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Effects of exogenous 6-BA on alleviating the impacts of low-temperature
stress during booting stage on photosynthetic performance, grain-filling
characteristics, and yield of wheat

LUAN Jia-meng, OU Xing-yu, JIANG Yue-he, WANG Bai-wen, XIONG Yan-ling, WANG Ji-xiang,
HUANG Zheng-lai, MA Shang-yu, ZHANG Wen-jing"
(College of Agriculture, Anhui Agricultural University / Key Laboratory of Wheat Biology and Genetic Breeding in Southern
Huanghuai Region, Ministry of Agriculture and Rural Affairs, Hefei, Anhui 230036, China)

Abstract: [ Objectives ] We explored the alleviation effect of exogenous 6-benzylaminoadenine (6-BA) on the
decline of photosynthetic performance and yield of wheat after low temperature (LT) stress at booting stage, and
the appropriate spray concentration. [ Methods ] A low temperature insensitive wheat variety *Yannong 19 and
a sensitive wheat variety ‘Wanmai 52° were selected as the test materials in a pot experiment. The wheat pots
were filled with the 0—20 c¢m layer soil, and then the potted plants were buried into soil during the wheat growing
periods. At the boosting stage, wheat pots were dug out and subjected to low temperature stress in a growing
chamber for one day. The designed low temperatures were —2°C, and 0°C during 18: 00—6: 00, and 5°C during
6: 00—18: 00. Then the wheat pots were moved back to the field and sprayed with 10, 20 and 30 mg/L 6-BA
solution, and the same amount of distilled water as control, respectively. At the booting, grain filling and maturing
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stage of wheat, the flag leaf samples were collected for the measurements of SPAD, photosynthetic parameters
and relative enzyme activities. Grain samples were collected since the 10th day of anthesis for the determination
of grain filling rate, at maturing stage, yield and 1000-grain weight were investigated. [ Results ] Compared with
the control group, spraying 6-BA increased the SPAD value, net photosynthetic rate (£,), stomatal conductance
(G,), transpiration rate (7,) and maximum photochemical efficiency (F,/F,,) of flag leaves of wheat subjected to
low temperature stress, and increased the RuBP carboxylase activity by 12.72%—53.64% and the PEP carboxylase
activity by 6.40%—44.17%. Compared with the control, spraying 6-BA increased the average grain filling rate
and 1000-grain weight of Yannong 19 by 1.12%—25.00% and 1.32%—20.84%, respectively, and increased
the average grain filling rate and 1000-grain weight of Wanmai 52 by 2.75%-28.42% and 6.26%—27.67%,
respectively. The recovery effect of exogenous 6-BA on the yield of sensitive wheat variety ‘Wanmai 52 was
superior to that on the low temperature insensitive wheat variety ‘Yannong 19°. [ Conclusions ] Spraying 6-BA
at booting stage can significantly improve the photosynthetic characteristics of wheat flag leaves after low
temperature stress, speed up the grain filling rate and enhance the 1000-grain weight of wheat, thus reduce the
yield loss caused by low temperature stress. In this experiment, 20 mg/L 6-BA solution shows the best mitigation
effect on the effects of low temperature stress.

Key words: wheat; low temperature at booting; photosynthetic characteristics; grain filling characteristics; yield
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Fig. 1 Effects of 6-BA on SPAD values of wheat flag leaves after low temperature stress at booting stage
. CK AZEMKX R, B,. B,. B, /44 6-BA B 10, 20, 30 mg/Lo H: I ANE/NG TFh: 7R [a]— A 1 ] — 305 BE AN ) b 2 ]
2 (P<0.05),
Note: CK is distilled water control, and the spraying concentration of 6-BA in B,, B, and B, are 10, 20, and 30 mg/L, respectively. Different small

letters above the bars indicate significant difference among treatments under the same stage and temperature (P<0.05).
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Fig. 2 Effects of 6-BA on maximum photochemical efficiency (F,/F,) of wheat flag leaves after low temperature
stress at booting stage
TE: CK OMB{EZEIRK, B\ By By 70l 6-BA VMBI E 10, 20, 30 mg/Lo A bA[l/ING 271 ] — Iy 39 [7] — i BE AN ) b 281 1)
25 R (P<0.05).
Note: Distilled water is sprayed in CK, and the spraying concentration of 6-BA in B,, B, and B, are 10, 20, and 30 mg/L, respectively. Different small
letters above the bars indicate significant difference among treatments under the same stage and temperature (P<0.05).
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Fig. 3 Effects of 6-BA on RuBPcase activity in flag leaves of wheat after low temperature stress at booting stage

W CK bWt 2% 15
(P<0.05),

Bk, B,. B,. B, 25N 6-BA I

ARV B 10, 20, 30 mg/L. A FR[E/ING FRER IR R — R A 3 ) 2% 7 25

Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B,, B, and B, are 10, 20, and 30 mg/L, respectively. Different small

letters above the bars indicate significant difference among treatments on the same day (P<0.05).
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Fig. 4 Effect of 6-BA on PEP carboxylase activity in flag leaves of wheat after low temperature stress at booting stage

. CK MWiiEZ5i8K, B,. B,.
(P<0.05),

B, 43 6-BA IEWBE M E 10, 20, 30 mg/L. A L ARR/NEG FHER R R — KA H A 22 7 5 2%

Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B,, B, and B, are 10, 20, and 30 mg/L, respectively. Different

lowercase letters above the bars indicate significant difference among treatments on the same day (P<0.05).
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Fig. 5 Effects of 6-BA on 1000-grain weight of wheat at grain-filling stage after low temperature stress at booting stage
e CK ONWEEZEMEK, By, B.. By /3 0Ih 6-BA WMWK 10, 20, 30 mg/Lo BIPRR/NG FRER R — KA T 22 57 B 3%
(P<0.05),
Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B, B, and B; are 10, 20, and 30 mg/L, respectively. Different

lowercase letters beside the lines in the figure indicate significant differences among treatments on the same day (P<0.05).



854 R R R L S 314&

oCK -O B, -4 B, -* B,

HESH R Grain-filling rate (mg/d)

10 15 20 25 30 35 10 15 20 25 30 35 10 15 20 25 30 35

1.6 [ 2022 1.6 1 2023
14 |

1.2

1.0

0.8 0.8

KeZ 52 Wanmai 52

Ke3 52 Wanmai 52

10 15 20 25 30 35 10 15 20 25 30 35
16J5 K E Days after anthesis
El 6 6-BA XZFEARIBMIBGE /N EIFRDERERMF N
Fig. 6 Effects of 6-BA on grain-filling rate of wheat after low temperature stress at booting stage
H: CK WWEMiZEIR/K, By, B,. By 20900 6-BA IS E 10, 20, 30 mg/L. BEIHRREI/NG FREFRR R — Kb B0 24 5 3
(P<0.05),

Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B,, B, and B; are 10, 20, and 30 mg/L, respectively. Different
lowercase letters beside the lines in the figure indicate significant differences among treatments on the same day (P<0.05).
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R 2 6-BA WZREHRIEMIERE N EERFFERIFM

Table 2 Effects of 6-BA on wheat filling characteristics after low temperature stress at booting stage

nﬁ'zﬁ B (°C) b ' Méﬁﬁ ® @ L@ L@ L@ A 2
Cultivar Temperature Treatment Fitting equation
2022
HH419 0 CK Y=36.8682/(1+¢>1753-0.1931y 0,998 40.26 9.63 1365 1698 178 091
Yannong 19 B, Y=40.0769/(1+e3156401904) 0996 4087  9.82 1383 1722 191 098
B, Y=43.9520/(1+323001840) 0996 4234 1036 1424 1773 203  1.04
B, Y=41.7903/(1+¢>1128-0.18500 (0994 41.66 971 1423 1772 196  1.01
-2 CK Y=33.8962/(1+e27298-01942 0,999  37.72 727 1356 1688 165 090
B, ¥=39.0050/(1+¢> 7668018000  0.999  40.90 8.05 1463 1821 176  0.95
B, Y=43.7776/(1+e29300-017520) 0,996  42.95 921 1503 1871 192  1.01
B, Y=41.8057/(1+e243-01811n 0994 41.63 898 1454 1810 1.89  1.00
g 4252 0 CK Y=36.2853/(1+>83701809) 0,999 41.40 871 1456 1812  1.64  0.88
Wanmai 52 B, Y=38.1406/(1+¢>8977-017820y 0997  42.05 887 1478 1839 1.70  0.91
B, Y=432076/(1+€29095017190 0988  43.66 926 1532 1907 186 099
B, Y=40.7062/(1+e>$528017321) 0,998 43.00 8.87 1521 1893 176  0.95
-2 CK Y=34.3716/(1+¢>097-0.197 (0,999  38.92 9.02 1332 1658 170  0.88
B, Y=37.7547/(1+e>1721-019610 0999 39.61 946 1343 1672 185 095
B, Y=41.9431/(1+>038401814) 0995 4208 949 1452 1807 190  1.00
B, Y=40.4914/(1+¢3002-0.1821 0992 4171 924 1446 1800 184 097
2023
A 19 0 CK Y=36.5861/(1+32287019820) 0998 39.47 9.64 1329 1654 181  0.93
Yannong 19 B, Y=38.6148/(1+¢>1796-0.195%) 0997 39,69 9.51 1344 1673  1.89  0.97
B, Y=43.8315/(1+¢>1750-018710 0,999 41,53 993 1408 1752 205  1.05
B, Y=40.6464/(1+e>1670194) 0989 3993 952 1355 1686 197  1.02
-2 CK Y=35.0024/(1+¢>1250-020850 0,997 37.03 8.67 1263 1572 1.82 094
B, Y=39.0273/(1+¢>1505020850 0,999 3715 879 1263 1572 203  1.05
B, Y=43.9980/(1+¢30099-01931) 0992 38.46 879 1322 1645 219 1.14
B, Y=43.1653/(1+¢>1953-020270 0,997  38.43 927 1299 1617 219 112
e 4752 0 CK Y=33.8227/(1+e>6521022800 0994 3621 1035 1152 1434 193 093
Wanmai 52 B, Y=41.9173/(1+320001853) 0992 42,08  10.17 1421 1769 194  1.00
B, Y=453649/(1+¢>1914-018280 0984 4259 1025 1441 1793 207  1.06
B, Y=42.8722/(1+¢>1761-0.1880 0985 4219  10.09 1430 1780 197  1.02
-2 CK Y=33.9618/(1+¢32405021171) 0983 37.01 9.08 1244 1548 180 092
B, Y=37.4071/(1+¢>203-01987) (0983 3923 948 1326 1650 186  0.95
B, Y=42.3934/(1+¢30831-0.1868n 0990 41.10 945 1410 1755 198  1.03
B, Y=412833/(1+e>1384019100 0980  40.49 954 1379 17.16 197  1.02

TE: CKMMEIEZEMK, B, B, BAMIIN6-BARTRBIEIEL0. 20, 30 mg/L. KDY HTHE, AHFEEREL, e (2.71828)% HARNEL
BURE . THRERFFEE; T, T TAMATESOIEIY . MR Gl | JER DU R VPRI B OER (mg/d) s ROVKPRIEIE 158
K(mg/d),

Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B,, B, and B; were 10, 20, and 30 mg/L, respectively. In the fitting
equation, Y is 1000-grain weight, # is the days after anthesis, e (2.71828) is the base of the natural logarithm. 7 is duration of grouting; 7\, 7, T; are
gradually increasing, slow increasing and fast increasing stages of grouting, respectively; R, is maximum grain filling rate (mg/d); R is mean grain
filling rate (mg/d).
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#*3 6-BA WEREHRKEMER ML REMAE RN
Table 3 Effects of 6-BA on wheat yield and its components after low temperature stress at booting stage
0y fn Al L (°C) Jiseil HBREEL THIE () TR 7= (g/pot)
Year Cultivar Temperature Treatment Spikes per plant 1000-grain weight Grain number per spike Yield
2022 MAKR19 0 CK 21.23£0.13 ¢ 36.26+0.68 ¢ 35.50+0.70 ¢ 27.20+0.94 ¢
Yannong 19 B, 22.57£0.32 b 40.04+0.50 b 37.50+1.08 b 33.89+1.10 b
B, 23.60+0.15a 41.85+0.07 a 39.50+0.67 a 39.01+0.66 a
B, 23.03+0.04 ab 40.42+0.52 b 37.67£1.01 b 35.07+£0.55 b
-2 CK 20.23+0.25 ¢ 33.97+0.31 ¢ 31.50+1.08 ¢ 21.65+1.17d
B, 22.64+0.27 b 34.42+0.28 ¢ 33.00+0.50 b 25.72+0.43 ¢
B, 24.3240.14 a 39.7140.27 a 37.83+0.68 a 36.53+£1.06 a
B, 23.62+0.31 a 35.96+0.31b 34.67+£0.94 b 29.45+0.76 b
foe 4 52 0 CK 20.81+0.09 ¢ 35.61£0.25d 27.54+0.54 ¢ 20.41+£0.29 d
Wanmai 52 B, 22.67£0.50 b 37.8420.31 ¢ 29.22+0.38 b 25.07+1.00 ¢
B, 24.37+£0.26 a 41.55+0.22 a 34.57+0.71 a 35.00+0.82 a
B, 23.33+0.20 b 39.83+0.20 b 31.35+0.50 b 29.13+0.74 b
-2 CK 20.23+0.23 ¢ 34.19+0.54 d 21.68+1.23 ¢ 15.00£1.14 d
B, 20.74+0.21 b 37.63£0.25 ¢ 24.94+0.42 b 19.46+0.45 ¢
B, 22.03+£0.18 a 41.27+0.22 a 29.46+0.69 a 26.78+1.03 a
B, 21.30+£0.12 b 39.79+0.17 b 25.07+0.15b 21.25+0.51b
2023 T4 19 0 CK 22.33£0.38 a 36.25+0.15d 31.47£0.70 ¢ 25.47+0.61d
Yannong 19 B, 22.68+0.22 a 38.30+0.24 ¢ 33.53+0.71b 29.13£0.90 ¢
B, 23.10£0.41 a 41.89+0.47 a 36.47+0.18 a 35.29+0.66 a
B, 22.86+0.55a 39.66+0.16 b 34.60+0.12 b 31.37+0.84 b
-2 CK 20.17+0.26 ¢ 34.88+0.35d 26.87+0.85 ¢ 18.90+0.27 d
B, 21.29+0.06 b 38.92+0.05 ¢ 28.65+£0.13 b 23.74+0.09 ¢
B, 22.34+0.25 a 42.15+0.19 a 32.27+0.24 a 30.39+0.27 a
B, 21.96+0.22 ab 40.81+0.15b 31.31+0.15b 26.78+0.53 b
fEAZ52 0 CK 19.45+0.20 d 33.54£0.22 d 25.80+0.72 d 16.8240.37 d
Wanmai52 B, 20.23+0.30 ¢ 39.97+0.16 ¢ 27.13+0.37 ¢ 21.94+0.44 ¢
B, 21.87+0.22 a 42.82+0.24 a 30.27+0.18 a 28.34+0.19 a
B, 21.14+£0.16 b 41.13£0.21 b 29.33+£0.18 b 25.50+0.31 b
-2 CK 19.33+0.34 ¢ 34.51£0.27d 23.73+£0.35d 15.83+£0.40 d
B, 20.37+0.23 b 37.53+0.16 ¢ 26.67+0.70 ¢ 20.08+0.80 ¢
B, 21.92+0.37 a 40.44+0.26 a 33.33+0.24 a 29.54+0.21 a
B, 21.19£0.23 b 39.45+£0.11 b 30.33+£0.07 b 25.35£0.26 b
W CKNWEMEZERK, B,. B,. B N6-BAMWINEMEE 10, 20, 30 mg/L. [RIFIEEEIG A /NG ) 3R [F)— i ] — T Ak PR )

6-BAZHI ] 22 57 8 3 (P<0.05),

Note: Distilled water is sprayed in CK, and the spraying concentration of 6- BA in B,, B, and B; are 10, 20, and 30 mg/L, respectively. Different
lowercase letters after data in the same column indicate significant difference among 6-BA treatments for the same cultivar under the same
temperature treatment (P<0.05).

52 By 7= i s L ACRAL TR IR R Bl A R AR 19,
DL 2023 4E-2°C fIRIRAC S B, AbHE M5, AHAR 19 A
e 52 [ B4 B R BRI 38  T 60.79% Fil

86.61%, TR E/FHIMEIT 20.84% F1 17.18%,
FREECY I3 T 10.76% F1 13.40%, FHUR5 5 9|34
JNT 20.10% F140.46%. 25 KE, SXTHEMHLEL, MW
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A 19 Wi 6-BA AbFRAY LG . TR . FAAREER
B, BORBU B 14.37%~68.73% . 1.32%~
20.84% . 1.57%~20.22%. 4.76%~20.10%; M
52 Wi 6-BA AbBRM LA o . TR E . HLpRTE
B BRI R B 22.83%~86.61%. 6.26%~
27.67%. 2.52%~17.11%. 5.16%~40.46%.
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SR IR AR S Rh e A2 52 A G RUR AL T RHIE
TER BT AR A 19, 33X AT BESE: PR A R TR ARk R /)
FHHTERSS , MR 6-BA HIWEHE ] LU i ik
FEM 2B E SR, MR ER . Dk
ZERRW], AN 6-BA BE %W i 5 w5 et
SPAD {H 5 RuBP &AL 1 PEP JRALEGA G, %
fi# P, G, RN T, FIREAR, DA T DB AR T 10 X /N2 T
MEEVER RS, AR T = m ik

25 Lk, 6-BA FERE /N GG A A s 1
O EA EEAE A . a3 O A 1R F Y T
PE, 6-BA IR T /N EARIRMNA T ROEEER, M
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PR T 3 1 SR W R A
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EMFN

FERLE R R o /N P i U B R,
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