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ABSTRACT 
 

Aim: Amelioration effect of soil amendment on growth and yield of Vigna unguiculata L. grown in 
acidic and alkaline soils. 
Study Design: The study was conducted in a randomized complete block design with five 
replicates. 
Place and Duration of Study: Department of Botany, University of Calabar, Nigeria, between May 
and September, 2017. 
Methodology: Composite soils from two locations Akamkpa (pH 4.0) and Odukpani (pH 9.0) were 
collected, mixed thoroughly with organic manure (OM) and agricultural lime (AL) singly and in 
combination, allowed to stay three weeks for proper blending before V. unguiculata seeds were 
sown. On seedlings germination, amelioration effect of soil amendment on growth and yield of 
cowpea grown in acidic and alkaline soils was studied at different periods of growth. 
Results: Results revealed significant (P=0.05) increase in leaf area, plant height, number of 
leaves, leaf fresh and leaf dry weight, relative growth rate, net assimilation rate and leaf area ratio 
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of V. unguiculata grown in acidic and alkaline soils treated with OM and AL. Pod length, number of 
pods plant

-1
, number of seeds pod

-1
, number of seeds plant

-1
, weight of 100 seeds increased 

significantly. Organic manure used singly and in combination was more effective in ameliorating 
soil pH effect than AL. Vigna unguiculata performed better in treated and untreated alkaline than in 
acidic soils. Least plant height for V. unguiculata grown in untreated alkaline soil at 12 weeks after 
sowing WAS was 60.22±0.16a cm and highest 119.63E2±.35g cm for plants grown in soil treated 
with AL1+OM1. Least number of seeds plant

-1
 for plants grown in untreated acidic soil at 12 WAS 

was 90.60±0.02a and the highest 139.18E2±0.02e for plants grown in soil treated with AL1+OM1. 
Conclusion: An improvement in growth and seed yield of V. unguiculata grown in acidic and 
alkaline soils is feasible through the use of organic manure and agricultural lime. 

 
 
Keywords: Acidic soil; agricultural lime; alkaline soil; organic manure; Vigna unguiculata. 
 
1. INTRODUCTION 
 
The cowpea (Vigna unguiculata (L.) Walp) is an 
annual herbaceous legume, well-adapted and 
widely cultivated in Africa particularly Nigeria. 
Nigeria is the world’s largest producer of V. 
unguiculata. Young leaves, green pods and 
green seeds of the cowpea are used as 
vegetable and dry seeds are used in various food 
preparations [1] for human consumption. The 
pods and leaves of cowpea are use as fodder for 
livestock [2]. It also improves soil fertility by 
atmospheric nitrogen fixation through root nodule 
rhizobial symbiosis. Vigna unguiculata grains 
contributes greatly to food and nutrition security 
in developing countries, especially sub-Saharan 
Africa, as it is a cheap source of dietary protein 
complementing the low protein of cereals and 
tuber crop-based food [3].  
 
The soil quality is very essential for farming and 
productivity. The need for crop production to 
meet the food need of the world population is 
rising. Soil fertility management is critical in 
assessing food security and poverty alleviation. 
Soil acidity and alkalinity are serious threats to 
food production. To overcome the challenge of 
low crop yield due to soil acidity and alkalinity, 
crop growers need to optimize nutrient 
availability to maximize yield. This can be 
achieved by the application of soil amendments 
such as organic manure (OM) and agricultural 
lime (AL). A soil amendment is any kind of 
material or substrate that is added to the soil in 
order to improve its physical properties. Soil 
physical properties that can be amended include 
soil texture, permeability and water retention. 
The advantages of soil amendment on crop 
productivity are multifaceted and include; greater 
nutrients uptake, greater plant vigor, soil 
properties improvement [4]. Over the years, soil 

amendment has been used to improve the 
nutrient status of soils. 
 
The extent of soil acidity and alkalinity in Cross 
River State is difficult to quantify. However, 
reports of acidic soils in various parts of Cross 
River State are found; in Ogoja [5] in Ikom and 
Etung [6], in Atimbo and Obufa Esuk [7]. Soils in 
most parts of Southern Cross River State are 
acidic with poor yield of crops cultivated on them 
[8]. In an earlier work, [9] used organic manure 
and agricultural lime to improve the growth and 
yield of Phaseolus vulgaris and Vigna aconitifolia 
grown in acidic, neutral and alkaline soil; also on 
the net assimilation rate and relative growth rate 
[10]. No report is found on low yield of V. 
unguiculata grown in soils of the same locations. 
To remedy low crop productivity for maximum 
yield, the present study was conducted to assess 
amelioration effect of soil amendment (organic 
manure and agricultural lime) on the growth and 
yield of V. unguiculata grown in acidic and 
alkaline soil of Akamkpa and Odukpani, Southern 
Cross River State. 
 

2. MATERIALS AND METHODS 
 

2.1 Seeds Collection and Planting  
 
Vigna unguiculata L. seeds used in this study 
were obtained from Institute of Agricultural 
Research and Training Moor Plantation Ibadan, 
Nigeria. Planting bags from the Ministry of 
Agriculture, organic manure from the Department 
of Soil Science, Faculty of Agriculture, University 
of Calabar and Agricultural lime from Cross River 
Agricultural Development Project, Calabar. The 
study was conducted in the Department of 
Botany Greenhouse, University of Calabar                 
with an average temperature of 25 ± 3oC 
Calabar.  
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2.2 Soil Collection and pH Determination 
 
Composite soil samples at depths of 0-20 cm 
were collected with the aid of a soil auger from 
two Local Government Areas of Southern Cross 
River State. Acidic soil samples (pH 4.0) were 
collected from three villages (Oban, Old Netim 
and Awi) in Akamkpa LGA. Alkaline soil samples 
(pH 9.0) were collected from three villages in 
Odukpani LGA (Akpan 18 Community, Akim-
Akim and Okoyong-Usang Abasi). Ten grams 
each of air-dried composite soil samples was 
placed in a 100 ml beaker and 50 ml of distilled 
water added, stirred vigorously with a glass rod 
for 20 minutes and allowed to stand for 30 
minutes. After calibrating the pH meter with a 
buffer solution of pH 4.0 and 9.0, the pH was 
read by immersing the electrode into the upper 
part of the mixture suspension [11]. 
 
2.3 Planting Procedure and Treatment 

Application 
 
Eighty four planting bags (16 cm internal 
diameter) were filled with 5 kg of composite 
acidic and alkaline soil. These were divided into 
two groups of 42 planting bags for each soil type. 
The bags were arranged in a randomized 
complete block design (RCBD) with three 
replicates. The soils were treated with 
agricultural lime (AL) and organic manure (OM) 
at 0 g, 100 g and 200 g respectively and allowed 
to stay for three weeks to enhance blending and 
interaction between treatment combinations 
before seed sowing. Two seeds of V. unguiculata 
were sown in each polybag at a depth of 2 cm, 
after germination, young seedlings were stalked , 
watered regularly and grown for 16 weeks.  
 

2.4 Amelioration Effect of Soil 
Amendment on Growth Parameters of 
Vigna unguiculata 

 
The leaf area of V. unguiculata grown in acidic 
and alkaline soils treated with organic and 
agricultural lime was determined by measuring 
the length of the leaf in centimeter square and 
breadth and calculated by the equation [12]. 
  

AƒLW = 27.7418 + (3.9812 LW/IN LW) 
 
Where L is leaf length and W is leaf width 
 
The effect of organic manure and agricultural 
lime on the shoot height of V.unguiculata grown 
in acidic and alkaline soil was measured using a 

tape rule in (cm) from the soil level to the 
terminal bud. Number of leaves per plant of V. 
unguiculata grown in acidic soil treated with 
organic manure and agricultural lime were 
counted. These measurements were taken at an 
initial period of 2 weeks after sowing (WAS),              
and at 4 weeks, subsequently at 4 weeks 
intervals to ascertain the amelioration effect of 
soil amendment on number of leaves                
produced. 

 
Effect of amelioration on the relative growth rate 
(RGR)which measures the change in dry weight 
of different samples of V. unguiculata grown on 
acidic and alkaline soil treated with different 
grams (0, 100, and 200 g) of organic manure and 
agriculture lime. The differences were calculated 
between plants grown on treated acidic and 
alkaline soils and untreated soils as described by 
[13] and the dry weight of whole plant was used 
in the determination of RGR. 

 
RGR = (�� �� – �� ��) 

��� ��
(gg��wk��)

 

Where 

 
In = Natural logarithm 
W1 = Initial dry weight 
W2 = Final dry weight  
t1 = Initial time 
t2 = Final 
t1-t2 = Time interval during which time biomass 
increased from W1-W2 

 
Net assimilation rate (NAR) is a function of the 
photosynthetic effectiveness of leaves of a plant 
and its leafiness. Net assimilation rate was 
calculated as the change in total plant biomass 
per leaf weight and time [14]. Time was used to 
show the photosynthetic effectiveness V. 
unguiculata grown on acidic and alkaline soils 
treated with organic manure and agricultural 
lime.  
 

NAR = �
���������

�����
� �

�����

�����
�(gg-1wk-1) 

 
Where 

 
In = Natural logarithm 
A1 = Initial leaf area 
A2 = Subsequent leaf area 
W1 = Initial leaf dry weight 
W2 = Subsequent leaf dry weight 
t1 = Initial growth period 
t2 = Subsequent growth period 
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Leaf area ratio (LAR) of V. unguiculata grown in 
treated and untreated soils represents the ratio of 
total leaf area to whole leaf dry weight over a 
period of time (4 weeks interval) calculated by 
the formula given by [15]. 

 

LAR = A1 + A2 + …An (cm2 g-1) 
 

W1 + W2 Wn 
 

Where 
 

A1 = Leaf area 
A2 = Subsequent leaf area 
An = Leaf area at n …number of times 
W1 = Initial leaf dry weight 
W2 = Subsequent leaf dry weight 
Wn = Leaf dry weight at n ….number of times 
 

2.5 Amelioration Effect of Soil 
Amendment on Yield Components of 
Vigna unguiculata 

 

Dry pods of V. unguiculata at maturity were 
harvested from plants grown in acidic and 
alkaline soil treated with different concentrations 
of organic manure and agricultural lime. Number 
of pods per plant, number of seeds per pod and 
number of seeds per plant were obtained by 
counting. The weight of pod and weight of 100 
seeds were weighed using analytical weighing 
balance. Pod length, seed length, pod width and 
seed width were determined by measuring.  
 

2.6 Statistical Analysis 
 

Data analysis was done using LSD test on SPSS 
version 23. The data presented are mean of five 
replicates ± standard deviation. The differences 
in mean were considered significant at P=0.05 
when treatments mean compared to the 
untreated.  
 

3. RESULTS 
 

3.1 Amelioration Effect of Soil 
Amendment on Plant Height (cm 
plant-1) of Vigna unguiculata Grown in 
Acidic and Alkaline Soil 

 
Plant height of V. unguiculata grown in acidic and 
alkaline soils of Akamkpa and Odukpani was 
significantly (P=0.05) improved when soils were 
treated with soil amendment. Height of the plant 
grown in treated soils showed significant 
(P=0.05) increase from 2 to 12 WAS, plant height 
did not differ at 16 WAS. Organic manure and 
agricultural lime used singly (OM1, OM2, AL1, 

AL2) and in combination (OM1 + AL1 and OM2 + 
AL2) impacted positively on V. unguiculata’s plant 
height. The least plant height at different stages 
of growth was obtained for cowpea grown in 
untreated acidic soil. Cowpea grown in untreated 
and treated alkaline soil had higher plant heights 
than plants grown in acidic soil. Untreated acidic 
and alkaline soils had the least plant height of 
19.71±0.08a, 20.89±0.89a cm and 46.41±0.36a, 
60.22±0.16a cm plant-1 at 2 and 12 WAS. Acidic 
and alkaline soils treated singly with different 
concentrations of soil amendment (0,100, 200 g) 
and in combination had higher plants. Plant 
height at 2 and 12 WAS for soil treated with 100 
g combined AL1+OM1 were 22.51±0.15d, 
22.91±0.44c cm and 92.47±0.06de, 
119.63E2±.35g cm (Table 1). 
 

3.2 Amelioration Effect of soil 
Amendment on Leaf Area (cm2 plant-1) 
of Vigna unguiculata Grown in Acidic 
and Alkaline Soils 

 

Acidic and alkaline soils of Akamkpa and 
Odukpani treated with organic manure and 
agricultural lime used singly and in combination 
significantly (P=0.05) improved the leaf area of V 
unguiculata when compared to the untreated 
soils. At all periods of growth the leaf area of the 
cowpea grown in untreated soils was significantly 
lower than that grown in treated soils. Alkaline 
soil treated with a combination of AL2+OM2 had 
the highest leaf area of 36.57±0.02g at 2 WAS, at 
4, 8, 12 and 16 WAP, plants grown in AL1+OM1 
had highest values of 68.37±0.03c cm2, 
81.35±0.05e and 82.04±0.02f cm2 at 16 WAS. 
Akamkpa soil with pH 4.0 when treated with 
combination of OM1 + AL1 caused increase in 
leaf size of 29.64±0.02g, 46.28±0.06g, 
59.82±0.02g and, 66.03±0.03e cm2 at 2, 4, 8 and 
12 WAS respectively compared to least values 
20.39±0.03a, 24.47±0.04a, 40.91±0.05a and 
41.06±0.06a respectively. At 16 WAS leaf area 
did not differ statistically from value for 12 WAS 
for untreated soils. Acidic and alkaline soils 
treated with OM and AL at various 
concentrations increased leaf size of V. 
unguiculata when compared to untreated soil 
types (Table 2). 
 

3.3 Amelioration Effect of Soil 
Amendment on Number of Leaves 
Plant-1 of Vigna unguiculata Grown in 
Acidic and Alkaline Soil  

 

Results revealed significant (P=0.05) increase in 
number of leaves produced per of V. unguiculata 
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grown in treated soils compared to untreated 
soils. At 2 WAS there was no significant 
difference in number of leaves produced. 
However, the number of leaves produced by 
plants grown in acidic and alkaline soils treated 
with OM and AL singly and in combination 
increase significantly from 4 to 12 WAS. 
Untreated acidic soil had the least significant 
number of leaves per plant of 2.02±0.006a and 
10.53±0.03a at 2 WAS and 12 WAS as against 
the highest treated soil values of 2.90±1.00b 
(AL1+OM1) at 2 WAS and 20.18±0.01d 
(AL2+OM2) at 12 WAS. Corresponding number of 
leaves for alkaline soil treated with AL1+OM1 

were 3.03±0.01e at 2 WAS and 38.11±0.04g at 12 
WAS compared to untreated alkaline soil values 
of 2.18±0.02a and 15.52±0.04a (Table 3). 
 

3.4 Amelioration Effect of Soil 
Amendment on Leaf Fresh Weight (g 
plant-1) of Vigna unguiculata Grown in 
Acidic and Alkaline Soil 

 
There was significant (P=0.05) variation in leaf 
fresh weight of plants grown in acidic and 
alkaline soils treated with OM and Al compared 
to plants grown in untreated soil (Table 4). The 
least LFW for untreated acidic soil at 2 and 12 
WAS were 1.23±0.03a and 8.67±0.03a g and 
highest LFW for soil treated AL1+OM1 were 
1.62±0.01d and 24.51±1.02d g. The LFW of V. 
unguiculata grown in alkaline soil treated with 
AL1+OM1 at 2 WAS and 12 WAS were the 
highest with values of 2.02±0.02d and 
36.03±0.03f g as against least LFW of untreated 
soil of 1.27±0.03a and 10.40±0.08a g. 
 

3.5 Amelioration Effect of Soil 
Amendment on Leaf Dry Weight (g 
plant-1) of Vigna unguiculata Grown 
on Acidic and Alkaline Soil 

 

Results in Table 5 showed increase in LDW of V. 
unguiculata grown in acid and alkaline soils 
treated with different concentrations of OM and 
AL. Plants grown in untreated acid and                 
alkaline soils had the least significant LDW per 
plant of 0.24±0.02a, 1.56±0.18a, 2.01±0.01a, 
5.14±0.01a g and 5.14±0.01a, 1.95±0.02a, 
2.87±0.59a, 6.71±0.01a g at 2, 4, 8 and 12 WAS 
respectively. Highest LDW for acid and                
alkaline soils treated with AL1+OM1 at 2, 4, 8 and 
12 WAS were 0.27±0.01a, 3.72±0.02c, 
4.80±0.03d, 9.43±0.01c g and 0.37±0.02b, 
4.11±0.01e, 10.85±0.60d, 19.57±0.02cd g 
respectively. At initial period of growth                 

(2 WAS) LDW of the cowpea grown in treated 
soils did not differ from plants grown in untreated 
soils. 

 
3.6 Amelioration Effect of Soil 

Amendment on Relative Growth Rate 
(RGR) Plant-1of Vigna unguiculata 
Grown in Acidic and Alkaline Soil 

 
Results of RGR of V. unguiculata grown in acidic 
and alkaline soils from Akamkpa and Odukpani 
soils treated with soil amendment differ 
statistically from the untreated. Cowpea grown in 
both soils types treated with soil amendment 
revealed amelioration effect with significant 
(P=0.05) increase in RGR. Relative growth rate 
of V. unguiculata grown in untreated and treated 
soils decreased with increasing period of growth. 
Least significant RGR for plant grown in 
untreated acidic and alkaline soils were at 4 
WAS were 0.0071±0.00a and 0.0097±0.00a (gg-

1wk-1), at16 WAS were 0.0033±0.00a and 
0.0048±0.00a (gg-1wk-1). Highest RGR of soils 
treated with OM and AL showed amelioration 
effect with increase in RGR of plants grown in 
acidic and alkaline soils of 0.0180±0.00e and 
0.0186±0.00f (gg-1wk-1) as against untreated soil 
RGR 0.0071±0.00a and 0.0097±0.00a (gg-1wk-1) 
(Table 6). 

 
3.7 Amelioration Effect of Soil 

Amendment on Net Assimilation Rate 
of Vigna unguiculata Grown in Acidic 
and Alkaline Soil 

 
Amelioration effect of soil amendment led to 
increase in NAR. Results of NAR of V. 
unguiculata grown in soils from Akamkpa and 
Odukpani treated with organic manure and 
agricultural lime are presented in Table 7. At 4 
WAS, results revealed significant (P=0.05) 
increase in NAR of plants grown in the two soil 
types. The highest NAR was obtained for V. 
unguiculata grown in acidic soil treated with AL1, 
AL2, OM1, OM2, AL1+OM1 and AL2+OM2 
(0.0010±0.00c ggcm-2wk-1) compared to 
untreated soil NAR of 0.0006±0.00a (ggcm-2wk-1). 
Alkaline soil of Odukpani treated with AL2+OM2 
had the highest NAR of 0.0018±0.00d (ggcm-2wk-

1) as against untreated NAR of 0.0009±0.00a 
(ggcm-2wk-1) at 4 WAS. At 12 WAS, acidic soil 
treated with AL1+OM1 and AL2+OM2 had the 
highest NAR of 0.00081±0.00c (ggcm-2wk-1) 
compared untreated acidic soil NAR                             
of  0.0004±0.00a  (ggcm-2wk-1).   Least   NAR   of  



 
 
 
 

Mofunanya et al.; ARRB, 36(6): 55-68, 2021; Article no.ARRB.70709 
 
 

 
60 

 

Table 1. Amelioration effect of soil amendment on plant height (cm plant
-1

) of Vigna unguiculata grown in acidic and alkaline soil 
 

Weeks 2 WAS 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 19.71±0.08
a
 20.89±0.89

a
 28.71±0.04

a
 41.37±0.05

a
 36.66±0.20

a
 58.93±0.06

a
 46.41±0.36

a
 60.22±0.16

a
 49.56±0.29

a
 63.05±0.06

a
 

Treated 

AL1 20.66±0.93
b
 21.65±0.07

b
 38.66±0.19

b
 44.74±0.07

b
 69.39±0.23

c
 86.36±0.23

e
 78.25±0.12

c
 90.18±0.03

c
 80.62±0.05

b
 90.10±0.04

b
 

AL2 20.37±0.41
b
 21.54±0.45

b
 38.31±0.58

c
 45.54±.4.45

b
 63.60±0.15

b
 80.26±0.12

b
 72.26±0.13

b
 88.75±0.15

b
 79.11±0.02

b
 89.26±0.40

c
 

OM1 22.43±0.20
d
 21.85±0.55

b
 40.44±0.36

d
 44.65±0.2

b
 77.29±0.14

e
 85.52±0.03

d
 90.88±0.15

d
 99.39±0.13

d
 96.14±4.38

c
 99.41±0.02

d
 

OM2 22.13±0.77
d
 23.93±0.18

d
 45.48±0.05

d
 45.6740±0.23

b
 80.29±0.19

f
 90.13±0.13

f
 94.57±0.11

f
 101.11E2±1.23

e
 94.51±0.12

e
 100.01±0.79

e 

AL1+OM1 22.51±0.15
d
 22.91±0.44

c
 40.97±0.24

e
 48.28±.0.02

c
 81.89±0.03

g
 90.66±0.08

g
 92.47±0.06

de
 119.63E2±.35

g
 92.49±0.029

d
 100.11±0.37

f 

AL2+OM2 21.61±0.85
c
 22.79±0.11

c
 40.51±0.35

f
 46.60±.0.01

c
 75.84±0.03

d
 82.72±0.03

c
 97.38±0.02

g
 110.71E2±0.20

f
 97.51±0.02

f
 100.20±0.02

g 

Values within a column with the same superscript are not significantly different at P =0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
Table 2. Amelioration effect of soil amendment on leaf area (cm

2
 plant

-1
) of Vigna unguiculata grown in two soil types 

 

 Weeks 2 WAS 4 WAS 8 WAS 12 WAS 16 WAS 

Soil types Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 20.39±0.03
a
 27.97±0.02

a
 24.47±0.04

a
 37.01±0.01

a
 40.91±0.05

a
 46.71±0.02

a
 41.06±0.06

a
 60.08±0.02

a
 41.01±0.03

a
 60.10±0.02

a
 

Treated 

AL1 22.18±0.02
b
 29.68±0.05

b
 33.16±0.01

c
 48.26±0.04

b
 55.64±0.03

d
 60.19±0.05

b
 52.06±0.04

b
 73.18±0.02

c
 52.04±0.04

c
 73.13±0.03

d
 

AL2 23.40±0.01
c
 30.57±0.03

d
 30.35±0.05

b
 40.60±0.02

a
 42.74±0.02

b
 63.66±0.01

c
 50.85±0.03

b
 77.11±0.01

e
 50.86±0.02

b
 70.08±0.02

b
 

OM1 24.61±0.02
d
 34.60±0.03

e
 34.24±0.05

d
 65.20±0.08

c
 50.01±0.01

c
 60.17±0.03

b
 54.26±3.50

c
 75.81±0.01

d
 56.24±0.02

e
 75.67±0.01

e
 

OM2 27.70±0.10
e
 30.35±0.01

c
 40.32±0.02

e
 70.36±0.01

c
 58.98±0.01

e
 94.26±0.03

f
 54.74±0.04

c
 94.35±0.05

g
 54.69±0.01

d
 94.28±0.02

f
 

AL1+OM1 29.64±0.02
g
 35.92±0.02

f
 46.28±0.06

g
 68.37±0.03

c
 59.82±0.02

g
 81.35±0.05

e
 66.03±0.03

e
 82.04±0.02

f
 66.00±0.01

f
 82.02±0.02

g
 

AL2+OM2 29.54±0.03
f
 36.57±0.02

g
 42.63±0.03

f
 53.34±0.04

b
 59.18±0.03

f
 74.83±0.18

d
 60.20±0.10

d
 72.13±0.07

b
 60.17±.0.02

e
 72.13±0.03

c
 

Values within a column with the same superscript are not significantly different at P =0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 
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Table 3. Amelioration effect of soil amendment on number of leaves plant
-1

 of Vigna unguiculata grown in acidic and alkaline soil 
 

Weeks 2 WAS 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 2.02±0.006
a
 2.18±0.02

a
 4.39±0.03

a
 4.83±0.01

a
 7.69±0.03

a
 4.56±4.04

a
 10.53±0.03

a
 15.52±0.04

a
 12.55±0.01

a
 15.49±0.01

a
 

Treated 

AL1 2.45±0.03
a
 2.79±0.03

c
 6.52±0.05

b
 8.01±0.01

b
 10.72±0.01

b
 15.38±0.01

b
 17.70±0.04

b
 22.84±0.02

b
 18.53±0.03

b
 22.18±0.02

b
 

AL2 2.62±0.02
a
 2.86±0.04

d
 6.44±0.04

b
 8.91±0.05

d
 11.43±0.03

c
 17.65±0.05

b
 18.33±1.00

b
 24.42±0.06

c
 21.96±1.02

c
 23.82±0.02

d
 

OM1 2.77±0.01
b
 2.90±0.01

d
 6.50±0.99

b
 8.98±0.01

e
 12.28±0.02

e
 18.01±0.01

c
 19.19±0.03

c
 29.57±0.07

d
 22.38±0.07

c
 29.25±0.02

c
 

OM2 2.32±0.02
a
 2.53±0.03

b
 6.41±1.00

b
 8.74±0.04

c
 11.65±0.05

d
 19.22±0.01

c
 19.31±0.09

c
 30.45±0.05

e
 22.46±1.02

c
 30.16±0.02

e
 

AL1+OM1 2.90±1.00
b
 3.03±0.01

e
 7.20±0.03

b
 10.04±0.02

g
 11.80±0.05

d
 23.98±1.00

d
 20.01±0.01

d
 38.11±0.04

g
 24.48±0.0

d
 38.01±0.03

g
 

AL2+OM2 2.88±0.01
b
 2.99±0.01

e
 7.41±0.02

b
 9.87±0.01

f
 11.76±1.00

d
 21.19±0.98

d
 20.18±0.01

d
 35.17±0.01

f
 24.79±0.03

d
 35.00±0.04

f
 

Values within a column with the same superscript are not significantly different at P =0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
Table 4. Amelioration effect of soil amendment on leaf fresh weight (g plant

-1
) of Vigna unguiculata grown in acidic and alkaline soil 

 

Weeks 2 WAS 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 1.23±0.03
a 

1.27±0.03
a 

2.47±0.01
a 

3.33±0.03
a 

5.12±0.02
a 

6.20±0.01
a 

8.67±0.03
a 

10.40±0.08
a 

8.66±0.02
a 

10.26±0.23
a 

Treated 

AL1 1.41±0.02
b 

1.43±0.01
b 

5.23±0.04
b 

6.30±1.00
b 

12.53±0.07
b 

19.10±1.02
b 

22.03±0.02
b 

25.20±0.05
b 

22.02±0.02
b 

25.00±1.00
b 

AL2 1.45±0.05
bc 

1.46±0.04
b 

2.55±2.
31ac 

6.45±1.05
b 

12.97±0.02
b 

19.22±1.01
b 

23.13±0.01
c 

25.43±0.07
b 

23.13±0.98
c 

25.06±0.04
b 

OM1 1.50±0.01
c 

1.61±0.01
c 

5.30±0.06
c
 6.71±0.97

b 
16.25±0.05

c 
26.33±0.08

d 
24.47±0.07

d 
31.06±0.02

d 
24.40±0.02

d 
30.92±0.02

d 

OM2 1.52±0.05
c 

1.63±0.03
c 

6.20±0.05
bc

 8.10±0.01
c 

16.17±0.97
c 

27.65±0.05
e 

24.67±0.02
d 

30.30±0.10
c 

24.65±0.05
d 

29.95±0.02
c 

AL1+OM1 1.62±0.01
d 

2.02±0.02
d 

6.31±1.03
b c

 9.43±0.30
d 

16.46±0.04
c 

25.52±0.02
d 

24.51±1.02
d 

36.03±0.03
f 

24.48±0.02
d 

35.80±0.03
f 

AL2+OM2 1.61±0.03
d 

2.00±0.01
d 

6.31±0.01
b c

 9.09±0.01
cd 

16.33±0.03
c 

24.53±0.03
c 

24.57±0.03
d 

33.73±0.60
e 

25.43±0.19
e 

32.37±0.03
e 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime. 
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Table 5. Amelioration effect of soil amendment on leaf dry weight (g plant
-1

) of Vigna unguiculata grown on acidic and alkaline soil 
 

Weeks 2 WAS 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 0.24±0.02
a 

0.25±0.05
a 

1.56±0.18
a 

1.95±0.02
a 

2.01±0.01
a 

2.87±0.59
a 

5.14±0.01
a 

6.71±0.01
a 

5.13±0.03
a 

6.68±0.02
a 

Treated 

AL1 0.24±0.01
 

0.25±0.02
a 

3.49±0.01
b 

2.26±0.04
b 

4.35±0.01
b 

8.60±0.01
b 

9.25±0.01
b 

16.24±0.01
b 

9.20±0.01
b 

16.20±0.02
b 

AL2 0.25±0.02
a 

0.25±0.01
a 

3.49±0.03
b 

2.27±0.03
b 

4.37±0.01
b 

8.61±0.01
b 

9.28±0.02
b 

16.26±0.04
b 

9.27±0.01
c 

16.21±0.02
b 

OM1 0.25±0.01
a
 0.26±0.04

a 
3.50±0.02

b 
3.93±0.02

d 
4.76±0.01

c 
9.52±0.03

c 
9.42±0.01

c 
19.61±0.02

c 
9.45±0.05

d 
19.55±0.05

cd 

OM2 0.26±0.03
a 

0.26±0.01
a 

3.72±0.02
c 

3.76±0.06
c 

4.76±0.01
c 

9.82±0.02
c 

9.45±0.05
c 

19.63±0.03
c 

9.40±0.01
d 

19.60±0.01
d 

AL1+OM1 0.27±0.01
a 

0.37±0.02
b 

3.72±0.02
c 

4.11±0.01
e 

4.80±0.03
d 

10.85±0.60
d 

9.43±0.01
c 

19.57±0.02
cd 

9.40±0.02
d 

19.57±03
d 

AL2+OM2 0.26±0.01
a 

0.37±0.02
b 

3.72±0.02
c 

4.080±0.02
e 

4.80±0.02
d 

10.50±0.03
d 

9.39±0.07
c 

19.58±0.02
d 

9.40±0.01
d 

19.50±04
c 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
Table 6. Amelioration effect of soil amendment on relative growth rate (gg

-1
wk

-1
) plant

-1 
of Vigna unguiculata grown in acidic and alkaline soil 

 

Weeks 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 0.0071±0.00
a 

0.0097±0.00
a 

0.0060±0.00
a 

0.0081±0.00
a 

0.0049±0.00
a 

0.0048±0.00
a 

0.0033±0.00
a 

0.0048±0.00
a 

Treated 

AL1 0.0101±0.00
b 

0.0134±0.00
b 

0.0081±0.00
b 

0.0105±0.00
b 

0.0062±0.00
b 

0.0087±0.00
bc 

0.0061±0.00
b 

0.0084±0.00
b 

AL2 0.0102±0.00
b 

0.0139±0.00
c 

0.0084±0.00
c 

0.0109±0.00
c 

0.0062±0.00
d 

0.0088±0.00
abc 

0.0061±0.00
c 

0.0085±0.00
c 

OM1 0.0112±0.00
c 

0.0168±0.00
d 

0.0092±0.00
d 

0.0110±0.00
d 

0.0074±0.00
e 

0.0089±0.00
bc 

0.0070±0.00
c 

0.0085±0.00
c 

OM2 0.0113±0.00
c 

0.0172±0.00
d 

0.0097±0.00
e 

0.0115±0.00
e 

0.0075±0.00
ed 

0.0093±0.00
c 

0.0073±0.00
c 

0.0090±0.00
c 

AL1+OM1 0.0175±0.00
d
 0.0183±0.00

e 
0.0099±0.00

e
 0.0121±0.00

f 
0.0071±0.00

b 
0.0098±0.00

bc 
0.0058±0.00

c 
0.0092±0.00

d 

AL2+OM2 0.0180±0.00
e 

0.0186±0.00
f 

0.0099±0.00
e 

0.0127±0.00
g 

0.0080±0.00
c 

0.0098±0.00
ab 

0.0058±0.00
c 

0.0095±0.00
d 

Values within a column with the same superscript are not significantly different at P =0 .05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 
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Table 7. Amelioration effect of soil amendment on net assimilation rate (ggcm
-2

wk
-1

) of Vigna unguiculata grown on acidic and alkaline soil 
 

Weeks 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 0.0007±0.00
a 

0.0009±0.00
a 

0.0006±0.00
a 

0.0008±0.00
a 

0.0004±0.00
a 

0.0006±0.00
a 

0.0004±0.00
a 

0.0005±0.00
a 

Treated 

AL1 0.0010±0.00
a 

0.0013±0.00
b 

0.0008±0.00
b 

0.0012±0.00
b 

0.00070±0.00
b 

0.0011±0.00
b 

0.0007±0.00
b 

0.0011±0.00
b 

AL2 0.0010±0.00
a 

0.0013±0.00
b 

0.0008±0.00
b 

0.0012±0.00
b 

0.00070±0.00
b 

0.0011±0.00
b 

0.0007±0.00
b 

0.0011±0.00
b 

OM1 0.0010±0.00
a
 0.0016±0.00

c 
0.0008±0.00

b 
0.0014±0.00

cd 
0.00073±0.00

b 
0.0012±0.00

c 
0.00073±0.00

b 
0.0012±0.00

c 

OM2 0.0010±0.00
a
 0.0016±0.00

c 
0.0009±0.00

b 
0.0013±0.00

c 
0.00075±0.00

b 
0.0012±0.00

c 
0.00070±0.00

b 
0.0012±0.00

c 

AL1+OM1 0.0010±0.00
a
 0.0017±0.00

d 
0.0009±0.00

c 
0.0014±0.00

d 
0.00081±0.00

c 
0.0012±0.00

c 
0.00080±0.00

b 
0.0012±0.00

c 

AL2+OM2 0.0010±0.00
a
 0.0018±0.00

d 
0.0009±0.00

c 
0.0014±0.00

d 
0.00081±0.00

c 
0.0012±0.00

c 
0.0080±0.00

c 
0.0012±0.00

c 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
Table 8. Amelioration effect of soil amendment on leaf area ratio (cm

-2
 g

-1
)
 
of Vigna unguiculata grown on acidic and alkaline soil 

 

Weeks 4 WAS 8 WAS 12 WAS 16 WAS 

Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 

Untreated 4.47±0.04
a 

5.01±0.01
a 

6.41±0.05
a 

8.71±0.02
a 

8.06±0.06
a 

10.08±0.02
a 

8.5.11±0.03
a 

10.00±0.02
a 

Treated 

AL1 4.66±0.01
b 

5.26±0.04
b 

8.14±0.03
b 

10.59±0.05
b 

9.76±0.04
b 

13.18±0.02
b 

9.68±0.04
b 

13.13±0.03
b 

AL2 4.65±0.05
b 

5.20±0.02
bc 

8.17±0.02
b 

10.66±0.01
b 

9.85±0.03
b 

13.11±0.01
b 

9.86±0.02
bc 

13.08±0.02
b 

OM1 4.74±0.05
b 

5.33±0.08
bc 

8.21±0.01
b 

11.17±0.03
c 

10.26±3.50
c 

13.81±0.01
b 

10.24±0.02
c 

13.67±0.01
b 

OM2 4.79±0.02
c 

5.35±10.00
bc 

8.48±0.01
b 

11.26±0.03
c 

10.74±0.04
c 

14.35±0.05
c 

10.69±0.01
c 

14.28±0.02
c
 

AL1+OM1 4.82±0.06
c 

5.77±0.03
bc 

8.52±0.02
b 

11.35±0.05
c 

10.03±0.03
c 

14.34±0.02
c 

10.00±0.01
c 

14.02±0.02
c 

AL2+OM2 4.83±0.03
c 

5.77±0.04
bc 

8.55±0.03
b 

11.40±0.18
c 

10.20±0.10
c 

14.38±0.07
c 

10.17±0.02
c 

14.30±0.03
c 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
 
 
 
 



 
 
 
 

Mofunanya et al.; ARRB, 36(6): 55-68, 2021; Article no.ARRB.70709 
 
 

 
64 

 

Table 9a. Amelioration effect of soil amendment on the yield parameters plant-1 of Vigna unguiculata grown on acidic and alkaline soil 
 

Yield parameter Pod length (cm) Pod width (mm) Pod weight (g) Number of pods per plant Number of seeds per pod 
Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil  Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 
Untreated 5.72 ±0.02

a
 7.03±0.01

a
 0.78±0.01

a
 0.81±0.01

a
 7.11±0.01

a
 8.02±0.02

a
 16.33±0.01

a
 17.46±0.06

a
 4.42±0.06

a
 5.19±0.01

a
 

Treated 

AL1 11.94±0.01
c
 14.64±0.06

c
 0.82±0.02

b
 0.97±0.01

b
 7.87±0.01

b
 9.45±0.01

b
 22.33±0.14

b
 25.03±0.01

b
 5.36±0.02

b
 6.62±0.02

b
 

AL2 11.81±0.03
b
 14.51±0.05

b
 0.84±0.04

b
 0.98±0.02

b
 7.80±0.01

b
 9.45±0.01

b
 22.43±0.03

b
 23.70±1.16

c
 5.39±0.01

b
 6.66±0.06

b
 

OM1 12.29±0.01
e
 16.29±0.01

e
 0.87±0.02

c
 1.01±0.01

c
 7.82±0.02

b
 9.51±0.01

c
 23.09±0.12

d
 25.67±0.02

d
 5.61±0.01

c
 7.17±0.03

c
 

OM2 12.24±0.03
d
 16.24±0.02

d
 0.87±0.01

c
 1.01±0.01

c
 7.83±0.12

b
 9.52±0.02

c
 22.65±0.03

c
 26.62±0.02

d
 5.64±0.01

c
 7.20±0.01

c
 

AL1+OM1 13.78±0.01
f
 17.01±0.01

f
 0.90±0.01

d
 1.03±0.04

c
 8.2 2±0.01

c
 9.55±0.04

d
 23.12±0.02

d
 25.89±0.01

d
 6.02±0.02

d
 8.01±0.01

d
 

AL2+OM2 13.75±0.05
f
 17.33±0.04

g
 0.90±0.01

d
 1.03±0.01

c
 8.20±0.03

c
 9.54±0.02

d
 23.11±0.11

d
 25.94±0.04

d
 6.02±0.02

d
 8.07 ±0.03

e
 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 = 100 g 
organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime 

 
Table 9b. Amelioration effect of soil amendment on the yield parameters plant

-1
 of Vigna unguiculata grown in acidic and alkaline soil 

 
Yield parameters Number of seeds per plant Weight of 100 seeds (g) Length of seed (mm) Breadth of seed (mm) 
Soil type Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil Acidic soil Alkaline soil 
Untreated 72.18±0.04

a
 90.60±0.02

a
 7.09±0.02

a
 7.87±0.02

a
 0.71±0.03

a
 0.79±0.02

a
 0.64±0.04

a
 0.70±0.01

a
 

Treated 

AL1 120.06E2±0.02
b 

165.70E2±0.02
b
 8.54±0.02

b
 9.34±0.04

b
 0.80±0.02

b
 0.89±0.01

b
 0.6733±0.06

b
 0.79±0.01

b
 

AL2 120.9E2±0.03c
 

166.70E2±0.04
c
 8.55±0.01

b
 9.34±0.02

b
 0.81±0.03

b
 0.90±0.01

b
 0.70±0.01

b
 0.79±0.01

b
 

OM1 128.47E2±1.15
c
 183.28E2±0.02

d
 8.57±0.03

b
 9.71±0.01

c
 0.83±0.02

c
 0.90±0.02

c
 0.72±0.02

b
 0.80±0.02

b
 

OM2 127.75E2±0.03
c
 191.66E2±0.03

e
 8.57±0.02

b
 9.77±0.02

d
 0.83±0.02

c
 0.90±0.01

c
 0.72±0.01

b
 0.84±0.01

c
 

AL1+OM1 139.18E2±0.02
e
 207.38E2±0.02

f
 8.83±0.03

c
 10.04±0.04

e
 0.83±0.01

d
 0.90±0.02

d
 0.78±0.02

c
 0.85±0.01

c
 

AL2+OM2 139.12E2±0.01
e
 206.34E2±0.04

g
 8.88±0.01

d
 10.10±0.01

f
 0.83±0.00

d
 0.90±0.01

d
 0.78±0.02

c
 0.85±0.02

c
 

Values within a column with the same superscript are not significantly different at P = 0.05; Values are mean ± SD, n=5, P=0.05, WAS = weeks after sowing, Untreated = 0 g, Treated: AL1 = 100 g agricultural lime, OM1 
= 100 g organic manure, AL2 = 200 g agricultural lime, OM2 = 200 g organic manure, OM1 + AL1 = 50 g organic manure + 50 g agricultural lime, OM2 + AL2 = 100 g organic manure + 100 g agricultural lime.
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0.0006±0.00a (ggcm-2wk-1) was obtained for 
untreated alkaline soil while highest NAR of 
0.0012±0.00c (ggcm-2wk-1) was obtained for 
alkaline soil treated with OM1, OM2, AL1+OM1 
and AL2+OM2 respectively. This was followed by 
NAR of 0.0011±0.00b (ggcm-2wk-1) for acidic soil 
treated with AL1, AL2. Net assimilation rate 
decreased with prolonged period of growth. 
 

3.8 Amelioration Effect of Soil 
Amendment on Leaf Area Ratio of 
Vigna unguiculata Grown on Acidic 
and Alkaline Soil 

 
Soil amendment ameliorated the harmful effect of 
soil pH on LAR of V. unguiculata grown in acidic 
soil of Akamkpa and alkaline soil of Odukpani 
with increase in LAR. Untreated acidic and 
alkaline soil presented the least LAR at 12 WAS 
of 8.06±0.06a and 10.08±0.02a cm-2 g-1. The 
highest LAR of 10.74±0.04c cm-2 g-1 was 
obtained for plants grown in acidic soil treated 
with OM2 at 12 WAS and of 14.38±0.07c cm-2 g-1 
alkaline soil treated with AL2+OM2. 
Corresponding least LAR for untreated soil types 
were 8.06±0.06a and 10.08±0.02a cm-2 g-1 (Table 
8). Unlike RGR and NAR which decreased with 
increasing period of growth, LAR increased with 
increasing period of growth. 
 
3.9 Amelioration Effect of Soil 

Amendment on the Yield Parameters 
Per Plant of Vigna unguiculata Grown 
on Acidic and Alkaline Soil 

 
The treatment of soil types with soil amendment 
singly or in combination significantly (P=0.05) 
increased the yield of V. unguiculata. Pod length, 
pod width, pod weight, number of pods plant-1, 
number of seeds per pod (Table 9a), number of 
seeds plant-1, weight of 100 seeds, length of 
seed and breadth of seed (Table 9b) were 
positively impacted on by soil amendment. Yield 
components Yield was higher for plant grown in 
alkaline treated and untreated than in acidic soil. 
Soil amendment led to significant (P=0.05) 
increase in pod length of the cowpea grown in 
both soil types. Highest pod length of 
13.78±0.01f was found for plant grown in acidic 
soil treated AL1+OM1 compared to 5.72 ±0.02a 
cm for untreated soil. Alkaline soil treated with 
AL2+OM2 had pod length of 17.33±0.04g cm as 
against 7.03±0.01a cm for untreated soil. Highest 
pod weight of 0.90±0.01d and 1.03±0.01c g were 
obtained for acidic and alkaline soils amended 
with AL1+OM1 and AL2+OM2 compared to 

untreated of 7.11±0.01a and 8.02±0.02a g. 
Number of pods plant-1 increased significantly 
when soils were treated with OM and AL. Acidic 
and alkaline soils amended with AL1+OM1 and 
OM2 had the highest number of pods plant-1 of 
23.12±0.02d and 26.62±0.02d as against 
untreated soil values of 16.33±0.01a and 
17.46±0.06a. 
 
Soil amendment increased the number of seeds 
plant-1 to 6.02±0.02d for plant grown in acid soil 
amended with AL1+OM1 and AL2+OM2 from 
4.42±0.06a untreated, alkaline soil amended with 
AL2+OM2 had an increase of 8.07 ±0.03e from 
untreated soil value of 5.19±0.01a (Table 9 a). 
 
Number of seeds per pod of V. unguiculata 
grown in soils treated with organic and 
agricultural lime was higher than that of plants 
grown in untreated soils. Alkaline soil from 
Odukpani treated with AL1+OM1 had the                     
highest number of seeds plant-1 followed                      
by 207.38E2±0.02f, 191.66E2±0.03e, 
183.28E2±0.02d, 166.70E2±0.04c and 
165.70E2±0.04c for AL1+OM1, OM2, OM1, AL2, 
and AL1 respectively compared to untreated soil 
value of 90.60±0.02a. Acidic soil from Akamkpa 
amended with AL1+OM1 had the highest number 
of seeds plant-1 and the least number of seeds 
for untreated was 72.18±0.04a. A similar trend of 
higher weight of 100 seeds, length of seed and 
breadth of seed for soil types treated with soil 
amendment and untreated soils was found. Soil 
amendment Weight of 100 seeds length of seed 
and breadth of seed did not differ significantly 
between treatments for both soil types but was 
higher when compared to untreated soils (Table 
9b). 
 

4. DISCUSSION 
 

The major factor affecting crop productivity is soil 
pH which negatively affected the growth of V. 
unguiculata grown in untreated soils as revealed 
by poor growth of plants. Plant growth 
components of V. unguiculata grown in acidic soil 
from Akamkpa and alkaline soil from Odukpani 
were studied with respect to time. At 2 WAS, 
effect of amelioration on growth parameters 
though significant was lower when compared to 4 
WAP, 8 WAS, 12 WAS and 18 WAS. This was 
due to poor seedlings establishment at initial 
period of growth. Growth is a parameter 
measured by time and two weeks is a small 
period to allow for meaningful growth in all 
components studied. Results revealed lower 
plant height, leaf area, number of leaves 
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produced, leaf fresh and weights, RGR, NAR and 
LAR of V. unguiculata caused by soil acidity and 
alkalinity when compared to plants grown in 
treated soils. Lower vegetative components have 
a direct effect on the yield of the cowpea. Similar 
reports of poor growth and yield of bean varieties 
grown in untreated soils from three locations 
compared to the treated are found [9]. Increase 
in RGR and NAR obtained are in consonance 
with previous report of soil amendment influence 
on RGR and NAR [10]. Soil amendment 
ameliorated soil pH effect on the growth of V. 
unguiculata as manifested by increase in plant 
performance. Plants with faster growth rate as 
promoted by soil amendment in the present 
research had higher NAR. [16] found that plants 
with faster growth had a high NAR and plants 
with high assimilation rates grew faster. Relative 
growth rate and net assimilation rate decreased 
steadily with time while the leaf area ratio 
increased with time for plants grown in treated 
and untreated soils. There was significant 
improvement in agronomic components of V. 
unguiculata. The decrease in LAR for the 
cowpea grown in untreated was accounted for by 
a reduced portion of leaf weight in the total plant 
weight due to poor leaf growth occasioned by 
acidity and alkalinity. Physiologically it could be 
due to increasing fraction of the assimilate going 
to the stem. Growth components are indicators of 
growth and yield. Net assimilation rate is the dry 
matter increment per unit leaf area per unit time 
and measures the difference between gross 
assimilation and respiration. Leaf area ratio is the 
amount of leaf area which is formed per unit 
plant weight. So it reflects the influence of the 
morphology of the plant on its relative growth 
rate. It should be noted that LAR could be 
partitioned into specific leaf area (SLA) which is a 
measure of leaf thickness, and into leaf weight 
ratio (LWR), which represent that part of total 
plant weight invested in leaves. Specific leaf 
weight (SLW) is the inverse of SLA. 
  
Results revealed that V. unguiculata grown in 
untreated soil types had lower yield compared to 
plants grown in treated soils. The lower yield of 
V. unguiculata was due to low nutrient availability 
orchestrated by acidity and alkalinity. Similar 
reports of lower yield of two bean varieties grown 
in soils of the same location are found [9]. 
Reduction in the fertility of acidic and alkaline soil 
is a major limitation for increase in the yield of V. 
unguiculata in Akamkpa and Odukpani Local 
Government Areas of Cross River State. 
Significant yield differences between cowpea 
grown in treated and untreated soils was 

observed among pod length, number of pods 
plant-1, number of seeds per pod, number of 
seeds plant-1, weight of 100 seeds which are 
yield indices. Differences were also found in 
seed length, seed with and pod width. 
Application of organic and agricultural lime to the 
two soil types improved growth and yield of the 
cowpea which could be attributed to 
improvement in soil nutritional status as well as 
influence in soil properties such as aeration, 
water holding capacity, particle size aggregation 
which contributed to better productivity. Organic 
manure provides beneficial effects to the treated 
soil and increase for nutrient availability, which 
helps to maintain the quality and yield of crops 
[17]. Organic manure helps in the preservation of 
natural resources and in the reduction of 
degradation of ecosystem. Effective amelioration 
of acidity and alkalinity in this study could also be 
attributed to good mixture of soil with 
amendments since the efficacy of soil 
amendments depend to a large extent on how 
thoroughly mixed it is with the soil.  
 
Yield components of V. unguiculata grown in 
acidic and alkaline soils of Akamkpa and 
Odukpani in this study were meaningfully 
improved upon treatment with soil amendment. 
Reports on growth and yield improvement of 
Phaseolus vulgaris and Vigna aconitifolia are 
found [9]. Managing the harmful effects of soil 
acidity by liming has showed improvement in 
crop yield [18]. Application of lime to agricultural 
acid soils has been in use for many years as 
amelioration strategy in improving the 
productivity of crops [19]. Lime is an agricultural 
material capable of neutralizing soil acidity by 
increasing soil pH. When pH falls below 5, 
aluminum is released into the soil which was the 
case with untreated acidic and alkaline soils with 
attendant effect on crop productivity. Acidity 
affects the fertility of the soil through nutrients 
deficiencies of phosphorus, calcium, magnesium 
and the presence of phytotoxic nutrients such as 
aluminum and manganese. The reduction in soil 
fertility occasioned by acidic and alkaline soils 
manifest as limitations in the production of more 
food to meet the food need of the populace. The 
application of limes reduces AL and Mn toxicity 
with the improvement of soil pH, Ca, Mg and 
increases P uptake as well as plant rooting 
system [20]. Lime serve as an important 
alternative in sustainable soil management for 
restoring soil fertility. Soil pH is increased by 
liming. Correcting soil acidity and alkalinity by the 
use of lime is fundamental for good soil fertility 
management. The high performance of V. 
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unguiculata upon treatment with agricultural lime 
may be attributed not only to increase in the 
availability of essential nutrients but also to the 
addition of Ca and Mg which improved soil 
conditions for the promotion of microbial activities 
and improvement in soil structure. Plant growth is 
of paramount ecological significance and highly 
influenced by soil nutrients which are principally 
limited for plant use by soil pH. Because soil pH 
control many important chemical processes that 
take place in the soil-plant nutrient availability, it 
is important to maintain proper pH levels of soils 
to enhance V. unguiculata performance and 
yield.  
 

5. CONCLUSION 
 

Amelioration effect of soil amendment on growth 
and yield of V. unguiculata grown in acidic and 
alkaline soils was investigated. All growth 
parameters (plant height, leaf area, number of 
leaves produced, leaf fresh, leaf dry weight, 
relative growth rate, net assimilation rate, leaf 
area ratio) of V. unguiculata grown in acidic and 
alkaline soils from Akamkpa and Odukpani 
treated with organic and agricultural lime showed 
significant improvement compared to plants 
grown in untreated soils. There was no 
significant increase in vegetative parameters at 2 
WAP, increase however, became obvious with 
prolonged period of growth. Yield components 
(pod length, number of pods plant-1, number of 
seeds per pod, number of seeds plant-1 weight of 
100 seeds and seed breadth) of the cowpea 
grown in amended soils increased significantly. 
Results of parameters studied depicted higher 
growth and yield of plants growth in treated and 
untreated alkaline soil compared to untreated 
and treated acidic soil. Organic manure used 
singly and in combination provided better 
amelioration effect compared to agricultural line. 
The study has shown that the low seed yield of 
V. unguiculata grown in acidic soil from Akamkpa 
and alkaline soil from Odukpani in Southern 
Cross River State could be increase by the 
addition of organic manure and agricultural lime 
either singly or in combination. 
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