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Field experiments were conducted in farming seasons 2020/2021 2021/2022 and 

2022/2023 to investigate the effects of fertilization, varieties and sowing methods 

and their interactions on yield attributes of chickpea on vertisols in Tanzania. 

Three desi type chickpea varieties (Local check-1, Mwanza-1 and Ukiriguru-1), 

two fertilizer rates sources (50 and 60 kg P2O5 and control fertility) and three 

sowing methods (Spacing [30x10]cm, sowing behind plough and broadcasting) 

and their interactions were evaluated. Experiments were conducted in a factorial 

arrangement of three replicated randomized complete block design. The size of 

each plot was (3x3) m. At Tukey’s 95% confidence interval, results reveled that 

fertilization was significant at (p<0.001) on plant population at harvest, biological 

yield and grain yield while varieties were significant at (p<0.001) on number of 

seeds per pod and 500 seeds weight as well as at (p=0.002) on grain yield. 50 

kg/ha of 60 kg P2O5 Kg/ha and 50 kg P2O5 kg/ha resulted to 1,255 kg/ha and 709 

kg/ha with a least performance recorded on control fertility resulting to 616 kg/ha. 

On varieties, Ukiruguru-1 resulted to 1,040 kg/ha while Local variety and 

Mwanza-1 resulted to 735kg/ha and 804 kg/ha respectively. It was concluded that 

yield attributes of chickpea improved with seed varieties and fertilizer use 

whereby Ukiruguru-1 resulted to maximum yield per ha as well as 60 kg P2O5 

Kg/ha resulted to maximum yield per ha. Therefore, Ukriguru-1 may be cultivated 

along with 60 kg P2O5 for maximum chickpea yield. Further studies are 

recommended for appropriate spacing. 
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1. Introduction 

Currently chickpea (Cicer arietinum L.) is grown and utilized in semi-arid areas as among the primary source 

of human and animal food providing high level of protein nutrients [1] and also enhancing the productivity of 

agricultural cropping system [2]. Chickpea is a legume crop with high tolerance ability to drought condition 

grown largely in semi-arid and arid areas across continents and countries including India, Asia and Africa [3, 

4]. Despite of having higher nutrient and economic value, chickpea is climate resilient crop grown in low cost 
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compared to other crops [5]. Since its roles in improving soil quality by nitrogen fixation, its adaptive role in 

climate change, and its nutritional value, income generation the rate of adoption in various regions is rapidly 

growing [4, 6]. Large producer of chickpea in Africa and sub-Saharan region is Ethiopia with promising 

expansion in terms of production in other countries including Tanzania, Kenya, Malawi, South Sudan and 

Niger [7]. In Tanzania, almost 105,000ha of arable land is used for cultivating chickpea in the semi-arid areas 

of Shinyanga, Kigoma, Mwanza, Mara, Tabora, Singida, Manyara and Kagera [8].  

Improvement in chickpea production including quantity and quality has been accounted over various factors 

in which the use of fertilizers, irrigation, use of improved varieties, appropriate spacing and timely sowing 

have shown significant contribution in various global locations. Improved seeds in agricultural production 

have been showing good response for better yields though their response is much dependent to local agro 

ecological condition. Improved chickpea seeds have shown potential influence on grain yield when utilized in 

appropriate environment [9]. Chickpea farmers in Tanzania are dominantly using local seeds which are readily 

available and accessible among them though the National Agricultural Research Institute in its Ukiriguru 

Research Centre has managed to produce one improved variety of large desi type seeds (Ukiriguru 1) which 

have gained little usage among farmers in lake zone areas where the crop is cultivated.  

Fertilizer application in dryland farming is inevitable. Since chickpea is largely grown in semi-arid and arid 

areas it is therefore crucial to use fertilizer for deeper roots penetrations, increasing water extraction by the 

crop and enhancing proper growth attributes of the crop [10]. Studies indicate the optimum production of 

chickpea is 4 ton/ha when application of fertilizer is appropriately done [11, 12]. The study by [13] indicated 

that fertilization of Phosphorus with little Nitrogen proved higher production of chickpea in which level of 

phosphorus varies based on soil condition and locality.  

Sowing methods poses a great influence over agricultural production. Over others, appropriate spacing has 

proved to be much potential enhancing better growth and yield attributes of various agricultural crops. Spacing 

in chickpea has currently shown positive contribution based on agro ecological regions and locality [12].  

Various studies carried, focused on one of the selected methods while few considered the interaction effect of 

the practices and in particular in the region where this study was carried, there is no prior study which examined 

the influence of the selected practices and their interaction effects over yield attributes of chickpea plant. This 

study was therefore conducted to examine the effect of the interaction of seed varieties, sowing methods and 

fertilizer application on yield attributes under agro-environment on vertisols of Itigi in Tanzania. 

2. Methods 

The trial was carried at Itigi District involving three farmers’ fields found in central parts of Tanzania. Field 

one was located in 5°45’22” S and 34°29’5” E while the second field was located in 5 41’ 3” S and 34 30’ 39” 

E and third field was located in 5 44’ 51” S and 34 28’ 59” E having a minor varied elevation of 1300, 1310, 

and 1290m respectively. The physical and chemical properties of study soils were examined and the status is 

presented in Table 1. The area experiences rainfall season from the late of December to early March in which 

the annual average range is 500 to 700mm. The area experience longer dry season as from April to early 

December [4, 5]. An experiment was carried from March to August in all three seasons as from sowing to 

harvest in which temperature and Rainfall were observed and recorded in each site as presented in Table 1.   

Selected farmers’ fields for trial were subjected to two times tillage followed by hallowing done by tractor. 

The first tillage is normally done by burying weeds which is locally known as Kuvundika. Block ridges and 

preparation of flat seedbed for experiment were prepared by hand hoes.  

Split-plot design was used in three replications. The three sowing methods including broadcasting, sowing 

behind plough and spacing (30 x10) cm were used in main plots while seed varieties (Local variety, Mwanza-

1 and Ukiriguru-1 and fertilization (Control fertility, 50 and 60 kg P2O5 kg/ha) were applied in sub-plot. The 

size of each subplot was 3m x 3m. seed sowing was done by hand in all three methods. In each subplot, 

harvesting was done in inner rows leaving each bordering row. Yield attributes observed and recorded by the 

study included number of grains per capsule, plant population at harvest, seed index, biological and grain yield. 

The attained data were subjected to Analysis of Variance (ANOVA) using the Genstat procedure statistical 

version 18.2. Data were sorted, quantified and filled in excel sheet for analysis. 
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Table 1. Physical and chemical soil properties (0 – 40 cm depth) of trial farms at Itigi, Tanzania. 

Parameter Minimum Maximum 

 

Physical 

parameters 

Sand 
 

% 

15 29 

Silt 11 17 

Clay 54 72 

Depth cm 110 144 

 

 

 

 

Chemical 

parameters 

Ph H20 6.37 8.00 

EC ms/cm 0.16 0.83 

OC 
 

% 

1.01 1.59 

OM 1.74 2.73 

N 0.05 0.08 

Av. P mg/kg 0.54 2.10 

Ca 

 

 

cmol(+)/kg 

13.34 19.35 

Mg 0.35 13.34 

K 0.56 17.52 

Na 0.02 0.85 

CEC 25.46 167.42 

Source: IITA Dar es Salaam Soil Lab (2021/2022). 

3. Figure Placement 
3.1. Weather 

The study area is located in semi-arid agro ecological environment. The observed weather parameters during 

the study were temperature and rainfall (Table 2). In terms of rainfall, the experimental area received total 

amount of 161.70mm of rainfall during the experimental period as from the march to august in which from 

May to August there was rainfall while the recorded amount was received in march and April only. The areas 

experiences experience minimal variation in terms of monthly maximum and minimum temperatures as 

indicated in Table 2. Generally, the climatic condition of the study areas provides supportive environment for 

the cultivation of the chickpea.  

Table 2. Monthly total rainfall, monthly mean, maximum and minimum temperature in the study sites. 

Month Total Rainfall 

(mm) 

Maximum 

Temperature (℃) 

Minimum 

Temperature (℃) 

Mean Temperature (℃) 

Monthly Maximum Minimum 

March  100.45 32 18 25 29.5 19.7 

April  61.25 32 17 24.5 29.8 19 

May 00 30 15 22.5 28.4 17.2 

June  00 29 13 21 26.5 16.5 

July  00 29 12 20.5 26.3 14.9 

August  00 29 13 21 27.1 15.3 

Source: Tanzania Meteorological Authority. 

3.2. Sowing method, varieties and different phosphorus levels on chickpea yield attributes. 
Different levels of phosphorus and sowing methods were highly significant (p<0.001) on plant population 

at harvest while seed varieties were not significant (p=0.894) on the respective attribute (Table 3). levels of 

phosphorus and varieties were highly significant (p<0.001) on biological yield while sowing method was 

insignificant (p=0.063). Grain yield was significantly influenced by phosphorus levels (p<0.001) and seed 

varieties (p=0.002) while less significant to sowing method (p=0.334). seed varieties and sowing method were 

highly significant (p<0.001) on seed index while levels of phosphorus were not significant (p=0.280) on seed 

index (Table 4). 

3.3. Analysis of Variance (ANOVA) of variety (V), Fertilization (F) and Sowing method (S) and their 
interaction response of chickpea yield attributes at Tukey’s 95% confidence interval. 

The effect of two factors interaction of levels of phosphorus and seed varieties were not significant (p=0.731, 
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p=0.571, p=0.120) on plant population at harvest, biological yield and seed index respectively while highly 

significant (p<0.001) on grain yield (Table 3 and 4). The interaction of phosphorus levels and sowing methods 

was highly significant (p<0.001) on plant population at harvest while less significant (p=0.077, p=0.557, 

p=0.993) on biological yield, grain yield and seed index respectively. Two factors interaction effects of seed 

varieties and sowing methods was significant (p=0.002) on plant population and less significant (p=0.854, 

p=0.269, p=0.229) on biological yield, grain yield and seed index respectively. 

Table 3. Analysis of Variance (ANOVA) of variety (V), Fertilization (F) and Sowing method (S) and their 

interaction response of chickpea yield attributes at Tukey’s 95% confidence interval. 

Source PPH SPP BY GY SI 

Fertilizers (F) <0.001 0.524 <0.001 <0.001 0.280 

Variety (V) 0.183 <0.001 <0.001 0.002 <0.001 

Sowing method (S) 0.001 0.728 0.063 0.334 <0.001 

F x V 0.731 0.451 0.571 <0.001 0.120 

F x S <0.001 0.909 0.077 0.557 0.993 

V x S 0.002 0.451 0.854 0.269 0.229 

Note: PPH = Plant population at harvest, BY = biological yield, GY = grain yield, SI = seed index, SPP = 

number of seeds per pod. Analysis at Tukey’s 95% confidence Intervals. 

Table 4. Mean of yield attributes of chickpea as influenced by fertilizer use, variety and sowing method. 

Factor PPH SPP BY GY SI 

Fertilizer (F) 

Fert. Control 165.6 1.40 1295 615.5 101.1 

P2O5 (60 kg/ha) 205.1 1.51 1314 708.9 102.7 

P2O5 (50 kg/ha) 157.6 1.48 2295 1254.6 107.5 

Variety (V) 

LV1 164.5 1.07 1480 735.1 70.1 

MWZ 1 176.2 1.40 1525 803.6 83.8 

UK1 178.6 1.92 1899 1040.3 157.4 

Sowing method (S) 

Broadcasting 150.7 1.40 1603 795 96.8 

Spacing 175.7 1.51 1742 926 113.4 

SBP 192.9 1.48 1559 858 101.1 

Note: DAP = Diammonium Phosphate, LV1 = Local variety 1, MWZ 1 = Mwanza variety, UK1 = Ukiriguru 

variety, SBP = Sowing behind plough, PPH = Plant population at harvest, BY = Biological yield, GY = grain 

yield, SI = seed index. 

3.4. Other observed parameters 
The study observed growth attributes of the chickpea plant as per experimental plots.  Chickpea growth 

attributes observed included germination percentage, number of leaves, number of branches, pods per plant, 

seeds per pod, plant height, plant population at germination and at harvest, biological yield, grain yield and 

500 seed weight. Statistically at Tukey’s 95% confidence interval as indicated in Table 5, phosphorus levels 

were significant (p<0001) to germination percentage, number of leaves, number of branches, number of pods 

per plant, plant population at harvest, biological yield, grain yield and (p=0.006) on plant height. For seed 

varieties, they were significantly influencing (p<0.001) number leaves, number of seeds per pod, plant height, 

biological yield, 500 seeds weight and (p=0.002) on grain yield. On sowing methods, they were significant 

(p<0.001) on number of pods per plant, plant population at harvest and 500 seed weight.  
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Table 5. Analysis of Variance (ANOVA) of variety (V), Fertilization (F) and Sowing method (S) and their 

interaction response of chickpea growth attributes at Tukey’s 95% confidence interval. 

Source GP NL NB NPP NSP PH 

Fertilizers (F) <0.001 <0.001 <0.001 <0.001 0.524 0.006 

Variety (V) 0.422 <0.001 <0.001 0.894 <0.001 <0.001 

Sowing method (S) >0.05 0.515 0.824 <0.001 0.728 0.013 

F x V 0.927 >0.05 <0.001 <0.928 0.451 0.002 

F x S <0.001 >0.05 0.172 <0.001 0.909 0.248 

V x S 0.59 >0.05 0.371 0.999 0.451 <0.001 

Note: GP = Germination Percentage, NL = Number of Leaves, NB = Number of Branches, NPP = Number of 

Pods per Plant, NSP = Number of Seeds per Pod, PH = Plant Height, F = Fertilizer, V = Variety, S = Sowing 

Method. Analysis at Tukey’s 95% confidence Intervals. 

The interaction effect of levels of phosphorus and seed varieties was significant (p<0.001) on number of 

branches and grain yield, and significant (p=0.002) on plant height. Interaction effect of phosphorus levels and 

sowing methods was significant (p<0.001) on germination percentage, number of pods per plant and plant 

population at harvest. Interaction of variety and sowing method was significant (p<0.001) on plant height. 

3.5. Discussion 
In Tanzania particularly in agro-ecological zones where chickpea is grown is normally cultivated immediate 

after the end of the rain seasons utilizing retained moisture as in other countries like Ethiopia and India as 

reported by [14]. Largely, the crop is grown under rainfed condition affected by shifting rainfall season, 

deteriorating of soil fertility, un-mechanization, inappropriate farming practices and use of local seed varieties 

and therefore such factors lowering chickpea production in vertisols of Tanzania [5].  

Primary and secondary soil nutrients determine and enhances agricultural productivity of various crops in 

which various studies indicated that limited availability of soil nutrient and micronutrients leads to 

underproduction of agricultural crops [5, 15]. Soil nutrient insufficient is a notable abiotic factor affecting yield 

attributes of chickpea grown in varied agro ecological zones [16]. Chickpea responds well in terms of growth 

and yield attributes when applied with P fertilizers as revealed by the study of [17]. The study by [18] revealed 

that, chickpea agronomic characteristics including number of branches, pods and plant population at harvest 

responded positively when fertilized with Phosphorus compared to other fertilizer components. The advantage 

of P fertilizer over control and other fertilizer elements is indicated in the study by [13] and [2] that higher 

biological and grain yields were experimentally found with P fertilizer at a rate of 24 – 60 Kg/ha. Long term 

experiment conducted to test the effect of P on growth and yield attributes of chickpea suggest further on the 

interaction effect of P and K on chickpea due to the fact that the interaction has been leading to higher positive 

response of the agronomic of chickpea plant [2].  

The study by [14. 19] emphasizes the advantage of appropriate sowing method and proper timing in sowing 

in which spacing enhances chickpea germination percentage, plant population during growth and at harvest. 

Spacing provide adequate growth space for chickpea growth parameters in which literature reveals that 

appropriate spacing in chickpea enhances number of branches, leaves, pods and determines the number of 

chickpea plant arriving to full maturity in harvesting stage [20]. Also, seed index, grain yield and biological 

yields are enhanced positively by the date of sowing and spacing over other sowing methods [21].  

Studies of chickpea varieties have recently shown significant variation in production. Improved varieties 

are currently enhancing higher agricultural production in varieties of crops when grown under optimum 

conditions. Several studies carried indicate that variety respond differently and significantly particularly in 

plant phenology, components of chickpea yield and yield itself where by improved varieties show more 

promising production comparatively to local varieties [22]. Variety has further affected significantly on seed 

index and number of days to maturity as improved varieties are showing better results in terms of seed index 
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and grows in fewer number of days to maturity comparatively to local varieties [23]. 

4. Conclusion  

The effect of phosphorus rates and seed varieties differed significantly on growth and yield attributes and 

potentially P2O5 fertilization at a rate of 60 kg/ha influenced higher plant population at harvest and resulted to 

higher biological and grain yields. Also, Ukiriguru 1 variety leads to higher yields including biological and 

grain. Interaction effects results conclude higher yields 60 kg/ha of P2O5 and Ukiriguru-1 variety. Spacing 

(30x10)cm could not provide significant variation on yield attributes of chickpea in comparison to other sowing 

methods and therefore the study recommends for other long-term experiments for other spacing ratio suitable 

to the study area agro-ecological zone. 
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