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Evaluation of drought stress effect on germination characteristics of
some advanced dryland bread wheat lines
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Extended abstract

Introduction: Drought stress in dryland wheat cultivation, where the plant solely relies on rainwater, can
have a detrimental effect on plant growth. Given the lengthy duration of breeding projects, identifying stress-
tolerant breeding lines at the germination stage can significantly reduce the time and cost of dryland wheat
breeding programs for developing drought-resistant varieties. Identifying the stress tolerance of unreleased
lines through laboratory simulation of drought stress is among novel methods to aid in selecting drought-
tolerant varieties in the final stages. Moreover, the germination stage is crucial for plant establishment. This
stage is critical for plant growth and development and can significantly impact bread wheat yield in case
tolerant lines are available.

Materials and Methods: This experiment was conducted to investigate the germination characteristics of
11 advanced dryland bread wheat lines at four osmotic potential levels (-2, -4, -6, and -8 bars) induced by
polyethylene glycol 6000 along with a control (for a total of five levels), under laboratory (controlled)
conditions at Persian Gulf University. The investigation was performed as a factorial experiment in a
completely randomized design (CRD) with three replications. Traits in this experiment including germination
percentage, germination rate, growth rates of radicles and plumules, dry weight and length of radicle and
plumule, seed vigor indices I and 11, seedling length, and allometric coefficient were measured.

Results: The mean of all traits decreased with increasing stress levels. Results of ANOVA showed a
significant interaction at the 1% level between the lines and drought stress treatments. Therefore, physical
slicing analysis was conducted at each stress level to compare the lines. The response of the lines to different
traits was of an ordinal interaction type. As drought stress levels increased, germination percentage and rate,
radicle and plumule growth rates, and seedling length decreased. Overall, lines 3 and 4 exhibited the highest
germination percentage (58.86) and rate (3.60 seeds per day), as well as radicle (0.85 cm per day) and
plumule rates (0.70 cm per day), and radicle (8.83 cm) and seedling (7.12 cm) length.

Conclusions: The response of the lines to different osmotic stress levels varied in terms of various traits.
Based on the traits evaluated, lines 3 and 4 exhibited superior drought stress tolerance. These lines can be
utilized in future breeding programs.

Keywords: Osmotic potential, Polyethylene glycol, Seed vigor index, Wheat
Highlights:

1. Evaluating and screening wheat breeding lines for drought tolerance was performed by simulating
stress conditions in the laboratory and comparing morphological traits in early plant growth stages.

2. The response of the lines to similar levels of drought stress was heterogeneous, and physical slicing
analysis based on each stress level revealed an ordinal interaction between stress and line levels.
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Table 1. Pedigree of the lines used in the experiment

Uinlejl 5o eoliiwl 3590 slacp o,mi = Y Jous
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Line Pedgree

Number g

1 TACUPETO F2001*2/BRAMBLING// KIRITATI/ 2*TRCHCMSS08Y00140S-099Y-099M-099INJ-29WGY-
0B

) KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/4/TRAP#1/
7/ATTILA/2*PASTORCMSS10Y00374S-099Y-099M-1WGY-0B

3 92.001E7.32.5/SLVS/4/WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLL1CMSA08M00321S-040M-
ONJ-14Y-0B

4 QUAIU #1CGSS01B00046T-099Y-099M-099M-099Y -099M-29Y-0B-12B-0Y

5 BECARD/PFUNYE #1CMSS09Y00374S-099Y-099M-099Y-10WGY-0B

6 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SRMA/TUIPTSA08M00045S-050ZTM-050Y-28ZTM-010Y-0B

7 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SRMA/TUIPTSA08M00045S-050ZTM-050Y-28ZTM-010Y-0B

8 KACHU/SAUAL/3/TRCH/SRTU//KACHUCMSS10Y00375S-099Y-099M-6 WGY-0B
PASTOR/KAUZ/6/CNDO/R143//ENTE/MEXI 2/3/AEGILOPS SQUARROSA (TAUS)/ 4/WEAVER

9 /5/2*KAUZ/7/2*PRL/ 2*PASTOR//PBW343*2/ KUKUNACMSS09Y01016T-099TOPM-099Y-099M-099Y -
21WGY-0B

10 KACHU/3/PBW343*2/KUKUNA//PBW343*2/KUKUNACMSS09B00277S-099ZTM-099NJ-099NJ-
19WGY-0B

11 ROLF07/3/TRCH/SRTU//KACHU/4/SAUAL/MUTUSCMSS10Y00986T-099TOPM-099Y-099M-7TWGY-0B
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Table 2. Mathematical equations used to measure traits in experiments
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Germination percentage
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Vigor index II
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Allometric coefficient

Radicle and Plumule
growth rate

Po=-(1.18x 102 C-(1.18 X 10"
4 C2+(2.67 X 10%) CT + (839 X
10 7) C2T
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Table 3. Mean comparison of the lines at different levels of drought stress (bar) for the studied traits based on physical slicing of interactions for germination percentage,
germination rate and radicle growth rate

oy ilez e, Gy 5oy o) (55 il s s (G9) 5 yrosbla) azaiy ) ad; Cus o
Li “** Germination percentage Germination rate (Number of seed / day) Radicle growth rate (cm/ day)
ine
0 -2 -4 -6 -8 0 -2 -4 -6 -8 0 -2 -4 -6 -8
1 96.00 % 91.33% 43.33b 13.66°¢ 112 9.432 4.58® 1.82¢ 0.57° 0.042 1.15¢ 0.82f 0.65¢ 0.42° 0.33°
2 95.00 67.669 12.33d of oP 8.73%® 3.32¢ 0.21f 0.00°¢ 0.00? 1.26% 0.84°f 0.63¢ 0.004 0.004
3 96.00 85.66% 83.33% 20.66P 0.33° 9.33% 4.83® 3.47° 0.63° 0.032 1.27% 1.24° 0.79° 0.67% 0.392
4 94.66 88.33b 78.00* 41.66* oP 7.22¢d 4,93 4.10% 1.50* 0.00? 1.252 1.24° 0.96* 0.42° 0.004
5 96.00 % 62.334 3.67¢ 0.00f 0P 8.47° 4.61% 0.01f 0.00¢ 0.00? 1.342 1.302 0.31¢ 0.004 0.004
6 99.332 97.00* 27.66°¢ of ob 8.27° 5.40* 0.874 0.00¢ 0.002 1.29% 0.95¢ 0.64¢ 0. 004 0.00¢
7 93.33%® 91.33% 30.00°¢ 6.00¢ oP 7.31¢d 5.17% 0.26¢f 0.17¢ 0.00? 1.16% 1.04¢ 0.73b¢ 0.054 0.004
8 90.66° 80.004 0.027¢ 0.027f oP 8.06b° 4.53® 0.00f 0.00°¢ 0.00? 1.25P 0.99¢d 0.524 0.31¢ 0.004
9 93.33% 61.334 11.664 of ob 8.46P 2.61¢ 0.514¢ 0.00¢ 0.002 1.24% 0.91d 0.35¢ 0.00¢ 0.00¢
10 96.00 24.66° 0.00¢ of 0P 8.15% 0.42¢ 0.00f 0.00¢ 0.00? 1.23b¢ 0.36¢ 0.17f 0.00¢ 0.00¢
11 92.00° 85.33b¢ 25.67¢ 3.66°¢ 0.33° 6.524 4.34P 0.944 0.11¢ 0.00? 1.25P 0.927e 0.524 0.32¢ 0.12¢
Sl
M o=k 94.754 75.908 28.69€ 7.78P 1.06F 8.184 4.078 1.11¢ 0.27° 0.00F 1.254 0.968 0.57¢ 0.34P 0.14F
can
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In each column, means with common letters are not significantly different at the 5% level based on duncan's multiple range
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Table 4. Mean comparison of the lines at different levels of drought stress for the studied traits based on physical slicing of interactions for plumule growth rate, and vigor

indecies

Gy yo srosilw) az il ab) Co pu

oY Plumule growth rate (cm / day)

Vigor index I (cm percentage)

(22,0 s gils) Jol ey a5l

Vigor index II (gr percentage)

(22,0 0)5) pgo 4ss pasld

Line
0 -2 -4 -6 -8 0 -2 -4 -6 -8 0 -2 -4 -6 -8

1 1114 0550 047¢  036°  0.120  21.69% 12.57¢ 488 1.07¢  0.55° 11.58 5.93¢ 1.97¢ 0.36° 0.00?
2 1.09¢ 076°  0.16%  0.00¢  0.00° 22427 10877 097  0.00¢  0.00° 11.56% 2.88 1.13¢ 0.00° 0.00?
3 1.272 1.242 0.98* 0.15¢ 0.03° 24 .4]2be 21.332 14.822 1.69° 0.01° 12.44¢ 10.67* 6.71* 0.64* 0.00*
4 1.18¢ 1.12b 0.78° 0.35* 0.00° 23.08bcde 20.902 13.58> 3.25% 0.00° 10.67¢ 6.41°¢ 2.83b 0.69* 0.00*
5 1.322 1.27* 0.22¢ 0.004 0.00° 25.62% 16.58¢ 0.19f 0.004 0.00° 13.63% 9.12b 0.081e 0.00°¢ 0.00*
6 1.21b¢ 0.55F 0.354 0.004 0.00° 24.89% 14.614 2.77¢ 0.004 0.00° 17.012 6.57¢ 0.66°¢ 0.00°¢ 0.00*
7 1.12d¢ 0.94¢ 0.42¢ 0.004 0.00° 21.31¢ 18.13° 3.444 0.024 0.00° 11.90¢4 5.14¢ 0.43¢f 0.00°¢ 0.00*
8 1.21b¢ 0.864 0.304 0.27° 0.00° 22.39¢de 14.834 0.00f 0.004 0.00° 10.754 6.02¢d 0.008 0.00°¢ 0.00*
9 1.21b¢ 0.72¢ 0.11f 0.004 0.00° 22.96bcde 10.04" 0.54f 0.004 0.00° 11.29« 5.32de 0.081¢ 0.00°¢ 0.00*
10 1.21b¢ 0.27¢ 0.008 0.004 0.00° 23.42bed 1.568 0.00f 0.004 0.00° 11.004 0.39¢ 0.008 0.00°¢ 0.00*
11 1.14¢de 0.864 0.22¢ 0.12¢ 0.11* 22.28d 15.23¢ 1.66° 0.194 0.009° 11.28¢ 6.22°¢ 0.15"% 0.02°¢ 0.00*

o oA 0.838  036C  0.11°  0.01F 23.134 14.24B 3.9¢ 0.5  0.056F 12.104 5.88B 1.27¢ 0.15P 0.00P

Mean
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In each column, means with common letters are not significantly different at the 5% level based on duncan's multiple range
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Table 5. Mean comparison of the lines at different levels of drought stress for the studied traits based on physical slicing of interactions for radicle, plumule, and seedling
length

(o ils) azals Jsbo (Goile) azaiy, Jsbo (rogile) azadle Job
) oY Seedling length (cm) Radicle length (cm) Plumule length (cm)

Line 0 2 4 6 -8 0 2 4 -6 -8

1 22.60° 13.76" 11.2b¢ 7.83% 3.75% 11.50¢ 8.26f 6.50°¢ 4.20° 3.30° 11.109¢ 5.50f 4.76¢ 3.63% 1.27°
2 23.604¢ 16.06" 8.00¢ 0.00¢ 0.00¢ 12.63% 8.46¢" 6.33¢ 0.00¢ 0.00¢ 10.96¢ 7.60¢ 1.661 0.00¢ 0.00°¢
3 25.43b 24.90° 17.832 8.202 0.00¢ 12.73% 12.43b 7.96° 6.70? 3.932 12.70% 12.46% 9.86% 1.50¢ 0.33°
4 24,364 23.66¢ 17.402 7.80% 0.00°¢ 12.50° 12.46° 9.60? 4.23° 0.004 11.86¢ 11.20° 7.80° 3.56% 0.000°¢
5 26.66* 26.16* 5.33¢f 0.00¢ 0.00°¢ 13.432 12.46* 3.10¢ 0.00¢ 0.00¢ 13.232 12.702 2.23f 0.000¢ 0.00°¢
6 25.06% 15.06¢ 10.00¢ 0.00¢ 0.00°¢ 12.96% 9.56% 6.43¢ 0.00¢ 0.00¢ 12.10%¢ 5.50f 3.56¢ 0.00¢ 0.00°¢
7 22.86°¢ 19.86¢ 11.50° 0.50°¢ 0.00°¢ 11.63« 10.40¢ 7.30b° 0.50°¢ 0.00¢ 11.23¢ 9.46¢ 4.20¢ 0.006¢ 0.00°¢
8 24.70bd 18.56¢ 7.90¢ 6.10° 0.00°¢ 12.56° 9.900¢ 5.20¢ 3.10° 0.00¢ 12.13b¢ 8.66¢ 3.23¢ 2.46P 0.00°¢
9 24.60bd 16.40f 4.66f 0.00¢ 0.00¢ 12.46° 9.16% 3.50¢ 0.00¢ 0.00¢ 12.13b¢ 7.23¢ 1.16¢ 0.00¢ 0.00°¢
10 24.40bc 6.36! 1.83¢ 0.00¢ 0.00°¢ 12.30b° 3.66¢ 1.76f 0.00¢ 0.00¢ 12.10b° 2.708 0.06" 0.00¢ 0.00°¢
11 24.22¢ 17.83¢ 6.46° 5.48P 2.30P 12.76% 9.20d 5.234 3.28P 1.20¢ 11.46¢¢ 8.634 2.20f 1.23¢ 1.10°
M:;jkfﬁ 24414 18.068 9.29¢ 3.26P 0.55F 12.504 9.728 5.72¢ 2.00° 0.76F 11.914 8.33B 3.70¢ 1.12P 0.24F
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In each column, means with common letters are not significantly different at the 5% level based on duncan's multiple range
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Table 6. Mean comparison of the lines at different levels of drought stress for the studied traits based on physical slicing of interactions for plumule and radicle waigth, and
Allometric coefficient

(p ) azadle S22 3 (p ) azaty, S 535 (3215 9) S tagll oy
) oY Plumule dry weight (g) Radicle dry weight (g) Allometric coefficient (unscaled)
Line 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
1 0.072¢d 0.0484 0.037° 0.0252 0? 0.048¢ 0.017f 0.008¢ 0.0014 0.000°¢ 0.664 0.35f 0.21¢ 0.05¢ 0?
2 0.067% 0.065° 0.025¢ 0.00°¢ 0? 0.0544 0.026¢ 0.017¢ 0.0004 0.000°¢ 0.81°¢ 0.68* 0.40°¢ 0.00¢ 0?
3 0.076° 0.0722 0.0532 0.0212 0? 0.0534 0.046° 0.0272 0.009° 0.004* 0.704 0.59° 0.522 0.44° 02
4 0.060° 0.0484 0.024¢ 0.011° 0? 0.052d¢ 0.024¢d 0.0114 0.005¢ 0.001° 0.86%¢ 0.51¢ 0.47° 0.47* 02
5 0.085° 0.0732 0.00°¢ 0.00°¢ 0? 0.067° 0.061* 0.022° 0.0004 0.000°¢ 0.82¢ 0.72* 0.00f 0.00¢ 0
6 0.0932 0.043¢ 0.018¢ 0.00°¢ 02 0.0782 0.0244e 0.005¢ 0.000¢ 0.000¢ 0.83¢ 0.55b¢ 0.314 0.004 0?2
7 0.066% 0.033f 0.00°¢ 0.00°¢ 0? 0.061¢ 0.023de 0.014¢d 0.0004 0.000°¢ 0.92# 0.69* 0.00f 0.00¢ 0
8 0.066% 0.053¢ 0.00°¢ 0.00°¢ 0? 0.0524¢ 0.021¢ 0.005¢ 0.0132 0.000°¢ 0.78¢ 0.40°f 0.00f 0.00¢ 0
9 0.065% 0.064° 0.00¢ 0.00°¢ 02 0.0554 0.021¢ 0.007¢ 0.000¢ 0.000¢ 0.84b¢ 0.33f 0.00f 0.004 0?2
10 0.059¢ 0.012¢ 0.00¢ 0.00°¢ 02 0.0554 0.004¢ 0.00f 0.000¢ 0.000¢ 0.932 0.33f 0.00f 0.004 0?2
11 0.067% 0.0494 0.00°¢ 0.00% 0? 0.0554 0.023d¢ 0.008° 0.005¢ 0.000° 0.83¢ 0.46% 0.00f 0.00¢ 0?
M;;‘ %0070 00508 0014 0.005°  0.00F 0.0577 0.026% 0011  0.004°  0.000F 0.824 0.518 0.17¢ 0.08P 0.00F
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In each column, means with common letters are not significantly different at the 5% level based on duncan's multiple range
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