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ABSTRACT

Field experinments were conducted during the 1986 -
90 rainy seasons at Samaru (11° 11" N 07° 38 E) to study
the effects of sowng date, fertilizer level and intra-
row spaci ng on the agronom c characters and yield of two
banbara groundnut varieties. Two separate experinents
were conducted in each year. In the first experinent,
the effect of fertilizer nutrients (0 and 20kg N ha; O,
25 and 50kg Kha and 0O, 11, 22 and 33kg P/ha) was
evaluated while the second experinment involved the
determ nation of the best sowng date and the optinmm
intra-row spacing using two varieties (Pategi-Black and
G wa-\White). The earlier experinent was conducted for
five years (1986-1990) and the later for four years
(1987-1990) . The investigation revealed that the
application of a starter dose of 20kg Nha was not
essential even on soils wth low nitrogen |levels (less
than 0.05% total N) such as the ones used in this trial.
The application of 11-22kg P/ha was found to enhance
the performance of the crop significantly and the
application of 25kg K'ha also increased the yields of
the crop. Gain yields were maxi num at 13kg P/ ha and

27kg K/ ha.

Planting early (in June) resulted in higher yields
than late planting (July-August) provided adequate

protection agai nst weeds, pests and di seases is given to



the crop. Closely planted banbara groundnuts (5-10cm
bet ween stands on ridges 75cmapart) gave higher yields.
The Pategi-Black variety yield significantly higher
grains than the adapted local variety (G wa-Wite).
Pl ant hei ght, plant foliage spread, 100-grain weight and
shelling percentage were significantly positively
correlated with grain yield in nost years. However, the
direct contribution of the shelling percentage to the
grain yield was negative in all the years. Good
managenent, especially adequate protection of the crop
from weeds, pests and diseases is essential for the
production of this crop in Samaru given the small stature
of the crop which nmakes it prone to nechani cal damage

and/ or infection.
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1
CHAPTER 1
INTRODUCTION

1.1 Origin and Distribution

Bambara groundnut (Vigna subterranea L. Verdcourt)
is an indigenous African legume which constitutes the
third most important pulse crop in the continent after
groundnut and cowpeas (Sellscop, 1962). The centre of
origin for bambara groundnut has been a matter of
discussion, however, it is now generally accepted that
wild forms are found from the Jos Plateau and Yola
(Northern Nigeria) to Garoua (Cameroon), and possibly in
the Central Africa Republic (Hepper, 1970). The crop is
now found throughout tropical Africa as well as in
Madagascar, Mauritius, Sri Lanka, Indonesia, the
Philippines, Malaysia, the United States, New Caledonia,
northern Australia, Tropical Central America, Surinam and

Brazil {Duke, et al., 1977).

1.2 Growth Habit

Bambara groundnut is a small bunched herbaceous

annual, similar to groundnut (Arachis hypogaea L.) in

habit. The plant bears numerous erect and long petioled
trifoliate leaves produced from small creeping stems
(Cobley and Steel, 1976). It shows a wide variation in
growth habit, but varieties may be classified into two
broad groups: open or spreading types with long trailing

stems; and compact or bunched types with short trailing



2
stems (Doku and Karikari, 1971). Between these extreme
types there are gradations, but the general appearance of
the plant is a bunch of leaves with long petioles arising
from very contracted and much branched stems which form
a small crown on the soil surface (Doku and Karikari,
1971). From the crown arises a well developed tap root,
free of lateral roots for part of its length, and then
producing downwardly growing laterals in profusion. The
tap reot and its laterals bear thick, sub-globular{
weekly striated and effective root nodules (Johnson,
1968). The hairy stems which creep oﬁ the surface of
the soil branch cff in all directicns from the central
bud which is situated at so0il level. Branching starts
very early, about one week after germination, and as many
as 16 to 20 branches may be produced (Doku and Karikari,
1971) . The small yellowish flowers are borne on the
small creeping stems quite close to the ground and are
normally self-pollinated and are fertilized before
opening and, like those of groundnut, the stalks lengthen
in a downward direction after the flowers have been
fertilized. The young pods are gradually pushed under.
the ground around and below the plant, where they develop
and ripen (Sands, 1931). On germination, the cotyledons
remain under the ground, thus exhibiting a hypogeal

germination (Stanton et al., 1966),
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1.3 Economic Importance and Uses
| Total production of bambara groundnut has been
estimated to be over 300,000 tones per annum in Africa
(Poulter, 1981). The major producing countries include
Nigeria (estimated at 100,000 tones per annum), Niger
(30,000 tones) and Ghana (20,000 tones) (Rachie and
Roberts, 1974). According to Sellschop (1962), the most
important leguminous crops in terms of production and
consumption in Africa are groundnut, cowpea and bambara
groundnut in that order. The production of these crops
in Nigeria follows the same pattern. However, the result
of a survey in Ghana showed that bambara groundnut was
only second to cowpea. Kinyawa (1962) mentioned also
that bambara groundnut comes next to groundnut in Western
Tanzania in terms of production and consumption. This
crop features prominently in traditienal farming systems
all over the continent of Africa as an intercrop of
cereals and root crops, although it is also planted as a
sole crop in some areas (Stanton, 1968). In most parts
of Africa the crop 1is grown primarily for home
consumption, with excess guantities being sold in local
markets (Hepper, 1970).

Bambara groundnut is mainly used for human
consumption. The grains are consumed either immature or
when fully ripe. Immature grains are consumed fresh or

grilled (Rassel, 1960), or they are bolled, either
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shelled or unshelled, after which they are eaten alone or
mixed with immature groundnut or green maize (Johnson,
1968). Ripe grains are hard and therefore difficult to
grind. Usually they are either pounded to flour and
boiled to stiff porridge, or soaked and boiled {(Johnson,
1968). The porridge keeps well and is traditionally used
on long journeys (Holm and Marloth, 1940). Ripe grains
are also roasted, broken into pieces, boiled, crushed and
eaten as relish. Commercial canning of bambara groundnut
is a successful industry in CGhana (Doku and Karikari,
1971; Lartey, 1977). Other methods of processing
developed in recent years, are vegetable milk processing
(Poulter and Caygill, 1980) and the meal (Lartey, 1977)
or rice flour (Obizoba, 1983 and 1984). In Nigeria,
Begemann (1987) reported that bambara groundnut is used
in preparing 'alale' or 'moin moin', 'kosai' or 'akara',
cake, stew and snacks. Bambara groundnut may also be
used as an animal feed stuff; the grains are used for
livestock (Oluyemi et al., 1976), while the haulms are
fed to cattle (Gohl, 1975; Uwaegbute, 1977). However,
the comparatively small production of vegetative matter
limits the use of bambara groundnut as a fodder (Doku and
Karikari, 1971).

1.4 Status of Production in Nigeria

Bambara groundnut is grown in almost all parts of

Nigeria, except in the riveraine/swampy areas where
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climatic conditions are not conducive for its good
performance. It is grown either sole or intercropped
with other crops.

Linnemann (1988) reported that the total hectarage
of bambara groundnut in the northern parts of Nigeria has
declined over the past ten years, while for much of the
south, preoduction increased during the same period.
Farmers in the north estimated that the present hectarage
is approximately 5-20% of the hecterage about a decade
ago. The main reason for the decline in production was
drought, which resulted in little or no production of the
crop for some years. The increase in hectarage in the
south was however, attributed to the fact that the crop
fetches more money than it used to (Linnemann, 1988).
Even though, majority of the farmers produce bambara
groundnut primarily for food, they may sell part of their
produce when they have produced excess of their food
needs or when they are pressed for money to pay taxes,
loans or school fees (Linnemann, 1988). The shift in
preoduction area from the north to the south may have
affected the annual production. - Because bambara
groundnut is one of the ‘neglected crops', research
information, especially with regard to Nigeria, is
generally scanty because not much work has been done on
the crop. The improvement of its germplasm as well as

the agronomy of its production both deserve intensive
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study if increases in grain and protein vyields and
gquality are to be achieved.

The varieties presently in cultivation are local
selections whose vields are generally low and whose
adaptation 1is such that it renders them largely
unresponsive to improved management.

1.5 Obijectives of the Study

Very 1little is known about improved bambara
groundnut production in Nigeria. Most of the information
available are based on experiences reported elsewhere.
This study was therefore initiated with the following
cbjectives:

1. Te ascertain the best time to plant bambara
groundnut i1n order to achieve optimum grain yield.

2. Determine the optimum amount of phosphorus
fertilizer to apply to the crop for optimum grain
yield,

3. Determine whether or not the application of
potassium and nitregen 1is important in the
production of bambara groundnut, and

4. Determine the best intra-row spacing to use in the

production of bambara groundnut.
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CHAPTER 2
LITERATURE REVIEW

Being one of the 'neglected' poor man's crops,
bambara groundnut has not received the required research
attention it deserved especially in Nigeria where it is
believed to be the centre of origin of the crop. Much of
the literature review that follows is therefore based
largely on results reported elsewhere.
2.1 Grain Yields

Yield comparisons are complex due to the fact that
yields in different countries may be expressed
differently, in different units such as 'bags', and in
terms of shelled or unshelled grain (Hepper, 1970). It
is difficult to obtain accurate figures on production and
yield of bambara groundnut since most production and
consumption are local, Bambara groundnut vyields are
generally low in Africa with an average of 650-850Kkg/ha
with large differences occurring between countries
(Stanton et al., 1966). Grain yields which have been
reported for various countries include Congo (Kahemba)
3150-650kg/ha; Chad and Cameroon 500kg/ha; Benin 450-
650kg/ha; Nigeria (Ogoja) 254-400kg/ha; Zambia 56-
112kg/ha; Zimbabwe 3870kg/ha; and Ghana 714-=1100kg/ha
(FAO, 1959; Johnson, 1968; Hepper, 1970; Karikari and
Lavoe, 1977; Linnemann, 1987). The potential yield of

bambara groundnut is an important factor for
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consideration. Begemann (1987) reported that the vield
potential ¢f bambara groundnut in Nigeria ranges between
500 and 2600kg/ha; that of groundnut averages 750kg/ha
for Nigeria and 650kg/ha for all of Africa. He reported
that the average pulse yield is even less; 204kg/ha for
Nigeria and 467kg/ha for all of Africa. He speculated
that depending on the variety and the cropping systenm,
bambara groundnut can have a very high yield potential of
about 2,500kg/ha. However, the yields of bambara
groundnut are difficult to determine and compare because
of the diverse intercropping systems.

2.2 Date of Sowing

Date of sowing varies in different countries, but
the crop is generally grown during the rainy season. The
time of sowing 1s reported to be a critical factor for
bambara groundnut in areas with short duration of
rainfall and in areas with clayey soils, where the soil
hardens at the onset of dry weather (Holm and Marloth,
1940; Anonymous, 1961; Johnson, 1968). In Nigerla, the
time of sowing of bambara groundnut is determined by the
inmportance to which the farmers attacﬁes to this crop.
Normally, farmers sow their main food crops such as the
cereals first after which subsidiary crops like bambara
groundnut are planted (Linnemann, 1988). Sowing should
however, be done as soon as the rains have established.

For example in March-April in the Western highlands of
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Cameroon, in July - August in the Northern Savanna Zone
of Cameroon (Westphal, 1981 quoted by Linnemann, 1987).
Sowing 1is done in November - December in Malawi
(Anonymous, 1961), Swaziland (Brook et al., 1977) and
Zambia (Anonymous, 1989). Late planting results in
considerable yield reductions for example, sowing, on
December, 14; January, 11; and February 8 in Malawi gave
grain yields of 2290, 520 and 40kg/ha respectively
(Anonymous, 1961). In Zambia two sowings, in December,
and in January, resulted in grain yields of 2,000 and
425kg/ha respectively (Anonymous, 1989). In Zimbabwe,
the best time to plant is mid-November, which time
coincides with the beginning of the rainy season
(Johnson, 1966). In places where the rainy season is of
long duration (like Tanzania), planting is done half way
through the seascon to enable the crop mature at the end
of the rains (Anonymous, 1961). Since planting of
bambara groundnut is mostly done during the rainy season,
the time to plant is determined by the on-set of the
rains. That is why planting is done between August -
September north of the Egquator and between September -
December south of the Equator (Hepper, 1970). Working in
Ghana, Karikari (1969) observed that yields of bambara
groundnut were significantly lower during the rainy than
the dry season, primarily because of more prevalent

problem of pests and diseases in the former.
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2.3 B8pacing

The use of optimum plant spacing is essential for
grain yields, particularly since this would ensure early
and good ground cover and the smothering of weeds. In
Nigeria, Linnemann (1988) reported that spacing is
closely related to cultivation methods. She found that
farmers who plant bambara groundnut on the flat use
closer spacings than those that plant the crop on ridges,
The average spacing on the flat is approximately 35x35cm,
with the closest spacing being 20x20cm and the widest
40x40cm. Begemann (1987) reported that farmers planting
on ridges generally use a distance of 50-100cm between
ridges and 15-30cm between stands. The widest spacing he
found was 110cm between ridges and 40cm between stands.
In some instances farmers plant bambara groundnut in
double or triple rows on beds at a spacing of 15x20cm.
In Zimbabwe, however, Johnson (1968) reported that the
recommended spacing on the flat is 10-15cm apart in
single rows at a distance of 45cm, and 20cm apart in
double rows on flat-topped ridges at 90cm distance. In
Swaziland, unshelled yields from single rows 1m apart
were lowest at 962kg/ha, followed by double rows 1m apart
(1113kg/ha) , then 50cm rows (1316kg/ha) . These
differences were significant, whereas no significant
effect was found for spacings within the rows of 10, 15

or 20cm (Anonymcous, 1979). In Congo, a planting distance
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of 40cm square is practiced (Rassel, 1960), while Israeli
(1965) quoted by Doku and Karikarl (1971) reported a
planting distance of 20x50cm at Burkina Fasso.
2.4 PFertilizers

Fertilizer reguirements are determined by the
natural fertility of the land and the previous cropping
history. The number of pods per plant and number of
grains per pod of bambara groundnut are both influenced'
by the fertility of the =soil (Rassel, 1960). Nitrogen,
phosphorus and pctassium are the major nutrient elements
required by crops in large quantities from the soil.
Potassium deficiency is not as prevalent as those of
nitrogen and phosphorus in the Nigerian savannas, except,
in the most intensively cultivated areas such as Kano.
Being a leguminous crop, bambara groundnut meets it
nitrcgen requirements by fixing the atmospheric-nitrogen.
This implies that phosphorus becomes the most important
fertilizer element that has to be applied on this crop in
the savanna zones of Nigeria. Although, little or no
work has been done in Nigeria, on Bambara groundnut
fertilizer regquirements, experiences elsewhere are
compiled as follows. It should be noted that the only
work done on bambara groundnut fertilizer requirements
found in the literature are on these three principal

nutrient elements (N, P and K).
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2.4.1 Nitrogen and nitrogen fixation

There are three major forms of nitrogen in mineral
soils, organic nitrogen associated with the soil humus,
ammonium nitrogen fixed by certain clay minerals and
soluble in-organic ammonium and nitrate compounds. Most
of the nitrogen in soils is associated with the organic
matter. In this form it is protected from rapid
microbial release (Brady 1974). Nitrogen tends primarily
to encourage above ground vegetative growth and to impart
to the leaves a deep dJreen colour. Nitrogen is a
requlator that governs to a considerable degree the
utilization of potassium, phosphorus and other
constituents (Brady, 1974). Plants receiving
insufficient nitrogen are stunted in growth and possess
a restricted root system. An over supply may delay crop
maturation by encouraging excessive vegetative growth.

Using 23 cultivars of bambara groundnut, at Togo
Dadson and Brooks (1989) reported that all cultivars
nodulated freely with the indigenous rhizobia; and
usually produced more nodules and greater nodule dry
weight in the low nitrogen than the high-nitrogen (50kg
N/ha) treatment. They also found inadequate infectivity
or efficacy of the indigenous rhizobia because the high-
nitrogen treatment gave higher total dry weight and grain
yield than the Jlow-nitrogen nodulated plants. They,

therefore, considered necessary the application of high
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nitrogen for high grain yield. However, Dadson et al.
{(1988) reported that inoculating bambara groundnut with
rhizobia gave better grain yields than when 50kg N/ha was
applied. They concluded that bambara groundnut
nodulation and yield in West Africa could be enhanced by
inoculation with selected indigenous rhizobia. In a
greenhouse study, Gueve (1988) reported that nitrogen
supplied at 20ppm N increased shoot dry weight of two
bambara groundnut cultivars by about 43%. He also found
an increase in the nitrogen content and total nitrogen
when 20 or 100 ppm N was applied. The interaction
between nitrogen and phosphorus resulted in increased
shoot dry weight, nitrogen and phosphorus contents in the
plants, and the total nitrogen and phosphorus of bambara
groundnut cultivars (Gueye, 1988). Nitrogen fixation of
106 kg/ha by bambara groundnut was recorded by Dennis
{1977) . Inoculation with soil from an old field in which
the crop was grown is recommended when planting in a new
field (Stanton et_al., 1966). In Zimbabwe, Mukurumbira
(1985) found that bambara groundnut had a higher residual
nitrogen effect over groundnut and fallow in affecting
grain and stover yvields of maize. He suggested that the
residues from bambara groundnut were mnineralized more
readily than those from groundnut an accertion which
agrees with that of Nnadi and Balasubramanian (1978) who

found that about 50 per cent of the total root nitrogen

Il
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in bambara groundnut mineralized within 12 weeks.
2.4.2 Phosphorus

Soil phosphorus occurs in two forms, namely, organic
phosphorus and inorganic phosphorus. The total
phosphorus content of a soil depends on its organic
matter content, the parent material and the degree of
weathering. The organic phosphorus can be found in the
organic matter of the soil and in the organisms living in
the soil. The inorganic phosphorus is present in the
form of compounds of Ca, Mg, Mn, Fe, Al and clay minerals
and as primary apatites and other phosphorus bearing
minerals (Sauchelli, 1967). The agronomic value (the
gquantity of the total amount of phosphorus which is taken
up by the plant) of the soil phosphorus depends on its
solubility. Factors favouring this sclubility are: a
good supply of readily decomposable organic matter, pH of
between 6.5-7.5, a high level of phosphorus in the soil,
a high 1level of soil moisture and a high silica:
sesquioxide ratio (Sauchelli, 1967 and Khasewnel and
Doll, 1978). The amount of phosphorus present in the
soil solution (and thus available to plants) depends on
the equilibrium which exist between phosphates absorbed
on colloidal surfaces, together with phosphatic compounds
of low solubility (Al and Fe phosphates) and the
phosphate concentration in the soil solution. Water

soluble phosphate fertilizers such as single super
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phosphate, after dissolution, form different kinds of
crystalline and amorphous products. From these products
phosphates dissolve into the scil solution and become
free for plant nutrition (Sauchelli, 1967; Khasewnel and
Doll, 1978).

Phosphorus is used in the plant for the formation of
essential nucleic acids and proteins, cell division, the
formation of fats, grain germination and during the
respiration processes (Sauchelli, 1967). Within the
plant, phosphorus is a mobile element which does not
remain fixed within the tissue in which it was initially
deposited (Sauchelli, 1967).

According to Stanton et. al., (1966), it appears to
be economical to apply superphosphate at planting time or
later at the rate of 60kg/ha. Johnson (1966) recommended
a maintenance dressing with superphosphate (19% P,0;)
112-170kg/ha after a well-fertilized crop such as maize,
and application of compound fertilizer at rate of 225-
450kg/ha on soils of low fertility. Trials in Malawi,
Nigeria and Swaziland showed that no response was found
when single superphosphate was applied at rates up to
336kg/ha P,0,/ha (Cumberland, 1978; Anonymous 1989; Nnadi
et_al., 1981). In some situations phosphate application
may even decrease yields (Anonymous 1989). 1In a green-
house experiment, Tanimu (1988) reported that the rates

and sources of phosphorus did not affect the P-content



16

and the P-uptake of bambara groundnut and suggested that
phosphorus may have been adequate in the growth medium or
that the crop is an efficient phosphorus absorber.
2.4.3 Potassium

The variocus forms of potassium in soils c¢an be
classified on the basis of availability in three general
groups: unavailable, readily available and slowly
available. A slow change from one form to another does
occur (Brady, 1974). This makes possible a fixation and
conservation of added soluble potassium and a subsequent
slow release of this element when the readily available
supply is reduced. This element plays an important part
in many of the vital physiological processes in the
plant. Tt is essential in all cell metabolic processes
and apparently has a specific role in influencing the
uptake of certain other nutrients, in regulating the rate
of respiration, in affecting the rate of transpiration,
and aiding the action of enzymes, synthesis and
translocation of carbohydrate (Foth and Turk, 1972).

The only work on potassium in bambara groundnut that
was reported was conducted at Swaziland where the
application of 25kg k/ha was found to increase bambara

groundnut yields (Anonymous, 1979).
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CHAPTER 3
MATERIALS AND METHODS

Investigations were carried out between 1986 and
1990 at Samaru on the effects of date of sowing,
fertilizer application and intra-row spacing on bambara
groundnut. Two trials were conducted each year, one on
fertilizer requirements of bambara groundnut and the
other on the suitable sowing date and intra-row spacing
for the crop.

3.1 Location

The experiments were sited at Samaru (lat. 11°11'N;
long. 07°38'E, 686m above sea level), Nigeria which lies
in the northern Guinea Savanna, where rainfall
establishes between mid-May to early June and reaches
maximuam in July/August. Annual rainfall ranges between
800 and 1300mm, with an average of 1000mm (Appendices 1-
6). The dry season starts about mid-October to late
April. The hottest months are those preceding the rains
(March/April) with mean daily temperatures being above
27°C. The coldest months are November to January which
period is characterized by the dry harmattan winds from
the North East when temperatures average 10-15°C minimum
and 21-36°C maximum.

The properties of the soils at the experimental
farms are presented in Table 1. A composite random soil

sample was collected (0-30cm) from each site before the
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commencement of the experiment each year, and analyzed
for physical and chemical characteristics. Particle size
analysis by the hydrometer method showed soils to be a
sandy loam. The pH range (between all fields) was 5.50-
6.00 in 1:1 soil-water suspension, and 4.50-5.80 ina 1:1
soil:IN KC1 solution. Total N-content, as determined by
macro-Kjeldahl extraction (Bremer, 1965), Available
phosphorus was determined by Bray 1 method (Bray and
Kuss, 1945). Exchangeable cations were determined from
a IN ammonium acetate leachate (Black, 1965), using
atomic absorption spectrophotometry for calcium (Ca) and
magnesium (Mg), and flame photometry for sodium (Na) and

petassium (K).

3.2. Treatments and experimental designs
3.2.1 Experiment 1 - Fertilizer experiment

The treatments included factorial combinations of

two levels of nitrogen (0 and 20kg N/ha); four levels of
phosphorus (0, 11, 22 and 33kg P/ha) and three levels of
potassium (0, 25 and 50kg K/ha). The design of the
experiment was a randomized complete block with three
replications. Nitrogen was applied in the form of
calcium ammonium nitrate (26% N), phosphorus in the form
of single superphosphate (18% P,0,) and potassium as
muriate of potash (60% K,0). The three fertilizers were

all applied at planting along grooves made at the sides
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of the ridges and were later covered with soil.
3.2.1.1 Plot size

Each plot was made up of six ridges and each ridge
was 4m long 75cm apart. The four inner ridges
constituted the net plot from which yields were measured.
3.2.1.2 Planting

Grains were planted by hand using guide ridges and
string method in which a pair of marked planting ropes
that were placed along the two outermost ridges, and an
unmarked one held at either ends and moved from one mark
to the next. The marks were made 10cm apart to
correspond with the 10cm intra-row spacing used in the

fertilizer trial.

3.2.2 Tissue analysis

Samples from each plot of (1) stems with petioles
and (2) leaves were separated oven-dried at 70°C, ground
with a Wiley mill and sieved with 0.5mm sieve, labelled
and stored in plastic containers for subsequent chemical
analyses.
3.2.3.1 Total nitrogen

Total percentage nitrogen was determined by the
micro Kjeldahl method as described by Bremner (1965).
0.20g of the stem and petioles or leaves was weighed and
placed in a digestion tube. 15ml of concentrated

sulphuric acid (H,50,) was added and the tube gently
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swirled until the sample and acid were thoroughly mixed.
Some 5g of Kjeldahl catalyst mixture was added and the
tube heated cautiously until the solution cleared. A few
drops of 30% H,50, was used to wash isolated sample
particles down the neck of the tube and then allowed to
cool down. The content of the digestion tube was then
transferred into 100ml volumetric flask and diluted with
distilled water to where the flask is marked and mixed
thoroughly. Some 10ml of 2% boric acid and 4 drops of
mixed indicator were placed in a 250ml - Erlenmeyer
flask. 10ml aliquot of the digest was transferred into
a distillation flask and attached to the distillation
apparatus. Thereafter 10ml of 1.0N NaOH was added to the
distillation flask containing the digest and distillated.
The distillate was then titrated with standard 0.025N
H,50, to pink end point.

The per cent N in the sample was calculated as

N = 0.014 x Titre x Vol. of digest x Normality of acidx100
weight of sample x Vol. of aliquot used.

3.2.3.2 DAnalysis for P,K,Ca and Mg

Phosphorus was determined using the vanadomolydo-
phosphoric acid yellow method described by Olsen and Dean
(1965) . Some 0.5g of the ground sample was placed in the
digestion tube, 5ml of the HNO, HCl0, acid mixture (2:1
by volume) was added to the digestion tube and mixed.
The tube was placed in a fume hood at 150°C and content

allowed to digest for 1% hours. The temperature was then
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increased to 230°C and digested for 30 minutes. The
digester was then switched off. The tube was removed and
30ml of distilled water added within few minutes of
removing it from the digester. More distilled water was
added to make up to the mark on the tubes. The P in the
solution was determined calorimetrically using a
spectrophotometer.

The digested samples used for the P-determination
were diluted and used for K, Ca and Mg determination. K
was determined by flame photometry (Heald, 1965), while
Ca and Mg were determined by atomic absorption

spectrophotometry (Pratt, 1965).
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Table 1: Physical and chemical properties of the

soils of the experimental sites (0-30cm
depth) .
Soil composition 1986 1987 1988 1989 1990
Mechanical composition (g/kg)
Clay 80 170 160 60 180
Silt 420 340 300 300 220
Sand 500 490 540 640 600
(8] gitio
pH 050) 5.8B0 B.50 .70 5.90 6.8
pH (KClz} 5.00 4.50 5.00 5.+20 5.8
Organic carbon (g/kg) 6.0 3.0 552 2.0 2.4
Available P (mg/kqg) 3.85 5.15 6.51 3.50 8.2
Total N (g/kg) 0.7 0.3 0.4 0.17 0.2
Exchangeable bases (Cmol/kqg)
Ca 113 0.44 0.62 2+13 4.25
Mg 0.21 0.26 0.41 0.74 123
K 0.09 0.09 0.18 0:18 0.15
Na 0.07 0.07 0.09 0.09 0.01
CEC 4.60 4.20 5.40 5.40 10.2
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3.2.2 Experiment II - Sowing date and spacing

The treatments were five sowing dates (SD1; SD2;
SD3; SD4; and SD5), four intra-row spacings (5, 10, 15
and 20cm eguivalent to 266,600; 133,300; 88,850 and
66,650 plants/ha respectively) and two varieties Giwa
white and "Pategi black". The design was a split plot
with the dates of sowing occupying the main plots while
factorial combinations of varieties and intra-row
spacings were vandomized in the sub plots. The
experiment was replicated three times in all years.
(For the various sowing dates see appendix 7).
3.2.2.1 Plot size

The sowing date and spacing experiment however had
a plot size of é6m long ridges by 4 ridges that were 75cm
apart. The 2 inner ridges made the net plot which was
harvested for yields measurement.

3.2.2.2 Bambara groundnut varieties

Giwa-White was used in the fertilizer experiment
while Giwa-White and Pategi-Black were used in the sowing
date and spacing experiment. CGiwa white has white grain
coat and yields about 635kg/ha grains while Pategi-Black
has black grain coat with grain yields of about 850kg/ha
(Tanimu et al ., 1990). The grains were purchased from
Giwa {Kaduna State) situated in northern Guinea savanna
and Pategi (Kwara State) southern Guinea savanna. The

two varieties were not uniform in their growth and
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development.
3.3.2.3 Planting
For the sowing date and spacing experiment, sticks
were prepared and used to plant at 5, 10, 15 and 20cm
being tested. One grain was sown per hole at sowing.
3.3.2.4 Basal fertilizer application
For the sowing date and spacing experiment which had
no fertilizers in its treatments, 22kg P, 25kg K and 20kg
N/ha were applied each year before planting along grooves
made on the sides of the ridges.
The fertilizers were applied as single
superphosphate (18% P,0,), muriate of potash (60% K,0) and
calcium ammonium nitrate (26% N).

3.4 Cultural Practices

3.4.1 Land preparation
The experimental field was ploughed and harrowed
each year after which ridges were made 75cm apart.

3.4.2 Weed, pests and disease control

Weeds were controlled by applying Galex (1:1 mixture
of metabromuron and metolachlor) at 4.0 litres/ha
immediately after planting for both trials. Thereafter
plots were kept weed-free by manual weeding using hoe.
Dithane M45 and Benlate at 1lkg a.i./ha were applied in
1987, 1988, 1989 and 1990 to control rust and leaf blight

caused by Puccinia sp. and colletotrichum sp.

respectively.
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3.4.3 Harvesting

At harvest, plants from the net plots, including
roots, were carefully dug, to recover all mature pods.
Pods were detached from the rest of the plant (Haulm) and
were washed. The total fresh weight of haulm, was
determined. The pods were air dried, weighed and shelled
to recover the kernels which were weighed.

3.5 Observation

Iin order to determine the effects of treatments on
growth, periodic measurements of ten randomly tagged
plants from the net plots were made.

3.5.1 Plant height

Height was measured from ground level to the tip of
the plant at 2 weekly intervals from two weeks after
emergence ,

3.5.2 Plant foliage spread

The average of two diameters measured as a cross is
taken as the foliage spread. This was measured at 2
weekly intervals from two weeks after emergence.

3.5.3 Dry matter production

In 1990, five plants were removed from the boarder
ridges of the plot at an internal of two weeks. The
leaves were detached from the particles and the stems.
These were oven dried and weighed to determine the dry

matter distribution between the shoot parts.
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3.5.4 Days to first flowering
Days to first flowering were recorded from the time
of sowing to when the first flower in each plot was

formed.

3.5.5 Haulm yield

The haulm from the net plots were weighed using
salter scale after the pods were detached. The plot
yields were then extrapolated to haulm yield (kg/ha).
3.5.6 Grain yield

The kernels obtained from the air dried pods of the
net plots were weighed with a Mettler balance model 1210
and the value obtained multiplied by a factor to convert
to kg/ha.

3.5.7 100-grain Weight

100 grains were counted from each treatment and
weighed separately with the Mettler balance model 1210.

3.5.8 Shelling percentage

The shelling percentage was determined as weight of
grains/pod weight x 100 for each plot or treatment.

i.e Shelling % = weight of grains x 100
weight of pods

3.6 Statistical Analysis

All the data collected from the experiments were
subjected to statistical analysis using the two way
analysis of variance method to test the significance of

effects and their interactions as described by Snedecor
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and Cochran (1967). Mean values were compared using the
new Duncan's Multiple Range Test at the 5% level of
probability. Correlation and path analysis coefficients
among some observations were also calculated in
accordance with Dewey and Lu (1959) and Wright (1960).
Polynomial response of grain yield to fertilizer levels
was also determined as described by Steel and Torrie
(1984). Maximum rates were calculated using the formula

of Little and Hills (1975).
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CHAPTER 4
4. RESULTS

4.1 Effects of nitrogen, phosphorus
and potassium fertilizers

4.1.1 Plant height

The main effects of nitrogen, phosphorus and

potassium fertilizers on bambara groundnut plant height
two weeks after emergence for 1986 to 1990 and the
combined data are shown in Table 2. Application of 20kg
N/ha did not significantly affect the height of the crop
at two weeks after emergence in any of the five years and
even when the data were pooled.
Phosphorus application was found to affect the height of
the crop significantly only in 1987 and 1988 but not in
1986, 1989 and 1990, In 1987 the application of
phosphorus resulted in depressed height, while in 1988
the application of 11kg P/ha resulted in taller plants
than when 22kg P/ha was applied.

At two weeks after emergence in 1986 and 1990 the
application of 50kg K/ha resulted in plants that were
significantly shorter than those that received no

potassium application.
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phosphorus and

potassium fertilizers on bambara groundnut
plant height (cm) 2 weeks after emergence
at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
—-E --------- g.? 10.7 8.9 8.7 9.2 9.2
20 8.8 10.6 8.7 S.1 9.2 9.3
SE* Q.21 0.14 0.14 4 A 5 0alD QX7
Phosphorus (P)
'B‘“‘—'"“”';T;‘ 11.1a 8.9ab 8.6 9.1 8.3
1.8 8.8 10.5ab 9.2a 9.0 9.2 9.4
22 8.9 10.8ab 8.5b 9.0 5.0 9.2
33 8.7 10.3b 8.6ab 9.1 8.3 9.2
SE* D.48 0.21 0.21 0.28 0.21 0.24
Potassium (K)
0 9;la 10,7 8.3b B.9 9.58a 9.3
25 8.6ab 10.6 8.9ab 8.9 9.1lab 9.2
50 8.5b 1 1 3 9,.2a 9.0 8.9 B.3
SE+ Gl 0.21 0.21 0.28 0.19 0.22
Treatment Interactions
NxP NS NS NS NS NS NS
NxK * NS NS NS NS NS
PxK NS NS * % NS NS NS
NxPxK NS NS NS NS NS NS

Means in a column of any set

of treatments within a year

followed by unlike letter(s) are significantly different at 5%

level using DMRT.
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In 1988, however, potassium application of this same
level significantly enhanced the height of the crop over
the no potassium treatment. In 1987 and 1989 the
differences in plant height between the various levels of
potassium were not statistically significant. The
interactions between nitrogen and potassium and between
phosphorus and potassium were significant in 1986 and
1988 respectively.

At OkgN/ha there was no difference among the rates
of potassium. However, at 20kg N/ha taller plants were
produced by the no-potassium treatment. Comparing the
nitrogen rates at similar potassium rates, it was found
that at Okg K/ha the application of 20kgN/ha resulted in
the tallest plant. There was no significant difference
between the nitrogen rates at 50kg K/ha (Table 3).

There was no difference between the potassium levels
at each of the phosphorus levels except at 11kg P/ha when
the application of 50kg K/ha produced the tallest plants
(Table 4). The tallest plants were produced with the
application of 33kg P/ha at 25kg K/ha. However, at 50kg
K/ha, the tallest plants were produced with the

application of 11kg P/ha.
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Table 3: Interactions between nitrogen and
potassium on plant height (cm) of
bambara groundnut two weeks after
emergence at Samaru, 1986.

Nitrogen rate Potassium rate (kgK/ha)
{kgN/ha)  -————==c—— e — =
) 25 50
0 9.2bhc 10.1lab 9.2bc
20 10.5a 8.9cC 8.6¢C
S5E+ 0.42

Means values followed by unlike letter(s) differ
significantly at 5% level using DMRT.

Table 4. Interactions between phosphorus and
potassium on plant height (cm) of
bambara groundnut two weeks after
emergence at Samaru, 1988.

Phosphorus rate Potassium rates (kgK/ha)
(kgP/ha)
G 25 50
0 9.1b 8.4b 9.2b
11 8.5b 8.8b 10.4a
22 8.3b 9.1b 8.1k
33 7.3b 9.,5ab 8.9b

SEt+ 0.36

Means values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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At four weeks after emergence the application of
20kg N/ha did not result in statistically significant
differences in the height of the crop in all the years
except when the data were pooled. At this stage the
control plants were significantly taller than those when
20kgN/ha was applied (Table 5). Phosphorus application
at 22kgP/ha enhanced plant height in 1986 significantly.
The application of potassium was found to significantly
reduce the height of the crop at four weeks after
emergence in 1986 only. However, no significant

differences were observed in any of the other years.
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Table 5: Effects of nitrogen, phosphorus and
potassium fertilizers on kamkara groundnut
plant height (cm) 4 weeks after emergence
at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N}
0 9.5 15.8 11.7 11.3 10.2 11.7a
20 9.3 13.7 11.6 11.3 10.1 11i.2b
SE+ 0.21 0.14 0.14 0.14 0.1% 0.16
Phosphorus (P)
0 8.8b 14.0 11.0 11.5 10.12 11.1
11 9. 6ab 13.6 11.5 11.5 10.1 11.3
22 9.,8a 13.8 11.5 10.9 10.3 11.3
33 9.,4ab 13.5 11.8 11.2 10.1 11.2
SEL 0.35 0.21 0.16 0.21 D.21 0.23
Potassium {K)
0 4.8a 13.8 11.7 11.4 10.3 11.4
25 g9, 5ab 13.6 11.7 11.3 10.2 11.3
50 8§.9b 13.7 11.5 11.1 8.9 11.0
5K+ 0.28 0.14 0.13 .14 0.18 0.17
Treatment Interactions
NxP NS NS NS NS NS NS
NxK NS NS X NS NS N5
PxK NS NS NS NS NS NS

NxPxK NS NS NS NS NS NS

Means in a column of any set of treatments within a vyear
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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The interactions between nitrogen and potassium for plant
height were significant in 1988 only. The application of 20kg
N/ha produced the tallest plants at 0kg K/ha, whereas the
opposite was true at 25 and 50kg K/ha (Table 6). Varying the
potassium rates but at the same nitrogen rates, the control
plots were significantly shorter than those in which 25kg K/ha
was applied. When no potassium was applied, the crop grew

tallest in plots where 20kg N/ha was applied.

Table 6: Interactions between nitrogen and
potassium on plant height (cm) of
bambara groundnut four weeks after
emergence at Samaru, 1988.

Nitregen rate Potassium rate (kgK/ha)
(kgN/ha) _—
0 25 50
0 11:4¢ 12.0ab 11.7abc
20 12.1a 11.5bc 11.3c
SE * 0.19

Means values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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Table 7: Effects of nitrogen, phosphorus and
potassium fertilizers on plant height (cm)
at harvest at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 21:0 21.1 191 20.2 18.4b 20.0
20 21.4 21.4 19:1 20.4 19.5a 20.4
SE+ 0.64 0.36 0.14 0,21 0.28 0.32
__Phosphorus (P)
0 20.4 22.0a 18,85a 2l«3 18,9 20.4
13 20.9 20.8abc 19.0ab 20.2 18.8 19.9
22 2242 21.8ab 19.1ab 19.8 18.8 20.3
33 21.2 20.4c 18.8b 18.8 19:2 19.8
SE+ 0.85 0.50 0.21 0,50 0,39 0.49
Potassium (X)
0 22.0 21.4 1943 19.8 18.8 20.3
25 2.7 20.8 19.1 2G.2 1980 20.2
50 19.8 274 18.9 20.3 19.0:0 19.9
SEx 0.78 0.42 0.18 0.42 0.34 0.43
Interactions
NxP NS NS NS NS NS NS
NxK * NS NS NS NS NS
PxK NS NS NS NS NS NS
NxPxK NS NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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When potassium rates were compared at similar

nitrogen rates, it was found that at 0Okg N/ha there was

no difference between the different K rates (Table 8).

However, at 20kg N/ha, the control produced significantly

taller plants than when 50kg K/ha was applied.

The

difference between 0 and 25kg K/ha was not significant.

Similarly there was no difference between 25 and 50kg

K/ha. When different nitrogen rates were compared at

similar K rates, it was found that there was

difference between the nitrogen rates.

Table 8: Interactions between nitrogen and
potassium on plant height (cm) at
harvest at Samaru, 1986.

no

Nitrogen rate Potassium rates (kgK/ha)
(kgN/ha) e t—
0 25 50
0 20.3ab 22.0ab 20.8abc
20 23.7a 21.5ab 18.9b
SE  1.05

Means values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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4.1.2 Plant foliage spread:

Table 9 shows the effect of the various levels of
the three fertilizer elements on the plant foliage spread
at two weeks after emergence. The application of
nitrogen resulted in increased spread of the bambara
groundnut foliage only in 1988, however, ne significant
differences were observed in the rest of the years of
experimentation. The application of phosphorus generally
did not cause significant differences in the foliage
spread of the crop except in 1988 when the application of
11kg P/ha gave significantly widest spread.

No statistically significant differences were found
with the application of potassium in 1986 and 1987.
However, in 1988, 1989 and 1990 significant differences
were observed. In 1988, the application of 50kg K/ha
gave significantly better ground cover than 25kg K/ha
which in turn was better than when no K was applied.

In 1989 and 1990 the application of 0 and 25kg K/ha
respectively gave the widest foliage spread. There were
significant interactions between nitrogen and phosphorus

in 1988.
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Takble 9: Effects of nitrogen, phecsphorus and
potassium fertilizers on bambara groundnut
plant foliage spread (cm) 2 week after
enmergence at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
__Nitrogen (N)
0 10.7 16. 16.5b 16.3 17.8 15.4
20 10.5 1%5. 17.3a 16.7 18.2 15%.6
SE+ 0.14 0.05 0.18 0.36 0.29 0.20
Phosphorus (P)
0 10.5 15.3 16.4b 15.9 18.4 15.3
11 10.6 15.8% 18.1a 16.6 17.6 15.7
22 10.6 15.4 16.7p 17.0 18.0 15.5
33 10.6 15.5 16.5b 16.4 17.9 15.4
SEZX 0.14 0.07 0.26 0.50 0.41 0.22
_ Potassium (K)
0 10.8 15.4 15,%c 17.1a 18.0ab 15.4
25 10.5 15.4 16.9b 16.5ab 18.6a 15.6
50 10.6 15.5 17.9a 15.8b 17.4b 15.4
SE+ 0.14 0.06 0.22 0.42 0.36 0.24
Treatment Interactions

NxP NS NS * NS NS NS

NXK NS NS NS NS NS NS

PxK NS NS NS NS NS NS

NxPxK NS NS NS NS NS NS

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

of treatments within a year
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Application of 20kg N/ha in combination with 11
kgP/ha produced the widest foliage spread (Table
10) . There was no significant difference between the
nitrogen rates at the other rates of phosphorus.
Similarly, there was no difference between the phosphorus

rates at Okg N/ha.

Table 10: Interactions between nitrogen and
phosphorus on bambara groundnut foliage
spread (cm) at two weeks after emergence
at Samaru, 1988.

Nitrogen rate Potassium rates (kgK/ha)
(kgN/ha) -
0 11 22 33
0 15.8b 17 .28 17 «0b 16.2b
20 16.9b 18.9a 16.4b 16.8b
SEtX 0.36

Means values followed by unlike letter(s) differ
significantly at 5% level using DMRT.

The effect of nitrogen application on bambara groundnut
foliage spread four weeks after emergence was not
statistically significant in any of the vyears of
experimentation not even when the data were pooled Table
11} .

Phosphorus application did not affect the foliage spread
of the crop significantly in any of the years and when

the data were pooled.
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The application of potassium affected the plant foliage
spread significantly only in 1988, when 25kg K/ha
resulted in the ground cover more than OkgK/ha. In 1986,
1987, 1989 and 1990 the application of potassium did not
result in significant differences in the foliage spread

of the crop.
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Table 11: Effects of nitrogen, phosphorus and
potassium fertilizers on bambara groundnut
spread (cm) 4 weeks after emergence at

Samaru.
_ Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 24.9 26.4 2549 25:3 26.1 237
20 25.8 26.6 26,3 25.3 26.5 26.1
SEX 0.57 021 0.24 0.36 0.36 D35
Phosphorus (P)
0 24.6 26,7 26.1 258 26.5 25.8
11 25.6 26.7 26.1 25.6 27.1 28,3
22 25,9 27.0 26.1 25.0 25.9 26.8
33 252 26.0 26.3 25.5 287 25..7
SEL 0.78 0.35 0.34 050 D52 0.50
Potassium (K)
0 26,3 26.8 25.7b 25.5 26.0 268.1
25 25.3 2643 26.4a 25.4 26.1 25.9
50 24 .4 26.4 26.2ab 25.0 26.8 25.8
SEt 0.71 0.28 0.30 0.42 0.45 0.43
Treatment Interactions
NxP NS NS NS NS NS NS
NxK NS NS NS NS NS NS
PxK NS NS * NS NS NS
NxPxK NS NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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Interactions between the treatment factors were only
significant between phosphorus and potassium in 1988.
The narrowest foliage spread was recorded at 0kg P/ha
with 0kg K/ha (Table 12). The differences between the
various phosphorus rates were not significant when
compared at similar potassium rates. Similarly, there
was no significant difference between the potassium rates

at similar levels of phosphorus.

Takle 12: Interactions ketween potassium and
phosphorus on bambara groundnut feoliage
spread (cm) four weeks after emergence
at Samaru, 1988.

Phosphorus rate Potassium rates (kgK/ha)
(kgP/ha)
0] 25 50
0 24.3b 27.2a 26.7a
11 26.3a 26.2ab 25.6ab
22 25.5%ab 26.2ab 26.5a
33 26.7a 26.0ab 26.1lab
SE + 0.59

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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The effects of the three fertilizer nutrients on

foliage spread of bambara groundnut at harvest from 1986
to 1990 and the pooled data over years are shown in Table
13,
Nitrogen fertilizer application was observed to have
increased the crop's foliage spread significantly only in
1989 when the application of 20kg N/ha significantly
resulted in wider foliage spread than when there was no
nitrogen at all. In other years however, no significant
effects were observed.

No significant effect was observed with phosphorus
application in all the years of the study and when the
data were pooled.

Potassium fertilizer application depressed crop
foliage spread at harvest significantly only in 1986
while in other years no significant response occcurred.
The only interaction that was significant was that

between phosphorus and potassium in 1989.
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Table 13: Effects of nitrogen, phosphorus and
potassium fertilizers on bambara groundnut
plant spread (cm) at harvest at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 28.1 32.0 337 39.6b 45.9 35.9
20 289 32.2 34.2 41.9a 47.6 36.9
SE+ 60 0.28 0.48 La+l3 0.88 0.67
Phosphorus (P)
0 27.8 32.5 33.4 39.2 47.2 36.0
13 28.9 X2 33.8 42.2 47.4 36.9
22 29,1 32.4 5.1 42.1 46.5 37.0
33 28.2 313 2358 38.9 45.9 35.5
SEx 0.78 0,35 0.68 1.56 1,25 0.92
Potassium (K)
0 29..5a 2. 2 34.0 40.9 45.3 36.4
25 28.5ab 32,0 34,2 40.5 47.5 36.5
50 27.5b 32.0 33.6 40.4 47.4b 36.2
SEx 0.64 0.28 0.58 i (U 1.08 0.79
Treatment Interactions
NxP N5 NS NS NS NS NS
NXK NS NS N& * NS NS
PxK NS NS NS NS NS NS
NxPxK NS NS NS NS N5 NS

Means in a column of any set of treatments within a vyear
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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The results of the interactions are presented in
Table 14. Varying the rates of phosphorus at similar
potassium rates, Okg P/ha had the narrowest spread at
25kg K/ha, while the application of 11 kgP/ha at 50kg
K/ha gave the widest spread. When different potassium
rates were compared at similar phosphorus levels, it was

found that the application of 25kg K/ha produced the

narrowest foliage spread at 0Okg P/ha.

Interactions between potassium and
phospheorus on bambara groundnut foliage
spread (cm) at harvest, Samaru 1989.

Table 14:

Phosphorus rate Pctassium rates (kgK/ha)

{kgP/ha)
0 25 50
0 43.2abc 34.8c 39.5abc
11 38.6abc 41.8abc 46.3a
22 44.5ab 42.4abc 39.5abc
33 37.3abc 42.%abc 36.5hc
SE £ 2,72

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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4.1.3 Dry weight of leaves

Table 15 shows the dry weights of the bambara
groundnut leaves/plant at different stages of sampling.
At all the stages of sampling, nitrogen was observed to
have no significant effect on the dry weights of leaves
per plant and even when the data were pooled. T h e
application of phosphorus had varying effects on the dry
weights of the leaves but it was only at four weeks after
emergence that the differences between the phosphorus
treatments were significant. The application of 22kg
P/ha was found to enhance the leaf dry weights most at
this stage of sampling. At no other stage of sampling
was phosphorus found to significantly affect the leaf dry
weight of the crop.

Potassium application had no significant effect on
the leaf dry weight at all the stages of sampling. In
general the dry weights of the bambara groundnut leaves
reached its peak at about 10 weeks after emergence. The
interactions between the various fertilizer treatments

were not significant at all the stages of sampling.
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Table 15: Effects of nitrogen, pheosphorus and
potassium fertilizers on leaves drying
weight/plant (g) of bambara groundnut
at Samaru, 1990

Weeks after emergence

Treatment
(kg/ha) 2 4 6 8 10 12

Nitrogen (N)

0 6.2 42.8 84.9 1176 134.4 62.1
20 6.4 43.6 96.6 13148 138.2 70.8
SE# 0.20 2.988 4.95 5.82 4.48 5.67

Phosphorus (P)

0 6.1 48.7ab  100.2 125.2 135.7 6l.3
11 B 36.4b 81.9 122.6 139.2 74.5
22 6.9 50.1la 88+5 1132 138.5 66.0
33 6.2 37.7b 92.5 137.1 131.8 64.1
SEX 0.29 4.22 7.00 8.23 6,33 8.01

Potassium (K)

0 6.5 45.0 90.1 127:% 138.7 71.7
25 6.3 41.8 1.8 126.3 143.7 63.1
50 6.1 42.9 90.4 119.7 126.5 64.6
SE+ 0.25 3.68 6.06 P13 5.48 6.94

Treatment Interactions

NxP NS NS NS NS NS
NxK NS NS NS NS NS
PxK NS NS NS NS NS
NxPxK NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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4.1.4 Dry weights of stems and petioles

Table 16 shows the dry weights of the stems and
petioles of the bambara groundnut at various stages of
sampling in 1990. It was only at 8 weeks after emergence
that the effect of nitrogen application was significant
on the stem and petiole dry weights per plant, when the
20 kg N/ha application resulted in significantly higher
dry weights per plant. At the other stages of sampling
no significant decrease in the dry weights was observed.

Phosphorus had no significant effect on the stem and
petiole dry weights of bambara groundnut at all the
stages of sampling.

Similar to nitrogen application, the application of
potassium had significant effect only at the 8th week
sampling, when the 25kg K/ha had the best dry weights
followed by the control and the 50kg K/ha in that order

and each was significantly higher than the other.



50

Table 16: Effects of nitrogen, phosphorus and
potassium fertilizers on stem and
peticle dry weight/plant (g) of
bambara groundnut at Samaru, 1990
Weeks after emergence
Treatment
(kg/ha) 2 4 6 8 10 12
Nitrogen (N}
0 2.8 22.5 69.2 78.8 96.9 138.1
20 2.7 22.0 79.2 95,2 93.0 162.0
SE+ 0.11 1.85 3.98 2,36 4.22 1l.32
Phosphorus_ (P}
] 2.7 25.8 77.4 92.4 79.9 147.9
11 2.7 18.8 69.1 97.4 81.3 154.9
22 2.9 25.0 71.8 98.4 g§2.1 167.4
33 2.8 19.4 78.5 96.0 100.5 130.0
SEt 0.15 2.62 5.61 4.05 5.97 16.01
Potassium (K)
0 2.9 24 .2 72.1 895.%b 90.7 168.3
25 8 21.5 77.6 107.7a 85.1 136.4
50 6 21.0 72.8 85.1c B1.9 145.4
SE+ 0.13 2.27 4,86 3.51 5.17 13.87
Treatment Interactions
NxP NS NS NS NS NS
NxK NS NS NS NS NS
PxX NS NS * k NS NS
NxPxK NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%

level using DMRT.
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The only interaction that was significant was that
between phosphorus and potassium at the 8th week after
emergence which is presented in Table 17. It was found
that at Okg K/ha the 11 kgP/ha treatment gave the highest
stem and petiocle dry weights. Dry matter production was
at par with each other at this potassium level. At 25kg
K/ha level, the 33kg P/ha treatment gave significantly
higher stem and petiole dry weights than the other
treatment levels. At the 50kg K/ha level however, 22kg
P/ha resulted in the highest stem and peticle dry weights
than the other treatment levels which were at par with
each other. When the different potassium levels are
compared at same phosphorus level, it was observed that
at 0Okg P/ha all the potassium levels were similar in
their effects. At the 11 kgP/ha level, the control and
25kg K/ha produced similar effects but significantly
different from the 50kg K/ha level. At 22kg P/ha all the
potassium levels were similar while at 33kg P/ha level,
the 25kg K/ha gave significantly most dry weights than

the control and the 50kg K/ha which were at par.
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Table 17: Interactions between potassium and
rhosphorus on the stem and petiole dry
weight/plant (g) of bambara Jgroundnut ten
weeks after emergence at Samaru, 1990,

Potassium rates (kg K/ha)

Phosphorus rate

(kgP/ha) 0 25 50
0 92.7bcd 96.8bcd 87.7bcd
11 106.7b 106.3b ‘ 79.3cd
22 98. 0bc 98.5bc 98.8bc
33 84.5hcd 129.1a 74.44d
SE + 7.02

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT.

4.1.5 Number of days to first flower:

Table 18 shows the effect of nitrogen, phosphorus
and potassium fertilizer nutrients on the number of days
te first flower production of bambara groundnut. The
application of 20kg N/ha was found to have no effect on
the period the crop took te produce the first flower
except when the results were pooled when the control tock
longer period to produce flowers.

Like the fertilizer nitrogen, the application of
phosphorus did not significantly affect the time the crop
took to preduce the first flower except in 1989 and also

when the results were pooled. The application of 11
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kgP/ha was observed to reduce the number of days to
flower production significantly in 1989 and when the data
were pooled.

Potassium 1like nitrogen and phosphorus did not
significantly affected the number of days to flowering in
all the years of experimentation except when the data
were pooled. The application of 25kg K/ha reduced the
number of days to first flower.

Interactions between the main treatments were not

statistically significant in all the years of the trial.
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Takle 18: Effects of nitrogen, phesphorus and
potassium fertilizers on number of days to
first flowering of bambara groundnut at

Samaru.
Years
Treatment :
(kg/ha) 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 44 12 48 42 443
20 44 42 44 42 43b
SEx 0.25 0.13 0.21 0.20 0.20
_Phosphorus (P)
0 44 42 48a a3 44a
11 44 41 46k 42 43b
22 45 42 46b 473 44a
33 44 42 45b 43 44a
SE* 0.35 0.18 0.28 0.28 0.27
Potassium (K)
0 44 42 477 42 44a
25 44 41 46 42 43b
50 45 42 46 42 44a
S5Ex 0.28 0.16 0.28 0.25 0.24
Treatment Interactions
NxP N8 NS NS NS NS
NXK NS NS NS NS NS
PxK NS NS NS NS NS
NxPxK NS NS NS NS NS

Means in a column of any set of treatments within a vyear
followed by unlike letter(s) are significantly different at 5%
level using DMRT. '
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4.1.6 Number of stands at harvest

The stand establishment of the bambara groundnut is
presented in Table 19.

The application of nitrogen reduced the number of
stands at harvest in 1987 significantly. In the years
1986, 1988, 1989, 1990 and when the data were pooled
nitrogen had no significant effect on stand establishment
at harvest. The application of phosphorus significantly
reduced the number of stands at harvest only in 1987,
while no definite trend was observed in the year 1986,
1988, 1989 and 1990 and when the results were pooled. In
1987, the application of potassium significantly reduced
the number of stands at harvest. The interaction between
nitrogen and potassium in 1986 was the only interaction

that was statistically significant.
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Table 19: Effects of nitrogen, phosphorus and
potassium fertilizers on stand count/lSn@ at
harvest of kambara groundnut at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 65 3ga 33 72 61 54
20 64 3s5b 33 72 63 53
SEt 1.27 1.06 1.84 2.69 2.0 1.77
Phogphorus (P)
0 64 40a 32 72 63 53
11 66 38ab 32 70 66 54
22 65 35 34 75 61 54
33 63 36ab 35 71 57 52
SEx 1.84 1.49 2.55 3.82 2.83 2.51
Potassium (K)
0 65 45a 30 71 62 55
25 66 37b 36 75 58 54
50 62 33 33 70 60 52
S5E+ l1.61 1.34 2.1¢9 3.25 2.45% 2.1%7
Interactions

NxP NS N5 NS NS NS NS

NxK * NS NS NS NS NS

PxK NS NS NS NS NS NS

NxPxK NS NS NS NS NS NS

Means in a column of any set of treatments
followed by unlike letter(s) are significantly different at 5%

level using DMRT.

within a year
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The results of the interactions are present in Table
20. The largest number of stands were maintained by the
control under Okg K/ha. The difference between the
nitrogen rates under other rates of potassium were not
significant. Similarly, there was no difference between

the potassium rates at 20kg N/ha.

Table 20: Interactions between nitrogen and potassium
on the number of bambara groundnut stands
per plot at harvest at Samaru, 1986.

Nitrogen rate Potassium rates (kgK/ha)
(kghN/ha)
6] 25 50
0 68.8a 65.7abc 59.4c
20 61.2bc 66.8bc 64 .8abc

SEx 2.23

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT.

4.1.5 Haulm yield per hectare

The crop grew most luxuriantly and hence produced
the most haulm in 1989 followed by 1990, 1986, 1987 and
1988 in that order with a range of between 1047 to 4197
kg/ha. The application of 20kg N/ha was found to be
beneficial in haulm production in all the years of
experimentation and when the results were pooled although
no significant differences were observed between the

application and non application except in 1990 when the
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control resulted in significantly higher haulm yield than
non application. (Table 21). Applying phosphorus
resulted in significant differences only 1990. In other
years the differences were statistically not significant.
The application of 11 kgP/ha resulted in significantly
more haulm than other treatments.

The application of potassium depressed the haulm
yield per hectare significantly in 1987. 1In 1986, 1988,
1989, 1990 and the pooled results the application of
potassium tended to reduce the haulm yield even though no
significant differences where observed between the levels

of the potassium applied.
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Table 21: Effects of nitrogen, phosphorus and
potassium fertilizers on haulm yield
(kg/ha) of bambara groundnut at Samaru.

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990  Pooled
Nitrogen {(N)
0 3313 1733 1287 3739 3637a 2742
20 3¢61 1760 1293 3932 2877h 2765
SEx 196.65 173.24 122.49 175,1% 172.60 168.82
Phosphorus (P}
0 3432 1843 1290 3741 3273ab 2716
11 3009 1972 1352 3852 3809a 2799
22 3318 1516 1047 4197 3072ab 2630
33 2790 1556 1432 3552 2875h 2441
SEX 278.10 244 .66 173.23 247.63 244 .06 237.54
Potassium (K)
0 3436 2203a 1160 3843 3200 2768
25 3056 1604ab 1287 3695 3553 263S
50 2921 1358b 1408 3968 3019 2535
SE+ 240,84 212.13 150.03 165.03 211.36 205.77
Treatment Interactions
NXP NS NS NS NS, NS N3
NxK NS NS NS NS NS NS
PxK NS NS NS NS NS NS
NxPxK N& NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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None of the interactions was statistically significant in
all the years.

4.1.7 Grain yield per hectare

The crop yielded most grains in 1989 followed by
1990, 1988, 1986 and 1987 in that order. The yield
ranged between 324-2702kg/ha (Table 22). The application
of nitrogen did not cause statistically significant
differences in the grain yield of the crop in all the
years and when the data were pooled. The only exception
was 1990 when plots that received 20kgN/ha produced
significantly higher grain yield than those that had no
nitrogen, In 1986, the application of 11 kgP/ha gave
significantly higher yield than 33kg P/ha but was at par
with 22kg P/ha and the control while in 1989 22kg P/ha
resulted in the higher grain yield than the other
phosphorus levels which were at par.

Potassium increased grain significantly in 1986 and
1988 only. In 1986 grain yield was significantly higher
using 50kg K/ha compared with the either the control or
25kg K/ha which were at par. In 1988, the application of
25kg K/ha gave the highest grain yield and was at par

with 50kg K/ha but higher than the control.
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Table 22: Effectg of nit?ogen, phosphorus and
potassium fertilizers on grain yield
(kg/ha) of bambara groundnut at Samaru.
Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
Nitrogen (N)
0 485 344 1541 2261 1551b 1236
20 478 356 13312 2210 1694a 1210
SE+ 28.28 40.38 132.7% 178412 119.81 101.27
Phosphorus (P)
0 454ab 340 1462 2157ab 1722 1227
5 554a 348 1516 1870b 1821 1222
22 519ab 341 1356 2702a 1547 1243
33 428b 372 13%1 2212ab 1397 1156
SE+x 40.02 B7.13 197 .64 251.87 169.40 143.14
Potassium (K)
0 455ab 398 1193b 2295 1339 1136
25 446b 324 1735a 2311 1744 1312
50 549a 328 1351ab 2100 1784 1222
SEt 34.65 49.50 171.16 218.14 146.71 124.03
Treatment Interactions
NxP NS NS NS NS * NS
NxK NS NS NS NS NS NS
PxK NS NG * NS NS NS
NS NS NS N5 NS

NxPxK NS

Means in a column of any set of treatments

within a year

followed by unlike letter(s) are significantly different at 5%

level using DMRT.
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The interaction between phosphorus and potassium
was significant in 1988 while that between phosphorus and
nitrogen was significant in 1990. Table 23 shows the
interaction between the fertilizer treatments. Varying
potassium levels at similar phosphorus rates, the
highest grain yield was obtained from the application of
25kg K/ha at 11 kgP/ha. However, when different
phosphorus levels, were compared at similar potassium
levels, there were no differences between the phosphorus

rates at all the levels of potassium.

Table 23: Interactions between phosphorus and
potassium on bambara groundnut grain
yield (kg/ha) at Samaru, 1988.

Phosphorus rate Potassium rates (kgK/ha)
(kgP/ha)
0 25 50
0 947.1a 1714 . 3ab 1725.8ab
11 1394.9%9ab 2432 .3a 720.2b
22 1538.0ab 1435.5ab 1095.0b
&3 893.3b 1357 .9ab 1863.1ab

SE * 342.3

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT.
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Table 24 shows the interaction between nitrogen and
phosphorus on grain yield in 1990. Comparing the effect
of nitrogen rates at different phosphorus levels, the
application of 20kg N/ha at 0kg P/ha resulted in the best
grain yield. When neither nitrogen nor phosphorus was
applied, the grain yield was lower compared to all other
treatments. The application of 20kgN/ha at 0 and 11
kXgP/ha and the application of 11 and 22kg P/ha at Okg

N/ha resulted in the best yields of grain.

Table 24: Interactions between nitrogen and
rhosphorus on bambara groundnut grain
yield (kg/ha) at Samaru, 1990

Nitrogen rate Phosphorus rates- (kgP/ha)
(kgN/ha)
0 11 22 33
0 1250.9b 173¢.2ak 1728.0ab 1487.65ab
20 2193 .9%a 1907.5ab 1367.9ab 1305.8ab
SEX 239.57

Mean values followed by unlike letter(s) differ
significantly at 5% level using DMRT,
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4.1.8 100-grain weight

100-grain weight was highest in 1987 followed by
1986, 1988, 1990 and 1989 in that order and ranged
between 57.10 to 84.40 grams in 1989 and 1987
respectively (Table 25).

Nitrogen application resulted in significant
differences in 1989 only when the 20kg N/ha caused a
significant reduction in the weight of the 100 - grains.
In the other years of experimentation the application of
nitrogen did not cause significant differences and even
when the data were pooled. In 1988 the application of
22kg P/ha gave the highest grain weight. In 1990, the
application of 11 kgP/ha gave the highest grain weight
even though differences between the levels of phosphorus
applied were not statistically significant, except in
1990 when it was followed by 0, 22kg P/ha and were at par
with each other but was significantly different from the
33kg P/ha treatment. 1In 1986, 1987 and 1990 phosphorus
application did not cause significant differences in the
100—grain weight of the crop. Potassium application
resulted in significant differences in 1989 only when the
application of 25kg K/ha gave the highest 100-grain
weight. The differences were not significant in the
other years of experimentation and when the data were

pooled.
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Table 25: Effects of nitrogen, phosphorus and

potassium fertilizers on 100-grain weight
(g) of bambara groundnut at Samaru,

Years
Treatment
(kg/ha) 1986 1987 1988 1989 1990 Pooled
_ Nitrogen (N). -
0 T7 5 78.4 75.6 63.4a 7 . 9 73.0
20 TT 0 84.4 73.9 57.2b 66.2 71.8
SE* 1.49 2.62 1,63 1:%77 2.28 1% 95
Phosphorus (P)
0 76.% 79,8 72.7ab 60.3 71.8ab 72.2
11 TE <2 82.9 74 .4ab 62.3 74.3a 74.4
22 78.4 T9. % 79.6a 58.0 65.6ab 72.1
33 76:3 83.8 T2:3b 60.6 60.8b 70.8
SE+ 2,08 3545 2.30 2.48 3.22 2.8
Potassium (K)
0 T8 .3 81.0 7347 57.%b 66.4 FL B
25 76.0 82.8 7751 65.9a 70.0 74.4
50 T d 80.4 73.4 57.1bgc 68.1 71.3
SE$ .77 3.25 1.99 2.l 2.79 2.38
Treatment interactions
NxP NS NS NS NS NS NS
NxK NS NS NS NS NS NS
PxK NS NS NS NS NS NS

NxPxK NS NS NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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In all the years of study the interactions between the
treatment factors were not significant.
4.1.9 Shelling percentage

This parameter was determined in 1986, 1988, and
1990 and ranged between 40.20 in 1988 to 59.60 in 1986
(Table 26).

Nitrogen application was observed to depress the
shelling percentage significantly in 1986 while no
differences were observed in 1988, 1990 and when the
results were pooled.

Phosphorus application did not cause significant
differences between the treatments in the three years.

Potassium application enhanced the shelling
percentage in 1986. In 1986, the application of 50kg
K/ha significantly increased the shelling percentage
In 1988 and 1990, potassium application did not cause
significant differences between the treatments on
shelling percentage. None of the interactions between
the treatments were significant in all the three years of

chservation.



Table 26: Effectg of nit;oqen, phosphorus and
potassium fertilizers on shelling
percentage of bambara groundnut at Samaru.

Years
Treatment
(kg/ha) 1986 1988 1990 Pooled
Nitrogen (N)
0 58.4a 40.8 45.2 48,1
20 53.5b 40.8 45.5 46.6
SE: 1.63 Q.66 1.25 1.18
Phosphorus (P}
0 54.9 41.4 421 4&:1
i 55.8 40.5 45.9 47.4
22 53.3 41.2 46.6 47,0
33 59 .6 40.2 46.7 48.8
SE+ 2.26 Q.93 1.76 1.65
Potassium (K}
0 57 .5¢ 40.58 47.1 48.4
25 50.9b 41.2 45.0 45.7
50 59.3a 40.7 43.9 48.0
SE# 1.98 0.81 153 l.44%&
Treatment Interactions

NxP NS NS NS NS

NxK NS NS NS NS

PxK NS NS NS NS

NxPxK NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT,
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4.1.10 Correlation

Tables 27, 28 and 29 show the result of correlation
study carried out to determine the association between
some of the parameters. The analyses show that there was
a significant positive association between grain yield
and shelling percentage in 1986, 1987 and 1990. All
other associations were not statistically significant.

In 1988, however, the association between the
parameters in guestion were only significant and positive
between grain yield and 100-grain weight and grain yield
with shelling percentage.

In 1989, plant spread had significant positive
association with plant height so also spread with haulm
yield and plant height with haulm yield. 100-grain
weight and shelling percentage were also found to have

significantly associated with grain yield.
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Table 27: Sinple correlation coefficients between
bambara groundnut grain yield, plant
height, plant foliage spread, haulm yield
100-grain weight and ghelling percentage
as affected by fertilizer treatments at
Samaru.

variables 1 2 3 4 5 6

1986 Rainy Season

1. Grain vield 1.000

2. Plant Height -0.130 1.000

3. Plant Spread 0.098 0.448% 1.000

4. Haulm Yield =-0.121 0.285 0.206 1.000

5. 100-grain 0.1%54 -0.069 =-0.196 0.158 1.000

6. Shelling % 0.424*% -0.371 -0.421 -0.048 -0.055 1.000
1987 Rainy Season

1. Grain yield 1.000

2. Plant Height -0.332 1.000

3. Plant Spread 0.170 0.696%* 1,000

4, Haulm Yield 0.256 -0.080 0.059 1.000

5. 100=grain 0.312 -0.335 -0.199 0.121 1.000

&. Shelling % 0.477% (0,188 ~0.103 0.023 0.05%4 1.000

* Significant at 5% level

** Significant at 1% level.
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Table 28: Simple correlation coefficients between
bampara groundnut grain vield, plant
height, plant foliage spread, haulm yield
100-grain weight and shelling percentage
as affected by fertilizer treatments at

Samaru.

Variables 1 2 3 4 5 6
1988 Rainy Season
1. Grain yield 1.000
2. Plant Height -0.103 1.000
3. Plant Spread 0.050 0.373 1.000
4, Haulm Yield 0.398 0.040 -0.185 1.000
5. 100~grain 0.547%% -0,124 0.232 0.107 1.000
6. Shelling % 0.527%% 0.164 0.177 -0.271 0.258 1.000
1989 Rainy Season
1. Grain vyield 1.000
2. Plant Height -0.061 1.000
3, Plant Spread -0.049 0.910%* 1.000
4. Haulm Yield -0.011 0.494%* 0.591%* 1.000
5. 100-grain 0.436* 0.041 -0.033 -0.172 1.000
6. Shelling % 0.501*% -0.058 0.002 0.083 0.33% 1.000

* Significant at 5% level

*% Significant at 1% level.
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Table 2¢: Simple correlation coefficients between
bambara groundnut grain yield, plant
height, plant foliage spread, haulm yield
100-grain weight and shelling percentage
as affected by fertilizer treatments at
Samaru, 1990.

Variables 1 2 3 4 5 &

Grain yield 1.000

Plant Height -0.083 1.000

Flant Spread 0,240 0.151 1.000

Haulm Yield 0.332 -0.262 0.103 1.000
100-grain 0.342 -0.114 0.146 0.380 1.000

Shelling % Q.681** 0.286 -0.304 0.038 -0.062 1.000

* Significant at 5% level

#% Significant at 1% level.
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4.1.11 Path ccefficient analyses

The path analyses (Figure 1, 2 and 3) showed that
plant height had large positive direct contribution on
grain yield in 1987, 1988 and 1989 while plant foliage
spread had its own in 1986 and 1987. This is expected
because the more the vegetative growth, the more the
grain yield would be provided adequate time and
environmental factors prevail. It also agrees with
Hoffman (1971) who observed that plant height can be used
to predict crop yield.

Although there were significant positive
correlations between grain yield and shelling percentage,
the direct positive contributions to the yield by the
shelling percentage were negative except in 1986. The
direct contributions of 100-grain weight to the yield
were negative in 1987 and 1988 but positive in 1986, 1989
and 1990, This shows that the contribution of the
shelling percentage to the grain yield must have been
through the other parameters recorded such as plant
height and plant spread which had positive direct
contribution to the grain yield in most of the years of
the study. Haulm yield which had negative non
significant correlation with grain yield had negative

direct contribution to grain as in indicated in the path
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coefficient analyses. This shows that the photosynthate
was used mainly to increase the crops vegetation rather

than the grain yield,
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4.1.12 Nutrient concentration in plant
tissue

The effect of nitrogen, phosphorus and potassium
fertilizer on the concentration of nutrients in leaf
tissue of bambara groundnut in 1990 is presented in Table
30. Although application of nitrogen seems to increase
the leaf tissue contents of N,P,K and Mg relative to the
control, the difference was not significant.

Applied phosphorus also did not significantly
influence the concentration of nutrients tested in this
study.

Potassium application was also not effective in
significantly increasing nutrient concentration in the
leaf tissue.

Concentration of nutrients in stem and petioles as
affected by levels of fertilizers in 1990 is presented in
Table 31. Nitrogen fertilization did not significantly
result in any difference in nutrient concentration in
stem tissue. Fertilizer P and K were also statistically
similar in nutrient concentration with the control.
There was no definite trend of either increase or
decrease in nutrient concentration with increment in
fertilizer levels.

Neither the concentration of nutrients in leaf nor
in the stem were significantly affected by either first

or second order interactions between the factors studied.
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Table 30: Effects of Nitrogen, Phosphorus and
Potassium fertilizers on nutrient
concentrations (Cmol/kg) in leaf of
bambara groundnut at Samaru, 1990.

Nutrients
Treatment
(kg/ha) N P K Ca Mg
Nitrogen (N}
0 1558.0 62.7 292.6 448.5 95.9
20 1592.0 64.4 293.9 429.6 103.1
SE* 25.18 1.65 8.93 13.87 3.04
Phosphorus (P) .
o 1546.0 62.3 29%.1 426.3 101.2
11 1594.0 60.9 301.1 439.7 101.2
22 1626.0 66.9 291.1 442.3 92.9
33 1535.0 63.9 285.6 447.,9 100.8
5Bk 35.64 2.33 12.62 19.62 4,30
Potassium (K)
0 1530.0 62.2 284.8 422.1 94.2
25 1582.0 64.2 298.9 432.8 101.4
50 1613.0 64.3 296.5 462.2 102.9
SEx 30.91 2.02 10.93 16.99%9 3.73
Treatment Interactions
NXP NS NS N5 NS NS
NXK NS NS NS5 NS NS
PXK NS NS NS NS NS
NXPXK NS NS NS NS NS

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

The expected grain yield response to phosphorus
levels is presented in Figure 4. For all the years a
quadratic response was found to give the best fit.
Parabolic curves were observed for 1986 and 1987. In
1989 the curve levelled after 22kg P/ha. Maximum yield
was obtained at 15.8, 7.9, 7.9, 27.2 and 5.5kg P/ha in
1986, 1987, 1988, 1989 and 1990 respectively. The mean

maximum yield was obtained at the rate of 12.7kg P/ha.



-~

.y

Grain yicld (kg/ha)

1200

—
-
(o]
o

o
S
153

S00
800
700

€00

-I . \lﬂaﬁ
300] 198n~r= 458 +5-28X =0+ 0764 X2 ==~ 1987
;‘ 1387Y 343-0-334X ~ 0-0092X%2 |
200 1sasY= 1481= 056 X~ 0-0156X2
mc:’ wagv- 2935+10-1X = 0-081 %2
' 1990 ¥= 147 + 2-51X—-0-100%2
5 - -; 3 3 20 25 3¢ Py 0

“nosphorus (kg/hal’)
Fig. & ._‘u. -ponse of Grain yield 1o Phosshorus

(A



82

Figure 5 shows the expected response of bambara groundnut
grain yield to potassium application. Throughout the pericd
of the experiments, there was a quadratic response to K
levels. 1In 1986 and 1987 there was a depression in yield with
K application up to 25kg K/ha after which the yield steadily
increased. An inverse response was obtained in 1988 and 1989
at which the yield increased up to 25kgK/ha and declining

thereafter. 1In 1990 the yield levelled off at 37.5kgK/ha.
Maximum yield was cbtained at 14.5, 36.3, 27.2, 14.3
and 40.2kgK/ha in 1986, 1987, 1989 and 1990 respectively.

The average maximum yield was obtained at 26.2kg K/ha.
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4.2 Experiment ITI - Effects of sowing Date,
Intra-row spacing and varieties.

4.2.1 Plant height

Table 32 shows the effect of sowing date and intra-
row spacing on the height of bambara groundnut
varieties two weeks after emergence from 1987 to 1990,
Except in 1990, none of the treatments h a d a ny
significant effect on the crop's height at two weeks
after emergence. 1In 1990, planting on the second sowing
date resulted in tallest plants. Intra-row spacing did
not cause significant differences in the results in all
the vyears of the study. There were no significant
differences between the two varieties in their height at

this stage and in all the years of experimentation.
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Table 32: Effects of sowing date and intra-row spacing on
plant height (cm) 2 weeks after emergence of
two bambara groundnut varietieg at Samaru.

Years
Treatment 1987 1988 1989 1990
Sowing date
sSD1 10.95 10.70 10.13 10.01bc
5D2 11.08 11.03 10.50 11.16a
sD3 11.00 10.48 10.72 9.83c¢c
5D4 11.05 11.15 10.83 10.47ab
SD5 11.03 10.93 10.18 10.53ab
SEx 0.075 0.232 0.178 0.238
Intra-rew spacing {(cm)
5 11.01 10.86 10.66 | 10.60
10 11.1¢9 10.59 10.41 10.39
15 10.93 10.75 10.31 10.12
20 10.96 11.23 10.51 10.49
SE+ 0.067 0.208 0.159 0.213
Variety
Giwa-White 10.828 10.97 10.52 10.29
Pategi-
Black 11.07 10.75 10.42 10.514
SE+ 0.005 0.147 0.113 0.150
Interactions
SDxS NS NS NS NS
SDXvV NS NS * NS
SXV NS NS NS NS
SDxSxV NS N& NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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Interactions between the various treatments were not
significant in all the years except in 1989 when the
interaction between the date of sowing and the varieties
was found to be significant. The performance of the
varieties at the different dates of sowing, showed that
variety Giwa-white grew to virtually same height at all
the dates with the exception of the last date of sowing
when the plants were significantly shorter (Table 33).
Pategi-Black also grew to the same height for all the
sowing dates except for the first sowing date when it
grew shorter than at all dates. Comparing the dates of
sowing across the varieties however, it was only on the
first sowing date when Pategi-Black plants were
significantly shorter than those of Giwa-white and on
last date of sowing when the Giwa-white plants grew
significantly shorter than Pategi-Black plants.
Table 33: Interactions between sowing date and

varieties of bambara groundnut on plant

height (cm) two weeks after emergence
at Samaru, 1989.

Sowing Dates

S5D1 sSD2 5D3 5D4 5D5

Variety

Giwa - white 10.8a 10.7a 10.6a 10.8a 9.7bc
Pategi-Black 9.5¢ 10.3ab 10.8a 10.8a 10.6a

SE+x 0.25

Means with unlike letter(s) differ significantly at
5% level using DMRT.
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The effects of the dates of sowing and intra-row
spacings on the two bambara groundnut varieties four
weeks after emergence are presented in Table 34. 1In the
four years of the experimentation, it was in 1989 and
1990 that the plant heights were statistically different
for the different sowing dates. The plant were observed
to have grown tallest in 1987, 1990, 1988 and 1989 in
descending order. The plants grew tallest in plots sown
on fourth date of sowing in 1989 and on last date of
sowing in 1990.

Intra-row spacing significantly affected the bambara
groundnut height four weeks after emergence only in 1987
when sowing at 10cm between stands resulted in the
tallest plants. Sowing in 1988, 1989 and 1990 resulted
in no significant differences between the intra-row
spacings.

Differences between the two varieties were not
statistically significant in all the years of

experimentation.
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Table 34: Effects of sowing date and intra-row spacing on
plant height (cm) 4 weeks after emergence of two
bambara groundnut varieties at Samaru.

Years
Treatment 1987 1988 1989 1990
Sowing date
5D1 33 .4 12.3 11.6b 11.2b
SD2 13 .6 12.7 12.0ab 13.2a
SD3 13 .58 } 5 l12.2a 130
SD4 133 12.4 12.4a 13.7a
S5D5H 13.5 1243 11.9ab 13.2a
SE# 0.09 0.16 0.18 0.39
Intra-row spacing (cm)
5 13.5ab 12.4 12l 13.2
10 13.6a 125 125 13,3
15 13-.3B 132 12.0 12.8
20 13.5ab 1295 128 13.1%
SE* 0.08 Ould 0.16 0.35
Variety
Giwa-white 13.5 12.6 11.9 i I
Pategi-Black 13.5 32.3 12.% 12.9
SEt 0.01 0.10 . 12 0.25
Interactions
SDXS NS NS NS NS
SDXV * NS NS NS
SXV NS NS NS NS

SDXSXV NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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The interaction between sowing dates and varieties
was found significant in 1987 only (Table 35). Comparing
the dates of sowing on the varieties, it was found that
none of the dates planted with Giwa-white variety had
significantly taller plants than the others at four weeks
after emergence. However, for the last but one planting
Pategi-Black plants were considerably shorter than plants
for the other dates. Comparing the two bambara groundnut
varieties at any one particular date at four weeks after
emergence showed that it was only on last but one
planting that in respect of the planting date that Giwa-

white plants grew significantly taller than Pategi-Black.

Table 35: Interactions between sowing date and
varieties of bambara groundnut on plant
height (cm) four weeks after emergence
at Samaru, 1987,

Sowing dates

SD1 SD2 5D3 5D4 SD5

Variety
Giwa-White 13.6a 13./5a 134 3ab 13.6a 13.Ba
Pategi-Black 13:3ab 13.7a 13.7a 13.1b 13.6a

SExr 0.13

Means with unlike letter(s) differ significantly at
5% level using DMRT.
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Table 36 shows the effect of date of sowing and
intra-row spacing on two bambara groundnut height at
harvest. The crop growth differed significantly at the
various dates of sowing in 1988, 1989 and 1990. The crop
grew tallest in 1988 followed by 1987, 1989 and 1990 in
that order. 1In 1990, plots planted with bambara
groundnut on last date had the tallest plants. It was
followed by the fourth, first, third, and second daée of
sowing in that order. In both 1988 and 1989 the
differences in height at harvest between the dates of
sowing were also significant, planting on the first and
second dates resulted in the tallest plants.

The differences as a result of the effect of intra-
row spacing on the plant height at harvest were not
significant in all the years,

The differences between the two varieties were not
statistically significant in all the years. No
significant interaction among the treatment factors were

found.
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Table 36: Effects of sowing date and intra-row spacing on
plant height (cm} at harvest of two bambara
groundnut varieties at Samaru.

Years
Treatment 1987 1938 1989 1290
Sowing date
SDl 15.9 18.7a 14 .7a 14.4bc
SD2 15.9 19.1a 14.7a 12.74
5D3 15.9 13.0c¢ 14.6a 13.5cd
5D4 15.9 13.0¢ 14.5a 15.7ab
5D5 1.9 14.1lb 14.1b l6.1a
5E+ 0.07 0.18 0.10 0.47
Intra-row spacing (cm)
8 15.9 15.9 14.5 14.3
10 15.9 15.6 14.5 14.3
15 15.9 15.5 14.5 14.5
20 15.9 15.4 14.6 ' 14.7
SE+ 0.07 0.16 0.09 0.42
Variety
Giwa-white 15.9 15.4 14.5 14.2
Pategi-Black 15.9 15.8 14.6 14.7
SE+ 0.04 0.11 0.06 0.30
Interactiocns
SDhxs N8 N3 NS NS
SDXV NS NS NS NS
S5XV NS NS NS NS
SDxSxV NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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4.2.2 Plant foliage spread

Table 37 shows the effect of sowing date and intra-
row spacing on foliage spread at two weeks after
emergence of the two bambara groundnut varieties at
Samaru. In 1989 and 1990 the date of sowing has had a
significant effect on the foliage spread. 1In 1988 and
1990 the late the planting the more the spread.

The eftect of the intra-row spacing on the foliage
spread at two weeks after emergence was not significant
in all the years of the study,

Differences between the two varieties in the foliage
spread of the crop at two weeks after sowing were not
statistically significant in all the vyears of

experimentation.
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Table 37: Effects of sowing date and intra-row spacing
on plant foliage spread (cm) 2 weeks after
emergence of two bambara groundnut varieties at

Samaru.
Years
Treatment 1987 1988 1989 1990
Sowing date
SD1 13,4 12:3 11.6b 11.3b
sSD2 1.3 6 1247 12.0ab 13.2a
sD3 13: 58 12.5 12.2a 13.1a
SD4 13.3 12.4 12.4a 13.7a
SD5 13.5 12.3 11.%9ab 13.9a
SE* 0D.09 0,16 0.18 0.39
Intra-row spacing (cm)
5 13.5ab 124 22:10 13:2
10 13.6a L 25 12.0 12.8
15 13.3b 12.2 12.0 12.8
20 13.5ab 12,5 12.9 5 5 P |
SE+ 0.08 D.15 0.16 Qv 38
Variety
Giwa-white 13:8 12.6 11.9 13.2
Pategi-Black 13.5 12.3 12.1 12.9
SE+ 0,01 0,10 0.12 0.25
Interactions
SDhxS NS NS NS NS
SDXV * NS NS NS
SXV NS NS NS NS

SDxSxV NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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The effects of date of sowing and intra-row spacing
on the foliage spread four weeks after emergence of two
bambara groundnut varieties at Samaru are shown in Table
38. Significant differences in the foliage cover as a
result of dates of sowing were observed in all the years
of experimentation. In both 1987 and 1988, late planting
resulted in smaller plants however, in 1989 and 1990 this
trend was not the case., 1In 1987, and 1988, the foliage
spread was widest in plots planted on the second date of
planting. In general, the year of experimentation did
not result in much disparity between the ground cover of
the two bambara groundnut varieties at four weeks after
emerdence .

The differences in the bambara groundnut foliage
spread at four weeks after emergence were only
significantly affected by the intra-row spacing in 1989
when plots planted with bambara groundnut at Scm intra-
row spacing had significantly wider spread than 20cm.
In all the years of experimentation, Pategi-Black and

Giwa-White were not significantly different.
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Takble 38: Effects of sowing date and intra-row spacing
on plant foliage spread (cm) 4 weeks after
emergence cf two bambara groundnut varieties at

Samaru. -
Years
Treatment 1987 1988 1989 1990
Sowing date
SD1 22.5a 23.1a 22.4b 29.8a
SD2 23.6a 23.4a 22.9a8 26.6b
SD3 22.7b 23.2a 22.7b 23.5cC
5b4 23.0ab 22.9ab 23.7a 27.7b
5D5 23.0b 22.4b 16.5¢C 27.1b
S5E+ .15 0.23 0.33 0.55
Intra-row spacing {cm)
5 23.5 23.0 22.0a 26.7
10 22.2 23.2 21.8ab 26.7
15 23.1 23.0 21.8ab 27.2
20 23.2 22.7 21.0b 27.2
SEx 0.14 0.21 0.30 0.33
Varieties
Giwa-white 23.1 23.0 21.5 26.7
Pategi-Black 23.2 23.0 21.8 27.2
SE+ 0.10 .15 0.21 0.29
Interactions
SDxS NS NS NS NS
3DXV NS NS NS *
SXV NS NS NS NS
SDxSxV NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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The interacticn between the various treatment
factors were only significant between varieties and
dates of sowing in 1990, Comparing the two varieties at
similar dates of sowing, it was found that it was only on
the last sowing date that the Pategi-Black variety had
significantly more foliage spread than the Giwa—Whité
variety (Table 39). On all other détes however, no
significant differences were observed between the two
varieties.

Comparing the different dates of sowing, with
a variety, it was found that Giwa-White had significantly
largest spread at the first of date of sowing followed by
second, and fourth which were at par with each other and
significantly higher than at third date of sowing. The
Pategi-Black too had significantly largest spread on
first date of sowing followed by fourth and the last date
which were at par, with each other and significantlj
higher than at the second date which teoo was

significantly higher than at third date of planting.
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Table 39; Interactions between sowing date and
varieties of bambara groundnut on plant
foliage spread (cm) 4 weeks after
emergence at Samaru, 1990.

Sowing dates

SD1 SD2 SD3 SD4 SD5
Variety

Giwa-wWhite 29.8a .5 i 24.1cd 26.4b 26.0bc
Pategi-Black 29.8a 26.1bc 22.9d 29.0ab 28.1ab

SEx 0.775

Means with unlike letter(s) differ significantly at
5% level using DMRT.

Table 40 shows the effects of sowing date and intra-
row spacing on foliage spread of two bambara groundnut
varieties at harvest at Samaru. The effects of date of
sowing on the crop's foliage spread were found to be
significant in all the years. In 1987, sowing on the
last date gave plants with the largest foliage spread,
It was followed by fourth, first, second and third dates
in that order. In 1988, planting early resulted in
better foliage cover such that the first planting had the
widest foliage spread followed by the second, third,
fourth and last dates in that order.

In 1989, 1990 however, planting on fourth date had
the widest foliage cover. It was followed by the third,

second, first and last dates in that order.
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The effects of intra-row spacing on the foliage
spread at harvest did not significantly affect the spread
of the crop.

At harvest, the Pategi-Black variety and the Giwa-
White variety were not significantly different in all the
years of the experimentation. The various interactions
among the treatment factors were not statistically

significant in all the years of the study also.
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Table 40: Effects of sowing date and intra-row spacing
on foliage spread (cm) at harvest of two
bambara groundnut varieties at Samaru.

Years
Treatment 1987 1988 1989 1690
Sowing date
5D1 33.6C 55.6a 40.0a 30.6ab
SD2 33.5c¢ 84.5¢ 40.3a . 28.4bc
5D3 32.7d 36.1b 40.3a 27.%cd
sSD4 34.1b 34.8cC 40.4a 33.1a
SD5 3%.0a 25.9d 36.3Db 27.7¢c
S5E+ 0.14 0.42 0.20 D.92
Intra-row spacing (cm)
5 33.8 41.8 39.6 31.2
10 33.9 41.5 39.6 29.4
15 33.6 41.0 39.4 29.0
20 33.8 41.5 39.3 28.6
SE+ 0.12 0.238 0.18 0.82
variety
Giwa-white 33.7 41.2 39.3 29.2
Pategi-Black 33.85 41.7 39.6 29.8
SEX ¢.09 .27 0.13 0.58
Interactions
5DxS NS NS NS NS
SDXV NS NS NS *
SXV NS NS NS NS
SDHSxV NS NG NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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4.2.5 Number of days to first flowering

The effects of sowing date and the spacing between
stands on the number of days to the first flower produced
by the two bambara groundnut varieties at Samaru are in
Tabkle 41. Sowing dates in all the years of the study
were found to have significantly affected the number of
days to first flower production. In the year 1987 and
1990 planting late resulted in delayed flower
production. In the year 1988, it was found too that
planting on the last date of sowing resulted in delayed
flower production. Planting on the last date of sowing
in 1989 too delayed the flower production.

The spacing between stands did not significantly
affect the number of days taken to produce the first
flower by the two bambara groundnut varieties in all the
years of the study. The two varieties did not differ
significantly in the time they took to produce the first
flower in all the years of experimentation. The

interactions between the treatment factors were not

statistically significant in all the years.
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Takble 41: Effects of sowing date and intra-row spacing
on number of days to first flowering of two
bambara groundnut varieties at Samaru.

Years

Treatment 1987 1588 1989 1990

Sgwing date

SD1 44¢C 44a 42d 42cd

SDz 44c 41b 42c¢ 40d

Sh3 d4cC 41b 42¢ 42cd

sSD4 46b 41b 44b 44b

SDS 48a 44a 46a 49a

S8E = 0.286 0.26 0.18 0.22

Intra—-row _spacing {(cm)

5 45 42 44 43
10 45 42 43 43
15 45 42 43 43
20 45 42 43 43
SEx 0.23 0.23 0.16 0.19
Variety
Giwa-white 45 42 43 43
Pategi-Black 45 42 43 43
SE+ 0.16 0.16 0.11 0.14
Interactions
SDx5 NS NS NS NS
SDXV NS NS NS NS
SXV NS NS NS NS
SDhxSxV NS NS NS NS

Means in a column of any set of treatments

within a year

followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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4.2.4 8tand count at harvest

The effects of dates of sowing and the spacing
between stands on the number of stands harvested of the
bambara groundnut varieties at Samaru are in Table 42.
In all the years of the study sowing date has caused
significant differences in the number of stands. In the
rainy season of 1987, most stands were harvested from
plots planted on the first date of sowing more than the
third, and second. 1In 1988 when the highest number of
stands were harvested compared to the other years, the
last but one planting had the highest number of stands
harvested followed by the first, second, third and last
dates in that order. Second planting was more than the
third and the last in 1989. 1In 1990 however the last had
significantly higher number of stands followed by the
fourth and the first which was at par but significantly
higher than at the third which was higher than the first
sowing.

The spacing between stands affected the number of
stands harvested in all the years significantly. The 5cm
intra-row spacing had the highest number of stands
harvested and was followed by 10cm, 15cm and 20cm
spacings in that order in all the years of the
experimentation.

Pategi-Black variety had significantly more stands

harvested than Giwa-White 1in 1988.
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Table 42: Effects of sowing date and intra-row spacing
on stand count/18m° at harvest of two
bambara groundnut varieties at Samaru.

Years
Treatment 1987 1988 1989 1990
Sowing date
SD1 5%a 119bc 66ab s9ab
5D2 43¢ 111lc¢ 69a 48¢
sSD3 44c 93d S3c 52b
SD4 58ab l47a 66kC 60a
SD5 53abc 62e 45¢C 653
SE 3.64 3.83 3.03 2.60
Intra-row spacing (cm) :
5 70a 171a 80a 63a
10 56b 108k 6lb 6lab
15 40¢ 82c¢ 53b 55hc
20 38cC 68d 45¢ 49¢c
SEx 3.25 3.413 2.71 2.33
Variety
Giwa-white 49 89b 58 55
Pategi-Black 53 125a 62 59
SE+ 2.30 2.43 1.92 1.65
Interactions
S5Dx8 NS NS NS NS
SDXV N& NS NS NS
SXV NS NS NS N&
SDxSxV NS NE NS . NS

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



104

The wvarious interactions between the treatment
factors were only statistically significant in 1990 when
sowing date significantly interacted with the two
varieties. The results of the interactions are presented
in Table 43. Comparing the varieties at similar sowing
dates, on the last but one planting Pategi-Black had
significantly higher number of stands at harvest than
Giwa-White. Oon other dates however, the differences
between the two varieties were not significant.
Comparing the dates of sowing with a variety. Giwa-White
planted on the last date had significantly higher stand
count at harvest than other planting date. Pategi-Black
planted on the third and the second dates of planting had
significantly lowest number of stands at harvest than

other dates of sowing.
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Table 43: Interactions between sowing date and
varieties of bambara groundnut on the
number of stands/lam2 at harvest at
Samaru, 1990,

Sowing dates

sSD1 SD2 SD3 5D4 5D5
Variety

Giwa 57.2bc 49.2c BQ.3¢C 49.8c 69.8ab
Pategi-Black 60.8abec 46.9c 53.6cC 73.0a 61.0abc

SEf 5.21

Means with unlike letter(s) differ significantly at
5% level using DMRT.

4.2.5 Haulm yield

The effects of sowing date and intra-row spacing on
the haulm yields of the two bambara groundnut varieties
are shown in Table 44. Significant differences were
observed between the various sowing dates. The haulm
yield was highest on the last but one planting in 1987,
the first planting in 1988, and 1989.

Significant differences between the intra-row
spacings were found in 1988 and 1989 when the 5cm intra-
row spacing had significantly more haulms than the 15 and
the 20cm spacings.

Pategi-Black had significantly more haulm than Giwa-
White in 1987, 1988, and 1989. The differences were not

significant in 1990.
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Table 44: Effect of sowing date and intra-row spacing on
haulm yield (kg/ha) of two bambara groundnut
varieties at Samaru.

Years

Treatment 1287 1988 1989 1990
Ssowing date (SD)
SD1 825d 5239a 5580a 3816a
SD2 3369b 3957b 4362b 371éa
SD3 1970c 1783c 1980c 3216ab
sD4 4412a 1609¢ 1788cC 3106ab
sSDs 858d 1095¢c 1212¢ 2968h
SEX 22 .3 219.7 284.2 154.7
Intra-row spacing(s)

5 2430 3369a 3743a 3007

10 2436 2994ab 3138ab 3327

1% 2292 2436bc 2706bc 2977

20 1974 2118¢c 2356¢C 2977

SEf 183.5 196.5 254.2 138.3
Variety (V)

Giwa-White 2440b 2061b 2290b 2963

Pategi~- 2533a 3396a je82a 3218

Black

SE * 166.3 175,86 190.6 110.7
Treatment Interactions

5D X S8 NS NS NS NS
SD X V NS NS NS NS
8 XV NS NS NS NS
SDX 8 X V NS NS NS NS

— e T — ——  — —— —  — — T — o — o ——— i ——

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

at 5% level using DMRT.
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4.2.6 Grain vield

The effects of sowing date and spacings between
stands on the grain yield per hectare of the two bambara
groundnut varieties at Samaru are in Table 45. Grain
yield was highest in 1990 followed by 1989, 1988 and 1987
in that order and ranged between 137-1142kg/ha.

Sowing date in all the years of experimentation was
found to cause significant yield differences of the crop.
In 1987, the grain yield was highest when the crop was
sown on last but one date i.e. later in the season, in
1988 and 1989 sowing early June resulted in the highest
yield of the crop while in 1990 the second planting
resulted in the highest grain yield. 1In 1987, the fourth
sowing was followed by second, third, last and first
sowing in that order. 1In 1988 and 1989, the trend is the
same i.e. the later the planting the less the grain

yield.



108

Table 45: Effects of sowing date and intra-row spacing
on grain yield (kg/ha) of two bhambara groundnut
varieties at Samaru.

Years
Treatment 1987 1988 1989 1990
Sowing date
SD1l 137d 873a 930a 636¢C
5D2 561b 654b 727b 1142a
SD3 328c 297¢c 330c 896b
SD4 735a 268¢ 298¢ 3867b
5D5 1438 182¢ 202cC 5294
SE £ 45.3 36.6 47 .3 25.7
Intra-row spacing f{cm)
5 405 S6la 623a 836
10 406 499ab 523ab 815
15 382 406kc 451bc 751
20 329 3%3c 392c¢c 755
SE+ 30.5 32.7 42.3 23.0

Variety

Giwa-white 340b 343b 381b 737

Pategi-

Black 422a 566a 6l3a 891
SE+ 28.7 23.1 28.9 16.3
Interactions

5DxS NS NS NS NS
SDXV NS * * *
BEV NS NS NS N5
SDxSEXV NS NS NS NS

Means in a column of any set of treatments within a year
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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Unlike in the case of the dates of sowing, the

intra-row spacings affected the grain yield per hectare
significantly only in 1988 and 1989. 1In 1988 and 1989
and the pooled data the effects of the intra-row spacing
on the grain yield were significant and followed the same
trend. The 5cm spacing between stands resulted in the
highest grain yield per hectare more than the 10, 15 and
20cm.
The grain yield differences between the two varieties
were significant in all the years of the experimentation
except in 1990. The Pategi-Black variety yielded more
grain than Giwa-White.

The sowing date by wvariety interactions was
significant 1in 1988, 1989 and 1990 (Table 46)
comparing the two varieties against the sowing date,
grain yield of Pategi-Black was significantly higher than
that of Giwa-White in all date except the last date of
sowing.

Table 46 shows the interaction between the dates of
sowing and varieties on the grain yield of bambara
groundnut per hectare in 1989. The comparison of the two
varieties against the dates of sowing revealed that
Pategi-Black planted on the first and second, yielded
significantly higher than variety Giwa-White sown on the
same dates. The yields of the two varieties were similar

on the other dates.
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Table 46 shows the interaction between
varieties and dates of sowing on grain yield in 1990.
Comparing the two varieties on different sowing dates, it
was found that variety Giwa-White yielded significantly
highest when planted on the second followed by the first,
last, first and third plantings which were at par.
Variety Pategi-Black on the other hand yielded most grain
on the third followed by fourth and second which were at
par with each other but significantly higher than when
planted on the first and last dates. On the fourth and
third variety Pategi-Black yielded more grain than the
Giwa-White variety. On other dates however, the two
varieties yielded similar grains however, the vyield
differences were not significant even though the Pategi-
Black was higher in yield. Comparing the sowing dates
against for the varieties however revealed that with
respect to the yield of variety Giwa-White differences
were significant except for the two last dates of sowing.

The same was also true for variety Pategi-Black.
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Table 46: Interactions between sowing date and
varieties of bambara groundnut on the
grain yield (kg/ha) at Samaru, 1988, 1989

and 1990.
Sowing Dates
SD1 SD2 SD3 ' SD4 SD5
Varieties
1988
Giwa-White 694c 418d 238ef 192f 173fF
Pategi-Black 1052a 890b 356dc 343dc 191f
SE+ 51.7
1989
Giwa-White 771b 465¢C 265d 214d 192d
Pategi-Black 1090a g89a 395cd 381lcd 212d
SE+ 66.9
1990
Giwa-White 632b 1242a 570bc 617bc 625bc
Pategi-Black 64lbc l04lab 122343 1118a 432c
SE+ 143.2

Means with unlike letter(s) differ significantly at
5% level using DMRT.
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4.2.7 100-Grain Weight

The effects of sowing dates and spacings between
stands on 100-grain weight of the two bambara groundnut
varieties at Samaru are shown in Table 47. The dates of
sowing were found to have significantly influenced the
100-grain weight of the crop in all the years of the
study. In 1987, the third planting was highest but was at
par with the fourth, second and the first and were
significantly different from the last sowing. In 1988,
planting on the third gave significantly highest 100-
grain weight followed by the fourth, last and the first
sowings in that order.

In 1989 however, the early planting in June resulted
in the highest 100-grain weight. Late sowing was
observed to significantly reduce the 100-grain weight in
the year. 1In 1990 the second had the highest followed by
the first, fourth, third and last in that order.

The spacing between stands was found to have no
significant effect on the 100-grain weight in all the
years of the experimentation.

Differences between the two varieties were not
significant in all the years of experimentation. The
interactions between the treatment factors were not

significant.
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Table 47: Effects of sowing date and intra-row spacing
on 100-grain weight (g) of two bambara
groundnut varieties at Samaru.

Years
Treatment 1987 1988 1289 1990
Sowing date
sSD1 73.0a 48.7¢C 76.3a 60.7a
sSD2 74.9a 60.3b 56.4b 62.5a
SD3 78.3a 70.9a 54.7h 51.7b
5D4 77.7a 67.3ab 44 4¢C 60.1a
sD5 59.8b 56.4bc 51.0bc 44 .8c
SE 2.61 2.00 2.32 2.19
Intra-row spacing {cm)
8 73.2 50.8 56.9 57.2
10 72.5 51.3 55.0 J 57.0
15 71.5 60.5 56.4 54.9
20 3.8 61.4 57.9 hg.6
SE+ 2.34 1.78 2.07 1.96
Variety
Giwa-white 74.1 59,9 56.3 56.6
Pategi-Black 71.4 61.5 56.9 55.2
S5E% 1.65 1.26 1.47 1.29
Interactions
SDxS NS NS NS NS
SDXV NS NS NS NS
SXV NS NS NS NS
SDxSxV NS N5 NS NS

Means in a column of any set of treatments within a vyear
followed by unlike letter(s) are significantly different at 5%
level using DMRT.
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4.2.8 s8shelling Percentage

Table 48 shows the effect of sowing date and intra-
row spacings on the shelling percentage of the two
bambara groundnut varieties.

Neither the sowing date nor the spacings between
stands had any statistically significant effect on the
shelling percentage of the two varieties of bambara

groundnut used in the study.
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Table 48: Effect of sowing date and intra-row spacing on

shelling percentage of two bambara groundnut
varieties at Samaru.

—————————————— ———— i ————— i — o — i ——————— - ——— - ———— i ——

Years
Treatment 1987 1988 1989 1990
Sowing date (SD)
SD1 253 58.3 60.3 55,3
sSD2 56i: 7 h7.8 56.8 56,9
S5D3 B3 26 597 57.2 54.8
SD4 54.2 8.7 58.7 5.3
5D5 53.7 56.8 59«3 57«0
SE+ o 2.0 1.6 1.9
Intra-row spacing(s)
5 55.8 57.6 59.8 54.7
10 5.6 58.3 58.9 54.6
15 54.9 h8.4 58.3 53.8
20 54 .6 H56.6 57.4 55.7
SE+ 1.8 1.7 1.0 0.9
Variety (V)
Giwa-White 53.6 59.7 58.3 53.9
Pateqi-Black 54.5 59.5 59.4 55.1
SE 0.8 0.9 0.8 1.0
Treatment Interactions
Sh X 8 NS NS NS NS
SD X ¥V NS NS NS NS
S XV NS NS NS NS
DX § X V NS NS NS NS

————— ————————— i —— T —— i ———————————— ———— ———— -~ ————r——

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

The expected grain yield response to sowing date is
presented in Figure 6. A quadratic response was found to
give the best fit while a parabolic curve levelled at
late July. For the four years of the study therefore,
planting late July was found to have produced the highest
levels of grain yield per hectare. Fiqure 7 shows the
expected response of bambara groundnut grain yield to
intra-row spacing when grain yield was declining with
increasing intra-row spacing. The narrower the gap
between the stands, the higher the grain yield produced.

Maximum yield was obtained with 5cm space between stands.
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CHAPTER FIVE
DISCUSSION
The general performance of the bambara groundnut in
1988, 1989 and 1990 was satisfactory however, the
incidence of the fungal infection by Colletotrichum sp

and Puccinia gspp which affected the crop in 1987 resulted

in considerably lower yields. 1In 1986, the performance
cf the crop in terms of grain yields was not satisfactory
too. The 1likely reason may have been the weather
condition. The rainfall ceased in September in 1986 such
that nothing was received in October which may have
limited the growth and subsequent yield of the crop.

5.1 Effects of Nitrogen

5.1.1 Vegetative growth

The application of 20kg N/ha in all the years of the
experimentation did not significantly affect the
vegetative growth of the crop measured in terms of plant
height, plant foliage spread dry welights of
stems/peticles, leaves and haulm yield except at certain
stages of the crops growth in some years. It is
universally agreed that bambara groundnut, like other
leguminous plants, fixes its own nitrogen with the aid of

Rhizobium spp. According to Styn (1975) if nitrogen is

applied to leqgume, it tends to take it up instead of
using Rhizobia nitrogen and nodulation is reduced.

However, there is no authoritative statement on whether
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or not the symbiotically fixed nitrogen is sufficient to
meet the requirements of the crop. For example, Dadson
and Brooks (1989) reported that bambara groundnut
nodulated freely with indigenous rhizobia and usually
produced more nodules and greater nodule dry weight in
low-nitrogen (25kgN/ha) than in high-nitrogen (50kg N/ha)
treatment. With the high-nitrogen treatment they
observed inadequate infectivity or efficacy of the
indigenous rhizobia because the high-nitrogen treatment
gave higher total dry weight and grain yield than the
low-nitrogen nodulated plants. Dadson et al. (1988)
believed that symbiotic fixation was sufficient for
bambara groundnut yield in West Africa provided that
inoculation with selected indigenous rhizobia has been
done. The application of 20kg N/ha as a starter dose in
Samaru (Northern Guinea Savanna), may therefore, be
irrelevant even if the nitrogen level in the soil is low
as is the case with the soils used for the study. (Table
1). Bambara groundnut is believed to have originated in
Nigeria and this implies that our scils are rich in the
local rhizobia strains and hence inoculation may be
irrelevant. Another fact that the grains are large hence
the food stored is enough to support the crop early, up
to the time it would start fixing the nitrogen it
requires while photosynthesing. This lack of response by

legumes to nitrogen application especially in terms of



121
their vegetative growth was observed on soyabean (Abaver,
1983) ; groundnut (Anonymous, 1991) and cowpeas (Yayock,
1975) .

5.1.2 Yield and yvield character

The 20kg N/ha starter dose did not affect the grain
yield of the bambara ground in all the years of the study
indicating that either the crop can fix its own nitrogen
necessary for its survival or that the crop is efficient
in the absorption of the nutrient from even the subsoil
layers and from a wide area of the rooting zone. From
the studies (Linnemann, personal communication) of the
rooting of the crop done at the Department of Tropical
Crop Science, Agricultural University in the Netherlands,
it was found that the roots of bambara groundnut are
longer and spread more than those of groundnut (Arachis
hypogeae L.). Although the 20kg N/ha dose applied did
not influence the yield of bambara groundnut in Samaru on
soils that are very low in their nitrogen contents, the
application of higher dose of nitrogen may influence the
yield of the crop since in most of the years of the
experimentation, the grain vyields have not been
impressive. For example, Dadson and Brooks (1989) found
that a high nitrogen treatment (50kg N/ha) gave higher
total dry weight and grain yield than low-nitrogen
treatment (25kgN/ha). 1In other lequmes such as soyabean,

cowpea and groundnut several workers have also reported.
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that symbiotic nitrogen fixation alone could not sustain
high vyields and, therefore, there 1is a need for
supplemental nitrogen (Boswell and Anderson, 1976;
Kuwahava et al., 1986; Jana et al., (1990) and Mahalle et
al., 1991). They reported that the initial application
of 10 to 20kgN/ha to be beneficial to yield of the crops.
on the contrary, many studies have shown lack of response
of these legumes to nitrogen fertilization (Rachie and
Sylvestre, 1977); and Kalia et al., 1984).

The shelling percentage and the 100-grain weight
were significantly reduced by the application of the 20kg
N/ha starter dose in 1986 and 1989 respectively. The
likely reason for this may be that the nitrogen may have
been used for the production of proteins i.e. may have
rather improved the quality of the grains than the
quantity and hence the smaller grain size and especially
because the N in the shoot is low.

5.2 Effect of Phosphorus

5.2.1 Vegetative growth

The application of between 25kg to 50kg P,0./ha was
observed to have significantly increased the vegetative
growth of the crop during the period of the study. The
results of the soil analysis indicate that there were low
levels of phosphorus in all the soils used. Phospheorus
plays a key role in the physiological processes of root

production, nodulation and N-fixation (Sankar et al.,
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1984) . The fact that phosphorus is a constituent of
every living cell, phospholipids, nucleoprotein and is
found extensively in the young growing parts, emphasizes
the importance of the nutrient in the growth and yield of
the c¢rop. The increase in the vegetative growth as a
result of the application of phosphorus could have been
due to the low level of available phosphorus in the soil,
which may have been as a result of the low soil pH.
Agboola and Obigbesan (1977), Lombin (1979) and Pal et
al., (1983) found increases in the vegetative growth of
cowpeas, groundnut and soyabean respectively. Rates
ranging between 6kg to 128kg P/ha were used in their
studies.

5.2.2 Yield and yield characters

For high vyields of legumes in general, the
application of various quantities of phosphorus have been
recommended for legumes in Nigeria. For example 17kg,
24kg and 27kg P/ha have been recommended for cowpea,
groundnut and soyabean respectively. Bambara groundnut
may not be an exception only that research into the
nutrient requirements of the crop has just commenced and
hence the lack of any recommendation. The application of
11-22kg P/ha was found to significantly increase the
yield of grains and the yield characters of this crop
(e.g 100-grain weight and shelling percentage) in the

period of the study. This corroborates the findings of
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Johnson (1968) who recommended the use of 112-170kg
P,0,/ha and Stanton et al. (1966) who reported that it
was economical to use 60kg P,0,/ha on this crop. This
observed bambara groundnut yield response to phosphorus
in Samaru may have been as a result of the low-available-
P in the soil or the high-P required for the various
physiological processes in the crop. On the contrary
Cumberland (1978) and Nnadi et al, (1981) reported that
no response was found with the application of up to 33kg
P,0./ha on this crop. In some cases phosphate
application even decreased yields (Anonymous, 1979). 1In
a green-house trial, Tanimu (1988) observed that rates
and sources of phosphorus did not significantly affect
the P-content and the P-uptake of bambara groundnut.
5.3 Effect of Potassium

Legumes have high potassium requirements but
potassium fertilizers are rarely justified for rain-fed
grain legumes in semi-arid regions (Doku, 1977).

Potassium has been said to be in abundance in most
of the Savanna soils except in places where the soils
have been intensively cultivated (Lombin 1979). Although
potassium may not be lacking in our seoils, its
availability may be low since potassium can be in readily
available, slowly available or unavailable form.
Potassium is a nutrient which plants generally exhibit

luxury consumption of its utilization. These and some
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other characteristics of potassium may greatly affect the
influence of potassium as a treatment on bambara
groundnut.

8.3.1 Vegetative Growth

The application of potassium has had varying effects
on the vegetative growth and development of this crop but
in general, the application of potassium was found to
have no effect on the vegetative growth of bambara
groundnut. In most cases decline in the vegetative
growth characters were observed with the application of
potassium eventhough the extent of the decline were not
significant. From the results of the soil analysis the
level of available potassium in the soils used were in
most better than those of nitrogen and phosphorus. This
may have caused the non response of the crop to the

applied potassium.

5.3.2 Yield and yield characters

At the Institute for Agricultural Research (IAR),
potassium application has been recommended for legumes in
the Sudan savanna soils of Nigeria. For example
25kg and 20kg K,0/ha have been recommended for
groundnut and soyabean respectively (Anonymous, 1984),

Potassium application in this study was found to
significantly increase the grain yield in 1986 and 1988
when the application of 50kg and 25kg K/ha increased the

grain yield respectively. 1In these years the levels of
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potassium were found to be low in the soil compared to
the other years. This corroborates a finding where the
application of 21kg K/ha was observed to increase yield
of the crop (Anonymous, 1979). The application of 25kg
K/ha was observed to be beneficial to 100-grain weight
and shelling percentage of the bambara groundnut
generally.

5.3.4. Nutrient contents

In common with other Ileguminous crops bambara
groundnut, requires virtually no nitrogen addition
because of its capacity to manufacture its own nitrogen.
Hence the non significant response in N content with or
no addition, indicating that the external N was
translated internally. The savannah soils are generally
high in native K, Ca and Mg thus the concentration of
these elements were not significantly affected by
fertilizer addition. Although savannah soils are
inherently low in phosphorus due to low pH and organic
matter contents, the crop did not respond to applied P
probably because of the relative high amounts of residual
phosphate.

5.5 1Interactions

Significant interactions were recorded involving
nitrogen x potassium on plant height and phosphorus x
potassium on foliage spread. Other interaction N x P x

K was not significant for any of the vegetative growth
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character. 1In most cases for the interaction between N
x K, it was found that the application of 20kg N/ha at
0kg P/ha resulted in the tallest plants. This is normal
because nitrogen is known to primarily encourage above
ground vegetative growth and impart to shoot, deep green
coloration. For the P x K interactions, it was observed
that the two nutrients had a direct reciprocal effect
i.e. a high dose of phosphorous at low potassium resulted
in more foliage spread and vice visa.

5.6 Effects of sowing date

The recommended sowing dates for cowpea, groundnut
and soyabean are mid-July to first week of August, early
when the rains are established and between June 15 to 25
respectively. In order to determine the most appropriate
time to plant bambara groundnut plantings were done on
the dates indicated in appendix 7.

5.7.1 Vegetative growth

Plant height was found to be affected by the date of
sowing at harvest in 1988, 1989 and 1990. 1In both 1988
and 1989 sowing in late June resulted in the tallest
plants while in 1990, planting in the second week of
August resulted in the tallest plants. This means that
planting early would give the plant enough time to grow
vegetatively. Plant foliage spread was found to have
been affected by the dates of sowing at harvest in all

the years. 1In 1987 and 1990 late sowing (late July to
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early August), had the widest spread while in 1988 and
1989, the later the sowing, the narrower the spread. 1In
effect, the earlier the planting, the more would be the
vegetative growth, which is very logical, Contrary to
this would have been due to the disease infection which
severely affected the crop in 1987 and to some extent in
1990. This confirms the findings of Lawal (1988) who
reported that planting early (June 24) resulted in better
stand establishment dry matter yield and shoot height.
Theanetu (1988) also found a decrease in the number of
flowers, pod number and grain yield of soyabean with
delayed sowing (August 8). Atuk (1987) reported that
sunflower plant height at harvest, number of grains per
plant decreased with delayed sowing while leaf area per
plant increased with delayed sowing. He attributed the
increase in the leaf area per plant with delayed sowing
to the prevalent of diseases early in the rainy season
which must have reduced the amounts of leaves.

5.7.2 Yield and yield characters

Except in 1987, the grain yield was higher when the
crop was planted early. This is expected because
planting early would give the plant time to grow a lot of
vegetation which would in turn vegetatively fully and
produce adequate flowers which result in higher grain
production. The exception to this, i.e 1987 may have

been due to the severe fungal infection which resulted in
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the low yields of the crop especially with the early
planting. The late planted crops may have escaped the
disease and since the crops were sprayed with fungicides
after the disease was noticed may also have protected the
late sown crops from the disease and hence the higher
yields of the late planting. The 100-grain weight was
higher with early planting than with the late-sown crop.
Like explained above, the early planting had provided
time for the plant to grow produce flowers and grains
before the cessation of rains. i.e. a adequate time was
provided for the crop to manufacture food from the source
(green surfaces) and translocate it to the sink (grains)
and hence larger grains and subsequent higher 100-grain
weights. These corroborate the findings of Iheanetu
(1988) who reported that early sown (June 24) soyabean
out yielded the late sown crop (July 22) by 33.3%. Atuk
(1988) reported a decrease in the number of grains per
head and grain yield per plant by 35.3% and 27.3%
respectively as a result of delayed sowing from July 2 to
July 30. Lawal (1988) reported sorghum yield decrease of
15.06% as a result of delayed sowing from July 15 to

August 6.
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5.8 Effect of Intra-row spacing

5.8.1 Vegetative growth

The recommended intra-row spacings for groundnut,
cowpea and soyabean are 20cm, 25-30cm and 5cm
respectively.

In general, the closer the intra-row spacing the
more the vegetative growth. This is so because there are
more plants per unit area at any point in time. Since
more plants are found, more vegetation would result,
This however, was not always true especially in 1987 when
the disease incidence was most severe. The result of the
infection was generally stunted growth and/or reduced
growth and discoloration of the photosynthetic organ
(leaves). Another reason may be that with increase in
intra-row spacing, the crop had more space to grow and
cover and hence better vegetative growth.

5.8.2 Yield and yield characters

Grain yield was found to decrease with increase in
intra-row spacing in all the four years of the study.
This means that the closer the intra-row spacing the more
the number of plants per unit area hence the higher the
yield per unit area. This is not always true for most
crops. It is an established fact that yield of crop
plants within a certain range of population are always
similar because those plants would always be able to

compensate for the reduced number of plants. Research on
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this crop is still at a tender stage, therefore, bambara
groundnut may not be one of these crops, especially given
its status which is very small. The small statue of this
crop may mean that it requires a small area for its
optimum performance.

The 100=grain weight did not fellow the same trend.
It was observed in the four years, that the wider the
spacing the higher was the 100-grain weight. This may be
because the wider the spacing the more the space for any
one crop hence the more soil area for its root system to
explore for mineral nutrition and the less the
competition for the nutrients, moisture and sunlight.
This implies that more carbohydrate is produced in the
source and translocated to the sink (grains) and
therefore the higher was the grain weight. 1In Zimbabwe,
Johnson (1968) recommended a spacing of 10-15cm in single
rows at a distance of 45cm and 20cm apart in double rows
on flat topped ridges at a distance of 90cm. Anonymous
(1979) recorded 962kg/ha of unshelled bambara groundnut
when planted on rows spaced 1lm apart and 1316kg/ha when
planted on rows spaced 50cm apart.
5.9 Varietal Differences
5.9.1 Vegetative growth

Although varietal differences were in most cases
insignificant, the Pategi-Black variety did grow more

luxuriant than Giwa-White variety. The differences
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between the two varieties may be genetic. The other
reason may be adaption. Pategi-Black is a variety from
the southern Guinea Savanna where rainfall is higher
compared to the Giwa-White which is adapted to the
northern Guinea where the rainfall is far less than that
in the Southern Guinea. The Pategi-Black variety has had
significantly more established stands than the Giwa-White
variety. So the fact that more stands were established
means that the vegetative growth would have been better
for the Pategi-Black variety.

5.9.2 Yield and yield characters.

The Pategi-Black variety yielded significantly more
grain than the Giwa-White variety. The genetic make up
of the Pategi-Black may caused the difference and its
better yield than the Giwa-White. Another reason could
be the number of stands harvested, There were
significantly higher number stands of the Pategi-Black
harvested than the Giwa-White variety.

5.10 Correlations

Except in 1988 and 1990, plant height significantly
positively correlated with plant foliage spread. The
plant height and plant foliage spread were also found to
have significant positive correlation with haulm yield in
1989. This is expected because the more the height the
more would be the leaves and hence the more spread and

subsequently the more the haulm yield. 100-grain weight



133
was significantly positively correlated with grain yield
in 1988 and 1989, while shelling percentage was
significantly positively correlated with grain yield in
all the five years of experimentation. Negative non-
significant correlation was observed between plant height

and grain yield in most of the years.
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CHAPTER S8IX
SUMMARY AND CONCLUSIONS

Investigations were carried out for four years in
Samaru to observe the effects of date of sowing, intra-
row spacing and fertilizer levels on the yield and
agronomic characters of two bambara groundnut varieties.
Vegetative growth was luxuriant in all years although
fungal infection was severe in 1987 which resulted in
reduced growth and yield of the crop. Grain yield was
best in 1988, 1989 and 1990 essentially as a result of
favourable rainfall distribution (Appendices 2, 3, 4, and
5) and timely protective measures employed to control
weeds, pests and diseases,

Timely or early planting when the rains were
established (June) resulted in the best grain yield of
bambara groundnut in 1988, 1989 and 1990 when the crop
yielded best. Late planting (late-July to early August)
reduced yield significantly.

Closely spaced plants (5cm) gave the best yields of
the grains and haulms of the crop planted on ridges 75cm
apart. This inter-row spacing is however, not the best
because the 75cm distance between the ridges seemed too
wide given the statute of the crop and the weed problem
associated with the crop.

The Pategi-Black variety yielded more grain than the

local Giwa-White variety in most of the years of the
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experimentation.

The application of 20kg N/ha as a starter dose did
not affect both the grain and haulm yields of the crop,
however, the application of 11-22kg P/ha and 25-50kg K/ha
were found to enhance the grain and haulm yields of
bambara groundnut at Samaru. Maximum yields were obtained
when 13kg and 26kg K/ha were applied.

There was a significant positive correlation between
grain yield and shelling percentage in all the five
years. The degree of association between 100-grain
weight and grain yield was significantly positive in
1987-1989. In 1989 plant height was significantly
correlated with plant spread and haulm yield.

Using the path coefficient analyses, it was observed
that plant height and spread had direct positive
contribution to grain yield while haulm vyield and
shelling percentage had direct negative contributions to

the grain yield in most years of the experimentation.
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Appendix 1: Rainfall distribution (cm) at 10-day
interval in Samaru during the period of
study (1986 - 90).

Month Days 1986 1987 1988 1989 1990
May 1-10 11.2_ 0 0 39.3 80.3
1= 18.4 0 35.4 20.5 25.8
21~31 ’ 235 13547 59.0 53.2 17.2
June =10 35,3 85.1 47.3 55.4 20.4
11=-20 22.6 16,2 17.2 21.0 62.1
21=30 24.1 45.2 68.7 48.0 7342
July 1=10 529 52.3 50.8 26.9 67.8
11-20 49.4 106.4 48.2 31.5 84.6
22-33 39S 118.0 82.5 101.3 £€9.,5
August 1-10 50.6 105.4 100.4 55. 1 109, 2
1li=20 94.9 75:2 107.9 29.8 44,7
21=3) 176.6 87.4 194.2 86.5 101.4
September 1=10 56,4 33.0 7645 8.7 54.6
11=20 81.2 571 71.0 29.9 58.8
20-30 753 12.0 44.8 9.7 18.1
October 1~-20 0 42.6 114.7 51.9 ]
11-20 0 0 0 1.0 0
23=21 0 0 0 0 0
Total 969.7 972.2 115647 738.7 892.7

Source: Meteorological Station, Samaru.



Rainfall Number of
(mm) Days of Rain Relative Humidity (%) Air Temperatures (°C)

SUNSHINE

MONTH 1986 1628 1984 1928 1986 1938 - 1986 - 1986 1938 1986 HOURS
to 0 sessdensimERsadsrsssseiEERS et b taris e adaluted sessvescdne s ssseseas (954
1988 1984 AM oM AM PM MIN MAX MEAN  MIN MAX MEAN 1986 1986
January 0.0 0.1 0 0.1 23.1 7.1 1.7 141 12,7 29.6 21.2 13.8 30.1 22.0 8.5 8.5
February 0.0 1.0 0 8.2 18.8 16.9 15.3 111 15.9 34.6 25.3 15.9 32.6 24.3 9.6 9.1
March 0.0 6.4 0 0.9 354 190 25.6 14.7 18.9 35.5 27.2 9.4 35.2 274 7.1 8.2
April 5.8 36.0 1 3.9 546 26,6 466 28.2 21.4 37.5 285 21.6 15.8 28.7 B.4 7.9
May 59.1 119.1 &6 9.8 59.8 39.0 463.9 43.9 21.7 34.4 28.1 21.2 33.0 27.4 B.0 8.1
June 82.0 152.8 9 12.4 71.2 55.2 72.7 57.1 20.5 30.0 25.3 20.0 30.7 25.4 7.8 7.7
July 293.6 222.2 17 16.3 &62.1 67.7 79.8 66.4 19,7 27.9 23.8 19.5 285 23.9 6.2 6.1
August 322.1 268.8 17 19.9 81.7 T1.1 81.6 69.5 18.0 28.6 23.7 19.2 27.8 235 5.9 5.4
September 205.7 210.9 16 16.0 75.6 &7.4 76.0 63.3 19.1 28.9 24.0 19.1 29.3 24.2 7.8 7.0
October 0.0 35,1 0 3.8 56.8 49.9 59.5 43.1 17.6 31.1 244 17.6 316 24.8 8.5 8.6
November 0.0 1.0 0 0.2 381 26,4 284 21.3 14.2 31,5 229 15.2 31.5 23.4 8.6 .0
December 0.0 0.1 0 0.0 25.0 21.9 21.1 16.7 12.6 27.0 19.8 13,7 30.2 22.0 7.0 8.8
Total 968.3 1053.9 66 83.5 " . - = - - - = . - 944 94.6
Mean - = - = 51.7  39.9 49.C 37.5 17.6 31.4 24.6 18.0 31.3 248 7.9 7.9



¢mm) Days of Rain Relative  Humidity (%) Air  Temperatures (°C)

Sevemmnnnas seescmcociee e cereeerensmdeseeseeecoieiaeen i R e - SUNSHINE

MONTHN 1987 1928 1987 1928 1987 1938 - 1987 - 1987 1938 - 1987 HOURS
to fo weees s i i S Seomeenuiacacis sessisiiese 19545
1987 1987 AM PM AM PM MIN MAX MEAN MIN MAX MEAN 1986 1986
January 0.0 0.1 0 0.1 21.4 18.8 17.8 14.2 12.5 30.5 21.5 13.8 30.1 22.0 9.2 8.5
February 0.0 1.0 0 0.2 11.8 10.3 15:2 111 16.3 33.1 24.7 15.9 32.7 26.3 8.9 9.1
March 0.0 6.3 0 0.8 26.7 16,3 25.6 14.7 19.6 34.9 27.3 19.4 35.2 27.4 6.5 8.1
April 5.8 355 0 3.8 18.5 9.9 45.8 29.7 21.7 36.3 29.0 21.6 35.8 8.7 7.0 7.9
May 135.7 119.9 7 9.8 50.6 25.1 63.5 43.4 22.2 36.7 29.7 24.2 33.0 7.4 9.0 8.2
June 146.8 154.1 13 12.4 76.5 60.5 72.8 21.1 30.7 25.9 20.0 30.7 25.5 335 7.8 M 4
July 276.7 222.9 18 146.3 79.8 65.0 79.8 6.4 20.2 30.1 25.2 19.5 285 23.¢ 7.6 6.2
August 268.3 26%.1 23 19.9 85.4 72.4 B.2.7 6&9.6 19.8 29.2 24.5 19.2 17.9 23.6 6.0 5.6
September 102.1 210.2 8 15,8 75.9 &63.2 76.0 63.2 26.4 30.4 25.4 401 29.4 14,2 8.0 7.1
October 42.6 35.4 3 3.7 53.9 4.0 59.3 43.1 17.5 31.0 24.3 17.6 31.4 24.8 8.6 8.6
November 0.0 11 0 0.2 22.7 18.9 283 21.2 12.4 31.8 22.1 5.1 3%y B33 9.0 9.0
December 0.0 0.1 0 0.0 24.0 19.2 21.2 16.8 12.5 29.9 21.4 13.6 30.2 22.0 8.8 8.8
Total 972.2 1055.7 72 83.0 . N - * < - = - = - 96.2 94.8
Mean B - - - 45.6 35.3 4B.% 37.4 18.0 32.4 25.1 18.0 31.4 24.8 8.0 7.9
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Appendix & Miterorolegical Observations at Samaru in 1988

Rainfall (mm) Days of Rain Mean Relative Humidity Mean _:m Temperature Sunshine {Hrs)
(%) (0

MONTH 1988 1928 1928 1954

to to to

1988 1988 1988 1988 1938-1988 1988 1938-1982 1988 1988
January 0.0 0.1 0 0.1 20.4 16.2 21.2 22.0 6.5 8.5
February 3.5 1.0 2 0.2 16.1 13.2 23.8 24.3 8.3 g
March 0.0 6.3 0 0.8 18.2 20.2 28.4 27.4 7.0 g1
Aoril 34.6 .5 5 3.8 37.9 36.8 29.2 28.8 7.9 79
May G4 .4 119.3 7 9.7 49.5 53.4 28.7 27.5 8.0 8.2
June 133.2 154.2 14 12.5 67.6 65.1 25.4 25.5 7.3 24§
July 181.5 222.2 14 16.3 75.3 73.2 23.8 23.9 5.4 6.2
August 402.5 275.7 20 9.9 8.7 5.7 23.4 23.6 5.6 5.6
September 192.3 211.0 17 .9 71.8 68.7 24.3 26.2 6.5 7.0
October 114.7 7.3 1 3.0 41.8 51.0 23.4 24.8 9.4 8.6
November 0.0 1.0 0 0.2 22.0 24.7 21.9 23.9 10.1 2.0
December 0.0 0.1 0 0.0 231 19.1 20.0 21.%9 T3 8.0
Total 1156.7  1063.7 80 83.0 . - . * 89.3 96.7
Mean - = - = 43.6 43.2 24.5 24_8 7.4 7.9



MONTH

January
February
March
April
May

June
July
August
September
Oc tober
November
December
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Appendix 5 Samaru Meteorological Observation in 1989

Rainfall Number of
(mm) Days of Rain  Relative  Humidity (%) Air Temperatures (°C)
cemmmmeneamenas cmrmmeenneneas ceememoiesemesasesese.os cmmeaeaeenas SUNSKINE
1989 1928 1989 1928 1989 1928 - 1989 - 1989 1938 - 1989 HOURS

o QY oo s e S A i S S e R R e S S R Sescies 1PB4S
1989 1882 AM PM AM PM MIN MAX MEAN MIN MAX MEAN 1989 1989
0.p 0.1 i] D1 25.6 072 18.2 14 .4 0.1 25.2 7.7 21.0 30.0 21.9 10.1 8.5
0.0 0.9 0 0.2 17.5 14.2 153 1.3 13.4 28.0 20.6 24.2 32.5 26,2 6.2 9.0
0.0 6.1 0 0.8 15.5 12.4 25.2 14.7 17.5 34.7 261 27.4 35.2 27 .4 8.7 8.1
13.0 35.1 1 3.8 37.0 20.0 45.6 27.5 20.0 356.8 28.4 28.7 35.8 28.7 9.2 7.9
113.0 119.2 12 9.7 61.8 43.8 63.4 43.2 20.4 33.1 26.8 27.5 33.1 27.5 7.7 8.1
126.4 153.8 11 12.4 72,3 58.0 72.8 &57.3 20.0 30.7 25.4 2.5 30.7 25 7.3 7.7
156.6 221.2 14 16.3 78.9 63.2 79.9 66.3 19.6 29.4 24.5 19.5 28.5 26.0 6.7 6.2
170.4 274.1 20 19.9 81.7 7.0 81.7 69.8 19.3 28.0 23.7 19.2 27.9 23.6 5.8 5.0
118.3 209.5 14 15.8 78.4 66.9 T6.1 63.5 19.2 29.8 24.9 19.1 29.4 24,2 6.5 7.0
52.9 37.5 5 X7 51.9 42.4 58.8 42.9 16.5 30.6 23.6 17.6 3.4 24.7 8.5 8.6
0.0 1.0 0 0.2 19.3 18.5 27.9 21.1 12.7 31.1 21.9 15.2 31.5 23,3 9.3 9.0
0.0 0.1 0 0.0 1%9.3 7.6 21.2 16.9 12.9 28.6 19.9 13.6 30.1 2.9 8.0 8.7
T4B.6 1058.6 77 82 .9 - - - - . - - - - = 9.0 93.8
- - - - 46,6 371 48.8 37.4 16.8 30.5 23.6 21.6 31.3 267 7. 7.2
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Appendix & Samaru Meteorological Observation in 1990

Rainfal( Number of SUNSHINE
(mm) Days of Rain  Relative  Humidity (%) Air  Temperatures (°C) HOURS
MONTHN 1990 1928 1928 1990 1938 - 1990 1990 1938 - 1990 1954 to
to BO e esessesessseiesassseieseisissseesessessssstsssessscssessssseesacaiee- 1990
1990 1990 1990  AM PM M PM MIN  MAX MEAN MIN  MAX  MEAN 1990
January 0.0 0.1 0 0.1 17.9 13.6 18.5 1.6 12.6 31.1 21.6 21.6 30.0 21.9 7.8 85
February 0.0 0.9 0 0.2 131 10.1 155 11.5 15.2 30.1 27.7 24.0 32.6 24.2 7.7 9.0
March 0.0 6.0 0 0.8 9.1 9.0 258 14.8 185 354 258 27.2 354 27.4 7.8 8.1
April 0.0 3.5 0 3.8 45.9 23.0 37.7 27.9 23.0 37.2 30.1 28.5 35.8 28.7 8.4 7.9
May 123.3 119.3 12 9.8 68.5 50.5 644 44,0 21.7 32.7 27.2 27.3 33.1 275 7.5 B.1
June 155.7 153.9 12 12.4 75.8 60.7 74.0 58.3 20.6 31.2 25.9 25.4 30.7 25.5 7.3 7.7
July 221.9 221.2 15 16.3 80.6 65.5 81.2 67.3 19.6 28.7 19.5 28.5 26.0 24.0 6.4 6.2
August 255.3 273.8 16 19.8 81.4 66.6 83.0 70.9 19.5 28,9 2.2 19.2 27.9 23.6 6.3 5.0
September 131.5 208.3 12 15.7 75.9 62.2 77.3 64.5 19.6 30.6 25.1 19.1 29.4 24.2 6.1 7.0
October 0.0 3.9 0 3.6 58.8 46.8 59.7 43.6 18.5 32.8 25.7 17.6 31.3 24.7 8.4 B.0
November 0.0 1.0 0 0.2 31.0 26.4 28.4 215 155 33.7 2.6 15.2 31.6 233 9.3 9.0
December 5.0 0.2 1 0.0 26.2 20.5 21.6 17.2 14.6 33.0 23.9 13.6 30.2 22.0 8.8 8.7
Total 892.7 1056.1 &9 82.7 - . . . . . - - - - 96.9 93.1
Mean 5 & 5 3 48.7 37.9 48.9 38.0 18.331.9 25.1 21.5 31.2 2.7 7.7 7.8
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Appendix 7: The following are the dates when the experiments were
planted in the various years of the study.

Sowing

Dates 1987 1988 1989 1990

SD1 June 9 June 9 June 9 June 11

sD2 June 23 June 23 June 23 June 25

SD3 July 12 July 14 July 14 July 13

SD4 July 26 July 28 July 28 July 27

SDS August 12 August 11 August 11 August 13
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