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INTRODUCTION

The chickpea (Cicer arietinum L.), a member of the genus Cicer, 
tribe Cicereae, family Fabaceae, and subfamily Papilionaceae, is 
one of the most significant and commonly cultivated pulse crops 
in the world. It is an annual herbaceous plant that branches from 

the root (Joshi et al., 2001). It is a cool-season annual pulse crop 
produced in the world in temperate, subtropical, and tropical 
climates (Muehlbauer & Tulu, 1997). Chickpeas are the third-
most significant pulse crop produced extensively in Ethiopia 
with 4,441,459.26 qt produced per year on an area of 225,607.53 
hectares of land (CSA, 2017). Amhara, Oromia, Tigray, as well as 
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ABSTRACT
The effects of combining the application of recently introduced blended fertilizer with Rhizobium inoculation on 
chickpea nodulation and productivity are not being studied in Halaba special woreda. Hence, the application of 
blended fertilizer and rhizobium inoculation for chickpea production under rain-fed conditions at Halaba Special 
District, Southern Ethiopia is crucial. Factorial combination of eight fertilizers (Control, NP, NPS, NPSB, NPSB+K, 
NPS+Zn, NPSB+Zn and NPSB+K+Zn) and inoculation and without inoculation of rhizobium biofertilizer was used 
as an experimental factor laid out in a randomized complete block design with three replications. Fertilizer application 
significantly influenced crop phenology, nodulation, growth parameters, yield and yield components, except number 
of seeds pod-1 and harvest index. Maximum days to 50% flowering (48.33) and 95% physiological maturity (112.3) 
were obtained on NPSB+K and without fertilizer treatment respectively. The Highest number of nodules (23.25), 
nodules dry weight (0.13 g), number of branches plant-1 (17.64) and plant height (43.34 cm) were recorded on NPSB, 
NPSB+K+Zn, NPSB+Zn and NPS+Zn respectively. Similarly, the higher number of pods plant-1(61.6), and hundred 
seed weight (28.0 g) were observed for blended fertilizer treatments of NPSB+K and NPS+Zn respectively. Maximum 
grain yield (1.85 ton ha-1) was obtained for blended fertilizer of NPSB+K application with an increment 57.9% over 
control treatment. Rhizobium inoculation increased the number of nodules plant-1 (23.29), nodules dry weight (0.11 g), 
number of branches plant-1 (17.70), number of pods plant-1 (59), number of seeds pod-1 (1.17) and hundred seed weight 
(27.7 g). Maximum grain yield (1.84 ton ha-1) was recorded on rhizobium inoculated and it increased chickpea grain 
yield by 33.3% over uninoculated. Regarding the economic feasibility of fertilizers greater net benefits with acceptable 
MRR 1802, 866 and 257 were recorded for blended fertilizers of NPS, NPS+Zn and NPSB, respectively. Given the fact 
that the three fertilizers had statistically similar grain yields, the blended fertilizer NPS is a better choice among the 
three alternatives. Similarly, a higher net benefit with acceptable MRR (4189%) was recorded for Rhizobium inoculation. 
Therefore, blended fertilizer; NPS and Rhizobium inoculation were found to be relevant and recommended for chickpea 
production in the study area.
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other zones, certain unique Woredas, in the Southern Nations, 
Nationalities, and Peoples Regional State (SNNPRS), are some 
of the regions of the country where chickpea is currently grown. 
Chickpeas are prized for their nutrient-dense seeds, which have 
high protein content (25.3-28.9%), carbohydrate, fiber, Vitamin 
B9, folate, and magnesium Hulse (1991). Due to their ability to 
biologically fix nitrogen, chickpeas can increase soil fertility, and 
their straw is used as animal feed (Pundir & Mengesha, 1995).

The lack of soil N, P, and micronutrients are widespread in 
many African nations, as it is in many tropical and subtropical 
countries. This is because continuous farming without the 
addition of outside agricultural inputs has resulted in low soil 
fertility and high rates of soil nutrient depletion. Due to topsoil 
erosion, soil acidity, nutrient and organic matter depletion, and 
soil salinity, Ethiopia suffers from a variety of soil fertility issues 
(Zeleke et al., 2010). For effective agriculture, the human 
population of the world is dependent on synthetic fertilizers. 
However, compared to developed and emerging countries, sub-
Saharan Africa continues to use little inorganic fertilizer. This 
is because most mineral fertilizer used in Africa is imported, 
which results in their high cost, lack of availability, and 
poor marketing infrastructures (Chianu et al., 2011). These 
obstacles prevent subsistence and small-scale farmers in Africa 
from using fertilizers, although there is an increasing need 
for fertilizers in many Sub-Saharan African nations to boost 
crop productivity and feed the world’s expanding population 
(Mentsiro et al., 2011). The use of chemical fertilizers in 
Ethiopia has greatly expanded since the 1980s, but it is still 
quite low (Zeleke et al., 2010).

To balance high production with long-term economic, 
environmental, and social sustainability, it may also be 
beneficial to optimize the combined use of inorganic and 
organic fertilizers. The symbiosis between rhizobial bacteria and 
legumes is often a more effective and cost-effective agronomic 
technique than adding fertilizer-N to ensure an adequate supply 
of N for the growth of legume-based crops and pastures. In 
symbiosis with legumes, rhizobium bacteria have the ability to 
fix N from the air (N2). Thus, the symbiotic relationship enables 
the huge natural source of N from the air to be absorbed, which 
reduces or eliminates the need to apply N mineral fertilizer to 
the field (Abbas et al., 2011). Rhizobium inoculation starts 
the root growth and boosts the above-ground biomass of faba 
beans, according to Al-Ani and Adhab (2013). A pulse crop with 
rhizobium inoculation yields 10-15% more grain than a crop 
without inoculation (Fatima et al., 2008).

Phosphorus is one of the most important nutrients for plants, 
and chickpea types profit substantially from its use. Phosphate 
fertilization of chickpeas promotes growth and nodulation, 
which raises output. According to Kumar et al. (2016), 
phosphorus is essential for the shoot’s toughness, improves 
grain quality, regulates photosynthesis, and regulates physical-
biochemical processes, all of which support nitrogen fixation. 
Phosphorus increases rhizobial activity, encourages the growth 
of root nodules, and helps root nodules fix more atmospheric 
nitrogen either as seed coats or as granular fertilizer applied 
into the soil. Potassium promotes root development and plant 

vigor, aids in preventing lodging, and increases crop resilience 
to pests and diseases. Potassium is highly effective at promoting 
nodulation in pulse crops, which enhances seed output by 
improving nitrogen fixation (Rajput, 2018). According to 
statistics from Ethiopia’s national soil survey, in addition to 
the macronutrients, some micronutrients including zinc, 
boron, and copper have been depleted from the soil in the 
country’s main crop-producing regions because of long-year 
farming. The greatest way to reduce the risk of nutrient losses 
to the environment is through balanced fertilization, which 
also ensures optimal crop production, better food quality, and 
benefits for the growers. When added at a reasonable cost to new 
fertilizer formulations and targeted at soils with deficiencies, 
nutrients like Zn, B, S, and K can significantly increase fertilizer 
usage efficiency and crop profitability (John et al., 2000). 
Ethiopian soil lacks around seven nutrients, including N, P, K, 
S, Cu, Zn, and B, according to a soil fertility map created over 
150 districts (Ethio SIS, 2013). Ethiopian producers of grains 
and pulse crops have recently been encouraged to use blended 
fertilizers rather than the more conventional compound or 
straight fertilizers. However, it is unclear how these fertilizers 
would affect crops, particularly pulse crops, and what their 
comparative advantages will be. However, there is a dearth of 
information on blended fertilizers and studies on Rhizobium 
inoculation concerning the production of chickpeas in the study 
region. According to a personal conversation, the farmers in 
Halaba frequently follow the general fertilizer requirement of 
100 kg NP ha-1. Therefore, a study on different fertilizer kinds 
and Rhizobium inoculation are necessary to develop pertinent 
suggestions that would aid farmers in increasing their output. 
Therefore this study was conducted to; - Investigate the effect of 
different types of blended fertilizers and Rhizobium inoculation 
on yield, yield components and its economic feasibility of 
chickpeas at Halaba Special Woreda.

MATERIALS AND METHODS

Description of the Experimental Site

The experiment was carried out on a farmer’s field at Halaba 
Special Woreda during the main cropping season of 2016. 
Halaba Woreda is located 315 kilometers south of Addis Abeba 
and 85 kilometers southwest of Hawassa, the capital city of the 
SNNPR region. Its elevation ranges from 1554 to 2149 meters 
above sea level. The annual mean temperature ranges from 17 
°C to 20 °C with a mean value of 18 °C, and the annual mean 
rainfall ranges from 857 to 1085 mm. The region experiences 
bimodal rainfall, with the smallest amounts falling between 
March and April and the heaviest amounts falling between 
July and September during the Meher season (from June-
September), crops like maize, teff, wheat, pepper, haricot beans, 
sorghum, and millet are cultivated in the region.

Experimental Design and Treatments

A factorial, randomized complete block design with three 
replications was used to arrange two Rhizobium inoculations; 
uninoculated (-I) and inoculated (+I) with eight nutrient 
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combinations (control, NP, NPS, NPSB, NPSBK, NPSZn, 
NPSBZn, and NPKSBZn). There were sixteen plots (2.1  m 
x 2.1  m) in each replication, one for each of the sixteen 
treatment combinations. Plots and blocks were separated by 
1 and 0.5 meters, respectively. Each plot was given treatment 
randomly within the block. A space of 30 cm between rows and 
10 cm within rows was used for sowing the seed. In addition 
to borax (11 B) and zinc sulfate (23Zn and 10S), two newly 
introduced blended fertilizers, NPS (19N-38P2O5-7S) and NPSB 
(18.1N-36.1P2O5-6.7S-0.71B), were used as sources of nutrients 
(Urea (46 N), TSP (46 P2O5), Muriate of Potash (60 K2O), and 
NP (18 N - 46 P2O5)). One treatment was the 100 kg NP rate 
for chickpeas that was nationally recommended (18N-46P). 
To bring the macro- and micronutrient levels of the blended 
fertilizers to the levels suggested for chickpea, urea, TSP, borax, 
KCl, and zinc sulfate were added to the fertilizers. Table 1 lists 
the specific nutritional combinations that were employed in 
the experiment.

Using sugar solution as a sticker, seeds were infected at a rate of 
5 g of inoculant per kilogram of seeds (Belete et al., 2019). The 
seed was infected in a shaded area and allowed to air dry for a 
short while before being sown. To prevent cross-contamination, 
plots designated for uninoculated treatments were seeded first. 
Regardless of the treatments, all recommended crop husbandry 
practices for chickpea were consistently applied to all plots. Each 
plot was harvested at the end of the growing season, with just 
one border row left on each edge.

Soil Sampling and Analysis

Before planting, a single representative composite sample was 
obtained using an auger at a depth of 0-20 cm from randomly 
chosen sites diagonally across the experimental area. The sample 
was mashed in a pestle and mortar and allowed to pass through 
a 2 mm sieve after being air-dried. Working samples were taken 
from the sample that was provided, and they were examined 
for several physicochemical characteristics, total nitrogen, 
available phosphorus, potassium, sulfur, boron, and zinc (as well 
as soil texture, pH, organic matter, cation exchange capacity, 
and carbon to nitrogen ratio). Mehlich (1978a) employed the 
Mehlich 3 soil testing method to obtain as many crucial plant 
nutrients as feasible.

Nodulation

Five randomly selected plants from each plot were used to 
measure nodulation at the mid-flowering development stage, 

and the mean value was calculated. The number of nodules 
Plant-1 was counted after the plants were properly uprooted and 
cleaned. Counted nodules were oven dried at 50oC, and plant-1 
nodule dry weight was recorded.

Phenology, Growth and Yield-Related Data

By counting the number of days from plant emergence until 
50% and 95% of the plants on the plot produce flowers and 
pods become yellow, days to flowering and physiological 
maturity were recorded respectively. Five randomly selected 
plants were used to calculate the height, number of seeds 
per pod, and number of branches per plant. From 100 
randomly chosen seeds from each plot, the weight of one 
hundred seeds (g) was calculated and adjusted to a 10% 
moisture level. After removing the single border row from 
each plot’s edge and harvesting the plants from each plot, 
the above-ground dry biomass, and grain yield (ton ha-1) 
were measured. The harvest index was determined as the 
percentage of above-ground dry biomass to grain yield 
(Unkovich et al., 2010).

Partial Budget Analysis

A study of the experiment’s economic feasibility was 
conducted using economic analysis. Marginal and partial 
budget assessments were used. The average grain yield 
was reduced by 15% to reflect the discrepancy between 
the experimental output and the yield farmers can expect 
from the same treatment. The average open market price 
(30.00 Birr kg-1) for chickpea crop, the official prices of NP 
(14.10 Birr kg-1), TSP(12.00 Birr kg-1), Urea (10.69 Birr kg-1), 
NPS (14.10 Birr kg-1), NPSB (16.00 Birr kg-1), Zinc sulfate 
(17.98 Birr kg-1), KCl (11.00 Birr kg-1), Borax (12.00 Birr 
kg-1) and Rhizobium inoculant (1.60 Birr kg-1) were used 
for analysis. According to CIMMYT (1988), a treatment 
was supposed worth, while for farmers when it’s minimum 
acceptable rate of return (MAR) was between 50% and 100%. 
This makes it possible to use marginal analysis to give farmers 
suggestions.

Statistical Analysis

Statistical analysis systems (SAS Version 9.2) were used to 
analyze the variance of the data. At 5% levels of significance, 
Fisher’s least significant (LSD) test was used to separate the 
means. Between yield, yield components, and other important 
factors, a correlation study was done.

RESULTS AND DISCUSSION

Soil Physico-chemical Properties of the Experimental 
Site

The study area of the soil test was clay loam texture in a 
composite soil sample test (Table 2). The soil’s pH was 6.88, 
which is considered neutral (EthioSIS, 2014). According to 
Mahler et al. (1988) the ideal pH range for chickpea is 5.7 to 

Table 1: Composition of fertilizer treatment for the experiment
Nutrient combinations  Nutrient composition

N P2O5 S ZnSO4 Borax K2O

NP
NPS
NPSB
NPKSB
NPSZn
NPSBZn
NPKSBZn

18
9.5
23
23
23
46
23

46
19
46
46
46
69
46

3.5
7
7

8.5
11.5
10

3
1.5
3

0.835
0.835

1.67
1.67

41

41
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7.2. This suggests that the experimental site’s soil reaction is 
suitable for promoting the best possible chickpea growth and 
yield. According to Mehlich (1978a, b) available potassium 
(228.46 mg kg-1) was high while available sulfur (6.80 mg kg-

1) and total nitrogen (0.09%) were very low. Available boron 
(0.73 mg kg-1 (ppm)), zink (1.42 mg kg-1 (ppm)), and organic 
matter (2.22 mg kg-1) were low, While, the ideal phosphorus 
concentration, the carbon to nitrogen ratio, and cation exchange 
capacity were 31.94 mg kg-1, 16.75% and 19.73 Meq-1 100 g, were 
optimum respectively Mehlich (1978a).

Weather Conditions during the Experimental Period

The total amount of monthly rainfall and maximum 
temperature observed during the experiment was presented in 
Figures 1 and 2. During the growth season, a mean maximum 
temperature of 29.175 °C was recorded. The same statistics 
also showed that rain precipitation significantly dropped and 
eventually stopped altogether later in the growing season. 
In September, October, November, and December, the 
crop received 123.4, 58.6, 50, 4, and 0 mm of precipitation, 
respectively.

Effects of Fertilizer Application and Inoculation on 
Phenology of Chickpea

Days to flowering

Days to 50% flowering were significantly different on blended 
fertilizer application while inoculation of Rhizobium and the 
interaction between the two factors were not significantly 
different at (P < 0.05). The maximum days (50.17) to 50% 
flowering was obtained with no fertilizer application which 
is an insignificant difference with NP application, while the 
lowest (48.17) days to flowering were recorded on the blended 
fertilizer application with insignificant differences among 
them (Table  3). These findings are consistent with those 
of Fageria et al. (2002), who found a beneficial relationship 
between B, K, and N fertilizers and the lengthening of flowering 
days. Chimdessa (2016) also noted a similar result. On days 
to 50% blooming, rhizobium inoculation had no significant 
impact on chickpea growth. Similar to this, Verghis et al. 
(1993) found, no variation in days to blooming of rhizobium 
inoculation. In contrast to these, Verma et al. (2013) reported 
that rhizobium inoculation for chickpeas delayed the days to 
flowering.

Days to physiological maturity

The applied fertilizer treatments had a substantial (P 0.05) 
impact on days to 95% physiological maturity, while Rhizobium 
inoculation and the interaction of the experimental factors 
had no effect. On control treatments, the greatest number of 
days (112.17) to 95% physiological maturity was noted with 
insignificant variation with NP. The minimum (110.17) days 
were found in NPS and an insignificant difference with the other 
blended fertilizers (NPS+Zn, NPSB, NPSB+K, NPSB+K+Zn, 
and NPSB+Zn) (Table  3). Under these, Chimdessa (2016) 
discovered that the use of blended fertilizers, maize mature 
early. Rhizobium inoculation did not affect days to maturity. 
However, Bejandi et al. (2012) found that, in comparison to 
treatments without inoculation, inoculation of seeds decreased 
days to physiological maturity in chickpeas.

Number of Nodule plant-1

Number of nodules plant-1 was significantly influenced by 
blended fertilizer treatment and Rhizobium inoculation 
(Table  4). The NPKSB treatments had a higher number of 
nodules plant-1 (23.25), while the control treatments had the 
fewest nodules (7.87). There were no statistically significant 
differences among the other blended fertilizer (NPSB+K, 
NPS+Zn, NPSB+Zn, NPSB+K+Zn) treatments. These 
findings might point out the effect of nitrogen and phosphorus 
application on nodule number plant-1. According to Surendra 
and Katiyar (2010), the number of nodules plant-1 (21.13) in 
mungbean increased noticeably after the application of 40 kg S 
ha-1. Nelson et al. (1978), noted potassium affects root growth, 
which affects crop growth and nodule development. Researchers 

Figure  1: Total monthly rainfall during the crop growth season, 
September to December, 2016 at Halaba Special Woreda

Figure 2: Mean temperature during the crop growth season, September 
to December 2016 at Halaba Special Woreda
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Mathan et al. (1996) and Reddy (1998) discovered that applying 
zinc to plants improves nodulation, nitrogen fixation, and 
plant development. Similarly to this, Misra et al. (2002) found 
that adding 20 mg of zinc per kilogram of soil increased root 
nodulation by 55%. The biological nitrogen fixation is enhanced 
by the use of Zn, either alone or in combination with other 
nutrients.

Similar to blended fertilizer treatments, inoculated and un-
inoculated treatments showed significant variation for nodules 
number plant-1 (Table  4). A  minimum number of nodules 
plant-1 (13.18) was obtained on un-inoculated treatments. In 
comparison inoculated Rhizobium increased the number of 
chickpea nodules by 43.4% compared to the un-inoculated 
treatment, which may have been due to the inoculated bacteria’s 
better ability to induce nodules in response to indigenous 
rhizobium populations in the soil. Native Rhizobium’s 
lessened competitiveness with the inoculated. To increase root 
nodulation and crop output in soils lacking native rhizobia, 
chickpea seeds can be artificially inoculated (Muhammad et al., 
2010). According to Gul et al. (2014), more inoculated plants 
(10.86 nodules plant-1) were found than uninoculated plants 
(7.86 nodules plant-1). Nodules in un-inoculated treatments are 
a sign that there is an indigenous rhizobial population present 
in the soil.

Nodules dry weight

The application of macro and micronutrients and Rhizobium 
inoculation considerably affected nodules’ dry weight, but 
their interaction had no substantial effect (Table  4). On 
control treatments, the lowest nodule dry weight (0.04 g) was 
noted, with no significant variation with NP. The nodule with 
the highest dry weight (0.13g) was found on NPSB+K+Zn 
(Table 4). This result is consistent with Ahlawat et al. (2007) 
showing fertilization with Zn and B improved root growth, 
nodulation, and nodules dry weight in chickpeas. The positive 
effects of S on nodulation and nodule activity are also consistent 
with those of Tomar et al. (1995).

The nodules’ dry weight of chickpeas improved significantly 
after Rhizobium inoculation. Inoculated treatments produced 
a higher (0.11 g) nodule dry weight plant-1 than non-inoculated 
treatments (0.08 g). This rise in nodule dry weight may be the 
result of the nodules’ increased size and quantity as a result 
of the inoculated chickpea crop. Different authors found that 
Nodule number and dry weight were higher in the inoculated 
treatment than in the uninoculated treatment, Argaw (2012), 
Beshir et al. (2015), and Bhuiyan et al. (2008) reported a similar 
result.

Number of branches

The effects of blended fertilizer and rhizobium inoculation on 
the number of branches plant-1 were significant (Table 4). The 
NPSB+Zn blended fertilizers produced the highest number of 
branches plant-1 (17.64), whereas the control treatment produced 
the fewest (12.12) branches. The branch count increased 
by 34.84% over the control after the application of blended 
fertilizer. The increased number of primary branches in blended 
fertilizer is a result of P fertilizer’s significance for cell division 
activity, which in turn leads to an increase in branch count. The 
presence of S also suggests that S is important for plant growth 
and physiological function. These findings are consistent with 
Khampariva (1996) discovery that Zn2+ contributed to the 
number of branches in soybeans. Additionally, the application 

Table  4: Effects of fertilizers and Rhizobium inoculation on 
nodulation and growth of chickpea
Treatments Nodule No.

plant‑1
Nodule dry

Weight plant‑1
No. of

Branch plant‑1
Plant height

Control 7.87b 0.04c 12.12c 35.97b

NP 12.57b 0.05c 13.02bc 36.17b

NPS 20.26a 0.12ab 15.60a 42.22a

NPSB 23.25a 0.10ab 15.16ab 41.68a

NPSB+K 19.92a 0.11ab 15.73a 42.99a

NPS+Zn 21.33a 0.09b 16.42a 43.34a

NPSB+Zn 19.12a 0.12ab 17.64a 40.32ab

NPSB+K+Zn 21.55a 0.13a 17.10a 40.21ab

LSD0.05 6.23 0.03 2.50 4.70
Inoculation

Inoculated 23.29a 0.11a 17.70a 41.59a

Non‑inoculated 13.18b 0.08b 12.99b 39.38a

LSD 3.11 0.015 1.25 2.35
CV% 28.96 26.93 13.80 9.85

Means within a column followed by the same letters are significantly 
similar at 5% probability level

Table 3: Main effects of fertilizers and Rhizobium inoculation 
on phenology of chickpea
Treatments Days to flowering Days to maturity

Control 50.17a 112.3a

NP 49.50a 112.17a

NPS 48.17b 110.17b

NPSB 48.17b 110.50b

NPSB+K 48.33b 110.50b

NPS+Zn 48.17b 110.33b

NPSB+Zn 48.17b 110.83b

NPSB+K+Zn 48.17b 110.50b

LSD0.05 0.76 0.67
Inoculation

Inoculated 48.79a 110.54a

Non‑inoculated 48.42a 110.30a

LSD 0.38 0.33
CV% 1.33 0.51

Means within a column followed by the same letters are significantly 
similar at 5% probability level

Table 2: Physical and chemical properties of experimental soil 
Soil characters Values Rating †

pH (H2O) 6.88 Neutral
Total N (%) 0.09 Very low
Mehlich P (mg kg‑1) 31.94 Optimum
Mehlich K (mg kg‑1) 228.46 High
Mehlich S (mg kg‑1) 6.80 Very low
Mehlich B (mg kg‑1) 0.73 Low
Mehlich Zn (mg kg‑1) 1.42 Low
Organic matter (%) 2.22 Low
Carbon to nitrogen ratio (%) 16.75 Optimum
Cation exchange capacity (Meq‑1 100 g) 19.73 Optimum

†Based on EthioSIS (2014)
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of boron had a significant impact on the number of primary 
branches plant-1, with the highest number (4.93) seen at 
3 kg B ha-1 and the lowest (4.24) at the control treatment of 
0 kg B ha-1 (Alam et al., 2017). Goud et al. (2012) found that 
the number of branches per plant grew noticeably when potash 
levels gradually increased up to 40 kg K2O ha-1.

Rhizobium inoculation also significantly influenced the 
number of branches of plant-1. The highest number of branch 
plant-1 (17.7) was obtained from inoculated treatment. It 
increased the number of branches by 36.23% compared to un-
inoculated treatments. According to Ali et al. (2011), Rhizobium 
inoculation raised the number of primary branches by 8.50%. 
Similarly to this, Rudresh et al. (2005) and Togay et al. (2008) 
reported the highest branches of plant-1 were obtained on 
inoculated Rhizobium.

Plant height (cm)

The application of fertilizer had a substantial impact on plant 
height, while rhizobium inoculation and the interaction of 
the two components had no significant impact (Table 4). The 
treatments that received mixed fertilizers (NPS+Zn) had 
longer plant heights (43.34 cm), with insignificant differences 
from the other blended fertilizers, whereas the treatments that 
received no fertilizer recorded the shortest heights (35.97 cm). 
Therefore, compared to the control (without) fertilizer 
treatment, the average increase in plant height following the 
application of blended fertilizers was 17%. The current findings 
show that application of a balanced fertilizer plan could increase 
agricultural yield since the availability of nutrients has an impact 
on crop growth. The present findings are found to be consistent 
with Rawal and Yadav (1986) observation that zinc shortage 
considerably lowered plant height. Ceyhan et al. (2007) also 
found that fertilization with B has a beneficial effect. Through 
its effects on regulating transpiration and water intake, potassium 
helps plants grow taller. To maximize crop output in rain-fed 
systems, sulfur, boron, and zink must be applied in addition to 
phosphorus and nitrogen to degraded semi-arid tropical soils. 
Common bean plants increased taller after boron application 
compared to fertilizer sources without boron additions (Sharma 
et al., 2013). Chickpea and soybean plants grew higher when 
their Nitrogen fertilizer was increased Caliskan et al. (2008). 
Data on variance analysis revealed that rhizobium inoculation 
had no significant effect on chickpea plant height. This result is 
consistent with Rudresh et al. (2005) observation that Rhizobium 
inoculation did not significantly alter plant height.

Effects of blended fertilizers and Rhizobium inoculation 
on yield component of Chickpea

Number of pods per plant

Rhizobium inoculation and the use of blended fertilizer 
had a substantial impact on the number of pod plants-1 
(Table 5). For the number of pods, there was no statistically 
significant interaction between blended fertilizer and 
rhizobium inoculation. The application of NPSB+K obtained 
the maximum number of pods plant-1 (61.6), and there was 

no significant difference with the other blended fertilizers 
(Table 5). On NP, the fewest pods plant-1 (30.62) were counted 
without significantly differing from the control (33.44). 
Accordingly, Ali et al. (2007) and Patel et al. (2013) reported 
that potassium and sulfur contributed to the increase in the 
number of pods plant-1 Alam et al. (2017) noted that 3 kg ha-1 
boron application showed the highest total pod plant-1 count 
(49.52) while the control treatment showed the lowest total pod 
plant-1 (36.52). Khampariva (1996) also found that Zn2+ plays a 
larger role in the number of soybean pods per plant.

A statistically significant difference was found between the 
inoculation and uninoculated treatments for the number of pod 
plant-1 (Table 5). A higher number of pods plant-1 (59.01) was 
recorded for inoculated treatments. Togay et al. (2008) observed 
that the number of pods plant-1 was affected by Rhizobium 
inoculation in chickpeas. According to Desta et al. (2015), faba 
bean rhizobium strain inoculation considerably increases nodule 
number. Both Albayrak et al. (2006) and Malik et al. (2006) also 
reported similar results.

Number of seeds per pod

Rhizobium inoculation had a substantial impact on the number of 
seed pods, although the effects of blended fertilizer application and 
their interactions were not significant. The inoculated treatment 
recorded the highest number of seed pod-1 (1.17) whereas the un-
inoculated treatment found the lowest number (1.10). Similarly, 
Solaiman and Hossain (2006) noted that Rhizobium inoculation 
on chickpeas and lentils produced a larger number of seeds plant-1. 
This outcome is consistent with research by Ali et al. (2011) who 
found that Rhizobium bacteria inoculation had the highest impact 
on the number of grains plant-1.

Hundred seed weight

The application of blended fertilizer and rhizobium inoculation 
had a significant effect on hundred seed weight, but their 

Table 5: Effects of fertilizers and Rhizobium inoculation on yield 
component of chickpea
Treatments  NPPP NSPP HSW (g)

Control 33.4b 1.19 24.3d

NP 30.6b 1.18 25.2dc

NPS 56.8a 1.11 25.9bc

NPSB 54.2a 1.13 27.5a

NPSB+K 61.6a 1.11 26.9ab

NPS+Zn 60.0a 1.19 28.0a

NPSB+Zn 54.1a 1.12 26.9ab

NPSB+K+Zn 56.7a 1.14 26.8ab

LSD0.05 16.2 0.14ns 1.5
Inoculation

Inoculated 59a 1.17a 27.7a

Non‑inoculated 42.8b 1.10b 25.1b

LSD 8.1 0.07 0.7
CV% 26.9 10.33 4.8

Means within a column followed by the same letters are significantly 
similar at 5% probability level
NPPP=number of pod plant-1, NSPP= number of seed pod-1,  
HSW= hundred seed weight 
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interactions had no effect. On NPS+Zn, the hundred seed 
weight reached a maximum of 28.0, whereas the control 
treatment had the lowest hundred seed weight (24.3) (Table 5). 
In comparison to control treatments, the application of mixed 
fertilizers NPS+Zn enhanced the weight of 100 seeds by 
13.21%. Among the mixed fertilizers, adding Zn and B to N 
and S notably increases the weight of the hundred seeds. In 
general, these increases in seed weight may be attributed to 
the blended fertilizer’s higher plant nutritional content, which 
comprises both macro and micronutrients. Due to the presence 
of phosphorus in the blended fertilizer, increased cell division, 
and production of fat resulted in to increase in the weight of 
100 seeds. This finding was in line with that of Jadeja et al. 
(2016), who noted that application of 40kg S ha-1 resulted in 
a significantly greater 100-seed weight (23.60 g). Valenciano 
et al. (2010), also studied applying of zinc improved the 100 
seed weight of chickpeas. Similarly to this, fertilizer treatments 
that also include boron in addition to NPS result in an increased 
1000-seed weight Samiullah and Khan (2003).

Rhizobium inoculation had a significant impact on hundred 
seed weight. The inoculated treatment obtained the highest 
hundred seed weight (27.7  g), whereas the non-inoculated 
treatment scored the lowest hundred seed weight (25.1  g) 
(Table 5). The weight difference gained from this work could 
be attributed to the effect of the grain-filling ability of nitrogen 
through nitrogen biological fixation. Gedamu et al. (2021) 
reported that inoculation of faba bean with rhizobial strain alone 
could increase 100 seed weight. Contrary to this result, Bolland 
et al. (2000) stated that inoculation of faba bean rhizobium 
strains didn’t bring significant seed weight difference.

Effects of Fertilizers and Rhizobium Inoculation on yield 
(ton ha-1) of Chickpea

Total biomass

The major effects of fertilizer application and rhizobium 
inoculation had a considerable impact on total biomass, 

but their interaction had no significant effect. The highest 
overall biomass output (3.86 tons ha-1) was seen when blended 
fertilizers NPSB+K were used (Table 6), whereas the lowest 
biomass yield (2.09 tons ha-1) was attained when no fertilizer 
was used. This result demonstrates that the application of 
Boron, Sulfur, and potassium nutrients with Nitrogen and 
Phosphorus nutrients boosts the total biomass of chickpea crops 
because Nitrogen, Phosphorus, and Sulfur may have increased 
the number of branches per plant and leaf area which in turn 
increased photosynthetic area and number of pods per plant, 
thereby dry matter accumulation. The blended fertilizers 
application on total biomass recorded a 77% yield advantage 
over without fertilizer application. By promoting cell division, 
elongation, expansion, and chlorophyll biosynthesis and the 
statue had a significant physiological impact by rising assimilate 
production and increasing crop yield. These findings concur 
with those of Farooqui et al. (2009), Zaman et al. (2011), and 
Assefa et al. (2015), who found that the use of NPS fertilizer 
encourages chickpea growth and development. More dry 
matter accumulated as a result of an increase in potash levels 
(Mansur et al. 2010). Due to an increase in the dry weight of 
pods including seeds, the application of boron led to a larger 
production of dry matter (Valenciano et al., 2010). Similarly, 
Choudhary & Muhammad (1990) reported, total dry matter 
was significantly affected after ZnSO4 application.

Total biomass per hectare has a substantial impact on rhizobium 
inoculation. Rhizobium inoculation produced the highest 
biomass output (3.59 tons per hectare), whereas un-inoculated 
treatments produced the lowest total biomass production (2.97 
tons per hectare). It demonstrates that rhizobium inoculation 
increased total biomass by 21% in comparison to treatments that 
were not inoculated. Alam and Haider (2006) reported a similar 
result. Al-Ani and Adhab (2013) have noted that rhizobium 
inoculation starts the root growth and boosts the above-ground 
biomass of faba beans. Additionally, nitrogen raises shoot dry 
matter, which has a favorable correlation with grain output in 
both legumes and cereals (Fageria et al., 2008).

Grain yield

The combined Application of macro and micronutrient and 
Rhizobium inoculation had a significant effect on the grain 
output of chickpea crops (Table  6). The interaction of the 
two main factors was not significant. The NPSB+K treatment 
produced the maximum seed output of 1.85 tons per hectare, 
whereas the plots that received no fertilizer application 
produced the lowest seed yield of 1.1 tons per hectare. In 
comparison to NP and without fertilizer application, mixed 
fertilizer application increases seed production by 48.6 and 
57.9%, respectively. The combined application of macro and 
micro nutrients has synergistic effects. Chickpeas produced 
more grain when other nutrients were added to the nitrogen 
and phosphorus. These findings were in agreement with those 
of Kambale et al. (2012) noted that potassium application 
greatly influences chickpea grain output, with the greatest grain 
yield increment of 2.41 tons per hectare. The yield of chickpeas 
was also boosted by 18 to 20% by applying 17 to 50 kg K ha-1 
(Thakur et al., 1990). Additionally, according to El-Shafie and 

Table 6: Effects of blended fertilizers and Rhizobium inoculation 
on yield of chickpea
Treatments TB (ton ha‑1) GY (ton ha‑1) HI

Control 2.09b 1.10c 0.47
NP 2.16b 1.17bc 0.54
NPS 3.73a 1.76a 0.48
NPSB 3.51a 1.82a 0.54
NPSB+K 3.86a 1.85a 0.49
NPS+Zn 3.57a 1.77a 0.51
NPSB+Zn 3.75a 1.62ab 0.42
NPSB+K+Zn 3.54a 1.77a 0.48
LSD0.05 0.87 0.49 0.14ns

Inoculation
Inoculated 3.59a 1.84a 0.51
Non‑inoculated 2.97b 1.38b 0.47
LSD0.05 0.43 0.25 0.07 ns

CV (%) 22.43 26.12 23.8

Means within a column followed by the same letters are significantly 
similar at 5% probability level
NB;‑TB=Total biomass, GY=Grain yield, SY=straw yield and 
HI=Harvest index



Tilahun et al.

128	 J Phytol  •  2023  •  Vol 15

El-Gamaily (2002), sulfur and nitrogen stimulate enzymatic 
reactions and the production of chlorophyll, which encourage 
plant growth and development and result in a high yield. The 
presence of boron, which is essential for hormone synthesis 
and translocation, glucose metabolism, and DNA synthesis, 
is also credited with contributing to an increase in grain yield 
(Roy et al., 2006). In general, balanced fertilizer application led 
to a higher seed yield than nutrient application alone.

The yield of grains was significantly influenced by rhizobium 
inoculation. Rhizobium inoculation boosted chickpea grain yield 
by 33.3% when compared to un-inoculated, yielding a maximum 
of 1.84 tons ha-1. This can be explained by the fact that the 
inoculations of Rhizobia enhance symbiotic Nitrogen fixation 
and N nutrition, which in turn improve assimilate production, 
thereby promoting growth, which can then be re-translocated for 
the formation of yield components like increasing the number 
of seeds per pod. Our findings are consistent with those of 
Romdhane et al. (2008), who claimed that competitive rhizobia 
inoculation can boost chickpea seed yield and is particularly 
inexpensive promising to expand chickpea production. In 
addition to this different author, noted that the effect of 
inoculation on seed yield in chickpea increases significantly 
(Tellawi et al., 2007; Bhuiyan et al., 2008; Akhtar et al., 2013).

Harvest index

Both the major effects of fertilizer treatment and Rhizobium 
inoculation had no statistically significant effect on the harvest 
index (Table 7). Similar to the interaction effects, there was no 
noticeable difference between them. These findings support the 
findings of Boru et al. (2017) who claimed that the application 
of phosphorus to wheat did not significantly alter the harvest 
index. According to Zare et al. (2013), the application of 
potassium had no significant influence on the harvest index. Al-
Amery et al. (2011) discovered that the application of boron did 
not result in any noticeable differences. The harvest index was 
not statistically different for zinc application in rice, Hakoomat 
et al. (2014). The majority of the growth and yield-contributing 
features increased as a result of rhizobium inoculation, which 
ultimately resulted in a large rise in grain and Stover yields.

Correlation among yield and yield related traits

The estimates of the correlation coefficients among measured 
parameters of chickpea influenced by blended fertilizers and 
Rhizobium inoculation. The association of the number of pods 
per plant was positively and significantly correlated with the 
number of branches plant-1 (r = 0.6***), grain yield (r = 0.6***), 
and total biomass (r = 0.7***) (Table 7). The correlation of 
the number of pods plant-1 with the number of branches, grain 
yield, and total biomass is in agreement with the previous work 
of Mallu et al. (2015). Above ground biomass significantly 
correlated with straw yield (r = 0.9***), grain yield (r = 0.8***), 
hundred seed weight (r = 0.5***), number of branches plant-1 

(r = 0.6***) and plant height (r = 0.4**). Our result stands in 
line with the findings of Nihal and Sait (2012). Moreover, grain 
yield correlated positively and significantly with the number of 
pods plant-1 (r = 0.6***), hundred seed weight (r = 0.5***), 
and total biomass (r = 0.8***) these indicated that grain yield 
increased due to application of blended fertilizer and Rhizobium 
inoculation is contributed through an increase in total growth 
and yield components. Similar results were also reported by 
Nihal and Sait (2012) and Mallu et al. (2015).

Partial budget analysis

According to the results of the partial budget analysis for 
fertilizer, the NP, NPSB+Zn, NPSB+K, and NPSB+K+Zn were 
favored (Table 8). This led to an analysis of the marginal rates 
of return for the three non-dominated blended fertilizers (NPS, 
NPS+Zn, and NPSB). As a result, the MRR for NPS, NPS+Zn, 
and NPSB fertilizers, respectively, were 1801.7%, 866.4%, and 
256.8% (Table 8). Accordingly, farmers can anticipate receiving 
18.01, 8.66, and 2.56 more Birr for every 1.00 Birr they invest in 
fertilizer application, respectively. The marginal rates of return 
obtained by NPS, NPS+Zn, and NPSB exceeded the minimum 
acceptable rate of return set by CIMMYT in 1988, which ranged 
from 50 to 100%. The treatment with the largest net benefit 
and a respectable MRR is approved as a suggestion, according 
to CIMMYT (1988). Therefore, the acceptable domain of 
treatments for the study region is taken to include the blended 
fertilizers NPS, NPS+Zn, and NPSB that showed higher net 

Table 7: Simple correlation coefficients among parameters (n=48)
DF DPM NN NDW NPPP NSPP PH NB HSW TBM SY GY

DF 1
DPM 0.8*** 1
NN ‑0.6*** ‑0.7*** 1
NDW ‑0.6*** ‑0.6*** 0.5*** 1
NPPP ‑0.5*** ‑0.7*** 0.6*** 0.5*** 1
NSPP 0.15*** ‑0.15ns ‑0.2ns ‑0.3ns ‑0.2ns 1
PH ‑0.5*** ‑0.6*** 0.4** 0.4** 0.6*** ‑0.15ns 1
NB ‑0.5*** ‑0.5*** 0.7*** 0.6*** 0.6*** ‑0.3* 0.4** 1
HSW ‑0.6*** ‑0.6*** 0.6*** 0.5*** 0.5*** ‑0.3ns 0.5* 0.7*** 1
TBM ‑0.6*** ‑0.7*** 0.7*** 0.5*** 0.7*** 0.1ns 0.4** 0.6*** 0.5*** 1
SY ‑0.6*** ‑0.6*** 0.5*** 0.5** 0.6*** 0.0ns 0.3* 0.4** 0.3* 0.9*** 1
GY ‑0.5*** ‑0.6*** 0.7*** 0.4** 0.6** ‑0.2ns 0.4** 0.3*** 0.5*** 0.8*** 0.5*** 1

*, **, ***; indicates that significantly different at P<0.05, P<0.01, 0.001 probability level, respectively. ns=non significant
DF: days to flowering; DPM: days to physiological maturity; NN: number of nodules; NDW: nodules dry weight; NPPP: number of pods per plant;  
NSPP: number of seeds per pod; PH: plant height; NB: number of branches; HSW: hundred seed weight; TBM: total biomass; SY: straw yield and GY: grain yield. 
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benefits along with an acceptable MRR (Table 8). Given that the 
three solutions produced statistically comparable grain yields, 
the combined fertilizer NPS is the preferable option.

Additionally, the results of a partial budget analysis for the 
inoculation of Rhizobium revealed that inoculated treatments 
were not dominant. As a result, the MRR obtained with 
inoculation treatments was 4189.3%. Accordingly, farmers 
can anticipate receiving an additional 41.89 Birr for every 1.00 
Birr spent on Rhizobium inoculants in addition to recovering 
their initial investment of 1.00 Birr. The treatment with the 
largest net benefit and a respectable MRR is approved as a 
suggestion, according to CIMMYT’s (1988) findings. As a 
result, the Rhizobium inoculation that produced the best 
grain yield, the largest net benefit, and an acceptable MRR 
(Table 8) is considered to be both profitable and appropriate 
for the research area.

CONCLUSION

The results of this study revealed that the application of fertilizers 
significantly influenced most of the parameters tested and yield 
and yield-related traits of chickpeas except the number of seeds 
pod-1 and harvest index. Blended fertilizer application improved 
chickpea grain yield (1.73 ton ha-1) by 48.35% and 57.9% as 
compared to NP and control. If only macronutrients are applied 
to the crop, the shortage of some additional secondary macro 
and micro-nutrients will emerge in different crops. Hence, those 
sources of nutrients are supposed to apply which possess various 
nutrients. This will tower crop yields and maintain soil health for 
a longer period. Accordingly, all the studied blended fertilizers’ 
effects on chickpea yield and yield components showed that the 
application of blended fertilizers would be promising to grow 
chickpeas in the study area. The Native Rhizobium population 
of chickpeas in most of the farmers’ fields is less than what is 
required for the optimum symbiotic association. The maximum 
number of nodules (23.29), nodules dry weight (0.11 g), growth, 
and yield component parameters were recorded for inoculated 
treatments, and treating the seed with Rhizobium inoculation 
improved chickpea grain yield by 33.3% (1.84 ton ha-1) 
compared to the control. Thus, Rhizobium inoculation can be 
considered necessary for better production of chickpeas in the 
experimental area. The partial budget analysis indicated that 

blended fertilizers; NPS, NPS+Zn, and NPSB gave the greater 
net benefits of 43,995, 43399, and 44,455 Ethiopian Birr ha-1, 
respectively. These treatments all had acceptable MRRs of 1802, 
866, and 257. Rhizobium inoculation resulted in a higher net 
benefit of 46,640 Birr ha-1 with an acceptable MRR of 4189. Based 
on the result of this study it can be concluded that application 
of blended fertilizer: NPS and Rhizobium inoculation are 
recommended for chickpea production in the study area.
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