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Abstract:  

A factor experiment was carried out in the experimental field of Ankawa 

Research Center, during the spring season of 2023 to find out the effect of plant 

density on the morphological characteristics of different varieties of wheat. The 

RCBD design was used, and three varieties of wheat were planted: A99, H2, H4 

and with three seeding levels (450, 400, 350) plants. M2. Significant differences 

were found between the average plant density overlap with wheat varieties for 

the studied characteristics, the average overlap between the density exceeded 

(400) plants. M2 and the variety H2 in all the characteristics studied on the rest 

of the average overlap between densities and varieties. Referring to the average 

interaction between the density (400) plants. M2 and the variety H2 The value of 

the average overlap was (101.5 cm) for the plant length characteristic, (67.433 

cm2) for the leaf area of the flag leaf, (8) spikes for the number of spikes per 

plant, (32.156, gm) for the weight of a thousand grains, and (81 gm) for the plant 

weight characteristic. We conclude that the density exceeds (400) plants. M2 and 

for all the morphological qualities studied in terms of moral and value of the 

highest average. 
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1. Introduction 

Wheat (Triticum aestivum L.) is one of the oldest crops that man has been cultivating and improving 

its qualities for thousands of years to the present day [1].  

Wheat ranks second in the world in cereal production after corn, and first in cultivated area globally, 

with harvested areas reaching about 215.9 million hectares, with a productivity of about 765 million 

tons [2]. It ranked first in the list of consumer food commodities, as spelled grains provide adults with 

more than 25% of their daily protein needs and more than 50% of their daily energy needs [3]. 

It was found that there is a relationship between plant density and morphological traits, as the seeding 

rate is one of the most influential factors on grain yield and its components from other traits, and that 

ideal plant density achieves a high yield of genetic structures with the ability to branch [4]. 

The results of previous studies indicated differences in the response of different varieties of wheat to 

different plant densities [5,6]. It was found that the varieties can compensate for low or high plant 

densities by modifying the number of branches, the number of spikes per square meter, the number of 

grains in a spike, and the weight of 1000 grains. Newly developed wheat varieties may not require 

high seeding rates similar to traditional varieties [5]. 

https://eajse.tiu.edu.iq/
https://doi.org/10.23918/eajse.v9i3p15
https://creativecommons.org/licenses/by-nc/2.0/
https://creativecommons.org/licenses/by-nc/2.0/
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The results of previous studies showed that choosing the appropriate variety and determining the 

seeding rate used in agriculture is one of the important things that must be taken into account by 

producers to obtain a high grain yield of good quality, as it is a determining factor for plants and has 

the greatest impact on most morphological qualities such as plant length and the number of leaves and 

branches that the plant passes through since its inception from the seed until it reaches adulthood [7,8]. 

The quantity and rates of sowing vary according to the cultivated areas and according to the planting 

dates [9]. 

2. Methodology 

The seeds of the soft wheat varieties (Triticum aestivum L.) planted on 30/11/2022 in the field of 

Ankawa Research Center in Erbil Governorate, the land was tilled before planting and the field land 

was divided into blocks with a length of 3 m and a width of 1.5 m and an area of 4.5 m 2 for each 

block and each experimental unit included 8 lines, and the distance between one block and another 1m 

and between the repeaters 2m and the total number of blocks 27 blocks,  After preparing the land, three 

different planting densities determined (350, 400, 450) plants per slab and three replicates of three 

different varieties of soft wheat (Hawler4, Hawler2, Adana99). 

After that, the seeds sterilized with a fungicide Daxel before planting them, and when planting, DAP 

fertilizer consisting of Nitrogen (N), Phosphorous (P) and Potassum (K %0) was added in different 

proportions, namely N 16% and P 46% with the seeds during planting [10]. The seeds distributed at 

different densities and planted in slabs randomly according to the design of the complete random 

sectors RCBD with two factors. The rainwater falling in the area was completely relied on for 

irrigation.  

The process of taking different and multiple measurements from a morphological point of view over 

the different stages of plant growth, which included (Plant height, tillers number, leaf area of flag leaf 

and blade leaf, dry weight of the plant, spike length, number of spikes per plant, number of grains in 

the plant, weight of 1000 grains, yield in hectares, until the plant is harvested.  

The soil of the experiment field was analyzed at Ankawa Research Center in Erbil Governorate and 

Table (1) shows its physical and chemical properties. 

Table 1: Physical and Chemical Properties of Experimental Field Soil at Ankawa Research Center in 

Erbil Governorate 

 

(K) (P) Total 

(N) 

O.M EC pH Texture 

Class 

Particle size 

distribution 

Soil 

Sample 

 
 

ppm 

 

 

% 

 

dSm-1 

 

1:2 

 

Silty 

clay 

Clay 

% 

Silt 

% 

Sand 

% 

 g kg-1 soil 

196 6.3 0.11 0.92 0.3 7.82 38 43 19 Ankawast. 

 
 

 

 



Eurasian J. Sci. Eng., 9(3) (2023), 166-179                                                                                                                     168 
 

 

2.1 Data Collection 

2.1.1 Plant Height (cm) : 

Measure the height of the plant from the area of contact of the stem with the soil surface to the highest 

part of the plant using the graduated measuring ruler. 

2.1.2 The Number of Tillers (Plant-1): 

The real number of branches on the true stem of each plant was Calculated. 

2.1.3 Flag Paper Area (cm2 Plant-1):  

Calculated according to the following Hunt equation: Flag leaf area = flag leaf length * middle width 

* correction factor (0.905) [11]. 

2.1.4 Leaf Space (cm2 Plant-1):  

The leaf area was calculated according to Hunt [11] (1982) with the same equation:  

Leaf area = leaf length * width at middle * correction factor (0.905) 

2.1.5 Wet Weight of Green Parts (gm Plant-1):  

Plant samples were weighed before being dried in an electric oven. 

2.1.6 The Dry Weight of Green Parts (gm Plant-1):  

Samples are dried in an electric oven with a drift fan at 70°C for 72 hours until constant dry weight is 

reached. 

2.1.7 The Number of Spikes (Plant-1):  

The number of ears was calculated by 1 plant. 

2.1.8 Spike Length (Cm) :  

Measures the length of the spike from the base of the spike to the top of the spike for each plant. 

2.1.9 Spike Weight (gm):  

The average weight of one spike was measured. 

2.1.10 The Number of Grains (spike -1):  

The average number of grains for ten spike per experimental unit after manually neglecting and 

cleaning these spike and according to the number of grains per spike. 

2.1.11 The Weight of a Thousand Grains (Plant-1):  

The number of grains per plant was calculated. Weight 1000 tablets. I counted 1000 pills manually 

and then weighed each sample with a sensitive balance for each experimental unit.  
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2.1.12 Grain Yield (ton. h-1):  

After manual threshing of the harvested plants from a distance of 3 lines and a length of 50 cm from 

each experimental unit, and after isolating the straw from the grains and cleaning them well, the grains 

were weighed plus the grains used in estimating the weight of 1000 grains for the same treatment and 

then transferred the weight from the grain. m2 to tons. h-1 at 12% humidity [12].  

2.1.13 Statistical Analysis:  

The data obtained for growth characteristics and components of the obtained statistically were 

analyzed according to the method of analysis of variance for the design of R.C.B.D by the experiment 

of its two factors and the least significant difference test (LSD) was used to compare the arithmetic 

averages at the level of probability 5% [13]. 

3. Findings and Discussion  

3.1 Plant Height 

An important indicator of plant growth and development, indicating the growth rate and yield of the 

crop [14]. The height of the plant stem plays an important and vital role in the period of filling cereals 

with wheat, especially in the presence of harsh climatic conditions such as drought and heat stress, due 

to its ability to store carbohydrates that affect the filling and packaging of grains after flowering [15]. 

The shortening of the stem in some varieties is also considered one of the desired and required qualities 

for plant breeders, as increasing the height of the plant significantly causes the consumption of larger 

quantities of dry matter stored for the flowering stage, knots, and grain formation, which reflects 

negatively on the formation of spikes and the number of grains in them and their weight, which causes 

a decrease in the final yield [16]. The plant height characteristic was measured at three stages of plant 

growth showing the overlap between the three seed densities (450, 400, 350) with the three wheat 

varieties (Adana99, Hawler2, Hawler4). The results of Table (2) for the analysis of variance showed a 

significant difference in the characteristic of plant height between the overlap in seed density by 400 

plants.1 m 2 and the Holler 2 variety, which amounted to (101.5 cm) if it significantly outperformed 

the rest of the interactions between densities and varieties. the overlap between the density of 400 

plants.1 m2 and the variety Hawler4 gave the lowest average plant height characteristic and reached 

(72.433 cm). The difference in the height of the plant is due to the difference in the genetic structure 

between the varieties and also the difference between them in the number of nodes and lengths of 

phalanges, especially the upper phalange, which is an important characteristic in distinguishing 

between varieties and also may be attributed to environmental conditions such as water and soil 

[17,18]. This variation between taxa may be attributed to the fact that plant height is dominated mainly 

by the additional gene. The results showed a significant overlap between the rates of seeding and 

varieties.  These findings are consistent with previous studies [19,20,8]. 
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Table 2: Effect of overlap between plant densities and wheat varieties on plant height characteristics. 

cm measured for three stages of plant growth. 

 

 

3.2 The Number of Tillers. Plant-1: 

The number of tillers is one of the most important characteristics that indicate high wheat productivity 

under rain-fed cultivation conditions [16]. Nehme et al [21] pointed out that the number of tillers in 

the plant is one of the components that contribute to the stability of genotypes. The tillers number 

characteristic in the plant was measured at three stages of plant growth showing the overlap between 

the three seed densities (450, 400, 350) with the three varieties of wheat (Adana99, Hawler2, Hawler4). 

The results of Table (3) for the analysis of variance for the trait of the trillers showed that the overlap 

between the seed density exceeded 400 plants. m2 and the Hawler2 variety which reached (8) As the 

highest average of this trait, significantly superior to the rest of the overlaps between the seeding rates 

and varieties of the same variety and other varieties, while the overlap between the density (400) and 

the Hawler4 variety was recorded, which amounted to (4.666) and this average did not differ 

significantly with the rest of the values of the Hawler4 variety and its overlap with the rest of the plant 

densities. The difference between taxa is due to the genetic makeup, which is the main factor of branch 

ability in wheat [22]. This applies to the findings of [23,24]. The branching rate was also found to be 

associated with drought tolerance and increased production [27].  

Table 3: Effect of Overlap between Plant Densities and Wheat Varieties on Branching 

Characteristics. Plant-1 is measured for three stages of plant growth. 

Date reading 

1/5/2023 

Date reading 

1/4/2023 

Date reading 

1/3/2023 

Variety Density 

per 1m2 

89.467 c 17.873 ab 5.433 bc Adana99 450 

99.2 b 17.806 ab 5.443 bc Hawler2  

74.867 e 16.79 cd 5.083 bc Hawler4  

90.967 c 18.146 ab 5.643 a Adana99 400 

101.5 a 18.466 a 5.663 a Hawler2  

74.2 of 16.733 c 4.896 c Hawler4  

85.767 d 17.756 b 5.496 ab Adana99 350 

90.767 c 17.223 bc 5.58 a Hawler2  

72.433 f 16.426 d 4.986 c Hawler4  

Date reading 

1/5/2023 

Date reading 

1/4/2023 

Date reading 

1/3/2023 

Variety Density per 

1m2 

6 c 7.333 b 4 ab Adana99 450 

7.333 b 8 a 4.333 ab Hawler2  

5 d 6 c 3.333 c Hawler4  

6 c 8 a 4 ab Adana99 400 

8 a 8.333 a 4.666 a Hawler2  

4.666 d 5.333 d 3 c Hawler4  

6 c 7.666 ab 3.666 bc Adana99 350 
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3.3 Flag Leaf Area. cm2 plant-1:  

Studies have indicated that the science leaf is responsible for transporting more than 80% of processed 

foodstuffs to grains [26,19]. Previous studies have confirmed the work of the science leaf as a source 

of processed foodstuffs and the supply of cereals with these materials and that the ability of the science 

leaf to carry out this process significantly affects the weight of the grain [27]. This confirms the positive 

significant correlation between the highest average area of the flag leaf and the highest average weight 

of 1000 grains, both in the Hawler2 variety with a seed density of 400 plants. m2. The results of Table 

(4) the overlap between sowing with a density of 400 plants. m2 and the Hawler2 variety, where it gave 

the highest average for the flag leaf area and amounted to (67.433 cm2), which did not differ 

significantly with the overlap of the same variety and the density of seeds (450), while the value of the 

lowest average share of the overlap between seeds with a density of 350 plants. m2 and the Hawler4 

variety, which reached (51.3 cm2), did not differ significantly from the rest of the averages of the same 

variety and their interactions with all seeding rates. In total, the seeding level overlap exceeds 400 

plants. m2 with all varieties in the description of the flag leaf area. 

Table 4: Effect of Overlap between Plant Densities and Wheat Varieties for Flag Leaf Area 

Characteristics. cm2 plant-1 measured for three stages of plant growth. 

 

 

 

 

 

 

 
3.5 The Area of the Blade Leaf. cm2 plant-1: 

The leaf area plays an important role in the efficiency of plant production as it increases the 

productivity of dry matter as the best part of the plant to carry out photosynthesis and receive the 

largest possible amount of sunlight thus increasing the weight and rate of grain filling [28]. The leaves 

of the blade have a major role in resisting drought and helping the plant to acclimatize, as the large 

leafy area loses water through the process of transpiration in larger quantities than plants with a smaller 

leaf area, thus determining the amount of water used by the plant and the amount of carbon fixed by 

photosynthesis [29]. Therefore, it is preferable to select varieties with a small leaf area to reduce the 

process of transpiration and water loss in dry areas such as Iraq, and this is consistent with the findings 

of the study conducted by Oulmi [28]. Returning to our study, we find that the results of Table (5) 

show that the overlap between the seed density exceeds 400 plants. m2 and the Hawler2 variety, where 

it gave the highest average in the area of the blade leaf and amounted to (29 cm2) and significantly 

outperformed the rest of the overlaps of the same variety and other varieties. While the lowest average 

7 b 8.333 a 4.333 ab Hawler2  

5 d 5.333 d 3 c Hawler4  

Date reading 

1/5/2023 

Date reading 

1/4/2023 

Date reading 

1/3/2023 

Variety Density 

per 1m2 

58.7 bc 5.826 a 2.816 a Adana99 450 

65.466 a 5.81 ab 2.836 a Hawler2  

52.8 e 5.236 c 2.72 ab Hawler4  

60.533 b 5.89 ab 2.88 a Adana99 400 

67.433 a 6.033 a 2.883 a Hawler2  

53.033 de 5.3 d 2.63 b Hawler4  

56.6 c 5.76 bc 2.82 a Adana99 350 

56.133 cd 5.546 cd 2.866 a Hawler2  

51.3 e 5.213 d 2.686 b Hawler4  
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for this trait (19.766 cm2) of the overlap between the seed density was 350 plants. m2 and the variety 

Hawler4. We conclude that the best plant density for this trait was at 400 plants. m2 and for all varieties. 

Table 5: Effect of Overlap between Plant Densities and Wheat Varieties on Blade Leaf Area 

Characteristic cm2. Plant-1 is measured for three stages of plant growth. 

 

 

 

 

 

 

 
3.6 Wet Weight of Green Parts. gm-1: 

The results of Table (6) on the effect of the interaction between plant densities and wheat varieties on 

morphological characteristics and by comparing the average overlap between plant densities and the 

three wheat varieties for the wet weight characteristic of plant samples, it was found that the highest 

average was from the overlap between seeds with a density of 400 plants. m2 and the Hawler2 variety 

reached (3.47 gm), which did not differ significantly from its average at seed density (450) and the 

average variety Adana99 at seed density (400). The value of the lowest mean (2.79 gm) of the 

interference between the density of the seed was (350), which did not differ significantly from the rest 

of the average interference for the same variety with the rest of the levels of seed density. 

3.7 The Dry Weight of Green Parts. gm-1: 

The results of Table (6) on the effect of overlap between plant densities and wheat varieties on 

morphological characteristics and by comparing the average overlap between plant densities and the 

three wheat varieties for the dry weight characteristic of plant samples, it was found that the highest 

average was from the overlap between seeds with a density of 400 plants. m2 and the variety Hawler2, 

where it reached (0.42 gm) and did not significantly outperform the rest of the interactions of the same 

variety with other seed densities nor with the overlap of seed density (400) and the variety Adana99. 

While the value of the lowest average (0.233 gm) of the overlap between the seed density (350) and 

the Hawler4 variety did not significantly exceed the rest of the average overlap of the same variety and 

the rest of the other seed densities. 

3.8 Spike Length. cm: 

The length of the spike is one of the important characteristics positively associated with the final 

production and its positive association with the number and weight of grains in the spike, and studies 

have indicated that the final yield of grains is significantly affected by changes in the spike [30]. The 

increase in spike length may be attributed to the efficiency of photosynthesis and the accumulation of 

dry matter and nutrients in the plant and thus an increase in spike length [31]. Previous studies have 

shown that the difference in the length of the ears may be due to water deficit during the flowering 

stage, which leads to the shortening of the ears and reducing their number and weight [32]. Studies 

Date reading 

1/5/2023 

Date reading 

1/4/2023 

Date reading 

1/3/2023 

Variety Density 

per 1m2 

24.333 cd 2.803 ab 1.82 ab Adana99 450 

26.433 b 2.86 a 1.816 ab Hawler2  

20.033 d 2.576 c 1.686 abc Hawler4  

25.366 bc 2.936 a 1.836 ab Adana99 400 

29 a 2.973 a 1.866 a Hawler2  

20.133 d 2.63 bc 1.64 c Hawler4  

23.2 d 2.81 ab 1.783 ab Adana99 350 

24.833 c 2.63 bc 1.76 ab Hawler2  

19.766 e 2.44 c 1.656 bc Hawler4  
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have also indicated that wheat varieties with large spikes are characterized by large numbers of grains 

per spike and have higher grain weights by the spike [33,34]. The results of Table (6) for the spike 

length characteristic showed that the highest average for this characteristic was (16.233 cm) resulting 

from the interference between the density (400) and the Hawler2 variety and significantly superior to 

the rest of the average overlaps, while it was found that the lowest average was for the overlap between 

the density (350) and the Hawler4 variety and amounted to (11.133 cm).  

3.9 The Number of Spikes. Plant-1:  

The number of spikes in the plant is one of the most important characteristics of interest to plant 

breeders and researchers in the field of wheat when conducting their studies and selection processes 

on it, because the spikes are one of the main production components through which the productive 

capacity of the variety is known, and it is determined in the early stages of the plant's life, especially 

in the branching stage [35]. Studies have indicated that spikes are an indicator of final production, and 

have shown that the reasons for the variation between wheat varieties in this trait are due to the 

difference in their genetic makeup and ability to branch [36]. Returning to the results of Table (6) and 

comparing the average number of spikes, we find that the highest average was from the overlap 

between the seed density (400) and Hawler2 variety amounted to (8) spikes This mean significantly 

outperformed the rest of the average of the interventions. The lowest mean value (3.67) of the overlap 

between the seed density (400) and the Hawler4 variety. When comparing the highest average number 

of ears with the highest average branching, we find that the two averages are almost identical and 

positively correlated, as the highest average number of spikes reached (8) and the highest average 

branching amounted to (8.333), both as a result of the overlap between density (400) and the Hawler2 

variety, which indicates that varieties with high branching ability produce the highest number of 

spikes, and this is identical to the results found by Mohammed and Kadhem [36]. 

3.10 Spike Weight. gm: 

The results in Table (6) for the spike weight characteristic showed that the average overlap between 

the density (400) and the Hawler2 variety (4.736 gm) exceeded the rest of the average interactions 

between density and varieties. While the lowest average spike weight characteristic (3.183 gm) of the 

overlap between density (350) and the Hawler4 variety. The difference in spike weight rates is 

attributed to the genetic makeup of the varieties and the difference in the seed rates used and their 

interaction with the surrounding environment and service processes and this is consistent with the 

results of previous studies [37,38]. 

3.11 The Number of Grains. Plant-1: 

The plant grain count index is one of the most important factors that have a direct impact on grain 

yield, which is affected by the genetic nature of the plant and environmental factors and thus their 

impact on the increase in the number of grains in the ears [39]. The results recorded in this study on 

the average interference for this trait showed significant differences as shown in Table (6), where the 

highest average for this trait was (67.33) grains per plant as a result of the interference between the 

density (400) and the Hawler2 variety, superior to the rest of the average overlap, while the lowest 

average was (41.33) of the interference between the density (350) and the Hawler4 variety. 

3.12 Weight 1000 Tablets. gm: 

The results obtained from Table (6) for the weight of 1000 grains indicated that the highest average 

interaction between density and varieties for this trait was (32.156 gm) at the density level (400) and 
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the Hawler2 variety, which did not differ significantly from the rest of the averages and surpassed all 

of them on the lowest average, which amounted to (27.303 gm) of the overlap between the density 

(400) and the Hawler4 variety. 

3.13 Plant Weight. gm:  

When observing the results of Table (6) for plant weight characteristics, we note that there are no 

significant differences between the average interactions of the three densities with the two varieties 

Adana99 and Hawler2 and significantly superior to the average overlap between the three densities 

and the Hawler4 variety. The highest average for this trait (81 gm) was due to the interference between 

the density (400) and the Hawler2 variety. The lowest average (77.333 gm) is due to interference 

between densities (400, 350) and the variety Hawler4. 

3.14 Grain Yield. Ton. h-1:    

The results contained in Table (6) indicate a significant effect of seeding rates and plant density and 

their overlap with the varieties for this characteristic, where it is clear that the density (350) over the 

two densities (450, 400) in the three varieties in terms of the average values of the overlap between 

the densities and the three varieties, where it gave the highest average values for the three varieties and 

amounted to (2.8844, 2.707, 2.499 ton/hectare) for the varieties (Hawler2, Adana99,  Hawler4) 

respectively.  

The minimum average value for this trait (1.518 tons/hectare) of density interference (400) with the 

Hawler4 variety. The results indicated that there were no significant differences between the mean at 

density (350) and at the density level (400), the average interference with the Hawler2 variety exceeded 

the average overlap with the Hawler4 variety and there was no significant difference with the average 

interference Adana99. At the density level (450), it was observed that the average interference with 

variety Adana99 was significantly higher than the average overlap with the variety Hawler4 and there 

was no significant difference with the average interference Hawler2. 

From the above, it is clear that the average overlap between the density (350) and the varieties is high 

on the average overlap between the higher densities and the varieties, and this may be attributed to the 

low precipitation of dry matter in the grains due to the intense competition for nutrients and light 

between plants within the unit area at high seeding rates, and these results agreed with the findings of 

previous studies [40,41]. 

Table 6: Effect of Overlap between Plant Densities and Wheat Varieties on Morphological Traits 

yield. (ton/ 

hectare) 

Plant 

weight 

gm 

1000 

grains 

weight 

gm 

Num 

grains. 

Plant-1 

Spike 

weight (g. 

plant-1) 

Num of 

spikes 

plant-1 

Spike 

length 

(cm) 

W after 

oven 

Gm 

W 

before 

oven 

gm 

Var Den 

per 

1m2 

2.52 a 79.33  ab 31.61  a 48 e 3,66  e 5.67 c 14.33 c 0.36 bc 3.163 b A99 450a 

2.492 ab 79.66 ab 32 a 61 b 4.393 b 7 b 15.267 b 0.386 a 3.266 ab H2  

1.829 b 77.666 b 29.49  ab 44 f 3.266 gh 4.33 d 11.633 f 0.276 d 2.896 cd H4  

1.988 ab 79 ab 30.256 a 51.33 d 3.846 d 5.67 c 14.867 b 0.386     

ab 

3.286 ab A99 400b 
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2.629 a 81 a 32.156 a 67.33 a 4.736 a 8 a 16.233 a 0.42 a 3.47 a H2  

1.518 b 77.333 b 27.303 b 45.67 ef 3.363 fg 3.67 e 11.267 f 0.266 d 2.88 cd H4  

2.707 a 79.66 ab 30.96 a 44.67 f 3.486 f 5 cd 13.633 e 0.33 c 3.193 b A99 350c 

2.844 a 80 ab 31.866 a 55 c 4.066 c 6.67 b 14.867 b 0.39 ab 3.07 bc H2  

2.499 ab 77.333 b 31.206 a 41.33 g 3.183 h 4 de 11.133 g 0.233 d 2.79 d H4  

 
Table 7: Correlation values for the studied traits by the effect of overlap between plant densities and 

varieties 
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Plant 

Height. 

cm2 

1             

tillers. 

Plant-1 

0.933** 1            

Flag 

Leaf 

Area. 

cm2 

0.907** 0.832** 1           

Blade 

Leaf 

Area. 

cm2 

0.976** 0.922** 0.910** 1          

W 

before 

oven 

gm 

0.852** 0.775** 0.789** 0.894** 1         

W after 

oven 

gm 

0.922** 0.838** 0.792** 0.925** 0.826** 1        

Spike 

length 

(cm 

0.977** 0.912** 0.871** 0.964** 0.841** 0.936** 1       
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Num of 

spikes 

plant-1 

0.911** 0.961** 0.849** 0.903** 0.755** 0.824** 0.919** 1      

Spike 

weight 

(g. 

plant-1) 

0.935** 0.939** 0.849** 0.930** 0.764** 0.845** 0.901** 0.928** 1     

Num 

grains. 

Plant-1 

0.886** 0.905** 0.875** 0.882** 0.702** 0.797** 0.843** 0.894** 0.982** 1    

1000 

grains 

weight 

gm 

0.426* 0.388* 0.279 0.404* 0.258 0.422* 0.411* 0.338 0.382* 0.337 1   

Plant 

weight 

gm 

0.637** 0.653** 0.525** 0.649** 0.669** 0.692** 0.632** 0.566** 0.591** 0.554** 0.347 1  

yield. 

(ton/ 

hectare) 

0.300 0.370 0.094 0.291 0.320 0.322 0.350 0.321 0.251 0.187 0.572** 0.326 1 

 
4. Conclusion 

We conclude that the (400) plants. m2 density gave the best results when interfered with different wheat 

varieties. The variety Hawler2 outperformed the rest of the varieties in most of the studied qualities by 

overlapping with all levels of density. 

Therefore, we recommend adopting the density (400) plants. m2 and variety Hawler2 and the overlap 

between them. 

References 

[1] Wolde, G. M., Mascher, M., and Schnurbusch, T. Genetic modification of spikelet 

arrangement in wheat increases grain number without significantly affecting grain weight. 

Molecular Genetics and Genomics. 2019.  294, 457–468. 

https://link.springer.com/article/10.1007/s00438-018-1523-5 

[2] FAO. Statistics of food and agriculture organization. Rome. Italy. 2019.  

[3] Saudi, A. H. Effect of temperature degree on germination and seedling characters of seeds of 

four wheat (Triticum aestivum L.) cultivars. Thi-Qar. Univ. J. for Agric. Rese. 2013. 2(1):81-

99.  

[4] Falconer, K.R. and D.L. Sharma. High wheat seeding rates and plant density do not go hand in 

hand. 13th Australian Agronomy Conference:2006. 10-14. 

[5] Daoud, Wissam Malik. Effect of nitrogen and seed quantities on the growth, yield, and quality 

of five varieties of Spelt bread (Triticum aestivum L.) Ph.D. thesis. Faculty of Agriculture. The 

University of Baghdad. 1999. 

[6] Singh, I. D. and N. C. Stoskopf. Harvest index in cereals. 1971. Agro. J. 63:222-226. 

https://doi.org/10.2134/agronj1971.00021962006300020008x 

https://link.springer.com/article/10.1007/s00438-018-1523-5
https://doi.org/10.2134/agronj1971.00021962006300020008x


Eurasian J. Sci. Eng., 9(3) (2023), 166-179                                                                                                                     177 
 

 

[7] Saudi, A. H.; AL-hassan, M. F. H.; JW, M. Effect of Sowing by Different Seeding Rates on 

Qualitative Ttiats of four Wheat (Triticum aestivum L.) Cultivar Seeds. Iraqi Journal of 

Agricultural Sciences. 2016. 47.2.  

[8] Al-Hassan, Mohammed FH, et al. Response to several varieties of wheat news (Triticum 

aestivum L.) rates for different seeds. Thi-Qar University Journal for Agricultural Researches, 

2014, 3.1.  

[9] Del-Cima, R., M.F. Dantuono and W.K Anderson. The effects of soil type and seasonal 

rainfall on the optimum seed rate for wheat in Western Australia. Aust. J. Exp. Agric.2004. 44: 

585–594. https://doi.org/10.1071/EA01199  

[10] FAHDAWI, Hamada Muslih Mater AL; MUSLEH, Mohammed H. Effect of DAP Fertilizer 

on Yield and Components of Soft Wheat Cultivars. In: Journal of Physics: Conference Series. 

IOP Publishing, 2020. p. 012108. https://doi.org/10.1088/1742-6596/1664/1/012108 

[11] HUNT, Roderick. Plant growth analysis. Institute of Terrestrial Ecology.1982.  

[12] Al-Aseel, Ali Salim Mahdi. Phenotypic genetic associations and pathway coefficients for field 

traits in Spelt bread) (Triticum aestivum L.) Ph.D. thesis. Faculty of Agriculture. The 

University of Baghdad. 1998. 

[13] Destro, D., E. Miglioranza, C.A. Arrabal arias, J.M. Vendrame and J.C. Almeida. Main stem 

and tiller contribution to wheat cultivars yield under different irrigation regimes. Braz. Arch. 

Biol. Technol. 2001. 44: 325–330. https://doi.org/10.1590/S1516-89132001000400001 

[14] Kaur, V. P. Productivity of wheat (Triticum aestivum L.) as affected by sprinkler irrigation 

regimes and nitrogen levels. Master Thesis, Punjab Agricultural University, Department of 

Agronomy, College of Agriculture, Ludhiana, India. 2017.  

[15] Sallam, A., Hashad, M., Hamed, E.-S., and Omara, M. Genetic Variation of Stem Characters 

in Wheat and Their Relation to Kernel Weight under Drought and Heat Stresses. 2015. 137-

146, 18(3): J. of Crop Sci. and Biotechnology. https://doi.org/10.1007/s12892-015-0014-z 

[16] Saada, E., Lawand, S. Evaluation of the performance and productivity of some wheat varieties 

(Triticum ssp. L.) under conditions Damascus Governorate. Journal of Al-Baath University. 

2021.  38(9): 85-115. https://doi.org/10.1088/1755-1315/1262/6/062011  

[17] Jbeil, W. A., and Faleh, F.H. The effect of different quant ities of NPK fertilizer on crowth of 

some kinds of wheat  (Triticum aestivum L.) Al-Muthanna Journal of Agricultural 

Sciences.2014. 2(2): 29-. 

[18] Shirinzadeh, A., Abad, H. H., Nourmohammadi, G., Haravan, E. M., and Madani, H. Effect of 

planting date on growth periods, yield, and yield components of some bread wheat cultivars in 

Parsabad Moghan. International J. of Farming and Allied Sci.s. 2017. 6(4): 109-119. 

https://doi.org/10.36531/ijds.2022.174582 

[19] Vansanford, D.A. Variation kernel growth characters among soft red winter wheat. Crop Sci. 

1985. 25:628-630.https://doi.org/10.2135/cropsci1985.0011183X002500040012x 

[20] Spink, J., T. Semere., D.L. Sparkes, J.M. Whaley, M.J. Foulkes, R.W.Clare and R.K Scott.  

Effect of sowing date on the optimum plant density of winter wheat. Ann. Appl. Biol. 2000. 

137: 179–188.https://doi.org/10.1111/j.1744-7348.2000.tb00049.x 

[21] Nehme, et al. Evaluates the performance of some durum wheat (Triticum durum L.) under 

water deficit conditions based on some morphological, physiological, and productivity 

indicators. Arab Journal of Dry Environments. 2011. 4(1): 4-17.  

[22] Abbadi, N. M. Morphological and Agronomic Traits Characterization of Local Durum Wheat 

(Triticum turgidum var. durum) Varieties Under Different Environmental Conditions in 

Palestine. Master Thesis, An-Najah National University, Faculty of Graduate Studies, Nablus, 

Palestine. 2015.  

https://doi.org/10.1071/EA01199
https://doi.org/10.1088/1742-6596/1664/1/012108
https://doi.org/10.1088/1742-6596/1664/1/012108
https://doi.org/10.1590/S1516-89132001000400001
https://doi.org/10.1007/s12892-015-0014-z
https://doi.org/10.1088/1755-1315/1262/6/062011
https://doi.org/10.36531/ijds.2022.174582
https://doi.org/10.2135/cropsci1985.0011183X002500040012x
https://doi.org/10.1111/j.1744-7348.2000.tb00049.x


Eurasian J. Sci. Eng., 9(3) (2023), 166-179                                                                                                                     178 
 

 

[23] Xie, Q., Mayes, S., and Sparkes, D. L. Optimizing tiller production and survival for grain yield 

improvement in a bread wheat X spelled mapping population. Annals of Botany. 2016.  117, 

51–66. https://doi.org/10.1093/aob/mcv147  

[24] Kebrom, T. H., Chandler, P. M., Swain, S. M., King, R. W., Richards, R. A., and Spielmeyer, 

W. Inhibition of Tiller Bud Outgrowth in the Tin Mutant of Wheat Is Associated with 

Precocious Internode Development. Plant Physiology. 2012. 160, 308–318. 

https://doi.org/10.1104/pp.112.197954  

[25] Khan, I., Khan, S. U., Khan, K. M., Khan, A., Gurmani, A. R., Ali, S., khan, S. M., Khan, I., 

Ullah, I., Ali, I., and Ali, A. Evaluation of five different wheat (Triticum aestivum L.) 

genotypes under drought stress conditions at Haripur Valley. International J. of Bio Sci.s. 

2016. 8(5): 236-241.  

[26] Todd, B.G. and E.H. Stobbe. The bases of the antagonistic effect of 2,4-D on Diclofop-

methltoxicity to wild oat (Avena fatua L.). Weed Sci. 1979. 28:371-377. 

https://doi.org/10.1017/S0043174500055508  

[27] Gehi, D.T., L.D. Balley, L.D. Graht and C.A. Sacller. Effect of increment nitrogen fertilization 

on grain yield and dry matter accumulation of six spring wheat (Triticum aestivum L.) cultivars 

in southern Manitoba. Can. J. Plant Sci. 1990. 70 : 51-60. https://doi.org/10.4141/cjps90-006  

[28] Oulmi, A. Contribution to the study of variation of relative water content, vegetation 

temperature, and foliar structure of the third generation F3 in durum wheat (Triticum durum 

Desf.). Research submitted for the Master's degree, Faculty of Science, Ferhat Abbas 

University, Department of Biology, Sétif, Algeria. 2010.  

[29] Belkharchouche, H., et al. Vigueur de croissance, translocation et rendement en grains du blé 

dur (Triticum durum Desf) sous conditions semi arides. 2009.  

[30] Protic, R., Todorovic, G., Sečanski, M., and Protic, N. Effects of a variety and seed size on 

productive traits of a winter wheat spike. Azarian J. of Agriculture. 2019 . 6(3): 67-73. 

https://doi.org/10.29252/azarinj.009  

[31] Al-Taher and Al-Hamdawi. The contribution of the flag leaf and the lower parts of the leaves 

and the spike in the production of dry matter and composition hold the grain for three 

Wheat. Journal of Al-Muthanna for Agricultural Sciences, 2016, 4.2.  

[32] Sallam, A., Hashad, M., Hamed, E.-S., and Omara, M. Genetic Variation of Stem Characters 

in Wheat and Their Relation to Kernel Weight under Drought and Heat Stresses. 2015. 137-

146, 18(3): J. of Crop Sci. and Biotechnology. https://doi.org/10.1007/s12892-015-0014-z  

[33] Wang, L. F., Chen, J., and Shangguan, Z. P. Photosynthetic characteristics and nitrogen 

distribution of large-spike wheat in Northwest China. J. of Integrative Agriculture. 2016. 

15(3): 545–552. https://doi.org/10.1016/S2095-3119(15)61151-0  

[34] Wang, L. F., and Shangguan, Z. P. Photosynthetic rates and kernel-filling processes of big-

spike wheat (Triticum aestivum L.) during the growth period. New Zealand J. of Crop and 

Horticultural Sci. 2015. 43(3): 182-192. https://doi.org/10.1080/01140671.2014.994644  

[35] AL-Amiry, Mohammed Mahmoud; AL-Ubaidi, Mohammed Owaid. Evaluation of several 

genotypes of wheat and triticale under rain-fed conditions in Sulaymaniyah province. Anbar 

Journal of Agricultural Sciences, 2016, 14.1.  

[36] Mohammed, A. K.; Kadhem, F. A. Effect of water stress on yield and yield components of 

bread wheat genotypes. The Iraqi Journal of Agricultural Science, 2017, 48.3: 729. 

https://doi.org/10.36103/ijas.v48i3.386  

[37] Mushtaq, T., S.Hussain, Bukhsh, M. A., Iqbal, J., and Khaliq, T. Evaluation of two wheat 

genotypes Performance of under drought conditions at different growth stages. Crop and 

Environment. 2011.  2(2): 20-27.  

https://doi.org/10.1093/aob/mcv147
https://doi.org/10.1104/pp.112.197954
https://doi.org/10.1017/S0043174500055508
https://doi.org/10.4141/cjps90-006
https://doi.org/10.29252/azarinj.009
https://www.iasj.net/iasj/journal/274/jMetrics
https://doi.org/10.1007/s12892-015-0014-z
https://doi.org/10.1016/S2095-3119(15)61151-0
https://doi.org/10.1080/01140671.2014.994644
https://doi.org/10.36103/ijas.v48i3.386


Eurasian J. Sci. Eng., 9(3) (2023), 166-179                                                                                                                     179 
 

 

[38] Yildirim, M., and Bahar, B. Responses of some wheat genotypes and their F2 progenies to 

salinity and heat stress. Scientific Research and Essays. 2010.  5(13): 1734-1741.  

[39] Kadum, M. N., Mutlag, N. A., Al-Khazal, A. J., Mohamed, G. A., and Salman, K. A. 

Evaluation of the performance of Bread wheat genotypes (Triticum aaestivum L.) in the central 

region of Iraq by using the Selection technique. Research J. of Chemistry and Environment. 

2019. 23(SI): 101-105.  

[40] Wiersma, J. Determining an optimum seeding rate for spring wheat in northwest Minnesota 

[Online]. Available at www.plant management network.org/cm/. Crop Manage. 2002. 

https://doi.org/10.1094/CM- 2002–0510–01-RS.  

[41] Steel, R.G. and J.H. Torrie. Principles and Procedures of Statistics: A biometrical Approach 

(2nd ed). McGraw Hill Book Co. USA. 1980. P. 481. https://doi.org/10.2307/2287561  

https://doi.org/10.1094/CM-%202002–0510–01-RS
https://doi.org/10.2307/2287561

