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Table 2- Physico-chemical characteristics of soil samples from study field
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Depth (cm) EC pH oC Total N Available P Available K Soil texture
(ds m?) (%) (%) (mg kg™) (mg kg)

0-30 151 8.0 0.89 0.09 145 200 ) o

Clay loam
30-60 1.25 7.1 0.98 0.07 16.1 152 ) o

Clay loam
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Table 4- Mean comparison of interaction of sowing date x foliar application for measured traits of rapeseed

&b o Jolmo Al Ly e Glgime (o lgime dgp g Slgimo Slgimo
ety Foliar Winter Syl adgb of Proline content Ol o 99,5 o9
Sowing application survival Relative water ~ Collar water (UM/g FW) Carbohydrate  Oil content
date (%) content content (%0) content (%)
(%) (mg/g FW)
20 10 ol 79.22d 86.19d 66.88a 9.29b 24.00b 41.22d
7-Oct Control
pguidas 84.32¢ 88.04c 64.09b 8.70d 21.93d 41.73c
Selenium
S$9) 87.23b 89.86b 61.77c 9.69a 25.04a 42.52b
Zn
9+ e gk 92.85a 91.78a 59.19d 9.07c 22.89c 43.05a
Selenium+Zn
o YO ol 63.63c 81.18d 71.90a 17.04b 45.09b 38.75d
17-Oct Control
pguidas 71.36b 83.09¢ 69.31b 15.64d 42.26¢ 39.28¢
Selenium
9 70.07b 84.63b 68.86b 17.77a 47.05a 39.97b
Zn
G9x+p b 78.58a 86.62a 66.38¢ 16.31c 44.10b 40.52a
Selenium+Zn
okl o aaly 55.04d 71.68d 77.59a 15.02b 38.72¢ 34.26d
27—Oct Control
powduw 61.74b 73.36C 75.18b 13.79¢c 36.29d 34.73c
Selenium
9 58.62c 78.59b 69.99¢ 16.67a 43.62a 37.53b
Zn
S9y+p b 65.75a 80.43a 67.86d 15.30b 40.88b 38.04a
Selenium+Zn
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Means followed by similar letters for each treatment in columns are not significantly different at 5% probability level.
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Table 5- Mean comparison of interaction of sowing date x genotype for measured traits of rapeseed

cls )b L3 ] aliwoj Wy adgb 8 dgp leime Olhuaea S Gleixe  alboSles 89 Slaine
Sowing date Genotype Winter Collar Proline content Carbohydrate Seed yield Oil content
survival diameter (UM/g FW) content (kg hat) (%)
(%) (mm) (mg/g FW)
010 Ahmadi 85.35b 12.94b 9.35b 23.88b 5272b 41.95b
7-Oct SW102 83.56b 12.60b 9.53b 24.60b 5194bc 41.86bc
Okapi 89.70a 14.37a 8.62¢c 21.72c 5623a 42.51a
GKH2624 80.50c 11.84c 9.97a 26.12a 4964c 41.67c
GK-Gabriella 90.41a 14.75a 8.47c 21.01c 5705a 42.66a
o YO Ahmadi 68.73c 6.17b 18.40b 47.69b 2654b 39.26¢
17-Oct SW102 69.18¢c 5.92b 19.01a 48.93a 2559h 39.08¢c
Okapi 70.47c 7.32a 15.78¢c 42.95¢ 3163a 39.82b
GKH2624 73.17a 7.81a 14.92¢ 41.12d 338la 40.06a
GK-Gabriella 73.00ab 7.54a 15.34d 42.42c 3231a 39.95ab
oLl o Ahmadi 58.42¢ 5.56b 16.75b 42.61b 2320b 35.80c
27—Oct SW102 58.52¢ 5.33b 17.31a 43.72a 2238b 35.64¢
Okapi 59.90bc 6.59a 14.37c 38.38c 2766a 36.31b
GKH2624 62.22a 7.03a 13.59 36.75d 2956a 36.53a
GK-Gabriella 62.07ab 6.79a 13.96d 37.91c 2825a 36.43ab
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Means followed by similar letters for each treatment in columns are not significantly different at 5% probability level.
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Table 6- Mean comparison of main effects of sowing date and foliar application for collar diameter and seed yield of rapeseed

S PV alo 3 Slae
Treatment Collar diameter (mm) Seed yield (kg ha®)
Bl
Sowing date

0 10 13.30a 5353a
7-Oct
o YO 6.95b 2998b
17-Oct
oLl o 6.26¢c 2621c
27—Oct
b Jgkmo
Foliar application
ol 8.12d 3289d
Control
pgudw 9.10b 3741b
Selenium
$9) 8.55¢ 3552¢
Zn
S35+ powikes 9.58a 4041a
Selenium+Zn
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Means followed by similar letters for each treatment in columns are not significantly different at 5% probability level.
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Figure 1- Mean comparison of main effects of genotype for collar water content of rapeseed
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Table 7- Mean comparison of three-way interaction of sowing date x foliar application x genotype for rapeseed chlorophyll content

G 95
Genotype
Cbls &b ol Jalxo Ahmadi SW102 Okapi GKH2624 GK-Gabriella
Sowing date Foliar
application
BYRRIA by 1.65¢c 1.62d 1.79b 1.56e 1.82a
7-Oct Control
powdw 1.77b 1.75b 1.84a 1.68¢c 1.87a
Selenium
$9) 1.71c 1.68d 1.86b 1.63e 1.89a
Zn
895+ guseduw 1.84b 1.82b 1.92a 1.74c 1.95a
Selenium+Zn
e YO oals 0.86¢c 0.84d 0.98b 1.04a 1.00b
17-Oct Control
pgudw 0.91c 0.89¢c 1.08b 1.14a 1.11b
Selenium
89 0.90c 0.87d 1.02b 1.09a 1.04b
Zn
S9y+pgaidw 0.95¢c 0.93c 1.12b 1.18a 1.15ab
Selenium+Zn
oLkl o ol 0.73c 0.71d 0.83b 0.88a 0.85b
27—Oct Control
pouduw 0.77c 0.75¢ 0.91b 0.96a 0.94ab
Selenium
$9) 0.83c 0.81d 0.95b 1.0la 0.97b
Zn
G9x+p b 0.88c 0.86¢ 1.04b 1.10a 1.07ab
Selenium+Zn
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Means followed by similar letters for each treatment in rows are not significantly different at 5% probability level.
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Table 8- Correlation analysis between different rapeseed traits

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8
Y2 0.87"
Y3 0.89™ 0.81"
Y4 -0.81" -0.79™ -0.83"
Y5 0.87" 0.95™ 0.79™ -0.75"
Y6 0.87" 0.79™ 0.95™ -0.82™ 0.76™
Y7 -0.70™ -0.87" -0.56™ 0.58" -0.88™ -0.50"
Y8 -0.70™ -0.87" -0.55™ 0.56™ -0.89™ -0.50" 0.98™
Y9 0.88™ 0.96™ 0.83" -0.777 0.97" 0.78" -0.90" -0.90™

Y6 bl (s Y5 adsh Ol s glyioe YA (g, (slgizme (Y3 wails o Shae (Y2 il sli Y1 omo o ylis | aopo V Jleis] mhans 10 (6 )l5 gine st
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** shows significant at the 1% probability level. Y1: Winter survival, Y2: Seed yield, Y3: Oil content, Y4: Collar water content, Y5: Collar
diameter, Y6: Relative water content, Y7: Proline content, Y8: Carbohydrate content, Y9: Chlorophyll content.
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Abstract

Introduction: Oilseed crops play a vital role in ensuring the food security of human societies and
are the constant focus of agricultural sector researchers. Due to its favorable agronomic
characteristics and high oil quality, rapeseed (Brassica napus L.) is one of the most important crops
in the agricultural sector. Given that successful crop production depends on the climatic conditions
of a given region, the degree to which plant growth stages adapt to the climatic conditions is a
determining factor in achieving acceptable yields. In order to determine the optimal sowing date in
each region, it is essential to keep in mind that during the crop's growing season, environmental
conditions should be optimal and the crop should be unaffected by environmental stresses. The
addition of micronutrients could enhance plant growth and development under various
environmental conditions. In light of the importance of cultivating oilseeds, including rapeseed, it is
necessary to increase the cultivated area and quality of rapeseed through the use of appropriate
management strategies. Consequently, the purpose of the present study was to determine the
response of rapeseed genotypes to foliar application of zinc and selenium at various sowing dates.
Materials and Methods: An experiment during the 2015-2016 growing season was performed at
the Research Field of the Seed and Plant Improvement Institute (SPII), in Karaj, Iran. The
experiment was conducted as a factorial-split plot in a randomized complete block design (RCBD)
with three replicates. Three sowing dates of 7 (well-timed sowing), 17, and 27 October (delayed
sowing dates) and four levels of foliar application with pure water (control), selenium (1.5%), zinc
(1.5%), and selenium+zinc (1.5%) were factorial in the main plots and five genotypes of SW102,
GKH2624, Okapi, Ahmadi, and GK-Gabriella were randomized in the subplots. Notably, sodium
selenate (as a source of selenium) and chelated zinc (as a source of zinc) were applied in two stages
of (i) 4-leaf (ii) and stem elongation for each sowing date and genotype, respectively. In this study
winter survival, collar diameter, leaf relative water content, relative collar water content, proline
content, carbohydrate content, chlorophyll content, seed yield, and oil content were measured.
Results and Discussion: The delayed sowing dates decreased winter survival, collar diameter, leaf
relative water content, and chlorophyll content compared with the optimal sowing date, whereas
relative collar water content, proline content, and leaf carbohydrate content increased under these
conditions. When compared with the 7-Oct sowing date, the seed yield and oil content of rapeseed
genotypes decreased by 44 and 6% on 17-Oct and by 51 and 14% on 27-Oct. The foliar application
of selenium+zinc had the greatest effect on reducing the relative collar water content and increasing
winter survival, collar diameter, leaf relative water content, and chlorophyll content. The
selenium+zinc treatment increased rapeseed seed yield by 23% and oil content by 6% compared to
the control treatment. The reduction in yield of genotypes sown on delayed planting dates can be
attributed to a reduction in collar diameter, leaf relative water content, chlorophyll content, and the
number of surviving plants, as well as an increase in relative collar water content. Correlation
analysis also revealed a significant positive relationship between rapeseed seed yield and winter
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survival (r=+0.87, p value<0.01), collar diameter (r=+0.95, p value<0.01), leaf relative water
content (r=+0.79, p value<0.01), and chlorophyll content (r=+0.96, p value<0.01), and a significant
negative relationship with collar relative water content (r=-0.79, p value<0.01).

Conclusion: The Gk-Gabriella genotype produced the highest seed and oil yield on the optimal
sowing date (7-Oct), while the GKH2624 genotype had the highest seed and oil yield on the delayed
sowing dates (17 and 27-Oct). These genotypes are recommended for arid and semiarid regions.
Our findings indicate that foliar application of selenium+zinc during the rosette and stem elongation
stages increases seed yield and oil content in rapeseed genotypes sown at optimal and delayed
sowing dates.

Keywords: Cold tolerance, Qilseed crops, Plant nutrition, Seed yield, Timely cultivation



