.

Each increase in phosphorus rate from 0 to 50kgP/ha resulted
in increased 1000~-grain weight.

Interaction between variety and density was significant at 5%
level (Table 37a). When the same variety was examined at different
densities; it was observed that increased density did not have any
effect on varieties Galadima, VC 1178A and VC 1973A. In the case of
varieties VC 2768A and VC 2778A increased density from 200,000 to
400,000 plants/ha did not influenced 1000-grain weight, but further
increase in density to 600,000 plants/ha significantly decreased
the test weight. When the density was considered for different

variety, At 200,000 and 400,000 plants/ha variety VC 1178A produced
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significantly heavier 1000-grains than other varieties except VC
1973A; variety Galadima produced the lowest grain weight. The

differences among other varieties were similar statistically. Also
at 600,000 plants/ha, variety VC 1178A produced significantly
heavier 1000-~grains than other varieties. It was followed by VC
15734, which was statistically higher than both varieties VC 27&8A
and VC 277BA., Variety Galadima had the lowest test weight.

The interaction between variety and phosphorus was significant
(Takle 37a). Examining the same variety at varying phosphorus
rates, there wag a significant increase in 1000-grain weight of all
the varieties with each increment in phosphorus rate with the
exception of variety VC 1373A, where jincrease in phosphorus level
from 25 to 50kgP/ha did ncot affect the test weight. Considering the
phosphorus level for different varietles; at control variety VC
1178A produced significantly heavier 1000-grain than other
varieties. It was followed by VC 1973A which was heavier than other
three varieties. Variety Galadima produced the lowest 1000-grain
welght. At SO0kgP/ha, variety VC 1178A had statistically heavier
1000-grains than other varieties. The differences between varieties
VC 2778A, VC 1973A and VC 2768A were not significant. As in the
other cases Galadima had the lowest 1000-grain weight.

A significant interaction was noticed between density and
phosphorus levels (Table 37a). When the same density was considered
at varying phosphorus levels; 1t was noticed that the higher the
level of fertilizer, the heavier the test weight at all densities.

Examining the same level of phosphorus at varying densities; at
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control increasing density from 200,000 plants/ha to either 400,000
or 600,000 plants/ha significanly decreased the seed weight. The
difference between the latter two was found to be insignificant,
While at 25kgP/ha, lincrease density from 200,000 to 600,000
plants/ha did not affect 1000-grains weight. At 50kgP/ha, each
increase in density resulted in a decreased 1000-grain weight.

4.57 1000~grain weight, 1995,

Means of 1000-grain weight (g} as influenced by variety, plant
density and phosphorus levels during 1295 rainy season is presented
in Table 37.

Analysed data revealed a highly significant difference due to
variety and phosphorus and a significant difference due to plant
density.

Variety Galadima produced grains with significantly higher
welights, when conmpare to all other varieties which were
statistically similar.

Increasing the density from either 200,000 to 400,000 or
400,000 to 660,000 plants/ha did not affect the 1000-grain weight.
However, g¢green gram sown at 200,000 plants/ha had heavier seed
welght than 600,000 plants/ha.

1000~gyrain weight was increased with each increase in
phosphorus rate from 0 to 50kgP/ha.

The density x phosphorus interaction was significant at 5%
level (Table 37a). When the same phosphorus rate was examined in
relation to varicus densities; increasing density did not affect

the test weight at both contrel and 25kgP/ha. However, at 50kgP/ha

"
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increase in density from 200,000 to 400,000 plants/ha reduced the
1000-grain weight, further increased density to 600,000 plants/ha
did not effect the test weight. Considering the same density at
varying phosphorus rates, it was observed that, increase in
phosphorus rate from 0 to 2SkgP/ha at 200,000 and 600,000 plants/ha
did not affect the test weight. Further increase in phosphorus to
SokgP/ha increased the weight of test grains. In the case of
400,000 plants/ha, increasing phosphorus rate from 0 to 25kgP/ha
increased the 1000-grain weight; further increase in phosphorus to
50kgP/ha did not affect the test weight,

4.58 Grain yield per hectare, 1993,

Mean grain yield ({kg/ha) as affected by variety, plant density
and phosphorus levels during 1993 rainy season is shown 1in
Table 38. ’

The difference due to variety was significant at 5% level,
while those due to plant density and phosphorus were significant at
1% level.

Varieties VC 1178A and VC 1973A produced significantly higher
grain yield per hectare than other varieties which were
statistically similar.

Grain yield was found to increased by increasing both the
density and phosphorus rates from 200,000 to 600,000 plants/ha and
¢ to 50kgP/ha respectively.

Variety x density interaction was significant at 5% level
{Table 38a). Considering each variety at varying densities; it was

chserved that, grain yield of varietles VC 2768A, VC 27782 and
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Table 38: Grain vyield (kg/ha) as affected by variety, plant
density and phosphorus levels during 1993 - 95 and
combined analysis at Samaru.

Treatments 1993 1994 1995 Combined
Variety

Galadima 868k 761d 518b 739b
VC 2768A 859b 956a 1190a 936a
VC 1178A 1017a 1009a 1480a 1019a
VC 2778A 887b 940b 1318a 980a
VC 1973A 995a 837c 1397a 1018a
SE = 2D IB.7 101.1 38.2
Significance * * * ok
Density (Plants/ha)

200,000 ' 6B1lc 702c 908b 688cC
400D, DLD 963b 968b 1273a 993b
600,000 1131a 1081a 1361a 1133a
SE + 9.6 14.5 78.3 29.6
Significance * ok * & * ok * %

Phosphorus {(kgp/ha)

0 607c 675¢c 907c 698c
25 1022b 954b 1274b 970b
50 1264a 1113a 1461a 1147a
ok & 749 9.8 33.3 14.5
Significance * & * % ** * ok
Interaction
vD * * NS NS
VP * ok . NS *
DP * ok &k * ok
VDP NS NS NS NS

Means in a column of any set of treatments followed by different
letter(s) are significantly different at 5% level using DMRT.
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VC 19737 increased with each increment in density. While in the
case of varietles Galadima and VC 1178A, increasing density from
200,000 to 400,000 plants/ha did not affect the yield; further
increase in density to 600,000 plants/ha resulted in increased
grain yield. At

the same density, when green gram varieties were examined; variety
YC 1178A produced higher grain yield than other varieties at
200,000 plants/ha with the exception of VC 1973A. Differences in
grain yield of other three varieties were statistically similar. At
400,000 plants/ha, variety VC 1178A produced higher yield than
Galadima, differences among the other varieties were not
significant. While at 600,000 plants/ha, variety VvC 1178A& produced
higher grain yield than other varieties except VC 1973a. The
differences between the grain vield of varieties VC 1973A, VC 27782
and Galadima were not significant. Variety VC 2768A had lower
grain yield than other varieties except Galadima.

The variety x phosphorus interaction was significant at 1%
level (Table 38a). It revealed a significant increase in grain
yield with each increment in phosphorus level from 0 to 50kgP/ha
when each variety was examined in relation tao varying phosphorus
rates. Considering the same phosphorus levels across different
varieties; at control, variety VC 1973A produced higher grain yield
when compared with other varieties which produced similar yield.
While at 2%kgP/ha, varieties VC 1178A and VC 1973A produced higher
grain yleld than other varieties which were statistically similar.

At S0kgPsha variety VC 1178A produced significantly higher yield
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Table 38a: Interaction between variety x density, variety x phosphorus and
density x phospherus during 1993 and 1994 for grain yield (kg/ha)

Year Density (Plants/ha) Phosphorus (kgP/ha}
Variety 200,000 400,000 600,000 4] 25 5G
13893
Galadima 671gh B8O6efqg 1125bc 537g 885e 1280b
vC 2768A 599h 969d 1010c 586g 943e 1149d
Ve 117BA 824def 1040bcd 1315a 615g 1155cd 1380a
vVC 2778A 630h 867de 1163b 566g 942e 12581be
vC 1973A 683fgh 986cd l11B86ab 729f 1098d 1257b
SE = 43.8 29.1
Bhosphorus
(kgP/ha)
0 4109 680f 730ef
25 778e 1053c 1193b
50 966d 1256b 156%a
SE * 22.86
Variety
1994
Galadima 691g 747£g 844de 518g 896d 967cd
ve  2768A 896de 908d 1065b T44e 1025bec 1200b
VC 117BA Blée 1018b 1194a 7468 1053b 1330a
vC 2778A 704g 1033b 1082b 738e 540cd 1242b
VC 1973A 734fg B82%ef 947bcd 628f 904d 1077¢
SE + 32.4 25.7
Phosphorus
{kgP/ha)
0 562e 7104 753d
25 B36c 1017b 1037b
50 1007b 1228a 1254a
SE * 0.35

Means in a column of any set of treatments followed by different letter(s) are
significantly different at 5% level using DMRT.
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than other varieties. It was followed by varieties VC 1973A,
Galadima and VC 2778A. Variety VC 2768A produced significantly
lower yield than other varieties under trial.

The density x phosphorus interaction was significant at 1%
level {Table 38a}. When the same phosphorus rate was considered in
respect to varying densities; there was an increase in grain yield
with each increased density except at control, where the yields
were similar when population was raised from 400,000 to 600,000
plants/ha. Examining the same density in respect to various
phosphorus rates, each increased phosphorus rate resulted 1in
significantly higher grain yield at each density.

4,59 @Grain yield per hectare, 19%4.

Meanh grain yield (kg/ha) as affected by variety, plant density
and phosphorus levels during 1994 rainy season is shown in
Takle 38.

The difference due to variety was significant at 5% level,
while those due to plant density and phosphorus were significant at
1% level.

Analysed data revealed that, variety VC 1178A produced higher
grain vyield than other varieties except VC 2768A. They were
followed by VC 2778A and VC 1973A. Galadima had the lowest grain
yield.

Grain yield was increased with each increase in density was
well as each increase in phosphorus rates.

Variety x density interaction was significant at 5% level

(Table 38a). Considering each variety at varying densities; it was
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found that, grain yield of variety VC 1178A increased with each
increment in density. In the case of varieties Galadima, VC 2768A
and VC 19732 increased density from 200,000 to 400,000 plants/ha
did not affect the yield, but further increase in density to
600,000 planté/ha resulted in increased yield. Increasing density
from 200,000 to 400,000 plants/ha increased the yield of variety

VC 2778A; further increase in density to 600,000 plants/ha did not
affect the yvield. At the same density, when green gram varieties
were examined; varieties VC 2768A and VC 1178A preoduced higher
grain yield than all other varieties which are statistically
gimilar at 200,000 plants/ha. However at 400,000 plants/ha
varieties VC 1178A and VC 2778A produced higher yields than other
varieties. They were followed by VC 27682 which was significantly
higher than Galadima and VC 1973A. While at 600,000 plants/ha,
variety VC 1178A still maintains 1its lead. Variety Galadima
produced the lowest yield.

The variety X phosphorus interaction was significant at 1%
level (Table 38a). There was an increase in grain yield of all the
varieties with each increment in phosphorus rates, with the
exception of VC 2768A which was not increased when the phosphorus
rate was ilncreased from 25 to 50kgP/ha. When the same phosphorus
rate was considered for different wvarieties; it revealed that
varieties VC 2768A, VC 1178A and VC 2778A had significantly higher
grain yield than other two varieties at control. They were followed
by variety VC 1973A which in turn yield higher than Galadima.

Variety VC 1178A produced higher yield than all other varieties
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except VC 2768A at 25kgP/ha. The other varieties have similar
yields. At 50kgP/ha, VC 1178A had significantly higher grain yield
than all other varieties. It was followed by varieties VC 2778A and
vC 2768A which were statistically higher than VvC 1973A and
Galadima. The difference between the yield of the VC 1973A and
Galadima was not significant.

The density x phosphorus interaction was highly significant
{Table 38a). When the same phosphorus rate was examined in respect
to varying densities; there was an increase in yield as density was
increased from 200,000 to 400,000 plants/ha at all the phosphorus
rates. However, further increase in density to 600,000 plants/ha
did not affect the yield, Examining the same density for different
phosphorus rates; each increase in phosphorus rate resulted in
increased vield at all densities,

4.60 Grain vield per haectare, 1995.

Mean grain vyield (kg/ha) has affected by variety, plant
density and phosphorus levels during 199% rainy season is shown in
Table 38,

The difference due to all the factors were significant at 1%
level,

Variety Galadima produced significantly lower grain yield per
hectare than other varieties which were statistically similar.

Grain yield was increased with increase in density fron
200,000 to 400,000 plants/ha; further increase 1in density to
600,000 plants/ha did not affect the yield.

Grain yleld was increased with each increase in phosphorus
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Table 38b: Interaction between density x phosphorus in 1995 and variety x
phosphorus and density x phosphorus (combined analysis) for grain
yield (kg/haj.

Year Density (Plants/ha) Phogphorus (kgP/ha)

Variety 208,000 400,000 600,000 [ 2% 50
Phosphorus
{kgP/ha}

199%
0 683 f 1025de 1007de
25 S906ef 1258cd 1359b¢
50 1129cde 1s38ab 17162
SE + 76.2
Variety

omp i
Galadima 4592f g80Bef S518cde
Ve 27684 671fg 942cae 11%4ab
Ve L178A 1%3ef 1020bcd 12840a
Vo 27782 832adef 1043be lil81lab
VC 1973A T4lef 1037bc 115%ab
5E + 46.5
Phosphorus
{kgP/ha)
a 4498e 717d 852d
25 764c 1022¢c 1194
5Q B3Zd 1173k 1394a
SE * 36.0

Means in a column of any set of treatments followed by different letter (s} are
significantly different at 5% level using DMRT.
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rate from 0 to 50kgP/ha.

Density x phosphorus interaction was significant at 5% level

(Table 38b). Analysed data revealed that when the same phosphorus
level was examined in respect to varying densities; there was an
increase in yield with increased density from 200,000 to 400,000
plants/ha at all phosphorus levels.Further increase in density to
600,000 plants/ha did not affect the yield. When the same density
was examined in respect to varying phosphorus rates; increasing
phosphorus rate from 0 to 25kgP/ha did not affect the yield at
200,000 and 400,000 plants/ha. However, further increase in
phosphorus level to 50kgP/ha resulted in higher grain yield. At
600,000 plants/ha each increase in phosphorus rate resulted in
higher yield.

4.61 Grain yield per hectare, combined.

Mean grain yield (kg/ha) as affected by variety, plant density
and phosphorus levels for combined analysis is shown in Table 38.
The differences due to all factors were significant at 1% level.

Variety Galadima produced significantly lower grain yield per
hectare than all other varieties which were statistically similar.

Grain yield was increased with each increase in density as
well as each increase in phosphorus level,

Variety x phosphorus interaction was significant at 5% level
(Table 38b). Examining the same variety at different phosphorus
rates; each increased phosphorus rate increase the yield of
varieties VC 1178A and VC 2768A. In the case of the other three

varieties, increase phosphorus level from 0 to 25kgP/ha increased
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the yield significantly, but further increase in phosphorus rate to
50kgP/ha did not affect the yield. Considering the same phosphorus
rate for different varieties; at control and 25kgP/ha, variety
Galadima produced significantly lower yield than other varieties
except VC 2768A. The other varieties had similar yields. While at
50kgP/ha, variety Galadima produced significantly lower yield than
other varieties which were statistically similar.

The density x phosphorus interaction was significant at 1%
level (Table, 38b). When the same phosphorus level was evaluated in
respect to varying densities, it was observed that at control,
increase in density from 200,000 to 400,000 plants/ha increased the
yield, but further increase in density to 600,000 plants/ha did not
affect the yield. While at 25 and 50kgP/ha, each increasing density
resulted in significant increased yield. When the same density was
consldered in respect to various phosphorus levels; it was observed
that at 200,000 plants/ha, increasing phosphorus level from § to
25kgP/ha increased the yield; but further increase in phosphorus
rate to S50kgPfha did not affect the yield. At 400,000 and 600,000
plants/ha each increase in phosphorus rate resulted in increased
yield per hectare. ;

4,62 Shelling percentage, 1%93.

Mean shelling percentage as affected by variety, plant density
and phosphorus levels during 1993 rainy season 1s presented in
Table 39.

The difference due to variety and phosphorus were significant

at 1% level, while that due to plant density was significant only
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entage as affecte
s levels during 1993

d by variety,
- g5 at Samaru.

plant density

Treatments 1993 1994 1995
variety
Galadima 57.44d 62.40b 78.91
vC 2768BA 65.46bC 65.40ab 79.61
vC 1178A 71.60a 66.90ab 81.96
vC 2778A 61.13¢C 69.00a 80.81
vyC 1973A 65.91b 61.00b 79.49
SE + 1.39 1.58 1.76
significance * ok * NS
pDensity (plants/ha)

200,000 67.05a 69.50a 77.98
400,000 66.85a 64.20b 81.25
600,000 59.02b 61.10b 81,24
SE + 1.08 1,22 1.39
significance * * NS
hosphorus (K a

0 55.40cC 59.,50cC 78.45b
25 65.51b 62.50b 80.72ab
50 72.0)a 72.80a g1.31la
SE * 0.54 G.73 0.83
significance * * B
Interaction
vD NS NS NS
VP NS NS NS
DP NS NS NS
VDP NS NS NS

Means in a column of any set ©
letter (s) are significantly di

f treatments f
fferent at 5% level us

ollowed by dif ferent

ing DMRT.
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at 5% level. | "Pf

Variety V¢ 1178A had significantly higher shelling percentage
when compared to other varieties. It was followed by VC 1178A. The
differences in shelling percentage between varieties VC 2768A and
YC 27782 as well as beltween VC 2778A and VC 1973A were not
significant, Variety Galadima had the lowest shelling percentage.
The shelling percentage was not affected by increasing density from
200,000 to 400,000 plants/ha, but further increased in density to
500,000 plants/ha significantly reduced the shelliny percentage.

The shelling percentage increased with each increment in
phosphorus rate from 0 to 50kgP/ha.

The first and second order of interactions were not
significant.

4,63 Shelling percentage, 1954.

Mean shelling percentage as affected by variety, plant density
and phosphorus levels during 1894 rainy season is presented in
Table 39.

The differences due to variety and plant density were
significant at 5% level, while that due to phosphorus was
significant at 1% level,.

variety VC 2778A had higher shelling percentage than Galadima
and VC 1973A. The other differences were not significant.

Shelling percentage was decreased when the density was
increase from 200,000 to 400,000 plants/ha; further increase in
density to 600,000 plants/ha, did not affect the shelling

percentage.
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Each application of phosphorus uptoc 50kgP/ha was observed to
significantly increased the shelling percentage.
None of the order of interactions was significant.

4.64 Shelling percentage, 1995.

Mean shelling percentage as affected by variety, plant density
and phesphorus levels during 1995 rainy season is presented in
Table 39,

The differences due to variety and plant density were not
significant, but the different due to phosphorus was significant at
5% level.

Increasing the application of phosphorus either frem 0 to 25
or 25 to 50kgPsha did not affect the shelling percentage, however
shelling percentage observed at 50kgP/ha was higher than at
control.

None of the first or second order on interactions was
significant.

4.6% Harvest index, 1993.

Mean harvest index (%) as influenced by variety plant density
and phoesphorus levels during 1993 rainy season is presented in
Table 40.

The differences due to all factors under trial were
significant at 1% level.

Variety VC 1178A had significantly higher harvest index than
other varietias. It was followed by varieties VC 1973A and VC 27784
which were statistically at par. The lowest harvest index was found

in varieties V¢ 2768A and Galadima which were similar
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Table 40: Harvest index (%) as affected by variety, plant density
and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1933 1994 19895
Variety

Galadima 25.79d 35.37b 43.88b
VC 2768A 27.1%9cd 40.02a 47.81a
VC 1178A 35.48a 39.21a 49.76a
VC 2778A 31.11b 35.82a 49.22a
VvC 1972A 32.02b 35.82a 50.26a
SE + 0.56 0.64 1.15
Significance * ok ok * %
ensi a

200,000 jBg.55a 38.44a 50.11b
400,000 34.10b 36.76b 48.10ab
600,000 23.26c¢C 36.54b 46.34Db
SE + 0.46 0.50 0.91
Significance * ok * *

Phosphorus (kgp/ha})

0 29.86b 36.41b 46.33b
25 30.45b 36.44Db 48.7%a
50 38.35a 38.90a 49.43a
SE + 0.23 Q.37 0.60
Significance * % * *
Interaction
VD NS NS NS
VP NS NS NS
DP NS NS NS
VDP NS NS NS

Means in a column of any set of treatments followed by different
letter (s) are significantly different at 5% level using DMRT.
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statistically.

Harvest index increased with each reduction in density from
600,000 to 200,000 plants/ha.
Increasing phosphorus rate from 0 to 25kgP/ha did not influence
the harvest index, but further increase to 50kgP/ha resulted in
significantly higher harvest index.

The first and second order of interactions were not
significant.

4.66 Harvest index, 1994.

Mean harvest index (%) as influenced by variety, plant density
and phosphorus levels during 1994 rainy season is presented in
Table 40.

The differences due to variety and phosphorus were highly
significant; while that due to plant density was significant.

Varieties VC 2768A and VC 1178A had statistically higher
harvest index than other varieties which were statistically
similar.

Harvest index was decreased with each increase in density from
200,000 to 400,000 plants/ha. Further increase 1in density to
600,000 plants/ha did not affect the harvest index.

Increasing phosphorus rates from 0 to 25kgP/ha resulted in
non-significant increase in harvest index, but further increase
from 25 to 50kgP/ha increased the harvest index.

None of the interactions was significant.

4.67 Harvest index, 1595,

Mean harvest index (%) as influenced by variety, plant density
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and phosphorus levels during 1995 rainy season is presented in

Tapble 40.

The differences due to variety and phosphorus were significant
at 1% 1level, while the difference due to plant density was
significant at 5% level.

Variety Galadima had significantly lower harvest index than
other variety which were statistically at par.

Increasing density either from 200,000 to 400,000 or 400,000
to 600,000 plants/ha did not affect the harvest index; however
harvest indices of plants sown at 200,000 plants/ha were higher
than 600,000 plants/ha.

Harvest index was significantly increased with increasing
phosphorus rate from 0 tc 25KkgP/ha, but further increase in
phosphorus rate to 50kgP/ha had no significant effect.

The first and second order of interactions were not
significant,.

4.68 Grain ecrude protein content, 1992,

Mean grain crude protein content as influenced by variety,
plant density and phosphorus rates is presented in Table 41,

The differences due to all the factors under trial were highly
significant.

Variety VC 2778A produced significantly higher crude protein
than all other varieties. The next significant group consist of Vc
1178A, V<& 1973A and VC 2768A which in turn have significantly
higher protein content than Galadima.

The crude protein decreased with increasing density from
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Table 41: Grain crude protein content as affected by variety, plant
density and phosphorus levels during 1993 - 95 at Samaru.

Treatments 1993 1994 1995
Variety

Galadima 16.78e 18.86e 16.2%¢cC
VC 2768A 18.43d 22.91d 20.67b
VC 117BA 19.64b 25.54a 21.61b
VC 2778A 19.90a 24.,65b 24.16a
VC 1973A 18.85c 23.14¢c 20.77b
SE # ¢.01 0.04 Q.33
Significance ** * % * ok
Density (Plants/ha)

200,000 19.01a 22.96a 21.58a
400,000 18.60b 22.44b 20.17b
600,000 18.56b 22.46b 19.16b
SE + 0.01 0.03 Q.26
Significance * K * ok

Phosphorus (kgp/ha)

0 16.83¢c 20.54c 18.49¢c
25 18.78b 22.70b 20.48Db
50 20.45a 24.63a 21.93a
SE + 0.01 Q.0% 0.06
Significance ek *ok *k
Interaction
VD ok ek * ok
VP * & *h * &
DP ok * &k
vDP NS NS NS

Means in a column of any set of treatments followed by different
letter (s) are significantly different at 5% level using DMRT.
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200,000 to 400,000 plants/ha, further increase in density to
600,000 plants/ha did not affect the protein content.

The higher the level of phosphorus applied, the higher the
grain protein content.

Variety % density interaction was significant at 1% level
{Table 41a). When each variety was examined at varying densities;
crude protein of variety VC 1178A decreased w«with increasing
density. While increasing density either from 200,000 to 400,000 or
400,000 to 600,000 plants/ha in the case of variety VC 1973A did
not affect the grain protein content. However, plants sown at
200,000 plants/ha had higher grain protein than those sown at
600,000 plants/ha. Changes in density did not affect the grain
crude protein of VC 2778A and VC 2768A. However for variety
Galadima, increasing density from 200,000 to 400,000 plants/ha did
not affect the protein content; further increase in density to
500,000 plants/ha significantly reduced the protein content,
Considering the same density for different varieties; it was
observed that at 200,000 plants/ha, variety VC 2778A produced
significantly higher crude protein than all other varieties except
VC 1178A. The differences between the protein contents of VC 19734
and VC 2768A were not significant, but higher than Galadima.
Variety GCaladima produced the lowest c¢rude protein. while at
400,000 plants/ha, variety VC 2778A produced significantly higher
crude protein than cther varieties except VC 1178A and variety
Galadima produced lower protein than other varieties. The protein

content of the rest of the varieties were similar. Like at the
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Table 4la: Interaction between variety x density, variety x phosphorus and
density x phosphorus during 1993 - 95, for grain crude protein content

Year Density {Plants/ha) Phosphorus (kgP/ha)
Variety 1993 200,000 400,000 600,000 0 25 50
Galadima 18.45f 17.56) 14.33m 14.98m 17.21) 18.14h
vVC 2768A 18.75e 18.27g 18.27g 16.92k 17.691 20.869¢c
vC 1178A 21.33b 21.29b 17.061 18.83g 19.94e 20.92b
Ve 2778A 22.21a 19.31d 17.40Kk 17.651 20.00d 21.27a
vC 1973Aa 20.92¢ 17.98h 17.67i 16.2%e 19.08f 21.21a
SE 0.02 0.02
Phosphorus
(kaP/ha)
0 17.12g 17.10g 16.56h
25 19.02d 18.85e 18.49¢f
s0 21.44a 20.20b 19.70c
SE 0.02
Variety 1994
Galadima 20.70h 19,723 16.16k 16.88p 19,34m 20.361
vC 2768A 23.27e 22.73f 22,722 21.10k 22.021 25.60d
vC 1178A 28.72a 25.14c 22.75¢ 23.086h 26.00c 21.55b
vC 2778A 26.40b 26.2%9b 21.2%g 23.33g 24.72e 25.90a
vC 1973A 24.414 20,183 19.843 18.30n 21.3%3 23:73f
SE #* 0.06 D.04
Phosphorus
(kgP/ha)
) 20.83g 20.64h 20.13i
25 22.97a 22.78e 22.33f
50 25.78a 24.35b 23.15¢
SE =+ 0.03
Varie 15895
Galadima 15.786g 14.97g 12.13h 12.71g 14.67¢ 19.48d
vC 2768A 21.61bcd 21.03cde 19.39def 19.03de 19.87cd 23.12b
ve 1178A 24.83a 21.54bcd 18.47¢ 19.85cd 22.43b 22.56b
Ve 2778A 25.09%a 23.B7ab 21.52abc 22.76b 24.46a 25.26a
Ve 1973A 22.16bc 21.28cde 18.B6ef i8.1le 20.96¢ 23.23b
SE 3+ 0.57 0.27
Phosphorus
ikgP/ha)
0 19.96b 18.60b 16.92c¢
25 22.08a 20.02b 19.33b
50 22.6%9a 21.BBa 21.23ab
SE + 0.35

Means in a column of any set of treatments followed by different letter(s) are

significantly different at 5% level using DMRT.
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other densities, variety VC 2778A produced significantly higher
crude protein than other varieties at 600,000 plants/ha. The
differences in crude protein produced by varieties VC 27684,
VC 2778A and VC 1973A were not significant. Variety Galadima
produced the lowest grain crude protein.

The variety x phosphorus interaction was significant at 1%
level (Table 41a). when the same variety was examined at different
phosphorus rates; there was a significant increase in crude protein
as application of phosphorus was increased from 0 to 50kgP/ha for
varieties Galadima and VC 1973A. Increasing application of
phosphorus from 0 to 25kgP/ha to varieties VC 1178A and VC 2778A
increased the protein content, but further increase of phosphorus
to 50kgP/ha did not affect the protein content. While in the case
of variety VC 2768A, increasing the phosphorus rate from 0 to
25kgP/ha did not affect the protein content, but further increase
in phosphorus to 50kgP/ha increase the protein. Considering each
phosphorus rate for different varieties; at control, variety VC
2778A had significantly higher protein content than other
varieties. The differences between the protein content of varieties
VC 2768A and VC 1178A were not significant. The former was also
significantly similar to VC 1973A. Galadima recorded the lowest
protein content. While at 25kgP/ha variety VC 2778BA produced
significantly higher protein than other varieties. It was followed
by VC 1178A which was significantly higher than VC 2768A and VC
1973A that were similar. Variety Galadima had the least protein

content. As in the case of other phosphorus levels, VC 2778A
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produced higher protein than other varieties at 50kgP/ha, while
Galadima had the lowest protein content. The other three varieties
had similar protein content.

The density x phosphorus interaction was significant at 1%
level (Table 4la). When the same phosphorus rates was examined in
respect to varying densities; it was observed that, at control,
increasing density from 200,000 to 400,000 plants/ha did not affect
the protein content. Further increase in density to 600,000
plants/ha reduced the crude protein content. At 25kgP/ha, the
protein content decline as the density was increased from 200,000
to 400,000 plants/ha; further increase in density to 600,000
plants/ha did not affect the protein content. While at 50kgP/ha,
the protein content was not significantly affected by changes in
densities. Examining the same density at varying phosphorus rates
revealed that, protein content was increased with increasing
phosphorus rate from 0 to 25kgP/ha at 200,000 and 600,000
plants/ha; further increase in phosphorus rate to 50kgP/ha did not
affect the protein content. At 400,000 plants/ha, increasing
phosphorus rates from 0 to 25kgP/ha did not affect the protein
content, but further increase in phosphorus rate to 50kgP/ha
increased the protein content.

4.69 Grain crude protein content, 1994.

Mean grain crude protein content as influenced by variety,
plant density and phosphorus rates is presented in Table 41.
Analysed data revealed that the differences due to all factors

considered were highly significant.
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Variety VC 1178A produced significantly higher protein content
than other varieties. It was followed by VC 2778A which was
statistically higher than other three varieties. Next comes variety
VC 1973A which also contain higher protein than VC 2768A and
Galadima. Galadima produced the lowest protein content.

The protein content decreased with increasing density from
200,000 to 400,000 plants/ha; further increase in density to
600,000 plants/ha did not affect the crude protein content.

The higher the level of phosphorus applied, the higher the
protein content of the grains.

Variety x density interaction was significant at 1% level
(Table 41a). When each variety was considered at varying densities;
it was observed that the protein content of varieties Galadima, VC
1178A and VC 1973A decreased with increasing density. While the
protein content of VC 2768A decreased with an increase in density
from 200,000 to 400,000 plants/ha, further increase in density to
600,000 plants/ha did not affect the protein content. In the case
of variety VC 2778A, increasing density from 200,000 to 400,000
plants/ha did not affect the protein; but further increase in
density to 600,000 plants/ha significantly reduced the protein
content. At the same density, when various varieties were examined;
variety VC 1178A produced the highest crude protein at 200,000
plants/ha. It was followed by VC 2778A, VC 1973A, VC 2768A and
Galadima in a descending order. However, at 400,000 plants/ha,
variety VC 2778A had higher protein than other varieties. It was

followed by VC 1178A, VC 2768A, VC 1973A and Galadima 1in a
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descending order. wWhile at 600,000 plants/ha, variety VC Z?TEA
produced significantly hilgher protein than other varieties. The
differences between VC 2768R and VC 1178A was insignificant. Next
was variety VC 1973A which was statistically higher than Galadima.

The variety x phosphorus interaction was significant at 1%
level {Table 41a). When the same variety was considered in respect
to various phosphorus rates; there was a significant increased in
crude protein with each increment in phosphorus rate. When the same
phosphorus rate was considered for different varieties; variety VC
27784 produced significantly higher protein than other varieties at
control and 50kgP/ha. It was followed in a descending order by VC
27787, VC 2768A, VC 1973 and Galadima. At 25kgP/ha variety VC
1178A had the highest protein content. It was followed by VC 2778A,
VC 1973A, VC 2768A and Galadima in a decending order.

The density x phosphorus, interaction was significant 1% level
(Table 41la). Examining the same phosphorus rate at varying
densities; there was a decrease 1in protein content as the density
was 1ncreased from 200,000 to 600,00 plants/ha. When the same
density was considered in respect to various phosphorus rates; each
increased phosphorus rate resulted in significantly higher crude
protein at each all the densities.

4,70 Grain crude protein content, 1955,

Mean grain crude protein content of green gram as influenced
by wvariety, plant density and phosphorus rates is presented in
Table 41.

The differences due to all the factors under trial were
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significant at 1% level.

Variety VC 27783 produced significantly higher protein than
cther varieties. The next significant group consist of VC 1178A, VC
1973A and VC 2768A which inturn had significantly higher protein
content than Galadima.

The crude protein content decreased with increasing density
from 200,000 to 400,000 plants/ha; further increase in density to
600,000 plants/ha did not affect the protein content,

variety x density interaction was significant at 1% level
(Table 4la), Examining each variety at varying densities; the
protein contents of variety VC 1178A decreased with increasing
density. While increasing the density either from 200,000 to
400,000 or 400,000 to 600,000 plants/ha in the case of varlety VC
19734 did not affect the protein content. Changes in density dia
not affect the protein content eof VC 2778A and VC 2768A. However
for variety Galadima, increasing in density from 200,000 to 400,000
plants/ha did not affect the protein content; further increase in
density to 600,000 plants/ha significantly decreased the protein
content. At the same density, when the wvarious varietlies were
examined; variety VC 2778A produced higher protein than other
varieties except VC 1178A at 200,000 and 400,000 plants/ha. The
differences in crude protein content of VC 1973A and VC 2768A were
not significant statistically. Vvariety Galadima had the lowest
protein. Like at the other densities, variety VC 27782 produced
significantly higher crude protein than other varieties at 600,000

plants/ha. The differences in crude protein produced by varieties
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Ve 2763A, VC 2778A and VC 1973A were not significant. Variety
Galadima produced the lowest crude protein.

The variety x phosphorus interaction (Table 4la) was
significant at 1% level. When the same variety was examined at
varicus phosphorus rates; there was a significant increase in
protein content as the application of phosphorus was increased from
0 to 50kgP/ha for varieties Galadima and VC 1973A, However,
increase application of phosphorus from 0 to 25kgP/ha to varieties
VC 1178A and VC 2778A increased the protein content, but further
increase to 50kgP/ha did not affect the protein content. While in
the case of variety VC 2768A, increasing the phosphorus rate from
0 to 25kgPfha did not affect the protein content; but further
increase in phosphorus rate to 50kagP/ha increased the protein
content. When the same phosphorus rate was considered for different
varieties; at contrel, variety VC 2778A had higher protein than
other varieties. There was no significant difference in protein
content of VvC 2768A and VC 1178A; and VC 2768A and VC 1972A.
Variety Galadima had the lowest grain protein. At 25kgP/ha,

VC 2778A had higher crude protein content than other varieties;
it was followed by VC 1178A. The difference between VC 1973A and
V¢ 27683 was not significant. Variety CGaladima had the lowest
protein content. In the case of 50kgP/ha, variety VC 2778A
maintains the 1lead. 1t was followed by VC 1973A, which was
statistically similar to VC 2768A and VC 1178A. Variety Galadma had
the lowest protein content.

The density x phosphorus lnteration was significant at 1%
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level (Table 41a). When the same phosphorus rate was censidered in
respect to varying densities; at control, increase in density from
200,000 to 400,000 plants/ha did not affect the protein content.
Further increase in density to 600,000 plants/ha significantly
decreased the protein cantent. At 25kgP/ha, the protein content
decline as the density was increased from 200,000 to 400,000
plants/ha; further increase in density to 600,000 plants/ha did not
have any effect. The protein content was not significantly affected
with increased density at 50kgP/ha. When the same density was
considered in respect to varying phosphorus rates; it was observed
that, at 200,000 plants/ha, increase phosphorus rate from 0 to
25kgP/ha iIncreased the protein content, but further increase 1in
phosphorus rate to 50kgP/ha had no significant effect, While at
600,060 plants/ha, there was no significant difference in protein
content by increasing the phosphorus rate from 0 tc 25kgP/ha; but
further increase to 50kgP/ha increased the protein content., In the
case of 600,000 plants/ha, each 1increase in phosphorus levels
increased the crude protein content of the grains.

4.71 Correlation and path coefficient analysis, 1993.

The coefficient of correlation between yield and vyield
characters during 1993 rainy season is given in Table 42.

Grain vyield per hectare was postively and significantly (1%
level) correlated to plant height, number of branches/plant, number
of leaves/plant, LAI, total dry matter/plant, number of pods/plant,
number of seeds/pod, number of seeds/plant, ped weight [g/plant),

grain yield (g/plant), 1000~grain weight and pod weight (kg/ha).
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A negative and significant (5% level) correlation was observed
between grain yield and number of day to 50% flowering. Considering

the correlation between the major yield components; it was observed
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Fig (i)

A o
some gqrowth characters i 993 at Samaru.

Plant height
X r23 =0.53“

§£:0.4479

branches
134205050

Number of
leaves

r25 =0, 448

f35=0.5510

Table 43: The direct and indirect contributions of different growth
characters on yield in 1993 at Samaru.

Yield attributes Effect through.

- Plant Number of Number of Total dry Total
height (cm) branches leaves matter Correlation
Plant height (cm) 0.3105(a) 0.0456 0.0501 0.1053 0.5115
Number of branches 0.1649 0.0859 0.0%565 0.1290 0.4363
Number of leaves 0.1391 0.0434 0.1118 0.1500 0.4443
Total dry matter(g) 0.1396 0.0473 0.0716 0.2342 0.4927

{a) Direct effect underlined.
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that the number of pods per plant was positively and highly
significantly correlated to 1000-grain weight, but was nagative and
not significantly correlated to number of seed per pod. 1000-grain
weight was postively and significantly correlated to number of
seeds/pod.

The direct and indirect effect of vegetative characters on
grain yield is presented in Table 43 and the path coefficient
between yield and vegetative character is presented in figure 1.
They revealed that plant height contributed 31.05% to the yield,
Indirectly, plant height contributed via total dry matter 10,53%.
The contribution of plant height via number of branches and number
of leaves were low (4.56 and 5.01 percent respectively). Thus the
total affect was found to be 51.15%. When the contribution of
numpber of branches/plant was examined for yield, the direct effect
was found to be 8,59%. Indirect effect via plant height, number of
leaves and total dry matter were found to be 16.49, 5.65 and 12.90
percent repectively. Thus the total effect of number of
branches/plant (direct and indirect) was found to be 43.63%. When
the number of leaves was investigated for its contribution to the
yield; the direct effect was found to be positive and to the tune
of 11.18%. Indirectly, number of leaves/plant contributed via plant
height, number of branches/plant and total dry matter to the tune
of 13.91%, 4.34% and 15.60% respectively. Thus the total direct and
indirect effect of number of leaves/plant towards yield was found
to be 44.43%. When the contribution of total dry matter (g/plant)

to yleld was examined; it contributed directly 23.42% to the yield.
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Fig (ii)
Path diagram owing interrelati in yiel kg/ha) a
some vield components in 1993 at Samaru.

Number of
pod plant

Number of
Seeds /pod

by =0.3649

=0 79“: 1'3;‘=0.3000 ’

1000~ grain
weight

&

Table 44. The direct and indirect contribution of different yield
components on yield in 1993 at Samaru,

Yield attributes effect through

Number of Number of 1000-grain Total
pods/plant seeds/pod weight (g) Correlation

Number of pods/plant 0.0987(a) -0.0077 0.2899 0.3808
Number of seeds/pod 0.0107 0.0707 0.2383 0.2983
1000-grain weight (g) 0.,0212 0.0360 0.7944 0.8516

(a) Direct effect underlined.
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Its indirect effect via number of branches and number of leaves
were low (4.73 and 7.16 percent respectively). The contribution of
total dry matter through plant height was 13.96 percent, thus
the total effect of the total dry matter on yield was found to be
49,27%.

The path coefficient between grain yield and yield characters
as well as the direct and indirect contribution of yield characters
to yield (Table 44 and figure II) revealed that a 9.87% direct
contribution by number of pods/plant on yield. A 28.99%
contribution was observed on number of pods/plant via 1000-grain
welght. The indirect contribution of number of pods/plant via
number of seeds/pod was negative and very small (-0.77%). Thus,
the total contribution of number of pods/plant (both direct and
indirect effect) on yield was 38.09%. The contribution of number of
seeds/pod on grain yield was found to be 7.07% directly and
indirectly wvia 1000-grain weight, 22.83%. The contribution of
number of seeds/pod through number of pods/plant was negative
{=1.07%). Thus the total contribution of number of seeds/pcd both
directly and indirectly was 29.83%. The contribution of 1000-grain
weight was 79.44% directly and indirectly through number of
pods/plant and number of seeds/pod was 2.12% and 3.60%
respectively. The total contribution of 1000~grain weight was found
to be 85.16 percent,

The percentage contribution of individual growth and yield
characters as well as the contribution of various characters to

yield is presented in table 45 and 46 respectively.
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Table 45: The percentage contributions of different growth
characters to yield in 1993 at Samaru.

Yield attributes

Percentage contribution

Individual contributions

Plant height (cm)

Number of branches per plant
Number of leaves per plant
Total dry matter (g/plant)

Compbj contributions.

Plant height and number of branches
Plant height and number of leaves

Plant height and total dry matter
Number of branches and number of leaves
Number of branches and total dry matter
Number of leaves and total dry matter
Residual

Total

9,52
0.72
1.24
5.42

2.80
3.06
6.45
0.95
2.20
4.58
63.05

100.00

Table 46: The percentage contributions of different yield
characters to yield in 1993 at Samaru.

Yield attributes

Percentage contribution

ndivid C i ions

Number of pods/plant
Number of seeds/pods
1000-grain weight (g)

Combined contributions.

Number of pods and number of seeds
Number of pods and 1000-grain weight
Number of seeds and 1000-grain weight
Residual

Total -

0.98
0.01
§3.31

=015
5.73
3.37
26.75
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The perceﬁtage contribution of various growth perameters
revealed that plant height has the highest contribution of 9.52%.
It was followed by Total dry matter (5.42%). Number of leaves and
branches contributed 1.24 and 0.72% respectively. The highest
combined contribution was made by plant height and total dry mattar
(6.45%) It was followed by the combinations of number of leaves and
total dry matter (4.58%), plant height and number of leaves (3.0%),
plant height and number of branches (2.80%); and number of branches
and number of leaves (0.95%) in a decending order. The unaccounted
residual effect was 63.05%. |

When the yield characters were examined individually and
collectively for their contribution to vield the highest individual
contribution of 63.31% was made by 1000~grain weight. Number of
pods/plant and number of seeds/pod contributed 0.98 and 0.01%
respectively to yield. When the combined contribution of any two
characters were considered, number of pecds and 1000~grain weight
wmade the highest contribution of 5.73% to yield, while the lowest
contribution of ~ 0.15% was made by the combination of number of
pod/plant and number of seeds/pod. The combination of number of
seeds/pod and 1000-grain weight made 3.37% contribution to yield.
A residual effect of 26.96% was unaccounted for in the analysis.

4.72 Correlation and path coefficient analysis, 1994.

The coefficient of correlation between yield and vyield
components and within vields components and thier association with
other characters studied in 1994 are shown in Table 47. The

analysis revealed that, there was a very strong postive correlation
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Fig (iii)

Number of
branches

1@4*Q3357_

mber of

F25=0.3605

0347 Nu

Total dry
matter (g}

Table 48: The direct and indirect contributions of different growth
characters on yield in 1994 at Samaru.

Yield attributes Effect through.
Plant Number of Number of Total dry Total
height{em) branches leaves matter Correlation
Plant height (cm) 0.0448(a) 0.0102 0.1783 0.1382 0.371%
Number of branches 0.0144 0.0318 0.1154 0.2418 0.4034
Number of leaves 0.0232 0.0106 0.3447 0.1841 0.5626
Total dry matter(qg) 0.0162 0.0201 0.1656 0.3832 0,.%852

(a} Direct effect underlined.
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Number of
\19°_~pods/plant

)\r23=0,&518

Number of
seeds /pod

]73630-6225

1000~-grain
weight

Table 49. The direct and indirect contribution of different yield
components on yield in 1994 at Samaru,

Yield attributes effect through

Number of Number of 1000-grain Total
pods/plant seeds/pod weight (g) Correlation

Number of pods/plant 0.1756(a) 0.0277 0.1851 0.3884
Number of seeds/pod 0.0793 0.0614 0.2105 0.3512
1000-grain weight (g) 0.0961 0.0382 0.3381 0.4724

(a) Direct effect underlined.
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at 1% level between grain yield (kg/ha) and plant height, number of
branches/plant, number of leaves/plant, LAI, total dry matter
(g/Plant), number of pods/plant, number of seeds/pod, number of
seeds/plant, pod weight {(g/plant), grain weight ({(g/plant), 1000~
grain weight and pod weight (kg/ha). A negative and significant
correlation (5% level) existed between grain yield (Kg/ha) and days
to 50% flowering. When the correlation between various yield
component was considered; number of pods per plant was positively
and highly correlated to number of seeds/pod and 1000-grain weight.
The number of seeds/pod was also strongly and postively correlated
tc 1000-grain weight,

The direct and indirect effects of vegetative characters with
grain yield (Table 48 and figure III) revealed that 4.48% of the
grain yield was contributed by plant height. Indirectly it
contributed 1.20%, 17.81% and 13.82% wvia number of branches,
number of leaves and total dry matter respectively. The total
contribution of plant height to vield was 37.15%. The direct effect
of number of branches/plant on grain vield was 3.18%. Number of
branches indirectly contributed 1.44% via plant height and 11.54%
via number of leaves. The indirect contribution of number of
branches via total dry matter was 24.18%. Thus the total
contribution by number of branches/plants was 40.34%. The direct
effect of number of leaves/plant on grain yield was 34.47 percent.
Indirectly, it contributed 2.32, 1.06 and 18.41 percent via plant
heigh, number of branches and total dry matter respectively. The

total contribution of number of leaves/plant to dgrain yield was
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56.26 percent. The direct effect of total dry matter on grain yield
was 38,33 percent and indirect effect via plant height and number

of branches were low and 1.62 and 2.01 percent. The indirect effect
via number of leaves was 16.56%. Thus the total contribution by
total dry matter to yield was 58.52 percent.

| The direct and indirect contribution to yield characters on
yield is shown in table 49 and figure IV. The number of pods/plant
contributed to grain yield 17.5%6 percent and indirectly, it
contributed 2.77 and 18.51 percent via number of seeds/pod and
1000-grain weight respectively. The total direct and indirect
effect of number of peods/plant was found to be 38.84 percent. Out
of the total centribution of 35.12 percent of number of seeds per
pod, the direct effect was small (6.14%) but indirectly it
contributed 7.93 and 21.05 percent via number ¢f peods and 1000-
grain weight respectively., Most of the effect of 1000-grain welght
on yield was direct (33.81%). The indirect effect of 1000-grain
weight via number of pods/plant and number of seeds/pod were 9,61
and 3.82 percent respectively.

The percentage individual and collective contribution of
growth characters to grain yield (Table 50) showed that, the
highest individual contribution was made by total dry matter
(14.69%). It was followed by number of leaves/plant (11.87%),
plant height (0.20%) and number of branches/plant (0.10%) in a
desending order. The combination of number of leaves and total dry
nmatter made the highest contribution (12.69%) towards'grain vield.

Very small contributions were made by plant height and total dry
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Table 50: The percentage contributions of different growth
characters to yield in 1934 at Samaru.

Yield attributes

Percentage contribution

Individual contributions

Plant height (cm)

Number of branches per plant
Number of leaves per plant
Total dry matter (g/plant)

Combined contributions.

Plant height and number of branches
Plant height and number of leaves

Plant height and total dry matter
Number of branches and number of leaves
Number of branches and total dry matter
Number of leaves and total dry matter
Residual

Total

0.20
0.10
11.87
14.869

0.09
1.60
1.24
1.54
0.74
12.69
55.24

100.00

Table 51: The percentage contributicns of different yield
characters to yield in 1994 at Samaru.

Yield attributes

Percentage contribution

Individual contributions

Number of pods/plant
Number of seeds/pods
1000-grain weight (g}

Conmbined contribhutions.

Numpber of pods and number of seeds
Number of pods and 1000«grain weight
Number of seeds and 1000-grain weight
Residual

Total

3.08
0.38
11.43

0.97
2.58
6.50

15.06

100.00
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matter (g/plant); nunmber of branches/plant and total dry matter
{g/plant) and plant height and number of leaves/plant which ranges
from 1.24 to 1.60, In the case of number of branches and number of
leaves (0.74%); and plant height and number of branches (0.09%),
their contributions were less than 1%. The unaccounted residual
effect was 65.24%.

When the yield characters were examined interms of individual
and collective perccentage contribution to grain yield (Table 51);
the lowest individual contribution of 0.38% was made by number of
seeds/pod. While the highest contribution was by 1000-grain weight
(11.43%). Number of pods/plant contributed 3.08% to the grain
yield. The combination of numbers of seeds/pod and 1000-grain
weight made the highest contribution (6.58%) to yield. While the
combination of number of pods/plant and 1000-grain welght and
nunper of pods/plant and number of seeds/plant contributed 2.58 and
0.97% respectively to yield. The unaccounted residual effect was

75.06%.,

4.73 Correlation and path coefficient analysis, 199S5.

| The c¢orrelation between grain yield (kg/ha) and yield
characters during 199% rainy season is presented in Table 52. A
postive and highly significant linear correlation existed between
number cof pods/plant, number of seeds/pod, number of seeds/plant,
pod weight (g/plant), grain yield (g.plant) 1000-grain weight and
pod vield (kg/ha); and grain yield {Xg/ha). The relationships
between grain yield (kg/ha) and plant height, number of

branches/plant, number of leaves/plant and LAI were not
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significant; however a nagative but highly significant association
existed between days to 50% flowering and grain yield. The
association between grain yield (kg/ha) and total dry matter was
positive and significant at 5% level. When the correlation between
various major yield contributing characters were examined, it was
discovered that 1000-grain weight was highly and positively
correlated to number of seeds/pod and number of pods/plant,
Similarly, number of pods/plant was also highly and positively
correlated to number of seeds/pod.

The direct and indirect effect of vegetative and reproductive
characters on grain yield of green gram during 1995 rainy season is
shown in Table 53 and 54 respectively. The path diagram on the
vegetative and reproductive characters affecting grain yield are
presented in figure V and VI respectively. Direct and indirect
contribution of vegetative parameters, revealed that plant height
directly contributed to yield 30.11%. Indirectly, its contributions
via number of branches/plant and number of leaves/plant were
negative (-3.5% and -20.71% respectively). The contribution of
plant height via total dry matter was 15.03%. Thus plant height
contributed 20.93% to yield. The contribution of number of
branches/plant to grain yield was found to be =-8.43% directly.
Indirectly, via plant height, number of leaves/plant and total dry
matter, it was 12.50, -5.04 and 8.08% respectively, thus number of
branches contributed both directly and indirectly 7.11% to the
yield. Number of leaves contributed to grain yield directly -32.02%

only. Its effect via plant height and total dry mater were positive
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and 19.48 and 15.18% respectively. Number of leaves indirectly
contributed via number of branches ~1.33%. Thus its total
contribution to yield was found to be 1.31%. The direct
contribution of total dry matter on grain yield was found to be
26.69%, Its indirect effect via plant height, number of branches,
and number of leaves was found tc be 16.96%. =~2.55% and -18.21
percent respectively. Thus the total contribution of total dry
matter was 22.89%.

The direct and indirect effect of yield parameters on grain
yield indicated that the number of pods/plant contributed directly
31.99% to yield. Its indirect effect via number of seeds/pod and
1000-grain weight were 4.22% and 2.63% respectively. Thus the total
contribution of number of pods/plant on yield was found to be
38.84%. The number of seeds/pod directly contributed 10.24%. Its
indirect effects via number of pods/plant and 1000-grain weight
were positive and to the tune of 13.19% and 1.99% respectively. The
direct effect of 1000-grain weight on grain yield was observed to
be 6.10%. Its indirect effect via number of pods/plant and number
of seeds/pod wére 13.80% and 3.34% respectively.

The percentage contribution of individual growth parameters
as well as combination of characters to yield (Table 55) revealed
that moderate individual contributions were made by
total dry matter, plant height and number of leave/plant which
ranges from 7.12 to 10.25%. The lowest contribution of 0.71% was
made by number of branches/plant . The combination of plant height

and total dry matter; and number of branches/plant and number of
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Fig (v)
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Plant height
\r23=0.4150

Number of
branches/plant

Number of
leaves/plant

f25= 0.5632

Total dry
matter

Table 53: The direct and indirect contributions of different growth
characters or yield in 1995 at Samaru.

Qield attributes Ef fect through.

- Plant Number of Number of_ Total dry Total
height (cm) branches leaves matter Correlation

Plant height {(cm) 0.3011(a) =-0.0350 ~0.2071 0.1503 0.2093

Number of branches 0.1250 -0.0843 -0.050 0.0808 0.0711

Number of leaves 0.1548 -0,0133 -0.3202 0.1518 0.0131

Total dry matter(g) 0.1696 -0.0255% -0.1821 0.2669 0.2289

(a) Direct effect underlined.
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Path diagram showing interrelations of grain yield (kg/ha) and
some yield components in_ 1995 at Samaru.

Number of

Number of r, =0.43%
seed/pod 24 .

)%£=Q3263

1000~ grain
weight

Table 54. The direct and indirect contribution of different yield
components on yield in 1995 at Samaru,

¥Yield attributes effect through

Number cof Number of 1000~-grain Total
pods/plant seeds/pod weight (g) Correlation

Numbey of pods/plant 0.31%9(a) 0.0422 0.0263 0.3884
Number of seeds/pod 0.1319 0.1024 0.0199 D.2542
l1o000-grain weight (g} 0.1380 0.0344 0.0610 0.2324

(a) Pirect effect underlined.
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Table 55: The percentage contributions of different growth
characters to yield in 19%5 at Samaru.

Yield attributes

Percentage contribution

Individual contributions

Plant height {(cm)

Number of branches per plant
Number of leaves per plant
Total dry matter (g/plant)

Combined contributions.

Plant height and number of branches
Plant height and number of leaves

Plant height and total dry matter
Number of branches and number of leaves
Number of branches and total dry matter
Number of leaves and total dry matter
Residual

Total -

9.07
0.71
10.25
7.12

-2.112
~12.47
5.05
0.85
-1.36
-9.72
88.61

100.00

Table S56: The percentage contributions of different yield
characters to yield in 1995 at Samaru.

Yield attributes

Percentage contribution

Individual contributjions

Number of pods/plant
Number of seeds/pods
1000-grain weight (g)

Conmbined contributions.

Number of pods and number of seeds
Number of pods and 1000-grain welght
Number of seeds and 1000-grain weight
Residual

Total

10.23
1.05
0.37

2.70
l.68
0.41
B3.56

100.00
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leaves/plant contributed 9.05 and 0.85% respectively to the yield,
The contribution of the rest combinations were nagative and ranges
between -1.36% for number of branches and total dry matter to
-12.47% for the combination of plant hieght and number of
leaves/plant.
when the percentage contribution of each yield character as

well as combination of the characters were examined (Table 56), the
highest individual contribution of 10.23% was made by number of
pods/plant; while the lowest contribution of 0.37% was made by
1000~-grain weight. Number of seeds/pod contributed 1.05% to the
grain yield. Combination of number of pods/plant and number of
seeds/plant made the highest contribution (2.70%), while the
combination of number of pods/plant and 1000-grain weight, and
number of seeds/plant and 1000-grain weight contributed 1.68 and
0.41% to grain yield respectively. The remaining unaccounted

residual effect was 83.58%.

Qhoapho:ﬁs 1;6613;51223.'

Deviation between observed and expected yields using the
eguation developed (Table 57), revealed that all deviation between
observed and expected by linear regressions in density were not
significant. In the case of Quadratic regressions, deviation from
both 200,000 and 400,000 plants/ha were significant.

When the phosphorus levels were considered, all the devation
from quadratic response were not significant. The deviation from
linerity was highly significant at control, Significant at 25kgP/ha

and non = significant at 50kgP/ha.
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Table 57: polynmial response of grain yield to density and
phosphorus in 1993 at Samaru.

observed Expected vield (kg/ha)
vield (kg/ha)

Treatments Linear > o Quadratic -

Density (Plants/ha)

200,000 681 735 4 .00NS 577 18.75%%
400,000 963 907 3.41NS 1091 15.02%%
600,000 1131 1080 2.45NS 1105 0.61NS
Phosphorus p/ha

0 604 685 9.58%% 606 0.007NS
25 1022 938 7.62% 1017 0.025NS
50 1264 1190 4 .60NS 1269 0.020NS

Regression Equations:
Density, YL = 563 % 0.000861x, YQ = 313 % 0.00132%x - 0.000000%’
phosphorus, YL = 685 + 10.1x, YQ = 606 + 19.6X% - 0.127%
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4.75 Polyncmial response of graip yield to plant density and
phosphorus levels, 1994,

Results of polynomial response in 1994 are presented in
Table 58. Deviation from linearity was non-significant at all
densities. While the deviation from guadratic was not significant
at the lowest density, but highly significant at medium and highest

densities. Examining the phosphorus levels; it was observed that
neither the deviations from linearity or from qguadratic was

significant.

4.76 Polynomial response of dgrain vield to plant density and
phosphorus levels, 199§,

The polynomial respoense of grain yield tec density and
phosphorus in 1%35 1s presented in Table 59. The deviation from
linearity was significant at 200,000plants/ha, highly significant
at 400,000 plants/ha and non-significant at 600,000 plants/ha. In
the case of quadratic response, the deviation was not significant
at both 400,000 and 600,000 plants/ha.

When the phosphorus levels were examined in respect to linear
response, the deviaticn was significant at control, non-significant
at 25 and 50kgP/ha. The deviations from quadratic were not
significant statistically at all the phosphorus levels.

4.77 Peplynomial response of grain yield to plant density and
hosphorus levels cCombine analysis).

When combine analysis for three years was examined (Table 60);
it was observed that the deviation from 1linearity was not
significant at all the densities. While in the case of guadratic
response, the deviatien was not significant at 200,000 plants/ha

and highly Singnificant at 400,000 and 600,000 plants/ha. .

L |
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Table 58: Polynmial response of grain yield to density and
phosphorus in 1994 at Samaru,

Observe Expected yield (kg/ha)
yield (kg/ha)
Treatments Linear 3’ Quadratic 2!
ens j ts
200,000 702 757 4.00NS 758 4.14N8
400,000 968 902 4.86NS 1154 29.98%%
600,000 1081 1046 1.17NS 1550 141.91%%
Phosphorus (kgP/ha)
0 675 729 4,00NS 676 0.002NS
25 . 954 897 3.62NS8 948 0.038NS
50 1113 1065 2.16NS 1115 0.004NS

Regression Equations:

Density, YL = 613 + 0.000722x%, ¥YQ = 362 + 0.00198x ~ 0.000000x
Phosphorus, YL = 729 + 6.71x, YQ = 676 + 13.0x - 0.0844%°
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Table 59: Polynmial response of grain yield to density and

phosphorus in 1995 at Samaru.

Observed Expected yield (kg/ha)
yield (kg/ha)
Treatments Linear 3’ Quadratic 2’
Density {(Plants/ha}
200,000 208 995 - 296 0.001NS
400,000 1273 1160 11.01** 1534 47 .52%%
600,000 1361 1324 1.03NS 2072 243.98%%
Phosphorus (kgP/ha
0 507 986 6.33% 910 0.01NS
25 1274 1190 5.96NS 1467 0.039NS
50 1461 1394 3.22NS 1473 0.,098NS

Regression Equations:

Density, YL = 830 + 0.000824x, YQ = 458 + 0.00269x - 0.000000%’

Phosphorus, YL = 986 + B.16x,

YQ = 910 + 17.3%x - 0.121%°
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Table 60: Polynmial response of grain yield to density and
phosphorus (Combined analysis) at Samaru.

Cbserved Expected vyield (kg/ha)
yield (kg/ha)
Treatments Linear # Quadratic 2!
Density (Plants/ha)
200,000 688 750 5.13NS 750 5.13NS
400,000 993 921 5.63NS 1206 37.62%%
600, 000 1133 1091 1.62NS 1662 168,.38%*%

Phosphorus (kgP/ha)

0 698 743 2.73NS 675 0.78NS
25 970 923 2.39NS 990 0.04NS
50 1147 1103 1.76NS 1215 3.81NS

Regression Equaticns:
Density, YL = 580 + 0.000852x, YQ = 294 + 0.00228x - 0.000000x’
Phosphorus, YL = 743 + 7.20%, YQ = 675 + 14.4x - 0.072%’
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None of the Chi-square values due to phosphorus was

significant.
4.78 optimum Levels of Phosphorus.

When the optimum levels of phosphorus were calculated; the
results were 15.46kgP/ha for 1993, 26kgP/ha for 1994, 26.30kgP/ha

for 1995 and 23.43kgP/ha for the combined analysis.
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CHAPTER FIVE.

CU 0

5.1 EFFECT OF SEASONS.

The higher growth parameters in 1993 season as compared to
other seasons was probably due to differences in the seasonal agro-
climatic conditions during the growth period of green gram,
particularly rainfall and temperatures. The rainfall was 21% higher
during the vegetative growth (July/August) as compared to the same
period in the other two seasons. The favourable moisture content
helps in solublizing and absorption of nutrient which make the
plant to grow luxuriantly.

Yield contributors were higher in 1995 as compared to other
seasons probably due to the fact that during the reproductive phase
(August /October), the rainfall was moderate and green gram being a
drought tolerant crop does best when the moisture level is
moderate. Further more, the total rainfall during the grain filling
period (September/October) was moderate (192.0mm) as compared to
high (214mm) in 1993 and low (151.27mm) in 1994. Thus green gram
varieties were able to absorb adeguate nutrients from the soil in
this season as compared to 1993 when leaching and run off were
common and 1994, when nutrient absorption was impeded because of
low moisture level.

The higher yield contributors in 19985 could also be related to
temperature. Green gram is reported to produce good yield when
minimum temperature is above 20°C (Sinha, 1977). In 1995 season, the

temperature ranges between 23.8 - 24.1°C during the reproductive
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phase which is ideal for green gram production as compared to 18.7
- 19.5° in 1993.
5.2 EFFECT OF VARIETIES.

The higher plant height, number of leaves, LAI, stem and leaf
dry weights, total dry matter, RGR and NAR exhibited by variety
Galadima as compared to other four varieties could be attributed to
differences in genetic make up of the individual varieties under
trial. Since these characters are mainly genetically controlled,
although they may be influenced by environment to certain extent.
Variety Galadima is indeterminate in nature and its growth
continues even after flowering, thus it is characterized by a large
size foliage and attained higher height. This contradicts the
findings of Najhman and Chandra (1980) that AVRDC varieties had
higher values of LAI, NAR, RGR and plant height than indegenous
varieties. Further more, variety Galadima 1is indigneous and
therefore adapted to savannah ecological zone; unlike the other
varieties that were exotic and have not yet adapted to the local
environmental conditions. Variety Galadima also exhibited higher
number of days to 50% flowering, pod length, pod width, number of
pods/plant and number of seeds/plant probably due to its genetic
make up.

The higher pod weight (g/plant), grain yield (g/plant), 1000 ~
grain weight, pod weight (kg/ha), grain yield (kg/ha), shelling
percentage shown by VC 1178BA may be due to its genetic make up,
early maturing nature and the fact that it is determinate in

growth, in which case the growth ceases after flowering, thus all
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the assimilate are translocated to the reproductive parts.for grain
filling which result in larger and heavier grains. This confirms
the observations of Ke (1977) and Ling, et al. (1988) that most
AVRDC varieties mature earlier, have larger and heavier grains.
Variety VC 1178A alsc exhibited higher harvest index due to the
fact that the nutrient needed for structural development of non-
economic parts are proportionately 1less than that of other
varieties, Variety VC 27783 exhibited higher grain crude protein
content than other varieties probably because of its efficiency for
grain protein production and its genetical composition.

5.3 EFFECT OF PLANT DENSITY.

The increase in plant height with increasing density could ke
ascribed to competition among plants for light as plant density was
doubled or tripled. Similar results were reported by Huesca and
Oria (1981). The reduction of leaves and pbranches at higher density
is duge to competition between and within plants for moisture and
nutrient. This results were in agreement with those of Trung and
Yoshida (1985} and Singh and Malavia (1981). '

Leaf area index increased with increasing density up to the
highest density. This ccould be due to the presence of more plants
per unit area, hence more leaves per unit area. Also planting at
lower density was characterized by patches at bare ground such that
the canopy did not fully cover the ground surface. With such sparce
canopy coverage, it was possible that, the incident radiation was
not efficiently wutilized. This confirms +the findings of

t al. (1970} who reported an increase in LAI with

Lochaiyukul,
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increasing density.

The reduction of leaf, stem and total dry weilghts per plant at
higher density could be attributed to the fact that at this
density, plants did not have adequate space for growth and
development: Thus they were competing for light, moisture and
nutrients. Both RGR and NAR were increased with increase plant
density. The increase in NAR could be due to its relationship with
LAI. Furthermore, denser stands initially have more rapid growth,
because they exhibited more photosynthetic surface per unit area,
thus synthesize more photosynthates.

The delay in days to 50% flowering recorded at lower density
could be attributed to the fact that since the plant were widely
spaced, there was a tendency of space, light and moisture being
unlimited. This encourages extended vegetative growth period. While
the stressed plants tends to flower earlier, because of the inter
and intra-plant competition for available resocurce. Pod length and
width were at their maximum at 400,000 plants/ha.

Number of pods/plant, number of seeds/plant, Pod weight/plant
and grain yield/plant were higher at lower density. This nay be
because, the wider the spacing, the more space for any one plant,
hence the more soil area for its root system to explore for mineral
nutrition and the less the competition for nutrients, moisture and
light. This implies that more photosynthate will be produced in the
source and translocated to the Sink (yield).

Although growth, pod and seed yield per plant were reduced at

higher densities, pod yield and grain yield per hectare were

5. g
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significantly higher at higher densities compared ¢to lower
densities. This could be due to the fact that increased in plant
per unit area more than compensated for by the reduction in
productivity per plant at high density. Plants sown at higher
density display more photosynthetic surface per unit area, thus
synthesize more assimilate. Similar results were reported by Singh
and Singh (1988), and Baghel et al. (1989). The shelling percentage
and harvest index were higher at lower density probably because of
the availability of nutrients, moisture and light which make the
plant to grow vigorously and produced plump dgrains.

The higher crude protein content observed at 200,000 plants/ha
could be due to the fact that, at sparse density, nutrients
especially phosphorus which enhanced nitrogen absorption is present
in adeguate quantity for higher protein production. Similar result
were reported by Nijhawan (1963) who stated that, close spacing
decreased the protein content of grains,

5.4 EFFECT OF PHOSPHORUS.

Pronounced response of phosphorus to growth characters
observed could be as a result of low phosphorus content within the
soil (Appendix IV). Plants grown on plots where no phosphorus was
applied were thin and spindly, foliage is sparse and restricted,
the developments of lateral bud is suppressed, leaves are narrow
and turn bluish green with purple anthocyanin pigments. Leaf area
index was also low and there was a lower coverage of the ground,
therefore radiation was not sufficiently utilised. The increased in

RGR and NAR by application of the highest level of phosphorus was
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probably due to high leafness and leaf area of plants supplied with
this level of phosphorus. Phosphorus plays a fundamental role in a
large number of emzymatic reaction that depends on phosphorylation.
It is thus essential for cell division and for development of
meristematic tissues, thus favouring growth by enhancing efficient
root growth and development; and consequently enhancing nutrient
uptake for vigorous vegetative growth. Similar results were
obtained by Ahmed et al. (1986), Shrirastava and Verma (1991) and
Singh and Hiremath (1990).

Application of 50kgP/ha reduced the number of days to 50%
flowering more than 0 and 25kgP/ha. Adequate supply of phosphorus
encourages earlier crop maturity through enhanced flowering. It
also stimulate blooming, fruit setting and grain formation (Black,
1968 and Brady, 1978). VYamashita and Goto (1963} observed
differentiation of the first flower clusters at progressively
earlier dates as the supply of phosphorus was increased. Due to
differences in the rate of development, consequently on application
of phosphorus, plant deficent in phosphorus, flower late as compare
to those supplied with phosphorus in this experiment.

Supply of phosphorus resulted in the retention of more pods
and seeds per plant; heavier pod and grain per plant. The overall
effect was a higher 1000-grain weight, grain and pod yield per
hectare. This could be attributed to low available phosphorus in
the soil of experimental site (Appendix IV). Bache and Roger
{1970} ; and Mokwunye (1974b} observed that deticiency of phosphorus

is notably in the savannah areas with low organic matter content;
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thus plants were observed to respond favourable to application of
phosphorus. Unfertilized crops were competing for limited amount of
nutrients in the soil which is not sufficient to sustain higher
vield. Phosphorus apart from its significant role in the growth of
crop, also plays a key role in the photosynthetic system of the
crop. It is important in photophosphorylation of various
intermediate in the CO, assimilation processes and in the formation
of pyro-phosphate bonds which allows energy transfer in plants. It
also induce rhizobial activities, nodule formation and thus
nitrogen fixation (Mengel and Kirby, 1982). It 1is therefore
expected that adequate supply of phosphorus will result in good
crop growth and consequently higher yield. Significant differences
in shelling percentage and harvest index with increased phosphorus
level could be due to availability of adegquate phosphorus for
proper pod formation and grain filling; thus higher shelling
percentage and harvest index with phosphorus, as compared to plot
with no phosphorus where competition for nutrient was intense,

The rise 1in grain crude protein content with increasing
phosphorus level could ke due to the role of phosphorus in energy
metabolism, thus providing more energy for protein synthesis and it
is not unlikely that more phosphe-protein are formed. Omneti and
Oyenuga (1970) gave similar results.
5.5 INTERACTICNS.

5.5.1 VARIETY X DENSITY INTERACTION.

The higher total dry matter produced by variety Galadima at

sparse density may be due to its higher response to lower density,

e
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Where there was little or no competition for nutrients, moisture,
space and solar radiation for growth.

Variety VC 117832 exhibited higher number of pods and
seeds/plant, pod weight/plant, grain yield/plant and 1000-grain
weight at 200,000 plants/ha probably as a result of its genetic
make up and its response to lower population. It also had higher
pod weight and grain yield/ha at 600,000 plants/ha because of its
higher pod weight and yield/plant, The higher protein content
exhibited by variety VC 2778A could be due to its genetic make up
and it responsiveness to higher population.

5.5.2 Variety x Phosphorus interaction.

Variety Galadima, a local variety gave higher total dry matter
than other va;ieties at the highest phosphorus may be because of
its large size foliage and stature.

The higher levels of yield contributors exhibited by VC1178A
implies that, it respond more to phosphorus than other varieties.
It has been reported that improved varieties respond more to
phosphorus, thus all AVRDC varieties in these trials responded more
than Galadima to phosphorus, The higher grain protein content
observed 1in VC 2778A could be attributed to its response to
phosphorus application which 1s important in protein synthesis.

5.5.3 Density x Phosphorus Interaction.

The highest yield contributors exhibited at the lowest density
and highest phosphorus level is probably due to availability of
adequate nutrient, space and moisture for proper development; thus

plants roots are able to explore the soil for nutrient and moisture

’
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that are adeguately supplied. Further more, since the plants were
mell spaced competition for light is reduced.

The grain yield/ha and pod weight/ha were observed to be
higher at highest density and phosphorus levels. This could be
because of adeguate supply of nutrient to plants and higher numbers
of plants/unit area. Similar results were reported by Huesca and
Oria (1981) and Rao and Rajan (1984).

5.6 CORRELATION STUDIES AND PATH ~ COEFFICIENT ANALYSIS.

Positive and significant correlation was observed between most
of the grain contributors studied, showing an interdependency
within the characters.

The nagative association between days to 50% flowering and all
other characters and yield, implies that the higher number of days
to 50% flowering, the lower will be these characters. This is true,
since the longer the vegetative phase, the more assimilates will be
used for growth at the expense of reproductive phase.

The positive association between plant height, number of
leaves/plant and number of branches/plant and yield is probably due
to the fact that, as the plant height increases more nodes are
produced at which branches and leaves are differentiated and the
more the pod production.

Correlation between yield and yield components revealed that
numbers of pods/plant, number of seeds/pod and 1000~-grain weight
are important yield determinants. This results confirms the
findings of Ko and Chang (1975), yohe and Poehlman (1975) and

Sandhu et al. (1980)-
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The path analysis and percentage contribution showed that most
of the growth characters make their greatest contributian to yield
through total dry matter and plant height. This could be due te the
fact that increased dry matter and plant height are virtually
synonymous with increased photosynthetic surface and thus greater
photosynthate which translated into higher yield.

Yield components make thelr greatest contribution through
1000-grain weight. This showed that 1000-grain welght 1is the
greatest determinant of yield. This results confirms the findings
of Domar et al. (1973) and Malhota et al. (1974).

5.7 POLYNOMIAL RESPONSE OF GRAIN YIELD TO PLANT DENSITY AND

PHOSPHORUS.

When the polynomial response of plant densities were examined
using chi-square test for goodness of fit, it was observed that
except for 1995 season, the response fitted the first degree of
polynomial (Linear). The 1995 data was inconclusive, because both
the linear and quadratic responses were significant at one level or
the other. However, the chi-~square for linearity was lower than the
guadratic indicating that linearity is better.

The deviaticn between observed and predicted yield using chi-
square test for phosphorus were found to be nen=-significant in all
the three season and combined analysis for guadratic, indicating
that the second degree of polynomial response fitted these data. As
regards the linear response which was not significant in 1994 and
combined analysis, the chi-squares of quadratic were much lower

than linear, which also provided a better £fit for quadratic

i
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response.

5.8 OPTIMUM LEVEL OF PHOSPHORUS.

The higher optimum level of phasphorus exhibkited by green granm
in 1995 as conmpared to ¢ther seasons was probably due to favourable
rainfall and temperature during the grain filling stage of the
crop. The lowest value of aptimum level of phosphorus required to
produce optimum yield as observed in 1993 was due to the low
moisture level which reduced the absorption of nutrient and low
temperature which decrease the growth and yield of the crop; thus

the plants in this year use low amount of phosphorus.
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Application of phosphorus up to the highest rate of S50kgP/ha
resulted in increased values of all growth and yield characters as
well as grain crude protein studied.

Significant interaction were recorded on some of the
characters such as total dry mater, number of pods/plant, number of
seeds/plant, grain yield/plant,pod weight/plant, 1000~grain weight,
pod weight/ha and grain yield/has

The results of correlation analysis revealed significant
association between some of the characters studied. The correlation
was also positive for most characters, although days to 50%
flowering was negatively correlated with all other characters. Path
analysis revealed that indirect contribution of growth characters
to vield was highest via total dry matter. Yield characters
contributed more via 1000-~grain weight.

The percentage contributicn of growth characters on yield
revealed that plant height make the highest individual contribution
to yield, while the combination of plant height and total dry
matter make the highest combined contribution to yield. When the
percentage contribution of the major yield contribitors were
exanined; 1000-grain weight was observed to contribute the highest
percentage to yield, while the combination of number of seeds/pod
and 1000~-grain weight was the highest contributor to yvield.

Polynomial response to density was linear, indicating that
grain yield would continue to increase beyond the ranges of the
rates tried. With regard to phosphorus, however the response was

quadratic,
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The study has shown that grain yield was optimum at
23.43kgP/ha. Although most yield component were strongly correlated
to grain yield, total dry matter, and 1000-grain weight were
observed to be greatly involved in the contribution of the other
character to grain yield. Plant height and 1000-grain weight made
the heightest percentage individual contribution to yield. Crop
improvement programme should be geared towards improving these

traits.
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Appendix I
Samaru Meteorological opservations in 1993

Months Rainfall Relative humidity Air temperature sunshine

(mm) (%) c (Hrs)
AM PM Min Max o
E;Euary 0.0 23.6 19.2 33.56 Z26.3 4.0
February 0.0 19.5 2353 14.6 31.8 NA
March 0.0 31.5 29.7 18.2 34.4 NA
April 8.3 42.7 33.8 23.5 36.5 NA
May 113.6 62.9 46.8 2250 37.8 8.2
June 155.8 72.7 51.8 20.9 3L ? Pl
July 269.0 78.4 56.7 20:2 29.5 6.6
August 300.0 81.8 62.1 % 1P 28.4 5.0
september 181.8 76.7 58.2 19.3 30.2 7.0
october 32.4 €3.1 54.0 18.7 34.1 8.4
November 0.0 NA NA 14.1 33.6 8.6
pDecember 0.0 3% 3 25.5 14.1 29.1 6.2
Total 1060.9
Mean 48.6 38.4 18.1 32.0 5.1__-

NA: Not available.

source: Meteorological station at Institute for Aqricultural
Research, Samaru zaria.



Appendix II
Samaru Meteorological Observations in 1994
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Months Rainfall Relative humidity Air temperature Sunshine
(mm) (%) ' (Hrs)
AM PM Min Max
January 0.0 18.7 231 18:3 29.6 6.8
February 0.0 12.6 12.8 18.5 31:0 5.9
March 0.0 19.7 25.7 21.0 34.8 6.4
April 0.0 49.40 36.3 24.2 35.8 5.9
May 120.1 71.7 40.8 24.5 35.4 1.8
June 23149 & i 52 .0 24 .1 i B IR 3.4
July 169.2 84.3 64.1 24.1 29,3 6.2
August 215,82 85.0 78.0 22.4 25.2 3.8
September 8§2.5 82.8 75.0 23.0 26.5 5.1
October 69,2 76.4 65.0 24.0 28.2 748
November 0.0 35.6 38.0 30.3 2.1 9.2
December 0.0 378 26.3 i5.2 25.9 6.4
Total 888.8
Mean 54.2 44.8 22.0 29.4 6.1

NA: Not available.

Source: Meteorological station at Institute for Agricultural
Samaru Zaria.

Research,
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appendix III
Samaru Meteorological observations in 1995

Months

January
February
March
April
May

June
July
August
September
October
November
December

Total

painfall Relative humidity Air temperature sunshine

(mm) (%) c (Hrs)
AM PM Min Max
3 0.0 31.4 21.2 15.5 27.8 NA
0.0 28.5 8.1 16.6 29.8 NA
0.0 26.3 29.8 22.1 34.5 NA
90.5 4.2 31.0 23.0 35.5 NA
45.3 68.0 44.5 24.2 32.9 NA
125.4 70.6 5% .0 23.9 31,7 NA
193.7 79.5 66.7 237 28.3 NA
258.6 g1.8 762 23,2 26.8 NA
159.1 81.3 69.8 24.1 31.0 NA
32.5 74.3 54.6 23.8 30.6 NA
0.0 43.7 37.9 21.2 30.7 NA
NA NA NA NA NA NA
905.1
52.2 40.9 20:1 28.3

Mean

NA: Not

available.

source: Meteorological station at Institute for Agricultural

Research, Samaru Zaria.
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Apendix IV

Physical and chemical propertities
experimental plots in Samaru.

of the s0il of the

Compoesition 1992 1594 1995
Chemical charagteristic

pH in H,0 (1:2.5) 5.6 5.4 6.0
pH in KC 1, (1:2.5) 5.0 4.4 5.0
Organic carbon (g/kg) 6.0 4.0 5.0
Total Nitrogen (g/kg) 0.5 0.4 g.4
Available phosphorus (mg/kg) 3.1 2.7 5.2
Exhangeable bases (Cmol/kg)

ca i.2 1.1 1.2
Mg 0.7 0.4 0.5
K 0.3 0.3 0.2
NA 0.12 0.11 g.10
C.E.C 5.6 5.8 5.0
Particle size digtribution (a/kq}

Sand 520.0 540.0 490.0
Silt 3680.0 360.0 35%0.0
Clay 120.0 100.0 120.0
Textural clase Sandy Lecam Sandy Locam Sandy Loam
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