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Abstract 

The agronomic optimum plant density is decisive for future improvements in wheat production and productivity. A field 

experiments were conducted to study the effect of varieties and planting densities on yield and yield components of bread 

wheat at Lemu-Bilbilo district, Arsi Zone, on farmers’ fields during 2016 and 2017 main cropping seasons. The experiments 

were laid out in a randomized complete block design in split plot arrangements in which bread wheat varieties (Danda’a, 

Digelu and Hidase) were assigned to main plots and plant densities (100, 200, 300, 400 and 500 plants m
-2

 with seed rate of 

125 kg h
-1

 as control) to subplots with three replications. Results pointed major factors varieties and plant densities showed 

significant differences for all parameters tested in specific sites and years except thousand kernels weight which was not 

significantly affected by different plant densities. Danda’a variety resulted in the highest grains spike
-1 

(64.12), grain yield 

(6053.59 kg ha
-1

) and biological yield of (14.29 t ha
-1

) whereas; 300 plants m
-2

 was the optimum plant density for all the 

studied parameters. The difference in spike length, harvest index and thousand kernels weight of Danda’a variety was 

significantly at par with Hidase variety while the plant height was with Digelu variety. The interaction of varieties and plant 

densities did not show significant difference on parameters that have been taken except for grain and biological yields. The 

optimum grain and biological yields were found from Danda’a variety combined with plant density level of 300 plants m
-2

. 

Therefore, the plant density of 300 plants m
-2

 may be practiced for better production and productivity of Danda’a variety at 

Lemu-Bilbilo district and similar agro-ecologies. 
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1. Introduction 

Wheat (Triticum aestivum L.) is cultivated in Ethiopia for 

several periods with little change in farm implements and 

farming practices among smallholder farmers and constitutes 

roughly 20 to 30% of the annual cereal production and plays 

an appreciable role of supplying the production with 

carbohydrates, proteins and minerals [1]. It is one of the most 

important cereals in human diets, increasing its relevancy as 

the global population is projected to increase by 30% in 2050 

[2]. Thus, a continuous increase in wheat demand is 

expected, which will be mainly satisfied by improving crop 

yield per unit area [3] as expansion in cultivated land is 

unlikely due to negative social and environmental impacts 
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[4]. At a global scale, the wheat yield gap (deviation of actual 

from potential yield) was estimated at 36% [3]. Among the 

most relevant management factors for improving wheat 

yields and closing the yield gap is the use of the optimum 

seeding rate for an appropriate plant density [5]. 

The major wheat producing areas in Ethiopia are located in 

Arsi, Bale, Shewa, Ilubabor, Western Hareghe, Sidamo, 

Tigray, Northern Gonder and Gojam zones [6]. Wheat is 

predominantly grown by subsistence farmers under rain-fed 

conditions and it ranks 4
th

 after teff, maize and sorghum in 

area coverage and 3
rd

 in total important cereal crop 

productions in the country [7]. Most of the farming 

households are involved annually in wheat production, but 

that still does not satisfy the country's annual domestic 

demand. According to the grain and feed annual report of 

United States Department of Agriculture [8], Ethiopia’s 

wheat production self-sufficiency is only 75% and the 

remaining 25% of wheat has to be imported commercially 

and through food aid. Hence, a large quantity of wheat is 

imported every year to meet the rising domestic consumption 

demand. Among the factors responsible for low wheat yield 

were delay in sowing, traditional sowing methods, 

inappropriate seed rate and improper row spacing are very 

important [9]. 

Many farmers in developing countries prefer to use a higher 

seed rate than recommended, because they perceive it as a 

good strategy to control weeds and reduce the risks of crop 

production. Above-optimum seeding rates increase cost of 

production and might potentially decrease yield by increasing 

disease pressure, insects, and lodging [10]. Meanwhile, 

below-optimum seeding rates may reduce resource use 

efficiency, yield, and final profit [11], depending on the level 

of resource availability [12]. Consequently, defining the 

agronomic optimum plant density, which is the minimum 

number of plants per unit area required to maximize yield, is 

critical for future improvements in wheat yield. In sight of 

the above circumstances, the present study was undertaken to 

find out the effect of plant density on yield and yield 

attributed traits of bread wheat varieties at Lemu-Bilbilo 

district, highlands of Arsi zone. 

2. Materials and Methods 

2.1. Description of the Study Areas 

Field experiments were conducted at Lemu-Dima on two 

farm sites areas of Lemu Bilbilo district, Oromia regional 

state, Ethiopia during 2016-2017 main cropping seasons. 

Lemu Bilbilo district is located 235 km away from Addis 

Ababa to Southeast direction. The geographical location of 

the experimental field is at 07° 36' 91''-07° 37' 72''N and 39° 

14' 44''-39° 16' 43''E, and situated at altitudes of 2591-2632 

m above sea level. The average mean minimum and 

maximum temperature are 7.9 and 18.6°C, respectively. It 

receives mean annual rainfall of 1020 mm with pseudo bi-

modal distribution and maximum (202mm) occurs in August 

(KARC, unpublished). Wheat, malt and food barley, faba 

bean and field pea are the most common crops cultivated in 

study site. Nitosols dominated the soil of the experimental 

areas [13] and silty clay in texture [14]. 

2.2. Experimental Design and Procedure 

The experiments were laid out in a randomized complete 

block design in split plot arrangement consisting of 3 bread 

wheat varieties (V1 = Danda’a, V2 = Digelu and V3 = 

Hidase) assigned to main plot and 6 plant densities (D1 = 100 

plants m
-2

, D2 = 200 plants m
-2

, D3 = 300 plants m
-2

, D4 = 

400 plants m
-2

 and D5 = 500 plants m
-2

 and D6= 

Recommended seed rate of 125 kg ha
-1

 (as a control) 

assigned to subplot with 3 replications. Urea (46% N) 100 kg 

ha
-1

 was used as source of N in split form of application (1/3 

at planting and 2/3 at tillering) as top dress. Basal application 

of NPS was used at the rate of 121 kg ha
-1

 at time of planting 

to all experimental units. The growth size of the subplot was 

4m×2.6m (10.40m
2
) and net harvestable plot size of 

2.4m×2.6m (6.24m
2
). The distance between subplot and 

blocks (rep) were 0.5m and 1.5m, respectively. Other 

agronomic practices were properly carried out as per the 

recommendations of the areas. Finally, the seed rate kg ha
-1

 

for densities of plants m
-2

 are calculated by using the 

following formula: Seed rate (kg ha
-1

) = number of plants m
-2

 

∗ 1000-kernels weight (g) / field establishment (%) 

2.3. Data Collected 

Agronomic parameters collected included plant height(cm), 

spike length(cm), Grains spike
-1

, grain yield( kg ha
-1

), 

Thousand Grain Weight (g), Biological yield(kg ha
-1

) and 

Harvest Index (%) which is calculated by the ratio of grain 

yield to biological yield. To estimate grain yield of grain 

yield, the net plot sizes of 2.4m×2.6m (6.24m
2
) were 

harvested from each plot in December. After threshing, the 

harvested materials (grains) were cleaned, weighed and 

adjusted to 12.5% moisture level. The total grain yields 

recorded on a plot basis were converted to kg ha
-1

 for 

statistical analysis. 

2.4. Statistical Analysis 

The crop data were subjected to analysis of variance using 

the General Linear Model procedure of R computer software 

version 3.6.1[15]. The two years data were combined over 

sites and analyzed. Whenever treatment effects were 

significant, the mean differences were separated using the 
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Least Significant Difference (LSD) test at 5% level of 

significance. 

3. Results and Discussion 

Plant height 

The analysis of variance showed that plant height was 

significantly (p<0.05) affected by varieties and plant 

densities m
-2

, but the interaction of varieties and plant 

densities m
-2

 didn’t show significant. The results revealed 

that the shortest plant height was recorded from Digelu 

variety and did show significant difference among the rest 

Danda’a and Hidase varieties, but the plant height of Danda’a 

and Hidase was significantly at par (Figure 1). There were 

significant differences between 100 plants and control (125 

kg ha
-1

), but the difference between the rest plant densities 

and control was not significant (Figure 4). The result was in 

line with the findings of [16] who reported plant height of the 

crop is mainly controlled by the genetic makeup of a 

genotype and it can also be affected by the environmental 

factors. 

Spike length 

A result of this study for spike length was presented in Table 

1. Analysis of variance indicated that variety and planting 

density had significant effects on the spike length of bread 

wheat while the interaction between variety and planting 

density on the spike length was non-significant. There were 

significant differences between Digelu and the remaining two 

varieties but the difference between Danda’a and Hidase was 

not significant. So it can be concluded from these results that 

spike length is genetic characters of a variety. This result was 

compatible with those of [17] who conveyed that individual 

genotypes responded differently to spike length for different 

varieties of wheat. The researches so far recounted that 

varieties have different genetic potential regarding the spike 

length [18]. On the other hand, spike length was increased 

with the increasing plant densities up to 300 plants m
-2

 which 

showed non-significant difference with plant densities of 400 

and 500 plants m
-2

. The maximum value 7.90 cm was 

observed at 300 and 400 plants m
-2

. In line with this result, 

the previous study showed that the length of spike plays a 

vital role in wheat towards the grains spike
-1

 and finally the 

yield [19]. 

Grains spike
-1 

The analysis of variance revealed significant (p <0.05) 

effects were detected for the major factors varieties and 

densities for grains spike
-1

 whereas the influence of the 

interaction of varieties and plant densities were not perceived 

for the character number of grains spike
-1

. The highest 

number of grains spike
-1 

(64.12) was recorded from Danda’a 

variety and showed significant among the rest two varieties, 

but the difference among Digelu and Hidase varieties were 

statistically at par (Table 1). The previous findings stated 

that, the grain number and grain weight in wheat are 

influenced by both genetic and environmental factors [20]. 

Conversely, with different planting density, grains spike
-1

 

increased from 100-300 plants m
-2

 and then decreased as 

planting density increased. The increase in grains number per 

spike contributes considerably to improve wheat grain yield 

potential [21]. The highest value of grains spike
-1

 (62.84) was 

recorded from 300 plants m
-2

 whereas the lowest grains 

spike
-1

 (55.24) was obtained from the lowest plant densities 

per unit area. Consistent to the findings of the present study, 

[9] reported that wheat planted at optimum seed rate gave 

maximum grains spike
-1

. The grains number and grains 

weight in wheat are influenced by both genetic and 

environmental factors [20]. In the same way further research 

showed that different seed rate had significant effect on 

grains spike
-1

[22]. 

Table 1. The effects of varieties and planting density on spike length, grain per spike, 1000-grain weight and harvest index of bread wheat. 

Pant density m-2 Spike length (cm) Grain spike-1 1000-grain weight(g) Harvest index (%) 

Varieties 

Danda'a 7.80a 64.12a 47.55a 42.47a 

Digelu 6.60b 55.75b 37.03b 34.30b 

Hidase 7.70a 55.05b 47.67a 41.92a 

LSD (5%)                         0.43 7.97 2.27 6.27 

CV (%) 4.40 10.40 3.90 12.00 

Plant density m-2 

100 6.80c 53.24c 44.01 37.55b 

200 7.20bc 56.82bc 44.09 38.29b 

300 7.90a 62.84a 43.87 42.40a 

400 7.90a 62.38a 43.79 43.13a 

500 7.50ab 59.24ab 43.56 39.71ab 

125(kg ha-1) 6.90c 55.33c 45.19 36.29b 

LSD (5%) 0.55 3.88 NS 3.42 

CV (%) 5.00 4.40 2.60 5.80 

Means followed by the same letter(s) within a column are not significantly different from each other at 5% level of significance, NS: Not significant. 
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Figure 1. Effect of varieties on plant height of bread wheat (a). 

 

Figure 2. Effect of varieties on grain yield of bread wheat (b). 

 

Figure 3. Effect of varieties on biological yield of bread wheat (c). 

 

Figure 4. Effect of plant densities on plant height of bread wheat (d). 

 

Figure 5. Effect of plant densities on grain yield of bread wheat (e). 

 

Figure 6. Effect of plant densities on biological yield of bread wheat (f). 

Grain yield 

Results of analysis of variance exhibited the effects of 

varieties, planting densities as well as varieties and plant 

densities interactions revealed significant (p <0.05) on grain 

yield. The statistics suggested there were significant 

differences between the grain yield of Danda’a, Digelu and 

Hidase varieties, but the grain yield difference between 

Digelu and Hidase varieties were statistically similar (Figure 

2). However, the grain yield increased to its peak value at 

300 plants m
-2

, which was higher than100 plants m
-2

, 200 

plants m
-2

 and control, while statistically at par with 400 and 

500 plants m
-2

 (Figure 5). Furthermore, there were significant 

differences between the yield of 100 and 200 plants m
-2

. 

Previous studies have showed that, plant density is an 

important factor that influences the growth and yield 

formation in wheat [23]. On the other hand, the interaction of 

varieties and plant densities revealed that, the grain yield of 

Danda’a variety was consistently increased as the plant 

density increased from 100 to 400 plants m
-2

, then decreased 

as plant density increased from 400 to 500 plants m
-2

 and 

control whereas it was consistently increased as the plant 

density increased from 100 to 400 plants m
-2

, then decreased 

as plant density increased from 400 to 500 plants m
-2

 and 

control for both Digelu and Hidase varieties (Figure 7). The 
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current results were agreed with those of [10], who reported 

that increasing seeding rates above-optimum increased cost 

of production and might potentially decrease yield by 

increasing disease pressure, insects, and lodging. This was 

agreement with studies of [24], who itemized that as the plant 

density increased from 180 to 240 plants m
-2

, no further 

improvement in grain yield was achieved because the 

increase in spikes per unit area was accompanied by a 

reduction in grains per spike and thousand kernels weight. 

Biological yield 

Main effect of varieties and plant densities as well as their 

interactions were significantly (P<0.05) affected biological 

yield of bread wheat. Significantly higher mean value of 

biological yield was obtained from Danda’a variety whereas; 

lower mean value of biological yield was obtained from 

Hidase variety which is statistically at par with Digelu 

(Figure 3). This result was in line with the findings of [25] 

and [26] who stated that biological yield was significantly 

influenced by wheat varieties. With respect to plant density, 

the highest biological yield was recorded from D3 (300 

plants m
-2

) and revealed a significant difference to the lowest 

plant density D1 (100 plants m
-2

), but significantly at par 

with the rest other plant densities (Figure 6). This is consisted 

with the result of [26]. Biological yield of Danda’a variety 

interaction with all plant densities showed insignificant and 

exceeds significantly the rest of Digelu and Hidase varieties 

interactions with all plant densities (Figure 8). The increased 

in biomass production in Danda’a variety might be attributed 

to the increased plant height as a function of increased plant 

densities m
-2

. The present result is in agreement with the 

finding of [27], who testified a positive association between 

biomass yield and plant height. Parallel with the present 

finding, [28] also stated that biomass yield was significantly 

affected as a function of varieties and seeding rate. The result 

was related with that of [25] who indicated that biological 

yield had significantly affected due to varieties and plant 

density interactions. 

Harvest index 

Result of harvest index was presented in Table 1. Harvest 

index was significantly (P<0.05) affected by the main factors 

of varieties as well as plant densities and non-significantly 

affected along with the interaction effect of plant densities 

and varieties (Table 1). Significantly higher mean harvest 

index of (42.47%) was obtained from Danda’a variety which 

was statistically at par with that of Hidase variety (41.92%) 

harvest index. The result was in agreement with the findings 

of [29] who stated the higher the harvest index value, the 

greater the physiological potential of the crop for converting 

dry matter to grain yield. In line with this study result [30], 

found that the ability of a cultivar to convert the dry matter 

into economic yield is indicated by its harvest index. The 

highest harvest index (43.13%) was obtained at planting 

density of 400 seeds m
-2

 which was significantly at par with 

that of 300 and 500 plants m
-2

. Analogous to the present 

finding, [9] specified that harvest index was significantly 

affected by seeding rate. Harvest index had interrelationship 

with grain yield and above ground biomass yield that the 

highest harvest index was the result of greater grain yield and 

lowest harvest index was mainly due to increased plant 

height that increased biomass yield extremely rather than 

grain yield which lead to decrease of harvest index [30]. 

 

Figure 7. Interaction effect of plant densities and varieties on grain yield of 

bread wheat combined over sites and years. D1: 100 plants m2, D2: 200 

plants m2, D3: 300 plants m2, D4: 400 plants m2, D5: 500 plants m2 (g). 

 

Figure 8. Interaction effect of plant densities and varieties on biological 

yield of bread wheat combined over sites and years. D1: 100 plants m2, D2: 

200 plants m2, D3: 300 plants m2, D4: 400 plants m2, D5: 500 plants m2 (h). 

Thousand kernels weight 

Thousand kernels weight (TKW) was affected significantly 

(P<0.05) by the varieties and non-significantly (P<0.05) 

affected by plant densities and variety plus plant density 

interactions. The TKW of the variety Danda’a (47.55 gm) 

and Hidase (47.67 gm) were significantly higher than the 

variety Digelu (37.03gm) (Table 1). The result was in line 

with the findings of [29], who reported TKW is a quality 

parameter to assess the grain quality in wheat and influenced 

by genetic makeup of varieties. 
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4. Conclusion 

The results showed that using of different varieties and plant 

densities had significant effect on parameters that have been 

taken except the thousand kernels weight (TKW) which was 

not significantly affected by plant densities. The interaction 

of varieties and plant densities also did not show significant 

difference on plant height, spike length, grains per spike, 

harvest index and TKW except for grain and biological yield. 

Danda’a variety resulted in the highest grains spike
-2

 (64.12), 

grain yield (6053.59 kg ha
-1

) and biological yield (14.29 t ha
-1

) 

whereas; its spike length, harvest index and TKW were 

significantly at par with Hidase and plant height with Digelu 

variety. Based on the present study, the use of 300 plants m
-2

 

was the optimum plant density for all the studied traits. The 

varieties and plant density levels interactions showed that on 

average most profitable grain and biological yields were 

produced at plant density of 300 plants m
-2

 combination with 

Danda’a variety. Therefore, based on the study results the 

plant density level of 300 plants m
-2

 was identified and could 

be recommended for the production and productivity of 

Danda’a bread wheat variety at experimental sites and similar 

agro-ecologies. 
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