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Response of Chickpea (Cicer arientinum L.) Varieties to Blended NPSZnB 

Fertilizer Application in Ada’a- Liban District, Central Ethiopia 

ABSTRACT 

Producing chickpea on Vertisol without fertilizer application leads to low yields because of 

low soil nutrient availability. Hence, a field experiment was conducted in 2017/2018 in Ada’a-

Liban District of East Shoa Zone, Ethiopia, to assess the effect of rates of blended NPSZnB 

and DAP fertilizer on yield components and yield of chickpea varieties. Treatments consisting 

of four levels of blended NPSZnB fertilizer (0, 64.4, 129 and 193 kg ha
-1

) and four chickpea 

varieties (Natoli, Dalota, Arerti, and Dhera), including a standard check fertilizer rate (100 kg 

DAP ha
-1

), were laid out in Randomized Complete Block Design in a factorial arrangement 

and replicated three times per treatment. The main effect of chickpea variety significantly 

affected all parameters except seed yield. Chickpea variety Dhera had the highest 

aboveground biomass yield (6754 kg ha
-1

),grain crude protein content (16.56%), total N 

uptake (85.02 kg N ha
-1

) and total P uptake (19.69 kg P ha
-1

). The main effect of rates of 

blended NPSZnB fertilizers also significantly affected all parameters except days to 

emergence, number of secondary branches, number of seeds per pod, hundred seed weight, 

harvest index and grain crude protein. The highest aboveground biomass (6494 kg ha
-1

), seed 

yield (3187 kg ha
-1

), N uptake by grain (79.93 kg N ha
-1

) and P uptake by straw (6.91 kg P ha
-

1
) were obtained for application of 193 kg NPSZnB ha

-1
 though statistically in parity with 

different rates of blended NPSZnB and standard check (100 kg DAP ha
-1

). Moreover, the 

highest number of pods (41.32 plant
-1

) and P uptake by grain (10.93 kg P ha
-1

) were obtained 

from application of 129 kg NPSZnB ha
-1

 and 64.4 kg NPSZnB ha
-1

, respectively though 

statistically similar with 100 kg DAP ha
-1

 and rates of NPSZnB fertilizer. Interaction effect of 

chickpea variety and rates of blended NPSZnB significantly affected numbers of effective 

nodules, N uptake by straw, S and Zn uptake by grain, straw and total uptake. The interaction 

of Dhera variety with the rate of 129 kg NPSZnB ha
-1

 led to the production of the highest 

number of effective nodules (20.67 plant
-1

), while the highest S uptake by grain (7.95 kg ha
-1

) 

was recorded for interaction of Dhera variety with 64.4 kg NPSZnB ha
-1

. Moreover, 

interaction of 64.4 kg NPSZnB ha
-1

 with Arerti variety resulted in the highest total uptake of 

Zn (2484 g ha
-1

).Treatment combination of Natoli with 129 kg NPSZnB ha
-1

, Dalota with 64.4 

kg NPSZnB ha
-1

 and Arerti with all rates of blended NPSZnB and standard check were utilized 

the lowest rate of N efficiently to produced the highest seed yield (AE > 30 kg kg
-1

). 

Alternatively, Dalota and Arerti varieties with 64.4 kg NPSZnB ha
-1 

and Arerti with 129 kg 

NPSZnB ha
-1

 produced the highest seed yield with low rate of P applied (AE > 20 kg kg
-1

). 

Economically, Arerti was found to be the most responsive variety to 193 kg NPSZnB ha
-1

 with 

the highest net benefit of 55997 birr ha
-1

and 195.9% marginal rate of return. Thus it can be 

concluded that application of 193 kg NPSZnB ha
-1

 with varieties Arerti and Dhera were found 

to be superior and can be used for chickpea production in Ada’a Liban District East Shoa 

Zone. However, since the experiment conducted in one season and one location, the 

experiment should repeat over seasons and locations to reach a conclusive recommendation.                                                                                                                           

Keywords: Arerti, Dalota, Dhera, Natoli, N and P Uptake, seed yield, biomass yield



 

 

1. INTRODUCTION 

Chickpea (Cicer arientinum L.) is believed to have originated in present-day south eastern 

Turkey and adjoining Syria (Saxena and Singh, 1987). Chickpea is a good source of 

carbohydrates and protein, and the protein quality is considered to be better than that of other 

pulses. It has significant amounts of all the essential amino acids except sulfur containing 

types, which can be complemented by adding cereals to the daily (Jukanti et al., 2012). The 

nutrient composition of the crop seed has protein (15-30%), fat (4-10%), carbohydrates (52-

70%), and minerals [calcium (0.2%) and phosphorous (3.0%)] (Hulse, 1994; Ozer et al., 

2010). 

Based on differences in seed size, chickpeas are distinguished as Desi and Kabuli types. 

Currently, about 75% of the area all over the world is covered by the Desi type and the 

remaining 25% by the Kabuli type (Gemechu et al., 2012). Large-scale adoption of high 

yielding market preferred, large seeded Kabuli chickpea varieties has led to 86% increase in 

production, 39% increase in area coverage and 34% increase in productivity. Each year, 

Ethiopia exports 34,000 tons of chickpea valued at US$ 20.93 million. Estimated total benefit 

from chickpea improvement is about US$ 111 million over 30 years. Of this, consumers are 

estimated to get 39% and producers 61% of the benefits (ICRISAT, 2015). Currently, there is 

a considerable interest in the Kabuli type chickpeas for export (IBC, 2007). 

In Ethiopia, the national chickpea improvement program (Debre Zeit Agricultural Research 

Center) has so far released seventeen improved chickpea varieties from ICARDA and 

ICRISAT germplasm and distributed to farmers. The improved varieties released by the 

national research program are highly productive and have larger seeds as compared to the local 

varieties. Arerti, Natoli, and Dalota are more preferable in terms of market demand, farmers‘ 

interest, high yielding capacity and availability of the seed (Million and Asnake, n.d;Yasin and 

Genene, 2018). The National Variety Release Committee (NVRC) announced the release of 

three new improved chickpea varieties (Dhera, Dimitu and Hora ) with better yield, disease 

resistance and early maturity for production in high altitude areas (1800-2800 m) of Ethiopia 

(ICRISAT, 2016) 
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Ethiopia having greatly increased chickpea production in recent years now accounts for over 

2% of world production, and stood sixth on the global ranking of chickpea producing countries 

(FAOSTAT, 2015). The country is the largest chickpea producer in Africa, with a share of 

about 60% of total chickpea produced in the continent in 2014 (FAOSTAT, 2014). In 

2017/2018 cropping season, Ethiopia produced 499,425.55 tons of chickpea on 242,703.73 ha 

of land with an average productivity of 2.1 tons ha
-1

. Chickpea is the second most important 

grain legumes next to faba beans in terms of production area coverage (CSA, 2018). In Ada’a 

District chickpea is the first most important legumes crop in terms of area grown both as 

source of cash and for household (Shiferaw and Teklewold, 2007). 

However research station yield trend showed that, mean yield of Dalota variety in 2016 

cropping season over location of Akaki, Alem tena, Chefe donsa, Debre Zeit and Minjar was 

2.6 tons ha
-1

. Moreover, the yield of Arerti variety in 2012 cropping season over Akaki, Chefe 

donsa and Debre Zeit station was 2.8 tons ha
-1

 (DZARC, 2018). Though yield increments have 

been observed for the crop both on farm and research station, the productivity of the crop is 

still below the potential. The potential of the crop under improved management condition is 

more than 3 tons ha
-1

 (Singh, 1987; Legesse et al., 2005). 

Research reports indicate that productivity of chickpea is below potential due to low soil 

fertility and little use of soil amendment practices, especially low use of mineral fertilizers, 

limited availability of quality seed (most pulses are grown from poor quality seeds of 

unimproved cultivars with low genetic potential), limited familiarity with the variety of 

existing pulse types, and their susceptibility to biotic and a biotic stresses and poor cultural 

practices, which are some the most serious production constraints experiences in producing the 

crop in the country (IFPRI, 2010; Alemu, 2014; Goa, 2014).  

The currently limited use of mineral fertilizers for production of pulses is due to lack of 

awareness of the benefits of fertilizer for producing the crops; limited access to credit; and 

shortage of phosphate fertilizers imported in to Ethiopia. In many of the rural sites, the 

diagnostic team visited the majority of the farmers who mistakenly thought that pulses did not 

need mineral fertilizers (IFPRI, 2010). However, there are only a few occasions on which 

farmers in Ethiopia apply fertilizers to leguminous crops including chickpea as opposed to 
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cereals. This is mainly due to the erroneous belief that legumes satisfy their nutrient demands 

from fixation and thus they do not need to be fertilized. Chickpea biologically fixes nitrogen, 

which only a single nutrient. The crop plant still needs 13 other mineral nutrients from the soil. 

It should also be borne in mind that legumes need to take up sufficiently from the soil the 

thirteen other mineral nutrients, namely, phosphorus, potassium, sulfur, and micronutrients 

such as zinc, iron, boron and copper, which could be deficient in the soil (Behailu, 2015).  

Furthermore, the average amount of fixed N in faba bean (80 kg N ha
−1

year
−1

) is much greater 

than that in chickpea (31 kg ha
−1

 year
−1

) (Lopez et al., 2011). Chickpea may be inferior to 

other grain legumes in terms of N2 fixation (Smith et al., 1987), particularly where native 

Rhizobial populations are low or inefficient (Beck, 1992). Thus, in soils with N deficiency, 

there is a need to apply small doses of N fertilizer to legumes to overcome the deficiency and 

harness their growth. Mean values for N derived from the atmosphere by chickpea varied from 

more than 70% at one location to less than 45% at another, where organic matter was later 

found to be deficient (Carranca et al., 1999). Even if legume-Rhizobia association fix N, small 

amounts of N need to be available in the soil which will be used by the plant in this case 

chickpea for its establishment and growth until the onset of N-fixation (Giller and Cadisch, 

1995). 

Even though farmers are interested in applying some mineral fertilizer, it is difficult for them 

to know the right type, amount and method of application. This problem is confounded by the 

fact that only mineral nitrogen and phosphorus containing fertilizers are available in Ethiopia, 

and current application rates are based on blanket recommendations. Blanket fertilizer 

application recommendations are the order of the day, which is a poor approach regardless of 

the diverse agro-ecological and soil characteristics of Ethiopia (Behailu, 2015). Blanket 

fertilizer recommendations have been used regardless of differences in crop need, soil types, 

and agro-ecology. Soil fertility gradient due to inherent soil fertility status and/or management 

discourages the adoption of blanket fertilizer recommendations.  

Some research has been conducted to study response of chickpea to application of mineral 

fertilizers. Gemechu et al. (2015) reported that application of 46 kg P2O5 ha
-1

 improved 

number of characters with a few exceptions. Yield increments of 15% and 17% were recorded 
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at Ambo and Ginchi, respectively. Similarly, biological and economic optimum yields of 

chickpea were obtained from N: P applied at 11.5: 20 and 11.5: 10 kg ha
-1

 in Halaba and Taba 

respectively (Lemma et al., 2013). Moreover, Adisu (2013) reported that, the maximum seed 

yield (2929 kg ha
-1

) was obtained due to the highest level of N (45 kg N ha
-1

) for variety 

Natoli at DZARC.  

Past approaches of fertilizer usage need to be revised to significantly increase smallholder 

farmers‘ productivity. For the past four to five decades, fertilizer consumption in the country 

has been limited to DAP and urea that supply N and P only (Behailu, 2015). Clearly, it was not 

only deficiencies of N and P that have been constraining crop yields in Ethiopia, deficiencies 

of such mineral nutrients as S, Zn, B, Fe, Cu and K are also common (Behailu, 2015). Hillette 

et al. (2015) reported that the soil analysis data of wheat fields in central highland Vertisols of 

Ethiopia showed deficiency in the levels of N, P, S, Zn, Mo and B. Exchangeable K, Ca and 

Mg in all soil samples were high, while available sulfur was low. Previously, Yifru and Mesfin 

(2013) reported that, the deficiency of Zn in 98% of the soil samples collected from central 

highland Vertisols of Ethiopia. Similarly, this was reported by the findings of EthioSIS 

(EthioSIS, 2015).  

Similarly in Ada’a District, fertilizer application for chickpea production is uncommon. 

However, only DAP might be applied on very poor soil, deficiency of S, Zn and B were also 

reported in addition to N and P in the district. Moreover, blended fertilizers are being used by 

the farmers only for cereal productions thus the response of chickpea varieties for blended 

NPSZnB fertilizer is unknown in this district. Therefore, this research was conducted with the 

following objectives: 

 to assess the effects of rates of blended NPSZnB fertilizer on yield components and 

yield of chickpea varieties;  

 to evaluate the effects of rates of blended NPSZnB fertilizer on nitrogen, 

phosphorus, sulfur and zinc uptake of chickpea varieties 

 to identify economically feasible rates of blended NPSZnB that increase the 

productivity of chickpea varieties in Ada’a-Liban District of East Shoa Zone, 

Ethiopia. 



5 

 

2. LITERATURE REVIEW 

2.1. Description of Chickpea 

Chickpea (Cicer arietinum L.) is believed to have originated in the present-day south eastern 

Turkey and adjoining Syria (Saxena and Singh, 1987). It is the only one annual cultivated 

species among the nine annuals from the genus Cicer. The cultivated chickpea belongs to 

family Fabaceae (formerly Leguminosae) and subfamily Faboideae (Van der Maesen, 1987). 

Based on differences in seed type, the cultivated chickpeas are distinguished as Desi and 

Kabuli types. The Desi types have small darker multicolored seeds with a rough seed coat 

while the Kabuli types have larger beige to white colored seeds with smoother seed coat. The 

seeds of Desi chickpeas are usually small and dark colored with reticulated surface and the 

aerial plant parts usually anthocyanin pigmented bearing pink or purple flowers (Gemechu et 

al., 2012). Existence of a pea-shaped third type characterized by medium to small seed size 

and creamy color has also been recognized which may be the result of intercrossing between 

Desi and Kabuli types that has resulted in a sort of intermediate group types (Upadhyaya et al., 

2008). Extra-large Kabuli attracts heavy premium prices and is more preferred in European, 

North American, South African and Middle East markets with a greater export needs 

(Shiferaw et al., 2007). 

The lateral roots develop nodules with the symbiotic rhizobium bacteria, capable of fixing 

atmospheric nitrogen in plant-usable form (Gaur, 2010). The plant stem is erect, branched, 

viscous, hairy, terete, herbaceous, green, and solid. The branches are usually quadrangular, 

ribbed, and green. There are primary, secondary, and tertiary branches. The primary branches 

form an angle with a vertical axis, ranging from almost a right angle (prostrate habit) to an 

acute angle (erect). Generally stems are incurved at the top, forming a spreading canopy 

(Cubero, 1987). The entire surface of the plant shoot, except the corolla, is densely covered 

with fine hairs known as trichomes. Many are glandular and secrete a highly acidic substance 

containing malic, oxalic and citric acids. These acids play an important role in protecting the 

plant against insect pests. Chickpea is annual crop that can complete its life cycle in 90 to 180 

days depending on the prevailing meteorological conditions (Gaur, 2010). 
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2.2. Area, Production, and Yield Trends of Chickpea in Ethiopia 

Ethiopia having greatly increased production in recent years now accounts for over 2% of 

world production, and stood sixth on the global ranking of chickpea producing countries 

(FAOSTAT, 2015).The country is also the largest chickpea producer in Africa, with a share of 

about 60% of total chickpea produced in the continent in 2014 (FAOSTAT, 2014). About 75% 

of the area all over the world is covered by the Desi types and the remaining 25% by the 

Kabuli types (Kassie et al., 2009). The main producers of the Desi types are India, Pakistan, 

and Ethiopia, while Mexico, Iran, Afghanistan, Spain, and Chile are the major producers of the 

Kabuli types (Upadhyaya et al., 2008; Kassie et al., 2009). In Ethiopia, the Desi type chickpea 

accounts for more than 90 percent of production and is grown across a wide range of 

ecologies. It covers over 160,000 ha with a total production of 160,000 tons which accounts 

for 12 percent of the total grain legume production (IBC, 2007). 

Although chickpea is widely grown in Ethiopia, the major producing areas are concentrated in 

two states i.e. Amhara and Oromia. These two states cover more than 90% of the entire 

chickpea area and constitute about 92% of the total chickpea production. The top nine 

chickpea producing zones (North Gonder, South Gonder, North Shoa, East Gojam, South 

Wollo, North Wollo, West Gojam, Gonder Zuria) belong to the Amhara region and account for 

about 80% of the country‘s chickpea production. In the Oromia region, the major producing 

zones are West Shoa, East Shoa, and North Shoa, which account for about 85% of the total 

area and production (ICRISAT, 2015). 

The area under chickpea cultivation has more than doubled from 109,000 ha in 1993 to about 

230,000 ha in 2012 in Ethiopia while the yields jumped from about 550 kg ha
-1

 to 1,730 kg ha
-

1 
during the same period (ICRISAT, 2015). In 2016/2017 cropping season, the country 

produced 444,145.93 tons of chickpea on 225,607.53 ha of land with an average productivity 

of 1.97 tons ha
-1

. Oromia region accounted for 181,606.06 tons of chickpea from 81,286.46 ha 

of land with productivity of 2.23 tons ha
-1

 in the same cropping year. Particularly, in East Shoa 

Zone, the productivity of chickpea was 2.85 tons ha
-1

 and occupied 13,352.88 ha of land and a 

total of 38,013.95 tons of chickpea was produced (CSA, 2017). This showed the suitability of 

the area for chickpea production. 
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2.3. Nutritional and Economical Importance of Chickpea 

Chickpeas are a nutrient-dense food, providing rich content (20% or higher of the Daily 

Value) of protein, dietary fibre, folate, and certain dietary minerals such as iron and 

phosphorus. Thiamin, vitamin B6, magnesium, and zinc contents are moderate, providing 10–

16% of the daily value (El-Adawy, 2002). Chickpea is a good source of carbohydrates and 

protein, and the protein quality is considered to be better than that of other pulses. It has 

significant amounts of all the essential amino acids except sulfur containing types, which can 

be complemented by adding cereals to the daily diet (Jukanti et al., 2012). It is very high in 

dietary fiber and hence a healthy source of carbohydrates for persons with insulin sensitivity 

or diabetes. The nutrient composition of chickpea seed constitutes fat (4-10%), carbohydrates 

(52-70%), minerals [calcium (0.2%), and phosphorous (3.0%)] (Ozer et al., 2010). Chickpea is 

a highly nutritious and an inexpensive source of protein that is estimated at 24% and ranges 

from 15- 30% (Hulse, 1994) depending on variety and environmental conditions (Nleya et al., 

2000). 

Chickpea is a less labor-intensive crop and its production demands low external inputs as 

compared to cereals. In Ethiopia, chickpea is widely grown across the country and serves as a 

multi-purpose crop (Shiferaw et al., 2007). It enhances more intensive and productive use of 

land, particularly in areas where land is scarce and the crop can be grown as a second crop 

using residual moisture. The crop reduces malnutrition and improves human health especially 

for the poor who cannot afford livestock products. It also increases livestock productivity as 

the residue is rich in digestible crude protein content compared to cereals. The growing 

demand in both the domestic and export markets provides a source of cash for smallholder 

producers (Kassie et al., 2009). Chickpea is one of the newly emerging export commodities 

being promoted for expansion in Ethiopia (Shiferaw et al., 2007). Ethiopia is the leading 

producer, consumer and exporter of chickpea in Africa and has 4.5% share of the global 

chickpea market and more than 60% of Africa‘s global chickpea market share (ICRISAT, 

2015). 

https://en.wikipedia.org/wiki/Daily_Value
https://en.wikipedia.org/wiki/Daily_Value
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Dietary_fibre
https://en.wikipedia.org/wiki/Folate
https://en.wikipedia.org/wiki/Dietary_minerals
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Thiamin
https://en.wikipedia.org/wiki/Vitamin_B6
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Daily_Value
http://www.newworldencyclopedia.org/entry/Carbohydrate
http://www.newworldencyclopedia.org/entry/Insulin
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2.4. Response of Chickpea to Fertilizer Application 

2.4.1. Response of Chickpea to Nitrogen Application 

Maintaining soil fertility and use of plant nutrient in sufficient and balanced amount is one of 

the key components in increasing crop yield (Caliskan et al., 2008). Among various nutritional 

requirements for production, nitrogen (N) is known to be an essential element for plant growth 

and development. Nitrogen deficiency limits plant growth and development. It also limits cell 

division, chloroplast development, enzyme activity and reduces dry matter yields (Werner and 

Newton, 2005; Salvagiotti et al., 2008). The most important role of N in the plant is its 

presence in the structure of protein and nucleic acids which are the most important building 

block and information substances of every cell. In addition, N is also found in chlorophyll that 

enables the plant to transfer energy from sunlight by photosynthesis. Thus, the supply of N to 

the plant will influence the amount of protein, amino acids, protoplasm and chlorophyll 

formed. Consequently, it influences cell size, leaf area and photosynthetic activity (Kibe and 

Onyari, 2006; Walley et al., 2005; Caliskan et al., 2008; Salvagiotti et al., 2008).  

In general, N deficiency causes a reduction in growth rate, general chlorosis, often 

accompanied by early senescence of older leaves, and reduced yield (Caliskan et al., 2008; 

Erman et al., 2011). Even if legume-rhizobial association fix N, small amount of N needs to be 

available in the soil which will be used by the chickpea for its establishment and growth until 

the onset of N-fixation (Giller and Cadisch, 1995). Thus, in soils with N deficiency, there is a 

need to apply small dose of N fertilizer to legumes to overcome the deficiency and harness 

their growth and this low dose of N applied externally is called starter dose. 

As a legume, chickpea can obtain a significant portion (4-85%) of N requirement through 

symbiotic N fixation when grown in association with effective and compatible Rhizobium 

strain (Walley et al., 2005; Chemining and Vessey, 2006). The rest of N is obtained from soil 

inorganic N, mineralized organic matter, residual N from the previous and/or fertilizer 

application (Caliskan et al., 2008; Salvagiotti et al., 2008). Even if legume-Rhizobial 

association fix N, small amount of N needs to be available in the soil which will be used by 

the plant for its establishment and growth until the onset of N-fixation (Giller and Cadisch, 

1995). Chickpea may be inferior to other grain legumes in terms of N fixation (Smith et al., 
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1987), particularly where native rhizobial populations are low or ineffective (Beck, 1992). 

Moreover, Ibsa (2013) reported that the unavailability of P (TSP) fertilizers and inoculants on 

the market in Ethiopia might greatly constrain promotion of these technologies. Thus, there is 

a need to derive the adequate level of nitrogen for obtaining higher yield with good quality. 

In addition, application of the starter N improved harvestability by increasing plant height and 

the lowest pod height from the soil surface in both chickpea types. This was due to applied N 

boosting vegetative growth in the early growth stage. Chickpea plots that received Starter N 

were greener, more vigorous before flowering than plots that did not receive N. Starter N 

accelerated plant maturity by a mere 0.5 to 0.7 days, which is marginal in practice. The 

addition of starter N reduced the number of nodules and nodule weight in both chickpea types. 

This reduction in nodule number and dry mass is expected because the plant does not require 

as much N fixation when soil N is available (Gan et al., 2004).  

Gan et al., (2003) reported that starter N at the rate of 15 kg N ha
-1

, compared to non-N check, 

increased seed yield significantly for Kabuli-type chickpea, but did not affect seed yield for 

Desi chickpea. This was coincidental to the fact that Kabuli-type chickpea responded to 

Rhizobial inoculants much less than Desi chickpea (Gan et al., 2004). Moreover, Walley et al. 

(2005) investigating chickpea response to starter N (0, 15, 30 and 45 kg N ha
-1

) and stated that 

the application of 45 kg N ha
-1

enhanced seed yield by as much as 221 kg ha
-1

 over control.  

The results of an experiment conducted in Halaba and Taba locations of Southern Ethiopia, 

showed that the highest number of nodules per plant was obtained from 11.5 kg N ha
-1

 

followed by 23 kg N ha
-1

, but the lowest number of nodule per plant was recorded for 

untreated plot. In Halaba, application of 23 kg N ha
-1 

increased the biomass and grain yield of 

chickpea by about 36% over the control. On the contrary in Taba, application of 11.5 kg N ha
-

1
 increased the biomass and grain yield of chickpea by about 38 and 61% over the control, 

respectively (Lemma et al., 2013).  

Nitrogen application rates significantly influenced plant height and number of primary and 

secondary branches of chickpea, with application of N at the rate of 45 kg N ha
-1

 resulting in  

the tallest plants (40.91 cm), highest number of primary branches per plant (3.14), number of 

total pods per plant (23.34), and number secondary branches per plant (5.82) (Addisu, 2013). 
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The author also found that higher aboveground plant dry biomass yield (4027 kg ha
-1

) and 

seed yield (2329 kg ha
-1

) in response to the application of 45 kg N ha
-1

. These results indicate 

that chickpea responds very well to N application in Ada’a-Liban District, where the author 

conducted the study. This implies that the total N content of the soil in the study area is sub-

optimal for high yield of the crop. Similarly, it might indicate that chickpea may not fix 

atmospheric nitrogen that is sufficient for its growth and development.  

In  this  regard,  most  Ethiopian  soils  are  poor  in  N  and  P  contents  indicating  that  areas 

growing  legumes are also low in N and P (Wassie and Tekalign, 2013).  However, the degree 

of deficiencies of N and P varies depending a soil type, crop variety and environmental 

variables. Maintaining soil fertility and use of plant nutrient in sufficient and balanced 

amounts is one of the key factors for increasing crop yields (Caliskan et al., 2008).  

2.4.2. Response of Chickpea to Phosphorus Application 

Phosphorus is among the most important yield limiting elements required by legume crops in 

considerable amounts. Phosphorus deficiency may cause yield losses of 0–45% in chickpea 

(Ali et al., 2002). This problem can be overcome through development and use of integrated 

plant nutrition systems that includes nutrient efficient genotypes (Sanginga et al., 2000; Gill et 

al., 2005). Phosphorus is one of the most important nutrients for plant and chickpea also 

responds significantly to its application. Phosphorus contributes directly to both the yield and 

quality of chickpea. It has often been called the ―Master key of Agriculture‖. Phosphorus plays 

an important role in physiological functions of plants. It is a constituent of adenosine 

diphosphate (ADP), sugar phosphate, and nucleic acids, proteins and several co-enzymes, 

which are of great importance in energy transformation and metabolic process of plants. 

Nitrogen fixation is much accelerated when an optimum quantity of phosphorus is available in 

the soil (Tandon and Messick, 2007). 

Kabuli chickpea showed a substantial increase in pod height with application of starter-P, 

which improved harvestability by 5%; nevertheless, chickpea seed yield was not affected. 

However, such a response was not observed when Kabuli chickpea was seeded on early-May 

seeding date. The earlier-seeded chickpea had a longer period of time to develop stronger 

rooting systems that support the uptake of nutrients from deep soil layers, thus no effect of 
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fertilizer P application on Kabuli seed size was detected (Gan et al., 2004). On the other hand, 

chickpea was reported to produce extensive roots and substantial quantities of organic acids 

and can solubilize and utilize particularly phosphorus from the soil (Gahoonia et al., 2007).  

Application of a starter dose of 15 kg P2O5 ha
-1

 initially increased the yield, but application of 

30 kg P2O5 ha
-1

 slightly increased it. Grain yield was increased by 16 and 12% in response to 

the application of 30 and 40 kg P2O5 ha
-1

, respectively, compared with control dose (Bicer, 

2014). The application of P at the rate of 60 kg P2O5 ha
-1

 resulted in maximum grain yield of 

chickpea (Basir et al., 2008). According to Islam et al. (2012), the yield of chickpea was 

increased by 65 and 88% due to the application of P fertilizers in Pakistan and Jordan 

respectively. However, the optimum P-requirement for adequate production of chickpea varies 

from soil to soil, by region and agro ecology. 

In agreement with the above results, Lemma et al. (2013) reported that, in Halaba, application 

of 20 kg P2O5 ha
-1

 increased the biomass and grain yield of chickpea by about 44.3% and 51% 

over the control, respectively. Similarly, in Taba, P fertilizer application significantly 

increased the biomass and grain yield of chickpea compared with the control treatment. 

However, there were no significant differences among the different P treatments with respect 

to biomass and grain yields. This is in contrast to what was  observed  at  Halaba  where  the  

grain  yield  of  chickpea  was  significantly  increased  with increase in P levels. This may be 

attributed to the fact that the two soils differ both physically and chemically, i.e. the soil of 

Taba is Vertisol whereas that of Halaba is Andisol, which has a very P adsorption capacity and 

would not relate it to the soil solution lightly for uptake by the plant.  

This suggestion is consistent with that of Mengel and Kirkby (2001) that the P sorption 

capacity of Andosols is high and phosphorus tends to be unavailable for plant uptake until the 

P adsorption is reduced by as a result of application of very high amounts of the nutrient that 

would saturate the P sorption sites of the soil (allophone) for release of the nutrient into soil 

solution.  

Significant differences were observed in growth and yield of chickpea as a result of variations 

in genotypes, locations, phosphorus levels and genotype by location interaction effects 

(Gemechu et al., 2015). Application of 46 kg P2O5 ha
-1 

improved a number of characters with 
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a few exceptions. Yield increments of 15% and 17% were recorded at Ambo and Ginchi, 

respectively, at this rate of phosphorus application. Similarly result of experiment, that was 

conducted at Taba kebele of Damot Galle woreda located in Wolaita zone, showed that 

application of phosphorus resulted in a significantly higher yields compared to the control 

treatment. The report showed that application of 46 kg ha
-1

 of P2O5 fertilizer also resulted in 

19% higher chickpea grain yield over the control treatment. For all the variables studied, 

moderate to large differences were observed across farms and phosphorus fertilizer application 

rates, with relatively smaller variability on the red soil (Ibsa, 2013). 

2.4.3. Response of Chickpea to Sulfur Application 

Sulfur is now recognized as a major plant nutrient, along with nitrogen, phosphorus, and 

potassium. It is essential for the growth and development of all crops, without exception. Most 

of the plants requirements of sulfur is absorbed through the roots in the form of sulfate (SO4
-2

) 

(Tandon and Messick, 2007). Sulfur is an essential nutrient for all organisms. It is present in 

amino acids cysteine and methionine, many co-enzymes and prosthetic groups, sulfolipids, 

sulfated peptides, and diverse secondary metabolites. Sulfur is taken up by plants as the 

inorganic oxidized anion sulfate, which is assimilated into the variety of cellular metabolites 

(Takahashi et al., 2011). Sulfur increases availability of other essential plant nutrients 

including nitrogen and phosphorus and help in better yields (Salvagiotti et al., 2009). The 

deficiency of sulfur in agricultural soil is observed all over the world (Haneklaus et al., 2007). 

Symptoms on S-deficient plants in some ways resemble those of N deficiency. However, 

chlorosis on S-deficient plants firstly affects the leaves near the top of the plant, while leaves 

near the base remain green. With increasing severity of S deficiency, the chlorosis extends 

over the whole plant. The pattern of chlorosis development is helpful in differentiating the 

symptoms of S deficiency from those of N deficiency. Some leaflets become completely 

yellow, wither and drop from the plant. Reddish-brown pigmentation appears on the stems and 

leaves of S-deficient plants (Ahlawat et al., 2007) 

Sulfur deficiency is becoming more critical with each passing year which is severely 

restricting crop yield, produce quality, nutrient use efficiency and economic returns. Like any 

essential nutrient, sulfur also has certain specific functions to perform in the plant. Thus, sulfur 
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deficiencies can only be corrected by the application of sulfur fertilizer (Tandon and Messick, 

2007). The effects of sulfur deficiency on the crops depend on the degree of limitation. Mild 

sulfur deficiency affects mostly the quality and not the yield, while only at severe deficiency 

yield is affected (Hawkesford, 2000). Sulfate deficiency results in reduced availability of 

cysteine and methionine for protein synthesis, leading to accumulation of free amino acids and 

change of protein composition, favoring sulfur-arm proteins (Wrigley et al., 1984). This amino 

acid accumulates as a consequence of stress conditions that inhibit protein synthesis at high 

nitrogen supply (Lea et al., 2007). 

Sulfur application resulted in significant increase in protein content of chickpea seed from 

23.8 to 24.7% as S application rate was increased from 0 to 30 kg S ha
-1

(Islam, 2011). Grain 

yield in legumes has a low heritability due to environmental variables. Consequently, 

agronomic practices combined with proper fertilizer management heavily influence yield. 

Sulfur, which has long been known to play a major role in plant metabolism (Takahashi et al., 

2011); delivery of adequate sulfur to seed tissues, is needed for maximizing production and to 

improve protein quality (Hawkesford and De Kok, 2006). Toxic heavy metals affect 

metabolism of plants; and a simultaneous S deficiency might result in poor yield and low 

resistance against abiotic stresses. However, optimal sulfur level helps plant in modulation of 

proteome and synthesis of S-rich compounds helping in detoxification (Dixit et al., 2015).   

2.4.4. Response of Chickpea to Zinc Application 

Zinc (Zn) is one of the essential plant nutrients that functions in diverse metabolic, regulatory, 

and developmental processes (Broadly et al., 2007). Zinc is also a constituent of ribosomes 

and is essential for their structural integrity. The decrease in protein content of zinc-deficient 

plants is also the result of enhanced rates of RNA degradation. Higher rates of RNase activity 

are a typical feature of Zn deficiency (Raun, 2007). 

Zinc deficient plants appear stunted and have fewer branches. The size of leaflets is reduced 

and crop maturity gets delayed. The younger leaves become pale green first, and then a 

reddish brown discoloration appears on margins of leaflets and on the lower parts of the stem. 

In the later stage, the upper portion of the leaflets turns bronzed and necrotic (Kumar, 2013). 

According to Khan et al. (1998) the development of visual Zn deficiency symptoms, such as 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4335288/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4335288/#B65
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reduction in growth with slightly pale foliage appeared 3–4 weeks after planting. A severe 

reduction in the shoot growth as well as in the size of younger leaves was observed 6 weeks 

after planting. Chlorosis of younger leaves and stipules was followed by necrosis of leaf 

margins. The older leaves of Zn-starved plants in sensitive genotypes were thick, lacking in 

succulence, were dull in appearance and shed prematurely. 

Zn deficiency has also been shown to change stigmatic size, morphology, and exudations, 

inhibiting pollen-stigma interaction (Pandey et al., 2006). Zn plays an important role in plant-

reproductive development for initiation of flowering, floral development, male and female 

gametogenesis, fertilization, and seed development (Sharma et al., 1990). Zinc deficiency 

effects on pollen production, pollen morphology, stigmatic changes, and seed yield suggest a 

higher requirement of Zn during the reproductive phase than for the vegetative phase of 

legume crops. It also reduces nodulation and nitrogen fixation (Ahlawat et al., 2007), which 

contributes to a decrease in crop yield. In neutral to alkaline soils, Zn deficiencies can be 

encountered (Roy et al., 2006), Zn solubility decreases markedly above pH 6.0- 6.5 (Sims, 

2000). 

However, Khan et al. (2003, 2004) reported that applying Zn increased yield and quality of 

chickpea. Now days, wide spreads deficiency of Zn is observed in various part of Ethiopia 

which limit the production of crops. Zn application has been noticed in chickpea grown on Zn 

deficient soil. Zinc deficiency reduces not only the grain yield, but also the nutritional quality 

of grain (Cakmak, 2008) and ultimately nutritional quality of human diet. In plants, enzymes 

either containing or activated by Zn are involved in carbohydrate metabolism, protein 

synthesis, maintenance of cellular membrane integrity, regulation of auxin synthesis and 

pollen formation (Marschner, 2011). Zinc is also required for the regulation and maintenance 

of the gene expression required for the tolerance of environmental stresses in plants, such as 

high light intensity and high temperature (Cakmak, 2008). 

Zinc nutrition affected the biomass production and water use of chickpea and the response to 

water stress. Plants supplied with Zn grew more vigorously than zinc-deficient plants and, 

despite using a watering regime to try to control the rate of development of water stress, this 

difference in biomass production resulted in water stress developing more rapidly when Zn 



15 

 

was supplied. Consequently, water stress was more severe and the reduction in growth was 

greater in chickpea grown under adequate than under deficient soil Zn. Despite this, there is 

evidence that Zn deficiency altered plant water relations and adversely affected the ability to 

respond to water stress, which was independent of biomass production and the rate of 

development of stress. Despite this, zinc-deficient plants used water less efficiently and were 

less able to respond to increasing soil water deficits by osmotic adjustment than plants that 

were supplied with adequate levels of Zn. Osmotic potential was lower and turgor higher in 

the leaves of zinc-deficient plants, but the ability to adjust osmotically was reduced by Zn 

deficiency as stress developed (Khan et al., 2004). 

Introduction of high yielding varieties and use of high input fertilizers have caused depletion 

of micronutrients, mainly of Zn on the soil. Approximately 60% of the world soil is considered 

inadequate for crop production, due to mineral stress caused by the deficiency, unavailability, 

or toxicity of some essential nutritive elements. Mineral fertilization is one of the most 

important factors for improving the crop yield and its quality can be improved by adequate soil 

and crop management practices. Zn deficiency is one of the most common ones prevalent in 

the world (Alloway et al., 2004).  

Zinc fertilization to chickpea resulted in significant enhancement in the quality of the crop. 

Application of 5.0 kg Zn ha
-1

 remained at par with 2.5 kg Zn ha
-1

, recorded significantly 

higher protein content (22.09%) as compared to control during 2012- 2013, whereas, during 

2013-14 the progressive increase in Zn levels up to 5.0 kg ha
-1

 significantly enhanced the 

protein content in chickpea grains. The increase in protein content by Zn fertilization ascribed 

due to the role of Zn in nitrogen metabolism and protein synthesis. In terms of protein yield 

fertilization with 5.0 kg Zn ha
-1 

proved significantly superior over lower levels, wherein this 

treatment enhanced the protein yield by 23.1 and 6.3% during first year and by 23.9 and 7.1% 

during second year of experimentation, respectively, over control and 2.5 kg Zn ha
-1 

(Choudhary et al., 2014). 

The result of field experiment that was conducted in Southern Ethiopia showed that the 

highest number of pods per plant (237) was obtained from Butajira local landrace. The 

cultivar Natoli produced the highest grain yield (2895 kg ha
−1

), while the breeding line 
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FLIP03-53C had the lowest yield (1700 kg ha
−1

). The highest Zn concentrations of 47.5, 47.4, 

and 46.4 mg kg
−1

 grain were obtained from the cultivar Arerti, and the two breeding lines 

FLIP07-27C and FLIP08-60C, respectively. The highest Zn efficiency (88%) was obtained 

from the Wolayita local landrace, whereas the highest agronomic efficiency of 68.4 kg yield 

increase kg
−1

 Zn application was obtained from the cultivar Natoli. Moreover, the effect of Zn 

fertilizer application on Zn content in grain was significant. Forty mg Zn kg
-1

 grain obtained 

from the application of 25 kg ZnSO4.7H2O ha
-1

 was the highest followed by 39 mg Zn kg
-1

 

grain of 30 kg ZnSO4.7H2O ha
-1

. Both rates had 7 and 6% more grain Zn content over the 

control (no fertilized plots), respectively. Grain Zn yield also showed similar trend. 

Application of 25 kg ZnSO4.7H2O ha
-1

 resulted in 9% more grain Zn yield over the control 

(Legesse et al., 2016). 

2.4.5. The Response of Chickpea to Boron Application 

The element boron is unique among all essential elements because in case of boron the gap 

between sufficiency and toxicity level is very narrow. A fraction of one part per million may 

be required, a few parts per million may be toxic to plants. It is absorbed from the soil by 

plants as borate, a negatively charged ion (anion). Since boron is non-mobile in plants, a 

continuous supply from soil or planting media is required in all plant meristems (Trivedi, 

2015). 

Boron functions in plants in differentiation of meristem cells. The general consensus is that its 

major function has to do with the structure of the cell wall and the substances associated with 

it. The range in plant tissues is wide with values generally higher in dicotyledons than in 

monocotyledons. It is present in soil solutions with a pH less than 8 mainly as un dissociated 

boric acid (B(OH)3), the principal form taken up by roots, and disassociates to B(OH)4
-
 only at 

higher pH values (Raun, 2007). Boron availability decreases with increasing soil pH, 

particularly in calcareous soil and sandy soils with high clay content. Availability also sharply 

decreases under drought conditions, probably because of both a decrease in boron mobility by 

mass flow to the roots and polymerization of boric acid. Under high rainfall conditions, it is 

readily leached from soils as B (OH)3 (Raun, 2007). The critical level of boron with reference 
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to crops in general was reported to be 0.15 to 0.20 ppm depending on soil types (BARC, 

2005). 

Symptoms of boron deficiency in the shoots are noticeable at the terminal buds or youngest 

leaves, which become discolored and may die. Internodes are shorter, giving the plants a 

bushy or rosette appearance. Deficiency is found mainly in the youngest plant tissues. 

Interveinal chlorosis on mature leaves may occur, as might misshapen leaf blades. Drop of 

buds, flowers, and developing fruits is also a typical symptom of boron deficiency. With boron 

deficiency, cells may continue to divide, but structural components are not differentiated. 

Boron also apparently regulates plant metabolism of carbohydrates (Raun, 2007). 

In comparison with others crops, the response of chickpea to the application of B is higher in 

chickpea than in some cereals (Wankhade et al., 1996); although differences between chickpea 

cultivars concerning B deficiency have also been observed. Ali and Mishra (2001) also found 

a significant response when foliar applications of B were carried out. The response to soil B 

application is higher in B deficient soil (Wankhade et al., 1996; Ahlawat et al., 2007). The 

additions of B increased chickpea yield when there was a low availability of B (Roy et al., 

2006; Shil et al., 2007). B should only be applied when Zn is applied as well, if B is applied 

without an application of Zn the plant yield decreases slightly. Jahiruddin (2008) recorded that 

the application of Zn had an influence on B supplement on chickpea, although the experiment 

was conducted using calcareous soil (Bozoglu et al., 2007) 

2.5. Interaction Effect of Nitrogen, Phosphorus, Sulfur and Zinc on 

Chickpea Production 

Interaction between two nutrients is said to be positive or synergistic when combined 

application of two nutrients results in an increase in yield that is more than their sole or 

individual application. Similarly, if addition of the two nutrients together produces lower yield 

as compared to individual ones, the interaction is negative (antagonistic). When there is no 

change, there is no interaction (Fageria, 2001). 

The interaction effects of N and P on grain yields of chickpea at Halaba were significant,  

indicating  levels  of  P  have  significantly  increased  the  yield  of  chickpea  along  with  
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increased  application of N and vice versa (Lemma  et al.,  2013). According to Islam et al. 

(2011), there was increase in N taken from soil with P application and consequently soil N 

balance declined as P rate was increased. This is also confirmed by positive correlation of seed 

(r = 0.75, P < 0.01) and straw yield (r = 0.74, P < 0.01) with N taken from soil and negative 

correlation (r = -1.0, P < 0.01) between soil N balance and N taken from soil. In present result, 

although crop residues were removed from soil yet soil N balance was positive.  

Islam et al. (2012) reported that different levels of S significantly affected N uptake by 

chickpea at both locations. The effect of different S levels as well as S×L interaction on 

amount of N fixation was significant at both locations. According to Nawange (2011), there 

were no significant interactive effects of levels of P and S on growth, yield attributes and yield 

of chickpea. Contrarily, Islam et al. (2011) reported that combined application of P and S 

resulted in higher response in terms of seed yield at lower level of nutrient application (40 kg 

P2O5 ha
-1

 and 15 kg S ha
-1

) as compared to sole application. However, at higher level of 

nutrient application (80 kg P2O5 ha
-1

 and 30 kg S ha
-1

), increase in seed yield due to combined 

application was less as compared to individual one. Therefore, interaction between nutrients 

was synergistic at lower level and antagonistic at higher level in respect of seed yield. Similar 

trend was also observed regarding P uptake. However, nutrient interaction was synergistic at 

both lower and higher level of nutrient application regarding S uptake. 

There was significant increase in N uptake with both P and S application. Nitrogen uptake 

increased from 45 to 54 kg ha
-1

 and from 47 to 53 kg ha
-1

 as P application rate was increased 

from 0 to 80 kg P2O5 ha
-1

 and S application rate from 0 to 30 kg ha
-1

, respectively. There was 

significant difference between lower and higher rates of both P and S application (Islam et al., 

2011). 

Zinc fertilization also had significant effect on total uptake of N, P and K by chickpea. The 

significantly higher total uptake of N (139.3 and 141.5 kg ha
-1

) during both the years of study 

was recorded with 5.0 kg Zn ha
-1

as compared to lower levels.  The increase in concentration of 

N by zinc fertilization might be due to the role of Zn in nitrogen metabolism which leads to 

increase in accumulation of nitrogen by plants and ultimately higher uptake of N. Phosphorus 

has antagonistic interaction with Zn, so application of zinc resulted in to reduction in P uptake 
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at higher levels. Zinc fertilization resulted in to significant improvement in total uptake of P 

only up to application of 2.5 kg Zn ha
-1

, but further increase in zinc levels could not bring any 

significant effect (Choudhary, 2014). 

2.6. Interaction of Chickpea Varieties with Mineral Fertilizers 

Rates of blended NPSB fertilizer utilized in Tselemti District and its interaction with varieties 

did not show significant effect on most of studied traits. However, main effect of variety had a 

significant effect on the phenology, growth, yield components, and yield of chickpea. Desi 

type chickpea variety (Mariye) was flowered and matured earlier than Kabuli type chickpea 

variety (Arerti), hence higher seed yield (1934 kg ha
-1

) and harvest index (54%) was obtained 

from variety Mariye. The variety with a long delay in flowering time was associated with a 

larger decrease in seed yield especially in moisture stress areas. Earliness plays a crucial role 

in varieties adaptation to existing and new environments and cropping systems and has a 

prevailing effect on yield components and yield. Maximum hundred seeds weight (25 g) and 

straw yield (1684 kg ha
-1

) were obtained from the variety Arerti (Tesfahun et al., 2018).  

Similarly, Addisu (2013) reported that the interaction effect of rates of N application and 

variety significantly influenced days to flowering while variety interaction with P application 

significantly affected days to flowering and nitrogen concentration in plant tissues. 

Application  of  45  kg  N  ha
-1

 and  0  kg  P  ha
-1

 resulted  in  the  production  of higher above 

ground plant dry biomass yield and seed yield for both varieties. The maximum seed yield 

(2929 kg ha
-1

) was obtained due to the highest level of N (45 kg N ha
-1

) and lowest level of P 

(0 kg P ha
-1

) for variety Natoli. Similarly, maximum seed yield (2006 kg ha
-1

) was obtained 

due to the highest level of N and lowest level of P for variety Acos  Dubie. 

According to Legesse et al. (2017) result, the highest grain yield (2895 kg ha
−1

) and 

agronomic efficiency of 68.4 kg yield increase kg
−1

 zinc application were recorded for the 

cultivar Natoli, while the breeding line FLIP03-53C had the lowest yield (1700 kg ha
−1

) in 

Southern Ethiopia. The highest zinc concentrations of 47.5, 47.4, and 46.4 mg kg
−1

 grain were 

obtained from the cultivar Arerti, and the two breeding lines FLIP07-27C and FLIP08-60C, 

respectively. The highest zinc efficiency (88%) was obtained from the Wolayita local 

landrace. 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The experiment was conducted on a farmer‘s field at Dhankaka (Udie) during the 2017/2018 

from August to December main cropping season. Dhankaka is one of the Peasant Associations 

in Ada’a-Liban District, East Shoa Zone, Ethiopia. Geographically, the experimental site is 

situated at latitudes of 8
o
41′36″ North and longitude of 39

o
03′17″ East and altitude of 1880 

meters above sea level (Hillette et al., 2015). The total annual rainfall recorded at the nearest 

station was 825 mm and the average annual minimum and maximum temperatures were 11.9 

0
C and 26.7 

0
C, respectively (DZARC, 2017). Black clay Vertisols (Koticha) is the dominant 

soil type, with good soil fertility but with water logging problems in those areas where the land 

slope is below 8% (DZARC, 2006). Major crops grown in the area are teff (Eragrostis tef), 

wheat (Triticum aestivum L.) (mainly bread wheat) and pulses. Among pulses, chickpea is 

commonly grown and used as a crop rotation to wheat and teff crops. Irrigated horticultural 

crops represent a newly emerging business in areas where small-scale irrigation has been 

identified as potential venture (Nigatu et al., 2012). 

 

Figure 1: Long term average and monthly total rainfall, average minimum and maximum 

temperature that recorded at experimental area (DZARC, 2017)  
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3.2. Experimental Materials 

3.2.1. Plant materials 

Chickpea varieties and blended NPSZnB fertilizer were used as experimental material. Natoli, 

Dalota, Arerti and Dhera varieties of chickpea were used as planting material (Table 1). These 

varieties were released from Debre-Zeit Agricultural Research Center/ Ethiopian Institute of 

Agricultural Research (DZARC/ EIAR) in 2007, 2013, 1999 and 2016, respectively.  

Table 1: Description of chickpea varieties used for the study 

Characteristic Chickpea variety 

Natoli Dalota Arerti Dhera 

Type Desi Desi Kabuli Kabuli 

Growth habit Erect Erect Bushy Erect 

Altitude (masl) 1800-2700 1800-2600 1900-2600 1800-2800 

Annual rainfall (mm) 700-1200 700-1200 700-1200 - 

Seed rate (kg ha
-1

) 120-130 130-135 100-115 - 

Days to maturity 136 90-145 105-155 133.8 

100 seed weight (g) 22 31 25.7 33.24 

Productivity (t ha
-1

) on 

research field 

2.2-2.6 2.5-2.8 2.6-4.6 - 

Productivity (t ha
-1

) on 

farmers field 

2-2.5 2-2.3 2-3.2 - 

Year of release 2007 2013 1999 2016 

Source: DZARC (n.d) 

3.2.2. Fertilizer materials 

Blended NPSZnB fertilizer was used as a source of nutrients. The nutrients fraction in 100 kg 

of the blended NPSZnB fertilizer is described as 17.8 kg N + 35.7 kg P2O5 + 7.75 kg S + 2.2 

kg Zn + 0.1 kg B. 

3.3. Soil Sampling and Analysis 

Representative soil samples were taken from the experimental area before and after planting. 

Before planting, fifteen soil sub-samples were taken by using a two-way, diagonal sampling 

technique from soil depth of 0-30 cm. Then the soil sub-samples were mixed and unwanted 

material was excluded. After harvesting, representative three soil sub-samples were taken from 
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each plot at the depth of 0-30 cm. The three soil sub-samples of each plot were mixed to make 

one composite sample. Finally, the composite samples of each plot were thoroughly mixed 

based on treatment combination (the plot received the same treatment). Before planting one 

composite sample and after harvesting, treatment-based twenty composite samples were air-

dried, ground and passed through a 2 mm sieve.    

Before planting, one working sample was analyzed for organic carbon, total nitrogen, soil pH, 

cation exchange capacity (CEC), texture, plant-available phosphorus and sulfur at soil and 

water analysis laboratory of Debre-zeit Agricultural Research Center (DZARC). Zinc, boron 

and exchangeable bases (Ca
++

, Mg
++

, Na
+
 and K

+
) were analyzed at Horticoop Ethiopia PLC. 

Post-harvest soil samples were analyzed for soil pH, available phosphorus and sulfur at soil 

and water analysis laboratory of DZARC. Total nitrogen and zinc were analyzed at soil 

physico-chemical property laboratory of Haramaya University according to the following 

procedures:  

Soil particle size distribution was determined by the hydrometer method (Bouyoucos, 1962). 

Organic carbon was determined by the Walkley-Black oxidation method (Walkley and Black, 

1934). Total nitrogen in the soil was measured by macro-Kjedahl method as outlined by 

Jackson (1958). Soil pH was measured using a digital pH meter potentiometerically in 

supernatant suspension of 1:2.5 soil to distilled water ratio (Van Reeuwijk, 1992). Available 

phosphorus was analyzed by the Olsen method (Olsen et al., 1954). Available S was 

determined by FAO-turbidi metric method (Ajwa and Tabatabai, 1993). CEC was measured 

by ammonium acetate after saturating the soil with 1N NH4OAC and displacing it with 1N 

NaOAC (Chapman, 1965). Exchangeable Ca
2+

 and Mg
2+

 were measured using Atomic 

Absorption Spectro photo-metery. Potassium and Sodium were measured by using flame 

photometry (Toth and Prince, 1949). Zn was measured using Dietylene Triamine Penta Acetic 

Acid (DTPA) extraction method following the procedure developed by Lindsay and Norvell as 

outlined by Sahlemedhin and Taye (2000). Available B was determined using Melhich- 3 

method. 
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3.4. Treatments and Experimental design 

The treatments consisted of four levels of blended NPSZnB fertilizer (0, 64.4, 129 and 193 kg 

ha
-1

) and four chickpea varieties (Natoli, Dalota, Arerti, and Dhera). In addition, 100 kg DAP 

(Diammonium Phosphate) ha
-1

 (46 kg P2O5 and 18 kg N ha
-1

) was included as control 

(standard check). The treatment with 129 kg blended NPSZnB ha
-1 

fertilizer represented the 

blanket recommendation of phosphorus for legumes, which is 100 kg DAP ha
-1

 and comprises 

46 kg P2O5 and 18 kg N ha
-1

. The experiment was laid out as Randomized Complete Block 

Design in a factorial arrangement of 4 × 5 = 20 treatment combinations and replicated three 

times per treatment. Each variety received each level of the blended NPSZnB fertilizer and 

control check (100 kg DAP ha
-1

). Nitrogen, phosphorus, sulfur, zinc and boron were blended 

based on the nutrient fraction in the factory as described below in Table 2.  

Table 2: The nutrient fraction in each level of blended NPSZnB and DAP fertilizer 

NPSZnB    

(kg ha
-1

) 

Nitrogen  

(kg N ha
-1

) 

Phosphorus 

(kg P2O5 ha
-1

) 

Sulfur      

(kg S ha
-1

) 

Zinc           

(kg Zn ha
-1

) 

Boron      

(kg B ha
-1

) 

0 (control) 0 0 0 0 0 

64.4 11.46 23 4.96 1.41 0.064 

129 22.92 46 9.92 2.83 0.13 

193 34.3 69 14.88 4.25 0.193 

100 DAP 18 46 0 0 0 

 

3.5. Experimental procedure 

The experimental area was ploughed and leveled before planting, then divided into blocks and 

plots. In each plot, seven rows were marked by using row marker of 30cm spacing. The seed 

of all varieties were treated with chemical (Apron star 42 WS) before planting to prevent 

wilting and seed dormancy. Sowing was done on August 28, 2017 by placing two seeds per 10 

cm distance to keep the population and thinned out to one seedling after assuring emergence. 

Sowing of the chickpea seeds was done in rows at predetermined spacing. Inter and intra-row 

spacing were 30 and 10 cm, respectively. Spacing between plots and blocks were 0.5 and 1 m, 

respectively. The gross plot size was 6.3 m
2
 (3 m × 2.1 m). There were seven rows including 
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one row, which was used for destructive sampling. Only plants in the middle four rows of each 

plot were used for data collection in order to avoid border effect. Thus, the net plot size had 

four rows of three meter length (1.2 m × 3 m = 3.6 m
2
). 

Properly randomized treatment combination was applied in each plot within the block at 

planting. Different levels of blended NPSZnB fertilizer and DAP were applied during planting 

besides the seeds. Due to heavy rain after planting, furrow was excavated between blocks and 

around the experimental area in order to increase drainage of soil and decrease movement of 

nutrients across blocks. 

Hand and hoe-weeding was performed to remove weeds from the experimental field. First 

weeding was done after 12 days of planting. Due to repeated and fast growing nature of weeds 

on the experimental area subsequent weeding was done at an appropriate time to minimize the 

negative effects of weeds on the experiment. Chickpea pod borer, Helicoverpa armigera 

infestation and Ascochayta blight disease infection problems were noticed on the crops.  

Ascochayta affected especially Desi variety of chickpea at flowering. When the sign of two or 

more pod borer worms were noticed on the leaves, endosulfan 35% EC was applied at 

recommended rate of 472 g a.i ha
-1

 just before and after flowering and pod filling stage. At 

physiological maturity, ten representative plants from net plot were selected randomly and 

tagged for some of agronomic data collection. Varieties Dalota and Arerti were harvested on 

December 14, 2017 and Natoli and Dhera on December 24, 2017. 

3.6. Plant Sampling, Sample Preparation and Analysis 

At physiological maturity, five plants were randomly taken from non-border rows of each plot 

and all aboveground portions of the plants was harvested and partitioned in to grain and straw 

for laboratory analysis. The straw and 100 g of grain samples were oven-dried at 70 
0
C to a 

constant weight. The dried straw and grain samples were ground by a rotor mill grinder and 

passed through 1 mm sieve for determination of nitrogen, phosphorus, sulfur and zinc in the 

plant tissue. About 0.3 g of straw and grain samples was used for determination of all 

parameters. 
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Well-prepared plot based straw and grain samples were digested by sulfuric acid (H2SO4), 

slisalic acid, selenium powder and hydrogen per oxide for nitrogen and zinc determination. 

For phosphorus determination the samples were decomposed by tri-acid (nitric acids (HNO3), 

sulfuric acids (H2SO4) and perchloric acids (HC1O4)) digestion, while for sulfur 

determination, the samples were digested with di-acid mixture (HNO3 : HClO4 in 9:1 ratio). 

Nitrogen content of the sample was determined by Modified micro-Kjeldahl Method (Jackson, 

1958). Phosphorus content was analyzed colorimetrically by using molybdate and 

metavandate for color development (Morais and Rabelo, 1986). Sulfur and zinc were 

determined by turbidometric method (Chesnin and Yien, 1951) and Atomic Absorption 

Spectrophotometer (Lindsay and Norwell, 1978), respectively. Nutrient analysis was taken 

place at Debre Zeit agricultural research center soil and water analysis laboratory and 

Haramaya university soil physico- chemical analysis laboratory.  

3.7. Data Collection and measurements 

3.7.1. Phenological data 

Days to 50% emergence: Days to 50% emergence was recorded as the number of days from 

the date of sowing to the date when 50% of the plants in a plot emerged above the ground. 

Days to 50% flowering: Days to 50% flowering was recorded as the number of days from the 

date of planting to 50% of plant in plot produced at least one flower.  

Days to physiological maturity: It was recorded as the number of days from planting to the 

period when 90% of the stems and pods of the plants in a plot lost their green color and turned 

to light golden yellow. 

3.7.2. Growth parameters 

Plant height: At physiological maturity, ten representative plants randomly selected from four 

central rows, and the height was measured from ground to top of plant, and means recorded as 

plant height. 
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Number of primary branches per plant: basal primary branches directly emerged from main 

shoot of ten randomly selected plants at physiological maturity were counted and reported as 

average number of primary branches per plant. 

Number of secondary branches per plant: Number of secondary branches that emerged 

from primary branches were counted from ten randomly selected plants at physiological 

maturity and reported as average.  

Total number of nodules per plant: Total number of nodules was counted from five 

representative plants that were uprooted without damaging the nodules from destructive 

sampling row and separated the nodule from soil by socking and washing in water. The 

average of total number of nodules of five plants was obtained. 

Effective number of nodules per plant: Effective number of nodules was determined by 

dissecting the nodules, which were used for determining total number of nodules, with pocket 

knife. The nodules that showed pink to dark-red color (effective nodule) were considered to be 

effective. 

3.7.3. Yield and yield components 

Number of total pods per plant: It was determined by counting the number of pods from ten 

randomly taken plants from net plot at harvesting, and the mean was recorded as number of 

pods per plant. 

Number of seeds per pod: Total number of pods from ten randomly taken plants was 

threshed and total numbers of seeds was counted. The total number of seeds was divided by 

total number of pods to compute average number of seeds per pod 

Hundred seed weight (g): It was determined by weighing hundred randomly taken dry seeds 

from harvested net plot using a sensitive balance and the seed weight was adjusted to 10% 

moisture content. 
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Aboveground plant dry biomass yield (kg ha
-1

): It was determined by taking the total weight 

of the harvested aboveground part of plants at physiological maturity from 4 central rows of 3 

m length each (3.6 m
2
) including the seeds after sun drying the biomass to constant weight. 

Seed yield (kg ha
-1

): The seed yield was taken by measuring the weight of seeds from four 

central rows after threshing the dried aboveground biomass and cleaning of the seeds. The 

seed yield was adjusted to the seed moisture content of 10%. Finally, yield per plot was 

converted to per hectare basis and reported as kg ha
-1

. 

                            

Straw yield: It was determined by calculating the difference between aboveground plant dry 

biomass yield and seed yield.  

Harvest index (%): Harvest index per plot was calculated as the ratio of dry seed yield per 

plot to the above ground dry biomass yield per plot. 

 

3.7.4. Crude protein content in grain 

The  protein  content  in  chickpea  seed  was calculated  by  multiplying  per  cent  nitrogen  in  

the  chickpea seed  by  the  factor  6.25  (A.O.A.C.,  1960) 

3.7.5. Seed, straw and total nutrient uptake 

Nutrient contents (%) in seed and straw were multiplied with respective seed and straw yield 

to obtain uptake by seed and straw, respectively. Total nutrient uptake was calculated by 

adding uptake by seed and straw. Thus, nitrogen uptake by grain and straw was determined 

from the N content of respective part after multiplying the seed yield and straw yield, 

respectively. Total N uptake was calculated by adding N uptake by seed and straw. The same 

trend has been followed for phosphorus, sulfur and zinc, but the unit mg kg
-1

 (ppm) was used 

instead of percent to describe Zn content.  
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Where, SNU: Seed Nitrogen Uptake; SNC: Seed Nitrogen Content (Halvorson et al., 2004) 

 

 

Where, StNU: Straw Nitrogen Uptake; StNC: Straw Nitrogen Content (Halvorson et al., 2004) 

 

Where, TNU: Total Nitrogen Uptake (Fageria and Baligar, 2005b) 

3.7.6. Agronomic efficiency of nitrogen and phosphorus 

Agronomic efficiency (AE) of N and P could be determined from grain yield of fertilized and 

unfertilized (control) plot, and rates of N and P applied. It can be calculated by: 

 

Where: Gf = the grain yield of the fertilized plot (kg), Gu = grain yield of the unfertilized plot 

(kg), and N rate = quantity of nutrient applied (kg) (Fageria and Baligar 2005a). 

3.8. Statistical Data Analysis 

The data were subjected to ANOVA using the Generalized Linear Model (GLM) using 

Genstat release 18
th

 edition (Genstat 2014). Result interpretation was made following the 

procedure of Gomez and Gomez (1984). Mean separation was done using Least Significance 

Difference (LSD) test at 5% level of significance. 
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3.9. Economic Analysis 

Economic analysis was done using partial budget analysis following the procedure described 

by CIMMYT (1988) in which prevailing market prices for inputs at planting and for outputs at 

harvesting were used. Cost of blended NPSZnB fertilizer (15 ETB kg
-1

), DAP fertilizer (14.50 

ETB kg
-1

) and labor cost for fertilizer application (6 persons ha
-1

, each 70 ETB day
-1

) were 

used as variable cost. The grain yield and straw yield data obtained from each treatment was 

adjusted down by 10% to narrow the yield gap that can occur due to difference in the 

management of the crop by research and farmers (CIMMYT, 1988). Field grain price of 

chickpea varieties (Natoli and Dalota = 17.50 ETB kg
-1

, Arerti = 18 ETB kg
-1

, Dhera = 19 

ETB kg
-1

) and straw price (1.55 ETB kg
-1

) were used for gross benefit analysis. Net benefit 

(NB) was calculated by subtracting total variable cost from the gross benefit (CIMMYT, 

1988).  

Net benefits and costs that vary between treatments were used to calculate marginal rate of 

return (MRR), and total variable cost of NPSZnB fertilizer adjusted in ascending order with 

each varieties. MRR was calculated as the ratio of change in return of the average of each 

replicated treatment to the change in total cost with regard to the control. It compares the 

increments in costs and benefits between pairs of treatments. To draw farmers‘ 

recommendations from marginal analysis in this study, 100% return to the investments was 

used as reasonable minimum acceptable rate of return. 

MRR = ΔNI / ΔTVC x 100 

Where:  ΔNI = change in Net Income; ΔTVC= change in Total Variable Cost. 
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4. RESULTS AND DISCUSSION 

4.1. Physico-Chemical Properties of the soil of Experimental Site 

The results of the soil analysis are shown in Table 3. The results of the physical property 

indicated that the texture of the experimental soil is clay with the composition of 15.6% sand, 

24% silt and 60.4% clay. High water and nutrient holding capacity of clay textured soil makes 

the area suitable for chickpea production (Gupta, 2000). 

Reaction of the soil is slightly acidic with a pH value of 6.62 according to the rating of 

Tekalign Tadese (1991) who reported the pH range of 6.0- 6.6 as slightly acidic. The suitable 

pH range for chickpea production is between 5.7 and 7.2 in (Mahler et al., 1988), which 

ensures availability of soil nutrients for optimum growth of the crop. Available phosphorus (P) 

of the soil was found to be 8.2 mg kg
-1

, which is categorized as low according to the rating of 

Cottenie (1980). Phosphorus response is likely in soils with less than 20 mg kg
-1

 soil of soil 

extractable P (Foster, 1973).  

The experimental soil is low in organic carbon according to the rating of Tekalign Tadese 

(1991) (Table 3). This is the case in spite of their dark color, which is thought to be due to the 

formation of organic matter-smectite complexes (Singh, 1954). Low organic matter of the soil 

indicates low nitrogen (N) and sulfur (S) supplying potential of the soil. Hence, the soil has 

low N and S. According to Landon (1991), the soil has high CEC. Higher CEC may be due to 

higher percentage of clay. Exchangeable Ca, Mg, K and Na of the soil were 32.87, 9.17, 2.38 

and 0.525 cmol (+) kg
-1

, respectively. According to FAO (2006) exchangeable bases rating, 

the soil has very high Ca, Mg and K, while Na was found to be in the medium range. The 

strength with which different cations are held on the exchange complex is in the following 

order (which means that Al
3+

 is held most tightly and Na is held most loosely among the 

cations shown): Al
3+

> Ca
2+

> Mg
2+

> K
+
, H

+
, NH

4+
> Na

+
 (FAO, 2006).  

The soil has 0.288 mg kg
-1

 of zinc (Zn), which is very low according to the rating of FAO 

(2008). Boron (B) content of soil was in low range. Generally, soil analysis before planting 

indicated that the experimental soil required external addition of mineral fertilizers especially 
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those containing N, P, S, Zn, B, and organic matter. Therefore, carrying out this experiment 

with blended fertilizer was well justified. 

Table 3: Physico- chemical properties of the experimental soil before planting 

Soil property Value    Rating    Reference  Remark 

pH (1:2.5 H2O) 6.62 Slightly acidic Tekalign Tadese (1991) Suitable 

Organic carbon (%) 0.776 Low                                                                      Tekalign Tadese (1991) Deficient 

Total N (%) 0.042 Very low Tekalign Tadese (1991) Very deficient 

Available P (mg kg
-1

) 8.223 Low Cottenie (1980) Moderately 

deficient 

Available S (mg kg
-1

) 9.51 Low Ram and Dwivedi (1994) Deficient 

CEC (cmol (+) kg
-1

 soil) 55.8 Very high Landon (1991) Suitable 

Na
+
  (cmol (+) kg

-1
 soil) 0.525 Medium FAO (2006) Moderately 

suitable 

K
+
   (cmol (+) kg

-1
 soil) 2.38 Very high FAO (2006) Suitable 

Ca
2+

 (cmol (+) kg
-1

 soil) 32.87 Very high FAO (2006) Suitable 

Mg
2+

 (cmol (+) kg
-1

 soil) 9.17 Very high FAO (2006) Suitable 

Zn (mg kg
-1

 soil) 0.288 Very low FAO (2008) Deficient 

B (mg kg
-1

 soil) 0.68 Low FAO(1982) Deficient 

Soil texture    

Sand 15.6    

Silt 24.0    

Clay 60.4    

Textural class Clay   Suitable 

 

4.2. Phenological and Growth Parameters of Chickpea 

4.2.1. Days to emergence 

Analysis of variance indicated that the main effect of variety significantly (P < 0.001) 

influenced days to 50% emergence whereas the main effect of blended NPSZnB fertilizer and 

the interaction effect of variety with blended NPSZnB fertilizer did not have significant effect 

on this trait (Appendix Table 1).  

Mean values across all rates of blended NPSZnB fertilizer and standard check indicated that, 

Natoli variety required the highest number of days (11.00 days) to emerge, while the lowest 

number of days to emerge from the soil (7.85 days) was required by Dhera variety, which was 

in statistical parity with the number of days required to emerge from the soil by all other three 
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varieties (Dalota, Arerti, and Dhera) (Table 4). In fact Desi types of chickpea are earlier in 

days to emergence than Kabuli types of chickpea due to thick seed coat and medium seed size 

(Addisu, 2013). However, in this study, the new variety of Kabuli (Dhera) that has big seed 

size emerged with in the lowest number of days required. This phenomenon could be 

attributed to the fact that large-seeded Kabuli chickpea types require plenty of soil moisture 

for imbibition process by the seed to germinate, and there was high rainfall after planting in 

the study area. Additionally, big seeds with higher amount of initial food reserves germinate 

early with exhibition of uniformity and vigorous growth in field, showing early advantages of 

plant vigor with respect to plant performance and yielding ability as compared to small and 

medium-sized seeds with respect to field performance (Adebisi et al., 2011; Jerlin and 

Vadivelu, 2004).  

Table 4: Days to emergence, days to flowering and days to physiological maturity of chickpea 

varieties as affected by main effect of varieties and rate of blended NPSZnB fertilizer in 

Ada’a-Liban District, Central Ethiopia during the 2017/2018 main growing season  

Treatment Days to emergence Days to flowering Days to physiological 

maturity 

Variety 

Natoli 11.000
a
 49.93

c
 104.5

b
 

Dalota 8.249
b
 46.47

d
 96.3

c
 

Arerti 8.383
b
 52.20

b
 106.9

ab
 

Dhera 7.849
b
 55.27

a
 108.7

a
 

LSD(0.05) 0.5577 0.811 2.188 

Blended NPSZnB rate (kg ha
-1

) 

0 8.770 53.58
a
 108.2

a
 

100 DAP  9.187 50.42
c
 105.2

ab
 

64.4  8.770 51.75
b
 105.2

ab
 

129  8.937 49.75
c
 102.6

b
 

193  8.687 49.33
c
 99.3

c
 

LSD(0.05) NS 0.907 2.447 

CV (%) 8.5 2.2 2.8 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= 

non-significant. Means with in columns followed by the same letter(s) are not significantly 

different at 5% level of significance 
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4.2.2. Days to flowering 

The number of days required to reach 50% flowering was significantly (P < 0.001) influenced 

by the main effect of variety as well as that of blended NPSZnB fertilizer. However, 

interaction of variety with blended NPSZnB fertilizer did not significantly affect this 

parameter (Appendix Table 1). 

Averaged over all rates of blended NPSZnB and standard check, the highest number of days 

required for reaching 50% flowering (55.27 days) was recorded for Dhera variety, whereas 

Dalota variety required the lowest number of days (46.47 days) to reached 50% flowering 

(Table 4). The Dalota variety was significantly earlier in attaining 50% flowering by about 8.8 

days than Dhera variety. Moreover, Desi types (Dalota and Natoli) required shorter periods 

than the Kabuli types (Arerti and Dhera) to reach 50% flowering. This might be attributed to 

genetic variation in response to flowering. In line with this result, Yaqoob et al. (2012) 

reported that, the cultivar Sheenghar-2000 (Desi type) started flowering after 61.92 days, 

while Lawaghar-2000 (Kabuli) initiated flowers late, about 70.42 days after sowing.  

In contrast to this result, Addisu (2013) reported that, the variety Acos Dubie (Kabuli) was 

significantly earlier in attaining 50% flowering by about 10 days than variety Natoli perhaps 

due to their genetic difference. 

The main effect of rates of blended NPSZnB fertilizer significantly affected days to flowering.  

The data showed that application of blended fertilizer significantly shortened the duration of 

growth to reach 50% flowering. Chickpea plants grown in plots that received no fertilizer at all 

required about 53.58 days to reach 50% flowering. However, chickpea plants grown in plots 

that received 193 kg NPSZnB ha
-1 

had the duration required to reach 50% flowering shortened 

to 49.33 days, which was statistically similar with the numbers of days required to reach 50% 

flowering  by chickpea plants that obtained 129 kg NPSZnB ha
-1

 (49.75) and 100 kg DAP ha
-1 

(50.42) (Table 4). Thus, there was relatively faster attainment of 50% flowering by chickpea 

plant in response to the application of the blended NPSZnB fertilizer and DAP than the 

attainment of 50% flowering by chickpea plants grown with no application of any fertilizers. 

Fastening of days to flowering related with supplied P through blended NPSZnB and DAP.    

Consistent with the results of this study, Addisu (2013) reported that application of 40 kg P ha
-
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1
 significantly shortened the duration required to reach 50% flowering by chickpea to 41.2 

days compared to the longer duration required by chickpea plants (50 days) grown in plots that 

received no fertilizer at all.  

The fastening duration of flowering in response to fertilizer application may be attributed to 

the phenomenon that enhanced availability of the nutrients contained in the fertilizers 

promotes their uptake by the plants and foster more rapid growth and initiation of flowering.  

The presence of micronutrients (Zn and B) in blended fertilizer may fasten days to flowering. 

Zinc plays an important role in plant reproductive development for initiation of flowering, 

floral development, male and female gametogenesis, fertilization, and seed development 

(Sharma et al., 1990). Boron deficiency causes delay in pollen germination and pollen tube 

development and ultimately it halts flowering and fruit setting (Halfacre and Barden, 1979). 

Moreover B stimulate P uptake which promotes flowering directly (Suganiya and Kumuthini, 

2015).  

In agreement with this result, Janmohammadi et al. (2017) reported that, nano-chelated Zn 

treated chickpea required the shortest days to flowering (60.66) than unfertilized plot (70.66 

days). Similarly, the longest and shortest days to 50% flowering were 54 and 49 days due to 

sole application of 15 kg S ha
-1

 and Rhizobium inoculation plus 1.5 kg Zn ha
-1

, respectively 

(Beza, 2017). Corroborating the results of this study, Deresa (2017) reported that the duration 

of flowering by common bean plants was delayed in response to increasing the rate of blended 

NPS fertilizer which could be due to promoted vegetative growth this delayed flowering. 

4.2.3. Days to physiological maturity 

Days to 90% physiological maturity of chickpea was significantly (P < 0.001) influenced by 

the main effect of variety and rates of blended NPSZnB fertilizer. However, the interaction 

effect of variety and blended NPSZnB fertilizer application did not significantly affect this 

parameter of the plant (Appendix Table 1).  

The results indicate that the longest duration to reach physiological maturity (108.7 days) was 

recorded for Dhera variety whereas Dalota variety required the shortest duration (96.3 days) to 

reach physiological maturity (Table 4). The difference between the latest and earliest is 12.4 
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days (about 13% difference), which is remarkable. Furthermore, Desi type of chickpea (Dalota 

and Natoli) required a relatively shorter duration to reached 90% of physiological maturity 

than Kabuli types of chickpea (Arerti and Dhera). Desi type of chickpea varieties are short and 

early in maturity while Kabuli type of chickpea varieties are strongly indeterminate, usually 

maturing in 110 to 120 days. This might be due to the fact that indeterminate varieties produce 

additional nodes after initial flowering as a result the physiological maturity become longer 

(Addisu, 2013). In line with this result Addisu (2013) reported that, variety Acos Dubie 

(Kabuli type) having indeterminate growth habit took considerably longer period of time (117 

days) to reach physiological maturity while variety Natoli took 107 days. 

Rates of blended NPSZnB fertilizer significantly affected days to physiological maturity 

(Appendix Table 1). The longest duration to reach 90% physiological maturity (108.2 days) 

was recorded for control treatment (without fertilizer), while the shortest duration (99.3 days) 

was recorded in response to the application of 193 kg NPSZnB ha
-1

(Table 4). The difference 

between earliest and latest days to physiological maturity was 8.9 days (about 9% difference). 

On the other hand, application of 193 kg NPSZnB ha
-1

 fastened days to maturity by 5.9 days 

than 100 kg DAP ha
-1

 (standard check). Even application of 129 kg NPSZnB ha
-1

 fastened 

days to maturity by 2.6 days than 100 kg DAP ha
-1

, which contain similar rate of N and P2O5. 

This indicates that metabolic effect of Zn and B in the blended NPSZnB fertilizer fastens days 

to maturity compared to application of only nitrogen and phosphorus. In agreement with this 

result, Deresa (2017) reported that the highest number of days required to physiological 

maturity (99.33) by chickpea plants was recorded for the highest rate of blended NPS (250 kg 

ha
-1

) for variety Angar while the shortest number of days to reach physiological maturity 

(91.33) was recorded for plants grown without the NPS application for variety Ibado. 

Application of S enhances crop growth and increase nutrient uptake by the crop (Motior et al., 

2011). It also enhances Zn availability by reducing the soil pH, and this contributes to 

reduction of days to physiological maturity. Zinc deficiency resulted in delay in crop maturity 

(Khan et al., 2004). Similarly, Beza (2017) also reported that, mean value of days to attain 

physiological maturity over locations were varied from 110 to 114.2 days in response to sole 

application of 15 kg S ha
-1

 and control check, respectively. 
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4.2.4. Plant height 

The analysis of variance showed that, the main effect of variety significantly (P < 0.001) 

influenced plant height. However, the main effect of rates of blended NPSZnB fertilizer and 

the interaction effect of variety and the blended NPSZnB fertilizer did not have significant 

influence on this trait (Appendix Table 1). 

The mean value over all rates of NPSZnB and standard check indicated that, the tallest 

chickpea plants (52.81 cm) were observed for Dhera variety, while the shortest chickpea plants 

(39.81 cm) were recorded for Arerti variety. There was no significant difference in plant 

height among Natoli, Dalota and Arerti varieties. The Dhera variety recorded the highest plant 

height over Arerti, Natoli and Dalota by about 33, 30 and 29%, respectively (Table 5). 

Visually, Dhera was the tallest with an erect growth habit. However, Arerti was the shortest 

and bushy (not erect) variety. In line with this result, Nasir (2017) reported that, the shortest 

plants (33.33 cm) were recorded for the variety Arerti treated with 0 kg P ha
-1

 without 

rhizobial inoculation.  

Moreover, plants of the Dhera (Kabuli) variety were significantly taller than those Desi types 

of chickpea varieties (Natoli and Dalota) (Table 5). In fact, Desi types are genetically shorter 

than Kabuli types except the shortest variety of Kabuli type (Arerti). Similarly, Gonzales and 

Gonzales (2014) reported that Kabuli type varieties were significantly taller (78.96 cm) than 

Desi type varieties (61.34 cm) in all locations. Kabuli type varieties are generally taller with a 

wider canopy. Likewise, Addisu (2013) reported that the mean plant height obtained from 

Acos Dubie (Kabuli) at 0 kg N ha
-1

 was 9.09% higher than the mean plant height obtained 

from Natoli at same N application rate.  
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Table 5: Plant height, number of primary branches per plant, secondary branches per plant and 

total number of nodules per plant of chickpea varieties as affected by the main effect of variety 

and rates of blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 

2017/2018 main cropping season  

Treatment PH (cm) NPBP
-1

 NSBP
-1

 TNDP
-1

 

Variety  

Natoli 40.55
b
 2.700

b
 6.040 

b
 23.18

 b
 

Dalota 40.99
b
 3.173

a
 6.900 

b
 25.41

b
 

Arerti 39.81
b
 3.227

a
 8.600

a
 25.72

b
 

Dhera 52.81
a
 3.507

a
 8.907

a
 32.23

 a
 

LSD(0.05) 1.739 0.2869 1.021 4.48 

Blended NPSZnB rate (kg ha
-1

)  

0 42.09 2.675
b
 6.98 20.08

c
 

100 DAP 43.80 3.208
 a
 7.42 25.68

bc
 

64.4 NPSZnB 43.12  3.092
ab

 7.55 23.89
 c
 

129 NPSZnB 43.62 3.342
a
 8.02 30.70

ab
 

193 NPSZnB 45.06 3.442
a
 8.07 32.81

 a
 

LSD(0.05) NS 0.3207 NS 5.00 

CV (%) 5.4 12.3 18.1 22.7 

LSD (0.05) = Least Significant Difference at 5% level of significance; CV = Coefficient of 

Variation; NS= non-significant. Means within columns followed by the same letter(s) are not 

significantly different at 5% level of significance. PH = Plant Height; NPBP
-1 

= Number of 

primary branches per plant; NSBP
-1 

= Number of secondary branches per plant; TNDP
-1

 = 

Total number of nodules per plant. 

4.2.5. Number of primary and secondary branches per plant 

The analysis of variance indicated that, the main effect of variety significantly (P < 0.001) 

affected the numbers of both primary and secondary branches per plant. The main effect of 

rates of blended NPSZnB fertilizer also significantly (P < 0.001) influenced the number of 

primary branches per plant. However, the main effect of rates of blended NPSZnB fertilizer 

and interaction effect of variety with blended NPSZnB fertilizer did not have significant effect 

on the number of primary and secondary branches per plant (Appendix Table 1).  

Mean over all rates of blended NPSZnB and standard check showed that, the highest numbers 

of primary (3.51) and secondary branches (8.91) per plant were recorded for Dhera, whereas 

Natoli variety produced the lowest number of primary (2.7) and secondary (6.04) branches per 

plant. There is statistical similarity among Dhera, Arerti and Dalota varieties regarding the 

number of primary branches per plant. The number of primary branches recorded for Dhera, 
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Arerti and Dalota varieties exceeded that of Natoli variety by about 30, 20 and 17%, 

respectively (Table 5).  

In the case of secondary branches statistical similarity was found among Kabuli types (Dhera 

with Arerti) and Desi types (Dalota with Natoli). Dhera variety produced a higher number of 

secondary branches than Natoli and Dalota by about 47 and 29%, respectively. Similarly, 

Arerti variety also produced a higher number of secondary branches than Natoli and Dalota 

varieties by about 42 and 29%, respectively. Generally, Kabuli types of chickpea produced 

more primary and secondary branches than Desi types of chickpea. This could be attributed to 

the fact that the Kabuli types of chickpea grew more vigorously with large biomass than Desi 

types of chickpea. Belete et al. (2017) also reported that in both locations (Debre Zeit and 

Akaki), the highest yielding variety Arerti had the highest number of primary branches plant
-1

 

and secondary branches plant
-1

.  

In contrast to this result, the Desi variety Natoli had significantly higher number of primary 

and secondary branches than the Kabuli variety Acos Dubie. The mean number of primary and 

secondary branches obtained from Natoli at 0 kg N ha
-1

 was 33.21% and 46.70% higher than 

the mean number of primary and secondary branches of variety Acos Dubie at same N 

application rate (Addisu, 2013).  

Main effect of blended NPSZnB fertilizer showed that, the highest number of primary 

branches per plant was recorded in response to the application of 193 kg NPSZnB ha
-1

. 

However, the lowest number of primary branches was produced from control (without 

fertilizer). The number of primary branches recorded for 193 kg NPSZnB ha
-1

, 129 kg 

NPSZnB ha
-1

 and 100 kg DAP ha
-1

 exceeded the number of primary branches obtained for 

control treatment by about 27, 25 and 20%, respectively (Table 5). This is due to poor fertility 

status of unfertilized plot to produce less number of primary branches than fertilized one. On 

the other hand, there was no significant difference among 129 kg NPSZnB ha
-1

, 193 kg 

NPSZnB ha
-1 

and 100 kg DAP ha
-1 

on this trait. This indicates that the role of blending of S, 

Zn and B with N and P was little in influencing this trait. This might be due to the fact that the 

role of nitrogen and phosphorus in cell division, growing of root tips and nitrogen fixation 

promotes vigorous growth of plant is already high without the involvement of micronutrients. 
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Sulfur also has vital role in the primary and secondary metabolism as it is a constituent of 

various organic compounds (Naeve and Shibles, 2005).  

In line with this result, Deresa (2017) reported that, increasing rates of blended NPS fertilizer 

from 0 to 250 kg ha
–1

 showed a progressive increase in the number of primary branches per 

plant of common bean. Similarly, the highest mean value of primary branches of chickpea 

over locations (3.8) was obtained from combined application of rhizobium inoculation and 30 

kg S ha
-1

 which resulted in 31.03% increase over the control check (Beza, 2017).  

4.2.6. Total number of nodules per plant 

Total number of nodules per plant was significantly (P < 0.01) influenced by main effect of 

variety and rates of blended NPSZnB. However, interaction effect of variety with blended 

NPSZnB did not significantly affect this trait (Appendix table 1). 

The mean over all blended NPSZnB and standard check showed that, the highest number of 

nodules per plant (32.23) was recorded for Dhera variety. However, the lowest number of 

nodules (23.18) was obtained for Natoli variety that showed statistical parity with Dalota and 

Arerti. The Dhera variety recorded the highest number of nodules over that of Natoli, Dalota 

and Arerti by about 39, 27 and 25%, respectively (Table 5). The reason behind the fact that 

Dhera variety produced the highest number of nodules per plant might be related with 

vigorous growth habit of the variety to establish more roots than tested varieties. Vigorous 

growing Dhera variety required more nitrogen for producing the highest number of primary 

and secondary branches hence due to high N requirement of the variety root growth and 

number of nodule production would be promoted. 

Rates of blended fertilizer significantly (P < 0.001) affected the number of nodules per plant. 

Application of 193 kg blended NPSZnB ha
-1

 produced the highest number of nodules per plant 

(32.81), whereas the lowest number of nodules per plant (20.08) was obtained from control 

which is statistically similar with 64.4 kg NPSZnB ha
-1

. Number of nodules recorded for 193 

kg blended NPSZnB ha
-1

 exceeded number of nodules obtained from control and 64.4 kg 

NPSZnB ha
-1

 by about 63 and 37%, respectively (Table 5). The effect of soil fertility status 
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was pronounced and fertile soil on average, produced 31% more nodules, 62% more biomass 

and 111% grain yield than marginal soil (Imran, 2015).  

On the other hand, standard check (100 kg DAP ha
-1

) produced lower number of nodules 

(25.68) than application of 193 kg and 129 kg NPSZnB ha
-1

 though statistically similar with 

129 kg NPSZnB ha
-1

. This indicates the role of blended NPSZnB than sole blending of NP 

(DAP). For the reason that nodule number and size, leghemoglobin content, and the amount of 

N fixed were found to depend on Zn availability in chickpea (Das et al., 2012). Even if there 

was no consistent increase, the increase of number of root nodules with increasing levels of Zn 

might be due to the fact that Zn helps to improve more nodulation and leghaemoglobin 

formation (Brady and Well, 2009).  

Deresa (2017) reported that, application of blended NPS fertilizers significantly increased the 

number of nodules up to 200 kg ha
-1

 which might be due to better root development with 

increasing levels of these nutrients in common bean. Similarly, Beza (2017) reported, the 

highest nodule number per plant (15.7) from the combined application of 15 kg S and 1.5 kg 

Zn ha
-1

 while the lowest (10.9) was from Rhizobium inoculation and 1.5 kg Zn ha
-1

. It was 

observed that recommended NPK: 32, 28 & 48, respectively and gypsum in soil and 1.5 kg B 

ha
-1

, 24 kg S ha
-1

, 3 kg Zn ha
-1

 and 0.3 kg Mg ha
-1

 as spray ) produced the highest number of 

nodules plant
-1

 of chickpea at 60 days after sowing. However, at 60 days after sowing the 

lowest number of nodules plant
-1

 was observed from control. It may be due to combination of 

S and B which positively affect root nodulation in green gram (Mahmud, 2013). 
 

4.2.7. Number of effective nodules per plant 

Analysis of variance showed significant (P < 0.001) main effects of variety, blended NPSZnB 

fertilizer rates and their interaction on number of effective nodules per plant (Appendix Table 

2). The highest number of effective nodules per plant (20.67) was recorded for Dhera variety 

with the application of 129 kg blended NPSZnB ha
-1

. However, this value was in statistical 

parity with the number of effective nodules obtained for the Dhera variety in response to the 

application of 64.4 kg NPSZnB ha
-1

.
 
On the other hand lowest number of effective nodules per 

plant (4.43) was obtained from interaction of Natoli variety with 64.4 kg blended NPSZnB ha
-

1
. Number of effective nodules recorded for interaction of Dhera with 129 kg NPSZnB ha

-1
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and Dhera with 64.4 kg NPSZnB ha
-1

 exceeded the number of effective nodules for Natoli 

with 64.4 kg NPSZnB ha
-1

 by about 367 and 249%, respectively (Table 6). The possible 

reason might be due to efficiency of Dhera variety in absorption and utilization of optimum 

rate of blended fertilizer than tested varieties for nitrogen fixation. Moreover, the vital role of 

phosphorus for increasing the number and size of nodule enhance N fixation. 

Similarly, Bashir et al. (2011) reported that phosphorus plays a vital role in increasing plant tip 

and root growth, decreasing the time needed for developing nodules to become active 

(effective) for the benefit to the host legume. Scherer et al. (2006) also reported that formation 

of nodule in black gram was increased in response to sulfur application which is involved in 

the formation of nitrogenous enzyme known to promote nitrogen fixation in legumes. In 

agreement with current result, Deresa (2017) reported that, increasing of blended NPS 

fertilizer from 0 to 200 kg ha
-1

 enhanced the number of effective nodules per plant of common 

bean. The highest number of effective nodules per plant (35.54) was recorded at the rate of 

200 kg NPS ha
-1

. Mean over two locations showed that the highest number of effective 

nodules per plant (2.8) was recorded by application of 30 kg S ha
-1

 and 1.5 kg Zn ha
-1

 (Beza, 

2017). 

The response of chickpea varieties in increasing number of effective nodules with rates of 

blended NPSZnB fertilizer had wide variation. Due to this higher number of effective nodules 

for each variety was recorded from various rates of blended NPSZnB fertilizer. However, 

increasing the rates of blended NPSZnB beyond 129 kg ha
-1

 decreased biological nitrogen 

fixation in all tested varieties. This might be due to the fact that excess nitrogen applications 

suppress nitrogen fixation. Similarly Deressa (2017) reported that, increasing the rates of 

blended NPS above 200 kg ha
-1

 decreased the number of effective nodules. 
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Table 6: Number of effective nodules per plant as affected by interaction effect of chickpea 

variety and rates of blended NPSZnB fertilizer in Ada’a-Liban district of Central Ethiopia 

during the main cropping season of 2017/2018 

Variety 
NPSZnB rate (kg ha

-1
) 

 0 100 kg DAP ha
-1

 64.4 129 193 

Natoli 5.40
fg

 7.63
efg 

4.43
g
 13.32

bcd
  9.34

c-g
 

Dalota 5.38
fg 

8.49 
d-g

 12.23
b-e 

8.17
d-g 

9.24 
c-g

 

Arerti 7.30
efg

 14.57
bc

 5.98
fg 

10.16
b-f 

12.63
b-e

 

Dhera 9.53
c-g 

10.10
b-f 

15.47
ab

 20.67
a
 12.50

b-e
 

LSD (0.05)                                                   3.0 

CV (%)                                                        18.1 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation. Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance.  

4.3. Yield Components and Yield of Chickpea 

4.3.1. Number of total pods per plant 

Number of total pods per plant was significantly (P < 0.001) influenced by the main effect of 

variety and blended NPSZnB fertilizer, while the interaction effect of variety with blended 

fertilizer did not significantly affect this parameter (Appendix Table 2). 

Number of pods per plant varied significantly among the varieties. Varieties Arerti and Dalota 

produced significantly higher numbers of pods per plant than varieties Dhera and Natoli. 

Number of total pods produced per plant by the varieties Arerti and Dalota were in statistical 

parity. Variety Arerti produced 24 and 34% higher numbers of total pods per plant than Natoli 

and Dhera. Similarly, variety Dalota produced 17 and 27% higher numbers of total pods per 

plant than Natoli and Dhera (Table 7).  

The differences observed among the varieties may be attributed to the variations that exist in 

seed size of Arerti (smaller) and Dhera (bigger). Varieties with big-seeds are generally 

producing relatively fewer pods than cultivars with small-sized seeds. The reason behind 

fewer numbers of pods for big sized seed related with high dry matter assimilation to its big 
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seed. The low number of pods in some cultivars was adequately compensated for by the 

hundred seed weight thus producing the same yield as small seeded varieties, which produce 

large number of pods (Saxena and Shekdrake, 1976). In line with this result, Addisu (2013) 

reported that, medium seeded Natoli variety produced 56% higher number of pods per plant 

than large seeded Acos Dubie variety. 

The main effect of blended NPSZnB fertilizer rates significantly (P < 0.05) influenced number 

of total pods per plant. The highest number of pods per plant (41.32) was recorded for 129 kg 

NPSZnB ha
-1 

, which is statistically similar with 193 kg NPSZnB ha
-1

, 64.4 NPSZnB ha
-1

 and 

100 kg DAP ha
-1

. Moreover, application of 64.4 kg NPSZnB ha
-1

, 100 kg DAP ha
-1

 and 

unfertilized plot did not significantly affected number of total pods per plant. However, 

application of 129 kg NPSZnB and 193 kg NPSZnB ha
-1

 led to the production of about 16% 

more number of pods per plant than the number of pods produced by plants that received no 

fertilizer (control) (Table 7). In agreement with this result, Deresa (2017) reported the highest 

number of total pods per plant (18.52) of common bean in response to the application of 250 

kg NPS (47.5-95-17.5) ha
-1

 whereas the lowest number of total pods (8.7) was obtained from 

the control plots. 

 Table 7: Number of pods per plant, number of seeds per pod and hundred seed weight of 

chickpea varieties as affected by the main effect of varieties and blended NPSZnB fertilizer in 

Ada’a-Liban District of Central Ethiopia during the main cropping season of 2017/2018. 

Treatment NPPP
-1

 NSPP
-1

 HSW  (g) 

Variety 

Natolii 36.29
b
 1.116

a
 28.85

 b
 

Dalota 42.60
a
 1.087

a
 29.63

b
 

Arerti 45.09
a
 1.080

a
 24.77 

c 
 

Dhera 33.56
b
 1.031

b
 32.61

 a
 

LSD(0.05) 3.377 0.036 2.064 

Blended NPSZnB rate  (kg ha
-1

) 

0 35.55
 b
 1.061 29.12 

100 DAP 39.02
ab

 1.076 28.98 

64.4 NPSZnB 39.73
ab

 1.084 28.34 

129 NPSZnB 41.32
a
 1.088 28.57 

193 NPSZnB 41.29
a
 1.084 29.81 

LSD (0.05) 3.775 NS NS 

CV (%) 11.6 4.5 9.6 



44 

 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= 

non - significant. Means within column followed by the same letter(s) are not significantly 

different at 5% level of significance. NPPP
-1

 = Number of pod per plant; NSPP
-1

= Number of 

seeds per pod; HSW = Hundred seed weight. 

4.3.2. Number of seeds per pod 

Analysis of variance showed that the main effect of variety significantly (P < 0.01) influenced 

the number of seeds per pod. However, the main effect of rates of blended NPSZnB fertilizer 

and its interaction effect with variety did not significantly affect this parameter of the plant 

(Appendix Table 1).  

Variety Dhera produced significantly (P < 0.01) the lowest number of seeds per pod (1.03). 

The numbers of seeds per pod produced by Natoli, Dalota, and Arerti varieties exceeded the 

number of seeds per pod produced by Dhera variety by 8.2, 5.4, and 4.8%, respectively (Table 

7). The observed significant difference in the number of seeds per pod between Dhera and the 

other three varieties could be attributed to genetic differences. This could be further linked to 

differences in seed size among the varieties. Similarly Addisu (2013) reported that, the non 

significant effect of N rate on number of seeds per pod might be due to more effects of genetic 

factors in controlling of this trait than environmental and management factors. 

Thus, Dhera variety may have compensated for the smallest number of seeds per pod by its 

larger-sized seed, and partitioning of its dry matter to its bigger-sized but fewer seeds.  

Consistent with the result of this study, Deresa (2017) reported that variation in number of 

seeds per pod could be attributed to the variation in seed size of the cultivars where variety 

Ibado of common bean with the highest seed size produced the lowest number of seeds per 

pod. Similarly, Addisu (2013) reported that, pooled over all N and P application rates, a 

significant difference was observed between varieties for number of seeds per pod in which 

the small-seeded Natoli variety produced 7.08% more number of seed per pod than the large 

seeded Acos Dubie variety of chickpea.  

The main effect of rates of blended NPSZnB fertilizer did not show significant effect on this 

trait (Table 7). Similarly, Deresa (2017) reported that main and interaction effects of blended 

NPS rate with varieties of common bean did not significantly affect this trait. Non-significant 
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main and interaction effect of variety by N and P rate on the number of seeds per pod 

indicated that the varietal responses by seeds per pod were similar under different 

macronutrients (N, P and S) and micronutrients (Zn and B) levels.  

4.3.3. Hundred Seed weight 

The main effect of variety significantly (P < 0.001) affected hundred seed weight, whereas the 

main effect of rates of blended fertilizer and its interaction with variety did not significantly 

influences this parameter (Appendix Table 2).  

The heaviest hundred seed weight (32.61 g) was recorded for Dhera variety whereas the 

lowest (24.77 g) was recorded for Arerti variety. The hundred seed weights recorded for 

Natoli and Dalota varieties were in the intermediate range and in statistical parity. Thus, the 

hundred seed weight obtained from Dhera variety exceeded that of Arerti variety by about 

32%. Similarly, the hundred seed weight obtained from Dhera variety exceeded the hundred 

seed weight obtained from Natoli and Dalota varieties by about 13 and 10%, respectively 

(Table 7). Both the highest and lowest hundred seed weight were recorded from Kabuli type 

chickpea varieties due to wide variation in year of release of Dhera and Arerti varieties.  

Consistent with the results of this study, Belete et al. (2017) reported that, most recently 

released varieties which had heavier seed weight (larger seed size) and have low number of 

pods plant
-1

, seeds pod
-1

 and seeds plant
-1

. This clearly indicates that chickpea breeders have 

made efforts over the last 35 years to improve the yield of Kabuli type chickpea in Ethiopia, 

but this increase was not significantly different from the previous yielding potential of the 

varieties rather they get substantial improvement in hundred seed weight.  

Similar with the current result hundred seed weight was significantly heavier in big-seeded 

Kabuli type ICCV07307 (28.12 to 35.10 g) and ICCV 95334 (24.65 to 31.92 g) in all 

locations. Kabuli type of varieties has generally heavier seed weight than Desi type varieties 

due to their characteristics as big seeded variety (Gonzales and Gonzales, 2014). Addisu 

(2013) also reported that, variety Acos Dubie produced a significantly heavier seed weight 

(62.82 g)   which was about 52.42% higher than the seed weight of Natoli (29.89 g) indicating 

greater seed weight in the Kabuli compared with the Desi types.  
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Hundred seed weight was not significantly affected by main effect of blended fertilizer. 

Similarly, Addisu (2013) reported non-significant response of hundred seed weight to mineral 

fertilizer (N and P). This might be due to more effect of genetic factor in controlling this trait 

other than mineral fertilizers application. In contrast, Deresa (2017) reported that, variety 

Ibado with application of 200 kg blended NPS ha
-1 

fertilizer scored significantly the highest 

hundred seed weight (54.33 g) while the lowest hundred seed weight (20 g) was for variety 

Nasir with 100 kg blended NPS ha
-1

 application rate. This might be because nutrient use 

efficiency by the crop may have enhanced at optimum level of N, P and S as a result of which 

grain weight indicates the amount of resource utilized during critical growth periods. 

4.3.4. Aboveground plant dry biomass yield 

Results of analysis of variance indicated that, the main effect of variety and rates of blended 

NPSZnB fertilizer significantly (P < 0.001) affected aboveground plant dry biomass of 

chickpea, whereas the interaction effect of variety with blended fertilizer did not have 

significant effect on this parameter (Appendix Table 2). 

The highest aboveground plant dry biomass yield (6754 kg ha
-1

) was recorded for the Dhera 

variety whereas the lowest (5274 kg ha
-1

) was recorded for Natoli and Dalota varieties, which 

were in statistical parity. The aboveground biomass yield obtained from Arerti variety was in 

the intermediate range. The aboveground biomass yield produced by Dhera variety exceeded 

the aboveground biomass yield produced by Natoli, Dalota and Arerti varieties by about 27, 

28 and 12%, respectively (Table 8).  

The possible reason for the superior aboveground biomass production of Dhera variety could 

be attributed to its vigorous growth habit than tested varieties, thus the tallest plants, highest 

number of primary and secondary branches per plant were recorded Dhera variety. The Arerti 

variety also produced the next highest aboveground biomass (6040 kg ha
-1

) after Dhera. This 

might be due to the fact that both varieties are categorized under Kabuli type chickpea 

varieties, and produced more number of primary and secondary branches than Desi types of 

chickpea (Dalota and Natoli). The number of primary branches per m
2
 had highly significant 

positive relationship with aboveground biomass yield of soybean (Caliskan et al. 2008).  
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In contrast, the mean values for the varieties across all N and P rates showed that variety 

Natoli produced significantly higher aboveground dry biomass yield (4258 kg ha
-1

) which was 

about 18.72% higher than the biomass yield for variety Acos Dubie (Kabuli), indicating the 

inherent  varietal differences in biomass production (Addisu, 2013). 

Application of 193 kg NPSZnB fertilizer ha
-1

 resulted in the production of the highest 

aboveground dry biomass (6494 kg ha
-1

), which was statistically similar with the aboveground 

biomass yield produced in response to the application of 129 kg NPSZnB fertilizer ha
-1

. 

However, the lowest aboveground biomass yield (5103 kg ha
-1

) was recorded from the control 

(unfertilized plot) (Table 8). The highest aboveground dry biomass recorded for the highest 

rate of blended fertilizer might be attributed to the fact that application of mineral fertilizer 

helps the plant to produce more primary and secondary branches and grow more vigorously 

than unfertilized plot.  

On the other hand, there were no significant mean differences between rate of 129 kg NPSZnB 

ha
-1 

(5989 kg ha
-1

) and 100 kg DAP ha
-1

 (5832 kg ha
-1

). This indicates that the role of blending 

of S, Zn and B with N and P was to small extent over sole combination N and P. Consistent 

with the results of this study, Deresa (2017) reported that, the highest aboveground dry 

biomass yield (10278 kg ha
-1

) was recorded in response to the application of the highest rate of 

NPS fertilizer (250 kg NPS ha
-1

) for variety Angar of common bean, whereas the lowest (4045 

kg ha
-1

) biomass yield was obtained for variety Nasir under no application of NPS. 
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Table 8: Aboveground plant dry biomass yield, seed yield, straw yield and harvest index of 

chickpea varieties as affected by main effect of varieties and blended NPSZnB fertilizer in 

Ada’a-Liban District of Central Ethiopia during the main cropping season of 2017/18. 

Treatment 
AGBY (kg ha

-1
) Seed yield (kg ha

-1
) Straw yield (kg ha

-1
) HI (%) 

Variety  

Natolii 5274
c
 2846 2428

c
 54.01

a
 

Dalota 5318
c
 2815 2503

c
 53.10

a
 

Arerti 6040
b
 2980 3060

b
 49.22

b
 

Dhera 6754
a
 2787 3968

a
 41.29

c
 

LSD(0.05) 437.6 NS 261.7 2.0 

Blended NPSZnB  rate  (kg ha
-1

)  

0 5103 
c
 2456 

b
 2647

b
 49 

100 DAP 5832 
b
 2854

ab
 2979

ab
 49 

64.4 NPSZnB 5816 
b
 2809

b
 3007

ab
 49 

129 NPSZnB 5989
ab

 2980
ab

 3009
ab

 50 

193 NPSZnB 6494
a
 3187

a
 3308

a
 50 

LSD(0.05) 489.3 255.6 292.6 NS 

CV (%) 10.1 10.8 12.6 5.6 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= 

non-significant. Means within column followed by the same letter(s) are not significantly 

different at 5% level of significance. AGBY = aboveground biomass yield; SY= seed yield; 

SW= straw yield and HI = Harvest index 

4.3.5. Seed yield 

The main effect of rates of blended NPSZnB fertilizer significantly (P < 0.01) influenced the 

seed yield produced by the chickpea varieties. However, the main effect of variety and the 

interaction effect of varieties with rates of blended fertilizer did not have significant effect on 

the seed yield of the crop (Appendix Table 2).  

The highest chickpea seed yield (3187 kg ha
-1

) was obtained in response to the application of 

193 kg blended NPSZnB ha
-1

, which was statistically similar with the chickpea seed yields 

produced in response to the applications of both 129 kg blended NPSZnB ha
-1

 and 100 kg 

DAP ha
-1

 (46 kg P2O5 and 18 kg N ha
-1

) (Table 8). On the other hand, the seed yield obtained 

from the control treatment as well as those obtained in response to the application of 100 kg 

DAP ha
-1

, 64.4 kg NPSZnB ha
-1

, and 129 kg NPSZnB ha
-1

 were all statistically similar. 

However, the chickpea seed yield obtained in response to the application of 193 kg blended 

NPSZnB ha
-1

 exceeded the seed yield obtained from the control treatment by about 30%.  
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The possible reason behind the highest seed yield obtained from 193 kg NPSZnB ha
-1

 related 

with the highest number of primary branches and total number of nodules per plant were 

recorded for application of this fertilizer rate. The highest number of branches and nodules 

would contribute for production of the highest number of pods per plant and nitrogen fixation, 

respectively which are directly related with seed yield. Moreover, application of 193 kg 

NPSZnB ha
-1

 fasten day to flowering and physiological maturity hence the crop escape from 

moisture stress and yield loss would reduced. 

Similarly, although not statistically different, the seed yield obtained in response to the 

application of 100 kg DAP ha
-1

 exceeded the seed yield obtained from the control treatment by 

about 16% (Table 8). In general, the results of this study have shown that fertilizer application 

did not result in remarkable and consistent chickpea seed yield increments. What is more, 

applying the blended NPSZnB ha
-1

 fertilizer at any of the rates used here did not lead to 

significant yield increments compared to the standard practice of applying 100 kg DAP ha
-1

. In 

line with this result Deresa (2017) reported that, application of NPS blended fertilizer 

significantly influenced seed yield of common bean, where the highest grain yield was 

recorded for variety Angar (3260 kg ha
-1

) at 250 kg NPS ha
-1

 while the lowest yield (1700 kg 

ha
-1

) was observed for variety Ibado at control fertilizer treatment.  

4.3.6. Straw yield 

Analysis of variance indicated that, the main effect of variety (P < 0.001) and blended 

fertilizer (P < 0.01) significantly affected straw yield of chickpea, while the interaction effect 

of varieties with rates of blended fertilizer did not show significant effect on this trait 

(Appendix Table 2). 

Similar to the above ground biomass yield, the highest straw yield (3968 kg ha
-1

) was recorded 

for the Dhera variety whereas the lowest (2428 kg ha
-1

) were recorded for Natoli and Dalota 

varieties, which were in statistical parity. The straw yield obtained from Arerti variety was in 

the intermediate range. The straw yield produced by Dhera variety exceeded the straw yield 

produced by Arerti, Dalota and Natoli varieties by about 30, 59, and 63%, respectively (Table 

8). In this connection, it was observable that Kabuli type chickpea varieties (Dhera and Arerti) 

produced higher straw yield than Desi type chickpea varieties (Natoli and Dalota). Kabuli 
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types of chickpea have vigorous growth habit with tallest plants and optimum number of 

primary and secondary branches per plant than Desi types. This is directly correlated with 

straw yield. 

Application of 193 kg blended NPSZnB ha
-1

 produced the highest straw yield (3308 kg ha
-1

), 

which was in statistical parity with the straw yields produced in response to the application of 

all other rates of blended NPSZnB fertilizers and standard check. Thus, the straw yield 

obtained from 193 kg blended NPSZnB ha
-1

 statistically exceeded only the straw yield 

obtained from the control treatment, only by about 25%. The result indicates that there was no 

significant increment in straw yield whether one uses the standard practice of applying 100 kg 

DAP or the other blended fertilizers. Consistent with this result, Sabbir (2013) reported that, F1 

(32, 28, 48, 24, 3, 1.5 and 0.6 kg N, P, K, S, Zn, B and Mg ha
-1

) produced the highest (2510 kg 

ha
-1

) stover yield. However, the lowest (1570 kg ha
-1

) stover yield was observed from F0 

(control).  

4.3.7. Harvest index (%) 

Analysis of variance indicated that, harvest index was significantly (P < 0.001) affected by 

main effect of variety, while the main effect of blended fertilizer and interaction effect of 

variety with blended fertilizer did not significantly influence the trait (Appendix Table 2). 

The highest harvest indices (54%) were obtained from Natoli and Dalota varieties, which were 

in statistical parity. The lowest harvest index (41.3%) was obtained from Dhera variety. The 

harvest index of Arerti variety was in the intermediate range. The harvest index of Natoli 

variety exceeded that of Dhera and Arerti varieties by about 31 and 10%, respectively. The 

harvest index of Dalota variety exceeded that of Dhera and Arerti varieties by about 29 and 

8%, respectively (Table 8). The highest harvest index for Natoli variety indicates that high dry 

matter was being partitioned to the grain. Likewise, Dhera variety produced the highest 

biomass with the lowest yield. 

The result indicated that, the harvest index was over the expected value due to leaf fall before 

harvesting. In chickpea, the massive leaf falls before final harvest leads to the harvest index 
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being overestimated by about 10 per cent (Saxena and Sheldrake, 1980). It generally varies 

between 30 and 50 percent (Saxena, 1984).  

4.4. Crude Protein Content of Chickpea Grain 

Analysis of variance showed that crude protein content of chickpea grain was significantly (P 

< 0.001) influenced by the main effect of variety, while it was not significantly affected by the 

main effect of blended NPSZnB and its interaction with variety (Appendix Table 3). 

The highest seed crude protein content (16.56%) was recorded for Dhera and Arerti varieties, 

which were in statistical parity. However, the lowest seed crude protein content (13.93%) was 

recorded for Dalota and Natoli varieties, which were also statistically similar. The seed protein 

content of Dhera variety exceeded that of Dalota and Natoli by about 16 and 19%, 

respectively. Similarly, the seed protein content of Arerti exceeded that of Dalota and Natoli 

by about 9 and 11%, respectively (Table 9). In agreement with the current result the protein 

content of chickpeas varies considerably depending on the variety and growing conditions. 

Reported protein levels vary from 13.7% to 34.0% (Bampidis and Christodoulou, 2011). 

The differences observed in seed crude protein content among the chickpea varieties could be 

attributed to genetically vigorous varieties (Dhera and Arerti) absorbed more nitrogen and 

sulphur for higher growth and establishment than Dalota and Natoli. Thus production of 

higher biomass leads to higher accumulation of N and S, which is constitute of protein. In line 

with this result, Macar (2017) reported that, Kabuli type (İnci variety) exhibited the highest 

level of protein content (27.1 mg ml
-1

) among all chickpea genotypes while the Desi type (ICC 

3996 variety) had the least level of protein (18.6 mg ml
-1

). Similarly, Kaur and Sing (2007) 

reported that Kabuli types of chickpea protein isolate showed significantly (P < 0.05) higher 

protein (94.4%) content than their equivalent Desi types of chickpea protein isolates. 

4.5. Grain, Straw and Total Uptake of Nutrients 

4.5.1. Grain, straw and total uptake of nitrogen 

The main effect of chickpea variety significantly influenced grain (P < 0.01) and total (P < 

0.001) uptake of N. Similarly, rates of blended NPSZnB fertilizer significantly (P < 0.001) 
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affected these traits. However, interaction effect of variety with rates of blended NPSZnB 

fertilizer did not significantly (P < 0.05) affect grain and total uptake of N (Appendix Table 3).  

The highest N uptake by grain (73.99 kg ha
-1

) was recorded for Dhera variety which was in 

parity with Arerti variety, whereas the lowest (63.64 kg ha
-1

) was recorded for Natoli variety. 

Dhera variety recorded the highest N uptake by grain over N uptake by grain for Dalota and 

Natoli varieties by about 15 and 16%, respectively. Similarly, the highest total N uptake 

(85.02 kg ha
-1

) was recorded for Dhera and Arerti varieties, which were statistically similar. 

However, the lowest total N uptake (69.49 kg ha
-1

) was recorded for Natoli and Dalota 

varieties, which were also in statistical parity. Total uptake of N recorded for Dhera and Arerti 

exceeded the total N uptake recorded for Dalota by about 19 and 16%, respectively. Total 

uptakes of N recorded for Dhera and Arerti varieties exceeded the total N uptake recorded for 

Natoli by about 22 and 19%, respectively (Table 9).   

This might be due to the fact that vigorous growing Dhera and Arerti varieties absorbed much 

amount of N to produce the highest number of primary and secondary branches than Desi type 

varieties. Hence, the highest total uptake of N related with concentration of N in the seed and 

straw and the highest straw yield of Dhera variety. In line with the current result, Gan et al. 

(2010) reported that, seed N concentration of CDC Anna (small seeded Desi type) was 3.3 mg 

g
-1

 lower than the average of tested cultivars (CDC Xena, Amit and CDC Frontier), and CDC 

Xena (large seeded Kabuli types) straw N concentration was 2.5 mg g
-1

 greater than the 

average of CDC Anna, Amit (small seeded Kabuli) and CDC Frontier (medium seeded 

Kabuli). CDC Xena had the highest N concentration in the straw (10.8 mg N g
-1

), but lowest 

seed yield (1.57 mg ha
-1

) among the cultivars. In contrast, CDC Anna had the lowest seed N 

concentration and lowest N uptake (81 kg N ha
-1

). 

The rates of blended NPSZnB fertilizer significantly (P < 0.001) affected grain and total 

uptake of N (Appendix Table 3). The highest grain (79.93 kg ha
-1

) and total (89.32 kg ha
-1

) 

uptake of N were recorded for 193 kg NPSZnB ha
-1

 whereas the lowest grain uptake (58.28 kg 

ha
-1

) and total uptake (64.69 kg ha
-1

) of N were recorded for control (unfertilized plot). Grain 

and total uptake of N for application of 193 kg NPSZnB ha
-1 

exceeded N uptake for control by 

about 37 and 38%, respectively (Table 9). The possible reason behind the lowest N uptake of 
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unfertilized plot might be related with the deficiency of N in the soil of experimental plots that 

reduced nutrient availability for plant uptake.  

Increasing the rate of N fertilizer increased seed N concentration, and the degree of the 

increase was greater for chickpea not inoculated (0.05 mg g
-1

 per 10 kg N ha
-1

) as related to 

the inoculated chickpea (0.01 mg g
-1

 per10 kg N ha
-1

) (Gan et al., 2010). Phosphorus also 

facilitate to well-developed root system which helps in increased nitrogen fixation and its 

availability to plant along with other nutrients (Balai et al., 2017). In addition to increasing the 

nutrient supply, increasing in nutrient uptake by chickpea, related with increment in seed and 

straw yield at the highest rates of blended NPSZnB. The result indicated that there was a 

consistent increasing trend of grain and total uptake of N with an increased application rate of 

blended NPSZnB fertilizer. In line with the present result, Balai et al. (2017) reported 

significantly maximum N uptake (56.45 kg N ha
-1

) by seed of chickpea was at the highest rate 

of P (60 kg P2O5 ha
-1

). Similarly, Singh et al. (2018) also reported that, seed and total uptake 

of N were significantly influenced with increasing levels of P up to 60 kg P2O5 ha
-1

. 

Grain and total uptake of N recorded for the highest rate of blended NPSZnB fertilizer  (193 

kg NPSZnB ha
-1

) exceeded grain and total uptake of N for standard check (100 kg DAP ha
-1

) 

by about 21 and 22%, respectively. This might be due to the fact that 193 kg NPSZnB ha
-1

 

contained higher amount of phosphorus (69 kg P2O5 ha
-1

) than standard check, so that grain 

and total uptake of N recorded for 129 kg NPSZnB ha
-1

 that contained equal amount of 

phosphorus (46 kg P2O5 ha
-1

) showed parity with grain and total N uptake recorded for 

standard check. 

Grain uptake of N might be related with protein content in chickpea. The protein, 

carbohydrates and fat synthesis on account of stimulating effect of Zn application on several 

dehydrogenease, proteinase and peptidase enzyme as it is a constituents of these enzymes 

(Balai et al., 2017). Moreover, Guhey et al. (2008) reported positive effect of B on chlorophyll 

content which may be responsible for the increase in the nutrient content and uptake by plants 

with higher growth characters. Yakubu et al. (2010) also reported about the beneficial effect of 

B in N uptake in legumes. So, increased chlorophyll content could have resulted in higher 

photosynthates and biomass production which would have been efficiently distributed to the 

roots for its development and for supplying energy for nutrient uptake (Kala et al., 2017).   
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Table 9: Crude protein (%), grain and total uptake of nitrogen (kg ha
-1

), grain, straw and total 

uptake of phosphorus (kg ha
-1

) as affected by the main effect of chickpea varieties and rates of 

blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the main 

cropping season of 2017/2018 

Treatment 
Crude 

Protein (%) 

N uptake (kg ha
-1

) P uptake (kg ha
-1

) 

Grain Total Grain Straw Total 

Variety 

Natoli 13.93
b
 63.64

c
 69.49

b
 8.901

b
 5.200

c
 14.10

c
 

Dalota 14.22
b
 64.49

bc
 71.47

b
 9.413

b
 5.257

c
 14.67

c
 

Arerti 15.48
a
 73.59

ab
 82.96

a
 9.827

b
 6.412

b
 16.24

b
 

Dhera 16.56
a
 73.99

a
 85.02

a
 11.425

a
 8.266

a
 19.69

a
 

LSD(0.05) 0.92 7.58 8.21 0.90 0.71 1.25 

Rate of blended NPSZnB (kg ha
-1

) 

0  14.9 58.28
c
 64.69

c
 7.987

b
 5.069

b
 13.06

b
 

100 DAP(SC) 15.1 66.11
bc

 73.23
bc

 10.831
a
 5.951

ab
 16.78

a
 

64.4  15.2 67.75
bc

 77.17
ab

 10.930
a
 6.694

a
 17.62

a
 

129  15.7 72.57
ab

 81.77
ab

 10.073
a
 6.800

a
 16.87

a
 

193  14.4 79.93
a
 89.32

a
 9.637

a
 6.905

a
 16.54

a
 

LSD(0.05) NS 8.48 9.18 1.01 0.79 1.40 

CV (%) 8.3 14.9 14.4 12.3 15.2 10.5 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= 

non-significant. Means within column followed by the same letter(s) are not significantly 

different at 5% level of significance. SC = standard check. 

The main and interaction effect of variety and rates of blended NPSZnB fertilizer significantly 

(P < 0.001) affected N uptake by straw (Appendix Table 3). The highest N uptake by straw 

(15.59 kg ha
-1

) was obtained for variety Dhera with application of 64.4 kg NPSZnB ha
-1

 while 

the lowest N uptake by straw (3.82 kg ha
-1

) was recorded for Natoli variety without 

fertilization (control) (Table 10).The interaction of Dhera variety with 64.4 kg NPSZnB ha
-1

 

recorded the highest N uptake by straw over unfertilized plot by about 309%. The possible 

reason behind the highest N uptake by straw might be related with supplying of mineral 

fertilizer increases the availability of nutrients for growth and development than unfertilized 

plot especially on nutrient deficient soil. Moreover, the highest straw yield of Dhera variety 

might have contributed for the highest N uptake by straw. 

On the other hand, the highest N uptake by straw was recorded by vigorously growing Dhera 

variety with lower rate of blended NPSZnB (Table 10). This might be due to newly released 

Dhera variety responds to the supplied nutrients in optimum rate, while increasing the rate 

further would reduce their response. In agreement with this result, Balai et al. (2017) reported 
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maximum N uptake (23.18 kg N ha
-1

) by straw of chickpea in 40 kg P2O5 ha
-1

. The highest N 

uptake by straw might be due to well-developed root system which helps in increased nitrogen 

fixation and its availability to plant along with other nutrients.  

Table 10: Straw uptake of N (kg ha
-1

) as affected by the interaction of chickpea varieties and 

rates of blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 

main cropping season of 2017/2018     

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 3.816
g
 5.836

fg
 5.135

fg
 7.783

d-g
 6.700

efg
 

Dalota 5.946
efg

 5.226
fg

 8.078 
c-f

 8.292 
b-f

 7.331 
d-g

 

Arerti 8.208 
b-f 

10.031
b-e

 8.891 
b-f

 8.368 
b-f

 11.357
bcd

 

Dhera 7.667 
d-g

 7.385 
d-g

 15.592
a
 12.337

ab
 12.189

abc
 

LSD (0.05)                                                    2.24  

CV (%)                                                                      16.3 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

4.5.2. Grain, straw and total uptake of phosphorus 

Analysis of variance indicated that the main effect of variety and rates of blended NPSZnB 

fertilizer significantly (P < 0.001) influenced grain, straw and total P uptake. However, grain, 

straw and total uptake of P were not significantly affected by the interaction effect of variety 

with rates of blended NPSZnB (Appendix Table 3).  

The mean over all rates of blended NPSZnB and standard check indicated that, the highest 

grain (11.43 kg P ha
-1

), straw (8.27 kg P ha
-1

) and total (19.69 kg P ha
-1

) uptake of P were 

recorded for variety Dhera, whereas the lowest grain (8.9 kg P ha
-1

), straw(5.2 kg P ha
-1

) and 

total (14 kg P ha
-1

) P uptake were obtained from Natoli variety which is statistically similar 

with  Dalota. The grain, straw and total uptake of P recorded for variety Dhera exceeded that 

of Natoli variety by about 28, 59 and 39%, respectively. Similarly, the grain, straw and total 

uptake of P recorded for Dhera variety exceeded that of Dalota variety by about 21, 57 and 

34%, respectively (Table 9). The highest grain, straw and total uptake of P recorded for Dhera 

variety may be related to genetic variation of its growth habit. Dhera variety produced more 

number of nodules with vigorous growth habit than tested varieties. Phosphorus plays an 
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important role for root growth and expansion, to produce more number of nodules and also for 

nitrogen fixation process. Hence, the more P absorbed the more P found in the grain and straw.  

The highest grain (10.93 kg ha
-1

) and total uptake of P (17.62 kg ha
-1

) were recorded for 64.4 

kg NPSZnB ha
-1

, which has statistical parity with standard check, 129 and 193 kg NPSZnB ha
-

1
. However, the lowest grain (7.99 kg ha

-1
) and total (13.06 kg ha

-1
) uptake of P were obtained 

for control (unfertilized plot) (Table 9). Grain and total uptake of P recorded for 64.4 kg 

NPSZnB ha
-1 

exceeded that of control by about 37 and 35%, respectively. The standard check 

also recorded the highest grain and total uptake of P, next to 64.4 kg NPSZnB ha
-1 

over grain 

and total uptake of P for control by about 35 and 28%, respectively.  

The highest grain and total uptake of P recorded for 64.4 kg NPSZnB ha
-1 

might be due to 

increase in the P concentration in soil solution by P application resulted in increasing uptake of 

the nutrient and thus increased content of P in grain and straw. Increasing levels of P in soil 

improved nutritional environment in the rhizosphere and consequently in plant system (Singh 

and Nariya, 2017; Singh et al., 2018). Similarly, Balai et al. (2017) reported that the 

significantly increasing trend of P content and uptake by grain may be due to increased 

concentration of P in soil solution with increasing P application and increase in biological 

activity by P-solubilization. In line with the current result, uptake of P (7.37 kg ha
-1

) by 

chickpea grain were reported from the application of 40 kg P2O5 ha
-1

 and percentage increment 

of P uptake was 137.25% and 3.96% over the control and 20 kg P2O5 ha
-1

, respectively. Grain 

and total P uptake by chickpea was significantly higher with application of 40 kg P2O5 ha
-1

 

(Singh and Nariya, 2017; Singh et al., 2018).  

Though there was no significant variation among rates of NPSZnB and standard check, except 

control treatment, when increasing the rates of blended NPSZnB fertilizer above 64.4 kg 

NPSZnB ha
-1

 that contain 23 kg P2O5 ha
-1

 tended to decrease grain and total uptake of P. 

Which might be due to the fact that, at higher rate of blended fertilizer the proportion of N, P, 

S, Zn and B also increases simultaneously, So that synergetic interaction among P and S at 

lower rate of blended NPSZnB showed slight increment on grain and total P uptake, and 

antagonistic interaction among P with S and P with Zn at higher rate might have reduced the 

uptake of P.  
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Interaction between P and S was synergistic at lower level and antagonistic at higher level in 

respect of P uptake (Islam et al., 2011). Similarly, Balai et al. (2017) reported that application 

of Zn adversely affected the content of P and uptake by seed and straw significantly reduced 

up to 6 kg Zn ha
-1

. Maximum P uptake by seed (5.07 kg P ha
-1

) and straw (5.66 kg P ha
-1

) 

were recorded with no Zn application and it significantly reduced the P content to the tune 

over 3 kg Zn ha
-1 

and 6 kg Zn ha
-1

, respectively. The significantly higher P uptake by seed (7.5 

kg P ha
-1

) was recorded by 40 kg P2O5 ha
-1 

in combination with 3 kg Zn ha
-1

.  

The highest P uptake (6.91 kg P ha
-1

) by straw was recorded for 193 kg NPSZnB ha
-1

 that was 

statistically similar with all rates of blended NPSZnB and standard check, except control 

treatment. However, the lowest P uptake (5.07 kg P ha
-1

) was recorded for control (unfertilized 

plot). Phosphorus uptake by straw for 193 kg NPSZnB ha
-1

 exceeded that of control treatment 

by about 36% (Table 9). This could be due to the highest amount of P found in the 193 kg 

NPSZnB ha
-1

. In agreement with this result, Singh et al. (2018) reported that increasing levels 

of P up to 60 kg P2O5 ha
-1 

significantly increased P content and uptake by stover. Balai et al. 

(2017) also reported that P uptake by straw of chickpea increased significantly with the 

increasing P levels. Significantly maximum P uptake (7.19 kg P ha
-1

) was found with 60 kg 

P2O5 ha
-1

 and increased the P uptake by 78.85%, 33.64% and 11.12% over control, 20 and 40 

kg P2O5 ha
-1

, respectively. Similarly, different levels of P exerted their significant influence 

on P content in stover. Application of 40 kg P2O5 ha
-1 

recorded significantly higher P content in 

stover (0.36%) over control, 20 and 60 kg P2O5 ha
-1 (Singh and Nariya, 2017).  

Increasing straw uptake of P with increasing rate of blended fertilizer is in the reverse order 

with that of grain and total uptake of P. This might be related with the fact that when the 

highest P was assimilated during grain formation, the lowest P would remain in the straw and 

vice versa.  

4.5.3. Grain, straw and total uptake of sulfur 

The main effect of variety and rates of blended NPSZnB fertilizer and interaction effect of 

both factors significantly (P < 0.001) affected grain and total uptake of S (Appendix Table 4).  
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The highest S uptake by grain (7.95 kg S ha
-1

) was recorded for interaction of Dhera variety 

with 64.4 kg blended NPSZnB ha
-1

.The interaction among the remaining rates of blended 

NPSZnB and standard check with tested varieties showed statistical parity. However, the 

lowest S uptake by grain (2.28 kg S ha
-1

) was obtained for interaction of Dalota variety with 

control (unfertilized plot). Sulfur uptake by grain recorded for interaction of Dhera variety 

with 64.4 kg blended NPSZnB ha
-1

 exceeded that of control treatment by about 248% (Table 

11). The lowest grain uptake of S might be due to the deficiency of nutrients in the unfertilized 

plot (control) of study area which reduced the availability of S for grain uptake, and 

inefficiency of Dalota variety in absorbing S from unfertilized plot. 

Alternatively, the highest total uptake of S (11.9 kg S ha
-1

) was recorded for interaction of 

Dhera variety with 64.4 kg blended NPSZnB ha
-1

 whereas interactions among Dalota with 100 

kg DAP ha
-1

 recorded the lowest total S uptake (4.03 kg S ha
-1

). Interaction of Dhera variety 

with 64.4 kg blended NPSZnB ha
-1

 recorded higher total S uptake over interaction of Dalota 

with 100 kg DAP ha
-1 

by about 195% (Table 12). Possibly indicating that inefficiency of 

Dalota variety in absorbing S from the soil that did not supplying with external addition of S 

than tested varieties.   

Reason behind the highest grain and total uptake of S by Dhera variety with 64.4 kg blended 

NPSZnB ha
-1

 might be due to the vigorous growth exhibited by Dhera variety which required 

more S to produce higher number of primary and secondary branches, more number of 

nodules and nitrogen fixation than other tested varieties. Similarly, Kumar et al. (2003); and 

Chiaiese et al. (2004) reported about the increment of S content in grain and stover of 

chickpea with the application of S. Application of S resulted in increased N fixation (Zhao et 

al., 1999) which might have promoted production of higher amounts of aboveground dry 

matter that could have led to higher acquisition of nutrients ultimately resulted in higher 

nutrient content in grain and stover. Higher nutrient content coupled with higher seed and 

stover yield led to higher nutrient uptake.  
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Table 11: Grain uptake of S (kg ha
-1

) as affected by interaction of chickpea varieties and rates 

of blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the main 

cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 3.667 
b-f

 4.427
b
 3.154

b-f
 4.090

b-e
 2.563

ef
 

Dalota 2.282
f
 2.663

def
 3.186

b-f
 4.309

bc
 2.647

def
 

Arerti 3.870
b-f

 4.272
bc

 3.786
b-f

 3.292
b-f

 3.593
b-f

 

Dhera 2.770
c-f

 2.570
ef

 7.947
a
 4.228

bcd
 3.541

b-f
 

LSD (0.05)                                                           0.9  

CV (%)                                                               14.3 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

Srinivasulu et al. (2015) reported that application of 40 kg S ha
-1

 resulted in 12.4%, 15.8%, 

12.6% and 19.8% higher uptake of N, P, K and S by the crop, respectively over control, and it 

was at par with 20 kg S ha
-1

. This could be attributed to increased availability of S to plants 

which in turn might have resulted in more number of effective root nodules, profuse shoot and 

root growth contributing to higher biomass production and higher photosynthetic activity. 

Application of 60 kg S ha
-1

 registered 23.4% higher S uptake in grain of chickpea over the 

control.  

Moreover, the synergistic effect of N-S and S-P may have boosted their availability and 

absorption from the soil (Singh et al., 2015). A significant increase in S content and uptake in 

grain was recorded with increasing levels of P up to 40 kg P2O5 ha
-1

. Further, total uptake of N 

and S by chickpea crop was significantly influenced by increasing levels of P up to 60 kg P2O5 

ha
-1 

(Singh et al., 2018). Furthermore the application of 80 kg P2O5 and 40 kg S ha
-1

 had 

significant effect on S uptake in grain and straw over 60 kg P2O5 ha
-1

 + 20 kg S ha
-1

 and 40 kg 

P2O5 ha
-1

 which might be due to increase in availability of P and S in the soil (Kumar et al., 

2016). 

Sulfur and boron fertilization have a pivotal role in enhancing yield attributing characters and 

nutrient uptake performance in chickpea. Application of 40 kg S ha
-1

 and 1.0 kg B ha
-1

 proved 

to increase yield attributes and nutrient uptake by chickpea under central plains of Uttar 

Pradesh, India (Kala et al., 2017). Similarly, the maximum uptake of S with 1.5 kg B ha
-1

 in 
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chickpea grain was 17.7% higher over control. It could be directly attributed to an enhanced 

availability of B in soil at a level below which the optimum requirement of crop is fulfilled 

(Singh et al., 2015). 

Table 12: Total uptake of S (kg ha
-1

) as affected by interaction effect of effect of chickpea 

varieties and rates of NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 

main cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 6.392
cde

 7.999
bc

 7.154
bcd

 8.623
bc

 4.859
de

 

Dalota 6.507
cde

 4.031
e
 7.235

bcd
 8.333

bc
 7.003

cd
 

Arerti 6.615
cde

 7.887 
bc

 6.033
cde

 8.538
bc

 8.703
bc

 

Dhera 7.787
bc  

6.874
cd 

11.900
a
 6.638

cde
 9.847

ab
 

LSD (0.05)                                                    1.5  

CV (%)                                                         11.8 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

Sulfur uptake by straw was significantly (P < 0.001) affected by main effect of variety, rates of 

blended NPSZnB and interaction effect of both factors (Appendix Table 4). The highest S 

uptake by straw (6.31 kg ha
-1

) was recorded for interaction of Dhera variety with 193 kg 

blended NPSZnB ha
-1

, however, the lowest S uptake by straw (1.37 kg ha
-1

) was obtained for 

interaction of Dalota variety with 100 kg DAP ha
-1

. Sulfur uptake by straw recorded for 

interaction of Dhera variety with 193 kg blended NPSZnB ha
-1

 exceeded over that by about 

361% (Table 13). Vigorously growing Dhera variety absorbed the highest S on the highest rate 

of blended NPSZnB fertilizer that contain the highest rate of N, P, S, Zn and B.  

Similar with the current result Singh and Nariya ( 2017) reported that application of 40 kg S 

ha
-1

 resulted in significantly higher S content in stover (0.42%) than the rest of levels and it 

was statistically at par with application of 20 kg S ha
-1

. Moreover, application of 60 kg S ha
-1

 

gave 29.4% higher S uptake in stover of chickpea over control. Such increase in nutrient 

uptake by chickpea could be attributed to higher yield coupled with slight improvement in 

nutrient concentration of grain and stover (Singh et al., 2015).  
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On the other hand, the reason behind the highest S uptake by straw recorded for Dhera with 

193 kg NPSZnB ha
-1

 might be related with synergetic interaction between P and S at highest 

rate of blended fertilizer. Similarly, Islam et al. (2011) reported synergetic interaction between 

P and S at both lower and higher level of nutrient application regarding S uptake. The highest 

S uptake was recorded by 80 kg P2O5 ha
-1

 with 30 kg S ha
-1

, which was followed by 80 kg 

P2O5 ha
-1

 with 15 kg S ha
-1

 and 40 kg P2O5 ha
-1

 with 30 kg S ha
-1

, and the lowest value was 

recorded in control. Similarly, Singh and Nariya (2017) reported that application of 60 kg 

P2O5 ha
-1

 recorded significantly higher S content in stover (0.42%) over control, but remained 

at par with 20 and 60 kg P2O5 ha
-1

. The combination of 40 kg P2O5 ha
-1 

+ 20 kg S ha
-1 

showed 

the highest S content in stover of chickpea.  

The maximum uptake of S with 1.5 kg B ha
-1

 in chickpea stover was 14.4% higher over 

control. It could be directly attributed to an enhanced availability of boron in soil at a level 

below which the optimum requirement of the crop is fulfilled (Singh et al., 2015). 

Table 13: Sulfur uptake (kg ha
-1

) by straw as affected by interaction of chickpea varieties and 

rates of blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 

main cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 2.725
c-f

 3.572
b-e

 3.999
b-e

 4.533
abc

 2.295
ef

 

Dalota 4.225
bcd

 1.369
f
 4.049

b-e
 4.024

b-e
 4.357

bc
 

Arerti 2.745
c-f

 3.615
b-e

 2.247
ef

 5.246
ab

 5.110
ab

 

Dhera 5.016
ab

 4.305
bc

 3.953
b-e

 2.410
def

 6.306
a
 

LSD (0.05)                                                            1.0  

CV (%)                                                               16.1 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

4.5.4. Grain, straw and total uptake of zinc 

The analysis of variance indicated that the main effects of variety and rates of blended 

NPSZnB fertilizer significantly (P < 0.001) affected grain, straw and total uptake of Zinc (Zn). 

Moreover, grain, straw and total uptake of Zn significantly (P < 0.001) affected by interaction 

effect among variety and rates of blended NPSZnB fertilizer (Appendix Table 4). 
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The highest grain Zn uptake (2484 g ha
-1

) was recorded for interaction of Arerti with 64.4 kg 

NPSZnB ha
-1

 whereas the lowest grain uptake of Zn (947 g ha
-1

) was obtained from Natoli 

variety with control (unfertilized plot) (Table 14). The reason behind the highest Zn uptake of 

Arerti variety might be related with the efficiency of the variety in absorption and utilization 

of Zn, and the highest seed yield also recorded by this variety. Similarly, Legesse et al. (2017) 

reported significant variation in grain Zn concentration among the cultivars. The cultivar 

Arerti and the two breeding lines (FLIP07-27C and FLIP08-60C) had the highest grain Zn 

concentration compared to the rest of the cultivars and breeding lines. The cultivar Arerti 

recorded the highest grain Zn content (47.5 mg kg
-1

) than both cultivars and breeding lines.  

On the other hand, the lowest Zn uptake by Natoli variety might be due to inefficiency of the 

variety in absorbing the nutrient from unfertilized plot than tested varieties. The genotypic 

differences in Zn efficiency may be associated with different mechanisms in rhizosphere and 

within a plant system. This would be higher uptake of Zn by roots and efficient use and re-

translocation of Zn (Rengel et al., 2000). 

Zn uptake by grain of chickpea varieties indicated that, application of blended NPSZnB 

fertilizer could enhance Zn content of chickpea grain. Therefore this result clearly indicated 

including Zn nutrient in blended fertilizer form could contribute for bio-fortification of Zn 

which is one of the most effective method to alleviate Zn deficiency in human nutrition 

(especially for children and pregnant women). 

In agreement with the present result, Tabassum et al. (2014) reported that, the uptake of 

nutrient is a function of yield and its concentration in crop. An increase in uptake of Zn has an 

ultimate effect of increasing grain yield and Zn concentration in the grain. Application of Zn 

significantly increased Zn content in grain up to 6 kg Zn ha
-1

. Significantly maximum uptake 

of Zn by seed (6.42 kg ha
-1

) of chickpea was recorded with application of Zn at rate of 6 kg Zn 

ha
-1

 and it showed superiority over control and 3 kg Zn ha
-1

, respectively. Significantly higher 

Zn uptake by seed (7.10 kg ha
-1

) was recorded under 40.0 kg P2O5 ha
-1

  in combination with 

6.0 kg Zn ha
-1

, after that Zn uptake was significantly reduced in treatment combination of  

60.0  kg P2O5 ha
-1

 + 3.0 kg Zn ha
-1 

and 60.0 kg P2O5 ha
-1

 + 6.0 kg Zn ha
-1

 (Balai et al., 2017).  
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Table 14: Grain uptake of zinc (g ha
-1

) as affected by the interaction of varieties and rates of 

blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the main 

cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 947
g
 1679

b-g
 1337

efg
 2192

abc
 2194

abc
 

Dalota 1497
c-g

 1109
fg

 1733
b-f

 1854 
a-e

 1525
b-g

 

Arerti 1026
fg

 2131
a-d

 2484 
a
 2146 

a-d
 2248

ab
 

Dhera 1490
c-g

 1017
fg

 1583
b-g

 1414
d-g

 2192
abc

 

LSD (0.05)                                                    399.5  

CV (%)                                                         14.3 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

The highest Zn uptake by straw (1916 g ha
-1

) was recorded for interaction of Dhera variety 

with 64.4 kg blended NPSZnB ha
-1

 while the lowest Zn uptake by straw (293 g ha
-1

) was 

obtained from Dalota variety with 100 kg DAP ha
-1

 (Table 15). The reason behind the highest 

Zn uptake by straw of Dhera variety is that the highest straw yield production and Zn 

concentration in the straw. In contrast, the lowest Zn uptake by Dalota variety at the rate of 

100 kg DAP ha
-1 

might be related with, inefficiency of the variety in absorbing the available 

Zn from DAP fertilized soil.   

In agreement with the current result Balai et al. (2017) reported that, significantly maximum 

Zn uptake by straw (6.59 kg ha
-1

) of chickpea was recorded with application of Zn at the rate 

of 6 kg Zn ha
-1

 and it showed superiority over control and 3 kg Zn ha
-1

. The highest Zn uptake 

by straw can be attributed to increase in Zn concentration of soil solution, which resulted in 

increasing uptake of the nutrient from soil solution and consequently increased content of Zn 

in grain and straw. As yield and Zn concentration of grain and straw increased, uptake of Zn 

by seed and straw also increased significantly with the application of Zn   

Zinc uptake by straw of Natoli, Arerti and Dhera varieties had reduced at the highest rate of 

blended NPSZnB fertilizer, whereas Dalota variety recorded the highest uptake of Zn at 

highest rate of blended NPSZnB. When increasing the rates of blended NPSZnB, the amounts 

of N, P, S, Zn and B also increased simultaneously, hence antagonistic effect of P on Zn at the 
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highest rate might reduce the uptake of Zn. In line with the current result, higher concentration 

of P in soil from insoluble Zn phosphate reduced Zn uptake by grain and straw. The uptake of 

Zn increased up to some level due to increased biomass of crop and less formation of zinc 

phosphate. The Zn content in straw significantly reduced up to 60 kg P2O5 ha
-1

 and maximum 

Zn content (0.313 mg kg
-1

) in straw was observed in control and it was significantly reduced 

by 13.00%, 26.21% and 36.68% over 20, 40 and 60 kg P2O5 ha
-1

, respectively, and minimum 

Zn content in straw (0.229 mg Zn kg
-1

) was observed in 60 kg P2O5 ha
-1

 (Balai et al., 2017). 

Table 15: Straw uptake of Zn (g ha
-1

) as affected by interaction of varieties and rates of 

blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the main 

cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 641
fg

 996 
def

 325 
g
 786

efg
 918 

def
 

Dalota 731
efg

 293 
g
 771

efg
 758

efg
 1002

def
 

Arerti 805
efg

 847
efg

 1700
ab

 1304 
b-e

 1661
abc

 

Dhera 1486
a-d

 1424
a-d

 1916
a
 1092 

c-f
 1037

def
 

LSD (0.05)                                                    309.0 

CV (%)                                                         18.2 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

in the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

The highest total uptake of Zn (4183 g ha
-1

) was recorded for interaction of Arerti variety with 

64.4 kg NPSZnB ha
-1

, whereas the lowest total Zn uptake (1401 g ha
-1

) was obtained from 

interaction of Dalota with 100 kg DAP ha
-1

 (Table 16). The highest total uptake of Zn for 

Arerti variety might be due to the highest seed yield and Zn concentration of the variety. On 

the other hand, the lowest Zn uptake of Dalota variety with 100 kg DAP ha
-1

 might be lower 

capacity of Dalota variety in absorbing Zn than tested varieties, and supply of P through DAP 

application also suppressed Zn uptake from the soil. Similarly, Tabassum et al. (2014) also 

reported that total uptake of Zn in chickpea was increased by 74.5% with application of 10 kg 

Zn ha
-1

. Moreover, Kumar et al. (2016) the highest Zn uptake by grain (0.08 kg Zn ha
-1

) and 

straw (0.10 kg Zn ha
-1

) was recorded for 3 kg Zn ha
-1

 and 0.3% B ha
-1

, which was significantly 

superior with control and at par with 3 kg Zn ha
-1

.  
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When all tested varieties except Natoli received the highest rate of blended NPSZnB, total 

uptake of Zn would reduce. Similar to this result, Balai et al. (2017) reported that Zn content 

and uptake in grain and straw decreased significantly with increasing levels of P. The 

significantly higher Zn uptake by seed (7.10 kg Zn ha
-1

) of chickpea was recorded under 40.0 

kg P2O5 ha
-1

 in combination with 6.0 kg Zn ha
-1

, after that Zn uptake significantly reduced in 

treatment  combination  of  60.0 kg P2O5  ha
-1

 + 3.0 kg Zn ha
-1

 and 60.0 kg P2O5  ha
-1

 + 6.0 kg 

Zn ha
-1

.  

Table 16: Total uptake of Zn (g kg
-1

) as affected by interaction of chickpea varieties and rates 

of blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the main 

cropping season of 2017/2018 

Variety Blended NPSZnB rate (kg ha
-1

) 

0 100  (DAP ) 64.4 129 193 

Natoli 1588
ef

 2675
cde

 1662
ef

 2978
bcd

 3113 
a-d

 

Dalota 2228 
def

 1401 
f
 2505 

c-f
 2612

cde
 2526

cde
 

Arerti 1831
ef

 2978
bcd

 4183 
a
 3450

abc
 3909

ab
 

Dhera 2977
bcd

 2441 
c-f

 3499
abc

 2505 
c-f

 3229 
a-d

 

LSD (0.05)                                                    595.9 

CV (%)                                                         13.3 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; Means 

of the table followed by the same letter(s) are not significantly different at 5% level of 

significance. 

4.6. Agronomic Efficiency of N and P 

Agronomic efficiency of N can be affected by the rate of N, crop, and soil management 

practices that affect recovery efficiency and physiological efficiency of nitrogen or both. 

Agronomic efficiency of N > 30 kg kg
-1 

in well managed systems or at low levels of N use or 

low soil N supply (Dobermann, 2005).  

The result showed that agronomic efficiency of N recorded for Natoli with 129 kg NPSZnB 

ha
-1

, Dalota with 64.4 kg NPSZnB ha
-1

 and Arerti with all rates of blended NPSZnB and 

standard check were above 30 kg kg
-1

. On the other hand, treatment combination of Dalota 

with 64.4 kg NPSZnB ha
-1

, Arerti with 64.4 kg NPSZnB ha
-1 

and 129 kg NPSZnB ha
-1

 

recorded agronomic efficiency of P above 20 kg kg
-1 

(Table 14). This indicate that low level of 
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N used by Natoli and Dalota varieties at application rate of 129 and 64.4 kg NPSZnB ha
-1

, 

respectively for optimum yield production. Similarly, Arerti variety also used low level of N 

efficiently at all rates of blended NPSZnB fertilizer and standard check for the highest yield 

production.   

Agronomic efficiency of N and P in blended NPSZnB fertilizer occurs in range of 4-54 kg kg
-1 

and 1-27 kg kg
-1

, respectively (Table 14). This shows that there is wide variation among 

chickpea varieties in utilization of N and P that applied through blended NPSZnB and standard 

check for economic production. Moreover, the agronomic efficiency of N was higher than P 

due to the rate of phosphorus in blended NPSZnB and DAP fertilizer were higher than N that 

considered in the formula. As expected, nutrient use efficiency decreased as N fertilizer 

increased, and the decrease was greater and curvilinear for non inoculated chickpea compared 

with the less-marked linear decrease for inoculated chickpea (Gan et al., 2010).  

Moreover, N and P agronomic efficiency for Dhera variety (large seeded Kabuli type) was 

lowest at all rates of blended NPSZnB fertilizer and standard check. The lowest agronomic 

efficiency for Dhera variety might be due to rapid decrease in nutrient use efficiency when N 

fertilizer was applied reflects the inefficient manner in which chickpea converts external 

sources of N relative to internal sources of N derived via N2 fixation. In line with this result, 

nutrient use efficiency of CDC Xena (large seeded Kabuli type) was 17% less than the average 

of tested cultivars (Gan et al., 2010). 
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Table 17: Agronomic efficiency of N and P, and nutrient status of treatment based composite 

after harvest soil as affected by chickpea varieties and rates of blended NPSZnB fertilizer in 

Ada’a-Liban District of Central Ethiopia during the main cropping season of 2017/2018 

Trt 

Treatment  

Combination 

NUE of N and P 

pH 

N 

content 

(%) 

P 

content 

(mg/kg) 

S 

content 

(mg/kg) 

Zn 

content 

(mg/kg) 
AE N 

(kg kg
-1

) 

AE P 

(kg kg
-1

) 

1 Natoli + 0   6.73 0.06 7.75 12.48 0.55 

2 Natoli + 100 14 5 6.67 0.07 10.51 13.88 0.93 

3 Natoli + 64.4 12 6 6.65 0.08 7.75 9.86 1.00 

4 Natoli + 129 33 16 6.74 0.06 13.40 26.18 1.74 

5 Natoli + 193 21 10 6.72 0.07 9.60 10.88 2.36 

6 Dalota + 0   6.71 0.06 6.28 11.64 0.90 

7 Dalota + 100 24 10 6.78 0.04 10.86 12.00 0.35 

8 Dalota + 64.4 39 20 6.73 0.08 8.24 18.36 0.63 

9 Dalota + 129 15 7 6.78 0.08 10.95 22.10 1.65 

10 Dalota + 193 19 9 6.63 0.06 10.48 13.26 0.78 

11 Arerti + 0   6.73 0.06 7.51 11.00 0.86 

12 Arerti + 100 48 19 6.72 0.07 9.31 14.28 0.40 

13 Arerti + 64.4 54 27 6.70 0.08 7.57 21.08 0.46 

14 Arerti + 129 40 20 6.69 0.07 8.11 21.08 1.00 

15 Arerti + 193 31 16 6.72 0.04 10.84 9.86 1.72 

16 Dhera + 0   6.63 0.06 7.36 10.82 0.46 

17 Dhera + 100 2 1 6.72 0.04 8.05 12.44 0.55 

18 Dhera + 64.4 19 9 6.77 0.04 8.02 11.22 0.53 

19 Dhera + 129 4 2 6.89 0.08 10.34 17.34 0.91 

20 Dhera + 193 14 7 6.81 0.07 11.80 13.60 1.76 

Before planting soil status 6.62 0.04 8.223 9.51 0.29 

NUE: Nutrient use efficiency; AE: agronomic efficiency 

4.7. Results of Soil Test after Harvest 

Soil pH is one of the major factors that influence nutrient availability in the soil. Soil test 

results of after harvest indicated that, mean soil pH of experimental area was found to be in the 

range of 6.63 to 6.89. Before planting soil pH was 6.62, thus slight increments in after harvest 

soil pH was reported though after cultivating legumes reduction in soil pH is expected. 

Growing of chickpea (legumes) by itself modified total N status of the soil. Total N status of 

after harvest soil ranged from 0.04 to 0.08, that is near with total N (0.04) of before planting 

soil. This slight increment indicated that application of different rates of blended NPSZnB and 

DAP increased total N of the soil. Tekalign Tadese (1991) classified soil total N availability of 
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< 0.05% as very low, 0.05-0.12% as low, 0.12-0.25% as medium and > 0.25% as high. The 

soil treated with treatment combination of Dalota × 100 kg DAP ha
-1

, Arerti × 193 kg 

NPSZnB ha
-1

, Dhera × 100 kg DAP ha
-1

 and Dhera × 64.4 kg NPSZnB ha
-1

 were rated as very 

low in total N (Table 17). Hence growing of chickpea enhanced the soil fertility status due to 

heavy leaf drop coupled with nitrogen fixation (Patel, 2014). However, after harvest soil 

treated with the remaining treatment combinations were contain low range of total N. The 

reason behind very low total N content of some plots might be related with N uptake by plant 

and loss of N through volatilization and/or leaching.   

Moreover, unfertilized plot (control) had higher total N content than the content of N it had 

before planting. This clearly showed the role of growing chickpea (legumes) for increment of 

total N status of soil through biological nitrogen fixation. 

The result of after harvest soil analysis indicated that, available P status of the soil ranged from 

6.28-13.40 mg kg
-1

 (Table 17). Cottenie (1980) described soils with available P < 5, 5-9, 10-

17, 18-25 and > 25 mg kg
-1 

as very low, low, medium, high and very high, respectively. Hence 

after harvest available P of experimental area soil which treated with treatment combination of 

Natoli with 100 kg DAP ha
-1

 and 129 kg NPSZnB ha
-1

; Dalota with 100 kg DAP ha
-1

, 129 kg 

NPSZnB ha
-1

 and 193 kg NPSZnB ha
-1

; Arerti with 193 kg NPSZnB ha
-1

; Dhera with 129 kg 

NPSZnB ha
-1

 and 193 kg NPSZnB ha
-1

 could be described as medium available P. However, 

the soil treated with the remaining treatment combination categorized in range of low available 

P. Before planting available P of experimental area was 8.223 mg kg
-1 

that was under low 

range of P. This indicated that application of P containing fertilizer increases availability of P 

of after harvest soil. 

Generally growing of Natoli and Dalota varieties (Desi type) with supply of 129 kg blended 

NPSZnB ha
-1

 tended to increase available P of after harvest soil to the medium range, whereas 

for Dhera and Arerti varieties (Kabuli type) medium range of available P was recorded for the 

soil that was treated with 193 kg blended NPSZnB ha
-1

. This clearly indicated that relatively 

higher amount of nutrients would be removed from the soil when growing high yielding 

varieties hence lower nutrient would remain in the soil with the same rate of nutrient treated 



69 

 

with that of low yielding varieties. This indicted that growing of high yielding varieties require 

external supply of mineral fertilizer, even for chickpea.  

Available S of after harvest soil of experimental area was found in range from 9.86 – 26.18 mg 

kg
-1

. Before planting, available S status of the soil was 9.51 mg kg
-1

, so that S status of after 

harvest soil showed increment according to the varieties and rates of blended NPSZnB. 

EthioSIS (2014), classified available S in mg kg
-1 

< 10 as very low, 10-20 as low, 20-80 as 

optimum, 80-100 as high and >100 as very high. Hence, the present result showed that 

optimum range of available S was recorded for the soils that treated with treatment 

combination of Natoli × 129 kg NPSZnB ha
-1

, Dalota × 129 kg NPSZnB ha
-1

, Arerti × 64.4 kg 

NPSZnB ha
-1

 and Arerti × 129 kg NPSZnB ha
-1

 (Table 17).  

Similarly, application of 60 kg P2O5 ha
-1 

recorded significantly the highest available sulfur 

status (13.11 ppm S ha
-1

), it is possible that increasing the levels of P increases available P in 

soil solution and also has synergistic interaction with S in terms of S availability in soil (Singh 

et al., 2018).  However, the soil that received treatment combination of Natoli × 64.4 kg 

NPSZnB ha
-1

 and Arerti × 193 kg NPSZnB ha
-1

 resulted very low range of available S. This 

might be due to loss of S.  

Available Zn of after harvest soil of experimental area was found in range from 0.35 – 2.36 

mg kg
-1

. According to FAO (2008) soil with Zn rate in mg kg
-1

 described as very low (0 - 0.5), 

low (0.5 – 1), medium (1-3), high (3-5) and very high (> 5). Consequently, medium range of 

Zn resulted from the soil that received treatments combination of Natoli × 64.4 kg NPSZnB 

ha
-1

, Natoli × 129 kg NPSZnB ha
-1

, Natoli × 193 kg NPSZnB ha
-1

, Dalota × 129 kg NPSZnB 

ha
-1

, Arerti × 193 kg NPSZnB ha
-1 

and Dhera × 193 kg NPSZnB ha
-1 

(Table 17). This showed 

that application of blended NPSZnB increased the availability of Zn in the soil. The soil that 

had received treatment combination of Dalota × 100 kg DAP ha
-1

, Arerti × 100 kg DAP ha
-1

, 

Arerti × 64.4 kg NPSZnB ha
-1

 and Dhera on unfertilized plot were grouped under very low Zn 

availability.  
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4.8. Economic Analysis 

As farmers attempt to evaluate the economic benefits of shift in practice, partial budget 

analysis was done to identify the rewarding treatments. The result of economic analysis 

revealed that, the highest net benefit 55997 birr ha
-1

 with marginal rate of return of 195.9% 

was recorded from variety Arerti in response to the application of 193 kg blended NPSZnB ha
-

1 
fertilizer. The next highest net benefit was 55990 birr ha

-1 
with marginal rate of return of 

739.3%, which was obtained from combination of Dhera variety with 193 kg blended 

NPSZnB ha
-1

, while the lowest net benefit (40552 Birr ha
-1

) was obtained from variety Arerti 

without fertilizer application. This indicates that Arerti variety was the most responsive to 

application of blended NPSZnB fertilizer. Thus, production of Arerti variety in response to the 

application of 193 kg blended NPSZnB fertilizer ha
-1

 was found to be the most productive.   

Marginal rate of return is one of the most valuable tools to determine the most profitable level 

of production. In other words, it is the amount of additional revenue that a business can expect 

to earn per each additional birr that it spends on production. According to dominance analysis 

Natoli × 193 kg NPSZnB ha
-1

, Dalota × 100 kg DAP ha
-1

, Dalota × 129 kg NPSZnB ha
-1

, 

Dhera × 100 kg DAP ha
-1

, and Dhera × 129 kg NPSZnB ha
-1

 were dominated by other 

treatments. The highest MRR (1681.8%) was obtained from variety Natoli with 129 kg 

NPSZnB ha
-1

. This implies that the producer will get 1.00 Birr and additional 16.82 Birr ha
-1 

from production of Natoli variety with application of 129 kg NPSZnB ha
-1

. 
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Table 18: Summary of economic analysis of the response of chickpea varieties for rates of 

blended NPSZnB fertilizer application in Ada’a-Liban District of Central Ethiopia during the 

main cropping season of 2017/2018 

Treatments AGY 

(kg 

ha
-1

) 

ASY 

(kg 

ha
-1

) 

GBG 

(ETB 

ha
-1

) 

GBS 

(ETB 

ha
-1

) 

TGB 

(ETB 

ha
-1

) 

TVC 

(ETB 

ha
-1

) 

NB 

(ETB 

ha
-1

) 

MRR 

(%) Variety NPSZnB 

Natolii 0 2228 1845 38997 2860 41857 0 41857  

Natolii 64.4 2348 2212 41092 3429 44521 1386 43135 92.2 

Natolii 100 (DAP) 2449 2112 42856 3274 46130 1880 44250 225.7 

Natolii 129 2911 2360 50936 3658 54593 2355 52238 1681.8 

Natolii 193 2871 2399 50243 3718 53960 3315 50645 D 

Dalota 0 2197 1996 38446 3094 41540 0 41540 274.7 

Dalota 64.4 2603 2217 45549 3436 48985 1386 47599 437.2 

Dalota 100 (DAP) 2592 2311 45360 3582 48942 1880 47062 D 

Dalota 129 2501 2278 43769 3531 47300 2355 44945 D 

Dalota 193 2773 2464 48526 3820 52345 3315 49030 425.5 

Arerti 0 2058 2260 37049 3503 40552 0 40552 255.7 

Arerti 64.4 2611 2625 46996 4069 51065 1386 49679 658.5 

Arerti 100 (DAP) 2839 2748 51095 4259 55354 1880 53474 768.1 

Arerti 129 2878 3009 51808 4663 56471 2355 54116 135.2 

Arerti 193 3026 3128 54464 4848 59312 3315 55997 195.9 

Dhera 0 2357 3368 44785 5314 50098 0 50098 177.9 

Dhera 64.4 2551 3769 48461 5842 54304 1386 52918 203.4 

Dhera 100 (DAP) 2393 3582 45469 5506 50975 1880 49095 D 

Dhera 129 2437 3278 46307 4941 51248 2355 48893 D 

Dhera 193 2802 3918 53232 6072 59305 3315 55990 739.3 

Where, AGY = adjusted grain yield; ASY = adjusted straw yield; GBG = gross benefit from 

grain; GBS = gross benefit from straw; TGB = total gross benefit; TVC = total variable costs; 

NB = net benefit, MRR = marginal rate of return; ETB ha
-1 

= Ethiopian Birr per hectare; D = 

dominated treatments. Market price of chickpea varieties: Natoli and Dalota = 17.50 ETB kg
-1

, 

Arerti = 18 ETB kg
-1

, Dhera = 19 ETB kg
-1

; Cost of Blended NPSZnB fertilizer = 15 ETB kg
-

1
; Cost of DAP fertilizer = 14.50 ETB kg

-1
; Labour cost for fertilizer application = 6 persons 

ha
-1

, each 70 ETB day
-1

. 
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5. SUMMARY AND CONCLUSION 

 

Ethiopia is the largest chickpea producer in Africa. However, the productivity of the crop is 

still below potential of the country. Limited utilization of mineral fertilizer for legume 

production is one of the most yield constraining factors. There is absence of clear demarcation 

on applying mineral fertilizer for legume production due to erroneous belief that legumes 

satisfy their nutrient demands and thus they do not need to be fertilized. Similarly in Ada’a 

District, fertilizer application for chickpea production is uncommon. However, only DAP 

might be applied on very poor soil, deficiency of S, Zn and B were also reported in addition to 

N and P in the district. Moreover, blended fertilizers are being used by the farmers only for 

cereal productions thus the response of chickpea varieties for blended fertilizer is unknown in 

this district. 

Therefore, this study was conducted with the following objectives to assess the effects of rates 

of blended NPSZnB fertilizer on yield components and yield of chickpea varieties; to evaluate 

the effect of blended NPSZnB fertilizer rates on N, P, S and Zn uptake of chickpea varieties, 

and to identify economically feasible rates of blended NPSZnB that increase the productivity 

of chickpea varieties in Ada’a Liban District of East Shoa Zone, Ethiopia. Four levels of 

blended NPSZnB fertilizer (0, 64.4, 129 and 193 kg ha
-1

) with standard check (100 kg DAP 

ha
-1

) and four chickpea varieties (Natoli, Dalota, Arerti and Dhera) were tested in Randomized 

Complete Block Design in factorial arrangement of 4×5=20 treatment combinations and 

replicated three times. 

The main effect of blended NPSZnB fertilizer significantly affected all agronomic parameters, 

except days to emergence, number of secondary branches, number of seeds per pod, hundred 

seed weight and harvest index. Application of 193 kg NPSZnB ha
-1

 shortened days to 

flowering (49.33) and physiological maturity (99.3), but days to flowering and physiological 

maturity were extended by unfertilized plot (control). Similarly, chickpea responses were 

maximum at 193 kg NPSZnB ha
-1

 resulted in the highest number of primary branches (3.442 

plant
-1

), total number of nodules (32.81 plant
-1

), aboveground biomass (6494 kg ha
-1

), seed 

yield (3187 kg ha
-1

) and straw yield (3308 kg ha
-1

), but the highest number of pods (41.32 

plant
-1

) was obtained from application of 129 kg NPSZnB ha
-1

.  
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Moreover, the main effect of rates of blended NPSZnB fertilizer showed significant effect on 

grain, straw and total uptake of N, P, S and Zn uptake of chickpea while grain crude protein 

content was not significantly influenced by this factor. Application of 193 kg NPSZnB ha
-1

 

recorded the highest N uptake by grain (79.93 kg N ha
-1

) and P uptake by straw (6.905 kg P 

ha
-1

) whereas, the highest P uptake by grain (10.930 kg P ha
-1

) was obtained from application 

of 64.4 kg NPSZnB ha
-1

.  

The main effect of chickpea varieties was significant on all agronomic parameters, crude 

protein content and nutrients (N, P, S and Zn) uptake except seed yield. Natoli variety 

recorded the highest days to emergence (11.00 days), whereas the highest days to flowering 

(46.47) and days to maturity (96.3) were recorded for Dhera variety. The highest plant height 

(52.81 cm), number of primary branches (3.51 plant
-1

), number of secondary branches (8.907 

plant
-1

), number of total nodules (32.23 plant
-1

), hundred seed weight (32.61 g), aboveground 

biomass (6754 kg ha
-1

) and straw yield (3968 kg ha
-1

) were recorded for Dhera variety. 

Moreover, Dhera variety also resulted the highest grain crude protein content (16.56%), N 

uptake by grain (73.99 kg N ha
-1

), P uptake by grain (11.425 kg P ha
-1

) and P uptake by straw 

(8.266 kg P ha
-1

).The highest number of pods (45.09 plant
-1

) and number of seeds (1.12 pod
-1

) 

were resulted for Arerti and Natoli varieties, respectively.  

Interaction effect of rates of blended NPSZnB fertilizer and chickpea varieties significantly 

affected effective number of nodules, N uptake by straw, S uptake by grain, S uptake by straw, 

total uptake of S, Zn uptake by grain, Zn uptake by straw and total uptake of Zn. The highest 

effective number of nodules (20.67 plant
-1

) was obtained from interaction of Dhera variety 

with 129 kg NPSZnB ha
-1

. Interaction of Dhera variety with 64.4 kg NPSZnB ha
-1

 resulted the 

highest N uptake by straw (15.592 kg N ha
-1

), S uptake by grain (7.947 kg S ha
-1

) and Zn 

uptake by straw (1916 g Zn ha
-1

) while the highest S uptake by straw (6.306 kg S ha
-1

) was 

obtained from interaction of Dhera variety with rate of 193 kg NPSZnB ha
-1

. The highest Zn 

uptake by grain (2484 g Zn ha
-1

) was recorded for Arerti variety with interaction of 64.4 kg 

NPSZnB ha
-1

.  

Treatment combination of Natoli with 129 kg NPSZnB ha
-1

, Dalota with 64.4 kg NPSZnB ha
-1

 

and Arerti with all rates of blended NPSZnB and standard check were utilized  lowest rate of 
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N efficiently to produced the highest seed yield (AE > 30 kg kg
-1 

). On the other hand, Dalota 

with 64.4 kg NPSZnB ha
-1

, Arerti with 64.4 kg NPSZnB ha
-1 

and 129 kg NPSZnB ha
-1

 

produced the highest seed yield with low rate of P applied (AE > 20 kg kg
-1

). 

Nutrient status of treatment based after harvest soil were increased to some extent according to 

combination of rates of blended NPSZnB fertilizer and chickpea varieties. The status of after 

harvest soil pH, N, P, S and Zn ranged from 6.63-6.78, 0.04-0.08%, 6.28-13.40 mg kg
-1

, 9.86-

26.18 mg kg
-1

 and 0.35-2.36 mg kg
-1

, respectively. 

Economic analysis showed that the highest net benefit (55997 birr ha
-1

) with marginal rate of 

return 195.9% was obtained from combination of Arerti variety with 193 kg NPSZnB ha
-1

, 

followed by Dhera variety with 193 kg NPSZnB ha
-1

 also recorded the highest net benefit 

(55990 birr ha
-1

) with marginal rate of return (739.3%). However, growing of Arerti variety 

without fertilizer application recorded the lowest net benefit (40552 birr ha
-1

). Economically 

Arerti was found to be the most responsive variety to application rates of 193 kg blended 

NPSZnB ha
-1

 with the highest net benefit. Moreover, due to the biggest seed size, which make 

it more preferable on the market, Dhera variety with 193 kg blended NPSZnB ha
-1 

also 

recommended alternatively with the highest net benefit. Application of the 193 kg NPSZnB 

ha
-1

 had showed increment on agronomic data and nutrient uptake of chickpea though 

statistical parity among all rates of blended NPSZnB and 100 kg DAP ha
-1 

except control 

(without fertilizer).   

Generally significantly increased and optimum growth, yield, and yield components were 

obtained already in response to the application of 193 kg NPSZnB ha
-1

, which were 

statistically in parity with the standard fertilizer practice of applying 100 kg DAP ha
-1

. This 

means that increasing application of the N and P including S are likely to enhance productivity 

of the crop. Moreover, to increase effectiveness of micronutrients (Zn and B), it is better to 

apply separately from macronutrients. Therefore it can be concluded that application of 193 kg 

NPSZnB ha
-1

 with varieties Arerti and Dhera were found to be superior and can be used for 

chickpea production in Ada’a Liban District East Shoa Zone. Moreover, Arerti variety can be 

also recommended for bio-fortification purpose with the highest Zn uptake by grain. However, 

since the experiment conducted in one season and one location, the experiment should repeat 

over seasons and locations reach a conclusive recommendation. 
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Appendix Table1.Mean squares of ANOVA for crop phenology and growth parameters of chickpea as affected by variety and  

blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 2017/2018 main cropping season 

DF = degree of freedom; DE = days to emergence; DF = days to flowering; DM = days to maturity; NPBP
-1 

= number of primary 

branches per plant; NSBP
-1 

= number of secondary branches per plant; PH= plant height; NNP
-1

= number of nodules per plant and 

ENNP
-1 

= effective number of nodules per plant. *, **and *** where significant at P = 0.05, P = 0.01 and P = 0.001, respectively. 

 

Appendix Table 2.Mean squares for crop yield components and yield of chickpea as affected by variety and blended NPSZnB fertilizer 

in Ada’a-Liban District of Central Ethiopia during the 2017/2018 main cropping season 

 

 

Source 

Df Mean square 

NPP
-1

 NSP
-1

 HSW AGDB (kg ha
-1

) SY (kg ha
-1

) SWY(kg ha
-1

) HI (%) 

Block 2 39.23 0.002581 17.470 85289 21904 26351 0.614 

Variety 3 432.26
***

 0.018495
***

 156.734
***

 7341800
***

 110599
 NS 

7566785*** 504.102
***

 

NPSZnB fertilizer 4 67.07
*
 0.001421

 NS
 3.826

 NS
 2983122

***
 860772

*** 

 

658385** 2.240
NS

 

Variety× NPSZnB 

fertilizer 

12 35.16
NS

 0.004226
 NS

 10.562
 NS

 378558
NS

 105409
NS 

 

121763
NS 

 

4.452
 NS

 

Error 38 20.87 0.002404 7.796 350468 95642 125332 7.586 

CV (%) 11.6 4.5 9.6 10.1 10.8 11.8 5.6 

DF= degree freedom; NPP
-1

= number of pods
 per

 plant; NSP
-1

= Number of seeds per pod; HSW= hundred seed weight; SY= seed yield; 

SWY = straw yield; HI= harvest index. *, **and *** where significant at P = 0.05, P = 0.01 and P = 0.001, respectively.  

   Source  DF Mean square 

DE DF DM NPBP
-1

 NSBP
-1

 PH NNP
-1

 ENNP
-1

 

Block 2 1.5167 2.117 198.817 0.8152 0.376 1.202 22.09 5.994 

Variety 3 31.0069
***

 206.644
***

 455.217
***

 1.6806
***

 28.152
***

 577.060*** 227.84
**

 94.500*** 

NPSZnB fertilizer 4 0.4750
NS

 35.733
***

 132.608
***

 1.0627
***

 2.457
 NS

 13.971
 NS

 318.12
***

 60.295*** 

Variety× NPSZnB  

fertilizer 

12 0.2861
NS

 1.756
NS

 6.953
NS

 0.1320
NS

 1.256
 NS

 6.103
 NS

 67.17
 NS

 31.997*** 

Error 38 0.5693 1.204 8.764 0.1506 1.906 5.536 36.65 3.368 

CV (%) 8.5 2.2 2.8 12.3 18.1 5.4 22.7 18.1 
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Appendix Table 3.Mean squares for crude protein content, N and P nutrient uptake of chickpea as affected by variety and rates of 

blended NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 2017/2018 main cropping season 

DF= degree freedom; *, **and *** where significant at P = 0.05, P = 0.01 and P = 0.001, respectively. 

 

Appendix Table 4.Mean squares of ANOVA for S and Zn nutrients uptake of chickpea as affected by varieties and rates of blended 

NPSZnB fertilizer in Ada’a-Liban District of Central Ethiopia during the 2017/2018 main cropping season 

 

Source 

 

Df 

Mean square 

Crude 

protein (%) 

N uptake 

grain (kg ha
-1

) 

N uptake 

straw (kg ha
-1

) 

Total N uptake 

(kg ha
-1

) 

P uptake 

grain (kg ha
-1

) 

P uptake 

Straw (kg ha
-

1
) 

Total P uptake 

(kg ha
-1

) 

Block 2 3.463 73.4 0.635 87.6 8.475 4.9770 21.222 

Variety 3 22.039*** 475.1
**

 81.809*** 933.4*** 17.838*** 30.8725*** 94.686*** 

NPSZnB fertilizer 4 2.397
NS

 770.5*** 24.688*** 1019.7*** 17.052*** 7.2190*** 38.444*** 

Variety × NPSZnB 

fertilizer 

12 0.976
 NS

 51.3
NS

 9.702*** 79.3
NS

 2.891
NS

 1.3743
NS

 3.237
NS

 

Error 38 1.555 105.3 1.828 123.3 1.482 0.9115 2.872 

CV (%) 8.3 14.9 16.3 14.4 12.3 15.2 

 

10.5 

Source Df Mean square 

S uptake by 

grain (kg ha
-1

) 

S uptake straw 

(kg ha
-1

)  

Total S uptake 

(kg ha
-1

) 

Zn uptake grain 

(g ha
-1

) 

Zn uptake 

straw (g ha
-1

) 

Total Zn uptake 

(g ha
-1

) 

Block 2 0.0540  0.0641 0.0742 21008 50712 93507 

Variety 3 3.6640*** 2.6806*** 11.1902*** 725108*** 1872209*** 3319551*** 

NPSZnB fertilizer 4 4.3846*** 2.9761*** 5.1514*** 1262030*** 215932*** 2247632*** 

Variety × NPSZnB  

fertilizer 

12 4.6385*** 5.3129*** 9.3601*** 455791*** 373410*** 1095957*** 

Error 38 0.2728 0.3746 0.7784 58402 34957 129982 

CV (%)  14.3 

 

16.1 

 

11.8 

 

14.3 18.2 13.3 
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DF= degree freedom; *, **and *** where significant at P = 0.05, P = 0.01 and P = 0.001, respectively. 

 

 

             

   Appendix figure 1: Sowing of chickpea varieties   and                            Appendix figure 2: Management of chickpea field 

  fertilizer application 

 

                 

Appendix figure 3: Growth of chickpea after 44 days of sowing                   Appendix figure 4: Growth of chickpea at podding stage 
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 Appendix figure 5: Determination of moisture      Appendix figure 6: Air drying of soil     Appendix figure 7: Dilution of straw sample  

                                          content of chickpea                                       after harvest                                                     solution 

                

            Appendix figure 8: Determination of P with            Appendix figure 9:  Pouring H2SO4 in to               Appendix figure 10:  After harvest soil zinc analysis        

Spectrophotometer.                                                                                                digestion tube        


