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ABSTRACT

BACKGROUND: Drought stress is known as the most important factor limiting the
growth and crop production. Therefore, the selection of genotypes that has higher yield
stability in good crops can play a significant role and impact in the development of rape-
seed cultivation with acceptable economic performance in the country.

OBJECTIVES: Current study was carried out to assess effect of terminal drought stress
on seed yield and its components of Rapeseed cultivars.

METHODS: An experiment was performed as a factorial split plot and in the form of a
randomized complete block design with three replications. Irrigation treatment included
normal irrigation (irrigation after 80 mm of evaporation from Class A pan) and irrigation
cut-off from the pod formation stage onwards in the main plots, planting dates including
September 26 and October 26 and four rapeseed cultivars including Tassilo, Elvise, Nep-
tune, and Okapi were evaluated in a factorial form in sub-plots.

RESULT: The results revealed that irrigation cut-off and delay in planting date had a sig-
nificant effect on reducing plant height, number of sub-branches per plant, number of pods
per plant, number of grains per pod, and 1000-grain weight. Cultivars were significantly
different in terms of all evaluated traits. Elvise and Neptune cultivars had the highest grain
yield with (3346) and (3220 kg.ha‘]), respectively, under normal irrigation conditions and
with a mean of (3211) and (3081 kg.ha'l), respectively, under irrigation cut-off conditions.
This advantage was mainly due to an increase in the tank capacity of the yield components.
Therefore, Elvise and Neptune cultivars can be introduced with acceptable production sta-
bility under normal irrigation conditions and water stress conditions after silique formation.
CONCLUSION: Among the studied cultivars of rapeseed, under normal irrigation and
cut-off of irrigation conditions on both planting dates of Sep. 26 and Oct.26, Elvise cultivar
showed the highest grain yield per unit area of production and good compatibility. The
mentioned cultivar can be recommended in the areas similar to the studied area (Karaj),
where there is a possibility of water stress in the late stages of growth.
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1. BACKGROND

Rapeseed with the scientific name of
Brassica napus L. is one of the most
important oil crops in the world and is
second in terms of area under cultiva-
tion after soybeans and third in terms of
oil supply after soybeans and oil palms
(FAO. 2005). Drought is one of the
non-living  environmental  stresses
known as the most important factor lim-
iting the growth and production of crops
in most parts of the world and Iran
(Mariani and Ferrante. 2017). Iran with
an average rainfall of about (240 mm)
per year is considered as one of the are-
as under drought stress (Salehi Shanjani
et al., 2015). Several studies have re-
ported that the negative impact of dehy-
dration stress on many morphological
characteristics of rapeseed such as plant
height, plant dry weight, leaf area and
yield components including number of
pods, pod length, number and weight of
grains leads to a decrease in final yield
(Eziz et al., 2017). Rapeseed is sensitive
to drought in the stages of germination,
flowering and growth of siliques. Irriga-
tion in these stages increases the num-
ber of pods per square meter (Sinaki et
al., 2007). The most sensitive stage to
drought stress in most crops is the inter-
val between spike formation to flower-
ing and cultivars that can produce more
biomass and store more assimilates in
the stem before flowering are consid-
ered drought tolerant cultivars (Blum.,
2012). Drought stress in the stem elon-
gation and flowering stages causes the
most damage to rapeseed by reducing
the number of pods per plant (Tohidi et
al., 2009). According to the results of a
study conducted by Zhang et al. (2012),

water shortage from the flowering stage
to the end of grain filling significantly
affects grain yield. Majidi (2012) re-
ported that there is difference between
rapeseed cultivars and hybrids in terms
of yield-dependent traits under drought
stress, which can be used to improve
and increase production in rapeseed
breeding. The physiological efficiency
of crops in converting total biomass to
grain yield is called the harvest index,
which is significantly influenced by
water stress (Saikumar et al., 2016).
Moradi et al., (2008) attributed the posi-
tive and high correlation between dry
matter and photosynthesis and leaf area
index in the vegetative stage to a reduc-
tion in total dry matter. They also stated
that severe drought stress in the repro-
ductive stage affects grain yield more
than dry matter. Thus, it reduces the
harvest index. The effect of water stress
on rapeseed showed that water shortage
during the vegetative growth and flow-
ering stages of the plant reduced the
accumulation of total dry matter. Plants
under water stress produced fewer si-
liques and grains compared to plants
grown under normal conditions (Zhang
et al., 2012). The most important com-
ponent compatible with climatic diver-
sity 1s the issue of suitable planting date
so that the vegetative and reproductive
stages of the plant are adapted to favor-
able environmental conditions and pho-
tosynthetic efficiency, transfer and stor-
age of photosynthetic materials in
grains and ultimately grain yield in-
crease (Safari et al., 2010). Delay in the
usual planting date in rapeseed reduces
the number of pods, plant height, num-
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ber of stems per plant, finally grain
yield, and quality of rapeseed oil (As-
gari and Moradie-dalini., 2008). Yield
components in crops are influenced by
planting date and cultivar. Selection of
suitable cultivar for production success
has a special importance and in this
selection, the species, type and adapta-
tion of cultivar, grain quality, climatic
conditions, grain yield, resistance to
fall, diseases and other crop properties
should be considered. Several studies
have shown that grain and oil yield of a
genotype are equally influenced by
planting date. Selecting suitable cultivar
improves germination power and in-
creases the production capacity of each
yield component such as number of
flowers and number of grain and proper
distribution of photosynthetic materials
is effective in them. The present study
was conducted to evaluate rapeseed
cultivars under the conditions of irriga-
tion cut-off and planting date in the late
stages of reproductive growth and to
evaluate the strengths and weaknesses
of crop and morphological reactions to
select superior cultivars to recommend
them for autumn cultivation in field
experiments during 2- years.

2. OBJECTIVES

Current study was carried out to as-
sess effect of terminal drought stress on,
crop production and yield components
of four rapeseed cultivars.

3. MATERIALS AND METHODS
3.1. Experimental setup

This experiment was conducted at
Pars Water and Soil Field, of Karaj,
Iran, and 1320 above sea level. Based

on weather statistics, the area falls into
hot and dry with the semi-arid Mediter-
ranean climate, having 150-180 days
and occasionally up to (200) dry days.
A factorial split-plot experiment in the
form of a randomized complete block
design with three replications for two
years (2015-2016 and 2016-2017) was
an ducted. Irrigation treatments were
assigned the main plots and planting
date and cultivars were placed in sub-
plots. Two planting dates were conven-
tional and late planting. Irrigation was
also carried out at two levels of normal
irrigation and irrigation cut-off from the
pod formation stage onwards. Four win-
ter cultivars of rapeseed were tested,
including three rapeseed hybrids of Tas-
silo (originated from Germany), Elvise,
Neptune, and Okapi (open pollinated
cultivar) (originated in France). The
reason for selecting these cultivars was
to study and compare them for cultiva-
tion in cold temperate and semi-arid
areas under late cultivation and terminal
drought. Soil samples, at a depth of 0—
30 cm, were collected from studied field
with rotary core drill and were poured
into bag and then mixed. Then, a sam-
ple was prepared from it and transferred
to the soil laboratory. The results of
field soil analysis are listed in Table 1.
Based on soil parameters, sufficient
nitrogen (urea 100 kg ha '; one-third at
sowing time, one-third at stem elonga-
tion stage and one-third at the beginning
of flowering stage), phosphorus (75 kg
ha”' triple superphosphate at sowing
time), and potassium (100 kg ha™' po-
tassium sulphate at sowing time) ferti-
lizers were applied in two both years.
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Table 1. Chemical and physical characteristics of the experimental soil

Characteristic Soil 0C H EC N P K
texture (%) P (dS m™) (%) (ppm) (mg.kg™)

2015-16 Clay loam 0.53 7.7 2.2 0.09 9.7 168

2016-17 Clay loam 0.42 7.8 1.7 0.07 4.52 175

OC, organic carbon; EC, electrical conductivity; N, nitrogen; P, phosphorus; K, potassium.

Further, 2.5 liters per hectare of Butisan
Star herbicide (41.6% suspension) was
used after planting and before emer-
gence to control a wide range of nar-
row- and broad-leaf weeds. Moreover
the weeds were controlled by manual
weeding following the emergence and
establishment of rapseed seedlings. Ex-
perimental plots were 2 x6 m, with
rows 30 cm apart and plant spacing of 4
cm on the rows. Two lateral rows per
plot were left aside as marginal rows
and, thus, four middle rows were used
for measuring grain yield attributes and
biochemical traits. Furrow irrigation
using siphon pipes was implemented on
the basis of 80 mm evaporation from
the surface of Class A Evaporation pan.
Metasystox (EC 25%, 1.5 L haﬁl) insec-
ticide was applied at two stages, namely
stemming and budding for the pest con-
trol, particularly aphid.

3.2. Measurements

After the plant approached the phys-
iological maturity stage, 10 plants were
randomly selected from each experi-
mental plot and the traits of plant
height, number of sub-branches and
number of pods per plant and number of
grains in their pods were measured. To
determine the total number of pods per
plant in the main stem and sub-branch,
10 plants were selected separately and
randomly, and the number of grains in
them was calculated and by summing

up the mean number of grains in the
main stem and sub-branch, the number
of grains per pod was determined. To
determine the weight of 1000 seeds,
some seeds of each experimental plot
were randomly selected and the number
of 1000 seeds was counted with a seed
meter and calculated by accurate labora-
tory balance in terms of grams and
weights. To determine the grain yield,
nine square meters of each experimental
plot were separated and for final drying
and reaching 12% humidity, it was kept
in the open air for one week and after
separating the grains from the pods, the
seed weight was calculated with accu-
rate weighing scales and grain yield was
calculated as kg ha”'. To measure bio-
logical yield, after foaming the plants of
each experimental plot and before sepa-
rating the seeds from the pods, the total
weight of the plants was determined and
the biological yield was determined in
kg ha™', The amount of Seed Oil content
was measured using a Soxhlet extractor.

3.3. Statistical analysis

After performing Bartlett test for
homogeneity of variances, all the data
were subjected to Analysis of Variance
(ANOVA) using Statistical Analysis
System (SAS) 9.2. Comparison of
means was also done using LSD test at
5% probability level.
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4. RESULT AND DISCUSSION
4.1. Plant height

The results of analysis of variance
showed that rapeseed plant height was
significantly under the effect of year,
irrigation, planting date, cultivar and
irrigation x planting dates interaction,
irrigation X cultivar interaction, planting
date x cultivar interaction, cultivar X
irrigation interaction, and planting date
x cultivar interaction at the probability
level of 5% (Table 2). In addition to
genetic characteristics of the cultivar,
stem height in rapeseed is also influ-
enced by environmental factors (Danaie
et al., 2014). The results of comparing
the means of irrigation X planting date
showed that the highest plant height
with (131.92 cm) was obtained by
planting rapeseed cultivars on Sep. 26
in normal irrigation conditions com-
pared to the same date of planting in the
irrigation cut-off conditions (Table 3).
Comparison of the mean of irrigation x
cultivar showed that the highest mean
plant height in both normal irrigation
and irrigation cut-off conditions be-
longed to Elvise cultivar with (132.09
cm) and (131.93 cm), respectively, and
the lowest mean height plant in normal
irrigation and irrigation cut-off condi-
tions belonged to Tassilo cultivar with
(115.90cm) and (119.28 cm), respec-
tively (Table 4). The results of compar-
ing the means regaring the interaction of
irrigation X planting date x cultivar also
showed that the highest plant height
belonged to Elvise cultivar with (140.56
cm) under normal irrigation conditions
and earlier planting date (Sep. 26) and
the lowest plant height belonged to Tas-

silo cultivar under both normal irriga-
tion and irrigation cut-off conditions (no
significant difference) (Table 6). Irriga-
tion cut-off, especially in the stages of
stem formation and grain filling, causes
the plant to have little vegetative and
reproductive growth. As a result, the
photosynthetic  potential — decreases,
which leads to a decrease in plant
height, number of sub-branches per
plant, number of pods per plant and
number of seed per pod compared to
normal conditions (Soleymani et al.,
2011). Reduced plant height due to wa-
ter stress can be attributed to impaired
photosynthesis and reduced production
of photosynthetic material and its trans-
fer to the growing parts of the plant,
which ultimately prevents the plant to
achieve genetic potential in terms of
plant height Shirani Rad et al., 2010).

4.2. Pods per plant

The results obtained from the analy-
sis of variance of the number of pods
per plant showed that the number of
pods per rapeseed plant is influenced
significantly by irrigation, planting
dates, cultivar and interactions of irriga-
tion X planting date, irrigation x cultivar
and planting date x cultivar significant-
ly at the probability level of 1% (Table
2). The number of pods per plant is
among the most sensitive components
of rapeseed yield to water stress (Sinaki
et al., 2007). Water stress will reduce
the number of pods by shortening the
flowering period, infertility of some
flowers, reducing photosynthetic mate-
rial for transfer to newly formed and
growing plants (Jabbari et al., 2015).
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Table 2. ANOVA for studied traits

sov M Nl Nosed (000
Year (y) 1 2.54™ 25.01™ 0.88" 0.003 ™
Replication (r) 4 0.06 24.54 0.01 0.005
Irrigation (a) 1 107.78" 23095.01" 114.19” 2.59"
yxa 1 0.01™ 551™ 0.14™ 0.0003
Error 4 3.16 23.29 0.13 0.02
planting date(b) 1 3016.39" 3116.76" 35.07" 1.25"
yxb 1 0.082™ 176 ™ 0.02 ™ 0.00003 ™
axb 1 114.14" 1127517 0.66" 0.03"
Yxaxh 1 1.40™ 0.84 ™ 0.01 ™ 0.00007 ™
Cultivar (c) 3 947.12%* 3608.16 " 33.563 " 137"
¥y € 3 0.04™ 437 ™ 0.01™ 0.0001 ™
a,c 3 21.31%x* 109.48" 0.07 ™ 0.08"
b,c 3 139.13%* 131.29" 0.094 ™ 0.019°
Yxaxc 3 0.071™ 1.62™ 0.027 ™ 0.0013™
yxbyc 3 0.093 ™ 0.76 ™ 0.003 ™ 0.0007 ™
a.b,c 3 28.91" 17.04 ™ 0.017™ 0.014"
yxaxbyc 3 0.09 ™ 1.88™ 0.027 ™ 0.01™
Error 56 2.53 16.68 0.08 0.005
C.V (%) 1.46 1.73 2.48 1.62

S.0.V, sources of variations; df, degree of freedom; CV, Coefficient of variation, ns: Not significant; **P<0.01; *P<0.05.

The results of comparing the interaction
of irrigation X planting date showed that
planting date of Sep. 26 in normal irriga-
tion conditions led to the production of
the highest number of pods per plant in
the rapeseed cultivars (262.96 pods) and
irrigation cut-off conditions on later
planting dates (Oct. 26) led to the pro-
duction of the lowest number of pods in
the rapeseed cultivars (220.54 pods)
(Table 3). The results of irrigationx cul-
tivar treatment showed that Elvise culti-
var showed the highest production com-
pared to other cultivars under both nor-
mal irrigation and irrigation cut-off con-
ditions with a mean of (265.83) and
(239.42), respectively (Table 4). The

results showed that under irrigation cut-
off conditions, a severe stress is created
in the plant, which causes a severe de-
crease in the number of pods per plant
(Soleimani et al., 2011). Nazeri et al.
(2018) also reported a significant de-
crease in the number of pods per plant
with a delay in rapeseed planting date
and irrigation cut-off. Investigation of
the interaction effect of planting date X
cultivar indicated that the highest num-
ber of pods per plant was obtained with
(256.08 pods) planting of Elvise cultivar
on the planting date of Sep. 26, while the
lowest number of pods per plant was
obtained with (215.17 pods) in Tassilo
cultivar on the Oct. 26 (Table 5).
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Continue Table 2. ANOVA for studied traits

Seed Oil Seed Biological
5.0.¥ df content yield yie%d
Year(y) 1 31.51%  446901.04™ 252606*
Replication (r) 4 0.02 729.17 191681.14
Irrigation(a) 1 007" 356125104 514208.06"

y~a 1 0.07™ 84.37™ 2074.74 ™
Error 4 0.78 4315.23 71180.67
planting date(b) 1 3750 2978626.04°  40966.71 ™
yxb 1 0.06™ 759.37 ™ 35428.23 ™
a,h 1 0.006™ 3384.37™  1158027.75"
Yxaxh 1 0.007™ 551.04 ™ 64066.15 ™
Cultivar (c) 3 91.62**%  489789.93"  1114271.67"
Yy € 3 0.009™ 201.04 ™ 5534.68 ™
a, ¢ 3 0.03™ 5645.49 ™ 446903.85"
bc 3 1.91% 2453.82™ 585878.94™
Yxaxc 3 0.06™ 87.15 ™ 1259761.67"
yxb,c 3 0.03™ 89.93 ™ 0.19™
a,b,c 3 0.01™ 18039.93" 29351.58 ™
yxaxb,c 3 0.03™ 14641.15™ 326129 ™
Error 56 0.03 1716.66 58976.95
CV (%) 1.86 2.28 4.28

S.0.V, sources of variations; df, degree of freedom; CV, Coefficient of variation, ns: Not significant; **P<0.01; *P<0.05.

Decreased grain yield due to drought
stress at flowering and growth of pods
was due to a decrease in the number of
pods in rapeseed plant (Sinaki et al.,
2007).

4.3. Seed per pod

The number of Seed per pod and the
grain weight are yield components in
rapeseed (Angadi et al., 2003). The re-
sults of analysis of variance of the stud-
ied traits showed a significant differ-
ence in the effects of year, irrigation,
planting date, cultivar at the probability
level of 1% and on interaction of irriga-
tion x planting date for the number of
seeds (Table 2). The results of compar-
ing the means in the interaction of irri-

gation X planting date (significant at the
level of 5%) showed that the highest
number of Seed per pod with (16.71)
was obtained earlier planting date (Sep.
26) under normal irrigation conditions,
while the lowest number of seeds in the
pod was observed with (13.32) the cul-
tivars planted on the planting date of
Oct. 26, especially under irrigation cut-
off conditions (Table 3). A decrease in
the number of Seed per pod in the irri-
gation cut-off conditions can be at-
tributed to lack of inoculation and the
formation of flowers and seeds. Faraji et
al. (2009) reported that the effect of
planting year on the number of Seed per
pod was significant at the level of 1%,
which can be attributed to the sharp
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decrease in the number of sunny hours Comparison of the interaction effect of
during March and April months in the irrigation x planting date showed that
first year of this researcher. Pasban the planting dates of Sep. 26 in normal
Eslam (2014) reported that under water irrigation conditions with a mean of
stress conditions, the number of Seed (4.57 gr) and then the planting date of
per pod, 1000-seed weight, number and Oct.26 under normal irrigation condi-
length of pods in rapeseed decreased tions with a mean of 4.46 g had the
significantly, which ultimately reduced highest 1000-seed weight (Table 3).
the final grain yield. Interaction of irrigation X cultivar
showed that the highest 1000-seed
4.4.1000 seed weight weight belonged to Elvise cultivar with
1000 seed weight indicates the im- a mean of (4.25 gr) under normal irriga-
portance of grain development and tion conditions and the lowest belonged
plays an important role among yield to Tassilo cultivar with a mean of (3.95
components to show the yield of a cul- gr) under irrigation cut-off conditions
tivar. According to the results of analy- (Table 4). The interaction effect of
sis of variance table (Table 2), 1000 planting date X cultivar indicated that
seed weight of rapeseed is significantly the highest 1000-seed weight with a
affected by irrigation, planting date, mean of (4.77) was obtained on the ear-
cultivar and interaction of irrigation X lier planting date (Sep. 26) and in the
planting dates and irrigation X cultivar Elvise cultivar and the lowest 1000-seed
and interaction of planting date x culti- weight with a mean (3.96 gr) was ob-
var and irrigation X planting dates x tained on the late planting date (Oct. 26)
cultivar at the probability level of 5%. in the Tassilo cultivar (Table 5).

Table 3. Comparison of the mean interactions of irrigation x planting date on studied traits of
rapeseed cultivars

c Planting Plant height No. pods  No. Seed 1000-seed Biological
Irrigation

date (cm) per plant  per pod  weight (gr) yield (kg.ha™)
Normal Sep. 26 131.92%* 262.96 16.71 4.57 5538.00
irrigation Oct. 26 118.6 244.71 14.36 4.46 5380.85
Irrigation Sept. 26 127.62 225.08 15.33 4.36 5427.27
cut- off Oct. 26 118.53 220.54 13.32 4.02 5252
LSD 5% 0.14 2.39 0.15 0.03 0.89

*The means that their differences are larger than LSD are significantly different at the 5% level.

Since Elvise cultivar has a high initial ing yield is grain filling stages exposure
growth rate, it is not exposed to high to cooler climate, which increases yield
temperature at the end of the season, by increasing the 1000-seed weight
and more suitable environmental factors (Shabani et al., 2010). The results of
during their grain-filling period increase comparing the means of interaction of
the 1000-seed weight of this cultivar. irrigation x planting date x cultivar also

One of the important factors in increas- showed that with the delay of planting
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dates and irrigation cut-off, the rate of
reduction in weight of the studied culti-
vars was significantly different, so that
the maximum 1000-seed date (Oct. 26)
(Table 6). The increase in 1000-seed
weight can be attributed to the length of
period or the rate of grain filling, in
which tank strength plays a key role.

Robertson and Holland (2004) stated
that one of the reasons for a reduction in
1000-seed weight due to planting delay
was an increase in temperature during
the grain-filling period. Elferjani and
Soolanayakanahally (2018) reported
that drought stress significantly reduces
1000-seed weight in rapeseed.

Table 4. Comparison of mean interaction effects of irrigation x cultivar on studied traits of

rapeseed cultivars

C . Plant height  No. pods per 1000-seed Biological yield
Irrigation Cultivar (cm) & [I))lan ¢ P weight (gr) (kgg.ha'I);
Talliso 115.9% 242.33 4.25 527742
Normal Elvis 132.09 265.83 4.88 5894
irrigation Neptune 124.11 258.17 4.62 5582
Okapi 120.34 249 4.32 5400
Talliso 119.28 205.58 3.95 4981.25
Irrigation Elvis 131.93 239.42 4.41 5594
cut-off Neptune 128.03 227.5 4.25 5332
Okapi 121.67 218.85 4.13 5102
LSD5% 0.14 2.39 0.04 66.51

*The means that their differences are larger than LSD are significantly different at the 5% level.

4.5. Seed Oil content

Examining the results of analysis of
variance, the data showed that the effect
of year, planting dates; cultivar and in-
teractions of planting date x cultivar on
seed oil content were significant (Table
2). Sharghi et al. (2011) also reported
the effect of irrigation on the amount of
seed oil, which contradicted the results
of the present study that irrigation was
not significant on this trait. The reason
for this discrepancy can be attributed to
the different responses of rapeseed cul-
tivars to irrigation treatment. In the
study of Zarei et al. (2010) it was con-
cluded that drought stress did not signif-
icantly reduce the amount of seed oil
and it can be used to further control the
amount of seed oil by genetic factors
and the high impact of oil yield on

changes in grain yield relative to oil
percentage. Seed knowledge (Jabbari et
al.,  2015). Comparison of means
showed that the amount of seed oil in
the first year with (43.39%) was superi-
or to the second year with (43.25%).
Interactions of planting date x cultivar
showed that the highest amount of seed
oil related to Elvis cultivar was obtained
earlier (Oct.26) with (45%) and the
amount of oil in Tasillo cultivar was
unchanged in both planting dates
(40%), Neptune cultivars And Okapi
were ranked second and third in terms
of oil content (Table 5). The percentage
of oil usually decreases at a later plant-
ing dates (Hackenin-Vostaper, 2001).
The amount of seed oil is an inherited
trait and is partially affected by envi-
ronmental effects.
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Table 5. Comparison of mean interaction effects of planting date x cultivar on studied traits of

rapeseed cultivars

Planting Cultivar Plant No. pods 1000-seed Seed Oil Biological
date height (cm) per plant weight (gr) content (%) yield (kg ha'l)
Talliso 120.48* 232.75 4.24 40 5120
Elvis 140.4 256.08 4.77 45 5856.17
Sep. 26
Neptune 132.72 247.25 4.51 44 5462.42
Okapi 125.51 240 4.33 42 5272.08
Talliso 114.7 215.17 3.96 40 5138
Elvis 123.63 249.17 4.51 40 5832.25
Oct. 26 Neptune 119.43 238.42 4.35 45 5453
Okapi 116.51 227.75 4.12 44 5230.75
LSD5% 0.14 2.39 0.04 42 66.51

*The means that their differences are larger than LSD are significantly different at the 5% level.

Among the environmental factors af-
fecting the amount of oil, temperature is
the most important factor that increases
with it, a sharp drop in oil percentage is
revealed. This reducing effect of tem-
perature on the percentage of oil is more
evident in late planting date (Fanaei et
al., 2005). The results of a study of
rapeseed cultivars in low rainfall areas
of South Australia on changes in oil
content with planting date showed that
for every two weeks of planting delay,
about (1.1%) oil and (309) kg.ha’1 re-
duced grain yield, thus reducing the
percentage. Oil was much higher than in
rainy areas as a result of planting delays
(Si and Walton, 2004). The results of
this study were consistent with the re-
port of Fallah Haki et al. (2010) regard-
ing the reduction of oil content in de-
layed planting date due to exposure of
rapeseed to high temperatures during
ripening and grain filling. Therefore,
early planting is essential to achieve
higher oil content.

4.6. Seed yield

The results of data analysis showed
that the effect of irrigation, planting
date and cultivar on seed yield was sig-
nificant at the probability level of 1%
and the interaction effect of irrigation x
planting date X cultivar on rapeseed
seed yield was significant at the proba-
bility level of 5% (Table 3), So that
Elvise cultivar had the highest seed
yield on planting date of Sep. 26 and
under normal irrigation conditions with
a mean of (3346.67 kgha'l). The amount
of (2540 kg) was obtained. The lowest
grain yield was obtained in Tassilo cul-
tivar in the irrigation cut-off conditions
and on the later planting date (Sep. 26)
with (2540) kgha. In general, Elvise
cultivar had higher grain yield in both
planting dates. Under irrigation cut-off
on the planting date of Sep. 26, the seed
yield in Elvise and Neptune cultivars
was obtained in (3211.67) and
(3081.61) kgha'l, respectively (Table 6).
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Irrigation cut-off in flowering and
growth stage of pods and exposure of
rapeseed to water stress due to negative
impact on silique formation and seed
size, nutrient transfer to seeds de-
creased, so seed yield decreased
(Ghasemian-Ardestani., 2019). In a
study in line with the present study,
one-month delay in planting time, seed
yield may decrease by 10 to 50% de-
pending on the cultivar, and differences
in rapeseed cultivars in terms of seed
yield may be due to differences in these
cultivars in growth traits such as num-
ber of branches, which is a reflection of
the number of pods per plant and 1000-
seed weight (Sharghi er al., 2011).
Based on the observations of Mosta-
favirad et al., (2012), delay in planting
in addition to shortening the seed-filling
period reduces flowering and pollina-
tion due to exposure to hot weather,
which will ultimately reduce seed yield.
Although the effect of planting delay on
yield reduction cannot be ignored, the
effect of cultivar on yield is also very
significant (Moradi Aghdam et al,
2018).

4.7. Biological yield

Biological yield was significantly
affected by irrigation and cultivar
and interaction of irrigation X culti-
var, planting dates X cultivar at the
probability level of 1%. The effect of
year, interaction of irrigation X plant-
ing dates and year X irrigation x cul-
tivar was significant only on the bio-
logical yield at the probability level
of 5% (Table 2). Comparison of the
mean interactions of irrigation X

planting date showed that the highest
biological yield was in Tassilo culti-
var under normal irrigation condi-
tions and on the planting dates of
Sep. 26 with a mean of (5538 kg.ha
") and the lowest biological yield
was found under irrigation cut-off
conditions and on later planting date
(Octo0.26) with a mean of (5252
kg.ha‘l) (Table 4). Investigating the
results of comparing the mean inter-
action of irrigation X cultivar showed
that the highest biological yield with
(5894 kg.ha™) was related to normal
irrigation treatment and Elvise culti-
var, while under irrigation cut-off
conditions, Tassilo cultivar com-
pared to other cultivars showed a
significant decrease in biological
yield (Table 4). Comparison of the
mean interactions of planting date X
cultivar showed that the highest bio-
logical yield was observed in Tassilo
cultivar on the planting date of Sep.
26 with a mean of (5856.17 kg ha™).
The same cultivar on a later planting
date (Oct. 26) showed a significant
difference with other cultivars plant-
ed at different planting dates (Table
5). The results reported by Versace
et al. (2011) indicate a significant
effect of irrigation and cultivar and
the interaction of cultivar and plant-
ing date on biological yield. By the
comparing the mean interaction of
year irrigation X planting date, it was
found that the highest biological
yield was obtained in the first year of
the experiment under normal irriga-
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tion conditions and the planting date
of Sep.26 with (5746.31 kg.ha™).
Decreased biological yield is related
to decreased grain and straw yield,
and drought stress leads to reduced
rapeseed straw yield, reduced photo-
synthetic storage in stem and leaves
by reducing plant size and leaf area

and accelerating leaf aging and de-
creasing the level of photosynthetic
storage materials in stems and leaves
will reduce the two components of
tank size and grain yield and it will
lead to a decrease in biological yield
of rapeseed.

Table 6. Comparison of mean interaction effects of irrigation x planting date x cultivar on study

traits of rapeseed cultivars

e . Planting . Plant height 1000-grain Grain yield
Irrigation date Cultivar (em) weight (gr) (kg.ha™)
Talliso 117.33%* 431 3036.66
Elvis 140.56 4.98 3346.67
Sep. 26
Neptune 128.32 4.63 3220.00
Normal Okapi 124.29 4.37 3103.00
irrigation Talliso 114.47 4.18 2686.33
Elvis 123.62 4.77 3030.00
Oct. 26
Neptune 119.90 4.60 2870.00
Okapi 116.40 4.27 2736.67
Talliso 123.64 4.18 2913.33
Elvis 140.23 4.56 3211.67
Sep. 26
Neptune 137.11 439 3081.61
o Okapi 126.73 4.29 2976.67
Irrigation cut Talliso 114.92 373 2540.00
Elvis 123.63 426 2880.00
Oct. 26 Neptune 118.95 4.11 2827.00
Okapi 116.62 3.97 2603.33
LSD5% 2.39 0.04 38.65

*The means that their differences are larger than LSD are significantly different at the 5% level.

5.CONCLUSION

Based on the results of this study, it
was found that planting date, especially
in interaction with irrigation treatments
had a great impact on morphological
traits of rapeseed cultivars, so that the
most suitable planting date for studied
cultivars in Karaj was found on planting
date of Sep. 26. Among the studied cul-
tivars of rapeseed, under normal irriga-

tion and cut-off of irrigation conditions
on both planting dates of Sept. 26 and
Oct. 26, Elvise cultivar showed the
highest grain yield per unit area of pro-
duction and good compatibility. The
mentioned cultivar can be recommend-
ed in the areas similar to the studied
area (Karaj), where there is a possibility
of water stress in the late stages of
growth.
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