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ABSTRACT 

An experiment was conducted at Anwomaso in the Ashanti Region to investigate the response of groundnut 
varieties to spacing arrangement in the humid forest agro-ecological zone of Ghana. The experiment was laid in 
randomized complete block (RCB) design with three replicates. Six groundnut varieties (Adepa, Azivivi, Jenkaar, 
Kpanieli, Nkosuor and Manipintar) were studied using three spacing arrangements (30 cm x 15 cm), (40 cm x 10 cm) and 
(50 cm x 10 cm). The Adepa and Kpanieli varieties significantly improved pod yield by 6.3 and 10.2 % respectively in 
2006 and 2007 while the 30 cm x 15 cm spacing significantly increased pod yields by 16.8 and 0.6 % respectively, in 2006 
and 2007. In both years, the 50 cm x 10 cm spacing arrangement increased mean seed weight by 4.1 and 3.7 %, 
respectively. Stover N (kg N ha-1) was improved by Jenkaar (4.1 %) and Kpanieli (6.4 %) while the 30 cm x 15 cm spacing 
improved stover N by 4.4 and 7.4 %, respectively, in 2006 and 2007. Based on the results, the recommended groundnut 
varieties for adoption and further research in the humid forest agro-climate were Adepa and Kpanieli with the 30 cm x 15 
cm as the promising spacing arrangement. 
 
Keywords: climate, symbiotic, humid forest, optimum, spatial. 
 
INTRODUCTION 

Groundnut (Arachis hypogaea L.) is an annual 
soil enriching, self pollinated legume, cultivated widely in 
the arid and semi-arid regions of the world (40o N and 40o 
S), from warm temperate to equatorial climates. It is an 
important oilseed crop of the semi-arid tropics (Fletcher et 
al., 1992; Tarimo, 1997; ICRISAT, 2008). The crop ranks 
thirteenth (13th) in importance among world crops (Hatam 
and Abbasi, 1994). Groundnut shows high sensitivity to 
soil salinity, tolerating a wide range of pH values, but 
prefers neutral to slightly acidic soils (Tsigbey et al., 
2003). Seed germination is inhibited if the temperature 
falls below 15°C or rises above 45°C. In the semi-arid 
tropics, optimum daylight temperatures for vegetative and 
reproductive growth and development in groundnut ranges 
from 25°C to 36°C and from 25°C to 26°C (Cox, 1979; 
Wood, 1968). Very low temperatures early or late in the 
growing period can lead to immature pods at harvest while 
high temperatures retard growth and may lead to moisture 
stress (Vara Prasad et al., 1998). Although groundnut is 
generally tolerant to drought, its sensitivity varies at 
different growth stages (ICRISAT, 1992, Boote and 
Ketring, 1990). Rainfall of 500-1000 mm per annum is 
normally enough for successful cash cropping if well 
distributed (Gram, 1958; Shilling and Gibbons, 2002).   

As a deep rooting legume enjoying symbiotic 
association with rhizobia and mycorrhizae, groundnut 
responds to starter nitrogen at the early stages but it is able 
to provide for its own nitrogen needs through symbiotic 
nitrogen fixation after six weeks of growth (Gibbons and 
Martin, 1980). Groundnut is also known to provide an 
equivalent of 60 Kg N ha-1 to the subsequent non-legume 
crop or cereal through biological nitrogen fixation (Ghosh 
et al., 2007; Rwamugira and Massawe, 1990). The crop 

also benefits its intercrop partner through nitrogen sparing 
and soil solubilisation (Ghosh et al., 2007; Nair et al., 
1979). The additions of Phosphorus, Calcium, Potassium 
and Magnesium have been shown to improve yield 
performance (Peanut CRSP, 1997; Piggott, 1960). 

For new crop varieties, different aspects of plant 
population and spatial arrangement need to be understood, 
as well as their performance in different climatic zones 
(Ntare, 1990). Several reports on groundnut research 
indicate that climate and plant spacing were related to 
growth habit with closer spacing giving higher pod yield 
(Patel, 1988; Piggott, 1960; Tarimo, 1997). Factors 
promoting vegetative growth such as high soil nitrogen, 
available soil moisture and low plant population density 
have all been found to greatly reduce pod yield (Bullock et 
al., 1998; Kang Young Kil et al., 1998; Tarimo, 1997). 
High plant population density in groundnut results in rapid 
canopy closure that significantly minimizes competition 
from weeds (Ahmad et al., 2007; Bradley, 2006; Lee et 
al., 1994; Thellen, 2006), occurrences and spread of 
tomato spotted wilt virus (Branch et al., 2004; Brown et 
al., 2005; Gorbet and Shokes, 1994; Jadhav, 2006; 
McGriff et al., 1999; Wehtje et al., 1994) and groundnut 
rosette virus (Gibbons and Martins, 1980; Mahmoud et al., 
1992; Schilling and Gibbons, 2002). Close spacing is also 
known to give compact and higher pod yield (Ahmad et 
al., 2007; Buchanan and Hauser, 1980; Duke and 
Alexander 1964; Norden and Lipscomb 1974; Schilling, 
2002). The establishment of sole groundnut crop using 
unsuitable varieties in wide rows, which often lead to 
lower pod yields ha-1, has been attributed to sub-optimum 
plant population densities that poorly utilizes labour, crop 
growth resources and scarce land in the face of pressing 
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need for cash income by the farm family (Kafiriti, 1994; 
Schilling and Masari, 1992).  

Faced by numerous production obstacles such as 
access to land, poor seed and agronomic practices and 
non-supportive small scale policies, Farm families in 
Ghana cultivate groundnut on small scales, both in pure 
stands and in crop mixtures, especially with cereals (Naab 
et al., 2005; Tsigbey et al., 2003; Atuahene-Amankwa et 
al., 1990). Despite the numerous problems facing 
groundnut cultivation, it ranks as the number one grain 
legume grown, especially in the Guinea savanna zone of 
Ghana by about 90 % of farm families (Naab et al., 2005). 
The cultivation of the crop in the forest-savanna transition 
and humid forest agro-ecologies is however beginning to 
attract farmer attention because of its cash value. The crop 
is grown on flats in these agro-ecologies mostly with 
untested varieties, non-recommended spacing 
arrangements and no fertilizer and pesticides use (Tsigbey 
et al., 2003). To meet the varietal and spacing needs of 
farmers in the hunid forest agro-ecological zone, there is 
the need to come up with groundnut varieties and spacing 
arrangement that will enable them to cultivate the crop on 
profitable and sustainable basis.  

The objective of this study was therefore to 
assess and compare the effects of spatial arrangement on 
the growth, yield and nitrogen fixing abilities of six new 
groundnut varieties at Anwomaso within the humid forest 
agro-ecological zone of Ghana. 
 
MATERIAL AND METHODS 
 
Experimental site 

The experiment was conducted in 2006 and 2007 
on the Kwame Nkrumah University and Science and 
Technology (KNUST) Agricultural Research Station, 
Anwomaso. Anwomaso (Lat 6° 41.850' N and Long 1° 
31.545' W at 292 metres above sea level) is a peri-urban 
town located about 2.5 km off the main Kumasi-Accra 
highway. Farming activity is the dominant occupation as 
in most other similar towns in Ghana. The land is greatly 
undulating with signs of strong disturbance, especially in 
the cultivated areas where sheet and gulley erosion are 
prominent. The climate of Anwomaso site is warm, moist 
with bimodal annual rainfall. The site experiences the 
major season from March-August, and the minor season 
from September-November. The average annual rainfall is 
about 2, 056.3 mm. The bulk of the rainfall however, is 
received during the major season. The minor season 
receives less rain comparatively but is often long enough 
and well distributed for the cultivation of short season 
crops. Following the minor season is a short dry season 
from early December to March. Average monthly 
atmospheric temperatures range from a minimum of 16.3 
oC to a maximum of 35 oC with an annual mean 
temperature of 26.8 oC. The total amount of rainfall during 
the period of the experiment in 2006 was 1,998.3 mm 
which was lower and less evenly distributed than the 
rainfall of 2, 114.3 mm received during the same period in 
2007. 
 

Experimental design and treatments 
The field experiment in both years was laid out in 

Randomized Complete Block (RCB) design with three 
replicates. Each gross plot measured 6 m x 6 m. A net plot 
which measured 4 m x 4 m was taken for crop growth  and 
yield data analysis. The factors tested were crop variety 
and spacing. Treatments comprised six groundnut varieties 
made up of Adepa, Azivivi, Jenkaar and Nkosuor, 
obtained from Crop Research Institute (CRI), and 
Manipintar and Kpanieli from the Savanna Agricultural 
Research Institute (SARI). The different spacing 
arrangements used were 30 cm  x 15, 40 cm x 10 cm and 
50 cm x 10 cm. Maize crop variety (Dorke SR) planted at 
75 cm x 40 cm was used as the reference crop for nitrogen 
estimation. Initial weed control operation was carried out 
using hand hoe three weeks after planting (3 WAP). Hand 
pulling was subsequently used to achieve effective weed 
control at 6 WAP following canopy closure. 
 
Plant measurements 
 
Measurement of growth parameters 

Five plants of each net plot were randomly 
selected and identified with a tag. Heights of these 
selected plants were monitored at two weeks interval from 
4th to 8th week weeks after sowing. The height of each 
plant was measured using a measuring tape. Measurement 
was done from the ground level to the last terminal leaf of 
each plant at 4, 6 and 8 WAP. The average height per 
groundnut plant was then calculated. The canopy spread of 
the five plants selectively tagged for height measurement 
was also monitored. The spread was measured from the 
last leaf on one side to the last leaf on the other side using 
a measuring tape. This was done at 4, 6, and 8 WAP, and 
the average canopy width determined. 
 
Yield and yield components 

Harvest from five consecutive groundnut plants 
were counted and the average of this taken as the number 
of pods plant-1. The harvests from the five consecutive 
plants from each treatment were then shelled and the seeds 
counted. The number of seeds for each treatment was 
divided by the number of respective pods to obtain the 
number of seeds pod-1. Five sets of hundred seeds were 
then weighed and the average of these determined as the 
mean (100) seed weight. The total weight of groundnut 
from the respective net plots were recorded after plugging 
and drying to a moisture content of 13 % determined using 
a moisture meter. The weights of groundnuts harvest from 
each net plot were then extrapolated to total pod yield per 
hectare. After shelling, the seed were weighed and the 
differences between the pod and seed weights of 
treatments used to compute shelling outturn (%), 
determined as the weight of groundnut seed divided by 
weight of pods as shown below.  
 
Shelling outturn (%) = Ws / Wp x 100 
 
Where; 
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Ws = weight of groundnut seed 
Wp = weight of groundnut pods 
 
Stover yield and estimation of nitrogen fixed 

Groundnut haulms after harvest were dried and 
weighed. This was then added to the weight of the empty 
shells after shelling to obtain the total stover weight from 
each net plot. The values were then converted to stover 
yield ha-1 for each treatment. The technique used to 
estimate N2-fixed was the Total Nitrogen Difference 
(TND) method as described by Hanssen (1994). The 
groundnut varietal trial was compared to a single treatment 
of maize per replicate, grown as the reference crop. The 
difference between the two crops on per plant basis was 
regarded as the quantity of N provided by biological 
nitrogen fixation (BNF). 
 
Thus N2- fixed = Nyieldfix - Nyieldref 
% Ndfa  = 100 (Nyieldfix - Nyieldref) / Nyieldfix 
 
Where; 
 

% Ndfa = percentage of plant nitrogen derived from 
atmosphere 
Nyieldfix = nitrogen yield by N2-fixing system (groundnut) 
Nyieldref = nitrogen yield by reference crop (maize) 
 

Nitrogen yield (kg N ha-1) was then estimated as 
the product of plant total dry matter yield (t ha-1) and 
nitrogen concentrations. 
 
Statistical methods 

Data collected was subjected to statistical 
analysis using Genstat Discovery software (2011). The 
analysis of variance procedure for multifactor experiments 
was followed to determine whether differences existed 
among treatments. All treatments were compared using the 
Least Significant Difference (LSD) at 5 % probability 
level. Correlations among some growth parameters and 
yield components were determined using Microsoft Excel 
and the results interpreted by the pearson product moment 
correlation (PPMC) coefficient method which recognizes 
negative one (-1) as perfect negative correlation, positive 
one (+1) as perfect positive correlation and zero (0) as no 
correlation (Allan, 2001; Pelosi and Sandifer, 2003). 

 
RESULTS 
 
Rainfall and temperature 

The results of rainfall data in 2006 and 2007, and 
mean monthly rainfall from 1953 to 2007 at Anwomaso 
are presented in Figure-1.  

 

 
 

Figure-1. Mean monthly rainfall at Anwomaso in 2006 and 2007 compared to national mean monthly 
rainfall from 1960-2007. 

The mean monthly rainfall in April, then from 
June to October 2007 were all higher than both their 
respective mean values in 2006, as well as the national 
mean monthly values from 1953 to 2007. The total annual 

rainfall (2, 114.3 mm) and mean monthly rainfall (178.69 
mm) in 2007 were also higher than the 2006 values (1, 
998.3 mm and 166.5 mm, respectively). Data on 
temperature (Table-1) show that there were no wide 
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fluctuations in mean (Tmean), minimum (Tmin) and 
maximum (Tmax) temperatures in both years. Also, the 

general mean temperatures (26.7 oC and 26.8 oC) in 2006 
and 2007 respectively did not show wide fluctuations.   

 
Table-1. Minimum, mean and maximum temperatures at Anwomaso in 2006 and 2007. 

 

2006  2007  
Month 

Tmin Tmean Tmax Tmin Tmean Tmax 
January 21.2 26.9 32.6 16.5 25.3 34.0 
February 22.5 28.8 35.0 22.4 28.5 35.2 
March 21.8 27.4 32.9 22.6 28.9 34.0 
April 22.5 28.4 34.2 21.8 27.9 32.9 
May 22.0 27.1 32.2 22.2 27.6 31.6 
June 20.6 26.0 31.4 22.6 27.1 29.6 
July 20.8 25.6 30.3 22.9 26.3 29.9 

August 20.5 24.9 29.2 22.1 26.0 30.2 
September 21.1 25.6 30.1 22.0 26.1 30.9 

October 21.7 26.6 31.5 21.9 26.4 31.4 
November 21.8 27.1 32.3 22.1 26.8 32.1 
December 21.4 24.1 32.7 19.9 26.0 32.1 

Mean 21.4 26.7 32.0 21.5 26.8 32.0 
 

Note: Tmin (minimum temperature), Tmean (mean temperature), Tmax (maximum temperature) 
 
Growth parameters 

There were no significant influences of variety 
and plant spacing on groundnut height in 2006 (Table-2). 
Also, groundnut variety did not significantly influence 
canopy widths in 2006. Plants of the Manipintar variety 
which was the only indeterminate variety were 
significantly taller (P<0.05) than the rest of the varieties in 
2007. Canopy widths of the Manipintar variety were also 
significantly wider at 4 and 6 WAP in 2007 (Table-2). The 

30 cm x 15 cm spacing resulted in significantly taller 
plants than the 40 cm x 10 cm and 50 cm x 10 cm spacing 
in 2007. The 40 cm x 10 cm plant spacing also resulted in 
significantly taller (P<0.05) plants than the 30 cm x 15 cm 
spacing at 4, 6 and 8 WAP in 2007. Canopy widths were 
however, significantly reduced (P<0.05) by the 30 cm x 15 
cm plant arrangement in both years (Table-2). 
 

 
Table-2. Plant height and canopy widths at 4, 6 and 8 weeks after planting as affected by groundnut variety and spacing. 

 

Plant height (cm) - WAP Canopy width (cm) - WAP 
 

2006 2007 2006 2007 
Variety 4 6 8 4 6 8 4 6 8 4 6 8 
Adepa 15.6 24.9 34.5 14.2 19.9 29.9 18.9 35.1 45.9 16.7 22.4 44.0 
Azivivi 14.6 23.6 33.3 15.4 22.3 30.9 19.4 34.6 48.1 16.6 21.2 44.1 
Jenkaar 14.0 24.7 33.9 15.7 23.1 33.3 17.3 36.1 49.5 17.5 21.9 47.8 
Kpanieli * * * 16.3 23.8 31.6 * * * 16.9 22.6 41.6 
Nkosuor 15.5 23.1 32.6 15.3 22.3 30.9 19.7 34.0 45.2 16.7 20.9 43.4 

Manipintar * * * 19.8 33.4 39.9 * * * 19.2 27.4 43.0 
Lsd 0.05 ns ns ns 0.7 2.8 3.3 ns ns ns 1.5 2.3 ns 
Spacing             
30 cm x 
15 cm 

 
15.1 

 
23.8 

 
32.9 

 
16.7 

 
25.6 

 
34.1 

 
17.6 

 
31.4 

 
48.5 

 
15.4 

 
20.3 

 
36.7 

40 cm x 
10 cm 

 
15.1 

 
24.5 

 
34.4 

 
16.0 

 
23.9 

 
32.6 

 
18.2 

 
34.2 

 
48.5 

 
16.8 

 
22.3 

 
45.9 
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50 cm x 
10 cm 

 
14.6 

 
23.9 

 
33.4 

 
15.7 

 
22.9 

 
31.1 

 
20.8 

 
39.3 

 
54.5 

 
18.9 

 
26.0 

 
49.3 

Lsd 0.05 ns ns ns 0.7 2.0 2.4 1.5 3.5 4.2 1.0 1.7 2.9 
CV (%) 2.5 5.4 6.0 3.1 9.9 7.1 5.3 3.8 4.7 3.2 4.3 8.9 

 

Note: cm (centimetres), WAP (weeks after planting), *data not taken in that year, ns (no significant differences at P<0.05) 
 

Yield and yield components 
Groundnut variety did not significantly (P<0.05) 

influence the number of pods per plant and seeds per pod 
in both years, as well as mean seed weight in 2006 (Table-
3). In 2007, The Kpanieli and Manipintar varieties 
supported significantly (P<0.05) higher number of pods 
per plant, seeds per pod and mean seed weight, hence 
higher shelling outturn although the differences in shelling 
outturn among varieties were not significant (Table-3). 

There was also no significant varietal influence on pod 
yield although yield of the Adepa and Kpanieli varieties 
were higher in 2006 and 2007, respectively. Plant spacing 
did not significantly influence pod yield in both years 
although yield obtained from groundnut established at 30 
cm x 15 cm was relatively higher (Table-3). Mean seed 
weight was significantly (P<0.05) improved by the 30 cm 
x 15 cm and 50 cm x 10 cm spacing in 2006 and by the 50 
cm x 10 cm spacing in 2007 (Table-3). 

 
Table-3. Pod yield and yield components as affected groundnut variety and spacing arrangement. 

 

Pod yield (tha-1) Number of 
pods per plant 

Number of 
seeds per pod 

Mean seed 
weight (g) Shelling Out turn 

(%) Variety 
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 

Adepa 1.02 3.65 13.0 10.8 1.6 1.5 39.3 36.1 60.0 61.3 
Azivivi 0.92 3.91 15.2 11.5 1.5 1.6 40.2 38.4 59.2 60.3 
Jenkaar 0.90 3.51 14.0 13.5 1.5 1.5 38.5 35.9 59.3 59.2 
Kpanieli * 4.01 * 34.8 * 1.6 * 50.5 * 64.6 
Nkosuor 0.99 3.15 21.3 11.1 1.7 1.6 39.7 38.3 60.4 58.6 

Manipintar * 3.58 * 21.3 * 1.5 * 46.1 * 65.0 
Lsd 0.05 ns ns ns 3.6 ns ns ns 17.3 ns ns 
Spacing           

30 cm x 15 
cm 1.18 3.59 15.2 16.9 1.6 1.6 40.0 41.1 56.6 60.4 

40 cm x 10 
cm 0.90 3.71 11.8 17.1 1.5 1.5 36.7 39.1 60.6 61.7 

50 cm x 10 
cm 0.94 3.40 15.2 17.7 1.5 1.5 40.8 42.4 60.0 62.4 

Lsd 0.05 ns ns ns ns ns ns 2.9 2.1 ns ns 
CV (%) 4.1 3.5 23.4 13.1 5.3 3.2 7.5 6.3 1.6 1.4 

 

Note: t ha-1(tons per hectare), g (grams), *data not taken in that year, ns (no significant differences at P<0.05) 
 
Stover yield and estimation of nitrogen fixed 

Both variety and spacing arrangement did not 
significantly (P<0.05) influence residue, seed and total 
nitrogen (%), as well as the stover yield in both years 
(Table-4). Also, there were no significant influences of 
variety on stover N (kg N ha-1) in both years and by plant 
spacing in 2006 (Table-4). Stover N (kg N ha-1) of the 30 
cm x 15 cm plant spacing was however significantly 
higher (P<0.05) than the 40 cm x 10 cm and 50 cm x 10 
cm spacing in 2007. 
 
Correlation analysis 

The correlation coefficients in 2006 and 2007 
(Table-5) show that pod yield was positive and 

significantly correlated with stover N (r = 0.46, P<0.05). 
However, pod yield was negative and highly correlated 
with canopy width (r = -0.67, P<0.01). The number of 
pods per plant was also negative and significantly 
correlated with mean seed weight (r=0.86, P<0.01). Mean 
seed weight and shelling outturn were positive and 
significantly correlated (r=0.72, P<0.01). Canopy width 
was positive and highly correlated with stover yield 
(r=0.65, P<0.01) and stover N (r=0.75, P<0.01). Stover N 
was also found to be positive and significantly correlated 
with plant height (r=0.52, P<0.05) and stover yield 
(r=0.65, P<0.05). 
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Table-4. Percent nitrogen, stover yield and stover N as affected by groundnut variety and spacing arrangement. 
 

Residue N  
(%) 

Seed N  
(%) 

Total N  
(%) 

Stover yield  
(tha-1) 

Stover N  
(kg N ha-1) Variety 

2006 2007 2006 2007 2006 2007 2006 2007 2007 2007 
Adepa 1.45 1.73 4.05 4.00 5.50 5.73 5.10 6.50 55.7 53.8 
Azivivi 1.72 1.88 3.77 3.26 5.49 5.14 5.00 6.68 58.9 58.0 
Jenkaar 2.09 2.15 3.47 3.97 5.56 6.12 6.41 7.05 61.2 55.1 
Kpanieli * 1.85 * 2.97 * 4.87 * 6.74 * 55.8 
Nkosuor 2.43 1.97 3.48 3.11 5.91 4.08 4.98 6.01 59.4 56.8 
Manipintar * 2.13 * 3.66 * 5.79 * 6.67 * 60.2 
Lsd 0.05 ns ns ns ns ns ns ns ns ns ns 

Spacing           
30 cm x 15 cm 2.14 1.89 3.59 3.53 5.73 5.32 5.95 7.40 61.4 60.8 
40 cm x 10 cm 1.84 2.17 4.02 3.64 5.84 5.81 5.90 6.31 60.1 55.8 
50 cm x 10 cm 1.78 1.79 3.46 3.32 5.44 5.11 5.70 6.14 54.9 53.2 
Lsd 0.05 ns ns ns ns ns ns ns ns ns 4.8 
CV (%) 8.10 13.17 8.81 2.12 7.50 5.01 5.70 8.70 9.7 21.7 
 

Note: t ha-1(tons per hectare), kg N ha-1 (Nitrogen in kilograms per hectare), *data not taken in that year, ns (no significant 
differences at P<0.05). 
 

Table-5. Correlations among some growth parameters and yield components. 
 

 Cnpy Pdplt Pdyld Msw RsdN StvrY StvrN Shlng 
Hght -0.29 0.23 0.24 0.26 0.34 0.09 0.52* 0.34 
Cnpy  -0.16 -0.67* -0.18 0.10 0.65* -0.75* 0.11 
Pdplt   0.04 0.86** -0.09 -0.17 0.04 0.69* 
Pdyld    0.01 0.43 0.45 0.46* -0.09 
Msw     -0.02 -0.18 0.13 0.72** 
RsdN      0.03 0.01 0.06 
StvrY       0.65** -0.35 
StvrN        -0.18 
Shlng        - 

*p<0.05 **P<0.01        
Hght Plant height (cm)  
Cnpy Canopy width (cm) 
Pdplt Number of pods per plant 
Msw Mean seed weight (g) 
RsdN Percent residue nitrogen (%) 
StvrY Stover yield (tha-1) 
Stvr N Stover nitrogen (kg N ha-1) 
Shlng Shelling outturn (%) 
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DISCUSSIONS 
 
Growth parameters 

With the exception of Manipintar, the rest of the 
varieties did not show variation in height in both years. 
This behaviour was probably due to genetic similarities 
with regard to the potential height the varieties could attain 
under similar environmental conditions. The Manipintar 
variety however showed significant difference mainly due 
to its indeterminate growth habit. In 2007, intense 
competition for light by close spacing, compared to wide 
spacing, and the subsequent rapid depletion of growth 
resources by closely spaced crop probably resulted in 
decreased growth at the later stages (Farnham, 2001; 
Porter et al., 1997). The indeterminate growth habit of the 
Manipintar variety was largely to explain for its wider 
canopies during the 4th and 6th week sampling occasions in 
2007. The lack of variation in canopy widths among the 
varieties at 8 WAP were probably due to closed canopies 
that promoted vertical growth as plants competed for 
space and light. The reduction in canopy width among 
groundnut planted at 30 cm x 15 cm and 40 cm x 10 cm 
were probably due to lack of space for horizontal growth. 
The close spacing arrangements which resulted in 
completely closed canopies 6 WAP was therefore more 
efficient in minimizing weed growth, allowing for the 
second weeding operation to be carried out by hand 
pulling (Tillman et al., 2006; Baldwin et al., 2001; Brown 
et al., 2003 and 2005; Naab et al., 2005).  
 
Yield and yield components 

The variations in number of pods plant-1 observed 
during this study confirm the findings of earlier scientific 
studies. Ahmad and Mohammad (1997) and Virk et al., 
(2005) both reported significant variations in pod number.  
Abdullah et al., (2007) reported between 18-24 pods plant-

1, and Virender and Kandhola (2007) reported 24.1-28.7 
pods plant-1. The general variation in number of pods 
plant-1 observed within seasons was probably due largely 
to the genotypes of the groundnut varieties (Wright and 
Bell, 1992). The higher pod yields in 2007 were probably 
as a result of relatively higher rainfall (2, 114.3 mm) 
compared to the lower rainfall of 2006 (1, 607.2 mm). Pod 
yield of the varieties in 2006 were therefore lower than 
that reported in earlier studies (Shambharkar et al., 2006; 
Abdullah et al., 2007; and Virender and Kandhola, 2007) 
and consistent with the reports of Mayeux and 
Maphanyane (1989). The 50 cm x 10 cm plant spacing 
produced the highest number of pods plant-1. However, 
relatively close spacing (30 x 15 cm and 40 x 10 cm) 
recorded the greatest pod yields in both years. This was 
probably because the additional plants in the closely 
spaced crop more than compensated for the reduced 
number of pods plant-1, giving higher pod yields in both 
years. Virk et al., (2005) had earlier reported more 
efficient utilization of solar energy and other growth 
resources by closely spaced groundnut crop which 
translated into higher pod yield. Establishment of 
groundnut at 30 cm x 15 cm increased pod yield by 10.3 % 
and 16.7 % respectively, in 2006 and 2007, confirming 

research reports by Ahmad et al., (2007) who found out 
that pod yield was 16 % higher in narrow-row plantings 
when compared with traditional wide-row crop. Norden 
and Lipscomb (1974) and Duke and Alexander (1964) had 
earlier reported pod yield among narrow-row groundnut to 
be 14 % higher than wide-row groundnuts. The lack of 
variations in number of seeds pod-1 in both years with 
regard to variety and plant spacing was probably 
attributable to lack of environmental influence on this trait 
(Ahmad and Mohammed, 1997; Ogundele, 1988). Mean 
seed weights of all treatments in both years were lower 
than the 61- 67.8 g reported by Virender and Kandhola 
(2007). The higher mean seed weight values of groundnut 
established at 50 cm x 10 cm both years confirms the 
research findings of Sumarnno and Adie (1995) who 
concluded that narrow plant spacing that result in high 
plant densities significantly reduced mean seed weight. 
The lower mean seed weight values recorded in 2007 for 
all treatments compared to 2006 were probably as a result 
of the relatively higher rainfall received during that year 
that might have encouraged continued vegetative growth 
at the expense of pod filling (Shilling and Gibbons, 2002). 
 
Stover yield and estimation of nitrogen fixed 

The establishment of groundnut in narrow rows 
(30 cm x 15 cm and 40 cm x 10 cm) supported smaller 
shoot dry matter (g plant-1). However, the reduced shoot 
dry matter was more than compensated for by the 
additional plants m-2, resulting in higher stover yield 
among narrow row groundnut compared to wide row (50 
cm x 10 cm) crop. The stover yield by varieties and 
different plant spacing in 2006 were lower than in 2007 
probably due to the adverse effects of the relatively lower 
rainfall during the 2006 cropping season. The observed 
relatively higher percent residue, seed and total N in 2007 
was therefore probably due to the favourable climatic 
conditions that encouraged vegetative growth and 
production of sufficient dry matter that was used to 
support the process of N2-fixation (Giller, 2001). In both 
years, stover N decreased with increasing row spacing, 
being hugely influenced by the amount of crop stover (t 
ha-1). Groundnut varieties supporting large stover yield did 
not support the largest stover N in both years. However, 
establishment at 30 cm x 15 cm plant spacing supported 
the largest stover yield and stover N in both years. Stover 
N obtained from this study was similar to the reported 60 
kg N ha-1 (Ghosh et al., 2007), 54-58 kg N ha-1 (Singh et 
al., 1988; Hedge and Dwivedi, 1993) values by earlier 
studies. Stover N of some treatments however were well 
below values reported by these studies. These differences 
could be attributed to both plant and environmental factors 
controlling N concentration in the residue, and varietal 
size that determines the overall stover yield (t ha-1). 
 
Correlation analysis 

An increase in the number of pods per plant led to 
a decrease in the mean seed weight probably because of 
insufficient dry matter to fill all the pods formed. The 
corresponding increase in shelling outturn with increase in 
mean seed weight matches earlier observations by Boote 
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et al., (1992) and Lapang et al., (1980). Increasing canopy 
size was also found to significantly reduce pod number 
since dry matter was diverted to support vegetative growth 
at the expense of pod formation. It however, led to 
increases in stover yield (t ha-1) and stover N (kg N ha-1) 
because of the increased amount of N assimilated into the 
vegetative structures (Bell et al., 1993). 
 
CONCLUSIONS 

The performance of the groundnut varieties in 
both years point clearly to the fact that optimum plant 
spacing is required to maximize returns to inputs and 
labour in groundnut production in the humid forest. The 
selection of the right varieties and achievement of this 
optimum spacing is essential in reducing weed 
competition and maximizing the use of soil, light and farm 
inputs. The Adepa and Kpanieli varieties produced the 
largest pod yield respectively, in 2006 and 2007 while the 
30 cm x 15 cm plant spacing was found to give the largest 
pod yield per unit area. In addition, the 30 cm x 15 cm 
plant spacing resulted in the production of large crop 
stover and subsequently, large amounts of stover N in both 
years. Farmers in the humid forest zone therefore, can 
potentially benefit more from high pod production and 
stover N that would be made available to the succeeding 
crop by planting Adepa and Kpanieli at 30 cm x 15 cm. 
 
ACKNOWLEDGEMENT 

The authors are grateful to Crop Research 
Institute (CRI) and Savanna Agricultural Research 
Institute (SARI) for providing the groundnut varieties used 
in the study. Sincere thanks to Dr. Mathias Fosu for the 
climate information. We are also indebted to Mr. Agbovi 
for assistance in the field, and Mr. Atakurah K. Williams 
for laboratory analysis of plant samples. 
 
REFERENCES 
 
Abdullah T, Rahmianna A. A, Hardaningsih S. and Rozi 
F. 2007. Increasing groundnut yield on dry land Alfisols in 
Indonesia. Journal of SAT Agricultural Research. 5(1).  
 
Ahmad N. and Mohammad R. 1997. Evaluation of 
promising groundnut (Arachis hypogaea) varieties for 
yield and other characters. Crop and Soil Sc. p. 251. 
 
Ahmad N., Mohammad R. and Ulas K. 2007. Evaluation 
of different varieties, seed rates and row spacing of 
groundnut, planted under agro-ecological conditions of 
Malakand Division. Journal of Interacademia. 9(4): 178-
183. 
 
Allan G. B. 2001. Elementary Statistics: A step by step 
approach. Fourth edition. McGraw-Hill Higher Education. 
 
Atuahene-Amankwa G., Hossain M. A. and Assibi M. A. 
1990. Groundnut Production and Improvement in Ghana. 
First ICRISAT Regional Groundnut Meeting for West 
Africa, 13-16 September, 1988. Niamey, Niger. pp. 45-47. 
 

Baldwin J. A., McDaniel R., McGriff D. E. and 
Tankersley B. 2001. Yield, grade and tomato spotted wilt 
incidence of Georgia Green and AT201 peanut when 
planted in twin vs. single row pattern. Proc. Am. Peanut 
Res. Ed. Soc. 33: 31.  
 
Bell M.J., Wright G.C. and Harch G. 1993. Environmental 
and agronomic effects on the growth of four peanut 
cultivars in a subtropical environment. II. Dry matter 
partitioning. Exp. Agric. 29(4): 491-501.  
 
Boote K.J. and Ketring D.L. 1990. Peanut. In: Stewart 
B.A. and Nielson D.R. (Eds.). Irrigation of Agricultural 
Crops. ASA- CSSA-SSSA, Madison. 
 
Bradley K. W. 2006. A review of the effects of row 
spacing on weed management in corn and soybean. Crop 
Management doi: 10.1094/CM-2006-0227-02-RV. 
 
Branch W. D. Baldwin J. A. and Culbreath A. K. 2004. 
Peanut genotype × seeding rate interaction among TSWV-
Resistant, runner-type peanut cultivars. Peanut Sci. 30: 
108-111. 
 
Brown S. L., Todd J. W., Culbreath A. K., Baldwin J. A. 
and Beasley J. P., Kemerait B. and Pappu H. 2003. 
Minimizing spotted wilt of peanut. Univ. Ga. Ext. Bull. p. 
1165. 
 
Brown S. L, Culbreath A. K., Todd J. W., Gorbet D. W., 
Baldwin J. A. and Beasley J. P. Jr. 2005. Development of 
a method of risk assessment to facilitate integrated 
management of spotted wilt of peanut. Plant Dis. 89: 348-
356. 
 
Buchanan G. A. and E. W. Hauser. 1980. Influence of row 
spacing on competitiveness and yield on peanuts. Weed 
Sci. 28: 401-409. 
 
Bullock D. G., Nielsen R. L. and Nyquist W. E. 1988. A 
growth analysis comparison of corn grown in conventional 
and equidistant plant spacing. Crop Sci. 28: 254-258. 
 
Cox F. R. 1979. Effects of temperature treatments on 
vegetative and fruit growth. Peanut science. 79: 784-791. 
 
Duke G. B. and Alexander M. 1964. Effects of close row 
spacing on peanut yield and peanut production 
requirements. USDA Prod. Res. Bull. p. 77. 
 
Farnham D. E. 2001. Row spacing, plant density, and 
hybrid effects on corn grain yield and moisture. Agron. J. 
93: 1049-1053. 
 
Fletcher S. M., Zhang P. and Carley D. 1992. Groundnuts: 
Production, Utilization and trade in the 1980s.  
 
Giller K. E. 2001. Nitrogen fixation in tropical cropping 
systems. 2nd Edition. CABI, Wallingford, UK. p. 405. 
 



                               VOL. 8, NO. 9, SEPTEMBER 2013                                                                                                            ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2013 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
  650 

Ghosh P. K., Bandyopadhyay K. K., Wanjari R. H., 
Manna M. C., Misra A. K., Mahonty M. and Subba R. A. 
2007. Legume effect for enhancing productivity and 
nutrient use efficiency in major cropping systems-An 
Indian perspective: A review. Journal of Sustainable 
Agriculture. 30(1): 59-86. 
 
Gibbons R. W. and Martins J. V. 1980. Proceedings of an 
international workshop on groundnuts, 13-17 October. 
ICRISAT, Hyderabad, India. 
 
Gorbet D. W. and Shokes F. M. 1994. Plant spacing and 
tomato spotted wilt virus. Proc. Am. Peanut Res. Ed. Soc. 
26: 50. 
 
Gram P. A. 1958. Recent developments in groundnuts 
production with special reference to Africa. Field Crop 
Abstr. 11: 1-6, 75-84. 
 
Hanssen A. P. 1994. Symbiotic nitrogen fixation of crop 
legumes: achievements and perspectives. Center for 
Agriculture in the Tropics, Germany. p. 115. 
 
Hatam M. and Abbasi G. Q. 1994. History and economic 
importance of groundnuts (Arachis hypogaea L.). In: Crop 
production. Bashir, E. and Bantel, R. (Eds.). Pub NBF. pp. 
350-351. 
 
Hedge D. M. and Dwivedi B. S. 1993. Integrated nutrient 
supply and management as a strategy to meet nutrient 
demand. Fertilizer Research. 38(12): 49-59. 
 
ICRISAT. 2008. ICRISAT West Africa programs’ Annual 
report. 2007. Niger: ICRISAT. 
 
ICRISAT. 1992. ICRISAT Groundnut: a global 
perspective. 
 
Jadhav R. B. 2006. Assessment of Integrated pest 
Management Modules in Groundnut on farmers’ fields. 
International Arachis Newsletter. (26): 31-33. 
 
Kafiriti E.M. 1994. The role of cropping systems in the 
sustainability of groundnut production. pp. 90-92. In: 
Ndunguru B.J., Hidebrand G.L. and Subramanyan P. 
(Eds.). Proceedings of a workshop on sustainable 
groundnut production in Southern and Eastern Africa held 
in Mbabane, Swaziland. 13-17 January. 
 
Kang Y. K., Ming K., Cho N. and Park Y. M. 1998. 
Effects of planting date and plant density on growth and 
yield of soyabean in Cheju Island. Korean Journal of crop 
Science. 43(1): 44-48. 
 
Lapang A.N., Charoenwatana T. and Tiyawalee D. 1980. 
Groundnut production, utilization, research needs in 
Thailand. In: Proc Int. Workshop on Groundnuts, 13-17 
October, Patancheru Andhra Pradesh, India. 
 

Lee H. C., Berry M. P., de Toledo V. C., deffune G., 
Haymes R., Lopez R. J., Morrish C. J., Rodigues R., 
Scofield A. M., Watt T. A. and Wu B. Z. 1994. Non-
chemical weed management in major UK arable crops. In: 
Arable farming under CAP reform. J. Clarke, A. Lane, A. 
Mitchel, M. Ramans and P. Ryans (Eds.). Aspects of 
applied Biology. 40: 317-324. 
 
Mahmoud M.A., Osman A.K., Nalyongo P.W., Wakjira A. 
and David C. 1992. Groundnuts in Eastern Africa 1981-
1990. In: Nigam S.N. (Ed.). Groundnut - A Global 
Perspective. International Crop Research Institute for 
Semi-Arid Tropics, Patancheru, India. pp. 89-95. 
 
Mayeux A. and Maphanyane G.S. 1989. Groundnut 
cultivation under low rainfall conditions in Bostwana. In: 
Proc. 3rd Reg, Groundnut Workshop for Southern Africa, 
13-18 March 1988, Lilongwe, Malawi. International Crop 
Research Institute for the Semi-Arid Tropics, Patancheru, 
India. pp. 149-155. 
 
McGriff D. E., Baldwin J. A. and Hudgins J. E. 1999. 
Yield response of several peanut cultivars when planted in 
single and twin row patterns during 1997-98 in Decatur 
County. Proc. Am. Peanut Res. Educ. Soc. 31: 54. 
 
Naab J. B., Tsigbey F. K., Prasad P. V. V., Boote K. J., 
Bailey J. E. and Bradenberg R. L. 2005. Effects of sowing 
date and fungicide application on yield of early and late 
maturing peanut cultivars grown under rainfed conditions 
in Ghana. Crop Protection. 24(1): 107-110. 
 
Nair K. P. P., Patel U. K., Singh R. P. and Kaushuk M. K. 
1979. Evaluation of legume intercropping in conservation 
of fertilizer nitrogen in maize culture. Journal of 
Agricultural Science (Camb.). 93(1): 189-194. 
 
Norden A. J. and Lispcomb R. W. 1974. Influence of plant 
growth habit on peanut production in narrow rows. Crop 
Sci. 14: 454-457. 
 
Ntare B. R. 1990. Intercropping morphologically different 
cowpeas with pearl millet in a short season environment in 
the Sahel. Exp. Agric. 26: 4-48. 
 
Ogundele B. A. 1988. Variability for seedling vigour in 
cowpea (Vigna unguiculata L. Walp) evaluated in south 
western Nigeria. Genetic Agraria. 42(2): 133-140. 
 
Patel N.V. 1988. Area, production and productivity. In: 
Reddy P.S. (Ed.). Groundnut. Indian Council of 
Agricultural Research, New Delhi, India. 
 
Peanut CRSP. 1997. Improving global production and use 
of peanuts: Annual report, 1996. University of Georgia, 
Griffin, USA. 
 
Pelosi K. M. and Sandifer M. T. 2003. Elementary 
Statistics: From Discovery to Decision. John Wiley and 
Sons Inc. 



                               VOL. 8, NO. 9, SEPTEMBER 2013                                                                                                            ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2013 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
  651 

Pigott C. J. 1960. The effect of fertilizer on yield and 
quality of groundnuts in Sierra Leone. Emp. J, exp. Agric. 
28: 58-64. 
 
Porter P. M., Hicks D. R., Lueschen W. E., Ford J. H., 
Warnes D. D. and Hoverstad T. R. 1997. Corn response to 
row width and plant density in the northern Corn Belt. J. 
Prod. Agric. 10: 293-300. 
 
Rwamugira W. P. and Massawe R. D. 1990. 
Groundnut/maize intercrop: effect of spatial arrangement 
on yield and its components. pp. 149-153. In: proceedings 
of the fourth Regional Groundnut Workshop for Southern 
Africa, 19-23 March, Arusha, Tanzania. Patancheru, A. P. 
502 324 India: ICRISAT. 
 
Schilling R. 2002. Groundnut. Macmillan Education 
Limited. London, Oxford. 1st Edition. 
 
Schilling R and Gibbons R. 2002. Groundnut. The 
Tropical Agriculturist. Translated by S Chater and revised 
by Gibbons, R.  Nigam, S. and Chater, S. 
 
Schilling R. and Masari S. M. 1992. Assessment of 
groundnut research achievements in the savanna regions 
West Africa in ICRISAT 1992. Groundnut: a global 
perspective. 
 
Shambhakar D. A., Dharne P. K., Bahale T. M., Anjali D., 
Surywanshi R. T. and Jadhav R. B. 2006. Assessment of 
Integrated pest Management Modules in Groundnut on 
farmers’ fields. International Arachis Newsletter. (26): 31-
33. 
 
Singh R. P., Kumar R., Singh M. and Karwara S. P. S. 
1988. Symposium peanut use in efficient cropping systems 
semi arid zones of zones in India. January 7-10. p. 5. 
Sumarno M. and Adie M. 1995. Overview of groundnut 
on-farm research in Indonesia.  On-farm research. p.111. 
 
Tarimo A. J. P. 1997. Physiological response of groundnut 
to plant population density. African Crop Science Journal. 
5(3): 267-272. 

Thellen K. D. 2006. Interaction between row spacing and 
yield: Why it works. Online. Crop Management doi: 
10.1094/CM-2006-0227-03-RV. 
 
Tillman B. L., Gorbet D. W., Culbreath A. K. and Todd J. 
W. 2006. Response of peanut cultivars to seeding density 
and row patterns. Online. Crop Management doi: 
10.1094/CM-2006-0711-01-RS. 
 
Tsigbey F. K., Brandenburg R. L. and Clottey V. A. 2003. 
Peanut production methods in northern Ghana and some 
disease perspectives. Online Journal of Agron. 34(2): 36-
47. 
 
Vara Prasad P. V., Craufurd P. Q., Summerfield R. J. and 
Wheeler T. R. 1998. Sensitivity of fruit set to heat stress in 
groundnut. Journal of experimental Botany. 40: 30. 
 
Virender S. and Kandhola S. S. 2007. Productivity of 
semi-spreading and bunch type varieties of groundnut as 
influenced by sowing dates. Journal of SAT Agricultural 
Research. 5(1). 
 
Virk A. S., Kaul J. N., Bhangoo B. S and Singh A. 2005. 
Influence of planting techniques and plant population on 
Biology and pod productivity of summer groundnut 
varieties. Research on Crops. 6(1): 173-174. 
 
Wehtje G. Weeks R., West M., Wells L and Pace P. 1994. 
Influence of planter type and seeding rate on yield and 
disease incidence in peanut. Peanut Sci. 21: 16-19. 
 
Wood I. M. W. 1968. The effect of temperature at early 
flowering on growth and development of peanut (Arachis 
hypogaea L.). Australian Journal of Agricultural research. 
19: 241-251. 
 
Wright G.C. and Bell M.J. 1992. Plant population studies 
on peanut (Arachis hypogaea L.) in sub-tropical Australia. 
3. Growth and water use during a terminal drought stress. 
Aust. J. Exp. Agric. 32(2): 197-203. 

 
 
 
 

 
 
 
 
 
 


