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ABSTRACT 
 

Chickpea is a pulse crop that is rich in proteins and helps in fulfilling the requirement of protein for 

vegetarian people thus yield maximization needed. This study aimed to determine the effects of spacing, 

nitrogen rates, and their interactive effects on the growth and productivity of the selected chickpea 

varieties. Field experiments were conducted at Mwea, Kenya between 2017 and 2018 involving four 

varieties (Saina K, Mwanza 2, Chaina I and Chaina III) at a spacing of 50x10cm, 50x20cm, and 

50x30cm, and starter nitrogen-fertilizer application rates 0kg, 30kg, 60kg, and 90kg ha
-1

. A split-split 

plot design arranged in a 4x3x4 layout was used in the current study. Data related to plant height, 

biomass, grain yield, and harvest index were collected and subjected to statistical analysis by GLM in 

SAS 9.4 computer software. Variations occurred in measured traits like the height of crops (34.81-

38.00cm), biomass yield (3.31 - 8.08t ha
-1

), seed yield (0.14 to 1.9t ha
-1

), and percent harvest index (5 - 

45%) was reported. Mwanza 2 expressed the highest plant height, biomass, and grain yield. The highest 

plant biomass was obtained under 50x10cm spacing, while the highest grain yield weight was reported 

under 50x30cm spacing x 60kg N ha
-1

. From the results of the study, it can be concluded that the highest 

enhanced growth and productivity of chickpea were realized at interactions of Mwanza 

2x50x10cmx90kg ha
-1

 nitrogen rate in the study area. 
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1 Introduction  

Chickpea (Cicer arietinum) belonging to the Fabaceae family, is an 

important legume crop that is rich in protein. It has numerous 

agricultural benefits that made this crop an excellent crop rotation 

and intercrop mainly with cereal crops.  It plays an important role 

in improving soil health and breaking some diseases and pest 

cycles (Raimi et al. 2017; Li et al. 2019; Fikre et al. 2020). The 

inclusion of chickpea in rotation to non-host plants provides 

sufficient time for decomposition of infested crop residues and 

reduces the viability of the pathogens (Berrada et al. 2007). 

Chickpea enhances soil fertility by its biological nitrogen fixation 

ability. It is estimated to fix up to 140kg N ha
-1

 from the air 

through symbiotic nitrogen fixation and meets approximately 80% 

of soil N requirement (Hossain et al. 2016; Schilt-van et al. 2020). 

In Kenya chickpea crop grows as an intercrop to improve soil 

fertility and maximize yield (Ogola et al. 2013; Ndukhu et al. 

2017). Additionally, the crop act as biocontrol of grassy weeds 

when used as an intercrop with cereals by covering the ground and 

smothering the weeds (Banik et al. 2006; Mousavi 2019,). This 

crop also has the ability of drought tolerance and can survive under 

scanty rainfall conditions with optimum precipitation of 152-

254mm and temperatures range of 18-29
o
C (McVay and Crutcher 

2011; Devasirvatham and Tan 2018; Kaloki et al. 2019a). Its deep 

root system penetrates deeper soil horizons for moisture (Onyari et 

al. 2010; Arif et al. 2021). The legumes are a good source of 

proteins, dietary fiber, vitamins A, C, E, folate, and minerals 

(Wallace and Zelman 2016; Muehlbauer and Sarker 2017).  This 

crop is used as human food and surplus sold to earn income, while 

its remnants are used as fodder for animals.  

Worldwide, the chickpea crop has the third position after common 

bean (Phaseolus vulgaris) and field pea (Pisum sativum). 

Internationally, Asia, Europe, America, and Australia are key 

chickpea producers (Wafula et al. 2021) and accounting 95% of 

the world's chickpea production (Merga and Haji 2019). The 

global chickpea production steadily increased from 7.7million 

tonnes to over 14.2 million tonnes from 2006 to 2019 (FAOSTAT, 

2019). According to Merga and Haji (2019), over 1.3 million tons 

of chickpea from major producers enter the market to supplement 

the needs of countries unable to meet their production demands. A 

number of these deficient countries are in Africa where the demand 

is higher than the supply (Maya and Maphosa 2020). Major 

chickpea growing areas of Africa are located in the North, West, 

and Eastern Africa (Maya and Maphosa 2020). These countries 

contribute about 63% of total African chickpea production (Abebe 

and Debebe 2020).  

In Kenya, chickpea is ranked fourth after common bean, field pea, 

and cowpeas (Mallu 2015). Its production is dominant in the 

dryland regions that include parts of the Rift Valley and Eastern 

regions of Kenya including Mwea, Embu County. Farming 

systems within Mwea, Karaba location, are rain-fed with limited 

use of inorganic fertilizers. Pellic vertisol is the dominant soil in 

the area. Crops grown in the region are drought-tolerant, such as 

field pea, cowpea, chickpea, and sorghum (Wafula et al. 2021). 

The annual chickpea productivity in Kenya is low with an average 

yield of 357kg ha
-1 

(FAOSTAT, 2019). The limited performance of 

crops might be due to selection from a narrow range of landraces 

(Rao et al. 2012). The main varieties used in Kenya are (Desi 1), 

ICCV 00108, ICCV 92944 (Desi II), ICCV 97126 (Desi III), and 

Saina K, ICCV 00305 (Kabuli) (Gaur et al. 2010). Drastic 

variation in soils and differences in agro-ecological zones 

contribute to poor crop performance (Jaetzold and Schmidt 1982). 

In addition, the landrace varieties may not be adaptable to all agro-

ecological zones thus, necessitating test performance to determine 

suitability in growth areas. It, therefore, becomes needful to test 

the performance of these varieties in specific areas.  

Another factor that affects the chickpea performance is sowing 

spacing due to influence in light interception hence photosynthesis. 

Spacing affects the number of soil nutrients and water that an 

individual plant can access (Khan et al. 2010). Initial spacing of 

30x10cm tested in Kenya gave yields between 1200 to 1500kg ha
-1

 

(Gaur et al. 2010). Due to changing climate and soil fertility, 

revision of this spacing is necessary to enhance the productivity of 

the crops (Kamithi et al. 2009; Ngetich et al. 2014). Agajie (2014) 

reported variation in chickpea yields from 1219kg ha
-1

 (30 x10cm), 

1134kg ha
-1

 (30x15cm), 1049kg ha
-1

 (40x10cm), 1019kg ha
-1

 

(50x5cm), 733kg ha
-1

 (50x15cm) and 1088kg ha
-1

 (20x10cm) 

under various spacing. Further, Mallu (2015) also reported that in 

Kenya biomass of chickpea varieties ranges from 2.9 to 7.4 tonnes 

per hectare under different spacing growth conditions. Similarly, 

Kerina et al. (2017) also obtained higher biomass and grain yield 

for various crops under 45x20cm spacing across various regions.  

Over the years, soil conditions have continuously deteriorated due 

to nutrient mining by continuous cropping without replenishing the 

nutrients, nutrient export (crop residues transferred to other areas), 

overcropping, and mono-cropping (Kiboi et al. 2019). In addition, 

erosion due to erratic and unreliable rainfall and prolonged 

droughts in arid areas also contributes to nitrogen losses (Kimiti et 

al. 2009). Cumulatively this contributes to reduced chickpea 

productivity. Other factors that have contributed to low N in soil 

include leaching due to floods, increased human activity such as 

rampant bush clearing and burning (Kerina et al. 2017). 

Accumulations of these activities have led to the reduction of soil 

N to about 0.12% of the average plant requirement in semi-arid 

regions of Kenya (Wafula et al. 2021). Although chickpea can fix 

nitrogen (N), soils with N deficiency require small doses of starter 

N-fertilizer at planting time to promote early growth (Lemma et al. 

2013; Dar et al. 2021). Thus, legumes also need N-fertilizer 
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application to boost their productivity (Li et al. 2016). Variability 

in N-levels, spacing, and narrow chickpea germplasm in growing 

areas of Kenya, may be responsible for depressed yields of 

chickpea in Embu county. This study, therefore, investigates the 

effect of variety, plant spacing, level of nitrogenous fertilizer at 

sowing time, and their interactions on plant growth and grain yield 

of chickpea in Embu County. 

2 Materials and methods 

2.1 Site description and environment 

Field experiments were conducted in the Karaba area of Mwea 

Ward, Mbeere South Sub-County, Embu County, Kenya (Figure 

1). The study site lies at coordinates 0
°
46’14.4822’S and 37

°
 

22’23.79324’E and an altitude of 980 meters above sea level. 

Karaba receives bimodal rainfall patterns with annual rainfall 

amounts ranging from 600 to700 mm according to MIAD 

weather data, resulting in growing seasons between March to 

May and October to December (Wafula et al. 2021). In addition, 

the average minimum and maximum temperatures fluctuate 

between 18-20
o
C and 19-24

o
C (KMD 2017) respectively. 

However, over the cropping period, precipitation recorded was 

264.3mm (LR2017), 408mm (SR2017), and 787.1mm (LR2018), 

while minimum and maximum temperatures recorded ranged 

from 13-16
o
C and 22-29

o
C respectively (Figure 2). Site selection 

for field trials was due to the uniformity of the soils and 

environmental conditions among many farmers in the local area 

(Figure 1) (Wafula et al. 2021). 

 
Figure 1 Map of the study area. Karaba. Explain the scale 
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2.2 Setting the field trials 

The experiment was a split-split plot design (SSPD) of a 4x3x4 

factorial arrangement. Each plot have a 3x3m size and had six 

rows of the variety having 30, 15, and 10 planting holes per row 

concerning spacing used. Accordingly, the arrangement of factors 

within the plot was chickpea variety (main plot), spacing (subplot), 

and inorganic fertilizer (sub-sub plot). Land preparations were 

done in February 2017, before the onset of long rain using a 

tractor-mounted with a disc plow to remove hardpans, followed by 

 
Figure 2 Daily weather data a) maximum and minimum temperature (0C), b) relative humidity (%) and c) rainfall (mm). Max indicates 

maximum and min indicates minimum. LR is the long rains and SR is the short rains. Source: (KMD 2017; KMD 2018). In X-axis first leter 

stand for month and 17= 2017 while 18=2018. 
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harrowing using a disc harrow for the first season (LR2017), then 

leveling using a hoe (jembe). A hoe was used in subsequent 

seasons in September for season 2 (SR2017) and in February for 

season 3 (LR2018) for all field operations. 

Sourcing of planting materials was from Kenya Seed Company, 

Nakuru, while di-ammonium phosphate (DAP) was collected 

locally from Mwea. DAP fertilizer is recommended for the area 

by the Ministry of Agriculture, Kenya (MoA, 2013). Two seeds 

were sown per hole at a spacing of 50x10cm, 50x20cm, and 

50x30cm that were thinned two weeks after germination to leave 

one seedling per hole and enable obtaining the required plant 

population of 200000, 100000, and 70000 per hectare. 

Application of fertilizer was carried out at planting time, using 

four rates of N0 (0kg N ha
-1

), N30 (30kg N ha
-1

), N60 (60kg N ha
-

1
), and N90 (90kg N ha

-1
). Application of pre-emergence 

herbicide glyphosate @ 480g/L (Weedall) and organo-phosphate 

@ 26.25EC (Sumithion super) pesticide was carried out after 

planting to control weeds and crickets correspondingly. The crop 

was harvested when 90% of leaves had dried and dropped on the 

ground. 

2.3 Data collection 

Within each plot, a 1.5x2m section was purposively marked, and 

from this, data were collected on plant height and total biomass 

every after two weeks at the stages of 56, 70, and 84 DAS, while 

grain yield data were only recorded at 84DAS. For the estimation 

of biomass, three plants were uprooted, bagged, and transported 

to the University of Embu and oven-dried at 68
o
C for 72 hours. 

The weights were taken in grams using an electronic balance 

(Model BA2204B, Machine number 040683), and an average per 

plant was determined. For grain yield, three plants were 

manually harvested and sun-dried to a constant weight, and the 

weight was recorded at 13% moisture content using equation 1 

given by Ngetich et al. (2014). Harvest index was determined by 

calculating the ratio of average grain yield to biomass per plant, 

and then multiplied by 100 (Patil et al. 2021). Standard 

management practices were carried out when necessary (Kalungu 

and Harris 2013). 

         Equation 1 

Where AMC means actual moisture content of sample obtained 

using a moisture meter, SMC means Standard moisture content 

(13%). 

Data were analyzed using the Generalized Linear Model (GLM), 

(Rutherford 2011) in SAS 9.4 software (SAS 2015). Mean 

separation was done using Turkey’s honestly significant difference 

(HSD) test and Duncan’s multiple range test (DMRT).for 

interactions means at a 95% confidence level.  

3 Results 

3.1 Chickpea plant height 

Plant height significantly varied (P<0.05) across the seasons (Table 

1). At 56 days after sowing (DAS) Chaina I and Chaina III had the 

highest plant height, while between 70 and 84 DAS Mwanza 2 had 

the highest plant height in both the long and the short rainfall 

(Table 1). In addition, the effect of spacing was significantly high 

at 56DAS (50x10cm) in LR2017 compared to other spacing. 

During SR2017, both 50x10cm and 50x30cm had a similar height 

of 34.9cm and 34.8cm respectively, while 50x20cm scored the 

least (33.8cm). Nitrogen fertilizer rates N0 and N30 had 

significantly high differences compared to N60 and N90 in plant 

height at 56 and 70DAS apart from the LR2017 growth condition 

(Table 1). At 84DAS, N90 was significantly superior in height than 

other N-rates over the LR2017 growth conditions. However, in 

SR2017 and LR2018 plant growth was significantly reduced 

(Table 1). 

3.2 Effects of imposed treatment on dry biomass, grain yield, 

and harvest index 

Results of the study suggested that Saina K and Mwanza 2 have 

the highest biomass under LR2017 and SR2017 growth conditions 

compared to Chaina I and Chaina III (Table 2). The biomass 

decreased as spacing increased from 50x10cm (8.16t ha
-1

) in 

LR2017 to 3.07t ha
-1

 in 50x30cm. Additionally, an application rate 

of N60 and N90 had a significant effect (P<0.05) on biomass during 

LR2017 and SR2017 compared to the other N-rates (Table 2). 

Genotype Mwanza 2 had a significantly higher grain yield weight 

than other varities in LR2017, but Saina K registered significantly 

higher grains yield than the others in the cropping season of 

SR2017. However, under LR2018, Saina K and Mwanza 2 had 

significantly higher grain yield than the other two varieties. 

Spacing of 50x30cm gave the lowest grain yields in SR2017       

but yielded better than other spacing in LR2017 although,            

no significant difference was reported in the yield in LR2018. 

Under the LR2017 and LR2018 growth season, N60 had the highest 

grain yield of 1.59t ha
-1

 and 2.00t ha
-1

 respectively (Table 2). In 

LR2017, Mwanza 2 (45%) gave the highest harvest index but it was 

not significantly different from Chaina I (43%) variety, whereas, in 

SR2017, Saina K performed better than all the other varieties. 

Spacing of 50x30cm posted a better harvest index in SR2017        

and LR2018. However, in LR2017, spacing of 50x20cm posted the 

highest harvest index but it was not significantly                 

different from 50x30cm. Harvest index was also significantly
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Table 1 Plant height as influenced by variety, spacing and nitrogen application rate during the three cropping seasons in Mwea 
1Treatment  Height 56 DAS (cm)  Height 70 DAS (50% maturity for Chaina varieties)  Height 84 DAS (50% maturity for Mwanza 2 & Saina K)) 

Variety  LR 172 SR 17 LR 18  LR 17 SR 17 LR 18  LR 17 SR 17 LR 18 

Saina K  33.8b±0.30 32.4b±0.48 32.4c±0.45  35.1a±0.30 34.6c±0.48 34.1c±0.46  35.8b±0.24 36.7b±0.35 36.39b±0.35 

Mwanza 2  34.6a±0.36 34.0b±0.68 34.0b±0.68  35.7a±0.38 37.5a± 0.49 36.3a± 0.27  37.7a± 0.47 38.0a± 0.47 37.80a± 0.41 

Chaina I  33.8b± 0.22 36.8a± 0.40 35.6a±0.29  35.4a± 0.31 36.1c± 0.44 35.5a± 0.32  36.4b± 0.28 35.1c± 0.38 36.04b± 0.27 

Chaina III  34.6a±0.29 34.8b±0.35 34.7ab±0.39  34.8a±0.45 35.6bc±0.45 35.1c± 0.31  35.8b± 0.33 34.8c± 0.55 35.50b± 0.31 

Spacing 

50x10 cm  34.8a±0.20 34.9a± 0.20 34.5 a±0.20  35.87a±0.21 35.7 a± 0.22 35.2a± 0.21  36.4b± 0.19 35.0b± 0.19 35.92b± 0.20 

50x20 cm  33.4b±0.18 33.8b±0.19 33.8 a±0.24  34.9b±0.19 35.7 a± 0.20 35.2 a±0.21  35.7c±0.19 36.4a±0.20 36.24b±0.20 

50x30 cm  34.2b±0.25 34.8a±0.49 34.2 a±1.01  35.0b±0.21 36.4 a± 0.45 35.3 a±1.01  37.2a±0.21 37.1a± 0.46 37.14a± 1.08 

Nitrogen 

N0  34.3 a±0.40 33.5b± 0.62 33.8b±0.43  35.2 a±0.35 35.3bc±0.42 34.6b±0.42  35.6c±0.20 36.2ab± 0.43 35.48b± 0.30 

N30  34.0 a±0.42 33.5b± 0.37 33.7b±0.25  34.9 a±0.52 35.1c± 0.26 34.9b±0.41  36.3cb±0.54 35.5b± 0.25 36.29ab± 0.50 

N60  34.0 a±0.29 35.9a± 0.27 34.4a±0.65  35.0 a±0.32 36.4ab± 0.24 35.3ab±0.45  36.4b± 0.35 36.2ab± 0.31 36.70a± 0.54 

N90  34.4a±0.27 35.1a± 0.41 34.9a± 0.36  35.8 a±0.42 36.9a± 0.53 36.2a± 0.35  37.4a± 0.31 36.6a± 0.44 37.26a± 0.42 

Treatments (Variety, Spacing and Nitrogen). Cropping seasons: [LR17 (long rains 2017), SR (short rains 2017) and LR18 (long rains 2018)]. Nitrogen rates: [N0 (0kg N ha-1); N30 (30kg N ha-1); N60 

(60kg N ha-1) and N90 (90kg N ha-1)]. Sources of interactions: Variety (V), Spacing (S), N (Nitrogen), VS (Variety x Spacing), VN (Variety x Nitrogen), SN (Spacing x Nitrogen) and VSN (Variety x 

Spacing x Nitrogen). Means with same letter in a column are not significantly different at P≤0.05; Ns means not significant at P≤0.05. 

 

Table 2 Total biomass, grain yield and harvest Index as influenced by variety, spacing and nitrogen application rate 

Treatment1 Total biomass (t ha-1)  Grain yield (t ha-1)  Harvest index (HI%) 

Variety LR20172 SR2017 LR2018  LR2017 SR2017 LR2018  LR2017 SR2017 LR2018 

Saina K 6.58a± 0.64 8.08a± 0.54 5.12b±0.56  1.49b± 0.09 0.87a±0.06 1.91a±0.11  33c±3.50 12a± 0.65 45a±1.56 

Mwanza 2 6.29a± 0.56 7.74a± 0.48 7.13a± 0.30  1.92a± 0.15 0.47b± 0.06 1.95a±0.16  45a±5.34 6b± 0.55 40a± 3.06 

Chaina I 4.24b± 0.25 3.31c± 0.25 4.29bc±0.19  1.55b± 0.12 0.14c±0.01 1.23b±0.13  43a± 4.72 5b± 0.70 40a± 3.08 

Chaina III 3.68c± 0.31 4.38b± 0.25 4.24c± 0.28  1.21c± 0.08 0.19c± 0.01 1.07b±0.25  38b±3.04 5b±0.40 35a±3.46 

Spacing 

50x10 cm 8.19a± 0.26 8.00a± 0.26 7.51a± 0.24  1.15c± 0.06 0.50a± 0.07 1.49a±0.06  17b± 0.91 5c± 1.47 25b± 1.43 

50x20 cm 4.33b± 0.19 5.98b± 0.20 4.56b± 0.14  1.52b± 0.08 0.41b± 0.09 1.65a±0.09  38a±1.70 7b± 2.41 44a±2.33 

50x30 cm 3.07c± 0.12 3.65c± 0.17 3.51c± 0.24  1.96a± 0.08 0.35b± 0.09 1.49a±0.14  37a±2.35 9a±2.05 52a±2.90 

Nitrogen 

N0 4.33c± 0.41 5.23c± 0.45 4.91a±0.44  1.45a± 0.11 0.31c± 0.05 1.20b±0.21  44a± 4.62 7a± 0.65 33b±3.84 

N30 5.10b± 0.45 5.85b± 0.38 4.92a±0.58  1.55a± 0.04 0.39bc±0.12 1.34b±0.12  43a± 0.78 7a±1.99 35ab±3.76 

N60 5.84a± 0.47 5.96ab±0.53 5.62a±0.60  1.59a± 0.11 0.44b± 0.11 2.00a±0.08  36b± 2.51 7a±3.63 50a±0.69 

N90 5.52ab± 0.48 6.46a±0.59 5.33a±0.58  1.58a± 0.15 0.52a± 0.08 1.63ab±0.21  37b± 4.96 7a±0.82 41ab±3.40 

Treatments (Variety, Spacing and Nitrogen). Cropping seasons: [LR17 (long rains 2017), SR (short rains 2017) and LR18 (long rains 2018)]. Nitrogen rates: [N0 (0kg N ha-1); N30 (30kg N ha-1); N60 

(60kg N ha-1) and N90 (90kg N ha-1)]. Sources of interactions: Variety (V), Spacing (S), N (Nitrogen), VS (Variety x Spacing), VN (Variety x Nitrogen), SN (Spacing x Nitrogen) and VSN (Variety x 

Spacing x Nitrogen). Means with same letter in a column are not significantly different at P≤0.05; Ns means not significant at P≤0.05. 
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(P<0.05) affected under LR2017 and LR2018 growth conditions by 

nitrogen application. Application of N0 and N30 generated the highest 

harvest index of 44% and 43% in LR2017 respectively while for the 

LR2018, N60 gave the highest harvest index of 50% but this was 

statistically similar to N30 and N90 (Table 2). 

3.3 Interactive effects between treatments  

3.3.1 Synergetic effects of varieties and spacing on plant height 

and yield indicators 

The effects of interactions between chickpea varieties and 

spacing on plant height and yield indicators are as shown in 

Table 3. The highest plant height was recorded for Mwanza 2 in 

all spacing compared to other varieties; however, Chaina 

Ix50x10cm spacing posted the highest plant height of 34.8cm at 

H56DAS. Further, Chaina I and Chaina IIIx50x20cm gave higher 

heights at 56 DAS as compared to other spacing (Table 3). All 

varieties expressed the highest biomass under spacing 50x10cm 

(Table 3). Further, Mwanza 2x50x10cm spacing gave the highest 

biomass of 10.6 t ha
-1

 compared to the lowest Chaina I that had 

2.78t ha
-1

. Further, this treatment gave the highest grain yield 

(1.67t ha
-1

) at 50x30cm over the cropping period. Saina K and 

Chaina III performed better under 50x20cm spacing while 

Mwanza 2 and Chaina I were found better than others at the 

50x30cm spacing (Table 3). Among the all tested varieties, the 

highest harvest index was reported at 50x30cm growth 

conditions. 

3.3.2 Interactive effects between varieties and nitrogen rates on 

height and yield attributes 

Mwanza 2xN90 gave the overall highest plant height at 56, 70 and 

84 DAS compared to the other varieties and N-rates. However, 

each variety improved height at different levels of nitrogen, among 

the tested varieties, Saina K had high heights at N30, Chaina I at 

N90, while Chaina III gave the highest value at N0 (Table 4). The 

N0 treatment resulted in the lowest biomass in all varieties while 

N90 gave the highest biomass in Mwanza 2 (7.74t ha
-1

). 

Additionally, Saina K and Chaina I gave their maximum biomass 

at N60, while Chaina III was maximum at N30.  

Saina K recorded the highest overall grain yield under N60 (1.89t 

ha
-1

) while the worst performer was Chaina III under N90. 

However, Mwanza 2 gave maximum yields at N90 (1.73t ha
-1

), 

Chaina I, and Chaina III at N60. Kabuli varieties (Mwanza 2 and 

Saina K) performed poorly under low N, while Desi varieties 

(Chaina I and Chaina III) performed lowest under high nitrogen 

rates. The highest harvest index was reported for the Chaina I 

(37%) under N0 while the lowest index was reported for the Chaina 

III under N90. Saina K and Mwanza 2 expressed their maximum 

index under N60, and N90 respectively (Table 4). 

3.3.3 Interactive effects of varieties, spacing and nitrogen rates 

on plant height and yield parameters 

Mwanza 2 and Chaina I accumulatively performed better at 

50x10cmxN90 compared to other varieties (Table 5). At a spacing 

of 50x20cmxN60, Chaina III gave better performance and gave 

36.2cm height which is superior to the rest combinations. At 

50x30cmxN0, plant height was better among all varieties except in 

Chaina I which performed better at 50x30cmxN30 (Table 5). 

Further, Mwanza 2 gave a better plant height of 36.7cm at 

50x30cmxN90 compared to other varieties. 

In all interactions involving N0 for biomass production, Mwanza 2 

was better than other varieties apart from under 50x30cmxN0 

where Saina K was better (Table 5). Interactions of varieties under 

N30 fertilization rate resulted in Mwanza giving the highest 

biomass at 50x10cm, 50x30cm except under 50x20cm where Saina 

K was superior. Additionally, Mwanza 2 gave better biomass 

under interactions of N60 and N90 except under 50x30cm where 

Saina K was a better yielder.  

In all interactions where the N0 rate was applied, Mwanza 2 performed 

better in grain yield than all varieties except under 50x30cmxN0 where 

Chaina I marginally gave the highest results (Table 5). Mwanza 2 

performed better where N90 interactions were used except under 

50x20cmxN90 where Saina K recorded the highest grain yield. In 

addition, Saina K performed better than other varieties at interactions 

of 50x10cmxN60, and 50x20cmxN60 (Table 5). Additionally, Chaina III 

gave the highest grain yield with interactions of 50x10cmxN30 of 1.38t 

ha
-1
 compared to other varieties, while Mwanza 2 gave the highest 

grain yield under 50x20cm x N30 and 50x30cm x N30 of 1.37 and 1.76t 

ha
-1
 respectively.  

Significant harvest index among interactions occurred under Saina 

K and Chaina I with 50x10cmxN0, and 50x10cmxN90 giving higher 

results of 20% compared to Mwanza 2 and Chaina III (Table 5). 

Interactions of 50x10cmxN30 gave the lowest harvest index for 

Chaina I but higher results in the other varieties, while in the case 

of 50x10cm x N60 lowest harvest index was reported for Mwanza 

2. Additionally, interactions of Chaina I with 50x30cmxN0 gave a 

better harvest index of 60% compared to other varieties. Saina K, 

Mwanza 2, and Chaina III reported a high harvest index under 

N30x50x10cm and N30x 50x20cm while Chaina I was highest under 

N30x50x30cm. Nonetheless, Saina K, Chaina I, and Chaina III 

gave a higher harvest index with interactions 50x10cmxN60 

compared to Mwanza 2, while Saina K gave the highest index of 

30% under 50x20cmxN60. However, all varieties expressed a better 

harvest index under 50x30cmxN60, with Mwanza 2 giving a 

superior index of 60%. Saina K and Chaina I gave a higher harvest 

index of 20% under 50x10cmxN90, while Saina K, Mwanza 2, and 

Chaina I were better under 50x20cmxN90. Mwanza 2 had a 

superior harvest index of 50% under 50x30cmxN90 interactions.
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Table 3 Synergetic interactions between variety and spacing on plant height, total biomass, grain yield and harvest index 

Treatments SainaK Mwanza2 ChainaI ChainaIII SainaK Mwanza2 ChainaI ChainaIII SainaK Mwanza2 ChainaI ChainaIII 

 H56 H70 H84 

50x10cm 34.0b±0.47 34.7 a ± 0.38 34.8 a ±0.38 34.5 b ±0.38 35.1b±0.40 36.3a± 0.41 35.4b± 0.39 34.6c± 0.41 36.0b±0.33 36.8a±0.39 35.5c±0.40 34.3d± 0.42 

50x20cm 33.1 b ± 0.52 33.2 b ± 0.58 34.4 a ±0.31 34.2 a ± 0.53 34.4d±0.44 36.4a± 0.46 35.6b± 0.36 34.9c± 0.39 36.5 b ± 0.39 37.5 a ± 0.39 35.7 c ±0.38 35.4 c ±0.43 

50x30cm 33.0c±0.52 35.3a±0.58 34.0 b ± 0.37 35.1a±0.35 34.3c±0.42 36.8a±0.40 35.9b± 0.45 36.0b±0.46 36.3b±0.35 39.2a±0.52 36.3b±0.38 36.3 b ± 0.41 

Yield attributes 

 Tb (tha-1) GY (tha-1) HI% 

50x10cm 9.38b± 0.56 10.6a± 0.70 5.63c±0.41 5.98 c± 0.37 1.21a± 0.09 1.16 a± 0.14 0.89 a± 0.14 0.92 a± 0.16 17.2c± 0.01 12.5c± 0.02 16.1 c± 0.02 16.3c± 0.02 

50x20cm 6.32a± 0.56 6.56a± 0.41 3.42 b ±0.25 3.52b± 0.33 1.64 a±0.27 1.51 a± 0.16 0.86b±0.09 0.76bc± 0.07 32.1b± 0.05 29.7b± 0.03 28.9 b± 0.04 27.2 b± 0.04 

50x30cm 4.07 a± 0.22 3.99a± 0.28 2.78 b ±0.32 2.79b± 0.33 1.43 a± 0.17 1.67 a± 0.15 1.17b± 0.16 0.79bc± 0.21 40.9a± 0.05 50.0a± 0.03 43.4 a± 0.05 34.4 a± 0.09 

Variety (Saina K, Mwanza 2, Chaina I and Chaina III). H56 means 56 days after sowing; H70 means 70 days after sowing; H84 means 84 days after sowing. N-rates: N0 (0kg N ha-1), N30 (30 kg N ha-1), N60 

(60kg N ha-1) and N90 (90kg N ha-1). Tb means Total biomass; GY means economic grain yield; tha-1 means tonnes per hectare; HI means harvest index. 

 

Table 4 Synergetic interactions between variety and nitrogen on plant height and yield attributes 

Varietyx 

N 
SainaK Mwanza2 ChainaI ChainaIII  SainaK Mwanza2 ChainaI ChainaIII  SainaK Mwanza 2 ChainaI ChainaIII 

 H56  H70  H84 

N0 33.0b±1.21 33.3b± 1.24 34.6a±0.85 34.5a±1.07  35.0b±0.66 35.7a±0.66 35.3a±0.74 34.6b±0.91  36.3a±0.73 36.3a±0.99 35.2b±0.87 35.9a±1.17 

N30 33.7b±0.76 33.0c± 1.64 35.8a±0.81 33.9b±0.66  34.5c±0.52 36.2a±0.71 35.7b±0.51 34.6c±1.03  36.6a±0.57 37.0a±1.06 36.2b±1.00 34.6c±1.45 

N60 33.9c±1.58 34.4b± 0.98 35.6a±0.88 35.7a± 0.81  34.1c±1.03 36.4a± 0.74 35.5b±0.59 35.8b± 0.42  35.8b± 1.12 38.5a± 1.68 35.7b±1.09 35.7b± 0.98 

N90 34.2b±0.43 36.1a±1.39 35.6a±0.57 34.7b±0.69  34.9d±0.61 37.7a±0.85 36.1b±0.71 35.6c±0.57  36.4b±0.94 39.5a±1.49 36.3b±0.78 35.2c±1.13 

Yield attributes 

 Tb (tha-1)  GY (tha-1)  HI% 

N0 5.5b± 0.77 6.9a± 1.11 3.1d±0.37 3.8c± 0.42  1.1a±0.09 1.2a±0.23 0.9a±0.14 0.7a± 0.08  26.5b±0.04 26.3b±0.06 36.6a±0.06 23.3c±0.04 

N30 6.3a± 0.92 6.2a± 0.79 4.2b±0.56 4.5b± 0.68  1.1a±0.13 1.4a± 0.20 1.0a±0.19 1.0a± 0.18  25.0c±0.04 30.9a±0.05 28.3b±0.06 27.8b±0.05 

N60 7.39a±0.90 7.27a±1.126 4.49b±0.68 4.08b±0.73  1.89a±0.29 1.4a± 0.21 1.0b±0.15 1.0b± 0.31  36.0a±0.07 29.9c±0.07 26.7d±0.05 32.0b±0.11 

N90 7.2b±1.11 7.8a± 1.37 4.0b±0.61 4.0b±0.55  1.7a±0.3 1.7a± 0.23 1.0b± 0.16 0.6b± 0.07  32.7b± 0.06 34.1a±0.06 26.3c±0.04 20.8d±0.04 

Variety (Saina K, Mwanza 2, Chaina I and Chaina III). H56 means 56 days after sowing; H70 means 70 days after sowing; H84 means 84 days after sowing. N-rates: N0 (0kg N ha-1), N30 (30 kg N ha-1), N60 

(60kg N ha-1) and N90 (90kg N ha-1). Tb means Total biomass; GY means economic grain yield; tha-1 means tonnes per hectare; HI means harvest index. 
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Table 5 Effect of synergetic interactions between varieties, spacing and nitrogen rates on plant height and yield attributes 

 K1 K2 D1 D2 K1 K2 D1 D2 K1 K2 D1 D2 K1 K2 D1 D2 

Treatments H84cm Tb (t ha-1) GY (t ha-1) HI% 

50x10cmxN0 33.5b±0.31 34.1a±0.53 34.3a± 0.67 34.0a± 0.92 5.8b±0.14 10.7 a±0.3 4.7c±0.57 5.1c±0.34 0.9a±0.07 1.1a±0.18 0.6b±0.06 0.6b±0.04 20a ±0.02 10a ±0.02 20a ± 0.01 10a ± 0.02 

50x10cmxN30 33.1c±0.49 33.5 c ±0.74 35.8 a ±0.87 34.7b± 0.74 7.6a ±0.35 8.0a±1.75 6.7b±0.20 6.8b ±0.41 1.1a ±0.16 1.1a ±0.13 0.8a ±0.09 1.4a ±0.39 20a ± 0.02 20a ±0.03 10b ± 0.02 20a ± 0.05 

50x10cmxN60 33.2c±0.73 34.9b±0.89 35.7a± 1.26 35.7a± 1.07 8.4b± 1.01 10.4a±0.13 7.1c±0.64 6.8c± 0.75 1.5a ±0.13 0.9 c ±0.05 1.3a ±0.15 1.2b± 0.09 20a ±0.02 10b±0.01 20a ± 0.03 20a ± 0.01 

50x10cmxN90 33.8c±0.75 36.6a±0.66 36.0b± 0.52 33.8c± 0.46 8.4b±0.99 14a± 0.98 5.5d±1.18 6.8c±0.38 1.4a ±0.13 1.6a ±0.22 0.9b ±0.44 0.6bc± 0.05 20a ± 0.04 10b ± 0.02 2 a ± 0.07 10b ± 0.01 

                 

50x20cmxN0 31.8c±0.38 31.5c±1.08 34.2a± 0.56 33.3b± 0.95 6.3b±1.01 8.8a±0.38 2.6d±0.22 5.1c± 0.34 1.1a ±0.09 1.2a ±0.34 0.9a ±0.08 0.9a ± 0.06 30b ±0.03 20c±0.05 40a ± 0.02 20a± 0.04 

50x20cmxN30 33.5b±0.72 33.6b±0.46 35.1a± 1.05 33.0c± 0.89 6.7a±0.17 4.9b±0.33 3.7d±0.20 4.1c± 0.31 1.1a ±0.15 1.4a ±0.20 0.8b ±0.16 0.8b ±0.08 30a ± 0.03 30a ± 0.03 20b ± 0.05 30a ± 0.04 

50x20cmxN60 31.6d±0.81 34.1c±1.05 35.4b± 0.78 36.2a± 0.59 7.2a± 1.00 7.3a±0.80 2.4b±0.34 2.1b±0.13 2.1a ±0.50 1.4b ±0.17 0.7c±0.16 0.5c ± 0.07 30a ± 0.06 20b ± 0.04 20b ± 0.04 20b ± 0.04 

50x20cmxN90 31.3b±0.34 35.0a±0.48 35.5a± 0.90 35.2a± 0.64 5.9b±1.25 7.2a±0.46 2.7d±0.53 3.6c±0.44 2.3a ±0.65 2.2a ±0.13 1.1b±0.15 0.8b ± 0.15 40a ± 0.05 40a ± 0.03 40a ± 0.04 30b ± 0.07 

                 

50x30cmxN0 33.9c±0.71 34.3c±0.76 35.2b± 0.79 36.2a± 0.94 3.5a± 0.38 3.1a±0.23 2.0c±0.26 2.5b±0.22 1.2a ±0.11 1.4a ±0.11 1.4a ±0.11 0.7b± 0.09 40c± 0.06 50b ± 0.04 60a ± 0.04 30 d± 0.04 

50x30cmxN30 32.8c±0.53 32.0d±0.89 36.6a± 0.90 34.0b± 0.82 3.8b± 0.13 5.0a± 0.52 2.0c±0.23 3.6b±1.16 1.0bc±0.06 1.8a ±0.11 1.3 b ±0.29 0.7c ± 0.09 30c ±0.02 40b ± 0.03 50a ± 0.05 30c± 0.06 

50x30cmxN60 33.7c±0.80 34.1c±1.32 35.8a± 0.60 35.2b± 0.63 4.9a± 0.20 4.4b± 0.46 5.2a±0.85 2.7c±0.26 2.1a± 0.32 2.1a± 0.07 1.2b±0.25 1.4b± 0.77 60a ±0.09 60a ± 0.04 40c ± 0.07 50b ± 0.33 

50x30cmxN90 32.3c±0.63 36.7a±1.03 35.2b± 0.82 35.0b± 1.19 4.8a± 0.18 4.3b±0.41 3.0c±0.69 2.2d± 0.21 1.4a±0.14 1.5a± 0.19 0.9b± 0.22 0.5b± 0.04 40b± 0.03 50a± 0.06 30c± 0.07 30c± 0.01 

Variety (K1 means Saina K,K2 means  Mwanza 2, D1 means Chaina I and D3 means Chaina III); Spacing (50x10, 20 and 30cm); N0 (0kg N ha-1), N30 (30kg N ha-1), N60 (60kg N ha-1) and N90 (90kg N ha-1); Tb means Total 

biomass; GY means economic grain yield; tha-1 means tonnes per hectare; HI means harvest index 
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3.3.4 Interactions of season, variety, spacing, and nitrogen 

application rates on all traits 

Interactions between season, variety, spacing, and nitrogen 

application rates induced a significant effect (P<0.05) on the 

various chickpea performance traits (Table 6). Interactions of 

season x variety, season x variety x nitrogen, Season x Variety x 

Spacing x Nitrogen influenced a significant effect on all studied 

traits. 

4 Discussions 

In the current study, Mwanza 2 had significantly higher vegetative 

growth at 70 and 84DAS this was followed by the Chaina I and 

Chaina III over 7% at full maturity. The differences in height were 

realized at the later stages of vegetative growth. Kabuli varieties, 

under which Mwanza 2 are classified, are taller than Desi varieties 

(Chaina I and Chaina III) (Onyari et al. 2010; Mallu 2015). 

In this study, spacing did not show a clear pattern in various 

growth stages although variations were observed under different 

spacing. The tallest plants were observed under 50x30cm spacing 

in all the seasons. These findings corroborate with findings of 

Agajie (2014) and Under Newly (2011), in chickpea plants and 

faba beans respectively under wider spacing. Similarly, other 

works established differences in plant height across different 

legume crops under varied spacing (Tuarira and Moses 2014; 

Alemayehu et al. 2015). The utilization of soil nutrients such as 

added nitrogen is reported to significantly influence chickpea 

growth, expressed in terms of plant height (Fazle et al. 2014). 

Though nitrogen is known to promote plant growth, the level 

varies and depending on the time of nutrient application (Dhima et 

al. 2015; Caliskan et al. 2008). These results are in agreement with 

the findings of the current study. At 56 and 70 DAS plant height of 

the chickpea was conspicuously lower in the N0, N30, and N60 

compared to the N90 application rates. In later stages of growth 

(84DAS), significance in plant height between N90 and the other 

rates (N0, N30, and N60) reduced, mainly due to senescence (Kherif 

et al. 2021). The final plant height after N30 to N90 fertilization 

gave taller plants indicating that increased N-application rates can 

positively increase plant growth of chickpea. The increase in plant 

height under N-fertilized plots is due to readily available Nitrogen 

from inorganic fertilizer that stimulated crop growth (Namvar et al. 

2011; Fazle et al. 2014; Goa and Ashamo 2016). 

In the current study, plant biomass reflects the amount of sunlight, 

water, and mineral resources that a plant can capture and turn into 

plant mass (Sims et al., 2012; Macák et al. 2020). The spacing of 

50x10cm had significantly higher biomass compared to the other 

wider spacing. This was more prominent in Saina K, which 

produced more than 59% biomass compared to the other varieties. 

On the other hand, Mwanza 2, which is a Kabuli, had higher 

biomass across the seasons with over 78% compared to the Desi 

varieties (Chaina I and Chaina III). Differences in biomass 

production were due to variations in adapting to environmental 

conditions among varieties (Alemu et al. 2014). Mwanza 2 had a 

taller stature than Chaina III, reflected in all parts of the plant. This 

enabled the plants to capture more photosynthetically active 

radiation (PAR) for increased biomass (Goa 2014; Devi et al. 

2019). Results, however, contradict the findings of Mekuanint et 

al. (2018), who found a non-significant effect of variety in biomass 

production between two chickpea varieties under three-level 

spacing with blended fertilizers. 

Under 50x10cm growth conditions, the biomass of 5.1t ha
-1

 was 

recorded for chickpea. This was 62% higher than that of 50x30cm 

spacing. Thus, increased plant density enables chickpeas to 

produce more biomass (Vaghar et al. 2013). However, the findings 

contradicted with the findings of Gezahegn et al. (2016), who 

reported that plant spacing increased biomass in Vicia faba and P. 

vulgaris respectively.  N-fertilizer application also increased plant 

biomass, especially in early growth stages. On average, the N60 and 

N90 rates had over 20% more biomass than the control rate (N0). 

Table 6 Synergetic effects of season, variety, spacing and nitrogen rates on traits under study 

Source of Variation H56 H70 H84 Total biomass Grain yield Harvest index 

Season 0.0851 0.0006*** 0.1582 <0.0001*** <0.0001*** <0.0001*** 

Season *V <.0001*** 0.0065 0.0001*** <0.0001*** <0.0001*** 0.0052* 

Season *S 0.4149 0.0264** <0.0001*** <0.0001*** <0.0001*** <0.0001*** 

Season *V*S <.0001*** 0.0181** 0.0089* <0.0001*** <0.0001*** 0.0004*** 

Season *N <.0001*** 0.1872 0.0154** 0.02** 0.003* <0.0001*** 

Season *V*N <.0001*** 0.0537** 0.0044* <0.0001*** 0.03** 0.0061* 

Season *S*N <.0001*** <.0001*** <0.0001*** 0.0001*** <0.0001*** <0.0001*** 

Season *V*S*N <.0001*** <.0001*** <0.0001*** <0.0001*** 0.04** 0.0045* 

Sources of variation, season, V indicates variety, S indicates spacing and N indicates nitrogen application rates, P-values in bold signify non-

significance. *, ** and *** means P is significant at <.01, <.05 and <.001. 
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This corroborates with the findings of Onyari et al. (2010), those 

who reported 4.6 to 13.6 t ha
-1

 chickpea biomass in Kenya. Hence, 

Kabuli varieties with closer spacing and adequate N-fertilizer have 

the potential of producing higher biomass yield under the Mwea 

conditions in Kenya. For other legumes, biomass yields of 3.0 and 

2.6 t ha
-1

 have been reported for Bambara nuts when 45 and 0 kg-N 

ha
-1

 were applied respectively (Uchara et al. 2013).  

Crop yield is important in agriculture as it shows the amount of 

produce harvested per unit area for a given time (Keerthi et al. 

2015). Seasons provide different weather conditions for the growth 

and development of different varieties; hence, they can convert 

resources to outputs in form of yields (Sellami et al. 2021). In this 

study, Kabuli (Mwanza 2 and Saina K) varieties gave higher grain 

yield than Desi type (Chaina I & Chaina III) grown in three 

seasons in Mwea, Kenya, indicating that they are better adaptable 

to the growth conditions. In contradiction Księżak and Bojarszczuk 

(2020), reported a higher grain yield in Desi than Kabuli under 

various cropping methods. In addition, Shumi et al. (2020), 

reported significant differences in grain yields of Chickpea 

varieties in different seasons.  

In the LR2017 season, the amount of rainfall was less than 

normal and the grain production in the 50x30cm spacing 

performed better than other spacing, which underscored the 

effect of competition for resources on chickpea, crop production. 

However, in LR2018 season (rainfall more than normal) had no 

significant differences in the grain yield among the three plant 

spacing. This implied that reduced rainfall and wider spacing 

favored higher grain yield, while higher rainfall promoted 

vegetative growth at the expense of grain yield (Onyari et al. 

2010). Similar observations were reported by Tamiru et al. 

(2020), who found higher grain yield under wider intra row 

spacing of 15cm in chickpea in drier environments. 

Application of N60 gave the highest chickpea grain yields in two 

seasons compared to lower N-rates, though not significant from 

N90. However, in all seasons, N60 was significantly higher than N0 

and N30 growth conditions in SR2017 and LR2018 seasons. 

Observation shows that starter nitrogen of about N60 needs to be 

applied for chickpea production as, low starter nitrogen led to low 

yields under the conditions of Mwea, Kenya. These results are in 

agreement with the observation of previous researchers who 

suggested that the application of nitrogen fertilizers enhances 

chickpea yield (Uddin et al. 2014). Similarly, Dar et al. (2021), 

established the highest yield of 2,023kg ha
-1

under high N-

application (30kgha
-1

) compared to lower rates (0, 15kg N ha
-1

), 

and the highest rate of 45 kg ha
-1

 N (1940kg ha
-1

). In addition, 

Khaitov and Abdiev (2018), reported high grain yield (1.68 t ha
-1

) 

under 75kgha
-1

 N fertilization compared to lower rates and the 

highest rate of 100kgha
-1

 nitrogen. Starter doses of 20 to 40kg N 

ha
-1 

are widely recommended (Dar et al., 2021), but the findings of 

the current study show that increasing N-rates up to 60kg ha
-1 

can 

increase the grain yield of chickpea. 

The harvest index determines crop potential as it describes the 

capacity of a crop to allocate biomass into reproductive parts, and 

is thus used as a measure of reproductive efficiency (Wnuk et al. 

2013). The Kabuli varieties had a better harvest index than the 

Desi varieties. However, various previous researchers reported that 

the harvest index of Kabuli’s is reportedly inferior to that of Desi 

(Richards et al. 2019; Maya and Maphosa 2020). Mekuanint et al. 

(2018) reported contradictory results of a high harvest index in 

Desi (54%) compared to Kabuli (48%). Bhardwaj and Hamama 

(2015) reported similar results in mung bean (Vigna radiate) that 

show the influence of variety on harvest index. Spacing of 

50x30cm and 50x20cm were ideal since they had a better harvest 

index than 50x10cm in all seasons. An increase of HI over 9% 

under wider spacing could be due to limited competition for 

growth factors that led to more assimilates partitioned into seed 

grain. Similarly, Mekuanint et al. (2018) reported an index of 

53.25% under wider spacing. The 50x10cm spacing posted the 

lowest index in all seasons indicating the area cannot support 

denser populations that promote vegetative growth at the expense 

of grain yield. Similarly for other legumes, Kerina et al. (2017), 

and Agajie (2014) reported significantly lower harvest indices 

under small spacing than higher spacing in cowpea, Lablab, 

common bean, and chickpea. 

Application of N0 and N30 rates generated the highest harvest index 

of 44% and 43% in LR2017 that could be attributed to the 

interaction with overall environmental conditions such as heat 

stress during the reproductive stage enhancing dry matter 

allocation into the seed (Muruiki et al. 2018). The results are in 

agreement with Doaiy et al. (2019), whose reported significant 

effects on yield and yield components under high nitrogen 

fertilization. Tamagno et al. (2018) established similar findings in 

Glycine max production. However, the highest harvest index value 

of 50% under N60 treatment in all seasons, indicates it was the 

best-suited N-rate for chickpea production under the study. Related 

findings were noted by Onyari et al. (2010), Wnuk et al. (2013), 

and Ndukhu et al. (2017) those who reported significant 

improvement in harvest index under nitrogen application. 

However, Seval et al. (2020) reported a shrinking harvest index in 

chickpea varieties under N-application.  

Interactive effects indicate that a combination of two or more 

factors simultaneously affects the outcome of a chickpea crop or 

cropping system yield (Onyari et al. 2010). Enhanced plant growth 

under wider spacing was due to less competition for nutrients and 

water (Wafula et al. 2021; Onyari et al. 2010). Muruiki et al. 

(2021) also reported differences in plant height among chickpea 

varieties ranging from 35cm to 53cm. However, Mekuanint et al. 

(2018) noted non-significant results in height among chickpea 
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varieties. Some varieties of chickpea are indeterminate, thus, 

growing after the vegetative stage. Indeterminate growth prolongs 

the reproductive period, which could be associated with higher 

plant height (citation). Interactions of Mwanza 2 x 50x20cm gave 

the highest biomass (10.6t ha
-1

) over the study period, suggesting 

that increase in plant population likely increased biomass. 

However, Mwanza 2 and Chaina I x 50 x 30cm spacing, gave 

better grain yield than other varieties showing that high biomass 

did not translate to high grains in all varieties. Saina K and Chaina 

III x 50x20cm interaction also gave a higher yield than others did. 

High yield is due to the efficient utilization of growth factors under 

various interactions (Tehulie and Yimam 2021). The highest 

harvest index was noted under interactions of all varieties x 

50x30cm. Similarly, significant interactions between variety x 

spacing on chickpea heights, biomass, grain yield, and HI have 

been reported (Abdullah et al. 2019). This might be due to crop 

population, and adaptability to environmental conditions. 

Consistently across the observed traits, biomass decreased with 

increased spacing while grain yield increased with increased 

spacing. This implied that an increase in plants population led to an 

improvement in chickpea biomass that did not translate to high 

grain yields.  

Interactions between varieties and nitrogen on measured 

parameters revealed significant results. Each variety improved 

height at different levels of nitrogen, with Mwanza 2 giving the 

highest heights under the N90 rate at all days of observation. 

Further, the observed interactive effects of variety and nitrogen 

(SN) on measured traits could be due to varied competitive 

capacity under spacing rates and nitrogen release. This conforms 

with the findings of Amiri et al. (2021) in soybeans that established 

heights of 64.26cm to 97cm under different N-rates. Other findings 

are by Purushothaman et al. (2014), Naderi et al. (2021) and Basal 

and Szabó (2020) in chickpea are also in agreement with the 

findings of the present study. In contradiction, Pasqualone et al. 

(2021) established a higher mean plant in Desi (79.39cm) than 

Kabuli (68.83cm) under various nitrogen treatments (30, 40, 

100Kg N ha
-1

). Although Desi varieties expressed lower biomass 

than Kabuli, both gave low biomass under N0, but their maximum 

varied under various nitrogen treatments. The reverse was noted 

under harvest index with Desi (Chaina IxN0) expressing the highest 

harvest index (37%) compared to other varieties, while Kabuli 

varieties (Mwanza 2 and Saina K)xN0 performing lowest. Further, 

the findings of Devi et al. (2019) and Lemma et al. (2013), also 

established increased grain yield under variety x nitrogen fertilizer 

treatments than control. Finally, the joint interactive effects of 

variety, spacing, and nitrogen (VSN) application factor underscore 

the importance of joint consideration of the above factors on 

promoting chickpea production. The interaction between variety, 

spacing, and fertilizer application was significant on all the 

measured variables except for grain yield and harvest index in the 

LR2018. The significant seasonal and treatment (variety, spacing, 

and nitrogen application rates) interactions on chickpea 

performance are due to environmental differences including 

rainfall amounts. The study findings were consistent with previous 

studies of Kaloki et al. (2019b) that reported significant effects 

between variety, environmental, and management interactions.  

Conclusion 

From the results, Kabuli varieties performed better in the study 

area than Desi varieties. Under variety x spacing interactions, 

Saina Kx50x10cm, Mwanza 2, Chaina I, and Chaina IIIx50x30cm 

were ideal for plant height. All varieties x 50x10cm gives high 

biomass, while 50x30cm was appropriate for high grain yield and 

harvest index. VarietyxN60 encouraged high plant height, biomass, 

and grain yield across most of the varieties, though Mwanza 2 was 

best under N90. All varieties improved harvest index with 

increasing N level except Chaina I, which attained its maximum at 

N0. It is therefore important to note the following interactions 

enhanced grain yield, Saina K x50x20cmxN90, Mwanza 

2x50x30cmxN90, Chaina Ix50x30cmxN0, and Chaina 

IIIx50x10cmxN30. To increase harvest index, all varieties to grow 

under 50x30cmxN60 interactions, except Chaina I. However, 

narrow spacing is recommended for biomass production. Further 

research can be conducted for similar and other environmental 

factors using these varieties to validate findings. 
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