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Effects of low temperature in spring on fertility of pollen and formation of
grain number in wheat
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Abstract: Grain yield and the number of grains per ear of wheat decreased under the low temperature after jointing stage. In order
to explore the physiological reasons of the decrease of grains number per ear by low temperature in spring, the spring wheat vari-
ety Yangmai 16 and the semi-winter wheat variety Xumai 30 were used as tested varieties to analyze the effects of low tempera-
ture in spring on the fertility of pollen and the formation of grain numbers at the appearance of the penultimate leaf stage
(5°C/-3°C, day/night), booting stage (8°C/—1°C, day/night), and anthesis stage (12°C/4°C, day/night). The results showed that low
temperature at the appearance of the penultimate leaf stage and booting stage resulted in abnormal metabolism of starch and pro-
tein in the anther both at the binuclear and tri-nuclear pollen stages and delayed degradation of the tapetum. The low temperature
at the booting stage caused abnormal meiosis of pollen mother cells, abnormalities in chromosome pairing, which affected the
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formation of male gametophyte. The abortion rate of pollen was more significantly increased under low temperature at the ap-
pearance of the penultimate leaf stage than that at the booting stage, and it was the minimum at anthesis stage. The abortion rate of
pollen in Xumai 30 was higher than that in Yangmai 16. The low temperature at three stages had significant effects on the number
of spikelets, the number of fertile spikelets and the number of grains per spikelet. The effect of low temperature at the appearance
of the penultimate leaf stage on grains number per spikelet was the most significant. There was a significant positive correlation
between the number of grains per spike and pollen fertility, which was affected by abnormal meiosis, delayed degradation of the
tapetum, and undersupply of nutriment for anther development. Therefore, the decline of pollen fertility caused by low tempera-
ture in spring is the main reason for the decrease of grains number per spike.

Keywords: wheat; cold stress; grain number; pollen fertility
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1 ZIEHRIEAIE 48 h 3/ EIEH B MR E S RAITFIE(100%)
Fig. 1 Effects of low temperature treatment lasting for 48 hours at booting stage on the meiosis of wheat pollen mother cells (100x)
1: 16 I; 2: 16 I; 3: 16 1I; 4: 16 I( ); 5: 16 I( );
6: 16 I ( ); 7: 30 I( ); 8: 30 I( ); 9 30 I (

) , , 16
1: anaphase I of Yangmai 16 as the control; 2: telophase I of Yangmai 16 as the control; 3: telophase II of Yangmai 16 as the control; 4: ana-
phase I of Yangmai 16 (the arrow shows lagged chromosomes); 5: telophase I of Yangmai 16 (the arrow shows micronuclei); 6: telophase II of
Yangmai 16 (the arrows show micronuclei); 7: anaphase I of Xumai 30 (the arrow shows chromosome bridge); 8: anaphase I of Xumai 30 (the
arrow shows lagged chromosomes); 9: telophase Il of Xumai 30 (the arrow shows different size cells). The meiosis of two wheat pollen
mother cells was accordant, the pictures of meiosis of Yangmai 16 growing in the nature acted as the control.

2 FEFBARELENNETEHMEUFENERCHIESRAENEE)

Fig. 2 Cytochemical observations of wheat anthers treated with low temperature at different stages (starch staining at the binuclear

pollen stage)

A: 16 ; B: 16 48 h; C: 16 48 h; D: 30 ; E: 30
48 h; F: 30 48 h; Ep: ; En: ; ML: s M: ; P ;T

A: Yangmai 16 in the natural environment; B: Yangmai 16 under low temperature treatment at the appearance of the penultimate leaf stage for

48 hours; C: Yangmai 16 under low temperature treatment at booting stage for 48 hours; D: Xumai 30 in the natural environment; E: Xumai

30 under low temperature treatment at the appearance of the penultimate leaf stage for 48 hours; F: Xumai 30 under low temperature treat-

ment at booting stage for 48 hours; Ep: epidermis; En: endothecium; ML: middle layer; M: microspore mother cell; P: pollen; T: tapetum.
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B3 ARMNAREBLENNEEGABLENRCHREGIENRE)

Fig. 3 Cytochemical observations of wheat anthers treated with low temperature at different stages (starch staining at the

tri-nuclear pollen stage)

A: 16 ; B:
30 48 h; F: 30 48 h; Ep: ; En: ; ML:

16 48 h; C: 16 48 h; D: 30 ; E:
s M: ; P: ;T

A: Yangmai 16 in the natural environment; B: Yangmai 16 under low temperature treatment at the appearance of the penultimate leaf stage for
48 hours; C: Yangmai 16 under low temperature treatment at booting stage for 48 hours; D: Xumai 30 in the natural environment; E: Xumai
30 under low temperature treatment at the appearance of the penultimate leaf stage for 48 hours; F: Xumai 30 under low temperature treat-
ment at booting stage for 48 hours; Ep: epidermis; En: endothecium; ML: middle layer; M: microspore mother cell; P: pollen; T: tapetum.

B4 FRENHAKBLENNELEHABUEIURCHREMTEALE)

Fig. 4 Cytochemical observations of wheat anthers treated with low temperature at different periods (protein staining at the binu-

clear pollen stage)

A: 16 ; B:
30 48 h; F: 30 48 h; Ep: ; En: ; ML:

16 48 h; C: 16 48 h; D: 30 s E:
s M: ; P: ;T

A: Yangmai 16 in the natural environment; B: Yangmai 16 under low temperature treatment at the appearance of the penultimate leaf stage for
48 hours; C: Yangmai 16 under low temperature treatment at booting stage for 48 hours; D: Xumai 30 in the natural environment; E: Xumai
30 under low temperature treatment at the appearance of the penultimate leaf stage for 48 hours; F: Xumai 30 under low temperature treat-
ment at booting stage for 48 hours; Ep: epidermis; En: endothecium; ML: middle layer; M: microspore mother cell; P: pollen; T: tapetum.
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Fig. 5 Cytochemical observations of wheat anthers treated with low temperature at different stages (protein staining at the

tri-nuclear pollen stage)

A: 16 ; B: 16 48 h; C: 16 48 h; D: 30 s E: 30
48 h; F: 30 48 h; Ep: ; En: ; ML: s M: ;P ;T

A: Yangmai 16 in the natural environment; B: Yangmai 16 under low temperature treatment at the appearance of the penultimate leaf stage for

48 hours; C: Yangmai 16 under low temperature treatment at booting stage for 48 hours; D: Xumai 30 in the natural environment; E: Xumai

30 under low temperature treatment at the appearance of the penultimate leaf stage for 48 hours; F: Xumai 30 under low temperature treat-

ment at booting stage for 48 hours; Ep: epidermis; En: endothecium; ML: middle layer; M: microspore mother cell; P: pollen; T: tapetum.

F1 EEFEEBEEX /DN EEMRE R0

Table 1 Effects of low temperature in spring at different stages on wheat pollen activity

16 Yangmai 16 30 Xumai 30
Year Low-temperature treatment Time (h)
Abortion rate (%) Increase (%)  Abortion rate (%) Increase (%)

2015-2016 24 25.5b 18.6 26.2b 18.8
The appearance of the penultimate leaf 48 284 a 21.5 29.6 a 222
stage (5°C/-37C)

24 153d 8.5 17.5d 10.1
Booting stage (8°C/-1°C) 48 192¢ 12.3 198 ¢ 12.4
24 8.0¢ 1.2 87¢ 1.3
Anthesis stage (12°C/4C) 48 13.7d 6.9 16.6 d 9.2
Control 6.8¢ — 74e —
F  F-value 121.24” 154.35"

2016-2017 24 23.6b 18.2 242 b 18.3
The appearance of the penultimate leaf 48 252a 19.8 26.6 a 20.6
stage (5°C/-37C)

24 13.6d 8.2 14.6d 8.7
Booting stage (8°C/~1°C) 48 154¢ 10.0 16.8 ¢ 10.9
24 7.0f 1.6 8.0 f 2.0
Anthesis stage (12°C/4C) 48 98¢ 4.4 102 ¢ 43
Control 54¢g — 6.0g —
F  F-value 245.51" 215.02"

**

, 0.05
" indicates significant differences at P < 0.01. Different small letters in the same column mean significant differences among treatments for

the same year at the 0.05 level.
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