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A B S T R A C T
Chickpea (Cicer arietinum L.), an important source of protein, is well adapted to soils of low fertility which can be improved by the application of farm yard
manure (FYM) and effective rhizobium strains which are cost-effective fertilizers for poor resources farmers. To determine the optimum level of FYM and
select compatible rhizobia strains for maximum yield of chickpeas, a field experiment was conducted at Goladjo Research Center, Fafan, Ethiopia during the
main rainy season of 2022. The experiment consisted of four rhizobia strains (CP0 (control), CP1, CP2, and CP3) and three FYM levels (0, 5, and 10 t ℎ𝑎−1)
which were laid out in randomized complete block design with three replications. Results indicated that rhizobia strains did not affect nodule formation
which could be due to the chickpea genotype, used in this experiment, failure to produce nodules or failure of the strains to adapt experimental environment
and soil, thus they had no significant effect on all parameters except on pod bearing branches. FYM significantly affected days to flowering, pod-bearing
branches per plant, pod per plant, seed per pod, grain yield, total biomass, and harvest index. The 5 t FYM ℎ𝑎−1 treatment shortened the days to flowering
as compared with the control and 10FYM t ℎ𝑎−1. The highest branches per plant (7.13), pod per plant (20.96), seed per pod (1.21), grain yield (2090. 6 kg
ℎ𝑎−1), biomass (3670.8 kg ℎ𝑎−1), and harvest index (0.58) were recorded with the level of 5t FYM ℎ𝑎−1. The 5t FYM ℎ𝑎−1 treatment increased the grain
yield by 31.88% as compared with the control. Based on the economic analysis, the maximum net benefit (75,522 ETB ℎ𝑎−1) and the highest marginal
rate of return (23.66 %) were also found with a level of 5 t FYMℎ𝑎−1. Therefore, a level of 5t FYMℎ𝑎−1 is recommended for chickpea production in a test area.
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1. Introduction
Chickpea is the most important pulse crop and well

adapted to environmental stresses such as high temperatures
and soils of low fertility. Due to its proliferating rooting
habits, the crop extracts water from deep layers of soil
profiles, and thus it is moderately drought tolerant (Tripathi
et al., 2015). The crop is an important source of protein for
human nutrition and a source of cash income for farmers
(Erman et al., 2011). Chickpea seeds contain 20.6% protein,
61.2% carbohydrate, and 2.2% fat (Togay et al., 2008), which
implies it is an important source of protein in cereal-based
diets. Moreover, it is also widely used as fodder and green
manure (Togay et al., 2008; Erman et al., 2011).
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In Ethiopia, the average yield of chickpeas is 1.7 t ℎ𝑎−1
(Agency, 2013), which is far below the potential yield of
4.5 t ℎ𝑎−1. Due to inappropriate water use, and fertilizer
application, the average yield falls even below the national
average (Werner and Newton, 2005). Application of the
optimum amount of inorganic and organic fertilizer is vital
to maximize crop productivity (Naruka et al., 2000).

Nitrogen is the most essential macronutrient needed for
grain legumes like chickpeas and has significant effects on
growth and yield performance. The use of chemical fertil-
izers may disturb the normal functioning of soil and water
bodies. The use of a high rate of N fertilizer can cause water
pollution and eutrophication of lakes and rivers (Kremser
and Schnug, 2002). Moreover, mineral N is too expensive
to afford for poor farmers. Therefore, biological nitrogen
fixation (BNF) is an appropriate alternative that provides N
to achieve the N needs of both legumes and the subsequent
crops (Courty et al., 2015). It is the biochemical process
in which rhizobia bacterial symbionts of legumes fix at-
mospheric nitrogen into plant-available form (Mohammadi
et al., 2012). Compared to mineral N fertilizer, BNF is a
cost-effective, eco-friendly, and renewable source of plant
nutrition (Oldroyd and Dixon, 2014).

Chickpea rhizobium inoculation is the process of ap-
plying rhizobium inoculants to the chickpea seed before
planting to increase the nitrogen fixation and nodulation
of the chickpea roots. Tropical soil rhizobia strains were
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not effective in fixing enough biological nitrogen to sustain
legume growth and thus, the a need for a search for more
effective rhizobial strains (Okogun and Sanginga, 2003). It
is possible to select strains of chickpeas to fix biological
nitrogen efficiently for the environmental conditions in a
given production area. Chickpea can obtain a significant
fraction (4–85%) of its N requirement through its highly
specific symbiotic association with effective and compatible
rhizobium strains (Walley et al., 2005), which is vital for
the formation of nodules and nitrogen fixation. A study
showed that inoculated chickpeas gave significantly higher
nodule number and weight, root length and weight, shoot
length, and weight, seed, and biological yields compared
with uninoculated ones (Giri and Joshi, 2010).

Application of manure increases organic matter con-
centrations which have been proved to enhance the yield
and yield components of crops as well as soil aeration,
moderate extremes of soil temperatures, and maximizing
water holding capacity of soil for seed germination and plant
root development (Zia et al., 1998). This led to an increase
in microbial population and resulted in a positive correlation
between the population of symbiotic bacteria and nitrogen
fixation (Giller, 2001). Application of FYM @ 5t ℎ𝑎−1 is the
recommended practice for better yield of chickpeas (Singh
et al., 2012). Organic manures are also preferred by poor
farmers because they are easily available and affordable than
chemical fertilizers (Alam et al., 2007). FYM resources are
abundant in the Somali region. However, these resources are
not being utilized properly by the community as fertilizer or
soil amendment.

Selecting compatible rhizobia strains and identifying the
optimum rate of farm yard manure are some of the impor-
tant steps to developing agronomic packages for chickpea
production in the region. To do so, testing the response of
the chickpea variety to rhizobia strain and farm yard manure
is very crucial. Therefore, the objective of the present study
was to determine the optimum rates of FYM and to select
compatible rhizobia strains for maximum yield of chickpeas.

2. Material and Methods
2.1. Site description

The experiment was conducted at Golajo, Fafan Zone,
Somali Region, Ethiopia. Fafan is situated in the northern
part of the Somali Region. The landscape in the zone is char-
acterized as 52.6% flat to gentle slopes, 31% hills, and 7%
steep slopes. The farming systems in the zone are pastoral-
ism, agro-pastoralism, and sedentary production systems. Of
which, agropastoralism (95%) is the dominant production
system (IPS, 2002). The community mostly produces cereal,
vegetable, and fruit crops through traditional agronomic
practices. The zone geographically lies between 8° 44 N to
11° 00 N latitude and 40° 22 E to 44° 00 E longitude. The
altitude of the zone ranges from 500 to 1650 m above sea
level. The mean minimum and maximum temperature ranges
from 16 to 20 °C and 28–38 °C, respectively (Agency and
of Water Resources, 2004). The rainfall distribution in the

zone is very erratic with a mean annual rainfall of 600 to
700 mm (Milkessa and Kurtu, 1997).
2.2. Chickpea Variety

Due to its market values, taste, seed size, resistance
to disease, and productivity, the Kabuli chickpea type is
preferred by producers (Shiferaw and Teklewold, 2007) as
compared to the desi type. Therefore, in this experiment, the
Koka chickpea variety, which is the Kabuli type, was used.
The variety was released by ICRISAT in 2019 (Fikre and
Bekele, 2019).
2.3. Treatment and Experimental Design

A field experiment was conducted on-site in the 2022
growing season. The experiment consists of three FYM
levels (0, 5, and 10 t ha-1) in combination with three dif-
ferent rhizobium inoculants (𝐶𝑃1, 𝐶𝑃2, 𝐶𝑃3) and a non-
inoculated control (𝐶𝑃0). The treatments were arranged in
a randomized complete block design with three replications.
The chickpea seeds were sown on the plots with a spacing
of 10 cm between plants and 40 cm between rows. Each
experimental plot will have a 4m length and 1.6 m width
having an area of 6.4 𝑚2. The distance between plots and
blocks will be 1m, and 1.5m, respectively.
2.4. Agronomic management

The land was selected, plowed, harrowed, and ridged
with a tractor. The plots were kept 1.0 m apart with 1.5
m spacing between blocks. Carrier-based inoculants were
applied at the rate of 125 g inoculant for 15 kg seed. To
ensure that all the applied inoculum sticks to the seed, the
required quantity of inoculants was suspended in a 1:1 ratio
in a 10% sugar solution. The thick slurry of the inoculant was
mixed gently with dry seed so that all the seeds received a
thin coating of the inoculant. All inoculations were applied
just before planting under shade to maintain the viability
of bacterial cells. Phosphorus and nitrogen fertilizers were
applied in the form of Diammonium phosphate (DAP) at 100
kg ℎ𝑎−1 to give 18kg N and 46 kg 𝑃2𝑂5 ℎ𝑎−1 as a basal for
all plots. Then, the inoculated and un-inoculated seeds were
planted. Seeds were covered immediately with soil after
sowing to avoid the death of cells due to the sun’s radiation
(sunlight makes the inoculant ineffective). To avoid direct
sunlight the inoculated seeds were sown in the morning.
All other cultural practices were performed uniformly for all
treatments.
2.5. Soil Sampling and Analysis

Soil samples (0 to 20 cm) were randomly collected using
a soil auger from the soil surface of the experimental fields
to form a composite before sowing and were analyzed for
the following soil physicochemical parameters: The deter-
mination of particle size distribution was carried out by
the Bouyoucos hydrometer method (Bouyoucos, 1962). Soil
pH was measured in the supernatant suspension of 1:2.5
soil and water mixture by using a pH meter. Soil organic
carbon was determined by using the Walkley and Black
method (Walkley and Black, 1934). The Total N of the soils
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was determined through digestion, distillation, and titration
procedures of the Micro-Kjeldahl method as described by
(Nelson and Sommers, 1983). Plant-available P in the soil
was measured according to Olsen et al. (1954), with soil
extracted with 0.5 M 𝑁𝑎𝐻𝐶𝑂3 and the P in the extract
determined colorimetrically using the molybdenum blue
method (Murphy and Riley, 1962).
2.6. Data CollectionDays to 50% flowering were recorded as the number of
days from sowing until the date on which 50% flowered per
plot. Days to 90% physiological maturity were taken when
90% of the pods turned golden yellow. The height of the
plants was measured at the flowering stage as the distance
from the base to the tip of the plant of five randomly selected
plants in each plot and were averaged. The pod number per
plant was determined by taking pods of the five randomly
selected plants. Seeds from ten randomly selected pods were
counted and converted into several seeds per pod. A hundred
seeds were counted at random from a sample of each plot and
were weighed. For recording grain yield data, two central
rows were harvested in each plot with the help of a sickle.
Samples were sun-dried, and threshed by hand and seeds
were weighed with the help of an electronic balance the data
were converted into kg ℎ𝑎−1 by using the following formula:

𝐺𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 (𝐾𝑔 ℎ𝑎−1) =
𝑆𝑒𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑟𝑜𝑤𝑠

𝑅𝑜𝑤 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑅 − 𝑅 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 × 𝑁𝑜 𝑜𝑓 𝑟𝑜𝑤𝑠
×10000

(1)
Biomass yield was determined by harvesting two repre-

sentative rows from each plot at their maturity, then they
were tied into bundles separately. The bundles were sun
dried and weighed by spring balance to calculate biomass
yield. The data were converted into kg ℎ𝑎−1 by using the
following formula:

𝐺𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 (𝐾𝑔 ℎ𝑎−1) =
𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑦𝑖𝑒𝑙𝑑 𝑖𝑛 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑟𝑜𝑤𝑠

𝑅𝑜𝑤 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑅 − 𝑅 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ×𝑁𝑜 𝑜𝑓 𝑟𝑜𝑤𝑠
×10000

(2)
Harvest index is the ratio of grain yield to the biomass yield.
It was calculated after collecting the data on grain yield and
biomass yield:

𝐻𝐼 =
𝐺𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑

𝐴𝑏𝑜𝑣𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
× 100 (3)

2.7. Economic analysis
Economic analysis was carried out to evaluate the eco-

nomic feasibility of the treatments used. Accordingly, the
partial budget, dominance, and marginal rate return were
done. The average yield was adjusted downwards by 10%,
assuming that farmers could get a 10% less yield. The
following input’s prices were taken during planting. The
mean market price for chickpea seed (Birr 50.0 𝑘𝑔−1) and
grain (Birr 40.0 𝑘𝑔−1) were used in the analysis. The market
prices of rhizobium strain (Birr 180.0 𝑘𝑔−1) and FYM (Birr
1.25 𝑘𝑔−1) were used for analysis. The nitrogen content of
the FYM was converted into the equivalent price of nitrogen
fertilizer. The exchange rate of 1 US dollar was 50.01 Eth
birr. The number of laborers involved in manure application
and strain application was considered per hectare. The wage
rate of 200 ETH birr per laborer per day was also considered.
The cost of protection, storage, planting material, posthar-
vest, and others were not included in the calculation.

Figure 1: Monthly rainfall and Mean temperature at Golajo,
Fafan, in 2022

2.8. Statistical Analysis
The data collected were subjected to statistical analysis

of variance (ANOVA) procedures using SAS (version 9)
software and the significant differences were determined
using Fisher’s LSD test at P0.05 level.

3. Results and Discussions
3.1. Weather and Physiochemical properties of

the experiment
The experiment was conducted during the main cropping

season (June to September 2022) under rain-fed conditions,
the amount of rainfall for the crop growth duration was 207.6
mm and the annual rainfall was 375.3mm (Fig 1). Although
the chickpea requires approximately 436.7mm of precipita-
tion per growing season for maximum productivity (Desta
et al., 2015), it can survive with rainfall amounts range 152-
254 mm (Arif et al., 2021). It shows that the amount of
rainfall in the study area was enough for chickpea growth
and development. However, supplementary irrigation was
applied for better yield. During the cropping period, the
mean temperature was 21.55 with the mean minimum and
maximum temperature of 15.82 C and 27.27 C, respectively.
Chickpea is sensitive to high temperatures>35°C as well as
low temperatures <15°C (Gaur et al., 2010). It indicates that
the temperature of the study area during the growing period
was suitable for chickpea growth.

Soil analysis result indicates a soil pH value of 7.9 which
is moderately alkaline (Table 1). Chickpea grows best in
soils with pH values between 5.7 and 7.2 (Mahler et al.,
1988), therefore the soil pH of the study area was a bit out
of the required range. The soil textural class was clay loam
and contains a total N of 0.11% which falls low range (0.05-
0.15%), available P of 7.6 mg 𝑘𝑔−1 which also falls in the low
range (5-10 mg 𝑘𝑔−1), and organic carbon of 0.90% which is
low (0.5-1.5%) (Table 1). It indicates that the experimental
soil is deficient in total N, available P, and organic C.
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Table 1: Properties of soil sample of experiment site composition
of applied FYM

Parameters Value Interpretation
Soil
Soil pH 7.9 moderately alka-

line
Organic carbon (%) 0.90 low
Total N (%) 0.11 low
C: N 8.34 -
Available P (mg kg-1) 7.26 low
CEC (col(+)/kg) 43.60 Very high
Electrical conductivity (EC) ds m-1 0.11 Nonsaline
Bulk density (g cm-3) 1.12 low
Texture (%)
Sand 53
Silt 16
Clay 31
Class Clay loam
FYM
Organic carbon (%) 5.98
Total N (%) 1.81
Total P (%) 0.42

3.2. Response of chickpea to rhizobium strains
and FYM

The results of this study indicated that the rhizobium
strain had no significant effect on all parameters except on
pod-bearing branches per plant (Tables 2 and 3). This was
because the strains failed to form nodules on the root of
the Koka chickpea variety. In other words, this variety could
not be compatible with the strains; thus no nodulation was
observed. Similarly, Gul et al. (2014) also reported that forty-
seven chickpea germplasms were evaluated for seed inocu-
lation with rhizobium and the result showed that 43 geno-
types showed nodulation and 4 genotypes failed to produce
nodules. The introduced chickpea germplasm could be high
in genetic diversity for symbiotic characters. Therefore, the
other reason for the failures of nodulation in this study could
be a lack of adaptation of the strains to the local environment
and soil conditions. To obtain the maximum benefits of BNF,
the rhizobia strain must be compatible with the specific
crop variety in a growing agroecology. It indicates that in
selecting a rhizobial strain, the effectiveness in nitrogen
fixation, adaptation of the prevailing soil environment, and
competitiveness of the strain are the important attributes
to be considered (Beltayef et al., 2018). This is because
the rhizobium strain efficiency depends on the interaction
among plant genotype, rhizobium strain, and the environ-
ment (Avelar Ferreira et al., 2012). To optimize effective
nodulation, the host-specific rhizobial strain must adapt to
the local environment and soil conditions (Stajkovic et al.,
2011). Thus, in selecting a rhizobia strain in dryland areas,
the strain should be efficient, compatible with specific crop
varieties, and adapted to the local environment (tolerant to
drought, heat, and/or saline). Therefore, suppliers of rhizobia
strain, as biofertilizers, must consider the specific agricul-
tural environment (soil, climate) of the customer (farmer,
crop producer), type of crop, and variety. FYM fertilizers
had no significant effect on days to maturity and plant height
(Table 2). However, FYM significantly affected days to 50%

Table 2: Effects of rhizobium strain & FYM on phenology & plant
height of chickpea

Treatment
Days to

Flowering

Days to

Maturity

Plant

height (cm)
𝐶𝑃0 48.88a 96.22a 39.24a
𝐶𝑃1 49.11a 95.55a 39.66a
𝐶𝑃2 48.77a 96.44a 38.73a
𝐶𝑃3 49.55a 96.11a 39.24a
𝐿𝑆𝐷0.05 NS NS NS
𝐹0 49.58a 96.41a 38.98a
𝐹5 47.83b 96.33a 38.90a
𝐹10 49.83a 95.50a 39.78a
𝐿𝑆𝐷0.05 1.43 NS NS

NS, non-significant

flowering. The 5 t FYM ℎ𝑎−1 treatment shortened the days
to flowering as compared with the control and 10 t ℎ𝑎−1.

FYM fertilizer positively influenced several pod-bearing
branches (Table 3). The highest branches per plant (7.13)
were recorded with the level of 5t FYM ℎ𝑎−1 and the
lowest (5.15) in control. FYM releases nutrient that enhances
above-ground plant growth. The FYM fertilizer had a signif-
icant effect on pod per plant and seed per pod (Table 3). The
highest pod per plant (20.96) and seed per pod (1.21) were
recorded with the level of 5 t FYM ℎ𝑎−1. Farmyard manure
had no significant effect on 100-seed weight. However, grain
yield, biomass, and harvest index were significantly affected
by farm yard manure. The highest grain yield (2090. 6
kg ℎ𝑎−1) was recorded with the level of 5 t FYM ℎ𝑎−1.
It shows that the 5t FYM ℎ𝑎−1 treatment increased the
grain yield by 31.88% as compared with the control. Our
results are in line with the findings of Basir et al., (2008)
and (Singh et al., 2012) who reported the positive effect
of FYM application on the yield of chickpeas. The release
of nutrients from FYM might be the possible reason for
increasing seed yield. The maximum biomass (3670.8 kg
ℎ𝑎−1) was also registered with the level of 5t FYM ℎ𝑎−1.
Hussain et al (2017) also reported that higher biomass was
recorded in mung bean with plots treated with FYM at a level
of 5t ℎ𝑎−1 as compared with 10t ℎ𝑎−1. Application of 5t
FYM ℎ𝑎−1 improved the plant growth and yield attributes of
chickpeas over no application of FYM (Singh et al., 2012).
3.3. Profitability of FYM application on chickpea

production
The economic analysis of net benefit, total variable cost,

and marginal rate of return is shown in Table 4. The result of
the economic analysis showed that the highest net benefit of
72,522 ETB was achieved with a level of 5 t FYM ℎ𝑎−1. The
highest marginal rate of return (23.66%) was also achieved
with a level of 5 t FYM ℎ𝑎−1. Therefore, the application of
5 t FYM ℎ𝑎−1 would be best and most economical for the
production of chickpea production in the test area and other
areas with similar agroecology.
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Table 3: Effects of rhizobium strain and FYM on yield and yield components of chickpea

Treatment Pod bearing branch
Pod per

plant

Seed per

pod
100-seed weight(g)

Yield

(kg ℎ𝑎−1)

Biomass

(kg ℎ𝑎−1)

Harvest

Index
𝐶𝑃0 5.95b 14.55a 1.04a 34.73a 1750.0a 3207.3a 0.53a
𝐶𝑃1 6.33a 15.40a 1.15a 35.27a 1650.9a 3253.9a 0.51a
𝐶𝑃2 6.01b 15.02a 1.17a 36.55a 1890.8a 3511.1a 0.54a
𝐶𝑃3 6.01b 15.53a 1.13a 35.11a 1872.7a 3284.9a 0.57a
𝐿𝑆𝐷0.05 0.13 NS NS NS NS NS NS
𝐹0 5.15c 12.36b 1.08b 36.00a 1585.2b 2836.5b 0.54ab
𝐹5 7.13a 20.96a 1.21a 35.09a 2090.6a 3670.8a 0.58a
𝐹10 5.95b 12.05b 1.08b 35.16a 1697.5b 3435.6ab 0.49b
𝐿𝑆𝐷0.05 0.12 4.22 0.12 NS 336.86 609.98 0.06

NS = not significant. Means in a column followed by the same letters are not significantly different at P < 0.05.

Table 4: The economic (Dominance and MRR) advantages of different rates of FYM on chickpea production
Treatment

FYM

Av Yield

(kg ℎ𝑎−1)

Adj yield

kg ℎ𝑎−1
Gross Benefit (ETB ℎ𝑎−1)

Total Cost

(ETB ℎ𝑎−1)
Net Benefit (ETB ℎ𝑎−1) Marginal Rate of Return (%)

0 1423.6 1281.2 51248.00 0 51248 -
5 2232.6 2009.3 80372.00 7850 72522 23.66
10 1593.8 1434.4 57376.00 14,900 42476 D

4. Conclusion
Rhizobium strain had no significant effect on all param-

eters. This could be the chickpea genotype (Koka variety)
failure to form nodules. The other reason, for the failure of
nodulation, could be a lack of adaptation of the strains to the
local environment and soil conditions. Thus, in selecting a
rhizobia strain in dryland areas, the strain should be efficient,
compatible with specific crop varieties, and adapted to the
local environment (tolerant to drought, heat, and/or saline).
Therefore, suppliers of rhizobia strain, as biofertilizers, must
consider the specific agricultural environment (soil, climate)
of the customer (farmer, crop producer), type of crop, and
variety. Farmyard manure (FYM) had a significant effect
on yields; the highest grain yield (2090. 6 kg ℎ𝑎−1) and
biomass (3670.8 kg ℎ𝑎−1) were recorded with the level of
5 t FYM ℎ𝑎−1. The result of the economic analysis showed
that the highest net benefit of 72,522 ETB and marginal rate
of return (23.66%) was achieved with the level of 5 t FYM
ℎ𝑎−1. Therefore, the application of 5 t FYM ℎ𝑎−1 would be
best and most economical for the production of chickpeas
production on a test area.

Conflict of Interest
The authors declare that they don’t have conflict of interest.

References
Agency, C. S. (2013). Agricultural sample survey 2012/2013: Area and

production of crops (private peasant holdings, meher season). Addis
Ababa, Ethiopia, 532.

Agency, N. M. S. and of Water Resources, M. (2004). Annual climatic
bulletin. Addis Ababa, Ethiopia.

Alam, M., Jahan, M., Ali, M., Islam, M., and Khandaker, S. (2007).
Effect of vermicompost and npks fertilizers on growth, yield and yield
components of red amaranth. Australian Journal of Basic and Applied
Sciences, 1(4):706–716.

Arif, A., Parveen, N., Waheed, M. Q., Atif, R. M., Waqar, I., and Shah,
T. M. (2021). A comparative study for assessing the drought-tolerance

of chickpea under varying natural growth environments. Frontiers in
plant science, 11:607869.

Avelar Ferreira, P. A., Bomfeti, C. A., Lima Soares, B., and de Souza Mor-
eira, F. M. (2012). Efficient nitrogen-fixing rhizobium strains isolated
from amazonian soils are highly tolerant to acidity and aluminium.
World Journal of Microbiology and Biotechnology, 28:1947–1959.

Beltayef, H., Melki, M., Saidi, W., Samaali, S., Muscolo, A., Cruz, C., and
Garoui, T. (2018). Betterment of biological nitrogen fixation in snap
bean under mediterranean semi-arid conditions. Bulgarian Journal of
Agricultural Science, 24(2).

Bouyoucos, G. J. (1962). Hydrometer method improved for making particle
size analyses of soils 1. Agronomy journal, 54(5):464–465.

Courty, P. E., Smith, P., Koegel, S., Redecker, D., and Wipf, D. (2015).
Inorganic nitrogen uptake and transport in beneficial plant root-microbe
interactions. Critical Reviews in Plant Sciences, 34(1-3):4–16.

Desta, F., Bissa, M., and Korbu, L. (2015). Crop water requirement deter-
mination of chickpea in the central vertisol areas of ethiopia using fao
cropwat model. African Journal of Agricultural Research, 10(7):685–
689.

Erman, M., Demir, S., Ocak, E., Tüfenkçi, Ş., Oğuz, F., and Akköprü,
A. (2011). Effects of rhizobium, arbuscular mycorrhiza and whey
applications on some properties in chickpea (cicer arietinum l.) under
irrigated and rainfed conditions 1—yield, yield components, nodulation
and amf colonization. Field Crops Research, 122(1):14–24.

Gaur, P. M., Tripathi, S., Gowda, C. L., Ranga Rao, G., Sharma, H., Pande,
S., and Sharma, M. (2010). Chickpea seed production manual.

Giller, K. E. (2001). Nitrogen fixation in tropical cropping systems. CAB
International, Wallingford, UK.

Giri, N. and Joshi, N. (2010). Growth and yield response of chick pea (cicer
arietinum) to seed inoculation with rhizobium sp. Nature and science,
8(9):232–236.

Gul, R., Khan, H., Khan, N., and Khan, F. U. (2014). Characterization of
chickpea germplasm for nodulation and effect of rhizobium inoculation
on nodules number and seed yield. JAPS: Journal of Animal & Plant
Sciences, 24(5).

Kremser, U. and Schnug, E. (2002). Impact of fertilizers on aquatic
ecosystems and protection of water bodies from mineral nutrients.
Landbauforschung Volkenrode, 52(2):81–90.

Mahler, R., Saxena, M., and Aeschlimann, J. (1988). Soil fertility require-
ments of pea, lentil, chickpea and faba bean. World crops: Cool season
food legumes: A global perspective of the problems and prospects for
crop improvement in pea, lentil, faba bean and chickpea, pages 279–289.

21



East African Journal of Pastoralism, Volume 4, Issue 1 2023

Mohammadi, K., Sohrabi, Y., et al. (2012). Bacterial biofertilizers for
sustainable crop production: a review. ARPN J Agric Biol Sci, 7(5):307–
316.

Murphy, J. and Riley, J. P. (1962). A modified single solution method for the
determination of phosphate in natural waters. Analytica chimica acta,
27:31–36.

Naruka, I., Gujar, K., and Gopal Lal, G. L. (2000). Effect of foliar applica-
tion of zinc and molybdenum on growth and yield of okra (abelmoschus
esculentus l. moench) cv. pusa sawani.

Nelson, D. W. and Sommers, L. E. (1983). Total carbon, organic carbon,
and organic matter. Methods of soil analysis: Part 2 chemical and
microbiological properties, 9:539–579.

Okogun, J. and Sanginga, N. (2003). Can introduced and indigenous
rhizobial strains compete for nodule formation by promiscuous soybean
in the moist savanna agroecological zone of nigeria? Biology and
Fertility of Soils, 38:26–31.

Oldroyd, G. E. and Dixon, R. (2014). Biotechnological solutions to the
nitrogen problem. Current opinion in biotechnology, 26:19–24.

Shiferaw, B. and Teklewold, H. (2007). Structure and functioning of
chickpea markets in ethiopia: Evidence based on analyses of value chains
linking smallholders and markets. IPMS Working Paper.

Singh, G., Sekhon, H., and Kaur, H. (2012). Effect of farmyard manure,
vermicompost and chemical nutrients on growth and yield of chickpea

(cicer arietinum l.). International Journal of Agricultural Research,
7(2):93–99.

Stajkovic, O., Delic, D., Josic, D., Kuzmanovic, D., Rasulic, N., and
Knezevic-Vukcevic, J. (2011). Improvement of common bean growth
by co-inoculation with rhizobium and plant growth-promoting bacteria.
Romanian Biotechnological Letters, 16(1):5919–5926.

Togay, N., Togay, Y., Cimrin, K. M., and Turan, M. (2008). Effects of
rhizobium inoculation, sulfur and phosphorus applications on yield,
yield components and nutrient uptakes in chickpea (cicer arietinum l.).
African journal of Biotechnology, 7(6).

Tripathi, L., Thomas, T., Singh, V., Gampala, S., and Kumar, R. (2015).
Effect of nitrogen and phosphorus application on soil nutrient balance in
chickpea (cicer arietinum l.) cultivation. Green Farming, 6(2):319–322.

Walkley, A. and Black, I. A. (1934). An examination of the degtjareff
method for determining soil organic matter, and a proposed modification
of the chromic acid titration method. Soil science, 37(1):29–38.

Werner, D. and Newton, W. E. (2005). Nitrogen fixation in agriculture,
forestry, ecology, and the environment, volume 4. Springer Science &
Business Media.

Zia, M. S., Baig, M., and Tahir, M. (1998). Soil environmental issues
and their impact on agricultural productivity of high potential areas of
pakistan. Science Vision, 4(2):56–61.

22


