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ABSTRACT
An experinment was conducted at Sanaru during the
wet season to study the effect of sources and | evels of

phosphorus on the growth and yield of cowpes (Vigna unguicul ata

(L) Walp) varieties. The treatnments consisted of four cowpea
varieties (1696, Svu48, 176B, 339-1); four P-levels (0, 18.5,
37.0, 55.5 kg P,0Os/ ha), and two  P-sources (D amoni um
phosphate' DAP' , singl e super phosphate ' SSP' ).

The study reveal ed that cowpea growh was better with the
use of SSP than DAP. Cop growh and yield increased signifi-
cantly with increasing P-levels and application of 37 kg P,0s/ ha
gave 54% hi gher seed yield than the control. No significant
yiel d advantages were obtained with applying higher P-Ilevels.

Al t hough 1696 grew nore vigorously than the other varieties,

it did not produce harvestable yields. SU48 vyiel ded and 309%i gher
than 176B and 339-1 respectively. The interaction effect of

Rleds x variety influenced grain yield significantly, while
P-sources x variety significantly influenced crop earliness to

fl owering, nunber of flowers, pods, seeds and pod wei ght per

plant. Gan yield was significantly and positively correl ated
with yield conponents (nunber of flowers, pods, seeds per plant,
1000- seed weight) and with growth characters (plant hei ght,

nunber of |eaves and | eaf area per plant.

The study, therefore, confirns the adequacy of the current
| AR recommendation of 37 kg P,Qha and reveals the superiority

of SSP over DAP for cowpea production in the N gerian savannas.



iv
TAELE OF CONTENTS

Chez ter Page
Dedication ‘oo eoe ' i
Acknowledgements ten . . ii
hbstract _ ‘o ‘o o 1ii
Table of contents ‘e e . iv
List of tables ese . ea « Vii
List of appendices ... ‘o . ix

1 INTRODUCTION 1

2 LITERATURE REVIEW i

2,1 Effects of Phosphorus on the Growth and
Yields of Cowpea “ee tee . L

2.2 ' The Effects of Sources and Levels of
Fnosthorus on Cowpea . “os . 7

2.2.1 The.effects of scources of phosphorus on
the growth and yield of cowpea ., . 7

2.2.2 The effects of levels of phosphorus on
the growth and yield of cowpea . . 10

3 MATERIALS AND METHODS 12

3.7 Location »es .o . 12

3.2 History of Site coe ' .o . 12

3.3 Treatments and Experimental Design . 13

3.4 Field Operations see e ' .. 13

BTN Soil sampling and analysis ces . 13

3.. .2 Land preparation vae . . 14

3. .3 Fertilizer application. ... N

3. .4 Planting and planting materials ., . 14

3...5 Weed and pest contirol | ‘oo . 15

3-—.6 Harvesting LN | L] ] 16



(v)

(table of centents cont'd)

Cnapter

3.5

351
3.5.2
3.5.3

N
4o

Laet.1
LI-." 02

L.1.3
Lhotayg

Le1.5

4.2

—a

‘.].-2!
’4-12
1]-.2

= woN

. Ll.o:
bae .

-~ oo\,

.. .8
L...9
4.2,10

Ooservations and Data Collection

Assessment of pre-harvest parameters

Assessment of post-harvest parareters

Analysis of Data s s

RESULTS

Effects 6f Sources and levels of Fhospho:us
onn Growth of Cowpea +.» -
Flantheight _ ‘o s

Number of leaves per rlant ese

Total leaf area (cmz) per plant .
Leaf dry weight per plant PP
Stem dry welight per plant -
Shoot dry weight per plant .o

Effects of Sources and Levels of Phosphorus
on the Yield and Yield Components of

Cowpea cas e
Grain yield {(kg/ha) ... cee
Threshing percentage . voo
Percent crude protein . e

Number of days to first flowering

Number of days to 50% flowering .

Number aof flowers peéer plant see

Nunber of pods per plant cos
Number of seeds per plant cse
wWeight of pods per plant cas
Weight of geeds per plant .o

Fage

16
16
17
17

18

18
18
21
21
2k
27
29

31
31
3h
3k
3k
25
36

L0
L2
L2



(vi)

(table of conzient cont'd)

Chepter Fage
L.E.' | 10{.0-55&: W‘Ciai‘t R e . L#B
4.3 Correletion Analysis . »ioin e 43
5 DISCUSSION Le
5.1 . Effect of Sources of Fhosgphcrus « L6
5.2 Effect of Levels of Fr.ospnorus ., . LB
5.3 Effect of Variety “ae v 6 52
Sl Effect of Interzctions A& g 53
" Correletion sds e - SL
() SUITLARY AND CO:.CLUSICH witw . 56
REFERENCES wan ons . 58
APFENDIX $oe o' . 63

BIOGRAFHY .o vae . 65



Lt |
[1\]
o
=
m

—

(vii)

LIST OF TAELES

Height cfcowpea plants (cz) as influenced by
sources znd levels of rhosphorus at Sarzru in

1966

(%}

%a
9
10

11

Interaction effects {Sources of P x cowpea
variety) on plant height (cu) at 5 and 7 WAFP
at Samaru in 1986.

Numbter of leaves per plant of cowpea as
influenced by sources and levels of phosphorus
at Samaru in 1986,

Total leaf area (Cm2) per plant of cowrea as
infiuenced by sources and levels of rphosphorus at
Samaru in 1986

Interacticn effectis \sources of F levels of P
X cowpez variety) on leaf area {(cm®) per rplart
at 17 wAF at Samaru in 19té&.

Lear drf weight(g) per plant of cowpea zs
influericed by sources ana levels of phcsphorus
at Samaru in 1986.

Stem dry weight (g} per plant of cowpez as
influerced 3y sources and levels of phosphorus
at Samaru in 1986, '

Shoot dry weight (g) per plant of cowpea as
influenced by sources and levels of phosphorus
at Semaru in 19866,

Effects of Bources and levels of phosphorus
and variety on grain yield (kg/ha) of cowpea
at Samaru in 1986,

Interaction effeets (Levels of P x cowpea
variety) on grain yield (kg/ha) of cowpez at
Samaru in 1S86,

Effects of scurces and levels of phospnorus on
the threshing percentage and percent crude
protein of cowpea varieties at Samaru in 1986

Effects of sources and levels of phosphorus on
number of days to first flowering, number of
days to 50% flowering and number of flowers
per plant of cowpea at Samaru in 1986,

20

22

23

25

26

28

30

32

32

33

36



13

g

15

(viii)

Fzze
Interzction effects (Sources of ¥ x cowpea
variety) on the number of days to first flowering,
number of days to 50j. flowering, and number
of flowers per plani at Samaru in 1686 37

Effects of Sources and levels of phosrhorus on
some yield compcnents of cowpea at Samaru in
1986, 39

Interzction effects (sources of F x cowpea veriety)
on the number of pods per plant, number of seeds

per plant and weight of pods (gj per plant at

Samaru in 1966, L1

Fatrix of coefficient cf correlation (r) between
grain yield, yield components and growth of
three cowpez varieties (SVU48, 176B and 339-1) Ll



Appendix Fage
1 Frysico-cremical properties of soil of the
experimental site at Cameru Zaria. 63
2 Totzl rainfall, mean temrerature, relative
humidity anc sunshine hours at ten-day
intervals during the period of the trial
at Samaru in 196c, 6L



Cc (Vicna upiuiculata (L) 1 i no of ¢
~ % - :s:.v + "." - % -rF croo- . T - -3
-3 h i¢ is mainly cultivatesd Iin moc*t areas contelin
bogt 23 te S 9§ protein and it is=s cne of the rost
nracticzl scurces o storable and trar::cortable proteln,

ecyecially in the developinag trerical world where animal
rrotein is limited, expensive anz not easily stored.
The main advantaqe of cowpea over many other food crons

reticn and the

)

iz in the simplicity of its pre;
rultiplicity of its edirle forms. It Zs utilized as graoin,

leaf or green pod vegetable and as forzge.

The production of cowpea itz mostly concentrated in the

tropical and subtropical developing ceuntries, especially
Africa. Worldwide cowpea production in 1981 was estimated
at 2,27 million tonnes from 7,7 millicn hectares, MNigeria
and Niger produced B850,000t and 271,0CCt or 49.3 percent

of the total world production (Singh and Rachie, 1985).
It is Interesting however, to note that though Nigeria is
one of the highest producing countries, it also records
one of the lowest average yileld of less than 200 kg/ha
annually. Despite the high-yielding ability of cowpea,
low productivity is experienced in most producing

countries due to a combinaticon of factors such
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as vagaries of weather, insect pests and diseases, and
the use of local low-yielding vearieties with little or
no input of fertilizers and crop protection chemicals

(8ingh and Rachie, 19835).

Research work has shown thet fertilizer use
accompanied by adequate protection mezsures could result
in tremendous yields from cowpea. Grzin yields of 2,768
kg/ha and 2,879 kg/ha were obtained =t Yandev, Benue state
and Tumu, Bauchi state, respectively, in 1981 (Anonymous,
1962). Average yields per hectare of 3,457 kg/ha and
3,103 kg/ha were obtained in Madagasczr and Trinidad,
respectively, in 1975 (Anonymous, 197%Z),

Many workers have reported the need for phosphorus
(P) and its significance on the growth and yields of cowpea,
Thus, a rate of 37 kg P205/ha hzs beer recommended and is
now being used, especially in the savanna region of Nigeria
(Anonymous, 19773 1978). Single superphosphate fertilizer
(SSP) formed the only source of P on which the recommendation
-was based, The optimum rate of any nutrient element for a
crop may depend on the variety or sources of the element
(Terman, 1971).

The need t¢ investigate the optimum levels of P for
cowpea production from other phosphatic fertilizers and
the need to investigate the varietal responses to these

other P sources fors the basis for this study. Furtherwore,
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the Federal Government ncormally orders for various types
and forms of fertilizers for farmers' use. Some conditions
may cause the CGovernment to buy forms of phosphatic
fertilizers other than SSP, either due to non-availability
or cost anc other related factors. New varieties are also
being periodically released which are potentially higher
yielding than the varieties they are meant to rerlace or
complement, These new varietiesmay als¢c have different

P requirements from those of the exXisting varieties.

The objective of this study, therefore, is to
irvestigate the response of varieties of cowpea to
d.fferent sources and levels of phosrhorus and their

ir.teractions.



Chapter 2
LITEXATURE REVIEW

2.1 Effects of Phosphorus on the Growth
and Yield of Cowpea

As in most other crop plants, phosphorus rlays a
vital role in the growth and performaznce of cowpeza. FPhosphorus
has been reported to cause robust overall development of
cowpea and generally increased the crop yields (Garg et 21.,
1977; Remison et al., 1880).

" The need for phosphorus in the vigorous growth of cowres
iz evident from the various charascteristic developments thret & :
conlwith cowpea growing under low or non-availability of

pr:osphorus. Pandy (1568) cbserved that cowpea grown in sandy
g0ils low in P was stunted and had small dark-green leaves
with decrease in the protein N-content in all parts of the
p.ant, Similarly, Kang and Nangju {1983) reported that
¢ wpea plants grown in soils with low or no P were stunted,
s.ightly chlorotic and had smaller leaves than those grown
under adequate P nutrition, It is not surprising, therefore,
that the low P content of the semi-arid soils has been
reported to be a great limiting factor toc the growth and
yields of cowpea in the region (Anonymous, 1983),.

Although some workers have reported that P had no
significant effect on cowpea, (Johnson and

Evans, 1975), more have reported the significant and yield
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boosting effects of phosphorus on the crop. Gill et al.
(1971) reported that phosphate application either to soil
or as spray, increased the seed yield of cowpsa. After
many fertilizer trials in the northern parts of Nigeria;
Yayock (1975) reported that phospherus was found to be
unquestionably the most important element in cowpea seed
production. Research findings at the Institute for
Agricultural Research, Samaru-~Zaria, Nigerila, have also
shown significant yield increases in cowpea due to
p! osphorus fertilizer application. The fertilizer treatment
yielded 24.1% higher than the unfertilized contrel (aAnonymous,
1977).

Phosphorus dees not only inc¢rease the yields of cowpea,
but also improves the quality of the crop. Omueti and
Cvenuga (1970), reported that phosphorus fertilization
increased the seed protein content oif cowpea significantly.
S:milarly, Kurdikeri, et al. (1983) reported an increment
ot about S% seed protein content of cgwpea as a result
¢f P fertilization. The fodder from phosphorus fertilised
cowpea has been reported to form a rich forage material for
Zivestock., Such crops are often found to be rich in many
vther nutrients such as N, K, Zn, Ca and Mn (Kang and
. Nangju, 1983).

Phosphorus exerts favourable and positive contributory

effects on the yield components of cowpea as evidenced by

the significant effects it has on the final yields of the
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crop. Singh and Jain, (1966) reporte trzt applic;tion of
on5 increased the number of branches, dry weight of shoots
and nodules per plant of cowpea. Phescherus has also been
reported to have increased growth, nuscter of leaves per
plant, leaf area per plant, number of flowers per plant,
number of fruits per plant, 8s well z: earliness of
flowering and generally increased yields {(Kurdikeri et g;;
1977; Tarila et al., 1977). Tarila et al.,, (1977) further
reported that the total number of pocs per plant, number

of seeds per plant and seed weight per plant were all
increased as a result of increasing F c¢ontents of the soil.
Jarayam and Ramia (1980) observed thet P fertilization
reduced flower shedding significantly in cowpea. Similarly,
- Laskar and Dadhwal (1981) reported that das P fertilization wes
ircreased, pod abscission was reducec in cowpea in addition
to increment in the vegetative and rerrocuctive parts.

T: ese results indicate that much of the energy conserved by
the crop would result in increased hzrvestable yields,

It is interesting to note, however, thal certain
workers have reported some low 2nd neutral effects of
rhosphorus on the yield components of cowpea, Ezedinma
{1965a) reported that though fertilirers significantly
increased vegetative growth and yield of cowpea, the yield
determinants were not affected. Phosrnhorus was also observed

have no effect on the grain yield arni yield components of

cowpea in the
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grcwing sezson of 1983 in a trizl =t Szmaru-Zaris, Nigeria
(Arcnymous, 1984). Since these wocrker: hsve no: indicated
17e initiel P status of the soilz refcre their studics the
~g.tive and neutrzl results ot=zired zight have been due
e P - saturstion of the scils used,

€ pecially so, since it is knowr trhz=t crer yields usually

r.crease curvilinearly with increasing arcunts of the

-y

Py

trients in which the soil is ceficiert, An optimum is

L-ae.ly attained which cannot te ircrezsei &nd may even be
decreased with additionzl amour<s c¢f <re rnutrients (Loyle,
1L AF

- 0.

2.2 The Effects of Sources znc levels of
Fhosphorus or. C

M
AL

Covp

c.2+17 The effects of sources of phosriorus on the growth
and vield of cowpes

There are various forms c¢r sources of phosphorus ir
ti.e soil for plant use. These could te existing naturally
ir thé soil, i.e. the organic and inorganic soil P or added
artificially by man through the use of fertilizers, There
are various types of phosphatic fertilizers used today.

The major ones are: Single surerphosphate (SSP, 18% PZOS);
Triple superphosphate (TSP, LO-47x P205J; Monoammoni umn
phosphate (MAP ,38-39% P205); Diammonium phosphate (DAP,
LB% P205), Nitrophosphate (20% P205),_and supe rphosphoric
acid (76-85% P205). Other relztively new products are
Magnesium ammonium phosphate (LO% P205); Ammonium poly=-
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phosphat- (L% PZOE)' Urea phosphate; Monopotassium
vhosphe -3 Fotaczium phosphate; Bulk blends (mixture of

ure and :cconc. surerphosphate) Easic slag, Rock phosphatee.
(3ixry -2 5l., 19545 Allen, 12703 Olscn et al., 1971;

rnonyme &, ISMA, n.dad.

S:udies indicate that the efficiency of phosphatic
fertil. ers is dependent upon the characteristics of the
crops, he soil and climatic cenditions under which the
crop i: grown, tne chemical and physical propoerties of
the fe::ilizer used and the rate and method of its
applic: tion (Tisdale and Rucker, 19b4; Terman, 1971;
Barnes and Kamprath, 1975). The fertilizer properties
affect ng their efficiencies and crop responses in terms
of grc th and yields include granule size, fertilizer
solubi ity and formulation (Terman, 1971). Environmental
fzctors; influencing phosphorus nutrition of crops include
soil ¢aracteristics such as pH, texture, temperature,

moist: re content and the presence of other minerzl elements.
'}
Ditferences in crop growth and yield resulting from

the use of different sources of phosphorus have been
reporied. After many trials using 15 different solls in a
pot experiment, Terman (1971), reported that no amount of
rock phosphate could produce the yields of Ladine Clover
obtained with superphosphate. Iswaran and Altamniranc (1975),
reported that moncammonium phosphate decreased flower
shedding and increased pod weight ot cowpea. They observed

that moncammonium phosphate was more efficient on the crop
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than ény other phosphatic fertilizer used. Similarily,

hgboola . =d Obigtesan (1977), reported that seed yield

of cowpe with superphosphate and converted bone as

- sources f F, were singificantly higher than those from

rock phc .phete ard basic slag. They further found that

all yie. 1 components, pods, seeds and roots follcwed same
pattern as growth. Lombin (1979), also reportec that single
superph sphate performed significantly better tkan three other
phosphe ic fertilizers (ground rock phosphate, calcium

metaphe phate and dicalcium phosphate) in the yields of ground-
nuts =nd sorghum, in the northern Guinea savanna zone

of Nig:¢ ~ia. The effectiveness of the various fertilizers

was thcught to be a function of their water solunilities.

In contrast, however, some workers (Rhodes, 1980;
Pillai et al., 1981), have reported insignificant differences
in cow ea yields due to the use of different phosphatic
fertil :zers . Though {t is true that certain phosphatic
fertilizers are more efficient than others in boosting the
growtl. and yields of crops, it is worth noting .-that such
effic:ency depends greatly on the ability cof any given
fertiiizer to provide high concentration of soluble P within
the crop growth medium for rapid early growth to ensure
adequate leaf area for photosynthesis which forms the basis

for higher yield potentials (Terman, 1971).



2.2.2 The :ffects of levels of phospncrus on the growt-
and lelc of cowpea

It s fairly well established tr:zt certein minim.=
amount of phosphorus is recuired for efficient performznce
in cowpe: In relatively low F-contzirning soils, sever:zl
workers . ve reported tremendous increzses in the growts and
yields o cowpea with increasing P levels (Yayock, 1975; Kunju
et al., * 76; Remison et al., 1960). <Zeverel others hzve also
reported -sarious optimal levels of P for attaining maxizum
growth e i yield in cowpea., Gzrg et zl., (1970), after studying
the effe ts of different retes of phos:thorus on cowpez,
reportec that the green fodder yield oI the crop was signifi-
cantly i'creased by a rate of 37 kg P/ra (85 kg P205/ha) and
not by ! .gher rates. Agbcola and Obighesan (1977), rerorted
that hiy :est grain yield was obtained zt 30 kg P/ha (62 kg
P205/ha from four different phosphatic fertilizers (Rock
phospha-2, Basic slag, converted bone and superphosphzate).
In tria_.s conducted at various locaticns in the savanna
ecologi-al zone of Nigeria for many yeasrs, it has been found
that a rate of 37 kg P205/ha is optimzl for seed yield in
cowpea (Anonymous, 1977). 1t was further observed in 1978
that t!ere were no advantages in applying more than 37 kg
PZOS/hL for cowpea production in the savannz regions of
Nigeria (Anonymous 1979). Okelana andé Adedipe,(1981) while
working on four levels of P on cowpea in the forest

ecological zone of Nigeria however, found that & phosprorus
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of LO kg F/ha (922 kg }265/L ) proved ike necrest

-

F level for seed production in lew erz veriety of

Kernig ana NanJju (1983), on 1iire other hand,

‘.'_J

repor =d an optimal level of 13 kg P/he (30 kg PQOS/ha}

of t
1971
in 1
cite
opt:
clir

wer-:
usi:
sig

unf-

rol
per

nun

¢ «~pee yield in tne forest zone of Nigeris.

It is worthy to note, however, that the efficiency
F level applied to cowpea depends on the properties
so0il, the fertilizer type and crop vzriety (Terman,
Anonymous, 1977). This may explain the variations
responses of cowpea to F in the vearious studies
It is, therefore, not surprising that the recommended
z1 P retes for cowpea would vary according to agro-
tes and soil types.
Tavora et =1 (1971) however, reported that there
no significant differences in cowpea yields after
five different F levels, although there were
ficant differences between the fertilized and
*tiliz;d crops.
Varietal responses to added P also play an important
in determining the optimum rate of F for maximum
ormance in cowpea. It was reported in 1977, after

rous trials of P-levels in cowpez that the interaction

be- veen varieties and fertilirer levels was highly

Sl- 3

ificant (Anonymous, 1977).
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Chapte: 3
MiTERIALS AND METHODS

3.1 Location
ne exﬁeriment wag conducted a2t the Institute
for A: icultural Research farm at Samaru-Zaria, Nigeria
(11%4 N, O?OBB'E, o8bm above mean sea level), during

the 1° & wet season.

Samaru lies in the Northern Guinea savanna zone of

- Nige: a. It has an average rainfall of about 1,100 mm

most. distributed between the months of May and October,

witl mean monthly minimum and maximum temperature of

20 ¢ and 30 OC, respectively, during this period.

Clir -ological data ceollected during the 1986 growing

sea: .1 are presented in appendix 2., The soil is moderately
dee; well drained and characteristically tropical sandy

leoa Analysis of the physical and chemical properties of soil
fro the site used for this experiment is presented in

apr d{dix 1.

3.2 History of Site

The land was used for tractor-driving instruction
aren for over 10 vears. As such, agronomlc experiments
re. ited to fertilizers have not been carried out on the
la- 4 for the past 10 years. Due to proper levelling, the
land has efficient drainage layout which preventea it from

weter lLogging.
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3.3 Treatzents and Experimental Decsign

.6 treatments consisted ol 1our cowpea varieties (kKano

169, 3vul8, 176B ana 33v-1) (Anonyrous, 1985), four
levels: of phosphate (0, 18.5, 37.0 and 55.5 kg P205/ha),
using wo sources of phosphate (Diamzonium phosphate 'DAP!
and s. gle superphosphate 'SSP). Urez fertilizer (L46% N)
was ac ied to the SSF to bring its content of nitrogen
equiv: _.ent to that in DAF.

The treatments were factorizlly combined and layed

out i: a randomized complete block design with three

repli-ations, The gross and net plot sizes were 20.25 m2

and €.75 m°

six r dges of 75 cm width and 450 cm long, while the net

sy respectively. The gross plot consisted of

plot onsisted of the two inner ridges of the gross plot.

3.4 Field Operations

3.4. Soil sampling and analysis
Soil samples were collected from randomly selectad

site on the field. Samples were taken at two depths
(0O-1 cm and 15-30 cm) using a tubular auger, prior to
cultivation. The soil samples were anzslysed for physico-
chen .cal properties such as the percent clay, silt and
san: , per cent organic carbon, total N, available P,

exc angeable basés, cation exchange capacity and soil pH

(Ap; endix 1).
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“he particle size analysis of thre soil wzs dcrne by
hydro: :ter metioc¢, soil pE in E, 0 and C.01M/2aCl, using a pH
met ; organic carbon content by Walkley ard Black
metho..; total N by Kjeldahl method; aveilable phosphorus
by Br y I method; exchangeable bases by Ammoniur acetate
saztur tion and cation exchange capacity by Azmoniunm

acete ie extraction and distilation (Blzck, 1965).

3.4+, Land preparztion

After clearing, the land was ploughed, harrowed twice
to oltain a fine tilth and ridged at 75 cm width. The
fiel: was marked out into 8 plots of 20.25 n° (4.5 m x
4.5 ) each. Paths of 1 m along the rows anc 75 cz {(one
ridg ) across‘the rows were allowed to separate adjacenf

plot ..

3.4. Fertilizer application

The two phosphatic fertilizers, DAP (LO% P205) and
SSP {18% P205) were applied pre-planting at the rates of '
18.:, 37.0, 55.5 and a control of O kg P205/ha.

3.4.4 Planting and planting materials

| The crop was planted on the 15th of July, 1966.
Four varieties of cowpea, 1696, SVUL8, 176B and 33%-1 were
usedi. The 1696 hLasa spreading growth habit, is late
maturing and day-length sensitive. Its seeds are
chzracteristicall;y extras-large in size and white irn cclour.

. The SVULB is a semi-upright variety with brown, medium to
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large sized seeds. The “76B is semi-upright, with white
medium to large sired seeds while the 339-" is alsc
semi-upright but with while, mediun sized seeds. Thne
last three varieties used are all dey~lerngth insensitive
(Anonymous, 1985).

Two to three seeds were planted per hole of 4~5 c¢m
depth at 75 e¢m x 25 cm spacings. The crop was thinned

a week after germination, to maintzin two plants per stand.

3.L.5 Weed and pest control

'Galex' 50C e.c. (iietolzchlor + lLetrobromuron) a
pre-emergernce herbicide was used at & 1/ha to suppress
weed growth, This was aprlied a day after planting the
cerop. A supplemertary hoe-weeding was done when the cror
was 5 weeks 0ld tc check weed growth,

To control irsect pests, a mixture of cymbush
(Cypermethrin) 10 e.c. and Rogor (dimethoate) 4Ok e.c.
was used at the rate of 500 ml1 + 500 inl in 100 litres of
water per hectareland sprayed using the CP-3 knapsack
sprayer. Spraying started two weeks after planting when
insect infestation of the c¢rop was noted and continued
forthnightly up to flowering period. During flewering and
podding the crop was sprayed at weekly intervals, using ths

same mixture of chemicals and at the same rates,

To control fungal infections, Eenlate + Dithane Mub
were used at the rates of 0.6 kg + 2.5 kg/LO00 litres of
water/ha, starting from four weeks after planting and

continued at two weeks intervzal until crop maturity.



3.4.6 Hervesting

Trree of the verietles, SVU LB, 17¢f znd 33%~1 were
all hervested at 12 weeks after planiing. The veriety,
1696 cid not flower very well and hernce could not produge

harvestable yields.

3.5 Observetiors and Data Colleczicn

]

2.8,.1 Assessment of pre~hervest varansters

Stand count at gernination was takern & week zfter
planting the crop. Assessment of paremeters such as number
of tranches per rlant, nunber of leaves per plant, leaf
area per plant, plant height and the dry weights of leaves
and stems per plant, began at five weeks after planting and
continued at two-weeks interval till the 11th week after
planting.

Five plants were randomly selected from each plot for
sampling. The plants were uprooted and washed carefully
before readings were taken. The heights of plants were
taken by measuring the stems fromsthe point of emergence
from the soil to the highest vertical apex. The number
of leaves and branches per plant were taken by simple
ccunting, while the lezf area was delermined by measuring
the areas of the middle leaflets and multiplying by a
constant factor of 2.7 or %737 as descrited by Nangju
and Wanki (1979)

Observations cof characters such as the number of days
to first flowering, days to fifty per cent filowering and the

number of flowers per rlant were also recorded.
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3.5.2 Assessment of post=hasrvest rerameters

Farumeters essessed after rcrvest irncluded: numbter
of peds per plent, weight of pods per rlants, number of
seeds per pod, number of seeds per plant, weight of seeds
per plant, weight ot 1,000 seeds z2nd the trreshing
percentage. Crop cuality was detrermined through analysis

of per cent crude protein content of greins.

3.5.3 Analysis of data

Thie analysis of variance o¢f all cztz collected wes
done to test for the significant effects of the treatments
using the 'F' test as described by Snedecor and Cochran
(1967). The multiple comparison procedure of the least
significant difference (LSD) was used to compare means of
varieties, sources of P and levels of F and their interactions.
The Duncan ° Multiple Range Test (DRT) (Duncan, 1955) was
also used to compare the treatment means, Arnalysis of
correlation coefficients betweer growth characters, yield
components and grain yield of cowpea was also done to

determine their relationships.
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Chapter L
RESULTS

L1 Effect of Sources and Levels of
Fhosphorus on Growth of Cowpea

L.1.7 Plant height

Height of cowpea plants was significantly influenced
ty rhosphorus levels and cowpea varlety, while sources of
rhosphorus haed no significant effect (Table 1).

Plant height increased significantly with increzsing
levels of phosphorus throughout the sampling period.
Although application of P at 55.5 kg P205/ha produced the
tallest plants, they were not significantly taller than those
that received 37 kg PZOE/ha'

Variety 1696 was generally taller than the others,
although the differences between it and other variellies
was significant only at 5 and 7 weeks after planting.

The interaction effects of phosphorus sources and
cowpea variety significantly influenced plant height at 5
and 7 weeks after planting (Table 2). Variety 1696 was
significantly taller than the other varieties irrespective

of P source at 5 WAP and when SSP was the P source at 7 WAF.

Plants of variety 1696 receiving SSP were significantly
taller than those of the same variety receiving DAP at

both-5a.nd7WAPo



Teble 1 Heiznt of cuwpea plants (ci) s influenced oy
Sources anc levels o phosphorus at 3Zamaru in 108G

#Weeks aiter planting (WAP)

Trectinents

5 7 < -
Sgurces of F

"Control 12.50b 17 .92 22 .0Eb 2L.,92b
DAP ' 18.67a 2u.7ha 27 .8ba 31.60a
sSSP 2t JOBa £ .69a 28,132 3C.7ba
SED(+) c.,786 CCL.733 C.909 C.941
Levels of F

(P205 kg/ha)

0.0 “2.50c¢ 17 .92¢ 22,08c¢ 2l.92¢
18.5 © 18,73b 2z .6Ch 26.02b 29,23b
37.0 20.83& 2c.85a 26.44a 31.75a
55.5 Z71.56a 26 .92a 2%, 524 32,582
SED(+) C.785 c.898 1.187 1,152
NYarieties
Kano 1696 25.92a 27 .58a 28.50a 33.83a
SvVuL8 18.31b 2L ,86b 28,3%9a 32.92a
176R 18.00b 24 .42D 27 .6%a 31.03a
339-1 19.28b 2L .00b 27.39a 30.97a
SED(+) 14111 1.037 1,370 1.337

Means followed by the same letter(s) within a treatment are
not significantly different at 5% level of significance
using DMRT.



Tacle 2: Interaction effects (scurces of P x cowpea variety) on plant height (cm)
at 5 and 7 WAP at Samaru in 1986

5 weeks after planting (WaAP) 7 weeks after planting (WAP

Cowpea Varieties Cowpea Varieties
Kano
Jources of P Kano 1696 sSvuys 176B 339-1 1696 SVUL8 | 176B  339-1
DAD - 23.00b 19,06c 17.17¢ 19,444 c 25.44b 26.00b mwhoqv 23.83b
33P 28.83a 17.56c 18.83¢c 19.11¢ 29.72a 29.72b 25.17b 24.17b
Siu(+) 1.572 1.466

rleaiis followed by the same Hmﬁﬁmﬁﬁmv within a treatment are not significantly different
at 5. 1evel of significance using DiiRT,



Number of leaves per rplant was significantly
influencea by phosphorus levels througrcut the saxrling
perioa, witi. the number of leazves per rlant increasing with
Tevels of phosprorus. The righest numbter of

increasing

tior. of £5.5 kg

o

arplic

leaves per plant resulted from th

L]

PQOS/ha, although this was nct significzntly different from

applying 37.0 kg P205/ha.

The number of leaves per plant wes sgignificantly
higher for veriety 1696 than the other varieties whose

number of lezves per plant were similar.

The interaction effects of sources and levels of F
and cowpea variety on the number of lezves per plant were

not statistically significant.

4.1.3 Total leaf argg_(cmz) per plant

The total leaf area per plant was significantly

influenced by sources and levels of phosphorus as well

as cowpea variety (Table L).

Application of SSP as a source of P generally produced
higher total leaf area per plant than the use of DAP, and
the differences were significant at 7 and 11 weeks after

planting.



Talle 3 humber of leaves per plant ol cowpea as influencesd
Lty sources and levels ol phosprhorus st Sanars in

1980,
vieeks afier planting (wAl)
Treatments
5 7 9 11
Sources of P
Control 10.92b 20.90b 36.10b 3C.00w
DAF 21.47a L2 .10a £5,40a 36.70ab
sSSP 20.86a L} .90a =6 .80a L3.9Ca
SED(+) 0.875 2.22 3.b3 .16
Levels of P ‘
(P205kg/ha)

0.0 " 19.92¢  20.90¢  26.10b  30,00Db
18.5 18.75b 35.600b 52.90a 34.80ab
37.0 22.17a }}5.90a 53.10a LO.50ab
55.5 22.58a 46.50a £2.30a L45.40a
SED(+) 1.194 2417 Loy 6.32
Varieties
Kano 1696 2l .28a 66.30a 91.9Ca 69.30a
SVULS 16,78b 10.200 116,200 25.60b
1768 19.94b 42 .40b 47.900 38.00b
339-1 20.67b 39.10b 38.40p 28.200

SED(+) 1.379 3.13 5.13 7.30

Means followed by the same letter(s) within a treatment
are not significantly different at 5% level of-sigmficance
DMRT.
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Tevle 4 Total leef area (cm®) per pliant of cowpesz as
influencect Lty sources anc ievels of DhosLhicIus
at Semaru irn 1986

Wweeks after planting (wAP

Treatments s 7 S 11
Sourcees of F

Control 607.0b  1183.Cc  1988.Cb 1765.0b
DAP 1205.0a  2202.30  3256,4,0a 2161.0b
SSP g 157 .08 2555.08 3331 .Oa 3258 .Oa
SED(+) 53.3 125.3 210.7 215.9
Levels of P

(onskg/ha)

0.0 607.0¢ 1183.0c  1988.0c 1765, 0b
18.5 1045.,0b 1999.0b  3095.Cb 2059,0b
37.0 1248.0a 261L.0a 3613.0a 2928.0a
5.5 1251.0a 2621.0a  3673.0a 3142,0a
SED(+) €7.7 153.5 258.1  2eh.hL
Kano 1696 1163.0a  3090a 6169.0a  5990.0a
SVUL8 1012.0b 2194b 2525.0b 1386.0b
1768 1021.0b  2202b 2L,88,0b 1980, 0Ok
339-1 1059.0b  2027.b 1692, 0b 1482.0b
SED(+) 768.1 772 298.0 305.3

Means followed by

using DMRT.

the same letter(s) within a treatment are
not significantly different at 5% level of significance
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Total leaf arez per plant Increcsed with increasing
level's of phosphorus throughaut the sampling period.
Applying 55.5 kg P205/ha resulted in the highest total leaf
area per plant, though this wes s not significantly different

from applying 37 kg P205/ha'

Variety 1696 had significantly higher total leaf area
per plant throughout the sampling period, than the other

varieties whose differences were not statistically significant.

The interaction effects of sources and levels of
phosphorus and cowpea variety on the to®tal leaf area per
plant were significant at 11 weeks éfter planting (Table 5).
The total leaf area of 169 resulting from applying SSP at
37 and 55,5 kg P205/ha was significantly higher tharn applying
" DAP at the same levels.

LL.1.4 Leaf dry weight per plant

Both sources and levels of P as well as cowpea variety

significantly influenced leaf dry weight per plant (Table o).

Flants treated with SSP generally produced higher leaf
dry weights than those treated with DAP throughout the
sampling period, although the differences were significant

only at 11 weeks after planting.

Phosphorus levels affected leaf dry weight per plant

significantly at 5 and 11 weeks after planting. The leaf dry
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Tecle 5 Interaciion effects (sourcez of F x Zevels of P x
cowpea veriety) on lezaf arez (cmé) per plant at
11 WAP at Samaru in 1486,
Sources Levels of Cowpee Varieties
cf F F (E,05kg—
/ha) 1696 SVULS 1762 33G-1
LAF 0.0 3623bed  1180der 11 3Caef 1120def
16.5 L107be GoQef 1207def 1277del
37.0 L1851 1604def 1120def 1400def
55.5 L185b 145, 3def 25%Ceder 16522def
SSP 0.C 3623ved  1180def 1130def 112Cdef
18.5 LEGOL 737f 2135cdef  11G8def
37.0 937 3a 13Lbdef 2887cde 1505def
55.5 §586a 2525¢cdef 18L2¢cdef 2030cdef

within a treatment

Means followed by the same letter(s)/are not sigpificantly
different at % level of significance using DIRT
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weerns after planting (wAF)

Treztoents

E‘J T 9 - -
Sources of F
Control 1,630 6.27b 17 .58b 6.290
SoF L.29e 11.232 15.29a 12.85a
SED(+) 0.320 0.617 1.064 1.455
Levels of F
(on;;ks/ha)

0.0 1.63¢c 6.27b 11.56b 8.2%b
105 3.42b 10.5%a 14.2%a ¢.71b
37.0 L.yca 11.03a 14 «40& 13.15a
£5.5 4 .4%a 12.07a 15.90a 13.90a
SED(:) 0.392 1123 1.303 1,782
Varieties
Kano 1696 4.33a 11.94a 16,08a 17.00a
SVULE L.42a 11.04a 14 .86Db 12.42b
176B L .08a 11.86a 14.64Db 12.440b
33G9-1 L.1%a 10.48a 10.86¢ 12.33¢
SED(+) 1.53 1.297 1.505 2.058

Means followed by the same letter(s) within a treatment zare
not statistically different at 5k level of significance
using DiRT,
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welght incressed sigyniticantly with increzsing levels of
F. &4lthough applying 55.% kg P205/h5 rroduced the highegt
leaf dry weight per plant, it was not significantly higher
than the weight ottained from applying 37 kg P205/ha. At
'Y and 9 weeks after planting, although the fertilized
treatments produced signiticantly higher weights than the
unfertilized contrci, the differences between three

fertilized treatments were not signiticant.

Varietal differences in leaf dry weight per plant
were significant cnly at Y and 11 weeks atter planting.
At Y weeks after planting, leaf dry weight of 1696 was
significantly higher than those ot SVU h8 and 176B, which

were, in turn significantiy higher than that of 339-1.

There were no significant interaction effects of
sources and levels of P and cowpea variety on leafl dry

weight per plant throughout the sampling period.

4.1.5 Stem_dry weight per plant

The different sources and levels of phosphorus
and cowpea variety did not influence stem dry weight per
plant significantly throughout the sampling period, although
the fertilizer treatments were significantly higher in
stem dry weight per plant than the control treatments
(Table 7). Stem dry weight per plant were similar for all
the varieties used, although 176B tended to have higher
stem dry weights than the other varieties at 7, 9 and 11

weeks after planting.
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Teble 7 Stem dry welght (g) rer ylunt ¢f cowpes es
influenced by levels anu zource:s ¢f prusyhiorus ==

Samaru in 1980,

Weeks afTter plarting (ViF)

Treatments 5 7 G 11

Sources of P

Control 0.683b 4.30% “LL.700 15.25b
LAP 2.194}4,& 10.70& 2;; .303 25.93&
SSE 2.106a 13.20a 23.20a 26.52&
SED(+) 1.670 2.96 2.90 1.872
Levels of F
(Raogkg/ha)

.0 0.683b 4L.30b 10.70b 15.25b
16.5 2.287a G.,20: 27 .10= 2L . 0be
37,0 2.30hs . 15.30a 2L .4 0a 26 .25a
55.5 2.458a 11.40a 2t 37a 28.37a
SED(+) 0.205 3.56 3.55 2.293
Varieties
Kano 1696 2.556b 10,70a 20.80a 24..76a
SVUL8 1.917a 12.80z 23.10a 2L.47a
1768 2.056a 15.L0a 3C.20a 30.83a
33G9-1 2.072a 9.20a 22.80a 2h.B3a.
SED(+) 0.237 .22 4.10 2.64L8

Means followed by the same letter(s) within a treatment are
net significantly different at S% level of significance
using DMRT,
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The interaction effects of sources and levels of
F' and cowrea variety on stem dry weight per plant were

not significant throughout the sampling period.

Je1.6 Shoot dry weight per plant

Shoot dry weight per plant was significantly influenced
by phosphorus levels and cowpea variety, but not by sources
of phosphorus {Table 8).

»
Shcot dry weight per plant increased significantly

with increasing levels of phosphorus at 5 and 11 weeks after
planting. Applying 55.5 kg P205/ha resulted in the highest
shoot dry weight per plant, though not significantly

higher tren applying 37 kg 9205/ha. At 7 and 9 weeks

after planting, though the fertilized treatments had
significantly higher shoot dry weights per plant than the
unfertilized controel, the differences between the three

fertilized treatnents were not significant.

Varietal differences in shoot dry weight per plant
were sigrificant only at 9 and 11 weeks after planting.
Varieties *696, SVULE and 176B were all statistically
similar ir their shoot dry weights per plant, but significantl
higher than variety 339-1 which had the least shoot dry per
plant. |

The interaction effects of sources and levels of P
and cowpeg variety on shoot dry weignt per plant were net

significant turoughout the sampling pariod.
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Tatle & Shocot dry weight (g) rer plant ¢f cowres &s
influenced by sources anc leve_g of ;hosphoruas =t
Samaru in 1966,

Weeks after vlanting (WAP)

Trecztments 5 7 G 1
Sources of P
Cor.tirol 2.51b g.56b Zi, o 70D 25.30b
DAF b.L7a 22.03s 39,.30a 3L.,70a
SSE .41 21.95a Lz . 30e 39.10a
SEL(+) 0.465 1.545 2.99 3,00
Levels of F

0.0 2.51¢c 9.56b 24,700 25,30¢
18.5 5.29b 19.9%a 36.70a 32,500
37.0 6,68ab 21,63& 0. 302 i1.70a
55.5 7.35%a 2l .35a L5.50a L3.,1Ca
SED(+) 0.569 1,892 3,66 3.68
Varieties
Kano 1696 &.89a 20.45a Le.2Qa 4l . 00a
SVUL8 6.31a 425.19a L .B0a b2 .90a
1768 6.14a 21.97a L2.60a L42.80a
339.1 6.43a 20.36a 33.608 29.90b
SED(+) 0.657 2.184 4.22

Means followed by the same letter{s) within a treatment are
not significantly different at S% level of significance
using DMRT.
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L.2 Effects of Sources and Levels of Fhospherus

on _the Yield and Yield Components of Cowpes

Variety 1696 failed to produce harvestable yields,
therefore, yield data were reccrded for only three varieties

viz: SVULB, 176B and 339-1,

Le2.1 Grain vield (kg/ha)

Grain yield was significantly influenced by phosphorus
levels and cowpea variety, but not by sources of phospheorus

(Table 9a),

Yield increased significantly with increasing levels
of phosphorus. Although applying 55.5 kg P,0g/he resulted
in the highest grain yield of cowpea, {2784kg/ha), this was not
significantly différent from the grain yleld obtalned from

applying 37 kg onsfha, which vyielded 2585kg/ha ,

The yield of variety SVULB (2043ka/ha), was significantly

higher than those of 1768 and 339=1 whose grain yields were
L}
similar (1770kg/ha and 1B94 kg/ha respectively).
The interaction effects of phosphorus level and cowpea

variety significantly influenced grain yield of cowpea

{Table 9b). All the three varieties yielded highest when
phosphorus was applied at 55.5 kg P205/ha, but the increases
due to the last increment in P rate were minor for varieties
S%U L8 and 176B (L.0% and 0.2% respectively) compared to that
of variety 339-1 {22.1%).



Contrel DAk S8} SeDl+)
rein yiel.c
ki/hz) 13210 2148 319
Levels © P (. HE[Le
__.:.,' ’t. -{".C :.;.j 4:.L~ (:,‘
urain ylels 2G4 SRR - e
/ 1. 391D 4 &) o4z 10,
(r.cf.l".;) - - & 8LL '8, < iV -
Varieties
Kano
SVUL8 1768 339-" 1696  ZED(+)
304 3& 1770b ESLE - 30.6

Tetle Sb Interaction effects (levels of F x cowpea variety)
or. grain yield (kg/hz) of cowpez at Samasru in

1500,

L
Grain Yieldé (kg/he)

Levels of |

(Pooskg/ha) Cowpea Varieties

SVuus 176E 33%-1 Kano 169¢

0.0 2051de 203f 1218ef -

18,5 2926b 1660d 1957d -

3Ta 3538a 225gbc 1S62bcd -

55.5 3653a 2200bc 2L 38be -
SEL(+) 226.3

Means follcwed by the same letter(s) within a treatment are
not significantly different at 5+ level cf significance
using DrRT.
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Table 10 EZffects of sources and levels of phosphorus
ocn threshing percentage and percent crude
protein of cowpea varieties at Samaru in 1986

Treatments Threshing Precent Crude
percentage protein

Sources of P

Control 67.1Ca 22.03a

LAP , 69.6Ca 22.0%a
SSP( 73.CCa 22.2%a
SED(+) 3,62 0.315

Levels of F (P205Kg/ha)

0.0 67.1Ca 22.03a
18.5 70.5%a 22.22a
37.0 7h.70a 22.12a
55.5 €8.6Ca 21.99a
SED(+) L.Lh ' 0. 386
Varieties
SVULs 76.xCa 21.02b
1768 . 70.z0a 23.00a
339-1 67 §.0a 22.3%a
Kane 1676 - -
3ED (¢) Lot 0.386

Means followed by tne same le==ers within a treatment are not
signriciantly different at =5 “evel of significance using
J:J: i{IJ..‘ *
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Lelea Thres:ing rercenislo

Thresring percenteze ol cOwrst wis not fignificantly

Fry

influenced Ty sources &rc levels of thosphorus or cowpee
variety (Tetle 10). Sinilarly, ncrne of the interaction
effects of sources and levels of phosprnorus and cowpes

variety or. trneshing percentage wes zigrnificant.

L.2.3 Fercert crude provein

Phositr.orus sources and levels dic¢ not influerice the
crude protein content of cowpea sigrificantlye There were
however, sign.ficant diiferences in crude protein contents

0f the different cowpea varieties (Tatle 10).

The wvariety 4176E had the highest crude protein
content, ard this was significantly higher than that of
SYULB whiclh had the least crude proteirn conitent, but the
difference between 176F and 338-%1 wee not significant.

There were no significant interaction effects of
sources and levels of phosphorus and cldwpea variety on the

crude protein content.

L.2.4 Nurter of days to first flowering

The different sources and levels of phosphorus did
nﬁt affect the number of days to first flowering significantly,
‘although there were significant differences between the
fertilizer treatments and the control. There were however
significant varietal differences in the number cof days to

first flowering (Table 11).
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3VU L8 flowered eariiest at about 41 days after
planting, followed by 33%-1 at about Ll days after
planting, while variety 176B fiowered latest at almost

47 da,s after planting,

There were significant interaction effects of
phosphorus sources and cowpea variety (Téble 12). Applying
DAP increased the average number of days to first flowering
by 0.22 days in both varieties SVU I8 and 339-1 and by 0.78

da&s in variety 176B as compared to SSP.

bh.2.5 Number of days to 50% flowering

Eoth sources and levels of P had no significant
effect on the number of days to 50% flowering, but there

were significant varietal ditterences (Table 11).

As with the number of days to first. flowering, the
number of days to 0% flowering was significantly earlier
for SVU 4B, followed by 339-1, while 176 B took the longest

nunber of days to produce 50% of its flowers.

The interaction effects of phosrhorus sources and
cowrea variesty significantly influenced the number of days
to 5% flowering (Table 12). The source of P had no
significant =ifect on the numbter of days to 50K flowering
in vzrieties 3VU 48 and 176B but plants of variety 33%9-1
that received SSP attalined S50, flowering sigrificantly

sarilier (%7 2 days) thun thcse that received LAF.
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Table 11: Effects of sources and levels of phosphorus
on number of days to first flowering, number
of days to 50% flowering and number of flowers
per plant of cowpea at Samaru in 1986,

Treaitments No. of No. of days No. of flowers
days to to 5(%% per plant .
flowering flowering

Sources of P

Control 49.56a 53,67z 32,20b
DAP 46 .49b 52.92a 52.10a
SSP 4,6.93b 52.42a 53.50a
SED(:) 0.38, 0.462 3.67
levels of P

0.0 49.56a 53.67a 37.20¢
18.5 L7.78b H2.75a 50.70a
37.0 L7 .00b 52.33a 58, 30a
5505 J.J.?.tﬂgb 52-92& 59-508 .
SED(+) 0.432 0.568 4L.50
Yarieties |
SVULE L1.22¢ Wiolc 69,60a
176B ub.67a 50.72a 48.10b
339=1 43.78b §7.83b 50.60b
Kano 1696 - - -
SED (+) 0.65 0.483 4.50

Adeans followed by the same letter{s) witrhin a treatment
zre not significantly differeat at . level of significance
using LoR7T.
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Table 12 Interation effects (sources of P x ®wowpea variety) on the number of day
first flowering, number of days

at Samaru in 1986.

ale)

to 5O Tlowering, and number of flowers per plant

No, of days to first
flowering

Cowpea Varieties C

No. of days to 50%
flowering

owpea Varieties

No. of flowsrs per 3+ 1t

plant

Cowpea Varieties

Sources of P SVULS

Kano

176B 3391 1696  3vUL8

Fano

svuLp8 17608 330-1 1095

-

DAP L1.33¢
SSP L1.11¢
SED(+)

L7 .00a Lh4.B9b
16.228 Ui .67b
0.92

4Wp.0ed G50.87a L2.33b -
%3.67d 50.78a L46.33c -

51,3bec 16.7bc B, 3ab -

-

67.ta L49.ibc Li.3bc -
£.36

Means followed by the same letter(s) within a treatment are not significantly different ot 5

level of significance

using DIRT.
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4.2.6 Number of flowers per plent

Levels of phosphorus and cowpes variety significantly
influenced the number of flowers pe<r wvlant, but the effects

of rhosphorus sources were not significant {Teble 11).

The number of fiowers per plant increased with
increasing levels of F. Applying 5E5.5 kg chE/ha resulted
in the highest number of flowers per plant, although this

was not significantly higher than applying 37 kg PZOS/ha.

The number of flowers per plant was significantly
higher for variety SVU48 than the other varieties whose

difference was not significant.

The interaction effects of phosphorus sources and
cowpea variety significantly affected the nurber of flowers
per plant of cowpea (Table 12). Aprlying SSF resulted in a
higher number of flowers per plant for varieties SVU48 and
176B, while for 339-1 applying DAP resulted in more flowers

per plant than when SSP was the P source.

L.2.7 Number of pods per plant

The number of pods per plant was significantly
influenced by phosphorus levels and cowpea variety, but not

by sources of phosphorus (Table 13).

Increasing levels of P increased the number of pods
per plant significantly. The highest number of pods per
plant was obtained from applying 55.5 kg P205/ha, though this

was not significantly higher than apolying 37 kg P205/ha.
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Table 13 Effects of sources and levels of phosphorus on
on some yield components of cowpea at Samaru

in 1986.
No.of No. of 4t of Wt of 1000
Treatments pods/ seeds/ pods(g)/ seeds(g)/ seeds
plant plant plant plant weight(g)
Sources of P
Control 24.90b 236.0b 35.50b 27 .10b 122.80a
DAP 46.00a 430.,0a 61.20a L47.70a 126.80a
SSP 4U8.30a 468.0a 71.00a 50.40a 135,70a
SED(+) 3.84  40.20 6.41 4.33 6.48
Levels of P
0.0 2L.90c 236.0c 35.50c 27 .10¢ 122.80a
18.5 L2.60b 394.0b 58.50b L©6.6Cb 129.40Ca
37.0 S54.00a L498.0a 68.50a 52.40a 135,50a
55.5 53.80a 560.0a 80.,90a ©60.20a 128.80a
SED(+) 4.7 4L9.20 7.85 5430 7.94
Varieties
3VUL8 54.30a 512.Ca 79.50a 57.50a 136.00a
1768 L2.400 {2C.0a 58.CCh 43.30b 130.10a
1381 Wia70b L4 .Ca ©0.70D 4L6.40b 127 .60a
!(a.no_1696 - - - - -
-JEJL‘(:) -+l?" dT e ? - ).:G ?Dl:):-‘-
within a treatment
e same le:ter(sl/nre not significantly

r 1 R el el -] ieinig | >
ek - awCiilLE A asilE L.abvaoe
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The number of pods per plant was significantly
higher for variety SVU 48 than the other varieties

whose difference was not significant.

The interaction of phosphorus sources and cowpea
variety significantly influenced the number of pods per
plant (Table 14)}. Applying SSP resulted in higher
number of pods per plant for varieties SVULB8 and 176B
than the use of DAP though the difference was significant
onfy in SVU 48. The use of DAP however resulted in
higher number of pods rer plent than S3P for variety 339-1,
but the difference between the two sources was not

significant.

4.2.8 Number of seeds rer plant

The number of seeds per plant was significantly
affec*ed by levels of F but not by P sources and cowpea
variety (Table 13).

Increasing P levels increased the number of seeds
per plant significantly. The highest number of seeds per
plant was obtained from applying 55.5 kg P205/ha, though
this was not significantly different from the number of

seeds per plant obtained by using 37 kg P205/ha.

The interaction effects of P sources and cowpea
variety significantly affected the number of seeds rer
slant of cowzea (Table 13). The number of geeds per plants
of SVU 4B was significantly higher when SSP was the P source
“han with DAP. In the two cther varieties, P sources had

no siznificant effect on tne number of zeeds ter ylant.
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Table 1l

Interaction effects (sources of P x cowpea variety) on the the number c:i pods per

plant, number of seeds per plant and wei

1986

ght of pods{g) per plont at Samaru in

Sources of

DAP
SSP

SED{+)

Number of pods rer plant

Number of seeds per plant

weight of rwocs{sg) per

: s ot s rlant
Cowpea Varieties Cowpea Varietjes Cowpea Varieties
Kano Kano ¥oan
P SvuLl 1696 SVULE 176B 339-1 1696 SVULH  176B 31G=1 1655
© LS.6b L0.9 S1.bad - Wi6b  h16b  L456b - “ho2b 52.3b £7.'0 -
63.0a Lh.0b 37.8p - 508a 425 371 - 93.9a 63.7bh Shuib -
6%, 60 11,11

Means followed by the same letter(s) within a treatment are not significantly different at "k

level of significance using DIRT.



L2

L.2.S WwWeight of pous per plant

Weight of pods per plant was significantly zffected
by P levels and cowpea variety, but not by scurcee ¢f F

(Table 13).

Fod weight per plant increesed significantly with
'increasing levels of F. The highesi weight resulted from
the application of 55.5 kg P205/ha, though this was not

significantly different from the applicationaof 37 kg P205/ha.

Weight of pods per plant was significantly higher for
SVU L8 than for 176B or 3539=1. The difference in pod weight

between the two latter varieties was not significant,

The interaction effectsof P sources and cowrea
variety significantly affected the weight of pods per
plant of cowpea (Table 1L}. With SSP as the P source, the
pod weight per plant of SYULB was significantly higher
than those of the other varieties, whose differences were
similar as a result of applying SSP. There were however
no significant varietal differences in rod weight per plant

when DAFP was used as the P source,

L.2.10 Weight of seeds per plant

Levels of P and coﬁpea variety significantly
influenced the weight of seeds per plant, while P sources

had ne significant effect (Tgble 13).
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Seed weight per plant significantly increased with
increasing levels of P. Although application of 55.5 kg
P205/ha resulted in the highest seed weight per plant, this
was not significantly higher than when 37kg P205/ha was
applied.

The seed weight per plant of SVU4B was significantly
higher than those of 176B and 339-1 whose seed weights were

statistically similar.

The interaction effects of sources and levels of P
and cowpea variety on seed weight per plant were not significar

statistically.

L.2.11 1000-seed weight

All treatments (i.e. scurces and levels of P and
cowpea variety), had no significant effect on 1000-seed

weight of cowpea (Table 13).

Similarly the interaction etfects of P sources and
levels and cowpea variety did not attfect 1000-seed weight

significantly.

L3 Correlation Analysis

Analysis of correlation coefficients between
different growth characters, yiesld components and yield

0f cowpea was done to aetermine their relationshius




Table 15 Matrix of coefficient of correlation (r) between grain yield, vield componcnt and
growth of three cowpea varieties (SVULY, 1768 and 339-1}

Grain No.of No.of %Crude 1000 No.of No,of Lezf i o.of 1lunt
yield flowers days to Protein seed seed/ pods/ area leaves height
/plant 50 wt. prlant vlant at /plant =at
flowering WAF at 7WAF TWAF
Grain yield (kg/ha) 1.00
No. of flowers/plant Qelly**
No.of days to L0% flowerirg-0.68%* (. y*#*
% Crude protein =0.35%% 0,14 Q. OK#*
1000 seed weight{wt) 0.20% 0.20 -0.22 0.13
No. of seds/plant O.42%*  Q.BL%% —Q,1%% 0,14 0.16
No. of pods/piant O jtise O qbex* -0, L8k ~0.15 0.19 0.87%x»
Leaf area/plant at 7 WAP  0.35%% 0,20% -0,21 0.11  0.20 0.27  0.32
No. ot leaves/plant at YWAPO.30¥ 0.23 ~-0.15 0.15 0.39 0.25% 04,30 0,00%x
Plant height ‘7 WAP 0.25% 0.20 =-0.23 0.06 0.03 0.31% 0O.28% 0.u2**% Q.4 1.00
NBs * 3Significant at 5% level of significance

** Sipnificant at 1% level of

significance
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There were significant positive correlation between
yield and leaf area per plant, number of leaves per plant,
plant height (all  at 7 WAP); number of flowers per plant,
number of seeds per plant and 1000-seed weight of cowpea.
Significantly negative correlations were observed between
yield and number of days to 50% flowering and percent

crude protein.

There were significant pesitive correlations between
the leaf area per plant, number of leaves per plant, plant
height (at 7 WAP) and the number of pods and seeds per plant
of cowpea., There was also significant positive correlation
between cowpea plant height and and the number of leaves

and leaf area per plant.

The number of flowers per plant, number of pods per
plant and the number of seeds per plant were significantly
and pesitively correlated with each other. The number of
days to 50% flowering was however significantly and
negatively correlated with the nunber of pods and seed per

plant of cowpea,
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Chapter 5
DISCUSSTON

- 5.1 Effect of Socurces of Phosphorus

Cowpea plants treated with SSP had significantly
higher total leaf arda and leaf dry weight per plant than
those treated with DAP. Other growth parameters such as
plant height, number of leaves and shoot dry weight per
plant, though insigmificantly different, were generally
higher due to the use of SSP than DAP, Furthermore, plants
receliving SSP d4s P-source retained their leaves longer as
evidenced by differences in number of leaves per plént,
total leaf area per plant and leaf dry weight per plant
between the 9th and 11th weeks after planting. Use of
DAP as a P-source caused decreases in the order of 33.8%,
33,6% and 33.1% respectively in number of leaves per
plant, total leaf area perplant and leaf dry weight per
plant between the 9th and 11th weeks after plantingL
Comparable figures when SSP was used as the P-sourc; were
22.7%, 2.2% and 16,0% respectively for number of leaves,
total leaf area and the leaf dry weight per plant (Tables
3, 4 and 6}. The results thus indicate that SSP was more
effective than DAP on the vegetative develcopment and
leaf area duraticn of cowpea, This will suggest that nore

photsynthetic area was availatle for carbon assimil%tion in
terms of both space ana ftime when 53P was used as Ihe

FP-scurce than when DAP was azplied,
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Terman (1971), Agboola and Obighesan (1977) and Lombin (1979)‘
5 1

These observations are similar with the findings of

in which SSP was reported to have performed significantly
_better than other phosphatic fertilizers (rock phosphate,
basic slag, calcium metaphosphate, dicalcium phosphate)
on cowpea, groundnuts, ladine clever and sorghum, The
superiority of SSP over DAP in the vegetative growth of

cowpea in this study could be due to its higher ability to

provide high concentration of soluble P within the crop's
growth medium for rapid early growth which promoted high
total leaf area of the crop. To support this possibility,

rerman (1971) and Lombin (1979) are of the view that the

-

affoctiveness of vurious phosphatic fertilizers could be
a function of their various solubilities, Thus, SPP being

relatively more scluble than DAP (Tisdale and Rucxkap 1784)

waz able to effact higher vejetative growkh in =cwrea.
Cowpea yield and yicld components wera also Zenerally
higher by 5 to 14% as a result of anplying SSP than DAS,
though the differances were not significact. The e 3
3 milar t +h a obtajinad !“j Rhoda ( A0 FiN
o « (19 ) r 1ich the 1sfcnrant ioachat {
R . I e—— -3 - "'_I".“.': 3y Atk a - ~ r g
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Any environmental condition that promotes the availability
of P from different phosphatic fertilizer such that adequate
amounts required by the cropare supplied within the growth
medium, may cause insignificant yleld differences, The
moisture contents of a soil has been established as an
important environmental factor affecting crop response

to different phosphates (Tisdale and ucker, 1964). There
wag adequate soil moisture during the reproductive growth
stages of ccwpea during this experiment, it i3, thereforea,
not surpricing that the crop yields due to the use of S5P

ind DAP were not significantly different,

5.2 Effect of Levels of Phosphorus

Plant height, nurber of leaves, leaf area, leaf dry
4eiqht and shoot dry waeight per plant, all increased with
increasing levels of phosphorus. Plant treasted with
'Z:ffhfruq- are genaerally more robust in growth and pro ‘uced

significantly higher vagetative growth characters than those

in the control. This observation is zimilar ¢€n the renorts of
irdikeri et 31, (1973); Sarg et al, (19R80), in wnich ~h~3dhor
— ——— - —
ns Ca rrod ok hive caus 4 !-h roch - - tn -~ 4 4~ -.1,‘-» ‘I-
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cowpea by rhosphorus levels was no doubt due to its ability
to promote crop growth and development by affecting
efficient root growth and development and consequently
enhanced nutrient uptake for vigorous vegetative growth.
(Brady, 1852; Ezedinma 1965; Singh and Jain, 19663 Black

1968; Hari et al., 1978; Negi et al., 1982). }

Grewth parameters such as plant height, number of
leaves, leaf area, leaf dry weight and shoof dry weight per
plant were zgenerally highest in plants treated with 55,5 kg
P205/ha though not significantly higher than those treated
with 37 kg P205/ha. Phis may be due to the fact that
application of P up to a level of 37 kg P205/ha might have
teen up to the optimal P requiremeht of the crope Thus,
further additions ot P from 37 to 55.5 kg P205/ha had no
signiticant effects con the crop's growth and development.
.The results are in agreement with the observations at
Samaru {Anonvmous, 197Y) in which no growth advantages

were found in appiying meore than 37 kg P205/ha in cowpea.

Application of phosphorus enhanced earliness of
flowering in cowpea. FPlants that received fertilizers
generalliy flowered by 3 to 5 days earlier than the non-
fertijized control. ‘thig is in conformity with the findings
of Tariia et al. {1¥/7); Jarayam and Rsmiah (1980) who
reported that P fertilization increased s¢arliness of flowering

and reduced flower shedding in cowpea. Adequate supply of
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phosphorus to plants has been found to encourage earlier
crop maturity through efficient flowering with consequent

increases in yields {Brady, 1952; Black 1968), |

The grain yield and yield components of cowpea wefe
significantly influenced by phosphorus levels. The total
grain yield, rn.imter of pods, number of seeds, pod weight
and seed weizht per plant all increased with increasing
level of phospnorus. Tarila et al. (1977) obtained

similar resul-s with increasing levels of phosphorus in
the yield and vield compbnents of cowpea. These results
are also in ccrnformity with the established fact that
phosphorus is the most important nutrient element affecting
the grain yiel: of cowpea (Gills et al., 1971; Kurdikeri

et al., 1973; Yayock 1975; Anonymous, 1977),

The gra.n yield and all the yield components of
cowpea were generally highest due to the applkcation of 55.5
kg P205/ha, tr.iugn not significantly higher than the applica-
tion of 37 kg ?ZOS/ha. Arplying 37 kg ons/ha increased
cowpea yvield and yield comrponents by 36 teo Sl % over the
control, while applying P Irom 3? to 55.5 kg P205/ha resulted
in only 0.35 t: 13% increments which were however

tatistically. The lack of yleld advantizges

i

insignificant
in increasing ® application from 37 te 55,5 kq-P205/ (2784
to 258% kg/hal! may be due %o the fact that applicati-n of
P at 37 Xg ©,0./ha night have been adequate enough for
optimum cowpe2az yinlds, Thus, rais{ng tha level

. 1
~ & e Fpoam Eie fno2f R e DAl 21 1 R A Tm e
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significant yield advantage in the crop. This is in
conformity with the results obtained from trials conducted
at different locations in the Savanna eeclogical zone of
Nigeria (Anonymous, 1977; 1979) in which an optimal P-level
of 37 kg P205/ha wias reported for grain yield in cowpea,
and no added advantages were found in applying P above this
level. It also agrees with the current recommended P-level
for cptimum cowpea yields in the Nigerian savannas
(Anonymous, 1985). Yusuf (1987) also obtained similar
results at Samaru and reported that highest yields and
yield compeonents of cowpea resulted from the application
of L0 kg P205/ha than the application of 80 kg ons/ha.
Severzl other workers (Garg et al., 1570; Agboola and
Cbigtesan, 1977; Okelana and Adedipe, 1981; Kang and
Nangiu, 1983), have earlier reported various optimal P-levels
on cowpea in different agroclimates and so0il types wnich
resuited in optimum ylelds without any yield advantages from

asplying P above such levels,

The yield of any agricultural crop is dependent o¢n
the eofficiency and size of its photosynthetic system {(Loomis
and williams, 1963). This is determined during the vegetative
growtn of the crop. Fhosphorus apart from it significant
role in thne growth of crops alsc plays a Key role in the
rhotosynthetic system or the crop., It is important in the
chotophosphorylation of various intermediates in the carbon

zicuide assimilation nrocess and in the formation of
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pyrophosphate bonds which allows energy transfer in plants
(Mengel and Kirkby, 1979). It is, therefore, expected that
adequate supply of phosphorus will result in good crop

growth and consequent high yields in cowpea. Similar results
of high yields have been obtained Irom cowpea which had
efficient growth development as a result of adequate supply

of phosphorus (Tarila et al.1977; Remison et al., 1980).

5.3 - Effect of Variety

Plant height, leaf area, lezf dry weight, number of
days to flowering, total grain yield, nhmber of pods, welight
of poas and seeds per plant were all significantly influenced
oy cowpea variety. 1696 was generally more vigorous in growth
than the other varleties whose growin characters were
statistically similar. This 1is nov zurprising since thesge
characteristics are genetically con:rclled, although they

are also influenced by environmental factors (Anoymous, 1985)%

Although the three varieties [SVU LB, 1788, 339-1)
harvested had similar vegetative graowth, 3VU LB out-yielded
176B and 339-1 by L48% and 38% respec-ively, The yield |
components of the varieties also fsilowed similar trends.
Variety SVULB produced 31% and 27 acre flowers ger plant,
21% and 18% more pods per plant, 1t%: ard 19% more seeds per
plant, 27% and Z24% greater pod weig:s: ter plant znd 25% and

19% greater sead weight rer plant tran varieties 176B and 33G-1,
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respectively. Similar results were reported by Yusuf (1987},
in which S8VU 48 yielded higher than two other cowpea varieties
(Ife Brown and 176B). This high yielding ability of sSvUiB
might be due to the fact that the variety has & higher yield
potential (Leleji, 1983) and a higher response to phosphatié
fertilizers than the other varieties. The fertilizer
efficiency on crop yvield, is known to be dependent on crop:

variety, among other factors {(Termzn, 197%1; Anonymous, 1977).

5.4 Ef{ect of Interzctions

The interaction effect of P-levels and cowpea
variety significantly influenced grain yield, The effect on
the yield of SVULY was significantly higher than the other
varieties at equivalent fertilizer levels., This shows that
SVU has a higher response to fertilizer, and that application
of adequate fertilizer can toost i1ts yields. The results
are similar to the findings at Sazaru (Aronymous, 1977)
in which a highly significant interaction effect between
cowpea variety and P-levels was reported after numerous

trials.

The interaction effects of F-sources and cowpea
vaeriety sigznificantly influenced zarliness to flower, number
of flowers, number of pods, nunter of seeds and weight of
pods ver plant of cowgea., SVULE Ilowered & to 7 days and
L to & days earlier than 17bb anc 339-1, restectively, as a
result of ¢gplying elther rhosphz=ic lertilizers although

capplyling 53F affected earlier flowering in 3VU LY by a day
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earlier than DAP, Also applying 3SP to SVULH increased
its number of flowers per plant by 24.34% number of pods
per plant by 27.62%, number of seeds per plant by 31.b0%
and pod weight per pilant by 32.4% than applying DAP.
This might have been so because SVUUS exhibited a higher
affinity for phosphatic fertilizers, thus, a fertilizer_
which will easily supply P  within the soil solution for
crop use will boost the yields of this variety. Since 35P
has a higher solubijity than DAP (Tisdale and Rucker, 1Yt4),
P will te morereadily availabie from SSP than DAP for crop
use, SVU L8 which appeared to have had a higher respense to
P-fertilizers might have been able to utilise the available
P more efficiently than the other varieties hence it yielded
higher from SSP than DAP. These results are in cenforaity
with the views of Terman (1971), that the efficiency of
any phosphatic fertilizer is affected by the tvpe of

fertiiizer and crop variety used.

5.5 Correlation

The significant positive correlations observed tetween
cowpea yield ana growth characters such as number of leaves,
leaf area and plant height may be attributed to the fact
that these vegetative charascters directly determined tre
amount of photosynthates available for plent growth and
grain development. 7Vigorous vegetative growth enhanced
efficient rhotosynthetic =zctivities of tke crop. The

resulting chotosyntnstes are thus translocated to the
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storage sinks for grain development. Plant height was
significantly and positively correlated to yield

probably Dbecause increased height exposed the plants to
greater light for photosynthesis, This was further confirmed
by the highly significant and positive correlation of plant
height to leaf area and number, all of which are important
determinants of photosynthate accumulation and hence crop
yields. A highly significant and positive correlation
between plant height and grain yield of cowpea have been

reported (Singh et al., 1982).

The highly significant and positive correlation
between number of flowers, number of pods, number of seeds
per plant and *000-seed weight with grain yield revealed
these as important yield components and critical determinants
of cowpea grain yield. The results are similar to the
findings of previous workers (Aryeetey and Laing, 1973;
Chauhuan and Joshi, 1980; Oliveira et al., 1962; Singh et 2l.,
1682), in which the number of seeds per plant and 1000-seed

weight were found to be important yield components of cowrpea.



Chapter 6
SUMMARY AND CONCLUSION

A field experiment was conducted at the Institute for
Agricultural Research farm at Samaru during the 1986 wet season,
to investigate the effect of sources and levels of phosphorus on !

the growth and yield of cowpea (Vigpa unguiculata (L) walp.)

varieties.

The treatments consisted of four cowpea varieties (1696, |
SVUL8, 176B, 339-1); four P-levels (0, 18.5, 37.0, 55.5 kg P205/na
and two P-sources (Diammonium phosphate 'DAP', single super- l
phosphate 'SSP'). These were factorially combined and laid

out in a randomized complete block design with three replications.

Application of 335P resulted in significantly higher leaf
area and leaf dry weight per plant than the applicaticon of DAP,
Flant height, numter of leaves and shoet dry weight per plant,
grain yield and yield components were also higner due to the

use of 3SP than DAP though the diiferences were insignificant,

Cowpea growth characters, rield and yiéld components
increased significantly witn increasing levels of phosplorus.
Application of 37 kg P205/ha gave a 54%: increase in yield
over the control. ‘lhere was no significant growth or field

advantages in increasing P-level from 27 to 5.5 kg chﬁ/ha.

Varietal effect on tre growtn and yield of cowpea were
JYaprieky Firo
highly significart.,/109% was more vigorous in growtih than the

other varieties gltnough it faile< :

O

Trocuce harvestatle

yielas., oVUL8 yieldea nigiur thzn 1755 ana :3%9-' by 4. und

38, resyectively. ' |
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The interaction effect of P~levels and cowpea variety
significantly influenced grain yield. SVU L8 gave greater
responses in yield to successive ncreases in P-levels than
176B and 339-~1. The interaction effects of sources of P and
cowpea variety significantly influenced crop earliness to
flowering, number of flowers, pods, seeds and pod weight per
plant of the crop. Applying 53SP to SVULY resulted in earlier
flowering and higher yield components than applying DAP.

‘ The correlaticn between grain yield, yield components
{numter of flowers, pods, sgeds per plant and 1000-szeed
welight) and vegetative growth characters {plant height,
number of leaves and leaf area per plant) were hignly
significant and positive.

Based on these findings, it can be concluded that the
application of either SSP or DAP at 37 kg PzOB/ha under adegquate
s¢il moisture conditions, would ensure high yields from cowpea.
SVULB is a high yielding variety and does nct reaguire more than
37 kg onsjha for optimum yields irrespective of P-sources
although the use of SSP may be preferred to DAF on this variety.
In the subsistence mixed farming systems of the Nigerian
savarnas, where farmers are interest in attaining high
cowpea yields as well as feeding the forage to livestock,

the use of 33F may be preferred to DAF on ccwpea.
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Appendix 1 FPhysico-chemical properties of scil of the
experimental site at Samaru, Zaria.

Soil Characteristics Soil DPepth in cm
0-15 15-30

Percent clay 9.6 18.0
Percent silt 276 26.0
Percent sand 62.8 55.6
Textural class : Sandy loam Loam
pH in H,0 5.3 5.l
pH in Q.,0MM CaC12 4.9 5.0
Organic carbon (%) 0.32 0.292
Totzl nitrogen (%) 0.256 Q.26
Available phosphorus (ppm) 1.63 0.98
C.E.C. (meg/100g soil) | S.h4 7 .0l
Excrzngeable Bases (meq/100g soil)

Ca 2.84 285

Mg 0.88 0,88

K 0.18 0.19

Na 0.05 0.05
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Appendix 2 Total rainfall, mean temperature, relative
humidity and sunshine hours at ten-day intervals
during the period of the trial at Samaru in 1986

Month Days Total Mean Relative Sun-
rain- Temrerature Humidity shine
fall (eC) ' (%) (hours)
{mm) max . min. A.M. P.M.

May =10 11,2 30.1 20.4 57 31.7 8.0

11-20 18-‘-{. 27.7 21 07 62.9 LL2.2 ?00

June 1«10  35.3 29.8 20.0 75.6 6l 7.0
11=20 22.6 30.2  20.6 74.3 "55.8 9.1

21=30 24.1 30.0 20,1 75.3 59.0 74

July 1-10  52.9 29.0 20.0 79.8 62.1 7.0
11«20 L9.4 27.8 19.5  83.4 66.0 7

21=31  65.0 27.0 19,6  83.1 73.1 5.2

August 1=10  50.6 28 .1 19.3 83.0 76,9 5.8
11-20  9L.9 28.5 19.7  B8L.3 66.0 7 1

2131 77 29,1 19.L  78.3 70.5 7.7

September 1-10 56.4 28.C 18,5 77.5 68.9 7.1
1M1=20 81.2 29.3 16,6 72,6 6,2 8.6

21=-30  75.3 29.3  19.1  76.4 €9.2 7.8

Octoter 1=10 Q.0 30.4 19.1  67.5 56.3 7.9
11=20 0.0 31.5 18,8 L5.4 45,3 3.6

21=31 0.0 3MW4 0 17.9 0 57.4 0 4B.L 8.1

Novezber =10 0L 33.0  17.8  L9.8 31.0 9.0
11=20 0.0 30,0 12.C 2L.9 22.4 8.5

T 21=3- 0.0 31.1 13.%  33.7 25.8 7.8

Decexzer 1=1G 0.0 26, 13.C 28.6 22.7 a7
11=20 0.0 27.0 12,4 242 20.4 8.6

1 -3 C.0 26.6 12.4 224 22.: 6.7

Scurces e
32

teoroiogical Unit, Institute for Agricultural .esearch
maru-zaria, slzeria.
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