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Abstract

Our study was conducted in West Cameroon; respectively in the high plateau area in Dschang from
April to December 2021. A completely randomized experimental design with three repetitions of
four treatments was used: in monoculture (common bean Feb-192, common bean Ecapan 021)
then in crop association (Castor bean-Feb 192 and Castor bean-Ecapan 021). Common bean
growth and production parameters were evaluated. The comparison of the performance of each
cropping system was made on the basis of the Land Equivalent Ratio (LER). The results show
that the growth and productivity of the common bean are influenced by the cropping association
and the sandy clay soil as well as the tropical climate of the study area. The yield of common
bean seeds of the Ecapan and Feb 192 varieties in intercropping with Castor bean is 0.67% and
0.35% higher than that of the two varieties of common beans in monoculture respectively for
the treatments. Ecapan-Ricin and Feb 192-Ricin. The LER varies from 1.02 in a Castor bean-

Ecapan crop association to 1.01 in Castor bean-Feb 192 crop association.
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Introduction

The respective place of proteins of animal and vegetable origin
in the diet is the subject of much debate. If the food vectors of
proteins of animal origin or of vegetable origin can cover the
nitrogen and protein requirements, they are complementary,
each being a source of other nutrients of interest. In France,
as in most Western countries, food intake between animal
protein and vegetable protein is close to a ratio. From an
environmental point of view, the production of food vectors
of animal proteins has consequences that are often highlighted
as being negative. However, positive points, for example
in terms of ecosystem services, should also be highlighted.
Therefore, a reasonable reduction in protein consumption of
animal origin is recommended, rather than a goal of eviction.
The exploitation of synergies between animal and plant
productions such as (soya, cowpea and common beans) at
the scale of a territory will constitute one of the major levers
for the establishment of safe, healthy and sustainable food
systems, ensuring the food security of populations while
allowing the control of environmental impacts [1].

The common bean (Phaseolus vulgaris L.) is among the
legume family,

one of the most consumed in the world; because it has high
nutritional quality. Proteins from common beans have a high

lysine content which is relatively deficient in maize, cassava
or rice. The common bean is also lower in fat and free of
cholesterol and thus reduces the risk of diseases like cancer,
diabetes, heart disease. Regular consumption of this legume
is thus widely recommended by [2]. As with most legumes,
the nitrogenous nutrition of common beans is achieved
either by assimilation of soil nitrates (by the plant's nitrate
reductase) or by biological fixation of atmospheric nitrogen
(by the bacterium's nitrogenase). These two processes are
complementary during the growth cycle of the plant. Nitrate
reductase intervenes mainly before flowering and nitrogenase
takes over at the beginning of flowering and continues until
the beginning of pod formation [3].

Associated with crops that do not fix nitrogen, such as Castor
bean common bean, common beans set up a process of
complementarity for the nitrogen in the environment. This
technique has shown its performance in organic farming,
where nitrogen input is less frequent while maintaining
satisfactory yields in quality and quantity [4].

In this regard, [5], study the growth variability and yield of
Castor bean common bean in crop accessions with maize
and common bean in the Sudano-Guinean zone of Cameroon
and report that the association of the common bean with
Castor bean common bean is favourable for two plants with
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an increase in seed yield for Castor bean common bean and
common bean, respectively of 43% and 14% compared to
monoculture [5].

In addition, the work of [4] revealed that certain legume
species such as common beans perform better in intercropping
than cowpea and soya bean. Therefore, the present study
aims to promote the cultivation of Castor bean common
bean, which is a multipurpose plant by studying the growth
and productivity of two common bean varieties (Ecapan
021 and Feb 192) in crop association with Castor bean in
the agroecological zone of the highlands of the West region
of Cameroon [4, 6-10].

Material and Methods
Description of the experimental site

The field study took place in April 2022. In the multipurpose
station of the Institute of Agronomic Research for Development
(IRAD) of Dschang, located in the Department of MENOUA
(West region of Cameroon)

This locality of Dschang is known to have a tropical type
climate, heavy rainfall most months, with a short dry season.
The average annual temperature in Dschang is 19.7°C. Annual
rainfall averages 4473 mm [11,12].

Biological material

The seeds of the Motso I Castor bean common bean accession,
the common bean varieties (Feb 192 and Ecapan 021) obtained
from IRAD Foumban were used in this study. These varieties
were chosen for their early germination, their adaptability to
the rainy season and their short reproduction cycle (Table
1). The use of a variety presented with a short reproduction
cycle is advantageous for the farmers insofar as they can have
several harvests per year if they are cultivated against the
season. [5].

Experimental device

Figures 1-3 shows the experimental device consists of 04
treatments, therefore 2 in monoculture (Ecapan 021 and Feb
192); then 2 in combination with ricin (Ecapan 021-Ricin
and Feb 192-Castor bean) randomly and repeatedly arranged
in three blocks. Each of the 12 elementary plots has an area
of 18 m 2 (6 m x 3 m). The total area of the field for this
device is 300 m 2. The common bean varieties were sown in
monoculture in five columns separated by 0.5 m. The distance
between two consecutive plants within each column is 0.5 m.
in intercropping, Common bean plants were sown 0.5 m from
each Castor bean and Common bean plant.

Table 1. Some characteristics of the varieties of sheaths used.

Accession Motso |

Varieties Ecapan 021

Feb 192

Colour type: kidney red

Vegetative cycle: 75 days

Seed sizes: large seeds
Potential yield: 1.5 to 2 tons per hectare

.. . .
i m -
_ .

15\

Colour type: Red mottle
Vegetative cycle: 75-80 days
Yield potential: 2,000 to 2,500 (kg/ha)

Colour type: kidney red

Vegetative cycle: 75 days

Seed sizes: large seeds
Potential yield: 1.5 to 2 tons per hectare

o N

Figure 1. Experimental apparatus.
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Figure 2. Experimental unit in monoculture.

Recorded data and statistical analysis

The soil analyses were carried out at the Soil Analysis and
Environmental Chemistry Laboratory (LABASCE) of
the University of Dschang-Cameroon according to the
international methods recommended by Pauwels et al.
(1992). The emergence rate of the seedlings was evaluated
two weeks after sowing. Plant height and number of plant
leaves were assessed on a random sample of 30 plants per
treatment at regular intervals of 14 days. At the flowering
stage, a random sample of 15 plants per treatment was
taken; dry biomass and stem diameter at the collar were

measured. At maturity,
Rdt{Kg/ha) = SEEE 4 22000 (=2]  __LKE 400

NPr DOx(m] LO00 [x

Where Rdt: represents the seed yield, Mgr: mass of seeds,
NPr: number of plants harvested and Ds: seeding density (the
seeding density is equal to the number of seedlings sown per
square meter or on an experimental unit).

The comparison of the performance of each cropping system
was made on the basis of the Land Equivalent Ratio (LER)
which is the ratio of the productivity of an area in cropping
association to that of an area in monoculture according to this
equation:

It is calculated as follows: let A and B be two cultivated plants.

If LER=1, there is no difference between the two culture
modes

If LER<I, there is a loss of yield in combination
If LER >1, there is a productive advantage of associations

Data were subjected to analysis of variance followed by
Duncan's tests when a significant effect was observed. The
statistical software "xlIstat 2018" was used.

The correlation between the parameters was evaluated from
the correlation diagram, X and Y. each element i is represented
by the point of coordinates (Xi,Y1). The set of points forms a
cloud of points whose shape makes it possible to characterize
the intensity of the relationship.

Nehemiah/Lucien/Clautide.

& W

Figure 3. Experimental unit in intercropping.

Results and Discussion
Physico-chemical properties of the soil of the studied site

Table 2 summarizes the physico-chemical properties of the
soil of the experimental site of the IRAD station in Dschang
(texture, pH, nitrogen and phosphorus).

Seedling emergence rate

Emergence rate of common bean legumes
Emergence rates of common bean plants are shown in Figure 4.

There is no significant difference between the cropping
systems (monoculture and cropping association) on the
legumes emergence studied. The average emergence rate of
the legumes in this study are respectively (85.71%, 87.31%,
85.85 and 87.34%) respectively for the treatments (Ecapan
021, Feb 192, Ecapan 021-Ricin and Feb 192-Castor bean).

The results obtained on the emergence of common bean plants
corroborate the data found in the literature. Indeed, reported
that the emergence of generally common bean took place
between 6 and 14 days after sowing with a seedling emergence
rate of 79 to 82%. In this study, the emergence of common
bean seeds was observed 7 days after sowing [4,10].

It was observed in this study that the edaphic and climatic
characteristics of the West Cameroon region would be
favorable to the emergence of common bean seedlings. There
is no difference between the cropping systems on the seedling
emergence of the common bean plants used, which suggests
that the space between two consecutive plants in an elementary
plot is large enough to avoid competition between legumes
and Castor bean in the first stage of their development.

However, the influence of edaphic and climatic variations
observed on the growth and yield of cultivated plants must
be studied.

Effect of intercropping on common bean growth
and productivity

Effect of intercropping on common bean growth

Plant height and number of leaves per plant: Figures 5 and
6 shows the height of the plants and the number of leaves of
the common bean according to the cropping systems.
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Table 2. Physico-chemical properties of the soils of the study sites.

Texture (%) el ciass: sandy clay
pH-water: 5.7 This soil is an acid soil.
pH -pH-Kcl: 4.9
Organic carbon (%) :5.40
Material Org. (%): 9.30
Total nitrogen (g/kg): 0.37
Available phosphorus in mg/kgBray II: 11.00
C/N ratio: 15
Exchangeable cations milliequivalents/100g
Calcium 5.60
Magnesium 3.15
Potassium 1.69
Sodium 0.04
Base sums 10.49
Cation exchange capacity in meq/100 g
Effective CEC 10.49
S/CECE (%) 100
CEC pH7 34.25
Saturation bases (%) 31.00
HE
875 BT 34RR5TH BT 34385714
c RT
-
&0
% Bh.Y
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Figure 4. Common bean Plant Emergence Rate.

In general, there is no significant difference (p<0.05) between
the intercropping systems on these two growth parameters.
However, the height of the plants and the number of leaves
per plant of the legumes studied are higher in intercropping
with Castor bean common bean than in monoculture.

In this study, the height of the common bean plants varies
from 35.57 + 0.29 to 38.97 + 0.41 cm respectively for the
Feb 192 monoculture treatments and the Castor bean-Ecapan
crop association, while the number of leaves of the plants
of common beans varies from 50.55 + 0.17 to 52.92 + 1.21
respectively for the Feb 192 monoculture treatments and the
Castor bean-Ecapan crop association.

In this study, there is a strong and positive correlation (0.99;
p-value = 0.007) between the height and the number of leaves,
then (r = 0.86; p-value = 0.13) between the number of leaves
and the yield in common bean seeds.

Figure 7 shows the results obtained at the height of the plants
and the number of leaves per common bean plant corroborate
the data recorded in the literature (2010) [13,14]. In addition
reported that common bean emergence at 149 cm depending
on treatments and varieties of common beans used [4,5,10,13].

In this study, dry biomass of common bean plants varied from
13.39 £ 0.67 to 17.3 £ 0.37 g respectively for the Feb 192
monoculture and Ecapan-Ricin mixed crop treatments.

In this study, there is a strong and positive correlation (r =
0.97; p-value = 0.03) between dry biomass of common bean
plants and common bean seed yield.

The results obtained on the dry biomass of common bean
plants are superior to those of the work of which reports that
the dry biomass of the common bean varies between 5.64 to
10.2 g depending on the treatments and varieties of common
beans used [4,5,10].
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Figure 5. Common bean plant height.
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Figure 6. Number of common bean plant leaves.

It was observed in this study that the edaphic and climatic
characteristics of the West Cameroon region would be
favorable to the growth of common bean plants. In addition,
the highest values for these parameters in intercropping than
in monoculture reflect the beneficial effect of intercropping
on common bean growth, however, the influence of edaphic
and climatic variations observed there and common bean yield
should be assessed.

Effect of intercropping on common bean productivity

Table 3 represents the common bean production parameters
(dry biomass, stem diameter of the plants at the collar, number
of ears per plant, number of fruits per ear and seed yield) at
maturity at 112 DAS (day after sowing) depending on the
cropping systems.

In general, it appears that there is no significant difference
(p<0.05) between the culture systems of these parameters.
However, higher values on these parameters are observed
in intercropping with Castor bean common bean than in
monoculture.

Effects of cropping association on the number of fruits
per plant in the common bean

In this study, the number of fruits per plant of legumes ranged
from 59.33 £ 0.27, 59.37 £ 0.29 and 7.57 + 0.29 respectively
to 75.97 £0.27.

In this study, there is a strong and positive correlation (r =
r = 0.90; p-value = 0.09) between the number of fruits per
common bean plant and the common bean seed yield.
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Figure 7. Dry biomass of common bean plants.
Table 3. Fruits per plant, seeds per fruit and common bean seed yield.
Treatments Settings
Fruits per plant Seeds per fruit Seed yield (kg/ha)
Ecapan 021 13.83a 7.67a 170.12 at
Feb 192 7.71a 5.23to 168.48
Ecapan 021-Ricin 13.88a 7.25t0 171.27 at
Feb-192-ricin 7.82a 5.85 to 169.08 at

The results obtained on the number of fruits per common bean
plant in this study corroborate the data found in the literature.
Indeed, reported that the number of fruits per common bean
plant ranged from 5 to 9.

Effects of cropping association on the number of seeds
per common bean fruit

In this study, the number of seeds per fruit varied from
2.33 + 0.17 in monoculture to 2.67 £ 0.19.7 respectively in
intercropping. There is a positive and significant correlation
(r=10.30, p <0.05) between the number of seeds per fruit and
the seed yield respectively the common bean.

In this study, there is a strong and positive correlation (r =
0.85; p-value = 0.14) between the number of seeds per fruit of
common bean plants and the seed yield of the common bean.

The values obtained on the number of seeds per common
bean fruit are higher than that found by who reported that the
number of seeds per common bean fruit varied from 2.44 to
2.46.

Effects of intercropping on common bean seed yield

In this study the common bean seed yield varies from
175.67£0.27 in monoculture to 195.67+1.33, kg/ha in
intercropping.

These results are consistent with the work of [14] who reveals
that the seed yield of common bean varied from 0.75 to 0.99
t/ha.

The lower legume seeds yield values obtained in this study
would be justified by the fact that no fertilizer was applied to
our plants in order to optimize plant growth and seed yield.

Several authors, [15] revealed that fertilizers improve soil
fertility and increase plant productivity.

Discussion

Overall, in this study, the intercropping and the experimental
site.

Is beneficial for common bean production, Indeed, study
the effects of temperature and rainfall on food production
in southern Cameroon and reported that climatic conditions
influence plant productivity. Help reduce plant growth.

The beneficial effect of the crop association with the growth
of plants and the production of the common bean could be
explained by the fact that in Castor bean-common bean
association, the Castor bean creates a microclimate favorable
to the growth of legumes and also plays a staking role for the
common bean thus repelling pathogens and would reduce
damage from plant diseases, but this needs to be investigated.
Intercropping turns out to be a necessary tool for improving
cultural systems.

Land equivalent Ratio of the crop association according
to cropping systems

Table 4 represents the Land equivalent Ratio (LER) of the
Castor bean common bean association. In this study, the LER
varies from 1.01 in the Castor bean oil-Feb 192 combination
of 1.02 in the Castor bean oil-Ecapan 021 combination. These
results obtained on LER corroborate the data found in the
literature. Indeed, several authors have revealed that the LER
of Legumes in intercropping is greater than 1.

[4,5]. The LER compares the yields of associated crops with
the yields of monocultures. If the LER>1, the association
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Table 4. Land Equivalent Ratio according to intercropping.

Ecapan 021-Ricin
1.02

is effective while if the LER<I the crop association is not
beneficial. In this study, the LERs of all intercropping systems
studied are greater than 1, suggesting that Castor bean-
common bean intercropping systems are beneficial in our
study area.

The beneficial effect of the Castor bean-Ecapan intercropping
system compared to the other cropping systems studied
suggests that this common bean variety would fix more
nitrogen and make it available to Castor bean common bean
than the Feb 192 variety in our study area. But this needs to
be assessed.

Conclusion

This study aimed to assess the impact of intercropping on
the growth and productivity of common beans in the agro-
ecological zone of the highlands of the West Cameroon
region. Common bean growth and production parameters
were evaluated. The comparison of the performance of
each cropping system was made on the basis of the Land
Equivalent Ratio (LER). The results show that common
bean productivity is influenced by the crop association and
the edaphic and climatic characteristics (sandy clay soil and
tropical climate) of the study area. The yield of common bean
seeds of the Ecapan and Feb 192 varieties in intercropping
with Castor bean is 0.67% and 0.35% higher than that of the
two varieties of common beans in monoculture respectively
for the treatments. Ecapan-Ricin- and Feb 192-Ricin. The
legumes used are more productive when intercropped with the
Ecapan common bean varieties. The LER varies from 1.02
in the Castor bean-Ecapan crop association system to 1.01
in the Castor bean common bean-Feb 192 crop association.
The Castor bean common bean crop association is therefore
beneficial for Cameroonian farmers in the West region. By
growing Castor bean oil in association with common beans,
Cameroonian farmers contribute not only to developing
biofuels, but also to preserving food security. The Castor
bean common bean crop association is therefore beneficial for
Cameroonian farmers in the West region. By growing Castor
bean oil in association with common beans, Cameroonian
farmers contribute not only to developing biofuels, but also to
preserving food security. The Castor bean common bean crop
association is therefore beneficial for Cameroonian farmers in
the West region. By growing Castor bean oil in association
with common beans, Cameroonian farmers contribute not only
to developing biofuels, but also to preserving food security.
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