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Effects of water stress on development of superior and inferior
grains in different drought tolerant maize varieties
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Abstract: To investigate the physiological response mechanism of different degrees of water stress on develop-
ment of superior and inferior grains in maize, a 2—year continuous pond planting maize experiment was conducted
under controlled conditions. Two maize varieties with differences in drought tolerance were selected as experimental

materials, and a total of six treatments were set up, including drought tolerant variety+no stress (T1) , drought tol-
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erant variety+moderate water stress (T2) , drought tolerant variety+severe water stress (T3) , drought sensitive va-
riety+no stress (T4) , drought sensitive variety+moderate water stress (T5), and drought sensitive variety+severe
water stress (T6). The study explored the changes in grain filling characteristics, starch synthesis, hormone con-
tent, and yield of superior and inferior grains of maize under different degrees of water stress. The results indicated
that water stress significantly affected the filling process of superior and inferior grains in maize. The filling rate of
inferior grains in drought sensitive maize varieties during the late filling stage (45 d, 55 d) and the decrease in 100
—grain weight during each sampling period were higher than those in drought resistant maize varieties. The filling
rate under moderate and severe water stress decreased by an average of 30.73% and 35.36% , respectively. The de-
crease in maximum grain filling rate and average grain filling rate of inferior grains was higher than that of drought
resistant maize varieties. Among them, under moderate and severe water stress, the maximum grain filling rate de-
creased by an average of 24.97% and 39.68%, and the average grain filling rate decreased by 23.54% and
36.70%, respectively. Water stress significantly affected the starch content, acid sucrose invertase, starch
synthase, sucrose synthase, and ADPG pyrophosphorylase activities, as well as the content of auxin, cytokinin,
and abscisic acid in superior and inferior grains of maize. The drought sensitive maize variety had the highest degree
of change in inferior grains. Compared with untreated maize varieties, drought sensitive maize varieties showed a
higher decrease in yield, ear length, ear diameter, and number of grains per ear. Among them, maize yield de-
creased by an average of 9.83% and 18.57% under moderate and severe water stress, and the decrease in 100-
grain weight of inferior grains during maturity was higher. Under moderate and severe water stress, the average de-
crease was 23.51% and 36.34%. In summary, water stress significantly impacted the final yield of maize by affect-
ing starch synthesis and the filling of inferior grains, with severe water stress having an even greater effect.

Keywords: maize; water stress; superior and inferior grains; starch synthesis; plant hormone
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Table 1 Irrigation system for whole growth period of maize

TR B &t LRV B R I] i K % U HEB AL
Irrigation Number of Irrigation interval  Single irrigation
amount/mm irrigation event day/d amount/mm
1~2 15 35
3~5 10 35
500 6~8 10 40
9~13 7 38
14 15
1~2 15 25
3~5 10 24
350 6~8 10 29
9~13 7 26
14 11
1~2 15 17
3~5 10 12
200 6~8 10 16
9~13 7 15
14 7
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Table 2  Effect of water stress on the 100—grain weight of maize superior and inferior grains

Ay b e TR FFAEJS ] Time after flowering/d
Year Treatment Grain position 5 15 25 35 45 55
1 R 3Akr Superior grain 3.75a 9.68a 21.12a 29.01a 33.14a 35.85a
53R Inferior grain 3.55b 9.33b 20.23b 27.93b 31.24b 33.25b
™ FRFRL Superior grain 3.51b 9.06¢ 19.93¢ 27.52b 31.44b 34.07ab
530 Inferior grain 3.27¢ 8.48d 17.58d 24.54cd 28.08cd 31.16¢
3 SR FRE Superior grain 2.91d 7.89% 16.85¢ 24.03d 26.89d 28.94d
2022 44K Inferior grain 2.63e 7.24f 14.46h 19.98¢ 22.78f 24.16¢g
T4 SRR Superior grain 3.81a 9.65a 21.01a 29.02a 32.76a 35.07a
593k Inferior grain 3.57b 9.27b 19.93¢ 27.12b 30.67be 32.29h
s GRFAL Superior grain 3.24¢ 8.53d 17.97d 25.33¢ 29.03¢ 30.56¢
553ki Inferior grain 2.83d 7.87e 15.33¢ 21.25f 24.67¢ 25.32f
T6 HEIAKE Superior grain 2.84d 7.41f 16.03f 22.93e 25.42e 26.87¢
§93HE Inferior grain 2.48f 6.87g 11.89i 17.81h 20.22¢g 21.17h
- 5 3kl Superior grain 3.71a 9.54a 20.55a 28.63a 32.75a 35.42a
530 Inferior grain 3.53b 9.19b 18.15¢ 26.58b 30.68b 31.98¢
™ FRIAHKL Superior grain 3.48b 8.95bc 19.26b 27.26ab  31.04ab  33.96ab
593k Inferior grain 3.33be 8.47¢ 17.04cd 23.98d 28.24c 30.36d
™ HRIAKL Superior grain 2.88d 7.89d 16.75d 24.00d 26.61d 28.24e
03 5530 Inferior grain 2.63e 7.31e 14.46f 19.02¢ 21.97f 23.14¢
T4 SRFAL Superior grain 3.74a 9.51a 20.73a 28.62a 32.28a 34.92a
§93HE Inferior grain 3.63ab 9.27h 19.98ab 27.17ab 31.07ab 33.17b
TS SRFRL Superior grain 3.22¢ 8.52¢ 17.95¢ 25.24c¢ 28.89¢ 30.34d
5930 Inferior grain 2.93d 7.87d 15.04f 20.78f 23.46e 24.97f
T6 GRFAL Superior grain 2.75e 7.35e 15.98e 22.81le 25.24e 26.70ef
5530 Inferior grain 2.46f 6.39f 12.53g 16.87h 19.01g 20.63h

T : [ — 453 [l — BURE I i) BT A B J A A AN e) /NS 5B RRTE 0.05 KT 2253 B3, T,

Note; Different lowercase letters at the same year and sampling time indicate significant differences at the 0.05 level. The same below.
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Table 3  Effect of water stress on the grain filling rate of maize superior and inferior grains

ARy ps:il PR FAEJGIE] Time after flowering/d
Year Treatment Grain position 15 25 35 45 55
T GRFAL Superior grain 0.59a 1.14a 0.79a 0.41a 0.27ab
F93HE Inferior grain 0.58a 1.09a 0.77a 0.33ab 0.20b
™ SRFARL Superior grain 0.56a 1.09a 0.76a 0.39a 0.26ab
5530 Inferior grain 0.52ab 0.91b 0.70b 0.35ab 0.31a
™ GRFAL Superior grain 0.50ab 0.90b 0.72ab 0.29b 0.21b
2022 5930 Inferior grain 0.46h 0.72¢ 0.55¢ 0.28bc 0.14¢
T4 5 3Ak) Superior grain 0.58a 1.14a 0.80a 0.37ab 0.23b
530 Inferior grain 0.57a 1.07a 0.72ab 0.36ab 0.16¢
s SHFAKL Superior grain 0.53a 0.94b 0.74ab 0.37ab 0.15¢
593 Inferior grain 0.50ab 0.75¢ 0.59¢ 0.34ab 0.07d
6 GRFRL Superior grain 0.46b 0.86b 0.69b 0.25¢ 0.15¢
5530 Inferior grain 0.44¢ 0.50d 0.59¢ 0.24¢ 0.10d
1 GRFAL Superior grain 0.58a 1.10a 0.81a 0.41a 0.27a
5530 Inferior grain 0.57a 0.90b 0.84a 0.41a 0.13¢
™ SR Superior grain 0.55a 1.03a 0.80a 0.38a 0.29a
3R Inferior grain 0.51ab 0.86b 0.69b 0.43a 0.21b
™ 53kl Superior grain 0.50b 0.89h 0.73ab 0.26b 0.16¢
2023 5930 Inferior grain 0.47h 0.72¢ 0.46d 0.30b 0.12¢
T4 GRFAL Superior grain 0.58a 1.12a 0.79a 0.37a 0.26a
530 Inferior grain 0.56a 1.07a 0.72ab 0.39a 0.21b
T5 GRFAL Superior grain 0.53ab 0.94h 0.73ab 0.37a 0.14¢
53R Inferior grain 0.49b 0.72¢ 0.57¢ 0.27b 0.15¢
6 SRR Superior grain 0.46h 0.86hb 0.68b 0.24be 0.15¢
554K Inferior grain 0.39¢ 0.61d 0.43d 0.21¢ 0.16¢
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Table 4 Changes in parameters related to maize grain filling under water stress
i KHE Y% IR R
y PR W iR i o s . e
oo R KPR o R SR Sl KEEEE M
ear reatment srain positon srain niing equaton G"‘dx/( g d ) V"ud"/< g . d_l ) Wm(“/g l3/d
- BRIAKL Superior grain W=35.53/(1+19.12¢7130) 2.31ab 0.54a 17.77a 58.05ab
AL Inferior grain - W=32.81/(1+22.84¢ 14") 2.35a 0.50bc 16.41cd 54.01d
™ SR ARL Superior grain  W=33.53/(1+22.13e7137") 2.30ab 0.51bc 16.77bc 56.15bc
F5HAKL Inferior grain  W=30.60/(1+19.93¢7%12%) 1.97¢ 0.46de 15.30e 58.82a
- R HARL Superior grain W=28.58/(1+23.05¢%140") 2.00¢ 0.43f 14.29f 55.23cd
002 S99 Inferior grain - W=23.94/(1+20.13¢7%57) 1.64e 0.36g 11.97i 55.45¢d
- SRR Superior grain W= 34.60/ ( 1+22.26¢ 70140 ) 2.42a 0.52ab 17.30ab 54.99cd
BB Inferior grain W=31.96/(1+22.12¢7%14) 2.29ab 0.48cd 15.98d 53.79d
Ts KL Superior grain W= 30.46/(1+22.12e7013%) 2.10b 0.46def 15.23¢ 55.74cd
BB Inferior grain - W=25.43/(1+19.93¢ 137" 1.74d 0.37g 12.72h 55.83cd
T6 SEHVRL Superior grain  W=26.69/ (1+24.06e™"144) 1.92¢ 0.40ef 13.35¢g 54.00d
3R Inferior grain - W=21.35/(1+18.25¢ *12") 1.38e 0.31h 10.68; 58.13ab
Tl B IAKL Superior grain W =34.95/(1+21.66e™%13%) 2.36a 0.53a 17.48a 56.82bcd
FIHKL Inferior grain - W=32.22/(1+21.11e™%13%) 2.14bc 0.47bc 16.11d 57.48b
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Effect of water stress on starch content in maize grains at the 25th day after flowering during 2022-2023
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Fig.3 Effect of water stress on starch synthase activity of maize grains at the 25th day after flowering during 2022-2023
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Table 5 Changes in hormone content of maize

grains under water stress in 2022

RO KSMNMET 2023 EEXRIFHHARLENTN
Table 6 Changes in hormone content of maize

grains under water stress in 2023

il eSS

HfLI AR

M A A B 43 VAR =N
FEGE ARt bkgas Dol FEfE AR kkgaR oo
kb X NS R Abscisic acid AbEE . . . Abscisic acid
Grain Cytokinin ~ Auxin content Grain Cytokinin ~ Auxin content
Treatment .. o content Treatment . - content
position content /(pg-g ) /(ug - &) position content /(pgg) J(ug - &)
/(pg-g") ete /(ng-gh) heE
a e RIREm
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" SFL " BEEZD )
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M ? )
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-~ ok
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b BEEL v SR
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Table 7 Changes and analysis of variance of maize yield

and component factors under water stress

-
ey WK WEE :, fﬁ‘,l :
A AbE . Spike Spike e
Yield . Number of
Year Treatmem/(k < hm?) length diameter .
g m /cm /cm grams
per spike
T1 10527.15a 17.67a 5.16a 531.89a
T2 10163.94ab  17.23ab 5.01ab 514.56a
T3 8880.17¢ 16.30cd 4.77be 469.78bc
2022 14 10692.88a  17.60ab  5.19a 538.00a
T5 9657.74b 16.77bc 4.87bc 488.67b
T6 8332.13¢ 15.83d 4.64c¢ 455.56¢
Tl 9569.34a  16.87a  4.87a 501.00a
T2 9254.26ab  16.13ab 4.81ab 488.67ab
T3 8444.25¢ 15.53¢ 4.62¢ 479.67ab
2023 14 9693.04a 17030 4.93a 503.00a
TS 8726.17bc  15.57¢ 4.73be 478.67ab
T6 8232.87¢ 15.10d 4.43d 464.00b
Fy Year (Y) %k * % % s B
HbH Treatment (T) w o Y S S
AEy <AL YXT ns ns ns ns

T:ow % FORTE 0.01 KV B2 BF, « FURTE 0.05 /KF L3
FEF ns RARTEFELESR,

Note: * * means significant difference at the 0.01 level, * means
significant difference at the 0.05 level, and ns means no significant differ-

ence.
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Fig.7 Correlation analyses between various indicators of superior grains under water stress
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Fig.8 Correlation analyses between various indicators of inferior grains under water stress
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