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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



8

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
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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).



17
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.



32

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



40
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.



41
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.



42

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.
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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.



59

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.






