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Abstract
Rainfall variability, low soil organic matter content, and costly inorganic fertiliz-

ers are the major agricultural constraints in Sub-Saharan Africa. Integrated use of

compost and manure is essential for sustaining soil fertility and increasing crop pro-

ductivity. This study was conducted to evaluate the combined effects of compost and

animal manure on mungbean growth and yield. The 12 treatments consisted of con-

trol, recommended dose of nitrogen, phosphorus, and potassium (NPK), 5 ton ha−1

of compost, 10 ton ha−1 of poultry, 10 ton ha−1 of cattle, and 10 ton ha−1 of sheep

manure, and six combinations of organic amendments with 50% of their applied rate

alone. These treatments were laid out in a randomized complete block design with

six replications. Application of cattle manure at 10 ton ha−1 significantly increased

mungbean seed yield by 66% and 84% compared to the recommended rate of NPK

Abbreviations: CNRA, National Center for Agronomic Research; NPK, nitrogen, phosphorus, and potassium; OM, organic matter; SOM, soil organic

matter; SPAD, soil plant analysis development.
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and control treatments, respectively. Similar observations were made on stem diame-

ter, total pod weight, and number of seeds per pod. Plants amended with compost had

the highest number of ramifications and number of pods than NPK fertilized plants,

which recorded (9±) ramifications and (27±) pods per plant. On average, integrated

use of 5 ton ha−1 of poultry manure + 5 ton ha−1 of cattle manure had the highest

soil plant analysis development values, though not significantly different from NPK

fertilizers. These results suggest that application of organic amendments could be an

alternative to costly and inaccessible inorganic fertilizers for improving mungbean

productivity under low-input agriculture systems.

1 INTRODUCTION

Mungbean (Vigna radiata (L.) Wilczek) is one of the major
food crops grown in South and East Asia (Kang et al., 2014). It
is usually grown on marginal lands under rainfed conditions,
but it is well adapted to arid and semiarid conditions (Diatta
et al., 2020; Kassa et al., 2018; Raina et al., 2016). How-
ever, it grows best in subtropical regions with average annual
rainfall ranging between 600 and 900 mm and at altitude
not exceeding 2000 m on well-drained loams or sandy loam
soils (Nair et al., 2019). The nutritional and functional contri-
bution of mungbean for human health is important because
of its high levels in carbohydrates, proteins, vitamins, and
minerals as well as secondary metabolites such as phenolic
acids and isoflavones (Dahiya et al., 2015). Mungbean is well
suited to many cropping systems due to its short growth cycle
(60–65 days), low water and nitrogen (N) requirements, abil-
ity to improve soil fertility through N fixation, and sustain
productivity of subsequent crops in subsistence agriculture
(Dey et al., 2016; Diatta et al., 2020; Keatinge et al., 2011;
Manga et al., 2022; Senaratne et al., 1995). Nevertheless,
the yield and quality of mungbean can be enhanced by the
proper use of organic amendments. Therefore, with the preva-
lence of low soil carbon (C) in Sub-Saharan Africa and
the high and unfordable cost of fertilizer inputs for small-
holder farmers, application of organic fertilizers could help in
improving mungbean growth and yield under low soil fertility
conditions.

Frequent drought periods and soil degradation are major
agricultural problems in Sub-Saharan Africa and are respon-
sible for recurrent food shortages in the region (Diatta et al.,
2021; Harris, 2002; Mbow et al., 2019; Sileshi et al., 2017).
Similarly, soils in Senegal are inherently low in organic mat-
ter (OM), limiting the ability of the soils to retain moisture for
crop uptake and activation of nutrient-mineralizing microbial
populations (Ginting et al., 2003; McClintock & Diop, 2005).
It is well documented that soil organic matter (SOM) plays
a key role in the soil system and can enhance soil physical,
chemical, and biological properties (Figure 1), thus contribut-

ing to increased crop productivity (Du et al., 2020; Lal, 2006,
2020; Oldfield et al., 2019).

In the early development of human agricultural activi-
ties, animal manure was used as the main source of nutrient
inputs for crop production before the widespread manufactur-
ing of inorganic fertilizers (Zhongqi et al., 2016b). In Senegal,
the animal stock is estimated at 108 million in 2020 (FAO-
STAT, 2022), corresponding to 190% increase compared to
head stock in 2000 (Figure 2). This growth in head stock
has resulted in increased N addition to soils through manure
application, with an estimated N application of 23,037 tons
in 2020 (FAOSTAT, 2022). In Sub-Saharan Africa, applica-
tion of organic materials such as poultry, cattle, and sheep
manure by farmers is a traditionally and commonly used prac-
tice for improving soil fertility (Harris, 2002; Sileshi et al.,
2017). However, the development of high-yielding varieties
with higher nutrient requirements has led to a decrease in the
addition of organic materials and increase in use of synthetic
fertilizers. Although significant increases in crop production
were observed due to the use of mineral fertilizers, their
ever-increasing cost, mainly as a result of their high pro-
duction costs, is a major constraint for increased usage in
Africa (Brunelle et al., 2015). In addition, there is an ample
body of research showing that sole and continuous applica-
tion of inorganic fertilizers may increase soil compaction,
decrease soil porosity and total organic C content, enhance
soil nutrient depletion, and reduce soil microorganism popu-
lation, which could ultimately limit crop yield and nutritional
quality (Choudhary et al., 2018; Diatta et al., 2020; Gint-
ing et al., 2003; Obi & Ebo, 1995; Steiner et al., 2007).
Thus, future use of organic amendments to supply nutrients
to plants and improve crop yields and overall soil health
for smallholder and resource-limited farmers should be a
central component in their nutrient management plans (Adeg-
bite et al., 2021; Diatta et al., 2020; Massah & Azadegan,
2016). Greenhouse and field research has shown that higher
and sustainable crop yields can be obtained with combined
application of manure and compost compared to inorganic
fertilizers (Cobb et al., 2018). However, it is essential to
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identify the optimum manure-compost combination for meet-
ing nutrient requirements for increased crop yields, reduced
environmental pollution, and enhanced food security.

Animal manure is composed primarily of excreta (urine
and feces), but could also contain bedding materials, dropped
feed, scurf, and other farming wastes (Zhongqi et al., 2016a).
Manure is rich in plant nutrients such as N, phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S)
and is usually applied to soils as a fertilizer for agricultural
production in many regions, including semi-arid regions of
Africa (Lal, 2006; Sileshi et al., 2017; Zhongqi et al., 2016a).
Manure application has been demonstrated to account for 15%
of the N inputs to cropland in Sub-Saharan Africa (Liu et al.,
2010). According to Sileshi et al. (2017), 1 ton of manure on
a dry weight basis applied to soils in Sub-Saharan Africa can
add 325.4 kg of C, 16.9 kg of N, 8.3 kg of P, 11.2 kg of K,
6.9 kg of Ca, 4.4 kg of Mg, and 0.7 kg of S on average. Com-
pared to plant residues and manure, compost releases nutrients
more slowly and has longer lasting effects (Ciaccia et al.,
2017; Ouédraogo et al., 2001). Slow decomposition is more
effective in increasing SOM, which plays a key role in soil
fertility by retaining water and nutrients and maintaining soil
structure. Other benefits include the disposal and recycling of
municipal solid waste, thereby reducing the amount of mate-
rial going to landfill (McClintock & Diop, 2005). Therefore,
reduction in the total dependence on synthetic fertilizers using
compost and animal manure has the potential to transform cur-
rent mungbean into more sustainable production systems (Cai
et al., 2019; Edmeades, 2003).

Previous studies have demonstrated the adaptation of
mungbean genotypes to the Senegalese environment (Abaye
et al., 2018; Cisse et al., 2011), and their potential for increas-
ing cereals yields in intercropping systems (Diatta et al., 2020;
Trail et al., 2016) and enhancing the nutritional security of

Core Ideas
∙ Integrated use of organic amendments is essential

for increasing crop productivity and sustaining soil
fertility.

∙ Mungbean yield was significantly enhanced by
compost or cattle manure compared to inorganic
fertilizer treatments.

∙ Use of organic amendments can be a sustainable
management alternative to expensive synthetic
fertilizers.

rural populations (Abaye et al., 2015; Vashro et al., 2018).
However, no study has investigated the potential of organic
amendments for increasing mungbean yields in Senegal, to
our knowledge. The present study was conducted to evaluate
the effects of integrated application of compost and animal
manure on growth, yield, and yield components of mung-
bean in comparison to the recommended dose of nitrogen,
phosphorus, and potassium (NPK) fertilizers.

2 MATERIALS AND METHODS

2.1 Soil description

A greenhouse experiment was conducted using soils col-
lected from the Faculty of Agronomy, Aquaculture, and Food
Technology’s farm of Gaston Berger University, Saint-Louis
Senegal (16˚03′19.0″N 16˚25′39.0″W). The site has been
under permanent fallow with predominantly sandy loam soils
(Table 1). The soils are classified as sandy loam and have

F I G U R E 1 Potential benefits of organic amendments in agriculture. SOM, soil organic matter.
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F I G U R E 2 Estimates of animal stocks, nitrogen (N) inputs to agricultural soils from livestock manure and corresponding losses via

volatilization and leaching in Senegal from 1961 to 2020 (Source: Food and Agriculture Organization of the United Nations, FAO).

T A B L E 1 Physical and chemical properties of the soil, compost, and animal manure.

Properties Soil Composta Poultry manure Cattle manurea Sheep manurea

Clay (%) 8.25 – – – –

Sand (%) 75.00 – – – –

Silt (%) 16.75 – – – –

Bulk density 1.526 – – – –

Field capacity (cm3 water/cm3 soil) 0.156 – – – –

pH (1/2.5) 8.23 7.03 7.24 7.12 7.62

Electrical conductivity (1/2.5) (mS cm−1) 0.269 5.920 6.530 3.340 6.470

C (%) 0.793 16.113 7.890 5.897 10.257

N (%) 0.124 5.755 4.006 1.766 2.861

C/N 6.395 2.800 1.970 3.339 3.585

OM (%) 1.364 – – – –

Available P (mg kg−1) 34.740 – – – –

Exchangeable Ca (mg kg−1) 525.00 1500.00 1200.00 1200.00 750.00

Exchangeable Mg (mg kg−1) 90.00 180.00 450.00 135.00 450.00

Exchangeable Na (mg kg−1) 35.65 29.90 35.65 12.08 34.50

Exchangeable K (mg kg−1) 28.39 46.41 26.75 8.74 18.56

Abbreviations: C, carbon; Ca, calcium; C/N, carbon/nitrogen ratio; K, potassium; Mg, magnesium; N, nitrogen; Na, sodium; OM, organic matter; P, phosphorus.
apH and electrical conductivity of compost, cattle, sheep manure (1:5) materials: deionized water mixture on a volumetric basis.

low water holding capacity, high permeability, and are very
sensitive to drought (Herrick et al., 2013). The climate of
the area is of the Sudano-Sahelian type and marked by two
seasons: a longer dry season (November–June) and a shorter

rainy season (July–October). The study area is characterized
by an average annual rainfall of 450 mm with a mean maxi-
mum temperature of 37˚C and mean minimum temperature of
16˚C.
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2.2 Soil sampling and analysis

The soil was collected randomly to a depth of 20 cm from
fields and composite soil samples were air-dried in a dust-free
glasshouse and then sieved to pass a 5-mm particle size diam-
eter. The physical and chemical properties (Table 1) of the
soil samples were analyzed at the soil-plant and water testing
laboratory of the National Center for Agronomic Research-
Senegalese Institute of Agricultural Research (CNRA–ISRA)
at Bambey (Senegal). Soil texture was determined by mea-
suring the fine fractions (clays and silts) by sedimentation
and the coarse fractions (coarse, medium, and fine sands) by
sieving on standardized screens. Field capacity and soil bulk
density were determined as described by Gupta and Larson
(1979) and Chopart (1980), respectively. Soil pH and elec-
trical conductivity were determined (Mathieu et al., 2003),
while soil total C, total N, and available P were determined
using modified methods of Walkley and Black (1934), Olsen
and Sommers (1983), and Kjeldahl (1883), respectively. The
SOM was calculated using the formula SOM= carbon content
× 1.72 (with 1.72 being the adapted van Bemmeln coefficient
of cultivated soils) (Nelson & Sommers, 1996).

The compost used in this experiment was prepared by the
CNRA using peanut (Arachis hypogaea L.) shells, domestic
waste, animal dung, and crop residues (millet straw [Pennise-
tum glaucum (L.) R. Br.] and maize [Zea mays L.]). Animal
manure was collected from farms near the faculty’s farm
and applied 1 week before planting. The recommended dose
of NPK at 150 kg ha−1 of 6-20-10 was applied as a basal
dose. Plastic pots were filled with 2.750 kg of soil, on which
the corresponding nutrient source was uniformly applied and
incorporated at approximately 15 cm in each pot as per fertil-
ization treatment. Each plastic pot was lined with a polythene
bag to prevent loss of soil.

2.3 Experimental design

The experimental pots were laid out in a randomized com-
plete block design with six replicates per treatment. Berken
is a hybrid, medium-large seeded mungbean cultivar and was
obtained from Oklahoma Foundation Seed Stocks (Stillwa-
ter, OK, USA). The fertilization treatments consisted of the
control treatment with no fertilizer, inorganic fertilizer (rec-
ommended dose of NPK: 6-20-10), compost, animal manure,
and the combination of organic amendments (Table 2). The
proposed rates for the compost and animal manure are
based on the previous research conducted in Senegal on soil
improvement, yield increase, and farmers’ adoption (Faye
et al., 2021). The organic amendments (compost, poultry
manure, cattle manure, and sheep manure) were equilibrated
in the pots for 7 days, irrigated with river water, and main-
tained at 80% of field capacity prior to sowing. The river water

T A B L E 2 Experimental treatments and application rate used in

each treatment.

No. Treatment Application rate
T1 Control 0 ton ha−1

T2 Recommended NPK:
6-20-10

150 kg ha−1

T3 Compost 5 ton ha−1

T4 Poultry manure 10 ton ha−1

T5 Cattle manure 10 ton ha−1

T6 Sheep manure 10 ton ha−1

T7 Compost + poultry
manure

2.5 ton ha−1 + 5 ton ha−1

T8 Compost + cattle manure 2.5 ton ha−1 + 5 ton ha−1

T9 Compost + sheep manure 2.5 ton ha−1 + 5 ton ha−1

T10 Poultry manure + cattle
manure

5 ton ha−1 + 5 ton ha−1

T11 Poultry manure + sheep
manure

5 ton ha−1 + 5 ton ha−1

T12 Cattle manure + sheep
manure

5 ton ha−1 + 5 ton ha−1

Abbreviation: NPK, nitrogen, phosphorus, and potassium.

is characterized by pH (1/2.5) of 6.35, electrical conductiv-
ity (1/2.5) (μs cm−1) of 8.41, exchangeable Ca (mg kg−1)
of 105.00, exchangeable Mg (mg kg−1) of 18.00, exchange-
able Na (mg kg−1) 24.15, and exchangeable K (mg kg−1)
of 3.82. In each pot, two seeds were sown on September
3, 2021, at Gaston Berger University’s greenhouse. A stan-
dardized gravimetric approach of daily pot weighing (twice a
day) was followed during the experiment to control watering
regimes to gradually attain 80% of field capacity. After 1 week
of seedling emergence, the mungbean plants were thinned to
one plant per pot. The crop cultural practices were similar
in all treatments throughout the growth cycle, except for the
compost, animal manure, and fertilizer treatments.

2.4 Data collection

Soil plant analysis development (SPAD)-502 chlorophyll
meter (Konica Minolta Sensing Americas Inc.) readings on
the third leaf from the top were taken at sowing, during veg-
etative growth, at flowering, during pod development, and
at maturity stages to help determine foliar chlorophyll con-
centration differences between fertilization treatments. Leaf
chlorophyll content and N content are closely related and
are quickly and non-destructively assessed through spectral
reflectance, specifically between the red and infrared wave-
lengths (Gitelson et al., 2003). The SPAD values have been
used as a vegetative index in mungbean and is positively
correlated to chlorophyll content, growth, and grain yield
(Dhakal et al., 2015; Diatta et al., 2020). Plant height, stem
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T A B L E 3 Effects of compost, animal manure, compost–manure

combination, and inorganic fertilizers on stem diameter and number of

branches of mungbean.

Treatments
Stem diameter
(cm)

Number of
branches

T1 0.50acdb 9.50cd

T2 0.45d 9.00d

T3 0.55bcd 14.50a

T4 0.70ab 14.00a

T5 0.80a 12.50ab

T6 0.55bcd 13.00ab

T7 0.65abc 12.50ab

T8 0.50cd 10.50bcd

T9 0.55bcd 13.00ab

T10 0.65abc 12.00abc

T11 0.65abc 12.50ab

T12 0.60bcd 11.00bcd

Note: Control (T1), inorganic fertilizer (Recommended NPK: 6-20-10 at 150 kg

ha−1) (T2), 5 ton ha−1 of compost (T3), 10 ton ha−1 of poultry manure (T4), 10

ton ha−1 of cattle manure (T5), 10 ton ha−1 of sheep manure (T6), 2.5 ton ha−1 of

compost + 5 ton ha−1 of poultry manure (T7), 2.5 ton ha−1 of compost + 5 ton

ha−1 of cattle manure (T8), 2.5 ton ha−1 of compost + 5 ton ha−1 of sheep manure

(T9), 5 ton ha−1 of poultry manure + 5 ton ha−1 of cattle manure (T10), 5 ton ha−1

of poultry manure + 5 ton ha−1 of sheep manure (T11), and 5 ton ha−1 of cattle

manure + 5 ton ha−1 of sheep manure (T12).
aEach value is the mean of six replicates.
bMeans within column, followed by different letter are significantly different

(Fisher’s protected least significant difference, p = 0.05).

diameter, and number of branches were determined at matu-
rity stage. After these measurements, mungbean pods were
hand-harvested weekly until all mature pods were collected
from the plants. Number of pods per plant, pod length, num-
ber of seeds per pod, and number of seeds per plant were
recorded at harvest. Seed yield was calculated as dry matter
of seeds from each plant at harvest, and seed yield per plant
was computed.

2.5 Statistical analyses

Mungbean plant growth, yield, and yield components were
statistically analyzed using 2022 JMP Statistical Discovery
LLC SAS JMP Pro version 15.0.0 statistical software (SAS
Institute Inc.). Analysis of variance (Gomez & Gomez, 1984)
was used to test the effects of fertilization treatments on plant
height, stem diameter, number of branches, SPAD values,
number of pods per plant, pod length, number of seeds per
pod, number of seeds per plant, and seed yield. When treat-
ment differences were found at α = 0.05 significance level,
Fisher’s protected least significant difference was used for
mean separation.

3 RESULTS AND DISCUSSION

3.1 Plant growth

There were significant (p < 0.05) effects of fertilizer treat-
ments on mungbean growth parameters (Table 3). Organic
amendments and their combinations significantly (p < 0.05)
increased plant height (Figure 3), stem diameter, and num-
ber of branches compared to NPK and control treatments
(Table 3). Application of compost + sheep manure (T9)
significantly increased plant height by 13% and 25% over rec-
ommended rate of NPK and control, respectively. Similarly,
stem diameter was significantly increased by 78% and 60%
due to the sole application of cattle manure (T5) compared to
synthetic fertilizer (T2) and control treatments (T1), respec-
tively. Consistent with previous results, organic amendments
resulted in a higher number of branches compared to inorganic
fertilizer application and control treatments. Mungbean plants
amended with poultry manure (T4) produced 56% and 47%
more branches than NPK and control plants, respectively.

The results from this study suggest that plant growth was
enhanced by the application of organic amendments when
compared to mungbean growth with the recommended rate
of inorganic fertilizers. This is in line with other studies
where application of organic amendments increased growth
of mungbean (Islam et al., 2021), cowpea [Vigna unguiculata
(L.) Walp.] (Adegbite et al., 2021), peanut (Du et al., 2020),
soybean [Glycine max (L.) Merr.] (Tagoe et al., 2010), maize
(Zhong et al., 2010), rice (Oryza sativa L.) (Steiner et al.,
2007), and wheat (Triticum turgidum L.) (Choudhary et al.,
2018). The increase in plant growth following organic amend-
ments could be attributed to the high contents of manure
in N, P, K, and other beneficial plant nutrients such as S,
Ca, and Mg and trace elements (iron, manganese, copper,
and zinc). The high nutrient contents could result in bet-
ter plant nutrition, thereby enhancing plant growth (Javaid
& Bajwa, 2011; Steiner et al., 2007). Jones et al. (2004)
reported that SOM promotes the proliferation and develop-
ment of beneficial microorganisms that play a role in the
decomposition of OM, making SOM a major source of plant
nutrients. It also improves the physical properties of the soil,
such as its porosity, structure, and water holding capacity
(Choudhary et al., 2018; Lal, 2006). The management of
SOM is, thus, important for the development of a sustain-
able low-input farming system and for the improvement of
soil fertility. The ability of organic amendments to act as a
slow-release fertilizer and continuously promote soil physi-
cal, chemical, and biological properties could also contribute
toward enhanced plant growth (Sutrisno & Yusnawan, 2018).
However, Sutrisno and Yusnawan (2018) studied the effects of
manure and inorganic fertilizers on mungbean growth, yield,
and yield components and reported that NPK fertilizers sig-
nificantly increased plant growth due to enhanced intake of N
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F I G U R E 3 Effects of compost, animal manure, compost–manure combination, and inorganic fertilizers on plant height of mungbean.

Treatments connected by dissimilar letters are significantly different at α = 0.05 according to Fisher’s protected least significant difference and error

bars represent standard error of the mean (n = 72).

and P. It is well documented that application of inorganic NPK
increases the availability of macronutrients such as N, P, and
K and can make these nutrients readily absorbed by the crops.
The utilization of these nutrients in crop metabolism such
as carbohydrate synthesis, cellulose, proteins, hormones, and
enzymes trigger plant growth. Others have found that com-
bining manure and NPK fertilizers resulted is similar or faster
growth than the sole application of NPK (Manna et al., 2007;
Wei et al., 2016).

3.2 Yield components

Application of compost (T3) to mungbean produced 64% and
74% more pods than plants fertilized with NPK and con-
trol treatments, respectively, but was not significantly higher
than plants amended with cattle manure (T5) (Table 4).
As a result, total pod weight of mungbean plants amended
with organic amendments, particularly 10 ton ha−1 of cattle
manure (T5), recorded the highest value (27.43 g) compared
to NPK (16.6 g) and control (14.4 g) treatments (Table 4).
Unlike the number and weight of pods, NPK fertilizers gave
the longest mungbean pods (8.88 cm) compared to unfertil-
ized plants (8.04 cm) but were not significantly different than
plants amended with poultry manure + cattle manure (T10),
compost (T3), and cattle manure (T5) (Table 4).

The increased number of pods and weight after applying
compost (T3) and cattle manure (T5) could be due to the
availability of primary growth elements and an efficient uti-
lization of soil resources by mungbean plant, resulting in
better plant development (Naeem et al., 2006). The analy-

sis of compost and animal manure amendments shows that
compost and cattle have the lowest electrical conductivity
values (5.92 and 3.34 dS/m, respectively) compared to other
organic amendments and high content in exchangeable bases.
As reported by Du et al. (2020), organic amendments can
increase soil organic C accumulation and total N, P, and K
contents, indicating a sustainable supply of essential elements
for plant growth. The greater plant growth under organic
amendments compared to NPK fertilized plants could also be
related to the effective transport and storage of gases, heat,
water, and nutrients due to improved aggregate size, stabil-
ity, and soil structure (Guo et al., 2019; Peng et al., 2015).
Manure application can thus positively influence soil physical
and chemical indicators and promote cycling and availability
of soil nutrients and soil health (Choudhary et al., 2018).

There was a significant (p < 0.05) influence of compost,
animal manure, their combinations, and NPK fertilizers on
mungbean number of seeds per pod. The mungbean plants
fertilized with organic amendments produced the highest
number of seeds compared to inorganic fertilizers (Figure 4).
Specifically, cattle manure + sheep manure (T12) had the
greatest number of seeds per pod with 11.67 seeds per pod,
on average, representing 19% more than the control treatment.
However, the number of seeds per pod in T12 was not statis-
tically different from inorganic fertilizer NPK (T2) and cattle
manure (T5) with 11.17 and 10.50 seeds per pod, respectively
(Figure 4). The increase in number of seeds per pods for cat-
tle manure + sheep manure (T12) and cattle manure (T5) is
largely attributed to improved SOM content, soil physical,
chemical, and biological properties. However, Naeem et al.
(2014) recorded a higher number of seeds per pod for NPK
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8 of 15 DIATTA ET AL.

T A B L E 4 Effects of compost, animal manure, compost–manure combination, and inorganic fertilizers on number of pods, pod length, and pod

weight of mungbean.

Treatments No pods Pod length (cm) Pods weight (g)
T1 25.0adefb 8.04cdef 14.40cde

T2 26.5def 8.88a 16.60bcde

T3 43.5a 8.39abcde 19.79b

T4 36.0abcd 7.53f 15.70bcde

T5 39.0abc 8.45abcde 27.43a

T6 32.0bcde 8.05bcdef 17.04bcd

T7 21.0ef 8.55abcd 12.89e

T8 35.0abcd 7.79ef 18.80b

T9 31.0cdef 7.93def 17.39bc

T10 42.5ab 8.82a 16.66bcde

T11 20.5f 8.77abc 13.05de

T12 23.0ef 8.79ab 17.83bc

Note: Control (T1), inorganic fertilizer (Recommended NPK: 6-20-10 at 150 kg ha−1) (T2), 5 ton ha−1 of compost (T3), 10 ton ha−1 of poultry manure (T4), 10 ton ha−1

of cattle manure (T5), 10 ton ha−1 of sheep manure (T6), 2.5 ton ha−1 of compost + 5 ton ha−1 of poultry manure (T7), 2.5 ton ha−1 of compost + 5 ton ha−1 of cattle

manure (T8), 2.5 ton ha−1 of compost + 5 ton ha−1 of sheep manure (T9), 5 ton ha−1 of poultry manure + 5 ton ha−1 of cattle manure (T10), 5 ton ha−1 of poultry manure

+ 5 ton ha−1 of sheep manure (T11), and 5 ton ha−1 of cattle manure + 5 ton ha−1 of sheep manure (T12).
aEach value is the mean of six replicates.
bMeans within column, followed by different letters are significantly different (Fisher’s protected least significant difference, p = 0.05).

F I G U R E 4 Effects of compost, animal manure, compost–manure combination, and inorganic fertilizers on number of seeds per pod of

mungbean. Treatments connected by dissimilar letters are significantly different at α = 0.05 according to Fisher’s protected least significant

difference and error bars represent standard error of the mean (n = 72).

(25-50-50 kg ha−1) fertilized mungbean than plants receiv-
ing poultry manure (3.5 ton ha−1) and farmyard manure (5
ton ha−1). They attributed these differences to the avail-
ability of NPK in sufficient and efficient utilization of soil
resources by the plant. However, the lower number of seeds
for plants amended with manure could be due to the low rate
of application (Javaid & Bajwa, 2011). In the present study,

the highest number of seeds observed under cattle manure +
sheep manure (T12) can be attributed to improved microbial
activity in soil which can improve the availably of essential
nutrients such as NPK at flowering and seed formation stages
(Zhong et al., 2010). Previous research has shown that organic
amendments can enhance total organic C and total N con-
tents as well as enzymatic activities, which will ultimately

 25751220, 2023, 1, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/uar2.20048 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [22/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



DIATTA ET AL. 9 of 15

F I G U R E 5 Effects of compost, animal manure, compost-manure, and inorganic fertilizer on mungbean seed yield. Treatments connected by

dissimilar letters are significantly different at α = 0.05 according to Fisher’s protected least significant difference and error bars represent standard

error of the mean (n = 72).

increase mungbean yield parameters (Guo et al., 2019). Gint-
ing et al. (2003) found that manure application increased C
and N balances without changes on soil C and N storage
and global warming compared to the control plots 4 years
after manure application. The 21-year long-term studies of
Zhong et al. (2010) and Choudhary et al. (2018) reported
that manure application increased soil quality compared to
unfertilized control, particularly soil pH; organic C; total N,
P, and K; and available N, P, and K content. In another study,
Du et al. (2020) found a 8% increase in crop yields due to
manure application compared to unamended plots, which is
attributable to increase in soil organic C storage, soil pH, and
nutrient concentrations, according to Cai et al. (2019). Under
Sub-Saharan Africa conditions, Sileshi et al. (2017) observed
higher increase (up to 100%) in crop yields following manure
application. They attributed the yield increase to improved
water holding capacity, increased cation-exchange capacity,
and increased soil C. The results from this study suggest that
5 ton ha−1 of cattle manure + 5 ton ha−1 of sheep manure
(T12) and 10 ton ha−1 of cattle manure (T5) could potentially
provide the required nutrients for the plant to complete the
flowering and seed formation stages in comparison to NPK
fertilizers.

3.3 Yield

Mungbean seed yield was significantly (p < 0.05) influenced
by organic and inorganic fertilizers (Figure 5). Application

of cattle manure at 10 ton ha−1 (T5) produced significantly
higher seed yield than mungbean receiving NPK and no fer-
tilizers, which corresponded to a 66% and 84% increase,
respectively. Cattle manure (T5) is followed by compost (T3),
compost + cattle manure (T8), and cattle manure + sheep
manure (T12), though not statistically different to seed yield
from NPK fertilized plants (Figure 5). On average, sole appli-
cation of animal manures resulted in a seed yield of 14.4 g
while their combination produced 11.7 g (Figure 5). The inte-
grated use of compost and animal manure had an average seed
yield of 11.8 g. Data on mungbean seed yield also showed that
application of poultry manure alone or in combination with
compost and other animal manure tended to produce lower
seed yield compared to other fertilizer treatments (Figure 5).

Compost and manure and their combinations significantly
(p < 0.05) increased yield and yield parameters of mung-
bean, as compared to mungbean plants fertilized with the
recommended rate of NPK fertilizers. The results suggest
that these soil amendments provided the soil nutrients for
enhanced nutrition and production. In our study, cattle manure
(T5) significantly (p < 0.05) increased mungbean seed yield
compared to NPK treatments. Javaid and Bajwa (2011) also
reported significant increases in mungbean grain yield follow-
ing application of farmyard manure at 20 ton ha−1 compared
to the recommended dose of NPK fertilizers. Similar results
were reported following application of organic amendments
to cowpea (Badar et al., 2015), peanut (Du et al., 2020), soy-
bean (Choudhary et al., 2018), wheat and maize (Cai et al.,
2019), and rice (Steiner et al., 2007). However, Sutrisno and
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10 of 15 DIATTA ET AL.

F I G U R E 6 Effects of compost, animal manure, compost–manure combination, and inorganic fertilizer on mungbean soil plant analysis

development (SPAD) values (S = sowing, V = vegetative stage, F = flowering, P = pod development, M (beg) = beginning maturity, M (full) = full

maturity). Treatments with dissimilar letters are significantly different at α = 0.05 according to Fisher’s protected least significant difference and

error bars represent standard error of the mean (n = 72). Control (T1), inorganic fertilizer (recommended nitrogen, phosphorus, and potassium

[NPK]: 6-20-10 at 150 kg ha−1) (T2), 5 ton ha−1 of compost (T3), 10 ton ha−1 of poultry manure (T4), 10 ton ha−1 of cattle manure (T5), 10 ton ha−1

(Continues)
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F I G U R E 6 (Continued)
of sheep manure (T6), 2.5 ton ha−1 of compost + 5 ton ha−1 of poultry manure (T7), 2.5 ton ha−1 of compost + 5 ton ha−1 of cattle manure (T8), 2.5

ton ha−1 of compost + 5 ton ha−1 of sheep manure (T9), 5 ton ha−1 of poultry manure + 5 ton ha−1 of cattle manure (T10), 5 ton ha−1 of poultry

manure + 5 ton ha−1 of sheep manure (T11), and 5 ton ha−1 of cattle manure + 5 ton ha−1 of sheep manure (T12).

Yusnawan (2018) reported that manure application at 5 ton
ha−1 did not significantly increase mungbean seed yield com-
pared to NPK fertilizers. Although the lack of yield increase
was attributed to the low rate of applied manure, Adegbite
et al. (2021) found that 12 ton ha–1 of cattle manure produced
similar seed yield as inorganic N at 20 kg ha–1. Others have
attributed the lack in yield response following application of
organic materials to the low quantity of readily available N
for crop uptake (Chen et al., 2018; Edmeades, 2003; Sileshi
et al., 2017). In the present study, differences in seed yields
between organic amendments and inorganic fertilizers can be
attributed to increased total soil C and N levels, which can last
up to 4 years (Ginting et al., 2003). In addition, P, K, Mg, and
Ca contents could be increased after applying organic amend-
ments to soils, hence explaining the increased mungbean yield
(Adegbite et al., 2021; McClintock & Diop, 2005; Tagoe
et al., 2010). Oagile and Namasiku (2010) found significant
increase in N, P, and exchangeable bases with the addition of
up 20 w/w% manure, suggesting the positive effects of manure
in improving soil fertility. Studies investigating the impacts
of organic amendments on soil fertility and crop productivity
have also reported significantly higher cation exchange capac-
ity for manure and compost-amended soils than non-amended
soils, demonstrating the importance of manure in modifying
the soil exchange capacities (McClintock & Diop, 2005; Oag-
ile & Namasiku, 2010; Ouédraogo et al., 2001; Steiner et al.,
2007). The initial amounts of exchangeable bases were sig-
nificantly higher for compost (1756 mg kg−1) and animal
manure (1440 mg kg−1, on average) than the soil (679 mg
kg−1) (Table 1). Greater concentrations in exchangeable Ca
were observed for all organic amendments, suggesting that
the exchange capacity of the soils is mainly attributed to the
Ca from organic materials. In addition, exchange sites in the
soil particles could be freed up following organic amendment
such as compost and cattle manure through the binding of
cations in the soil solution, leading to greater nutrient concen-
trations (McClintock & Diop, 2005). Higher C levels through
application of organic amendments could provide more stable
humic complexes and result in increased adsorption capacity
of the soil (McClintock & Diop, 2005). A greater stimulation
of microbial-mediated release of nutrients can be also induced
by the enhanced retention of moisture in the small pore size
of more stable humic complexes (Zhong et al., 2010).

Among organic amendments, the significant increase in
mungbean seed yield under cattle manure (T5) treatment com-
pared to compost, poultry, and sheep manure could be due to
its low electrical conductivity (Table 1). Research on single
and combined application of organic and inorganic fertilizers

has shown that lower electrical conductivity value for organic
amendments improve crop yields through SOM maintenance
and microbial activity (Du et al., 2020). This is supported
by Oagile and Namasiku (2010) results, which indicated that
electrical conductivity values lower than the 4 mS cm−1 crit-
ical value has no potential threat to soil productivity for
crop growth. Therefore, cattle manure with lower electrical
conductivity value (3.340 mS cm−1) than the critical value
and other organic amendments such as compost (5.920 mS
cm−1), poultry manure (6.530 mS cm−1), and sheep manure
(6.470 mS cm−1) have lower potential to contribute toward
salt buildup, which could explain the greater yield increase
observed in our study by cattle manure. The chemical anal-
ysis of soil amended with manure showed enhanced cation
exchange capacity and increased nutrient contents (K, Mg,
and Al) (McClintock & Diop, 2005). In the present study,
mungbean plants amended with manure yielded more than
those receiving compost, probably due to the higher concen-
trations of C, N, P, K, Ca, Mg, and Fe in manure compared to
compost. The advanced stage of decomposition of the com-
post has been shown to result in a C drop (up to 20%) and a
possible loss of labile nutrients to leaching or volatilization
(McClintock & Diop, 2005).

Several studies have shown that manure application could
meet most of the N requirement of legume crops and pro-
duce higher yield than the only application of synthetic
fertilizers (Badar et al., 2015; Choudhary et al., 2018; Du
et al., 2020). These findings suggest that the judicious use
of organic amendments in mungbean cultivation can pro-
duce seed yields equivalent or greater to those obtained
with mineral fertilizers. Therefore, organic amendments have
the potential to enhance crop yield and decrease the depen-
dence on inorganic fertilizers, thus limiting the risks induced
by extensive and inappropriate use of synthetic fertilizers.
Research has also shown the positive effects of manure on
mungbean tolerance to abiotic stresses and improved nutri-
tional quality (Naeem et al., 2006; Nair et al., 2019; Sutrisno
& Yusnawan, 2018). Therefore, research efforts should be
encouraged to investigate the effects of separate and combined
effects of organic amendments such as compost, manure, and
inorganic fertilizers on mungbean productivity in semi-arid
regions.

3.4 SPAD values

Application of organic amendments, their combination and
inorganic fertilizers induced significant differences (p < 0.05)
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for the SPAD values during mungbean growth. On aver-
age, SPAD values continuously increased from the vegetative
growth stage (23.01; Figure 6b) until the beginning of matu-
rity to reach 42.46 (Figure 6e) and then decreased to 31.60
at full maturity (Figure 6f). However, there were no signif-
icant differences between fertilization treatments at sowing
(Figure 6a) and vegetative stages (Figure 6). At flowering
stage (Figure 6c), the SPAD values of mungbean amended
with compost + poultry manure (T7) were 21% higher than
values of NPK fertilized plants (35). At the pod development
stage, when poultry manure was applied in combination with
cattle manure (T10), SPAD values were increased by 33%
over SPAD values of NPK treatments (Figure 6d). At the
beginning and full maturity (Figure 6e and f), application of
poultry manure + sheep manure (T11) and compost + cattle
manure (T8) significantly increased SPAD values by 23% and
44% over the recommended rate of inorganic fertilizer (T2),
respectively (Figure 6).

Few studies have shown that organic amendments could
produce higher SPAD values than those of recommended
rates of inorganic fertilizers. However, the results from this
study indicate that application of organic amendments could
reduce N losses by conserving soil N through the forma-
tion of organo-mineral complexes (Lal, 2006; McClintock &
Diop, 2005; Tiquia et al., 2002), hence ensuring a continuous
availability of N to mungbean for higher SPAD values. Other
studies investigating the benefits of organic amendments to
plant nutrition also attributed the enhanced SPAD values to
increased N availability (Badar et al., 2015; Du et al., 2020;
Ginting et al., 2003).

4 CONCLUSION

This study was undertaken to assess the effects of integrated
use of compost and animal manure on mungbean growth,
yield, and yield components. Our results demonstrated that
application of cattle manure at 10 ton ha−1 (T5) significantly
increased mungbean seed yield by 66% compared to inorganic
fertilizer treatments due to improved soil properties. There
were also significant effects of organic amendments on mung-
bean growth and yield components. The higher yield obtained
with the application of cattle manure can be attributed to
the enhanced nutrient availability, resulting in greater plant
height, stem diameter, number of branches, number of seeds
per pod, number of pods, and pod weight. The results suggest
that compost or cattle manure application can be a poten-
tial source of plant nutrients and soil conditioner. Future
research could focus on the impacts of organic amendments
on soil nutrient availability as well as the interactions between
soil microorganism, OM, and nutrient dynamics. Research
efforts can be directed toward promoting use of compost and
animal manure as a sustainable management alternative to
expensive and inaccessible synthetic fertilizers and support

farmers’ determination to adapt to increasingly challenging
and unstable environment.
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