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ABSTRACT

Canola (Brassica napus L.) is one of the most important oil seed crops for human consumption. Effects of
sowing date and glycine betaine application on yield and oil content of canola genotypes deserve attention. The
present study therefore aimed to evaluate the effect of sowing date and glycine betaine on some traits of six
canola genotypes (namely Elvis, HL2012, L155, KR2, HW113 and Danob). The genotypes were sown in three
sowing dates (October 7, 17, and 27), for two years (2014-2015 and 2015-2016). A factorial split-plot
experiment was conducted in a complete randomized blocks design with three replications, where the sowing
dates and the two levels of glycine betaine (0 and 0.2%) were allotted to main plots and the genotypes were
allotted to subplots. The main effects of sowing date, glycine betaine and genotype were significant for almost
all measured traits. The first sowing date and the application of glycine betaine had a positive effect on the all
measured traits. According to the result Danob and HL2012 genotypes with high yield and oil content were
more suitable for cultivation in the studied area. At the end, the determination of sowing date and choosing a

suitable genotype for each region are very important to obtain high yield.
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INTRODUCTION

Canola (Brassica napus L.) is considered to be a
healthy oil for human consumption compared to other
vegetable oils because of favorable combinations of the
essential fatty acids in seeds (Bilgili et al., 2011,
Fiebelkorn and Rahman, 2016; George et al., 2017; Rad et
al., 2014). The main objective of canola breeders is to
increase the seed and oil yields. These traits strongly
influenced by environmental conditions and the
interaction of environment and genotype (Hassanabadi et
al., 2019; Marjanovi¢-Jeromela et al., 2008). Selection of
appropriate sowing date in each region is one of the
important factors for achieving the maximum economic
and biological yield of crops (Hossain et al., 2003).
Sowing date affects the vegetative and reproductive
growth period which led to change in the plant yield
(Gholamian and Bayat, 2013; Turhan et al., 2011). Before
the onset of cold, the plant must have sufficient growth
and nutrition to provide resistance to frost (Turhan et al.,
2011). Late sowing date cause to the exposure of
flowering and seed maturing period with drought stress at
the end of the growth season, which result in the
accelerated filling and will finally result in poor quality
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and reduction in the yield (Morrison and Stewart, 2002;
SheikhBeig-Goharrizi et al., 2016). There are different
management practices to enhance the quantitative and
qualitative yield of oilseed plants such as the applications
of free amino acids containing compounds, bioactive
oligopeptides, organic matter and mineral elements
(Przybysz et al., 2014). Studies have shown that amino
acids directly and indirectly affected the physiological
activity of plant growth and development, and led to an
increase in the yield under stress conditions (El-Aal et al.,
2010; Hadi et al., 2011; Przybysz et al., 2014). Glycine
betaine is an amino acid which plays a role as a
cytoplasmic osmolites and protects enzymes and
membranes from the effects of wastewater, and also
increases the stability of cell walls against the effects of
environmental stresses such as drought, salinity, cold and
heat stresses (Akbari et al., 2018; SheikhBeig-Goharrizi et
al., 2016). In many crops, the natural accumulation of
glycine betaine is less than the amount that compensates
for the harmful effects of the plant under environmental
stresses (Mékela et al., 2019). An external application of
glycine betaine may reduce the environmental stresses
damages. The moderating role of glycine betaine seems to
depend on several factors, such as the type of product, the


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/brassica-napus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/brassica-napus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/essential-fatty-acid

time and rate of its application and environmental
conditions (Ashraf and Foolad, 2007; Sakamoto and
Murata, 2002). The application of glycine betaine
improved the plant's aqueous relationships, and
subsequently photosynthetic activity and hydrocarbon
production increased in the plant (Xing and Rajashekar,
2001). Glycine betaine can improve growth, survival and
tolerance of plants under different stress conditions
(Ashraf and Foolad, 2007). Such improvements occur by
the regulation of several biochemical and physiological
processes, maintaining turgor pressure, enhancing the net
CO; assimilation rate and protecting functional proteins
and enzymes (Qureshi et al., 2013; Agboma et al., 1997;
Lopez et al., 2002). Rapeseed production in Iran is limited
by a variety of stresses such as drought, salt, cold and
heat. Therefore, the selection of different varieties and
finding out the optimum sowing date are important for a
successful production practice. The present study aimed to
evaluate the effects of glycine betaine and sowing date on
different varieties of rapeseed.

MATERIALS AND METHODS
Exprimental conditions

This experiment was conducted as a factorial split-plot
experiment in randomized complete block design with
three replications in Karaj Seed and Plant Improvement
Institute (35° 49" E and 51° 6" N, 1321 m asl) during two
years (2014-2015 and 2015-2016). The studied factors
were included the sowing date (October 7, 17, and 27) and
glycine betaine (GB was applied as 0 and 0.2%) that were
factorial in the main plots and six canola genotypes (Elvis,
HL2012, L155, KR2, HW113 and Danob) were placed in

subplots. The Ec of the soil equals 0.66 dS m* and the pH
ranges from 7.2 to 7.9 (Table 1). Climate data, including
temperature and precipitation for the whole year were
presented in Table 2. Each plot consisted of six rows with
6 m long and 60 cm apart spaced. Seeds were sown by
hand with 5 cm distance in rows. Two lateral rows were
considered as the marginal plot. The liquid solution of
glycine betaine was sprayed on the seedlings when they
had 4 to 6 leaves. During the maturity stage, the following
traits including plant height (cm), stem diameter (cm),
number of branches per plant, number of silique per main
stem, number of silique per shoots, number of silique per
plant, number of seeds per silique, number of seeds per
main silique, number of seeds per sub-silique, leaf relative
water content (%), canopy temperature, 1000-seed weight
(9), seed and oil yield (kg ha'), were measured (Table 3).

The canopy temperature was measured using an
infrared thermometer with a coefficient of 0.99. Fletcher
et al. (1988) method was used to measure the leaf relative
water content. The youngest leaves were selected and
isolated and immediately transferred to the laboratory.
Five circular discs were prepared and their fresh weight
was recorded. The leaf discs were transferred to an
electric oven at 80 °C and after 24 h, the dry weight of the
discs was determined with a sensitive scale. Finally, the
RWC was calculated from the following equation
described by Singh (1977):

RWC (%) = [(FW-DW) / (TW-DW)] x 100,

Where, FW, TW, and DW are fresh, turgid, and dry
weights, respectively.

Table 1. Physical and chemical characteristics of soil in the present study.

First year Second year
A Sampling Sampling Sampling Sampling

Specifications depth (cm) depth (cm) depth (cm) depth (cm)

0-30 30-60 0-30 30-60
Electric conductivity (dc Siemens / m) 1.45 1.24 1.33 1.15
pH 7.9 7.2 7.8 7.4
Percentage of neutralizing agents 8.56 6.68 8.25 8.46
Moisture content of saturated flower 36 38 35 37
Organic carbon (%) 0.91 0.99 0.83 0.96
Total nitrogen (percent) 0.09 0.07 0.08 0.06
Available phosphorus (mg / kg) 14.7 15.8 14.2 15.3
Available potassium (mg / kg) 197 155 165 148
Clay percentage 28 25 29 27
Silt percentage 47 49 45 46
Sand percentage 25 26 26 27
Soil pattern Loam clay Loam clay Loam clay Loamy clay
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Table 2. Climate data experimental from the target area.

Month October November December January February
Year 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Rainfall (mm) 13.4 35 13.7 77.4 31.6 28.6 6 15.6 47.8 8.7
Temp (°C) 18.1 19.4 18.2 10.5 6.3 4.6 5.2 5.1 7.3 4.9
Month March April May June July

Year 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Rainfall (mm) 21.3 17.8 45.4 75.5 2.2 13 6.6 - - -
Temp (°C) 6.7 11.8 13.8 11.7 20 19.9 26.4 26.4 30.9 28.9

Data Analysis

In order to verify the homogeneity of the error
variance of the combined analysis, Bartlett’s y? test was
used. Since the data of the two years had homogeneous
variances, the combined analysis was performed on the
data which were analyzed using Statistical Analysis
Software (V. 9.1; SAS Institute, Cary, NC). The mean
values were compared via the LSD test (Steel and Torrie,
1980). A cluster analysis was performed in order to
distinguish among the six genotypes based on the
arithmetic mean method (UPGMA). The cluster analysis
was performed by the SPSS software on Windows 20.0
(SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION
Analysis of Variance

Bartlett’s test revealed that the data of the two years
had homogeneous variances, therefore the combined
analysis was performed on the data. The results of
analysis of variance (ANOVA) of the measured traits
showed that none of the triple and quadruple effects of the
studied factors were significant, while the dual interaction
of sowing date and genotype was significant for the most
of the measured traits including plant height, stem
diameter, number of siliques per main stem, number of
siliques per branch, number of siliques per plant, number
of seeds per main silique, number of seeds per silique,
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1000 seed weight, and seed and oil yields (Table 3). Also,
ANOVA showed that the simple effect of the three studied
factors, i.e. the genotypes, the sowing dates and the two
levels of GB, caused significant differences (P < 0.01 or P
< 0.05) among the measured parameters. Rad et al. (2015)
reported that all of the assessed traits including seed yield,
seed oil content, seed oil yield, plant height, stem
diameter, pod length, number of pods per plant, number of
branches per plant, number of seeds per pod, total
chlorophyll content, 1000 seeds weight, and the oleic acid
content were affected by different sowing dates. Apart
from the ‘single seed weight’, all other traits of the
rapeseed were affected by the genotypes being used
(Siadat and Hemayati, 2009). According to Wickens and
Keppel (2004), when the interaction of factors is
significant, then less attention is paid to the main effects
and then the main focus will be on the interaction effects.
The interaction between sowing date and year was
significant for the number of siliques per main stem,
number of siliques per plant, number of seeds per main
silique, number of seeds per silique, and 1000-seed
weight. The results indicated that the number of branches
per plant had the highest coefficient of variation among
the evaluated traits, indicating a high level of variation for
this trait compared to the other traits among the studied
genotypes. The results of the present study indicated that
the canopy temperature was found as high with delay in
sowing date (Table 4).



Table 3. Analysis of variance on for the traits of canola genotypes.

S.0V df PH SD CT RWC NBP NSMS NSS SNP NSPMS NSSS NSPS TSW SY oYy
Y 1 *%* ns *%* ns *% *% ns *% *% *%* *%* *%* *%* *%*
E 4
S 2 *%* *%* *%* *% *% *% *% *% * *% *%* *%* *%* *%*
Y xS 2 ns ns ns ns ns *x ns * *x ns * *k ns ns
G B 1 ** ** ** * ** ** ** ** nS ** ** ** ** **
Yx GB 1 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Sx GB 2 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
YxSx GB 2 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
E 20
G 5 ** ** ** * *%* *%* *%* *%* *%* *%* ** ** ** **
Yx G 5 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
SX G 10 ** ** ns nS nS ** ** ** ** ns ** ** ** **
YxSx G 10 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
GB x G 5 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
YxGB x G 5 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Sx GB xG 10 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
YxSx GB xG 10 ns ns ns ns ns ns ns ns ns ns ns ns ns ns
E 120
C.V (%) - 4.9 8.7 3.32 2.46 18.2 9.6 8.93 6.78 7.77 9.43 6.89 9.51 11.98 11.92

S.0.V: source of variation, df: degree of freedom, Y: year, E: error, S: sowing date, GB: Glycine-betaine, G: Genotypes, C.V: Coefficient of variation. ns, *and ** not significant and significant at P<0.05 and P<0.01,
respectively. PH: Plant height, SD: Stem diameter, CT: Canopy temperature, RWC: Relative water content, NBP, Number of branches per plant, NSMS: Number of silique per main stem, NSS: Number of silique per
shoots, SNP: Number of silique per plant, NSPMS: Number of seeds per main silique, NSSS: Number of seeds per sub-silique, NSPS: Number of seeds per silique, TSW: 1000-seed weight, SY: Seed yield, OY: QOil

yield.
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Table 4. Main effects of planting date, glycine betaine and genotypes on measured traits of Canola.

Factors PH SD CT RWC NBP NSMS NSS
Crop year
2014-2015 146.74 b 9.80 a 3149 a 86.46 a 6.74b 61.71b 99.65 a
2015-2016 159.60 a 9.84 a 30.69 b 86.12 a 752a 72.99 a 101.69 a
Planting date
October 7 182.04 a 13.04a 29.32b 89.14 a 945a 91.84a 140.09 a
October 17 152.88 b 9.69b 31.00 ab 86.01 ab 7.10b 67.76 b 97.94 b
October 27 125.14 ¢ 6.76 c 32.89a 83.70b 494 ¢ 43.39¢ 64.52 c
GB!
Control 149.61 b 940hb 31.34a 85.92b 6.83b 64.07 b 95.60 b
GB 156.74 a 10.24 a 30.84 b 86.67 a 743a 70.63 a 105.74 a
Cultivar
Danob 157.04 bc 10.00 ab 30.46 b 86.34 bc 7.60a 74.14 a 10291 b
Elvis 161.42 ab 10.59a 30.69b 86.63 ab 7.90a 73.84 a 114.71a
HL2012 151.00 ¢ 9.28 hc 3143 a 85.64 ¢ 6.67 b 66.21 b 94.36 ¢
HW113 149.00 ¢ 9.18¢c 31.33 a 85.73 cd 6.91b 66.77 b 97.72 bc
KR2 150.14 ¢ 9.05¢ 31.43 a 84.85d 6.40b 64.20b 93.60c
L155 164.79 a 10.53 ab 30.53 b 87.46 a 7.85a 73.52 a 114.89 a
Table 4. Continued.

Factors SNP NSPMS NSSS NSPS TSW SY oY
Crop year
2014-2015 161.36 b 20.41b 13.71b 17.06 b 3.25b 3887 b 1724 b
2015-2016 174.68 a 23.26 a 16.15a 19.70 a 440a 4630 a 2070 a
Planting date
October 7 231.93a 26.07 a 1756 a 21.82a 4,76 a 5518 a 2519 a
October 17 165.70 b 21.89b 15.18 ab 18.54 ab 3.87 ab 4283 b 1897 b
October 27 107.90 ¢ 17.71c 12.17b 14.94 b 291b 2975 ¢ 1276 ¢
GB!

Control 159.66 b 21.31a 1458 b 17.94 b 3.71b 4098 b 1818 b

GB 176.38 a 22.36 a 15.28a 18.82a 3.95a 4419 a 1976 a

Cultivar
Danob 177.04b 22.99 a 15.68 ab 19.34a 4.18 ab 4548 a 2040 a
Elvis 188.55 a 23.73a 16.27 a 20.00 a 435a 4419 a 1969 a
HL2012 160.58 ¢ 21.62b 15.11b 18.36 b 4.00 bc 4584 a 2060 a
HW113 164.49 ¢ 21.25b 15.31b 18.28 b 4.07 ab 3932 b 1740 b
KR2 157.80 ¢ 21.64b 14.81b 18.22 b 3.74 ¢ 4035 b 1789 b
L155 188.41a 23.46 a 16.00 a 19.73a 4.20 ab 4034 b 1786 b

Means within each column with different letters differ significantly at LSD 0.05. PH: Plant height, SD: Stem diameter, CT: Canopy temperature,
RWC: Relative water content, NBP, Number of branches per plant, NSMS: Number of silique per main stem, NSS: Number of silique per shoots,
SNP: Number of silique per plant, NSPMS: Number of seeds per main silique, NSSS: Number of seeds per sub-silique, NSPS: Number of seeds per

silique, TSW: 1000-seed weight, SY: Seed yield, OY: Qil yield.

The high canopy temperature can be attributed to the
closure of the stomata due to the sensitivity of the stomata
to water deficiency, which resulted in no transpiration and
increased leaf temperature. There is a relationship
between canopy temperature and photosynthesis, which
the lower canopy temperature, the more photosynthesis
result in more seed and oil yields (Pinter Jr et al., 1990;
Kettlewell et al., 2010). Similar results were observed for
the two years, three sowing date, and application of GB.
However there was not relationship among the 6
genotypes. In the present study, the interaction of year
and sowing date was not significant for the seed and oil
yields, therefore results suggested that the sowing date of
October 7 can be better than other sowing dates. Since this
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sowing date was earlier than the other two sowing dates,
the growth and development of the plant were better and
the plant was sufficiently resistant before facing the cold
winter. Early sowing date resulted in more and better plant
utilization of nutrients and light, which led to an increase
in photosynthesis and optimum transfer of assimilates to
the seeds. Early sowing dates also lead to escape of the
flowering and maturity periods from the end-season
drought stress and eventually result in increased seed and
oil yields (Morrison and Stewart, 2002).

According to the result, application of glycine betaine
significantly increased the following traits, RWC, number
of branches per plant, and number of seeds per sub-silique



compared to control. The HL2012 genotype had the
highest amount of seed yield (4584 kg/ha) and seed oil
yield (2060 kg/ha). However, the lowest values of these
traits were obtained in the HW113 genotype. These traits
had the highest values in the first sowing date (October 7).
According to table 4, delaying the sowing date reduced
the average values of these traits. Siadat and Hemayati
(2009) reported that delaying the sowing date caused a
reduction in all yield components, especially in oilseed
yield. The delay in sowing date causes the flowering
period to happen in May-June when evaporation and
transpiration rates peak, thereby causing the crops to
suffer from water stress (Yau, 2007). During the flowering
period, rapeseed is susceptible to drought stress.
Nonetheless, the genotypes showed varying degrees of
susceptibility. Water stress reduced the seed yield of the
crop during the flowering stage (Bitarafan and Rad, 2012).
The application of glycine betaine increased the amount of
seed yield from 4089 to 4419 (kg/ha), and increased the
oil yield from 1818 to 1976 (kg/ha). Glycine betaine
treatments caused significant increases in seed and oil
yields of canola (Dawood and Sadak, 2014). However, the
interaction between sowing date and glycine betaine was
not significant, while the glycine betaine appeared to be
useful for the plant during the flowering period when the
sowing date had been delayed. The application of glycine

betaine can improve the plants tolerance to stress (Ashraf
and Foolad, 2007). Glycine betaine promotes plant yield
under stress conditions due to its osmoprotective effect on
the photosynthetic machinery of the plant and because of
its contribution to the regulation of ion homeostasis (Raza
et al., 2007). It improves CO; assimilation (Hussain et al.,
2008) and assists the biosynthesis and transport of
hormones (Taiz and Zeiger, 2006). There are many reports
on different plants claiming that the application of glycine
betaine  enhanced  physiological, = morphological,
biochemical and yield parameters (Hussain Wani et al.,
2013; Giri, 2011).

The results of the mean comparison of the interaction
between genotype and sowing date showed that the
HL2012 and Danob genotypes had the highest mean
values of seed and oil yields per hectare on the first
sowing date. While, the HW113, KR2 and L155
genotypes had lower mean values not only for these two
traits but also for 1000 seed weight, number of seeds per
silique and number of siliques per plant (Table 5). Though
in the first sowing date the highest seed and oil yields
were obtained from HL2012 and Danob genotypes but in
the two other sowing dates, Elvis genotype had the highest
mean values for these traits.

Table 5. Interaction between sowing date and cultivar of the measured traits of canola.

Sg";’t':g Cultivar  PH SD  NSMS NSS SNP  NSPMS NSPS  TSW sY oY
Danob  192a 142a 1002a 1554a  2557a 27.3ab 229a 505a 5878a 2707a
Elvis 173c 121c 842c  1266d  211.4d 25¢  209b  448b  5151b  2329b
October HL2012 194a 145a 102.2a 1584a  260.9a 278a 233a 51la 5971a 2759a
7 HW113 179b 127b 882bc 1355bc  223bc  256c  21.4b  4.65b  5386b  2447b
KR2  182b 13b  912b  1404b 232b 26bc  21.7b  472b  5460b  2485b
L155 176b 124b 86.2bc 1315cd 217.9cd  253c  211b  458b  5267b  2387b
Danob  159d 105d 731d  1063e  179.2ef  229d  193c  4lc  4573c  2039c
Elvis 162d 108d 751d  109.4e  1846e  234d 196c  41lc  4687c 2096 ¢
October HL2012 157d 102d 70.1d  1028e  1737f 224d 189c 396cd 4510c  2005¢
17 HW113 14le 85e 591e  849f  1441g 20.1e 172d  359e  3868d 1695d
KR2  144e 87e 60.1e 87 f 14789  205e 175d 367e 3986d 1752d
L155 127e 9e 63.1e  89.9f 15329  209e 17.7d 307de  4074d  1793d
Danob  127f 7.f  451f 6879  1146h 181fg 153e  3.1fg  3193e 1375¢
Elvis  132f 76f 501f  731g  1235h  187f  16e 324f  3420e 1483e
October HL2012 129f 7.4f  481f  703g  1187h  184f 156e  3.15f 3274e 14l6e
27 HW113 117g 58g 3589  54.7h 89.9i 163h  137f  253h  2543f 1078 f
KR2 1189 6g  379g  56.7h 938 166h 139f 261h  2661f 1129 f
L155 1209 6.2g 399g  595h 985i  169gh 142f 272gh  2761f 1177f

Means within each column with different letters differ significantly at LSD 0.05. PH: Plant height, SD: Stem diameter, NSMS: Number of silique per
main stem, NSS: Number of silique per shoots, SNP: Number of silique per plant, NSPMS: Number of seeds per sub-silique, NSPS: Number of seeds

per silique, TSW: 1000-seed weight, SY: Seed yield, OY: Oil yield.

Delay in the sowing date has negatively affected seed
and oil yields of canola due to the exposure of vegetative
and reproductive stages to adverse environmental
conditions. Chilling is one of the most important of these
condition, which affects the plant and prevents sufficient
growth and nutrition (Turhan et al., 2011; Robertson et al.,
2004). Also, in delayed sowing date, the rate of
emergence and development of canola seedlings decreases
due to the decreased activity of the enzymes involved in

the solution and the movement of the seed reserves to the
meristem points, which is also due to the lack of
temperatures necessary for the desired activity of the
enzymes concerned. In addition, in delayed sowing date
the flowering and maturation period of the plant may be
faced with the end-season drought stress, which results in
quick maturing, shortening the seed filling period, and
preventing the optimal transfer of photosynthetic materials
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to the seeds and ultimately reducing yields(Morrison and
Stewart, 2002).

Cluster and PCA analyses

The results of cluster analysis showed that the studied
genotypes were classified into two main groups (Fig. 1).
The HL2012, HW113 and KR2 genotypes were placed in
the first group, and the second group were included
Danob, Elvis and L155 genotypes. The results showed
that the second group had the higher mean values of most
of the measured traits compared to the first group. The
Danob, Elvis and HL2012 genotypes had more seed and
oil yields than the others, indicating these genotypes were

more suitable for cultivation in the target area. The
principal components analysis (PCA) revealed that the
three first PC confirmed 97% of the total variance among
genotypes (Fig. 2). About 56% of the total variance
among the genotypes was confirmed by the first PC. The
genotypes were cultivated in the same condition, so the
main variation among them could be due to genetic factors
(Boroomand et al., 2018; Farajpour et al., 2017). The
second and third components confirmed 24 and 17% of
the total variance among the genotypes, respectively. The
results of three plots were in a good agreement with the
cluster analysis results (Fig. 2).

Dendrogram using Average Linkage (Between Groups)

15 20 25
1 1 1

HL2012

HW113

L155

Dianch

Figure 1. Dendrogram generated based on the measured traits on the six canola genotypes using UPGMA method.

T T— e —T
[ _‘_———-______.—--—-"'___-
12— | [
_-_'__'_“—-“-—.n—._______._—-—-—'___-_-_
10 — B I I
- 11"

Sb——1_1 | | S N O N I N N N S Legend
— @ Danob
= ® @ Ehis
=oa @ HL2nz2
< ") @ HW113
o @ KR2
= Q@ L155

Figure 2. Three plots derived from the principal component analysis.
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CONCLUSION

The result showed that glycine betaine application had
a positive effect on the seed and oil yields of canola
compared to the control. Furthermore, the results
demonstrated that a late sowing date is unfavorable for the
plants. The results showed that three of the six genotypes
were suitable for cultivation in the studied region. At the
end, the determination of sowing date and choosing a
suitable genotypes for each region are very important to
obtain high yield.
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