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Abstract
Introduction
Among the most common problems and stress in the conditions of Khuzestan province, heat
stress at the end of the season and the deficiency of nutrients, which occurs in different periods of
rapeseed growth, depending on their severity, causes physiological and metabolic disorders and
ultimately reduces the yield of rapeseed plants with different intensity depending on the type of
plant genotype, they affect

Materials and Methods

With the aim of evaluating the growth and yield response of rapeseed cultivars (Brassica napus)
to boron element levels in late season heat stress conditions caused by late sowings dates, this
study was carried out in a split-split plot arrangement in the form of a randomized complete block
design with three replications. The expeiment was carried out in the crop year of 2021-2022 in
the research farm of Agricultural Sciences and Natural Resources University of Khuzestan.
Sowings dates (November 21, December 11, and December 31) in the main plots, four levels of
boron (zero, 4, 8, and 12 kg/ha) in the subplots and rapeseed cultivars (RGS, Zafar, and Saffar) in
the sub-sub-plots were investigated.
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Results and Discussion

The results of the research showed that sowing date and end of season heat stress in Khuzestan
conditions had a significant effect on most of the studied physiological traits, seed yield and
biological yield. In addition, the effect of boron on traits such as leaf area index, leaf area ratio,
and relative moisture content of leaf water, leakage of electrolytes, grain yield and biological
performance was significant. The triple interaction effect of planting date, boron and variety was
also significant on traits such as relative moisture content of leaf water, leakage of electrolytes,
grain yield, and biological performance. So that with the delay in planting and the consequent
increase in temperature and heat stress at the end of the season in the period of growth of the
rapeseed plant, it causes a decrease in traits such as leaf area index, relative moisture content of
leaf water, leaf area ratio, leaf specific area, seed yield and biological yield. And conversely, due
to the heat stress at the end of the season, the leakage of electrolytes and the canopy temperature
increased significantly. In general, the highest seed yield was obtained in Safar variety on the
sowing date of December 11 and the boron level was 4 kg/ha with an average of 4590 kg/ha.
Also, the highest average leaf area index was observed on the first sowing date and Safar variety
with an average of 5.43 and the lowest value was observed on the third sowing date and Safar
variety with an average of 2.11. It was also observed that the application of boron caused a
significant decrease in the leaf area index in all three studied cultivars. This issue can indicate the
lower need of boron consumption of the studied cultivars in this experiment.

Conclusion

In general, the heat stress at the end of the season, which occurs in different periods of rapeseed
growth, especially the seed filling period, depending on its intensity, causes physiological
disorders in the plant and finally affects the grain yield with different intensity and depending on
the genotype of the plant. The analyzed rapeseed genotypes also showed tolerance to different
levels of boron element in the heat stress conditions of the end of the season and showed different
reactions with different amounts of boron consumption per hectare.

Keywords: Grain yield, Heat stress, Khuzestan, Leakage of electrolytes, Leaf area index
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Table 1. Meteorological statistics of the station of Da'abal Ahvaz Sugarcane Cultivation Company
during the experimental months in the crop year 2021-2022

Month Maxtemperature (°c)  Min temperature (°c) Precipitation (mm) Evaporation (mm)
November  31.3 15.2 8.7 152.7

December  23.7 10.7 44.1 87.8

January 18.2 6.8 65.1 55.3

February 20.6 6.5 134 93.6

March 25.1 11.7 4.3 147.4

April 325 14.7 0 231.0

May 36.3 20.1 9.8 302.68

Table 2 Physical and chemical characteristics of the soil of the experimental field (0-30 cm depth) at

the time of the start of the experiment

Soil Soil Sand Silt Clay N P K H EC O.C
(%) (%) (%) (%) (%) (%) (mg/kg) (mgrkg) P (dS/m) (%)
amount Silty clay loam 16 52 32 0.032 11.9 119 7.94 2.55 0.38

Table 3. Characteristics of investigated rapeseed cultivars

Characteristics RGS Zafar Saffar

Growth period Early maturing Mean maturing Early maturing

Growth type Spring Spring Spring

Plant height 175cm 195cm 137 cm

Grain yield (Average) (kg/ha) 3773 3046 2161

Origin Germany Iran Iran
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Table 4. Comparison of average leaf area index under the influence of planting date in cultivars

. Cultivar
Sowing date RGS Saffar Zafar
November 21 4.35% 5.43 4.24%
December 11 3.55% 3.81% 3.80°
December 31 3.46% 2.11° 2.96"

Averages with common letters in each column and row do not have a statistically significant difference.



YV¥

Table 5. Comparison of average leaf area index in boron levels

Boron (kg/ha) leaf area index
0 4.153
4 3.782%
8 3.470°
12 3.417°

Averages with common letters in the column do not have a significant difference

Table 6. Comparison of average leaf area ratio (mZ/g) under the influence of planting date in cultivars

. Cultivar
Sowing date RGS Saffar Zafar
November 21 38.14%® 64.18% 38.33®
December 11 37.55°% 34.78%® 36.15°%
December 31 34.16° 36.20%° 35.62°

Averages with common letters in each column and row do not have a statistically significant difference.

Table 7. Comparison of the average leaf area ratio (m%g) under the influence of planting date in

each boron level

Boron levels (kg/ha)

Sowing date 0 1 8 B

November 21 45,26 41.29°% 41.62° 48.62°
December 11 40.35% 37.83° 35.30° 37.47°
December 31 35.07° 32.67° 35.33° 35.87°

Averages with common letters in the column do not have a statistically significant difference

Table 8. Mean comparison of Special leaf area (m?/g) under the influence of planting date in cultivars

Sowing date Cultivar

RGS Saffar Zafar
November 21 150.7%® 201.4% 144.0®
December 11 139.0% 194.9% 141.9%®
December 31 144.5 143.4% 141.6°

Averages with common letters in each column and row do not have a statistically significant difference
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Table 9. Comparison of the average of Canopy temperature (CT) under the influence of sowing date

in each cultivar by cutting method

. Cultivar
Sowing date RGS Saffar Zafar
November 21 19.56% 20.75® 20.47%
December 11 26.40%° 21.16" 26.52%
December 31 28.85% 25.82% 28.60%

Averages with common letters in each column and row do not have a statistically significant difference.
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Table 10. Comparison of the some of physiological characteristics, grain and biological yield of
canola under the influence of the investigated treatments

Average
Treatment Leaf relative water content Electrolyte Seed yield Biological yield
(%) leakage (%) (kg/ha) (kg/ha)
A1BORGS 41.24"" 34.31™" 3859™ 9825%
Al1BOsaffa 56.16% 29.65%" 31397 7266°"
A1B0Zafar 49.45"" 34.86"" 1715 9328™
A1B4RGS 50.30%¢ 39.53%¢ 213697 6877
AlB4saffa 52.06% 29.46%" 3586"° 75789
A1B4Zafar 46.66* 38.33°" 29059 53011
A1B8RGS 44.06%™ 33.46™" 3120°¢" 7424°"
Al1B8saffa 54.30% 30.96%" 4003 9328
A1B8Zafar 44.40™™ 41.209 2510™ 8481
A1B12RGS 51.35%" 30.649" 4430% 11776°
Al1B12saffa 57.60° 30.61%" 3892 77477
AlB12Zafar 49.07¢" 48.84" 2072%* 8469°
A2BORGS 39.12'™" 37.89°" 2429™ 7359°"
A2B0saffa 37.67™ 34.99"" 2836%¢ 9802%
A2B0Zafar 39.71%" 35.03"" 1964"™ 8337
A2B4RGS 47.77% 32.53%" 3183 5782°%
A2B4saffa 46.21" 33.12"" 4590° 9325
A2B4Zafar 44.089™ 34.08"" 11324 5505°"
A2B8RGS 50.47"9 34.78"" 24.55™ 6356%
A2B8saffa 47.96% 40.92°9 21399 6269%
A2B8Zafar 47.85% 35.09"" 19319 7060°"
A2B12RGS 41.33" 36.91°" 2654°" 6858°7
A2B12saffa 48.06% 30.149" 3602 8033"°
A2B12Zafar 42.62"" 37.92°" 1665 5221
A3BORGS 46.18"" 38.51°" 1974%% 4350
A3B0saffa 38.19™ 54.05° 1173™ 29631™
A3B0Zafar 47.45%) 37.20°" 12320 3494%"
A3B4RGS 47.80°% 36.51%" 1744 3484"
A3B4saffa 41.89"" 40.12%9 1113 2688™
A3B4Zafar 36.63™ 29.08%" 1132 5002™™
A3B8RGS 42.98™" 50.63*° 11324 3536¢"
A3B8saffa 46.05"" 52.10% 915™ 2376"
A3B8Zafar 43.559" 26.22" 840™ 50329™
A3B12RGS 44.70°™ 31.52%" 1658 4684
A3B12saffa 51.77%¢ 44.06"" 979'™ 3694%"
A3B12Zafar 43.639" 45.39"¢ 967'™ 3557¢"

Averages with common letters in each column and row do not have a statistically significant difference with each other

at the 5% error probability level.
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Table 11. Correlation coefficients between physiological traits, seed yield and biological yield

Leaf Leaf Leaf Leaf
area area  Special weight
index ratio area ratio

Seed Biological
yield yield

Relative
Traits under moisture SPAD  TemnCan Electrolyte
investigation content leaf P leakage
water
Relative moisture 1
content leaf water
SPAD -0.030"™ 1
TempCan -0.3717  -0.023® 1
:Z':E;g;'yte 0122 03157 0162 1
Leaf area index 0.249"  0.208" -0.383" -0.315™
Leaf area ratio 0.370™  0.049™ -0.227°  -0.200"
Leaf Special area  0.214"  0.054™ -0371"  -0.200"
Leaf weight ratio  0.049™  0.218" 0.202"  0.008™
Seed yield 03777  0.166™ -0.631" -0.401"
Biological yield 0.251"  0.204" -0.615" -0.386"

1
0.419™ 1
0.320™ 0.576™ 1

0.015™ 0.123™ -0.201" 1

0.616™ 0.411™ 0.399™ -0.059™ 1
0.504™ 0.270™ 0.263™ -0.264" 0.706™ 1

ns, * and ** are non-significant, significant at 5% and 1% error probability level, respectively.
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