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Abstract

This research was carried out to determine the effect of seed sown per m? on grain yield and some yield components (number of spikes
per m?, plant height, spike length, number of grains per spike, grain weight per spike) to combat the drought experienced in Turkey and
many parts of the world due to global warming. The experiment was conducted in a randomized block design with 3 replications using
durum wheat (Burgos) as plant material under farmer conditions in Bozova district of Sanliurfa province in the 2018-2019 growing
season. The results showed that grain yield was between 634.17 kg da™' (650 seeds/m?) and 591.5 kg da™! (850 seeds/m?), number of
spikes per m? 436.67 pieces/spike (650- 750 seeds/m?) and 436.0 pieces/spike (850 seed/m?), plant height between 88.77 cm (750
seed/m?) and 83.23 cm (450 seed/m?), spike length was between 8.0 cm (450 seed/m?) and 6.7 cm (850 seed/m?), number of grain per
spike was between 44.36 seed/spike (450 seeds/m?) and 37.21 seed/spike (850 seeds/m?), and grain weight per spike was between 1.84
gr (450 seeds/m?) and 1.665 gr (850 seed/m?). The grain yield and yield components in both years increased until the optimum sowing
density and then decreased.

Keywords: Sowing, Density, Wheat grain yield, Spike

Makarnalik Bugdayda (Triticum Durum L.) Farkli Ekim Sikhgi

Uygulamalarinin Verim ve Verim Komponentleri Uzerine EtKisi

Oz

Bu arastirma, 2018-2019 yetistirme sezonunda Sanliurfa ilinin Bozova ilgesi ¢ift¢i kosullarinda makarnalik bugday ¢esidi (Burgos) ile
tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak yiiriitiilmiistiir. Diinyada ve iilkemizde olusan kiiresel 1sinmadan dolay1
yasanan kuraklikla miicadele etmek amaciyla m2 ye atilacak tohum miktarinin tane verimi ve bazi verim unsurlarma (m? de basak
sayisi, bitki boyu, basak uzunlugu, basakta tane sayisi, basakta tane agirligi) etkisini tespit etmek amaciyla yiritilmistiir. Aragtirma
sonuglarina gére; tane verimi degerinin; 634.17 kg da™* (650 tohum/m?) ile 591.5 kg da* (850 tohum/m?), m? de basak sayis! degerinin
436.67 adet/basak (650- 750 tohum/m?2) ile 436.0 adet/ basak (850 tohum/m2), bitki boyu degerinin, 88.77 cm (750 tohum/m?) ile 83.23
cm (450 tohum/m?), basak uzunlugu degerinin 8.0 cm (450 tohum/m?) ile 6.7 cm (850 tohum/ m?), basakta tane sayis1 degerinin 44.36
adet/basak (450 tohum/m?) ile 37.21 adet/basak (850 tohum/m?), basakta tane agirhg degerinin 1.84 gr (450 tohum/m?) ile 1.665 gr
(850 tohum/ m?) arasinda degistigi belirlenmistir. Her iki y1lda da optimum ekim sikligina kadar tane verimi ve verim unsurlari artmis
daha sora azalmustir.

Anahtar Kelimeler: Ekim derinligi, Bugday tane verimi, Basak.
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1. Introduction

Wheat cultivation area of Turkey in the 2020/21 production
season was 3.2% of the world wheat cultivation area, and this area
constituted 44% of the total sereal planted land in Turkey. The
wheat cultivation area of Turkey in 2020/21 production season
was 69.2 million da, yield was 287 kg da-1, and the production
was 20.5 million tons (Anonymous 2021). Wheat is the main
source of calories in many countries today, as it was in the past,
due to having sufficient nutritional value for human food and
animal feed, containing balanced amino acids for human
nutrition, ease of transportation, storage and processing, and wide
adaptation limits (Shewry, 2009). The wheat production areas in
our country and the world have reached the natural limits, and the
grain yield has decreased due to severe drought seasons.
Therefore, the amount of production per unit area should be
increased to adequately feed the increasing population. Increasing
the yield obtained from per unit area can only be achieved by the
use of varieties with high yielding, quality, resistant to biotic and
abiotic stresses, and suitable cultivation methods.

Development of superior genotypes as well as implementing
optimum breeding techniques are needed to feed our growing
population, which is expected to reach 100 million in the near
future (Olgun et al. 2016). High yield is closely related to many
factors related to crop yield. In addition, changes in agronomic
practices lead to significant changes on yield and yield
components. Implementation of optimum agronomic measures is
important to increase yield obtained per unit area. Sowing the
seeds at appropriate density is vital for high yield. Geleta et al.
(2002) and Wajid (2004) reported that sowing density is an
important agronomic factor, and especially under irrigated and
arid conditions has a significant effect on yield and yield
components. The sowing density varies depending on the
difference in genotype and environmental factors, and optimum
sowing density for optimum yield should be determined
depending on the climate, soil and environment (Chen et al., 2008;
Thomason et al., 2010).The sowing density is an important factor
effective in increasing the grain yield per unit area. The first
condition for obtaining higher grain yield per unit area for any
variety under certain environmental conditions is to provide
appropriate plant density (Gegit, 1982). Yield components such as
the number of fertile spikes per unit area, the number of grains per
spike and the grain yield per spike, depending on the plant density,
have a direct effect on grain yield.

Determining the optimum sowing density is important to
conserve soil water due to global warming, and to reduce seed
costs of producers. Kaydan and Gegit (2005) indicated that the
increase in sowing density caused an increase in the grain yield
per unit area and the number of fertile spikes per square meter,
and a decrease in the number of grains per spike and grain yield.
Sajjad et al. (2009) revealed that the number of plants and the
number of tillering per m2 increased with the increase in planting
density in Chakwal, Pakistan. Similarly, Aldemir (2014) reported
that the yield increased at the optimum sowing density, while the
yield decreased with increasing further sowing density.

Ogiuchi et al. (2007) determined that increasing sowing
density caused an increase in the number of spikes in
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Nanbukomugi bread wheat variety in Japan. They stated that grain
yield and number of spike increased linearly with increasing
sowing density and the highest grain yield was obtained at 350
seed/m2 sowing density. Kazan et al. (2005) applied five different
sowing densities (350, 450, 550, 650, 750 grains/m2) in Pehlivan
bread wheat at Uludag University Faculty of Agriculture
Agricultural Research and Application Center. The highest grain
yield (513 kgda-1) was obtained at 750 seed/m? sowing density.
Kayagetin (2006) investigated the effect of sowing density (175,
300, 425, 550, 675, 800 seed/m2) on yield of Tarm 92 barley
cultivar, by wusing different sowing machines in Ankara
conditions. They revealed that increasing sowing density cause a
decrease in spike formation time and grain filling time, decrease
in the number of tillers in a plant and the number of grains per
spike and increase in the number of spikes per square meter.

2. Material and Method

The soil analyzes from the farmer field in Bozova district in
2018 and 2019 showed that the soil properties other than organic
matter content were at acceptable levels for plant growth (Table
1). The layout of the experiment was randomized block design
with three replicates. The experiment was conducted under farmer
conditions in Bozova district of Sanliurfa during 2018/2019 and
2019/2020 growing seasons. Burgos durum wheat variety was
used as the plant material.

Table 1. Properties of Soils in the Trial Area

Properties Value
E.C.*103 (Ms) 1.610
PH 7.22
Lime Ratio (%) 334
Total P (kg/da) 4.65
Total K (kg/da) 161
Organic 1.45
Substance Ratio (%)
Cu (mg kg'!) 1.26
Mn (mg kg™!) 5.59
Fe (mg kg™) 6.05
Zn (mg kg') 1.06
146
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Table 2. Important climatic values of the trial location

Months Average Temprature Max. Temprature (°C) Min. Temprature(°C) Average Precipitation
() (mm)
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20

October 19.8 20.8 31.0 32.7 72 10.9 99.2 31.9
November 11.8 13.2 24.5 232 35 5.4 70.3 9.9
December 7.6 8.1 16.1 19.8 -1.0 1.8 212.8 1314
January 4.9 5.4 14.7 13.8 -2.1 -0.5 85.6 70.7
February 7.0 5.7 16.2 18.2 0.8 -6.8 94.8 40.7
March 10.0 12.0 20.8 23.8 1.1 1.7 96.9 103.5
April 13.3 15.5 26.4 27.9 3.7 5.2 117.3 75.5
May 23.3 21.6 37.9 36.4 10.2 10.3 34 49.2
June 28.1 26.4 40.3 38.5 18.8 13.6 35 15.3
Mean 13.9 14.3 25.3 26.03 4.7 4.6 87.1 58.7

The first and second year sowings time were December 11,
2018 and December 19, 2019, respectively. With the sowing, 6 kg
/da P205and N were applied to the plots, and 8 kg da-1 pure N
was applied as top fertilizer. Five different sowing density (300,
400, 500,600 and 700 seed m2) treatments were used in the
experiment. Herbicides were used for narrow and broad-leaved
weeds. The sowing was carried out manually to the lines made
with a hand marker. The size of each plot was 5 x 1.2 m and each
plot had 6 rows. One m gap was left between plots and 3 m
between blocks. The seeds were sown at a depth of 4 to 6 cm at
20 cm interrow spacing (Akkaya, 1994).

3. Results and Discussion
3.1. Grain Yield (kg da™)

The combined grain yield analysis indicated that the effect of
year, treatment and year x treatment interaction (P<0.01) had a
statistically significant effect on grain yield (Table 3). The highest
grain yield (634.17 kg da-1) was obtained at 650 seed/m2 density,
while the lowest grain yield (591.5 kg da-1) was obtained at 850
seed/m2 sowing density (Table 4). Grain yield was lower in the
second year compared to the first year due to excessive
temperature and insufficient precipitation.

Table 3. Table 3. Combined variance analysis of different sowing densities applied in durum wheat on plant height, spike length,

the number of grains per spike, grain weight per spike, grain yield, and number of spike per M? in 2018-2019, 2019-2020.

Source of SD Plant Spike The Grain Grain Number of
Variation Height Length Number of Weight Yield Grains
Grains Per Per Spike Per m?
Spike
Year 1 672,13333 7.2030000* 1121.18 0.43200000 10193.633* 2920.533*
Replicatio 4 2,44533 0.0040000 1.9293 0.00192000 24.933 40.533
n
Treatment 4 114,50867 6.0720000* 135.795 0.14118000 7780.200 * 10466.133*
% 3 % %
Year* 4 4,43667* 0.0120000 627313 0.00030000 3055.533* 6.133
Treatment *
Error 16 4,49467 0.556000 8.8973 0,00608000 595.067 138.133
General 29 798,01867 13.847000 1330.53 0,58148000 21649.367 13571.467
87
CV (%1 0.0061 0.0258 0.0151 0.0111 0.0100 0.0069
* *%: Respectively P< 0.01 and P< 0.05 levels of probability (P<0,01)
e-ISSN: 2148-2683 147
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Table 4. Means and multiple comparison test results related to grain yield (kg da™') of different sowing densites

Sowing Densites Grain Yield (kg dat)

Grain Yield (kg dal) Grain Yield (kg dal)

(Seeds/m?) 2018-2019 ** 2019-2020** Mean **
450 616.33 d 569.0¢c 592.67 ¢
550 633.33b 591,67 b 612.5b
650 649.0 a 619,33 a 634.17 a
750 619.33 cd 616,67 a 618.0 b
850 623.0c 560.0c 5915¢
LSD (0.01) Y LSD: 4.7207 T LSD: 7.4641 Y*T LSD: 10.5558

**: significant at 0.01 levels of probability (P<0,01)

Y: Year, T: Treatment, Y*T: Year*Treatment

Grain Yield in different sowing density during 2018-20192019-2020 gowing season
applied to Burgos wheat
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Figure 1. Grain yield in different sowing density during 2018-2019 and 2019-2020 growing seasons

The increase in sowing density cause a decrease in spike
length, which also cause further decrease in the number of grains
per spike and the grain size. The plants better use of soil nutrients
and sunlight at the optimum planting density, and grow better.
Similar to all plants, vegetative and generative development of
wheat is related to the plant's use of soil water. The plants uptake
water through the roots to transport nutrients from soil to upper
body parts and to perform vital metabolic processes. Therefore,
the need for water increases with the increase in plant density. The
amount of precipitation and temperature in the first year of the
experiment were higher than the second year. In dry years,
available water content of soil depletes, therefore, grain yield and
yield components that affect grain yield significantly decrease
even if additional irrigation is applied. Parameters such as the
number of spikes per plant and the number of grains per spike
directly affect the grain yield per unit area, and these values vary
with the plant density (Kaydan et al., 2012). The results obtained
are also in agreement with the researchers who reported that grain
yield increased with increasing sowing density (Kara 2007, Turk
& Tawaha 2003, Teich and Smid 1993, Kaydan 2003, Kara).
Grain yield per unit area increased with the increase in planting
density up to a certain rate and the highest values were reached at
650 seeds/m” planting density. Many studies have reported that
the highest grain yield can be obtained with the optimum sowing
density in both irrigated and rainfed conditions (Igbal et al., 2012;
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Akinci, 2014; Anwar et al., 2015). The increase in sowing density
increases the dry matter accumulation following the heading stage
(Fang et al 2010), however, the dry matter accumulated in the
grain is adversely affected after a certain sowing density. Sowing
density up to 650 seeds/m? increased the grain yield, while grain
yield started to decrease sowing density higher than 650 seeds/m?
(Figure 1). Similar to our findings, most of the studies conducted
in different regions and with different cultivars reported that the
grain yield increases up to a certain sowing density, and than
decreases after that density (Kayagetin, 2006; Caglar et al., 2009;
O'Donovan et al., 2012). The increase in sowing density causes
competition among plants due to the presence of more plants per
unit area, therefore, water and nutrients per plant decrease and
grain yield decreases (Dai et al., 2013; Haile et al., 2013; Shah,
2016).

3.2. Number of Spike Per M? (number/spike)

The combined data showed that the effect of year, treatment
and year X treatment interaction on the number of spikes per m?
was statistically significant (P<0.01) (Table 3). The highest spike
number (436.67 head/spike) per m? was obtained with 650-750
seed/m?, while the lowest value (436.0 head/spike) was recorded
with 850 seed/m? sowing density (Table 5).
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Table 5. Means and multiple comparison test results related to number of grains per m?
of different sowing densites (number/spike)

Sowing Densites Number of Grains Per M? Number of Grains Per M? Number of Grains Per M?
(Seeds/m?) (number/spike) (number/spike) (number/spike)
2018-2019** 2019-2020%** Mean**
450 401,33 ¢ 375d 39130
550 419.0b 400 ¢ 408.67 b
650 446.67 a 432 ab 436.67 a
750 445.0 a 442.0 a 436.67 a
850 446.67 a 430b 436.0 a
LSD (0.001) Y LSD: 2.2744 TLSD: 3.5962 Y*T LSD: 5.0858

**: significant at 0.01 levels of probability (P<0,01)

Sowing density up to 650 seeds/m2 increased the number of
grains per m2 in different sowing densities, while grain yield
460
440

42
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40
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o
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o

Number Of Spike Per M? (number/spike)

Y: Year, T: Treatment, Y*T: Year*Treatment

started to decrease sowing density higher than 650 seeds/m2
(Figure 2).
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Sowing Density (Seed/m 2)
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Figure 2. M2 Number of Grains Per m?in different sowing density during 2018-2019 2019-2020
gowing season applied to Burgos wheat

The increase in sowing density up to 650 grains/m2 increased
the number of spikes per square meter, while the number of spike
values were close to each other in subsequent sowing density
treatments. The decrease in tillering with the increase in sowing
density starting from the sowing density of 650 seeds/m2 caused
a decrease in the number of spikes per square meter. The amount
of precipitation in the second year up to the heading stage was
significantly lower than the precipitation in the first year.
However, precipitation during and after the heading period in the
second year was considerably higher compared to the first year,
and this precipitation caused to form new tillers in the post-
heading period and these tillers produced new spikes. Therefore,
the number of spikes per m2 was very close in sowing densities
higher than 650 seed/m2. Previous studies investigated the effects
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of different sowing densities indicated that sowing density
significantly affects the number of spikes per square meter.
(Geleta et al., 2002; Cheema et al., 2003; Thomason et al., 2010;
Ozdemir, 2011; Igbal et al., 2012; Akinci, 2014; Wood et al.,
2003).

3.3 Plant Height

The combined data showed that the effect of year, treatment
and year x treatment interaction on plant height was statistically
significant (P<0.01) (Table 3). The highest plant height (88.77
cm) per m2 was obtained with 750 seed/m2, while the lowest
value (83.23 cm) was recorded with 450 seed/m2 sowing density
(Table 6).
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Table 6. Means and Multiple Comparison Test Results Related To Plant Height (kg da™') of Different Sowing Densites

Sowing Densites Plant Height (cm) Plant Height (cm) Plant Height (cm)
(Seeds/m?) 2018-2019** 2019-2020** Mean**

450 88.13d 78,33 d 83.23d

550 90.40 c 80.50 ¢ 8545 ¢

650 91.47 be 83.53a 87.50b

750 9373 a 83.80a 88.77 a

850 92.47 ab 82,70 b 87.58b

LSD (0.01) Y LSD: 0.4102 TLSD: 0.6486 Y*TLSD:0.9174

**: significant at 0.01 levels of probability (P<0,01)

Plant height increased up to 750 seeds/m2 sowing density and
then decreased (Table 6). The leaves shade each other at high
sowing density, therefore, the plants height increases to reach the
light needed. However, when the sowing density exceeds the
optimum sowing density, the plant height cannot increase further.
In addition, the effect of water deficiency on plant height,
especially in the stem elongation period, had a greater effect than
the water deficiency and irregularity observed in the grain filling
period. The precipitation in the second year especially when it
needed was insufficient, therefore available plant water content
was very low which caused plant heights to be shorter than the
first year, even if additional irrigation was applied. Some
researchers have also reported that plant height is significantly
affected by the sowing density (Geleta et al., 2002; Khan et al.,

Y: Year, T: Treatment, Y*T- Year*Treatment

2002; Zeybek et al., 2005; Soomro et al., 2009; Torofder and
Hossain 1991; Kaydan 2003; Wood et al. 2003). Geleta et al.
(2002) reported that the plant height increased up to a certain point
with the increase of sowing density and decreased with further
increase in sowing density.

3.4. Spike Length

The combined data indicated that the effect of year, treatment
and year X treatment interaction on plant spike length was
statistically significant (P<0.01) (Table 3). The longest spike
length (8.0 cm) was obtained with 450 seed/m2, while the shortest
value (6.7 cm) was recorded with 850 seed/m2 sowing density
(Table 7).

Table 7. Means and multiple comparison test results related to spike length (cm) in different sowing densities

Sowing Densites Spike length (cm) Spike length (cm) Spike length (cm)
(Seeds/m?) 2018-2019 2019-2020 Mean
450 85a 7,5a 80a
550 7.6 be 6.66 bc 7.1c
650 7.8b 69b 7.35b
750 7.4 cd 6.4c 6.9 cd
850 7.2d 62c 6.7d
LSD (0.01) YLSD: 0.1443 TLSD: 0.2281 Y*T LSD: 0.3226

**: significant at 0.01 levels of probability (P<0,01)

Dense seed sowing caused a decrease in spike length in both
years of the experiment. Nutrient, water and light per plant
decrease with the increase in sowing density per unit area. The
plant height decreases with the competition among plants, and
also spike length decreases accordingly. The results on adverse
effect of high sowing density on spike length are in accordance
with those reported by Naveed et al. (2014), Adinew (2015),
Gooding et al. (2002), Atak and Cift¢i (2005) and Ahmad et al.
(2000).

3.5. The Number of Grains Per Spike

The combined data on the number of grains per spike
indicated that the effect of year, treatment and year x treatment
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Y: Year, T: Treatment, Y*T: Year*Treatment

interaction on the number of grains per spike was statistically
significant (P<0.01) (Table 3). The highest number of grains per
spike .(44.36 grain/spike) was obtained with 450 seed/m2, while
the lowest value (37.21 grain/spike) was recorded with 850
seed/m2 sowing density (Table 8).

The highest number of grains per spike in both years of the
experiment was obtained in the highest sown density (450
seed/m2), while the lowest number of grains per spike was
recorded the least dense sowing (850 seed/m2) treatment (Table
8). The number of grains per spike is usually determined prior to
the flowering period (Warrington et al., 1977). The number of
grains per spike decreased linearly with the increase in the amount
of seeds planted per square meter.
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Table 8. Means and Multiple Comparison Test Results Related To The Number of Grains
Per Spike of Different Sowing Densites

Sowing Densites The Number of Grains The Number of Grains The Number of Grains
(Seeds/m?) Per Spike (gr /spike) Per Spike (gr /spike) Per Spike (gr /spike)
450 48.53 a 40.20 a 4436 a
550 47.00 b 38.10b 42.55b
650 4533 ¢ 35.56¢ 4045 ¢
750 43.66d 31.73d 37.70d
850 43.46d 30.96d 37.21d

LSD (0.01) YLSD: 04729 TLSD:0.7478 Y*T LSD: 1.0576

**: significant at 0.01 levels of probability (P<0,01) Y: Year, T: Treatment, Y*T: Year*Treatment

The decrease in the number of grains per spike with the
increase in sowing density can be associated with the increase in
the number of plants and spikes per unit area, as well as the
decrease in the area where the plants benefit from water and
nutrients (Kaydan et al., 2012). Increasing sowing density under
both rainfed and irrigated conditions had a decreasing effect on
the number of grains per spike. Similar results have been reported
in many other previous studies (Riiegger et al., 1993; Oztiirk,
1996; Spink et al., 2000; Chaudhry and Hussain, 2001; Hussain et
al., 2001; Lloveras et al., 2004; Bokan and Malesevic, 2004;
Bulut, 2009; Nakano and Morita, 2009; Soomro et al., 2009; Ding,
2010; Kili¢ and Giirsoy, 2010; Ahmadi et al., 2011; Ozdemir,
2011; Haile et al., 2013; Adinew, 2015; Li et al., 2016).

3.6. Grain Weight Per Spike

The combined data on the grain weight per spike indicated
that the effect of year, treatment and year x treatment interaction
on the grain weight per spike was statistically significant (P<0.01)
(Table 3). The highest grain weight per spike (7.81 g) was
obtained with 450 seed/m2, while the lowest value (1.665 g) was
recorded with 850 seed/m2 sowing density (Table 8). The grain
weight per spike decreased rapidly with the increasing sowing
density, but this ratio of decrease was not high with the further
increase in the sowing density.

Table 9. Means and Multiple Comparison Test Results Related To Grain Weight Per Spike (gr /spike) of Different Sowing Densites

Sowing Densites Grain Weight Grain Weight Grain Weight
(Seeds/m?) Per Spike (gr /spike) Per Spike (gr /spike) Per Spike (gr /spike)
450 1.96a 1.72a 1.84a
550 1.92a 1.68 b 1.80b
650 1.85b 1.6lc 1.73 ¢
750 1.80 ¢ 1.55d 1.675d
850 1.78 ¢ 1.55d 1.665d
LSD (0.01) Y LSD: 0.0150 TLSD: 0.0238 Y*T LSD: 0.0337

**: significant at 0.01 levels of probability (P<0,01)

The decrease in grain weight per spike in the second year was
higher than that of the first year. Grain weight per spike is
determined by the number of grains per spike and the 1000- grain
weight (Korkut et al. 1993), which positively affects the grain
yield (Kahraman 2006). The decrease in spike length with the
increase in sowing density causes a decrease in the number of
grains per spike. The results may be attributed to the significant
effect of hereditary traits on 1000-grain weight compared to the
other yield traits and the effect of 1000-grain weight on grain
weight per spike. In addition, the precipitation, especially in April
and May, in the second year, caused the formation of new tillers,
however, high temperature in the second year caused a shortening
of the grain filling period and thus a decrease in the grain weight
per spike. Previous studies indicated that high sowing densities
also limit grain filling period and reduce 1000-grain weight
(Kayagetin, 2006; Caglar et al., 2009; O’Donovan et al., 2012;
(Bavec and ark., 2002; Kazan and Dogan, 2005; Laghari et al.,
2011; Ozdemir, 2011; Li et al., 2016).
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Y: Year, T: Treatment, Y*T: Year*Treatment

4. Conclusions and Recommendations

The results revealed that grain yield and yield components of
durum wheat differed significantly depending on the different
sowing densities. The increasing sowing density increased the
grain yield, the number of spikes per square meter, and the plant
height values; while decreased the spike length, number of grains
per spike and grain weight per spike. The increase in sowing
density had a positive effect on plant growth, grain yield and yield
components to a certain extent, but after a certain point, high
sowing density adversely affected plant growth, grain yield and
yield factors. The use of soil moisture at the highest level and
increasing the grain yield and yield component values can only
achieved by determining the most suitable sowing density.
Climate change is one of the most important environmental and
economic problems of our time. Therefore, the use of soil
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moisture at the maximum level will ensure to benefit from the
plant nutrients in the soil and accordingly, obtain the highest yield
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