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ABSTRACT 
 

Intercropping system is the most practiced soil fertility management strategies by small scale 
farmers in Cameroon. The aim of this study was to identify the least competitive rice-groundnut 
spatial arrangement and to assess the correlation between agronomic traits in an intercropping 
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system condition for both crops. The experiment was carried out in March 2015, in RCB designed 
with four treatments and four replications involving NERICA 8 and JL24 genotypes. Fourteen 
agronomic traits were collected, analyzed and Pearson’s correlation test was performed at 1% and 
5% level of probability. 3R+1G spatial arrangement gave nodules ˂ 75 plant-1, 4R+2G gave 98.13 
plant

-1
and SG gave 161 plant

-1
. For 100 seed weight and number of grains plant

-1
, 3R+1G gave the 

lowest value followed by 4R+2G and SG. No significant different was recorded for rice grain yield, 
while significant different was obtained in groundnut, 3R+1G recorded the lowest value (0.47tha

-1
). 

Shelling % (r = 0.692*), number of grain plant-1(r = 0.75**) and 100 seed weight (r = 0.756**) gave 
positive correlation with grain yield.  Number of grain panicle

-1
 gave positive correlation with rice 

grain yield (r = 0.906**). These results can be included in crop breeding programs, to sustain rice-
groundnut intercropping system. 

 
 
Keywords: Rice; groundnut; intercropping system; phenotypic traits; tropical forest zone. 
 

1. INTRODUCTION  
 
Cameroon is endowed with its flora and fauna 
diversity and is ranked 5th African country from 
the biodiversity point of view [1]. Its agro-
demographic potential carrying capacity of land 
is characterized by the increasing population and 
its five agro-ecological zones. The variability of 
environmental constrains in humid forest ecology 
had significantly impaired the production of 
several staple food crops. A decrease in maize 
grain yield (up to 60%) in acid tolerance 
population due to the acidity of the soil in humid 
forest zone had been reported [2,3]. A further 
decrease in the productivity of some other 
important staple food crops (rice and groundnut); 
will threatens food security in the nation, thus 
jeopardizing the millennium development goal to 
fight against malnutrition and chronic diseases in 
the sub region. 
 
In fact, Cameroon rice consumption had 
gradually moved from luxserious food to 
subsistence food crop. Three out of four homes 
consume rice three to four times a week and 
almost 3% of the population eats rice on a daily 
basis. The national production oscillate around 
170 000 tons far less than the demand estimated 
at 650 000 tons [4]. In 2015, the government 
spent more than 118 582 278 133 F CFA on 
importation to compensate for the deficit by 
importing more than 510 000 tons of rice. After 
the degradation of major rice production areas in 
the country, like SEMRY in Kouseri, Maga and 
Yagoua due to climatic hazards and insecurity in 
the Northern part of the country, the government 
get into several initiatives to curd down this 
situation with the aim of attaining a national rice 
self-sufficient production. Some of this includes; 
the dissemination of high yielding NERICA (new 
rice for Africa) progenies nationwide and 
orienting it production in upland rain fed ecology 

in the Southern part of the country left 
unexploited [5].  
 
Indeed, more than 70% of these rice farmers are 
resource poor with limited financial facilities to 
afford inputs like pesticides and fertilizers. Taken 
into account that, rice farming is highly 
demanding financially particularly the application 
of mineral fertilizers, inaccessibility to credit to 
purchase these fertilizers, non-mastery on the 
quantity, quality or method of fertilizers 
application by resource poor farmers comes to 
worsen the plague of constrains face by rice 
grower in Cameroon as a whole [6].  
 
Protein deficient diet had reached alarming 
proportion in SSA and groundnut is an important 
source of protein for most African population. It 
serves as forage for animal feed, reason why 
farmers are reluctant to forgo this farm growing 
crops in the Southern part of the country. 
However groundnut grain yield is in constant 
decrease in Cameroon (0.85 t/ha) [7] far from its 
grain yield potential of 1.5 t/ha. The major causes 
in the decrease in productivity are; the acidity of 
the soil, poor agricultural practices, land pressure 
[8]. The A. hypogaea JL-24 seeds were identified 
as one of the high yielding genotype following the 
IRAD/SSR4D Project for zone V [9]. The 
genotype JL-24 produce seeds rich with less 
saturated fat, proline (6.412%), crude protein 
(25.20%), crude fiber (1.149%), Carbohydrate 
(21.26%) and energy (601.856%) [10,11]. A. 
hypogaea is able to fixed 12-15 kg N/0.16h/year 
[12]. It is preferentially crop in tropical and 
subtropical ecologies [13]. However, 
investigations on JL24 genotype performances 
are limited in pure cropping system and green 
house condition [14]. Most resource limited 
farmers carry out mixed and intercropping 
farming system with rudimentary farm practice to 
improve the fertility of their soil as well as 
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diversify their production. Grain legume-cereal 
intercropping is a method to obtain greater and 
more stable crop yields, improve plant resource 
utilization (water, light, nutrients), increase input 
of legume symbiotic Nitrogen fixation (SNF) to 
the cropping system and reduce impact on the 
environment. Intercropping system, according to 
many authors is more advantageous when well 
managed than sole cropping system. In this line, 
groundnut seems an appropriate candidate to 
achieve this objective [15,16,17,18]. 
 
In sole rice base farms, mineral losses due to 
high mineral fertilizers losses have been reported 
[17]. This N losses (25-109KgN/ha) are due to; 
leaching, runoff or by volatilization and end up 
contaminating water bodies. Alternative soil 
fertility management has been conducted            
by many researchers, like, rice-soybeans,          
rice-cawpea base systems [12,15,19,20]. 
Intercropping groundnut with rice, can helps to 
sustain the yield, increases the nutrient use 
efficiency of both crops, ensures the farmer 
earnings in case of crop failure, increase in a 
balanced diet and thus helps in fighting against 
malnutrition and food security [12,20,21,22]. 
Ecologically, it can help to promote auto-
regulation mechanisms of the crops via 
competition and planned biodiversity to manage 
weeds [22]. However, integrating groundnut and 
rice intercropping system in rain fed upland 
ecology remains less known farming technique 

by farmers in the humid forest zone (HFZ). 
Consequently, inconsistency on agronomic traits 
and grain yield data in an intercropping system 
condition of rice and groundnut in HFZ of 
Cameroon is perceived. 
 

In that respect, the aim of this study was to 
identify the least competitive rice-groundnut 
spatial arrangement and to assess the 
correlation between agronomic traits in an 
intercropping system condition for both crops, 
which can serve as bases to be exploited in 
breeding programs.  
 

2. EXPERIMENTAL DETAILS 
 
2.1 Site and Climatic Characteristics  
 
The experiment was carried out in 2015 at 
IRAD- station (Institute of Agricultural Research 
for Development) located at Nkolbisson 
(Mfoundi Division): 11°27.542’E; 3°52.035’N at 
an altitude of 748 mm above sea level in the 
agro-ecological zone V (Fig. 1). The annual 
temperature of 23.5°c and an average annual 
bimodal rainfall of 1560mm (Source: climatic 
data service IRAD, 2015). Soil sampled show up 
a dominant red color, classified as Ferric soil 
[23] and with soil pH < 6.  The soil is described 
as clay-loam texture made up of dominant 
middle-size pores and susceptible to drainage 
(Table 1). 

 
Table 1. Soil physico-chemical characteristics of the experimental site before sowing and after 

harvest in sole rice and groundnut unit plots 
 

Soil parameters Norm*  Before sowing After harvest 

Sole rice Sole groundnut 

OM (g/kg) - 22.90 2.12 1.57 

Total  C (g/kg) - 13.28 1.23 0.91 

Total  N (g/kg) > 0.14 1.49 1.41 1.60 

 C/N - 8.90 0.87 0.82 

Ca
2+

 (cmol/kg) > 4.46 0.76 0.94 0.82 

Mg 
2+

 - 0.22 0.07 0.09 

K+1 0.34-0.46 0.33 0.03 0.05 

Na
+1

 - 0.29 0.13 0.09 

CEC (cmol/kg) > 10 9.48 8.36 8.23 

pH (H2O) – 1:5 6-7 5.96 6.12 6.50 

Clay (%) - 48.95 49.04 50.49 

Silt (%) - 5.87 5.11 4.66 

Sand (%)  - 19.45 20.27 20.03 

Texture  Clay loam Clay loam Clay loam Clay loam 
* [13,24,25] 
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Fig. 1. Five agro ecological zones of Cameroon and location of the experimental site 

 

2.2 Experimental Design and Treatments 
 
The experimental design was a in a randomized 
complete block (RCB) (Gomez and Gomez, 
1984) with four repetitions. Each experimental 
unit plot measured 12m2 (3×4m) and different 
intercropping pattern and sole cropping system 
were allotted as main treatments and included: 
 

SR: Sole rice, sown was done by dibbling in 
grooves of about 2-3 cm depth, with 5 seeds 
per hole and with a spacing of 20×30 cm. 
The seed rate and sowing density were:  
26.25 kg/ha and 175 000 plants/ha 
respectively.  
 

SG: Sole groundnut, sown was done by 
dibbling in grooves of about 2-3 cm depth, 
with one seed per hole with a spacing of 
20×60 cm. Giving a population density of 
87 500 plants/ha corresponding to 30.625 
kg/ha seed rate. 
 
3R+1G: Three rows for rice and one row for 
groundnut. Both rice and groundnut sowing 
depth, number of seeds per hole and sowing 

spacing were respected as in SR and SG 
above. But, the seed rate and density were 
respectively; 20.625 kg/ha and 137 500 
plants/ha for rice, 13.125 kg/ha and 37 500 
plants/ha for groundnut. A population ratio of 
3.6: 1 was obtained for rice to groundnut 
ratio.  
 
4R+2G: Four rows of rice to two rows of 
groundnut, with the seed rate and population 
density of 15.00 kg/ha and 100 000 plants/ha 
for rice, 17.50 kg/ha and 50 000plants/ha for 
groundnut. A population ratio of 2:1 was 
obtained for rice to groundnut ratio. Similar 
sowing depth and spacing were respected as 
in 3R+1G above. 

 

2.3 Soil Sampling and Analyses 
 
Two Soil sampling were done before sowing and 
after harvest in sole rice and sole groundnut plot 
treatments. Both soil samples were dug following 
a W-shape pattern with an anti-oxidant soil steel 
auger at a depth of 20-30 cm on top of the soil 
profile [17]. Soil sampling (45 samples) carried 
out in the whole plot constituted of a composite 
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of 5.5 Kg, while a total of 20 samples were 
obtained in sole rice and in sole groundnut units 
constituting each a composite of 2.4 Kg. All soil 
samples were homogenized and kept in a non-
degradable black plastic paper at room 
temperature. Later these soils were air dried 
under shallow for two to three days followed by 
sieving with pores of different sizes before 
physical and chemical analysis carried out at the 
soil laboratory of the Institute of Agricultural 
Research for Development (IRAD). 
 

The pHwater was measured from a solution 
soil/water in the ratio 1:5 using a pH meter 
mounted with glass electrode [26]. Total soil 
Nitrogen was determined using Kjedhal method. 
It was obtained by sulfuric acid digestion in the 
addition of selenium in hydrogen peroxide at 
30% and warm at 320°C for 3 hours. Total soil 
Carbon was obtained following the method 
describe by [27] and [28]. Organic matter was 
obtained by multiplying organic Carbon content 
by Sprengel factor [23]. Ca

2+
, Mg

2+
, K

+
, Na

+
 were 

extracted using Ammonium acetate solution 
(CHOONH4) at a pH 7. CEC was done 
Ammonium acetate solution (CHOONH4) at a pH 
7 in a three phase process and determine by 
spectrometry.  
 

2.4 Management Practice and Agronomic 
Data Collected 

 
Sowing was done two weeks after effective rain 
had begun. Rice variety of short life cycle (95-
100 days) used was NERICA 8 while groundnut 
variety used was JL24 with life cycle (90-95 
days). Fertilizers application was done only in the 
treatments with sole rice. The fertilizers 
constituted of basal NPK at the rate of 200Kg/ha 
and of top dressing of urea at a rate of 100Kg/ha. 
NPK was applied two weeks after sowing (2 
WAS) while Urea was applied in two splits, sixty 
days after sowing (60 DAS) and secondly 
seventy days after sowing (70 DAS) at the rate of 
50 Kg/ha for each split. Necessary agronomic 
practice including weeding, were carried out 
regularly and was done manually. Eight 
agronomic data for groundnut were evaluated: 
number of nodules plant

-1
, number of pods      

plant-1, shelling percentage (%), number of 
grains plant

-1
, number of grains pod

-1
, number of 

empty pods plant
-1

, 100 seed weight and grain 
yield. Seven agronomic data were collected for 
rice genotype: plant height, length of panicle, 
number of empty grains panicle-1, number of 
grain panicle

-1
, and number of panicle hill

-1
, 1000 

seed weight and grain yield. 

2.5 Yield and Yield Component of Both 
Crops  

 
A total of 30 plants and 18 plants in a quadrant of 
1.2m2 corresponding respectively for NERICA 8 
and JL24 were harvested. A total of six panicles 
were harvested in each plot at random when 2/3 
of the panicle had become mature to count the 
number of rice grain panicle

-1
. 1000-seed weight 

of grains was evaluated at 14% seed moisture 
content. The grain yield component of JL24 
comprises: number of pods per plant, number of 
grains per plant, number of grains per pod, 
number of plants per meter square and 100-seed 
weight of grains at 12% moisture content [15]. 
 

2.6 Assessment of Nodulation in JL24  
 
The soil was wetted with tap water and five 
plants per treatment uprooted gentle six weeks 
after sowing (WAS) to evaluate the number of 
nodules [29]. Individual root system of each plant 
was washed twice with tap water and with care to 
avoid damage of the nodules. 
 
2.7 Biological Efficiency of Intercropping 

Rice and Groundnut  
 
2.7.1 Land equivalent ratio (LER)  
 
LER= LR + LG  

LR = YR, IC /YR, SC 
LG = YG, IC /YG, SC 
 
Where:   
 

YR, IC = rice yield in intercropped  
YG, IC = groundnut yield in intercropped  
YR, SC = rice yield in sole cropping  
YG, SC = groundnut yield in sole cropping  
LR is the partial land equivalent ratio of rice  
LG is the partial land equivalent ratio of 
groundnut. 

 
2.7.2 Equivalent density coefficient (EDC) [30] 
 
EDC= EDCR + EDCG 

EDCG = EDCG, IG /EDCG, SG 
EDCR = EDCR, IR /EDC R, SR  
 
Where:  
 

EDCG: partial EDC of groundnut  
EDCR: partial EDC of rice  
EDCG, IG density of groundnut when 
intercropped 
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EDCG, SG density of groundnut sole cropping  
EDCR, IR density of rice in intercropping 
EDCR, SR density of rice in sole cropping 

 

2.8 Statistical Analyses 
 
Data were managed with Excel Microsoft 2010, 
then subjected to analyses of variance (ANOVA) 
using the General Linear Model procedure with 
the Statistical Analyses System (SAS) software 
package 9.3 version. Separation of means was 
determined using the Student-Newman-Keuls 
test at 5 % probability level and Pearson’s 
correlation test was performed at 1 % and 5 % 
level of probability. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 
3.1.1 Differences in the physical and 

chemical characteristics of soil at 
Nkolbisson under rice-groundnut 
cropping system 

 

The soil at Nkolbisson is rich in clay and both 
crops do not significantly affect the physical 
nature of the soil. Whereas its chemical 
characteristics revealed that, the soil was rich in 
organic matter. The C/N ratio was suitable for 
crop production but with the rate of organic 
matter depletion of 90.75 % and 93.1 % for sole 
rice and sole groundnut cropping system 
respectively. The level of Nitrogen in the soil > 
than normal (Table 1), but in sole groundnut after 
harvest enrich the soil with N at a rate of 11% 

while rice deplete the soil with N at a rate of 8%, 
making the level of Nitrogen depletion 
significantly> in sole rice as compare to sole 
groundnut after harvest. The quantity of soil 
cations (Ca2+ and K+) was < than normal, 
similarly trend was observed for CEC (cation 
exchange capacity) before sowing and after 
harvest. The rate at which groundnut crop 
depletes the soil in Ca

2+ 
and Na

+
 in sole 

groundnut base system is > than sole rice after 
harvest. The studied site had a soil pH > 5.5, but 
after harvest no major difference existed for sole 
rice and sole groundnut unit plots. In the same 
line, the results show that, pH in sole rice and 
sole groundnut unit plots where within the normal 
range (6-7) [13,24,25].   
 
3.1.2 Effect of different rice-groundnut 

different crop pattern on JL24 genotype 
nodulation 

 
Sole groundnut (SG) recorded 161.00 numbers 
of nodules per plant root system while in the 
treatments 4R+2G and 3R+1G the nodulation 
were 98.13 and 73.50 per plant root system. 
When the number of nodulation per root system 
is ˂75 per plant root system is consider as poor 
[31]. In that respect only treatments SG and 
4R+2G are characterized as good while 3R+1G 
is consider as poor. Computed at 5% probability 
level, there is no significant different in the 
number of nodules in the treatments SG and 
4R+2G as well as between 3R+1G and 4R+2G 
but there is a significant different between 
3R+1G and SG (Fig. 2). 

 

 
 

Fig. 2. Root nodulation in JL24 under different rice-groundnut crop spatial arrangement 
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3.1.3  Effect of rice-groundnut spatial 
arrangement on the number of 
groundnut grains per pod and number 
of empty pods per plant 

 
The number of empty pods per plant and the 
number of filled pods per plant showed no 
significant difference at 5% level probability for all 
treatments. However, the treatment 3R+1G had 
the lowest number of empty pods/plant 106.5 of 
all the treatments. In treatments 4R+2G and SG, 
the number of empty pods/plant was 138.5 and 
147.8 respectively. This implies that the number 
of empty pods increases with increase in the 
density of groundnut crop, that is for SG (87 500 
plants ha

-1
), 4R+2G (50 000 plants ha

-1
), 3R+1G 

(37 500 plants ha
-1

).Similarly, the number of 
grains per pod do not show any significant 
different at 5% level probability. However, SG 
showed 1.40 while the treatment 3R+1G and 
4R+2G show 1.17 and 1.29 respectively. This 

shows that, the number of grains pod-1decreases 
as the density of groundnut decreases from 
3R+1G to SG.  
 
3.1.4 Effect of rice-groundnut spatial 

arrangement on 100 seed weight of 
goundnut grain and on the number of 
grain per plant  

 
With respect to the different treatments, 100-
seed weight in SG is higher and significantly 
different of 3R+1G but significantly equal to 
4R+2G. On the other hand, 3R+1G and 4R+2G 
are not significantly different at 5 % level (Fig. 3). 
Concerning the number of grain per groundnut 
plant, SG and 4R+2G score respectively 30.47 
and 28.96 with no significant different between 
them computed at 5% level. Treatment 3R+1G 
gave the lowest value of 18.68 (Fig. 4) and 
significantly different from the other treatments. 

 

 
Fig. 3. Number of peanut grains per plant under sole groundnut and intercropping base 

system 
 

 
 

Fig. 4. Seed weight of groundnut grains under sole groundnut and intercropping system 
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3.1.5 Effect of rice-groundnut spatial 
arrangement on NERICA 8 plant height 

 
The rice plant height measured at 58 DAS 
indicate that, the treatment with sole rice (SR) 
gave the lowest height (82.2cm) as compared to 
the other treatments (3R+1G = 88 cm and 
4R+2G = 86.9) (Fig. 5). The result obtained was 
computed at 5% probability level and revealed 
that, there was no significant different between 
3R+1G and 4R+2G, whereas both intercropping 
systems were significantly different from sole rice 
(SR). Also, it was observed that increased in rice 
plant height was not a function of the increase in 
groundnut crop density in an intercropping 
system. 
 
3.1.6 Effect of rice-groundnut spatial 

arrangement on rice and groundnut 
grain yield 

 
Rice grain yield in SR, 3R+1G and 4R+2G 
computed at 5% probability level indicates that 
the there is no significant different in the grain 
yield irrespective of the crop pattern. However, 
the yield obtained in SR, 3R+1G and 4R+2G 
(3.37, 3.02 and 3.29) tha1- respectively fall with 
the potential grain yield of NERICA 8 (3-4.5 tha

1-
) 

(WARDA, 2000). 
 

Groundnut grain yield were 0.99, 0.47, 0.84  
(tha

1-
) for SG, 3R+1G and 4R+2G respectively. 

The grain yields in SG and 4R+2G were 
significantly different to treatment 3R+1G at 5% 
probability level (Table 2). In the same line, the 
grain yield between treatment SG and 4R+2G 
were not significantly different. 
 
3.1.7 Biological efficiency of intercropping 

system over sole cropping system  
 
Concerning the spatial arrangements of 3R+1G 
and 4R+2G, the total LER was greater than one 
(˃1) that is 1.37 and 1.81 respectively. The 
partial LER on both crops remains less than 1. 
JL24 gave a partial LER of 0.48 and 0.84 in 
3R+1G and 4R+2G respective while for NERICA 
8 gave, the partial LER of 0.90 and 0.98 in 
3R+1G and 4R+2G respective. Irrespective of 
the different crop pattern, NERICA 8 crop gave a 
higher partial LER of 1.88; whereas JL24 crop 
gave a value of 1.32. The EDC indicates that, the 
total EDC of both spatial arrangements are more 
than unity (Table 3). Again, the partial EDC of 
both NERICA 8 and JL24 are < 1, whereas it was 
observed that the partial EDC of NERICA 8 
irrespective to the crop pattern to be 1.36, while 
the that of JL24 was equal to one (1). 
 

 
Fig. 5. Rice plant height in sole and intercropping base systems 

 

Table 2. Effect of intercropping NERICA 8-JL24 on the grain yield of component crops 
 

Test crops                                    NERICA 8                                                  JL24 
Treatments SR 3R+1G 4R+2G  SG 3R+1G 4R+2G 
GY (t/ha) 3.37ns 3.02ns 3.29ns  0.99a 0.47b 0.84a 
Std error 0.490 0.634 0.258  0.184 0.072 0.120 
CV (%) 
LSD  

14.5 
0.870 

21 
0.907 

7.85 
0.617 

 
 

18.45 
0.056 

15.16 
0.44 

14.34 
0.024 

GY: Grain Yield, CV: Variation coefficient; Std error: standard error; t/ha: tons per hectares; same letters are not significantly 
different; ns: no significant different in the grain yield in all the treatments both for rice and groundnut crops computed at 5 % 
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Table 3. Effect of intercropping NERICA 8 and JL24on the biological efficiency ofintercropping 
system 

 

Treatments      Partial LER     Partial  EDC Total LER Total EDC 

NERICA 8 JL24 NERICA 8 JL24 - - 

3R+1G 0.90 0.48 0.79 0.43 1.37 1.21 

4R+2G 0.98 0.84 0.57 0.57 1.81 1.14 

Total 1.88 1.32 1.36 1 - - 
EDC: Equivalent Density Coefficient [30] and LER: Land Equivalent Ratio 

 
3.1.8 Correlation coefficient among 

agronomic traits in NERICA 8 and JL24 
genotypes  

 
Agronomic traits in JL24 genotype (Table 4) 
show a correlation that ranged from 0.6-0.87. The 
number of nodules did not show a significant 
correlation with any agronomic traits under study. 
The number of empty pods per plant shown a 
strong and negative correlation with shelling 
percentage (r = -0.87**) and with the number of 
grains per plant (r = -0.624*). Singularly, the 
number of empty pods per plant shows a strong 
positive and significant correlation with the 
number pods per plant (r = 0.78**). The grain 
yield shown a significant and positive correlation 
with the number of grain per plant (r = 0.75**) 
and with 100 seed weight (r = 0.756**). Whereas, 

grain yield shown a significant positive correlation 
with shelling percentage (r = 0.692*) and with the 
number of grain per plant (r = 0.698*). Also, the 
shelling percentage shown a significant and 
positive correlation with the number of grains per 
plant (r = 0.675*). 
 
Agronomic traits in relation with NERICA 8 (Table 
5), show a correlation that ranged from (0.744 - 
0.906). The length of panicle showed no 
significant correlation at 5% and 1% level of 
probability with any other trait under study. 
However, the number of panicles per hill are 
strongly and negatively correlated with 1000seed 
weight (r = -0.744**). Whereas, the number of 
grains per panicle shown a positive correlation 
coefficient with rice grain yield (r = 0.906**). 

 

Table 4. Correlation coefficient among agronomic traits in JL24 genotype 
 

 NN NEPP NGP 100SW SP NPP NGPL YIELD 

NN -        

NEPP 0.445 ns -       

NGP 0.528 ns 0.230 ns -      

100SW 0.513 ns 0.152 ns 0.684* -     

SP -0.166 ns -0.877** 0.110 ns 0.203 ns -    

NPP 0.623 ns 0.786** 0.559 ns 0.538 ns -0.414 ns -   

NGPL -0.032 ns -0.624* 0.499 ns 0.227 ns 0.675* -0.415 ns -  

YIELD 0.311 ns -0.350 ns 0.754** 0.756** 0.692* 0.193 ns 0.698* - 
**. Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).  

ns: non-significant; NN: Number of nodules, NEPP: number of empty pods per plant; NGP: number of grains per pod; 100SW: 
100seed weight; SP: Shelling %; NPP: Number of pods per plant; NGPL: number of grains per plant; Yield (t/ha) 

 

Table 5. Correlation coefficient among agronomic traits in NERICA 8 progeny 
 
 LP NEGP 1000SW NGP NPH YIELD 
LP -      
NEGP 0.146 ns -     
1000SW 0.200 ns 0.327 ns -    
NGP 0.315 ns -0.035 ns -0.283 ns -   
NPH -0.055 ns -0.350 ns -0.744** 0.141 ns -  
YIELD 0.391 ns -0.127 ns -0.329 ns 0.906** 0.413 ns - 

**. Correlation is significant at 0.01 level (2-tailed);  
*. Correlation is significant at 0.05 level (2-tailed); ns: non-significant 

LP: length of the panicle; NEGP: number of empty grain per panicle; 1000SW: 1000 seed weight, 
NGP: number of grain per panicle; NPH: number of panicles per hill 
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3.2 Discussion 
 
The soil at Nkolbisson is characterized as clay 
loam with a pH beyond the critical value (pH = 
5.5) for a soil to be described as acidic [32] but 
the author evaluated a pH of 5.12 at Nkolbission 
in 2014 on evaluating different accession of 
Maize genotypes on acidic soil. The fluctuation in 
the author’s pH with our result could be seen on 
two angles; firstly the author used a dilution pH 
soil/water of 1:2.5 ratio while 1:5 ratio was used 
for this experiment. In addition, the author’s site 
was subjected to constant flooding; whereas the 
history of the experimental site indicates that, 
there was a high level of organic matter reason 
why the organic matter content was high (Table 
1). But after harvest, the rate of organic matter 
depletion was greater than 90% indicating that 
both crops will grow efficiently in organic rich 
environment. However, the genotype JL24 shows 
the depletion greater than NERICA 8, this 
certainly because of the difference in the 
architecture of root system of both crops. 
Groundnut root systems were accessible to soil 
organic matter which was not certainly the case 
for rice root system. Groundnut after harvest 
enriches the soil with Nitrogen at a rate of 11% 
while rice depletes the soil with Nitrogen at a rate 
of 8%. This suggests that the soil dynamism of 
native Bradyrhizobia is high at Nkolbisson [31,33, 
34] to enhance a symbiotic association with 
groundnut and can sustain rice-groundnut 
intercropping system. Similar observations in 
HFZ were brought forth by [34,35], but the 
authors revealed that, other environmental 
stresses could impair the action of these native 
rhrizobacteria during groundnut root nodulation.  
 
In the same vein, the rice plant height when 
associated with groundnut increases as compare 
with sole rice treatment (Fig. 5). This is partially 
the genetic related character of NERICA 8, 
known to grow short as compare to other 
NERICA progenies in HFZ of Cameroon. Also 
this confirms the high mobility of mineral 
fertilizers revealed [17] in rice based system and 
at the same time comforts [12] on the availability 
of soil Nitrogen fixed by nitrogen fixing bacteria. 
 
The rate at which groundnut crop deplete the soil 
in cations particularly, Ca

2+
 in sole groundnut 

base system is greater than sole rice after 
harvest showing crop nutrients preference and 
suggest that groundnut is more Ca

2+
 demanding 

as compare to rice. It was revealed by [36],  that 
Ca

2+ 
deficient soil will impair some grain yield 

components (100 seed weight) since Ca2+ is 
important in groundnut seed coat synthesis. In 

the same vein, Fig. 3 show that intercropping 
rice-groundnut affects 100-seed weight of 
groundnut grain and this was observed  in 
3R+1G as compare to SG and 4R+2G. 
Treatment 3R+1G gave the lowest 100 seed 
weight (31.6g), followed by 4R+2G (33.9g) and 
SG (38.7g) who shown the best result. A similar 
trend was equally observed with the number of 
seeds per plant. This result indicates that 
interspecies competition to Ca

2+ 
is greater than 

intra species competition, consequently the high 
rice density in 3R+1G as compare to 4R+2G 
could explain the above differences. This result is 
in consistence with the findings of [37], who 
thinks that shading and moisture level are the two 
important parameters that may affect legume 
crop (groundnut) when intercropped with cereal 
(sorghum). On the other hand, [38] demonstrated 
that, maize-cowpea intercrop will not significantly 
reduce the 100 seed weight as well as the 
number of seeds per pod of cowpea. This finding 
contrast with our result and this may probably be 
because of a deficit in soil Ca

2+
 ion observed at 

Nkolbisson making a high level of competition 
among the companion crops in an intercropping 
system condition. However, the same author [38] 
agree that the none significant different observed 
in 100 seed weight and on the number of seed 
per pod may be attributed to lack of competition 
for resources such as light, nutrients and water. 
 
The nodulation recorded in SG as compare to 
3R+1G and 4R+2G treatments, may probably be 
due to the high competition to light. Light-
dependent photosynthates are important during 
rhizobia-plant legume molecular interaction for an 
effective symbiotic process. Even though there is 
no significant different in the number of 
nodulation between 4R+2G and 3R+1G 
treatments, the number of nodules in the 
treatment 3R+1G remains very low according to 
[31]. The author suggests that the nodulation of 
less than 75 per groundnut root system is 
characterized as poor. This result could be due to 
light competition of rice crop over groundnut 
[39,40]. Author [40], show that the number of root 
nodule is a function on the type of companion 
crop as well as the cropping density, suggesting 
that, when a legume crop is intercropped with a 
taller crop like rice and maize, mobility of light-
dependent photosynthates are impaired as a 
result of light competition. Consequently, This 
result agree with that obtained by [40] when 
maize/groundnut and cowpea/groundnut is 
intercropped with nodulation 35.11 and 36.56 
respectively as compare to pure stand (15.93). 
Nodules need light-dependent photosynthates for 
their growth and function thus in 3R+1G and 
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4R+2G this shading effect decreased efficacy of 
this life process (photosysthesis). In addition 
many authors coined out two factors that 
influence legume-rhizobium symbioses, which 
are; soil moisture and temperature. These factors 
also could have contributed to bring about the 
drop in nodulation in 3R+1G treatment.  
 

Treatment 3R+1G had the lowest number of 
empty pods/plant 106.5 of all the treatments. In 
treatments 4R+2G and SG, the number of empty 
pods/plant was 138.5 and 147.8 respectively. 
This means that the number of empty pods 
increases with increase in the density of 
groundnut crop, that is for SG (87 500 plants      
ha

-1
), 4R+2G (50 000 plants ha

-1
), 3R+1G 

(37 500 plants ha
-1

). It is equally observed that, 
the number of grain in 3R+1G was low as 
compared to treatment 4R+2G and SG. This two 
results could suggest that, the genotype JL24 
may be a high grain producing genotype but the 
number of filled pods should be due to low soil 
nutrients (particularly Ca

+2
), and when the factor 

of competition arose as a result of high density 
the number of filled pods become serious.

 

 

Associating rice-groundnut effects groundnut 
grain yield and treatment 3R+1G had the lowest 
value (0.47t/ha). Groundnut crop is however the 
most affected crop in the association with a grain 
yield drops of 17.5% in 4R+2G and up to 52.8% 
in 3R+1G as compare to SG. These results go 
hand in hand with [15] who obtained similar grain 
yield drop when 1 row of Maize for 4 rows of 
groundnut (1M/4G) crop pattern. Also [19], in the 
Northern part of Cameroon found a grain yield 
drop of 66.8% for one row of Sorghum for two 
rows of groundnut (1S/2G) and 64.5% for one 
row of sorghum for four rows of groundnuts 
(1S/4G). These results suggest that, legume 
crops could be the most sacrifice crops  
whenever it is intercropped with non-legume 
crops. 
 

Groundnut has a partial EDC and LER< 1 that is 
needs 0.52ha and 0.16ha of land extra in the 
treatment 3R+1G and 4R+2G, respectively to 
meet up with the same yield in pure cropping. 
Also even though the partial LER of rice is higher 
than that of groundnut it is still <1 with partial 
LER of 0.9 in 3R+1G and 0.98 in 4R+2G, 
meaning an extra 0.1ha and 0.12ha is needed to 
meet up with the yield in pure stand respectively. 
Implying that the association rice-groundnut will 
be a risk farming practice probably due to; above 
and underground competition for environmental 
nutrients, for which groundnut crop will be the 
most susceptible to be affected in the 
association. 

The number of empty pods per plant shows a 
strong positive and significant correlation with the 
number pods per plant (r = 0.78**). This suggests 
that the genotype JL24, produce great number of 
pods but are susceptible to soil Ca

+2
 deficient 

soils. Since according to many authors, Ca
+2

 is 
an important constituent that reduces empty pods 
formation [36]. Also the fact that, groundnut yield 
correlates strongly and positively with the number 
of grain plant

-1 
and on 100 seed weight suggest 

that, these yield characters are important and 
play a direct bearing on the final yield of JL24. 
Similarly, [41] with Bambara groundnut (Vigna 
subterranean L. Verdc), observed that the 
number of pods plant

-1 
100 seed weight and 

harvest index had a respective correlation of (r = 
0.74**), (r = 0.35**) and (r = 0.83**) respectively 
with grain yield.  Also [18], observed a positive 
and significant correlation between the number of 
pods plant

-1
 and the terminal leaflet with (r = 

0.92**); between number of pods plant-1 and 
terminal leaflet length (r = 0.68*). From the above 
authors, it was revealed that the number of pods 
plant

-1
, the harvest index and 100 seed weight 

are indirect criteria to increase Bambara 
groundnut grain yield. This could implies that, the 
number of grain plant

-1 
, the shelling percentage 

and 100 seed weight can be used as                   
indirect criteria to increase the grain yield in 
Arachis hypogaea L. genotypes geared to be 
used in an intercropping system. 
 
Rice grain yield of NERICA 8 is not much 
affected in an intercropping system condition with 
groundnut. This suggests that, NERICA 
progenies have yield genes that are much stable 
to agricultural practices as well as low nutrients 
environment. However, the number of panicles 
per hill show a negatively correlation with 
1000seed weight (r = -0.744**). Whereas, the 
number of grains per panicle shown a positive 
correlation coefficient with rice grain yield (r = 
0.906**). Implying that, increasing the seed rate 
of NERICA progenies in an intercropping 
condition will not necessarily increase rice grain 
yield probably due to intra specific competition. 
 

4. CONCLUSION 
 
Intercropping of rice-groundnut is detrimental for 
groundnut crops in terms of grain yield, this 
because of the high level of competition of soil 
nutrients, however the treatment 4R+2G remain 
favorable than 3R+1G crop pattern because it 
shows LER and EDC > than those of 3R+1G. In 
addition, light interception by rice in 3R+1G affect 
negatively the growth and development of 
groundnut and impairs physiological mechanisms 
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like nodulation process. The spatial arrangement 
4R+2G reduces shading effect, in this respect, 
intercropping rice-groundnut in a 4R+2G crop 
pattern could be recommended for a farmer who 
wishes to crop both crops simultaneously and 
have a grain yield advantage as compare to sole 
cropping. Groundnut grain yield correlated well 
and strongly with the number of grain per plant, 
100 seed weight and shelling percentage. 
Indirectly, we can conclude that, the agronomic 
traits number of grain per plant, shelling 
percentage and 100 seed weight should be 
exploited in breeding programs for an increase in 
grain yield of groundnut crop (Arachis hypogaea 
L.) involved in intercropping system with rice. But 
for Ca

+2
 deficient soils, amendment with dolomite 

can be used or otherwise, the used of Ca
+2

 
deficient soil tolerant populations should also be 
considered.  
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