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Effects of high temperature stress at heading stage on pollen and
photosynthetic characteristics of rice anthers

ZHANG Wenyi, BAI Tao, HE Dong, CHEN Xing, LIANG Wanhui, YI Zhenxie, LIU Hongmei"
(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: The heat-insensitive cultivar Chuangliangyou fengzhan, the intermediate cultivar Y liangyou 1 and the heat-
sensitive cultivar Nongxiang 32 were used as experimental materials, and an artificial climate chamber was used for high
temperature treatment at the heading stage(the maximum treatment temperature was 39.0 °C; relative humidity 75%-80%;
light intensity 5.0x10° Ix). The effects of high temperature stress at heading stage on pollen, anther and photosynthetic
characteristics of rice were analyzed by measuring the characteristics, photosynthetic characteristics and appearance quality
of pollen and anther under high temperature treatment and control treatment(field cultivation).The results showed that under
high temperature stress, anther length of three rice varieties increased by 7.93%, 10.96% and 106.56%, and anther width
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increased by 30.99%, 56.79% and 106.54%, respectively. The anther volume increased by 84.62%, 167.92% and 764.00%,
respectively. The pollen diameter increased by 5.83 pm, 3.50 um and 2.60 pm , respectively. The fertile pollen rate decreased
by 19.97%, 23.12% and 29.19%, stigma pollen number decreased by 10, 8 and 9, and stigma pollen germination rate
decreased by 39.09%, 39.83% and 41.47%, respectively. The whole rice length of three varieties decreased by 4.59%, 5.66%,
13.12%,and width decreased by 2.01%, 3.18% , 10.42%, respectively. The length-width ratio decreased by 2.44%, 2.55%
and 3.33%, respectively. The seed setting rate decreased by 23.39%, 24.59% and 49.49%, and the thousand grain weight
decreased by 8.92%, 16.86% and 17.79%, respectively. Under high temperature stress, the chlorophyll fluorescence
parameters of three rice varieties F\/F;, decreased by 7.87%, 8.24%, 17.98%, ®pgy; decreased by 19.05%, 20.00%, 24.14%,
g1 decreased by 30.00%, 33.33%, 40.00%, respectively. Yyo increased by 5.33%, 7.46% and 11.27%, respectively, indicating
that its effective light energy utilization rate, photoreaction center activity and heat dissipation regulation ability decreased.
With the stress relieved, F\/Fy,, Ppsii, g1 slowly increased, Yno slowly decreased, indicating that the effective light energy
utilization rate, light reaction center activity and heat dissipation regulation ability slowly recovered. In conclusion, heat-

insensitive cultivars had better pollen activity, scatter characteristics and photosynthetic characteristics than that of heat-

2022 4F 8 H

sensitive cultivars, which may be the key factors of rice height tolerance.

Keywords: rice; high temperature stress; anther; pollen; photosynthetic characteristics; fruiting traits
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Table 1 Anther characteristics of three tested rice varieties under high temperature stress

Y R ] 25K /mm AE2 58 /mm AZHARYmn’
BIPPLFE Qb T (2.27+0.09)b (0.710.09)b (0.39+0.10)c
ERDN (2.27+0.11)b (0.82+0.14)ab (0.53+0.16)bc
H2R (2.37+0.11)a (0.87+0.11)a (0.61£0.17)ab
FIK (2.39+0.03)a (0.86+0.09)a (0.60+0.12)ab
EX DN (2.40+0.03)a (0.720.03)b (0.42+0.03)c
HSK (2.40+0.05)a (0.93+0.07)a (0.71£0.10)ab
56K (2.45+0.03)a (0.93+0.08)a (0.72+0.11)a
Y Fifk 15 Qb T (2.28+0.16)b (0.81£0.15)c (0.53+0.21)c
AN (2.37+0.06)ab (0.87+0.13)c (0.6240.16)be
EWDN (2.37+0.08)ab (0.960.16)bc (0.75+0.23)bc
E RPN (2.46+0.10)a (1.06:£0.27)abe (0.98£0.50)abc
RPN (2.47+0.15)a (1.14+0.17)ab (1.09+0.28)ab
HSK (2.5120.17)a (1.210.16)ab (1.26+0.34)a
6K (2.53£0.12)a (1.27+0.21)a (1.4240.48)a
KA 32 SO L) (1.8320.31)c (0.62+0.13)d (0.25+0.12)c
EADN (2.44+0.06)b (0.850.09)bc (0.61£0.12)be
H2K (2.49+0.14)b (0.98+0.11)bc (0.8240.23)b
ERDN (2.49+0.13)b (0.83+0.11)c (0.60+0.16)be
Ha4K (2.59+0.18)b (0.93+0.11)bc (0.76+0.17)b
H5K (2.63+0.24)b (1.020.08)b (0.94+0.16)b
6K (3.78+0.42)a (1.28+0.23)a (2.16£0.79)a

[l — ity o [ 971 Bl A ] 7 A B ] ) 25 57 220 (P < 0.05)
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TR 7.93% . 10.96%. 106.56%; {E2 Tt g
3R 30.99% . 56.79% . 106.45%; {EZ4IAFRIG
45K 84.62% . 167.92%. 764.00%. AL, W&
R FEOKREACZYNE A, H AR Fl ) 3 8 K+
2.2 EiRMBXKIEES TR
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Wi R BWRAG, hFEEE 1 R, 3 ARk
M LRI B RIET 1.20%., 8.01%., 2.65%; =
W 6 K, B TFRET 39.09% . 39.83% .
41.47%, Z5HERERT . BRI T P
TR AN P AEA R PRI S FPAR X R o

Table 2 Pollen characteristics of three tested rice varieties under high temperature stress

F2 =@EAMNET 3 Mtk FEmMA It

i A3 ] TEH ELA%R/um AR/ % kBB FEAER T A%/ %
AW SOSLENT] (44.00+4.56)c (91.90+12.84)a (28+2.04)a (68.83+9.04)a
1R (44.63+3.68)bc (85.96+15.08)ab (28+1.07)a (67.63+3.59)a
2R (47.88+3.28)ab (82.12+10.06)bc (26+1.64)a (58.98+5.23)ab
H3R (49.13+2.05)a (80.88+8.47)bc (21+4.60)b (50.36+27.50)bc
H4R (49.75+3.22)a (79.71+4.57)bc (19+3.39)b (41.43+18.09)cd
SR (49.63+2.43)a (76.70+11.14)be (19+6.19)b (29.81+3.63)d
56K (49.83+3.12)a (73.55+8.22)c (18+5.42)b (29.74+4.96)d
Y Wik 1% Kb T (45.3843.12)c (94.92+5.48)a (26+2.69)a (60.13£10.35)a
1R (46.25+2.89)bc (94.23+6.77)a (2543.17)ab (52.12+4.17)ab
2R (51.33+11.68)a (92.36+7.06)ab (23£2.12)b (48.25+7.49)be
H3R (49.38+3.19)ab (91.68+9.02)ab (234£3.27)b (44.00+17.55)c
H4R (47.13+334)be (86.74+12.83)ab (214.02)be (36.12+15.55)d
SR (47.88+3.82)bc (82.724£9.51)bc (19+5.34)cd (33.01%16.12)d
56K (48.88+3.14)ab (72.97£12.31)c (18+3.75)d (20.30+5.32)e
AT 32 Ab B iy (44.13£2.36)b (100.00+£0.00)a (24+3.96)a (57.74+£11.97)a
1K (45.00+4.08)ab (93.92+7.81)ab (22+5.04)ab (55.09+16.38)ab
LD S (45.25+3.62)ab (92.24+8.55)ab (20+3.60)ab (51.84+9.72)ab
H3R (45.50+4.53)a (91.82+11.19)ab (20+2.00)b (48.74+3.64)bc
EF DN (46.50+3.16)a (89.21£17.95)ab (16+1.87)c (45.55+5.80)be
SR (46.50+1.75)a (80.88+24.36)b (16£2.92)c (42.34+6.50)c
56K (46.73+3.22)a (70.81%17.75)c (15£2.50)c (16.27+5.58)d

(5] — v e [e) 0 Bl AN ) = B 7 AR B ] ) 25 e A B 12 38 (P < 0.05)
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1 5. KA 32 0 F/Fn P3RS 5N 4.88% .
3.85% . 6.85% ; Dpsy WU 0E 4> WK 23.53% .
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22.22%; Yo FEIRATHIN 1.27%. 2.78%. 5.06%.

AU, RGBSR R RAFRY A B RE S, B
& e fglk, HOCHPLAERE K, IR, A
(15 PSIL SR AL o B sz i sl e i, LR A
JEA B ANBEIE AR TR

*3 =EiEMET 3 MUAKFERFMHHERERALSH

Table 3 Chlorophyll fluorescence parameters of three tested rice varieties under high temperature stress

ARyl Ab B} Fu/Fn Dopsy qL Yno
BIFOLE & SE ) (0.89+0.02)a (0.21£0.01)a (0.10+0.01)a (0.75+0.01)c
RPN (0.88+0.01)ab (0.20+0.01)ab (0.090.01)ab (0.76+0.01)bc
H2R (0.88+0.01)ab (0.20+£0.01)ab (0.09+0.03)ab (0.77+0.02)bc
ERPN (0.860.01)b (0.19£0.01)b (0.08+0.01)b (0.78+0.01)b
EFDN (0.82+0.01)c (0.18£0.01)b (0.08+0.0)b (0.78+0.02)b
%5 R (0.820.01)c (0.17+0.01)c (0.08+0.0.2)b (0.78+0.01)b
6K (0.820.02)c (0.174£0.01)c (0.07+0.01)c (0.79+0.01)a
VEER BN (0.84+0.03)bc (0.1940.01)b (0.08+0.01)b (0.79+0.03)a
A 2 K (0.85+0.01)bc (0.21+0.01)a (0.08+0.02)b (0.78+0.01)b
PREH 3K (0.86+0.02)b (0.21£0.02)a (0.08+0.01)ab (0.78+0.01)b
Y il 15 Ab PR (0.85+0.03)a (0.30£0.01)a (0.24£0.01)a (0.67+0.01)d
RN (0.84+0.03)ab (0.28+0.01)ab (0.22+0.01)ab (0.68+0.01)c
H2R (0.83+0.02)ab (0.28+0.01)ab (0.2120.01)ab (0.69+0.01)be
ERPN (0.82+0.01)b (0.28+0.1)ab (0.20+0.01)ab (0.69+0.01)be
4R (0.82+0.01)b (0.26+0.01)b (0.18+0.01)b (0.70£0.01)b
% 5K (0.8120.01)be (0.2540.01)b (0.18+0.01)b (0.7120.01)ab
PN (0.78+0.02)c (0.24+0.01)c (0.16+0.01)c (0.72+0.01)a
IREE 1R (0.80:£0.03)bc (0.25+0.01)b (0.16+0.01)c (0.71£0.01)ab
PREH 2 K (0.80+0.01)bc (0.25+0.01)b (0.18+0.01)b (0.70+£0.01)b
PREH 3K (0.81£0.01)bc (0.26+0.01)b (0.18+0.01)b (0.70+0.01)b
KA 32 Ab PR (0.89£0.01)a (0.29+0.02)a (0.15£0.03)a (0.71£0.03)d
WK (0.85+0.03)b (0.27+0.03)ab (0.12+0.04)b (0.73+0.02)cd
H2R (0.84+0.02)b (0.26+0.03)ab (0.12+0.02)b (0.74+0.04)c
%3 R (0.80+0.01)bc (0.25+0.04)b (0.1120.03)b (0.75+0.01)be
4R (0.77+0.02)c (0.24+0.01)b (0.08+0.01)c (0.75+0.01)be
RPN (0.75+0.02)c (0.23+0.0)2b (0.07+0.05)c (0.78+0.02)ab
PN (0.73+0.03)d (0.220.02)c (0.09+0.03)be (0.79+0.03)a
PREH 1R (0.75£0.04)c (0.21%0.03)c (0.09+0.01)bc (0.770.04)ab
PREHS 2 K (0.76+0.02)be (0.23+0.02)b (0.10+0.02)b (0.76+0.02)b
PR 3K (0.78+0.01)bc (0.23+0.03)b (0.11£0.02)b (0.75+0.02)be

(5] — v e [) 970 Bl AN ) = B AR B ] ) 25 e A B 122 38 (P < 0.05)
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#z4 BEMET IMEAKFERMAIHRESE
Table 4  Chlorophyll content of three tested rice varieties under high temperature stress
i A B ) M4RE a i/ (mgg ™) ME4RE b A i/(mgg ) & a5 b
BB Qb (2.91£0.13)a (1.130.05)a (2.58+0.25)a
1K (2.80+0.15)ab (1.1240.02)a (2.53+0.12)a
2K (2.25+0.24)bc (1.10£0.04)b (2.04+0.14)b
H3R (2.020.25)be (0.96+0.03)c (2.11£0.07)b
Ha4R (1.88+0.16)c (0.93+0.02)c (2.030.18)b
ERPS (1.87+0.16)c (0.93£0.05)c (2.02+0.20)c
56K (1.87+0.17)c (0.91+0.04)d (2.050.19)c
PR 1R (2.18+0.25)b (0.98+0.06)c (2.2240.05)ab
WA 2 K (2.21£0.23)b (0.99+0.05)c (2.23+0.20)ab
WA 3K (2.61+0.20)b (1.07£0.03)b (2.44+0.19)ab
Y W 15 SGELi:) (2.05£0.15)a (0.96+0.02)a (2.1420.04)ab
1K (1.91£0.10)b (0.93+0.03)a (2.06+0.14)b
E DN (1.86+0.02)b (0.79+0.04)b (2.3740.02)a
ERPS (1.75+0.04)bc (0.77+0.05)c (2.28+0.26)ab
H4R (1.6120.09)bc (0.79+£0.06)b (2.05£0.24)b
%5K (1.57+0.18)be (0.80+0.01)b (1.98+0.14)b
% 6K (1.31£0.28)c (0.77£0.01)c (1.70+0.18)c
RES 1K (1.57+0.3)5bc (0.78+0.02)c (2.01£0.18)b
PRES 2 K (1.61+0.13)bc (0.79+0.03)b (2.03+0.01)b
IREEE 3R (1.610.04)bc (0.810.05)b (1.99£0.17)b
£ 32 Ab PR (2.68£0.16)a (0.75£0.02)a (3.57+0.24)a
1K (2.44£0.08)b (0.7120.04)b (3.44+0.23)a
2R (2.33£0.05)b (0.71£0.04)b (3.29+0.21)ab
FIK (2.224£0.25)b (0.70£0.02)b (3.17£0.27)ab
EDS (2.00+0.27)be (0.70+0.03)b (2.88+0.21)bc
%5K (1.8120.30)bc (0.69+0.01)be (2.62+0.24)bc
56K (1.64+0.29)c (0.69+0.01)bc (2.39+0.25)c
VLR BN (2.15+0.26)b (0.68+0.02)c (3.14+0.10)ab
IREEE 2 R (1.93+0.20)bc (0.70+£0.01)b (2.77£0.07)bc
ERPN (2.05+0.16)be (0.71£0.01)b (2.90+0.18)b

[l — ity o [e] 971 Bl A ] = B 7 A B ] ) 2 57 2208 (P < 0.05)

2.4 EiRBITKFEINI SRS SEER A E N
M s AT, JRE A IR A S O K
KBRS, K/5E. THRIRE ., 4530RY 3%
Fedfe BIPEEEL . Y PG 1 5 K 32 I
KK DBIEMR T 4.59%. 5.66%. 13.12%; Ak
FEAT AR T 2.01%. 3.18%. 10.42%; #ks5KK
%5 EEMET 3 MURKIBRMEINRRMESTR

Table 5 The appearance quality and seed setting rate of three tested rice varieties under high temperature stress

T BIREMR T 2.44% ., 2.55%. 3.33%; THifE
PRI T 8.92%. 16.86%. 17.79%; 45503%
IR T 23.39% . 24.59% . 49.49%., % bi]
A, R AN S 5 R AR KR 19 245 S % R T b o
H, B EUKRERISNILG R B TR, 8K
T LN e N R e VR Y L

sn A A BRPRRIRK/Mmm BRI S /mm RO S ThifiHt/g LESLE /Y,

BIFOLE & Qb (6.24+0.20) (1.95+0.05)" (3.20£0.09) (20.93+1.62)" (61.55+6.35)"
POgi 6.54+0.17 1.99+0.08 3.28+0.10 22.98+1.32 80.34+5.49

Y Wt 15 AbH (6.50£0.12)" (2.13£0.10)" (3.06+0.07)" (22.09+1.07)" (58.33+3.71)"
papi 6.89+0.14 2.20+0.15 3.14+0.11 26.57+1.58 77.35+5.28

L7 32 Qb (7.02+0.78)" (1.72+0.08)" (4.07+0.45)" (22.74+3.03)" (39.1749.13)"
it et 8.08+0.49 1.92+0.06 4.21+0.06 27.66+2.93 77.55+6.70

R [ — b BRI £ 2 S A BT R (P < 0.05),
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s BRI SRR B R S o i s R O
SHRCT BRI, A B 30 5 e LUK & 21 1E 5 K
Vo, MIEFAERKER.
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