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Abstract

The purpose of the relevant research is to study the effect of delayed planting on the agricultural characteristics of some
promising wheat cultivars at high temperatures at the end of the season and to select cultivars that tolerate heat stress
with high grain yield. For this purpose, an experiment was carried out in the form of split plots in the research farm of
Moghan Faculty of Agriculture and Natural Resources in the form of split-plot randomized complete block design with
three replications during crop years 2017-2018. The main plot was three planting dates (15 November, 1 Desember and
15 December) and the sub-plot was 16 advanced wheat genotypes. The results of comparing the average interaction
effect of genotype and planting date showed that on the planting date 15th of December, the maximum plant length,
spike length and peduncle length corresponded to genotype number G4, and the highest number of spikelets and straw
weight corresponded to genotype humber G7. The highest number of seeds per spike, weight of seeds per spike, weight
of seeds in the whole plant, weight of the whole plant and seed yield (4666.7 kg.ha) belonged to genotype No. G8.
Also, under stress, high seed grain had a significant positive correlation with traits of total plant weight and the number
and weight of grains per spike. The highest correlation coefficient (0.97) belonged to a trait of total plant weight with
seed weight per spike on the planting date (15 December). In other words, the studied genotypes showed different
responses in different cultivation dates. G14 and G8 cultivars were able to obtain high average seed yield in both
normal and stress conditions on the planting dates of November 15 and December 15, respectively.

Keywords: Agronomic characteristics, Autumn planting, Correlation coefficient, Yield

Introduction

Wheat (Triticum aestivum L.) is the most important crop on earth and is the major source of calories and protein making
up half of the protein and 65% of the daily calorie intake needed for the population of the country. The economic
importance of wheat, both in terms of production and nutrition, is more than other agricultural products in the world.
Wheat can be produced even in areas where it is not possible to produce other plants due to changing climatic
conditions or the dryness of the environment. Global climate changes increasingly affect the production of agricultural
products. Critical weather conditions, especially temperature and rainfall anomalies, have a significant effect on the
success of the cultivated area of crops. High and unusual temperature is one of the most common forms of abiotic
stress, which is considered a great risk for crop production. The flowering stage is the most sensitive stage to heat stress.
Complex interactions between phenological stages and the sensitivity of different growth stages to the environment
affect the final yield. Heat stress also weakens the pollen and thus weakens pollination. The sensitivity of pollen to high
temperature is related to the inability of pollen to make heat shock proteins. Heat stress during flowering and seed
filling accelerates the destruction of leaf chlorophyll, resulting in a decrease in both leaf photosynthetic activity and
final biomass. The response of wheat to heat stress and dehydration has a complex mechanism that includes molecular
changes and its spread to all metabolic activities and its effect on plant morphology and phenology.The traditional
approach to estimate the optimal planting date is to conduct direct field experiments with a range of planting dates.
Selection for stress tolerance under field conditions is often done by exposing genotypes to high temperatures by
changing planting dates. In arid and semi-arid regions, wheat planting cannot be postponed later than December due to
the prevention of yield reduction due to late planting and the reduction of the length of the plant's growth period. The
purpose of the relevant research is to study the effect of delayed planting on the agricultural characteristics of some
promising wheat cultivars at high temperatures at the end of the season and to select cultivars that tolerate heat stress
with high grain yield.
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Materials and Methods

For this purpose, an experiment was carried out in the form of split plots in the research farm of Moghan Faculty of
Agriculture and Natural Resources in the form of split-plot randomized complete block design with three replications
during crop years 2017-2018. The main plot was three planting dates (15 November, 1 Desember and 15 December)
and the sub-plot was 16 advanced wheat genotypes. Each of the studied plots had six lines, each line with a length of
five meters and the distance between the lines was 20 cm. Also, the seed density was 350 seeds per square meter.

Results

The results of comparing the average interaction effect of genotype and planting date showed that on the planting date
15th of December, the maximum plant length, spike length and peduncle length corresponded to genotype number G4,
and the highest number of spikelets and straw weight corresponded to genotype number G7. The highest number of
seeds per spike, weight of seeds per spike, weight of seeds in the whole plant, weight of the whole plant and seed yield
(4666.7 kg.ha't) belonged to genotype No. G8. Also, under stress, high seed grain had a significant positive correlation
with traits of total plant weight and the number and weight of grains per spike. The highest correlation coefficient (0.97)
belonged to a trait of total plant weight with seed weight per spike on the planting date (15 December).

Conclusions

In general, according to the results of the present study, the studied genotypes showed different reactions in different
cultivation dates. The cultivars G14 and G8 were able to obtain high average grain yield in both normal and stress
conditions on the planting dates of November 24 and December 24, respectively. Also, the simultaneous examination of
biochemical and morphological parameters is important for selecting genotypes tolerant to heat stress at the end of the
season and is recommended for further studies.
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Table 1: Physical and chemical characteristics of soil
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ERRVW _ _ s S cdl
pH (e 2 gaishee) (%2,9) (PSS 55 5 ko) (PSS 5o p 5 o) Soil texture
EC (mmus.m™) C (%) P (mg.kg™h) K (mg.kg?h)
7.7 1 0.7 12 400 s
Loam - Clay
poiS anllland jse locadsis (5,500 Y Jgax
Table 2: Pedigree of studied wheat genotypes
S s
Pedigree Genotypes
AFTAB 1
BABAX/LR42//BABAX*2/3/[KUKUNA/4/BACEU#1/5/BECARDCMSS07Y00885T-099TOPM-099Y-099M-099Y - 5
10M-0RGY
BABAX/LR42//BABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARDCMSS 07Y01006 T- 099TOPM-099Y-099M-
099NJ-099NJ-7RGY-0B
BABAX/LR42//BABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARD 4
BLOUK #1/5/FRET2*2/4/SNI/TRAP#1/3/ KAUZ*2/ TRAP//IKAUZCMSS06B01047T-099TOPY-099Y-11M-0Y-
5B-0Y
KIRITATI//PRL/2*PASTOR/5/0ASIS/SKAUZ//4*BCN/3/PASTOR/4/KAUZ*2/Y ACO/IKAUZ/6/KIRITATI//PRL/ 6
2*PASTORCMSS07Y00718T-099TOPM-099Y-099M-099Y-22M-0RGY
BAJ #1/3/KIRITATI//ATTILA*2/PASTOR CMSS07Y 00288S-0B-099Y-099M-099NJ-099NJ-10WGY-0B 7
WBLL1*2/VIVITSI//MESIA/3/KIRITATI/WBLL1CMSS07Y00841T-099TOPM-099Y-099M-099Y-12M-OWGY 8
SUP152/BAJ #1CMSS08Y00185S-099Y-099M-099NJ-099NJ-28WGY-0B 9
MUNAL*2/WESTONIACMSS08Y00871T-099TOPM-099Y-099M-099NJ-099NJ-66WGY-0B 10
CHEWINK #1/MUTUSCMSS08Y00485S-099Y-099M-099Y-5M-0WGY 11
MUNAL*2/WESTONIACMSS08Y00833T-099TOPM-099Y-099M-099NJ-099NJ-8WGY-0B 12
BABAX/LR42//BABAX*2/3/PAVON 7S3, +LR47/4/ND643/2*WBLL1 /5/BABAX /LR42// BABAX*2/3/PAVON 13
7S3, +LR47CMSS08B00634T-099TOPY-099M-099NJ-099NJ-24WGY-0B
QUAIU #1/5/KIRITATI/4/12*SERI.1B*2/3/ KAUZ*2/ BOW//IKAUZ/6/ BECARD CMSS08B00645T-099TOPY - 14
099M-099NJ-099NJ-6WGY-0B
KACHU/BECARD//WBLL1*2/BRAMBLINGCMSS07B00580T-099TOPY-099M-099NJ-099NJ-10WGY-0B 15
KIRITATI//2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERICMSS0 16
8B00732T-099TOPY-099M-099Y-6M-OWGY
pasS lacuigly ool (6 S ojlail Slas il jls 4 5o ¥ Jgas
Table 3: Analysis of variance of measured traits wheat genotypes
Sla o 525k
Means of square
a0 ol
Al jo alo olass Azl olass 59,k asy olaws azy olaws st J}‘o Jjb sals )-‘;-‘“of'/
Number of grain per Number of Number of Number of i Jsslsy s df T
spike spikelets fertile tillers tillers Spike  Peduncle  Plant
length length length
71.29 0.42" 0.020™ 0.52" 0.17™ 0.75™ 1.59m™ 2 sk
Block
211.88" 33.36% 0.020" 17.38" 338" 52 R0 ol &b
Planting date
39.97™ 2.17™ 0.010™ 1.02™ 0.41" 12.17™ 5.29™ 4 ol sl
Main error
42.53" 2550 0.018"™ 0.25" 071" 2670 2210 15 w55
Genotype
110.18" 7.18" 0.020" 0.27 227" 41977 2898 30 el @b x s
Genotype x Planting date
18.15 1.46 0.021 0.26 0.40 6.42 5.05 64 >
Error
14.33 8.36 14.29 3284 781 1081 341 - (30,9) Syl o 75
CV (%)

Al so 2oy ) 5 0 Jleiol mdaw )0 o dixe g jlo gime e oS Sy i g 5 NS
ns, * and **: Non significant, significant at 5% and 1% probability level, respectively
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Table 3 Continued: Analysis of variance of measured traits wheat genotypes

Slayo (eSlee
Means of square sol;l a8 o ol
als o Sles alis jo &l 59 Ge JS 59 e IS 0 als 39 oS o3 df S.0.V.
Grain yield Grain weight per spike Total plant weight Grain weight per plant Straw weight
511037.67" 0.030ms 0.141m 0.041"s 0.03m 2 sk
Block
5399961.63" 0.357" 21,717 0.440™ 15.97" 2 sl )b
Planting date
721992.88" 0.050" 0.417" 0.058" 0.27 4 ‘5Lo_‘ s>
Main error
1202604.62™ 0.087"* 0.433" 0.098"* 0.18" 15 w9
Genotype
1246604.41** 0.109™ 0.617" 0.101* 0.28" 30 Sl )b sl
Genotype x Planting date
360886.7 0.026 0.124 0.029 0.06 64 = sl
Error
16.45 15.80 11.88 16.45 13.14 - (309) Sledd o 2
CV (%)

Al oo 2oy ) 50 Jloiol mdaw )8 o sixe g jlo ey oS Say s g 5 NS
ns, * and **: Non significant, significant at 5% and 1% probability level, respectively
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Table 4; Comparison of the mean of wheat genotypes in the three planting date for traits of plant length, peduncle length and number of spikelets

VQ&U@)U YC/J;U@)U \CA;LIS&)U
Planting date 3 Planting date 2 Planting date 1
ilou & ilou & . . oy & Y
s Sl JsSly Jsb % Jsb s Sl JsSly Jsb % Jsb azls olass Jssly Jsb % Jsb Genotype
Number of spikelets (ol (ol Number of spikelets (ol (ol Number of (el (ol
Peduncle length (cm) Plant length (cm) Peduncle length (cm) Plant length (cm) spikelets Peduncle length (cm) Plant length (cm)
14.66" 23.33% 65.00% 14.00%1 26.33°F 57.001 11.33 16.66'™ 72.66% 1
14.66°" 16.00™ 54,33 11.331 27.00*¢ 63.33%9 14.33% 18.00"m 70.33¢ 2
14.66°" 24.00%" 63.00%9 13.33 25.33%f 65.66¢ 15.66 18.33m 72.00% 3
14.00% 31.332 65.33% 14.66%" 21.33% 62.00%9 14.33% 18.00m 69.66° 4
14.66°" 23.33¢ 62.33%9 16.66%¢ 23.66 61.66%" 14.33¢ 28.00%¢ 73.66™ 5
16.00%¢ 24.33%h 65.00% 14.00¢ 20.009™ 62.33%9 14.66°" 24.33%h 76.00° 6
18.66% 20.009™ 61.00% 13.33 19.66"™ 57.33" 13.66%1 21.66M 73.66% 7
17.33® 27.33%¢ 65.33% 13.33" 21.66" 59.66" 13.33M 22.66% 72.66" 8
16.00%¢ 25.00%9 61.66%" 12.001 25.33%f 61.00°" 14.33¢ 28.33%® 75.66° 9
14.00% 23.66" 63.33%9 15,339 25.00>9 63.00%9 14.66°" 25.009 72.66% 10
16.00%¢ 18.00"™ 59.33" 12.66" 23.66 59.33" 15.33>9 25.00>9 76.33° 11
16.66*¢ 24.66>" 61.66%" 12.66" 24.00>" 61.33% 13.0091 25.00>9 74.66° 12
14.66" 17.664m 57.001 14.00%1 24.66™" 63.66%f 16.00°¢ 28.66% 74.66° 13
14.00¢ 18.66™™ 57.33" 12.66" 27.33%¢ 63.66%f 17.00%¢ 25.00>9 80.66% 14
13.33" 24.00%" 63.33%9 15.339 28.00%¢ 62.33%9 14.33¢ 27.00%¢ 81.33% 15
15.339 22.00%% 59.33" 12.66" 23.66" 59.009" 15.66"f 23.33% 73.00% 16

W, o2 b gyl pre Doldl woy0 0 Jlaiz | mhaws jo gt 12 50 (LS By sl sla 1 Sl
Means with similar letters in each column are not significantly different at 5% level of probability
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Table 4 Continued: Comparison of the mean of wheat genotypes in the three planting date for Spike length

Gl abzw Jobo
Spike length (cm)

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 S s
Genotype
8.6 733" 033  g8e6*  7.000 9.00%  7.66%  7.66% 7000  7.33  7.66%  7.66%  800F 833¢ 800 7.33¢ Vel gt
Planting date 1
7.33¢ 9.33%  833¢ 766% 7000 7.000 900" 700"  7.66%  7.66% 866  900% 866  7.66%  7.00f 8.33b* Velb &l

Planting date 2
Voowls &b
Planting date 3

9.00%° 7.66%  8.00°" 833" 9.00% 9.33® 7.33°f 8.66%1 9.33% 9.66° 8.33>¢ 7.33°f 7.66%  8.33° 7.33¢f 9.00%¢

A, o2 b gyl pre Dold woy0 0 izl mhaws jo gt 12 50 (LS By sl sla 1 Sl
Means with similar letters in each column are not significantly different at 5% level of probability
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Table 5: Comparisons of mean wheat genotypes for traits of straw weight, total plant weight and seed weight per plant

Vel &b Yool &Ll Y oculls &Ll
Planting date 1 Planting date 2 Planting date 3 i
(5 G U5 2 alo s (05 B2 IS Ojs ES S 0y (D Se S Al (@) S8 IS 0 ES S 0y D e S oAby D GRS o (el O ng;,;;e
Grain weight Total plant Straw Grain weight Total plant Straw Grain weight Total plant Straw
per plant (g) weight (g) weight (g) per plant (g) weight (g) weight () per plant (g) weight (g) weight (g)
1.13 2.81M° 1.67% 0.96 2.43™" 1.47ms 0.98%° 3.08%! 2.09% 1
0.73° 2.08" 1.359 1.01%° 254" 152" 0.97¢° 3.47%h 2.49% 2
1.12¢m 2.82m° 1.70%" 0.84° 2.26°" 1.42" 1.20% 3.53¢1 2.33% 3
1.06%° 257" 151" 0.81%° 2690 1.88"° 1.05%° 3.69¢f 2,64 4
1.00%° 255" 155" 1.46% 3.37¢1 1.919" 1.04%° 3.39%1 2.35%" 5
0.78"° 2.22°" 143" 0.78m° 2.43™" 1.65k¢ 1.110m 3.56¢1 2.45¢f 6
0.95%° 2.979" 2.01" 0.82k° 2.20°" 1.38°° 0.95%° 3.32¢k 2.37%9 7
1.33¢ 3.19¢! 1.86" 0.91"° 2.17°" 1.26" 1.13* 3.62%9 2.48°%f 8
1.00° 2.81° 1.80/ 0.75™ 2.09Pr 1.34¢9 1.09¢" 3.48°%" 2.38%9 9
0.87"° 251" 1.64%s 1.04%° 2.63%4 1.59" 1.084" 3.31¢ 2.23%4 10
0.96™ 2.80"™P 1.844 0.87° 2.32™ 1.45ms 1.27%9 4.29" 3.02° 11
1.21% 3.16%! 1.959™ 0.78° 2.15°" 1.367¢ 1.118m 3.43%N 2.32% 12
0.99%° 2.60" 1.61%s 1.03%f 3.065™ 1.757 1.443bc 5.13% 3.68° 13
0.72° 1.87" 1.15° 1.04%° 2.54" 1.49™s 1.518 454° 3.03° 14
0.82%° 2.31™ 1.49m 1.23%h 3.03fm 1.7914 1.15% 3.73% 2.570¢ 15
1.17v 2.70™ 1.53" 1.08%" 2.50" 1.42™ 1.31%¢ 4,210 2.90% 16

W, o2 b gyl pre Dold woy0 0 Jlaiz ] mhaws jo gt 12 50 (LSs By sl sla 1 Sl
Means with similar letters in each column are not significantly different at 5% level of probability
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Table 6: Comparisons of mean wheat genotypes for the number of grains per panicle, grain weight per panicle and grain yield

Yol &b Vel )b Vel w)b
Planting date 3 Planting date 2 Planting date 1
Ols 5.5 BRRHANT 5o ails olass Gls 5.5 PRHANST 5o ails slass Ols 5.5 5o &l 39 s s Sl N
_ £y alu . _ £y al . _ £y alo : ] Genotype
(LS 5 o ,55L5) (p5) b e (ESa 5 o ,55k) (5) ok : (LS s p,55LS) (5) <k Number of grain
Grain yield (kg.h%) Grain weight Number of grain Grain yield (kg.h?) Grain weight Number of Grain yield (kg.h?) Grain weight per spike
' per spike (gr) per spike ' per spike (gr) grain per spike ' per spike (gr)
3978.3" 1.13¢ 33.00°9 3360.0"° 0.96™ 31.00" 3453.3%° 0.83° 22.33m 1
2555.0° 0.73"™ 29.66%* 3558.3%° 1.01%° 25.669™ 3418.3%° 0.97%° 32.33¢" 2
3920.06™ 1.12¢1 31.66%" 2940.0° 0.84+° 26.66" 4200.0% 1.20*¢ 37.66%¢ 3
3733.3%° 1.06°™ 31.33¢h 2835.0%° 0.81° 27.33¢ 3698.3%° 1.05%" 29.66%« 4
3500.0%° 1.00° 33.00°9 5110.0® 1.46%® 43.332 3651.7%° 1.04%° 21.00™ 5
2753.3"° 0.78%° 32.00¢" 2730.0m™ 0.78"° 21.661M 3885.06™ 1.11¢ 30.66%1 6
3348.39° 0.95%° 37.33%¢ 2870.0%° 0.82r° 26.33%m 3325.09° 0.95%° 24.669™ 7
4666.7%4 1.33%° 39.66%° 3196.7"° 0.84m0 26.66" 3978.3" 1.13¢ 21.33Km 8
3523.3%° 1.00%° 31.00%" 2625.0™ 0.75™° 18.00™ 3838.34" 1.09% 26.009™ 9
3045.0"° 0.87¢%° 24.669™ 3651.7%° 1.04%° 28.33¢ 3791.7%" 1.08%! 30.00% 10
3360.0"° 0.96" 34.66" 3045.0™° 0.879° 24.00Mm 4445.0*9 1.27%F 32.66"" 11
4246.7%1 1.21%f 35.66%¢ 2753.3"° 0.78%° 20.66™ 3896.7M 1.11% 26.66" 12
3465.0%° 0.99%° 31.66%" 4573.3 1.30*¢ 32.00%" 5063.3%¢ 1.30*¢ 37.00*¢ 13
2520.0° 0.72° 25.33%m 3651.7¢° 1.04%° 25.669™ 5296.7% 1.512 40.66% 14
2870.0%° 0.82° 24.669™ 4328.3%" 1.23*f 33.00°¢ 4048.3 1.15% 30.66%1 15
4118.3% 1.17%h 32.00°" 3780.0¢" 1.08°™ 30.00% 4596.7*¢ 1.317¢ 35.33¢ 16

Wl pa b ()10 g gl do p0 O Jlaol s 5o gt j2 50 (LSS By i sl sl Sl
Means with similar letters in each column are not significantly different at 5% level of probability
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Table 7: Correlation of evaluated traits in advanced genotypes of wheat for the average of three planting dates
als o Sles oS )59 alw o als 35 alas jo alo slaws axda olass s Job ISl Jgb Ay olaws dg glis )| IS SIS
Grain yield Straw weight Grain weight per spike Number of grain per spike ~ Number of spikelets  Spike length Peduncle length Number of tillers Plant height Correlation
1 Ay olaws
Number of claws
1 0.65** JS"L” J5Ja
Peduncle length
1 0.05 0.25” e sk
Spike length
1 0.008 -0.02 -0.03 azkin slas
Number of spikelets
1 0.72" -0.005 0.01 0.07 A 53 s slass
Number of grains per spike
1 0.66™ 0.64™ 0.03 0.10 0.07 Ao o ails 039
Grain weight per spike
1 0.72™ 0.40™ 0.45™ 0.28™ 0.26™ 0.38™ o 039
Straw weight
1 0.53" 0.35™ 0.33" 0.25" 0.12 0.64™ 0.77" als 0 Sloe
Grain yield
o o ox o o ok o ok Ge JS 09
1 0.56 0.97 0.70 0.38 0.44 0.27 0.29 0.39

Total plant weight

Wil oo doy0 ) 50 Jlodol maw jo o sime (i Say sk g
*and **: Significant at 5% and 1% probability level, respectively
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Table 8: Coefficients of factors for evaluated traits for the average of three planting dates

¥ el Y el Y el o
Factor 3 Factor 2 Factor 1 Adjective
0.2 0.57 0.02 Sy )
Plant height
-0.62 -0.30 0.00 sy sl
Number of claws
-0.00 0.64 012 Sl Job
Peduncle length
-0.48 0.19 -0.05 b Job
Spike length
-0.45 0.04 0.23 aleo slass
Number of spikelets
0.10 -0.25 0.39 A 53 s sl
Number of seeds per spike
0.17 0.12 0.44 b 5o 4l 03
Grain weight per spike
-0.20 -0.16 0.38 o5 03
Straw weight
0.17 0.08 0.44 als 3Sloe
Grain yield
-0.04 -0.06 0.46 Sy S5 03
Total plant weight
15.129 19.742 42375 235 aez gl pbly dops
Percentage of variance justified
77.246 62.117 42375 S Ty v“jl“'? 5 &=
The sum of the total variance is justified
151 1.97 423 o5y polie
Eigenvalues
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