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Extended abstract

Background: One method for selecting high-yielding cultivars is selection based on
physiological traits. Investigating the seed growth and filling process and its effect on seed weight
Is among the basic research in breeding programs. The speed and period of grain filling are
important traits affecting grain yield in wheat, which are arfected by environmental conditions.
Selection based on traits such as seed filling speed and period can be a good physiological
criterion for cultivar evaluation. This research aimed to evaluate the yield, speed, and period of
grain-filling in bread wheat genotypes under end-of-the-season drought stress conditions and to
identify superior genotypes.

Methods: In this research, 18 bread wheat genotypes along with two control varieties were
obtained from the Ardabil Agricultural Research Station and Natural Resources. An experiment
was conducted in a completely randomized block design with three replicates in two conditions
of full irrigation and drought stress at the end of the season in the Ardabil Agricultural Research
Station. In the field, the genotypes were cultivated inside each plot of 4 x 3 m with a distance of
20 cm between lines and a density of 400 seeds/m?2. Genotypes were cultivated in the research
station in the fall of 2019. In stress conditions, irrigation was not applied from flowering to seed
maturity, while |rr|c]1at|on_was carried out three times (early flowering, mid-seed setting, and late
seed setting) from flowering to physiological maturity in stress-free conditions. Grain yield traits,
?_ra_ln filling speed, maximum grain dry weight, length of grain filling period, and effective grain

illing period were measured in this study.

Results: The results of variance analysis for the evaluated traits showed a significant difference
between environments and between genotypes in all evaluated traits. The genotype x environment
interaction effect was also significant for all mentioned traits. The significance of the difference
between genotypes indicates genetic diversity between the studied cultivars. Moreover, the
significance of the interaction effect showed that the studied genotypes did not behave the same
in two environments without and with stress. The seed-filling rate of all genotypes decreased
under drought—stress conditions. The average seed-filling rates were 1.20 and 1.37 m(]; per day in
the stressed and non-stressed environments, respectively. The length of the grain-filling E)eriod
and the effective grain-filling period decreased with increasing the %rain-filling speed. The length
of the seed-filling period in the stressed environment was shorter by 2.31 days on average. The
effective length and period of seed filling were directly related to the seed dry weight. The average
yield of genotypes under stress conditions (594 g/m?) declined significantly compared to the non-
stress environment (768 g/m?). On average, the length of the seed-filling period in the stressed
environment (34.90 days) was shorter than that in the non-stressed environment (37.21 days). The
greatest decrease in the effective length of seed filling was observed in genotype 5 (5.30 days).
The longest seed-filling periods were recorded for genotypes 14 (41 daysg and 12 (40.44 days) in
stress conditions, and genotype No. 13 (43.21 days) in non-stress conditions. Genotype 3 showed
the shortest seed-filling period in both stress and non-stress conditions. The correlation
coefficients showed a negative and significant correlation between the speed and the effective
period of seed filling in the stress (r = -0.358**) and non-stress (r = -0.404**) environments. A
cluster analysis of the genotypes grouped them into three and four clusters in the stress and non-
stress environments, respectively. The heat map of the distribution of genotypes grouped them
into three clusters based on the traits studied in the stressful environment. Genotypes 19, 18, 3,
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10, and 1 were in the first group, with a short effective seed-filling period and a higher fillin
speed, which was desirable due to the relatively better yield. The second group include
genotypes 7, 4,9, 17, 6, 5, and 8, with lower seed yields and short effective seed-filling periods.
Finally, ?enoty es 13, 12, 2, 14, 11, 20, 15, and 16 were included in the third grou_F,_ with lower
values of speed and maximum seed weight and_hlgher values of effective seed-filling periods.
Members of this group showed relatively good yields, which could be attributed to the length and
long effective seed-filling period. Considering the importance of grain-filling processes to reach
the desired grain weight, selection to increase the grain-filling speed and the eftective long filling
period can lead to more yields in stressful conditions. )
Conclusion: A significant variation in traits was observed among the studied genotypes,
indicating the existence of appropriate genetic diversity in the studied plant material.
End-of-season drought stress negatively affected the final grain weight by reducing the speed and
ﬁgriod of grain filling, eventually lowering the yield. In such conditions, selecting genotypes with
igher seed-filling speeds can lead to the selection of drought-tolerant genotypes. However, the
speed of seed filling and the effective period of seed filling alone cannot guarantee a high ?/leld,
and other factors affecting yield should be considered in the selection of drought-tolerant
genotypes.
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Table 3. Variance analysis of environment effect on growth characteristics and performance of different wheat lines
under drought stress and non-stress conditions

Mean Squares Slaye (5 Sibo -
. o s N & ae R - e - =) "
S s Sl Sis 59 Sl S S 090 Job Al s p he 090 L Sy Phe G &l bl é_%l“
Grain vield Maximum dry grain filling Effective grain Grain filling df Source of variation
y weight of seeds period filling period rate
899947 1551.9617" 160.5560™ 46.7544™ 0.8444™ 1 . Lo
Environment
379.01 18154 04482 0.346 0.0006 4 o Sxhew
Replication (Evironment)
17475.23" 96.8008" 73.0317" 49,7656 0.1358" 19 55
Genotype
4639.31" 6.3196™ 3.4797" 45154 0.0058"™ 19 bame X iy
Genotype (Environment)
267.02 0.9686 5237 .6306 0.0002 76 s
Error
IO
12.40 2.34 2.01 2.41 1.15 A

Coefficient of variation (%)
*, **: Significant at the five percent probability level, and significant at the one percent probability Tevel, respectively

_ RS Ogh 5 085 bl 53 s o (060ke Clalie Y Jouo
Table 4. Mean comparisons between genotypes under stress and non-stress conditions

Traits olaw
4l 5 ySlas b Sis e ST &> Sy 0p90 Jobo &> S g 5o 093 &> Sy sy 5 Locs
Grain yield Maximum dr rain filling period  Effective grain filling period Grain fillin o : i
(gr/nxz) weight of seeds (mg) ¢ (da\g P g (day) P rate (mg/dag) Genotype Environment
646 ab 40.00 ef 32.56 hi 30.23 ] 1.3233d 1
650 a 38.83f 37.75cd 35.52b 1.0933 i 2
596 d 36.03 gh 28.43 k 24.46 m 1.4733 b 3
536 e 36.93¢g 34.48 efg 32.12gh 1.15h 4
546 e 43.17 be 34.47 efg 33.64 def 1.2833 e 5
563 e 44.53 ab 33.83¢g 32.35 fgh 1.3767 ¢ 6
548 e 39.10 ef 37.44d 33.75 def 1.16 gh 7
534 e 40.70 de 35.04 efg 30.46 ij 1.3367d 8
538 e 42.07 cd 34.97 efg 36.91a 1.14h 9
630 ab 4513 a 31.83i 29.57 jk 1.5267 a 10
634 ab 35.83 gh 38.88 bc 34.90 bed 1.0267 j 11 Siid s
617 bed 40.70 de 40.94 a 35.39 be 1.15h 12 Stressed
636 ab 39.67 ef 39.21b 34.10 cde 1.1633gh 13
627 abc 37.13¢g 41.00a 35.71ab 1.04 14
619 bed 33.43i 35.43e 31.84 gh 1.05j 15
599 cd 32.87i 35.20 ef 33.85de 0.9713 k 16
559 e 4247 ¢ 33.98 fg 31.69 hi 1.34d 17
545 e 33.73i 29.05 jk 27.651 1.22f 18
643 ab 33.87i 29.74 28.70 ki 1.18¢ 19
627 abc 34.47 hi 33.72 gh 33.14 efg 1.04 j 20
595 b 38.53b 34.90b 32.30b 1.20b ﬁ?;;
811 cd 48.77 bed 34.50 ik 30.80 gh 1.5833 b 1
828 bed 43.42h 37.72 fgh 33.83 ef 1.2833 hi
878a 43.43h 30.51 m 25.80i 1.6833 a 3
661 h 46.70 ef 38.95 ef 35.29 bede 1.3233f 4
745 e 53.33a 39.77 de 38.08 a 1.4 de 5
723 ef 53.17a 36.77 hi 34.30 bedef 155¢ 6
673 gh 50.30 b 40.98 bed 35.50 bed 1.4167d 7
726 e 47.23 de 38.89 ef 34.06 def 1.3867 e 8
737e 46.77 ef 35.86 i 35.79b 1.3067 fgh 9
853 ab 50.07 b 33.65 k 31499 159 b 10
821 cd 45.23 fg 41.11 be 35.52 bed 1.2733 ij 11 O g
854 ab 45.20 fg 40.50 cd 34.33 bedef 1.3167 fg 12 Non-stressed
750 e 49.10 be 4321a 37.29a 1.3167 fg 13
835 hc 44.20 gh 41.84b 35.64 bc 1.24 k 14
835 bc 39.30j 38.19 fg 34.17 cdef 1151 15
822 cd 39.43] 37.56 gh 34.91 bede 1.131 16
652 h 48.30 cde 34.23k 30.63 gh 1.5767 b 17
657 h 39.43j 32.371 30.50 gh 1.2933 ghi 18
697 fg 39.67 ] 32.021 29.82h 1.33f 19
801d 41471 35.59 ij 33.17f 1.25 jk 20
768 a 4573 a 3721a 3355a 137a oSl

Mean
Means with common letters in each column are not significantly different based on Duncan's test at the 5% probability level.
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Table 5. Correlation coefficients between assessed traits under drought stress conditions (above the diagonal) and

without stress (below the diagonal)

GY MAXW GFR GFP EGFP ULLD . boome
Traits Environment
- " - al> GAD 5 e )90
0.175 0.341 -0.358 0.861 1 Effective grain filling period (day)
(EGFP)
0.306™ 0.317™ -0.375™ 1 0.870™ b ()15 5 0y93 Jobo
Grain filling period (GFP)
0.308" 0.674™ 1 0.272" -0.404™ b (b Cue g R 9
Grain filling rate (GFR) Non-stressed
" . . " &l Sis yjg Sl
0.476 1 0.710 0.379 0.351 Maximum dry weight of seeds
(MAXW)
1 0.444™ 0.344™ 0.305™ 0.142 o 3 Slos

Grain yield (GY)

*, **: Significant at the 5% and 1% probability levels, respectively.
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Figure 1. Thermal map diagram based on evaluated traits a) without drought stress b) with drought stress. Effective

grain filling period (day) (EGFP), Grain filling period (GFP

, Grain filling rate (GFR), Maximum dry weight of seeds

(MAXW), and Grain yield (GY)
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