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Effects of high-temperature stress at the flowering stage on
the growth, development and yield of maize hybrids
and their parental inbred lines
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Abstract This study aimed to clarify the effects of high-temperature stress at the flowering stage on the growth,
development and yield of maize hybrids and their parental inbred lines. Using ‘Hengyu 7182’ , ‘Hengyu 868,
‘Xianyu 335’ , ‘Zhengdan 958’ and their parental inbred lines as experimental materials, high-temperature stress

(HT) was initiated at 7 d before silking and maintained for 14 d with plants grown under normal field conditions

R EH: 2025-05-14;# % A #] : 2025-07-23

E£WAB: TdaREKABZREARRP LS FETRE (2025040103)

#E—1E#&: XPPFE(ORCID:0009-0006-7410-7312) ,BIA R R . FENEEXRFTRWIEET REEHIZEH AT E-mail: 15933989590@ 163. com
BIRAEH: MMEECORCID:0009-0009-7591-832X) , MR & , EE M B E KM FIE B H K, E-mail:bujunzhou@126. com



26

0 LN ES I Y NS S 4

during the same period serving as the control (CK). Changes in ear development, leaf protective enzyme
activities, membrane lipid peroxidation products, and yield-related traits were measured. The results showed
that: 1) Under high-temperature stress (HT) at the flowering stage, only ‘Hengyu 7182° and ‘Hengyu 868’
and their paternal inbred lines‘H 102’ and ‘H 40’ showed no significant differences in grain yield per plant and
kernel number per ear compared with the CK, the grain yield per plant and kernel number per ear of ‘ Zhengdan
958’ and ‘Xianyu 335’ and their other inbred lines were significantly reduced. 2) After high-temperature stress
(HT), the number of tassel branches, tassel dry weight, and ear length of ‘Hengyu 7182’ , ‘Hengyu 868",
‘Zhengdan 958’ and ‘Xianyu 335’ were all significantly lower than those of the CK. The reduction was smaller
in “Hengyu 7182’ and ‘Hengyu 868’ than in ‘Zhengdan 958’ and ‘ Xianyu 335’. No significant changes were
observed in the dry weights of male and female ears for inbred lines‘H 103’ , ‘H 102’ , ‘H 35’ and‘H 40°.
Furthermore, no significant differences were discovered in the number of tassel branches for ‘H 102’ and in the
ear length for ‘H 40’. 3) Under high temperature stress (HT), the decreases in the activities of SOD and CAT
in the leaves of ‘Hengyu 7182’ were not significant, and the decrease amplitude of CAT activity in ‘Hengyu 868’
was significantly lower than that in ‘Zhengdan 958’ and ‘Xianyu 335°. The decreases in the activities of SOD
and CAT in the leaves of inbred line ‘H 102’ were not significant, and the decrease in SOD activity in the leaves
of ‘H 40’ was not significant. 4) Combined application of correlation analysis, grey relational analysis and
principal component analysis identified that the number of tassel branches, kernel number per ear and dry weight
of ear could be used as the main indicators for evaluating the heat tolerance of maize hybrids and their parental
inbred lines. The inbred lines ‘H 102’ and ‘H 40’ exhibited significantly superior heat tolerance compared to
the ‘Chang 7-2° and ‘PH4CV’, indicating that the former two lines exhibited desirable heat tolerance.
Consequently, ‘H 102’ and ‘H 40’ are recommended as valuable heat-tolerant germplasms for future breeding
programs.
Keywords maize; flowering period; high-temperature stress; hybrid; parental inbred line; growth and

development; yield
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Table 1 Tested maize hybrids and their parental inbred lines
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Fig. 1

Variation of temperature under high temperature stress (HT) and field control (CK) during the experimental period
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7ZD958, XY335, HY7182 and HYS868 are hybrid maize varieties ‘Zhengdan 958’ , ‘Xianyu 335’ , ‘Hengyu 7182’ and ‘Hengyu 868 ,
respectively. Z58, C7-2, PH6WC, PH4CV, H103, H102, H35 and H40 are inbred lines. HT represents high temperature stress. CK represents
field control. * indicates that the difference between different treatments of the same material reaches a significant level (P<Z0.05). NS indicates that

there is no significant difference between different treatments of the same material. The same below.
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Fig. 2 Changes of pollen activity of maize hybrids and their parental inbred lines under high temperature

stress during the flowering period
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Table 2 Tassel dry weight and number of tassel branches of maize hybrids and their parental inbred lines under high

temperature stress during the flowering period

MERE T H /g HERE > BE/ A
i ARSER /AR A SR Dry weight of tassel The number of tassel branches
Year  Hybrid/parental inbred line
CK HT CK HT
7D958 1.82+0.04™ 1.40+0. 08" 9.4440. 27 5.8240. 26"
758 1.50£0. 08" 1.04+0.18%" 7.2040.17  4.31£0. 46"
C7-2 1.624+0. 12" 0.93-+0.03"" 7.47+40.16% 3.80+0.60™
XY335 2.00£0.27 1.1940. 07°%" 10. 00+£0. 98" 4.48+0. 26™"
PH6WC 1.4140.10*% 0.714+0. 12" 6.8240.26"  3.1140.17™
PH4CV 1.71£0.10™"  0.60+0. 05" 7.0240. 44 2.49+0.26™
20 HY7182 1.3240. 23" 1.13+0.31%"™ 8.03+0.44™  6.52+0. 26"
H103 1.2340. 16" 1.0240. 17= 6.00+1.014" 4.78+0.26™"
H102 1.0440.17¢  0.8840.02"™ 5.5140. 3651 4.88-+0. 20"
HY868 1.9140. 06" 1.4040. 17 9.00+0.62"  6.02+0. 56"
H35 1.4340.04%%  1.1240. 26" 6.53+0.3%  5.01+0. 20"
H40 1.1240. 22" 0.9040. 31" 5.8240. 17" 4.60+0. 44"
7ZD958 1.89+0. 11" 1.5140. 14 9.57+0.26"  6.01+0.20"™
758 1.6240.07"%"  1.14+0.33%" 7.3140.20%  4.47+0.26™
C7-2 1.73£0.15"" 1.024+0.18"" 7.6140.36  4.0240.20™
XY335 2.1140.12° 1.3340. 15" 10.2040. 26" 4.83+0. 26
PH6WC 1.50£0.11°%  0.81+0.07" 6.9140.46%  3.28+0.17"
PH4CV 1.8140.12"¢  0.70+0. 14" 7.11+0. 36" 2.74+0.17"
2 HY7182 1.44+0.12%%  1.18+0. 10%" 8.17£0. 26° 6.7240. 46
H103 1.28+0. 23 1.07+0. 202" 6.20+0.36%"  5.01+0.20""
H102 1.0940. 13 1.04=+0. 12" 5.63=40. 35" 5.02+0. 109
HY868 2.0040. 26" 1.5240. 16* 9.2140. 20" 6.34+0. 26"
H35 1.5140. 20" 1.2040. 12" 6.72+0.17%  5.20+0. 26"
H40 1.2240.07%"  1.0140. 21" 5.89+0.46"  4.8240.20"

TE /NG TR RN [] — Ak BHAS [R) A4 R4 ] f) 22 7 ik 2% (P<<0.05) . Tl

Note: Lowercase letters indicate significant difference among different materials, under the same treatment (P<<0.05). The

same below.
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HT (% XY 335" M fli + 8 B T CK;HT 19 Z
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Table 3 Ear length and dry weight of maize hybrids and their parental inbred lines under high temperature

stress during the flowering period

WERE K JEE /em
The length of the female ear

AED BRI/ FEA A L&

WERE T /g
Dry weight of the female ear

Year  Hybrid/parental inbred line
CK HT CK HT

7ZD958 4.52+0. 17" 3.2240. 268" 2.02+0. 17" 1.68+0. 17"
758 3.81+0. 26% 2.80+0. 26" 1.6140.10™ 1.1040.10%"
C7-2 4.04+0. 20" 2.61+0.26" 1.8240. 30™ 1.01+0. 265"
XY335 5.0040. 26 2.82+0. 17" 2.2040. 26" 1.52+0. 10"
PH6WC 3.48+0.10% 2.13+0. 10" 1.5440.10"  0.8340.10™
PH4CV 3.92+0.17* 1.8440.20" 1.7140.17"  0.704+0.17"

208 HY7182 4.2040.17¢ 3.58+0. 17°% 1.4840.10"  1.3340. 10"
H103 3.02+0. 26" 2.61+0. 177 1.2240. 10" 1.024+0. 265"
H102 2.79+0. 26" 2.73+0.10™ 1.0040. 17¢" 0.90+0. 265
HY868 4.81+0.36% 3.50+0. 10% 1.9140.26"  1.5140. 1™
H35 3.20+0. 26% 2.70£0. 26" 1.3340.26%%  1.0040. 265™°
H40 2.87+0. 26" 2.5940.17™ 1.1240. 17% 0.8840. 17"
ZD958 4.62+0.20" 3.34+0. 46 2.14+0.17" 1.8040. 10"
758 3.89+0. 26 2.9240.10™ 1.70£0.17"  1.2140. 26"
C7-2 4.1240. 17" 2.7140. 10" 1.9240.26™  1.104+0. 26"
XY335 5.1040. 10° 3.0040. 265 2.27+0.17" 1.61+0. 10"
PH6WC 3.62+0. 36" 2.2240.17" 1.58+0.10""  0.88+0.17"™
PH4CV 4.0140.17¢ 1.89+0. 20" 1.8240.10"  0.7940. 05"

20z HY7182 4.314+0. 17" 3.6840. 26" 1.61+0. 10" 1.4240. 07"
H103 3.10+0. 17 2.724+0. 17" 1.3040. 20" 1.0840. 234
H102 2.9240. 102 2.8440. 10" 1.1140.10%" 1.0340. 1557
HY868 4.93+0. 26" 3.63+0. 26%" 2.00+0. 17" 1.62+0. 07"
H35 3.27+0. 26 2.8240.20  1.4240.10"%  1.10+0. 03"
H40 3.00+0. 265" 2.7140. 20" 1.2240. 10" 1.0040. 174"
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Y, yield; HGW, hundred-grain weight; GPE, grains per ear; PV, pollen viability; SOD, superoxide dismutase; CAT, catalase; MDA,
malondialdehyde ; CMP, cell membrane permeability; DW T, dry weight of tassel; MPB, number of tassel branches; EL, ear length; DWE, dry weight
of ear. The same below.
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Fig. 7 Pearson correlation matrix of various indicators of maize hybrid varieties and their parental inbred lines under high

temperature stress during the flowering period
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Table 5 Grey relational analysis of corn kernel yield and related traits under high temperature stress during flowering stage
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