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Exogenous GA; inhibits the phototropism of grape leaves by affecting

photosynthetic characteristics and endogenous hormones
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CHEN Baihong’
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Abstract: [Objective]The present experiment was undertaken to explore the inhibitory mechanism for
exogenous GA; affecting grape leaf phototropism. Phototropism means that plants are regulated by light
to bend to incident light in order to obtain the most suitable light for their growth. Grapes, as photophil-
ic plants, have obvious phototropism. Studies have found that exogenous GA; can significantly inhibit
the phototropism of grape leaves. Therefore, exploring the inhibitory mechanism for GA; influencing
the phototropism of grape leaves may provide a certain theoretical basis for further research on the ef-
fects of exogenous hormones on the phototropism of grape leaves. [Methods] The experiment was
carried out in Wuwei city, Gansu province in 2020, located in the eastern end of the Hexi Corridor (N
38°02'32", E 102°42'19"), where there is a temperate continental arid climate. The altitude is 1632 m,
the average annual precipitation is 191 mm, the average annual evaporation is 2135 mm, the frost-free
period is 150 days, the average annual temperature is 7.8 ‘C, the average annual sunshine duration is
2715 h, and the sunshine is sufficient. The 6-year-old grapevines (Cultivar: Italian Riesling) was used in
the experiment, with a spacing of 1.0 mx3.0 m. The vigorous plants without diseases and insect pests

were selected on sunny days. The secondary canes with new tendrils on the primary cane of over 80 cm
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in length were removed before 8:00 and then the primary can was flattened and fixed on the third wire
of the vertical hedge with plastic tape. The leaf blades were made on positive side or reverse side, but
the leaves remained in a horizontal state. The directions of leaves only could be changed through the
new tendrils at a knob, not through the blade by rotating or fixing the petiole to ensure that the petiole
and blade were not affected by any external force; The pulling and fixing started in the early morning,
and finished before 8:00. Then, the fixed leaves were treated by spraying the growth regulators, and
three treatments were set up, namely 75 mg- L' gibberellin (GA;), 200 mg - L™ entobutrazol (S3307) and
clean water (CK). Each of 10 plants was treated with one treatment that repeated three times. Water po-
tential, and photosynthetic and fluorescence parameters of functional leaves at about 20 d of age were
measured every 2 h from 8:00 to 18:00. At the same time, each treated leaf was removed, and the leaves
and petioles were separated and cut into pieces with a weight of 2.0 g respectively. The leaves were
wrapped with tin foil and then quickly put into a liquid nitrogen tank and brought back to the laboratory.
The leaves were placed in a refrigerator at —80 “C for hormone assay. [Results1The results showed that
as the light-receiving time increased, the grape blades of each process gradually rotated from the abaxi-
al plane (leaf with reverse side) to the abaxial plane (leaf with positive side). The angle between the
blades and the horizontal plane gradually increased, and the angle between the leaf stems and the stems
gradually decreased. However, in the process of rotation, the increase rate of the angle between leaf and
the horizontal plane and the decrease rate of the angle between petiole and stem with GA; treatment
were significantly slower than those of the control. In addition, there was also a significant difference in
leaf water potential between the control and GA; treatment, which was significantly lower than that of
the control from 10:00 to 18:00. Photosynthetic parameters such as P,, G, and 7; were significantly low-
er than those of the control from 12:00 to 18:00, while changes in C; were opposite to those of P,, G
and 7. Chlorophyll fluorescence parameters such as F., F\/F.,» and ETR decreased to different degrees,
while NPQ was significantly higher than that of the control. After S3307 treatment, the angle between
leaf and horizontal plane increased faster in comparison with the control, and the angle between petiole
and stem decreased faster than that of the control. Leaf water potential was significantly higher com-
pared with the control from 14:00 to 16:00. Photosynthetic parameters such as P,, G, and T; were signifi-
cantly lower than those of the control from 12:00 to 18:00, and chlorophyll fluorescence parameters
such as F., F./F, and ETR increased to different degrees. At the same time, the results of endogenous
hormone content determination showed that the content of endogenous hormone in leaf and petiole in
each treatment also changed obviously. Among them, GA; treatment increased the contents of GA;, IAA
and ZT in leaves and petioles to varying degrees, and decreased the content of endogenous ABA, while
the effect of S3307 treatment was the opposite. [Conclusion] After being fixed by pulling the tips, the
grape leaves gradually rotated with the increase of the light-receiving hours. The angle between the
leaves and the horizontal plane gradually increased, whereas the angle between the petiole and the hori-
zontal plane gradually decreased. The GA; treatment slowed down the rotation speed of the blade, while
the synthetic inhibitor S3307 treatment significantly accelerated the rotation of the blade. The GA; treat-
ment significantly reduced the photosynthesis of the leaves, increased the content of endogenous GA;
and [AA, and increased the ratio of GAy/IAA, while the S3307 treatment had the opposite change, com-
pared with the GA; treatment. In summary, exogenous GA; inhibited the phototropism of leaves by re-
ducing the photosynthesis of leaves, increasing the content of GA; in leaves and petioles, and increasing
the ratio of GAy/IAA.
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diurnal variation of water potential in grape leaves
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Fig. 2 Effects of exogenous GA; and its inhibitors on

diurnal changes of net photosynthetic rate in grape leaves
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Fig.3 Influence of exogenous GA; and its inhibitors on

diurnal variation of transpiration rate of grape leaves
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Fig. 6 Influence of exogenous GA; and its inhibitors on the

daily change of maximum fluorescence F, in grape leaves
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Fig. 7 Influence of exogenous GA; and its inhibitors on the
daily variation of maximum photochemical efficiency F./F,

of grape leaves

FE12:00 I, GA AL B I |y FU/F, 2 5 KT CKL 82
CK F#1 9.58%; 1} S3307 AbEE (- F/F, B & & T
CK, % CK F+155 10.98%.

AN A AL 3 I R ()28 W A% 3 T 28 (ETRO A8 4k
AR (E . GAMLEERIM A ETR 7E 10: 00,
12:00.14:00 F116:00 i i KT CK; S3307 AL BRI
J,1E10:00.14:00F116:001 , i ETR &35 5T CK.

AR AR ER I B A 25 K R B ONPQ) AR
R (B 9) . 1E10:00 i, GA, 4L FE [ H- F
NPQ & # & T S3307, [7 I S3307 4L F () - NPQ
S EET CK. 7F16:00, GA, &b F 1 H A NPQ & 3%
=T CK, 1M S3307 4b H i i 7 NPQ & & ik T~ CK.
Ui B GALAbFE 2 A5 i BT R B AR 64 0 K
REOE .



1108 L I 384
18 r
A 300 OCK BGA; mS3307
16
250 ¢t a
M A “on
=R & 200 | bb
' LS aa
LRt 2z |2
g S S 150 |
23 *E
E =
REYVT 5 100 |
S
81 50 |
6 1 1 1 1 1 ) 0
800 10:00 12:00 14:00 16:00 18:00 0 2
I % O’ clock 5§17 Timelh
B8 SNE GAREMSIRIX AE S R FesEE L 0 DK BGA, WS307
ETR HZERIRNE
Fig. 8 Influence of exogenous GA; and its inhibitors on —’.;D 200 |
: a
diurnal variation of apparent electron transfer rate (ETR) = aa
in grape leaves :é < 180 ¢
o O
20—k ——GA, ——s3307 Bl
3 Ea 100 L
24 a «"é
o
Q22 “ 50
z
= 20
W& 0
ﬁ 18 0 2 4 6 8 10
%16- IrF 1] Timerh
B4l B 10 MR GA, RIMHFIRHE (A FIHEB) P
ol
le AR GA, & ERIF I
' Fig. 10 Effects of exogenous GA; and its inhibitors on
1.0

12:00 14:00 16:00 18:00

%] O clock

B9 SNE GAREMHFINEEM HIEXAUFEZERRE
NPQ HZ L WIS M

Fig. 9 Influence of exogenous GA; and its inhibitors on

8:00 10:00

diurnal variation of non-photochemical quenching

coefficient NPQ in grape leaves

2.5 SMNE GA, REINFIFIS3307 & EM F =1k 14
sz Ff RS E S 2R
2.5.1 SR GAS R H 494 7| S3307 2 & & ot K A=et
AP AR GASEHm HE10-ATTLIEH, %
A BRI B R GAS B B AR E AR [, Bk 2 -
FE-THH 8% . 7E4 ha6 h A8 h i, GA AL H (1)1
FOAMEERE®m T CK 7 4l B CK &
16.50%-24.48%11 18.27% 3 S3307 AL 2 1 i Fi H GA,
1) 7 & W F KT CK, 48 3 3 CK FF IS 15.65% -
13.14%%19.06% . HHILTAT UL, 4P GA A B BE 0 1
H Ao YR GAS & &

A1 & 10-B 7] LLE H L S3307 A B [ 45 7 GA,
TEMBBEALE CKMHE,HZAE4h.6 h I8 h

endogenous GA; content in grape leaves (A) and petioles (B)

i, BT CK, 2 18 CKBEA 12.17%- 17.00% K1
9.83%. 1M GA: AL BE [ AR o GAS IR & 8 7E 6 h I (i
Fm T CKe HUEA] WL, AR GAL K38 0 7 A
MR GA 5 &

2.52 MR GAL R H 496 F S3307 & #
o R IAA &2 69 %0 B 11-A T4, GA At
HEH AP IAAN G 2ENEE, , /E2 hfl4 hif &
& T CK, 4r BB CK T &1 T 53.94% F1 18.57% o
MBI 11-B AT LLE Y, % A0 ER AR TAA (1 & 248
M [H . 764 h F16 h, GAs kb ) 4 P TAA
)& &R m T CK, 8 CK JF & 11.59% Fl
41.95%. 1M S3307 4b B j5 W & K T~ CK, £ CK f#
11 19.63%F136.91%.

2.53 MR GAS R HApd) F] S3307 2t & F ot K Aot
¥ IR ABA A& & Hh  FAFEH H i ABA S
B EHAR (B 12-A) . Hi,S3307 A FR i
5 AL CK AR TR, 1 GASARER I B WU AH o 7E2 hy
4 h.6 h 18 h,S3307 &b 3 FH Jr H ABA 1) 7 & i

ot A foot



57

w7 A AR GALE T R AR AN PR P A 4 R B TR E

1109

OCK B8GA, ®S3307

30

20

w(IAA)
Content of [AA/(ng-g™")

10

0 2 4 6 8 10
i 1A] Time/h

OCK BGA;

W S3307

w(IAA)
Content of IAA/(ng-g™")

i 18] Time/h

11 SNR GA R EAMHIFIX B EM F (AFRHRB)H TIAA & E RSN
Fig. 11 Effects of exogenous GA; and its inhibitors on IAA content in grape leaves (A) and petioles (B)

10 - OCK BGA. WS3307

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

w(ABA)
Content of ABA/(ng-g™")

i 8 Time/h
12 5NR GAs REHSIFIZ EE M B (AFHR(B)H ABA & 2HIF/ T
Fig. 12 Effects of exogenous GA; and its inhibitors on ABA content in grape leaves (A) and petioles (B)

=T CKL, GAAL PR i ABA 1% &= 75 2 h,
4 h A6 hisH B LT CK. H Al W, 4N GA, kb3

i 7 e ABA TR R
FALE I ABA R AL S B ANF C

12-B) . S3307 43 5 CK 1)L AHIF , 171 GA, &b 3
M AH . GAALHEAE 2 ho4 h 6 h A8 hi & E KT

A 0 [ OCK BGA, mS3307
300 a a
o b b a a
e 250 | c a
E o c b
o= 20 c
\N/ N
= % 150
5
£ 100
O
50
0
0 2 4 6 8 10
7] Time/h

B g . OCK BGA, mS3307

07 a
06
05
04

w(ABA)
Content of ABA/(ng-g")

03
02
01

0.0

2 4 6
i) Timeh

CK, 43 5 B CK P& 1K 20.45% « 34.14% + 38.29% Al
50.00%. S3307 AbFEAE 4 h.8 h A1 10 h i & & & T
CK, 70 5 CK T1 157 25.45%13.33%F1 32.35%.

2.5.4  IMR GAS B 4pH) K| S3307 2 # & =t K A=rt
WP RRZT 22 0%0  AFEGEAHFHZT S
B EEAHFE (B 13-A). f£4h.6 hF18 h,GA,

35

B I OCK BGA, ®S3307
30 a
o 25
on
~ 20
s
L% 15 -
5
£ 10t
@)
5 L
0
0 2 4 6 8 10
i 8] Time/h

13 SNR GA, REAMHEFIXF EEM B (AFHRBIF ZT 2SS0
Fig. 13 Effects of exogenous GA; and its inhibitors on ZT content in grape leaves (A) and petioles (B)



1110 3 i)

S 4

55384

ARE I R R ZT S R R S T CK, 40 il CK
THE 11.38% 12.21%F1 22.50% , 1M S3307 4b ¥ iy -
J R KT CK, 230 858 CKFE1IK 25.55%19.35%F1
8.86%. HIULTT L, #MJE GA AL F R 12E 7 v ZT
(16 ko

[FJ I, AN [ AL ER A7 R Z T 2 2 AR b A
HIFE (B 13-B) e GAALBE R, £ 4 h AT 6 h, iR
ZT W& & 53 5 T CK, 40 9 88 CK Tt 13 39.50% A1
21.81%; 1M S3307 4b B~ , 7£ 6 h A1 8 h B ZE K T~ CK,
73 8 CK A% 26.99% 1 14.78% . H1 AT %01, 4R
GAXT AR 1 ZT & e 2 1R EH .

3% W

[F1) P A DA R A T B B B S P — el i
FTHLH] A e 08 AR A IR A B e AR KT
DLUEE GF SR EOGRED . AR 7T 75 mg- L' GA b P
A& R SRR T R I Ot T A TR R T it
GA 14 BN ) 795 R e U R 1 - = [l Y e % 1)
T, R W] 75 mg- L GASXT I F i e e A2 T W
BARHIER o R oK # B AR ) E 45 R 2
TN S A KA AR B BV I, X 5247
BREFUNT 12 Fi IR AR SO 45 SR — 8. {H GAALEE ()
I 7K A S S UG T X L D I /K A T B T g
5 GAKHH 1 e P = A R T 5%

JeA 1R R R A IR RE B 1 HE A, 7E R AR
RE JFACRSE R A H vl 5 EE R,
B T AR B ISR AN AR = g R T )
F PR AR YOS T G ) 1 B, B A AR A T &
R AR B, SRR & B Rl 582
A 338 I 8 SR R 1AL HE Bl 1 R OB TR AS R
SRR E E TV RALIT L R E R 2 S5 R
Vi 2" PHOT AR N 6244, /v 3 B 171
YRR S IR, DA EER A RO R, R0
A EAP. PHOT = A7 1 41 g 53 i 4 1, PHOT
FTPHOT2 422 8] 452 1 15 A K 2 38U 1 v 1 5 1)
P AT ARAE A K 2R AN X R 20 A A T i e v f)
KAL) IR o PHOTL M1 PHOT2 M Fh ) e &
AR SRR AR B S AL sk A e A S i
R B I TUARThAER ™, 596261 1,2 F A
J6 R ER AT AR 0 A b R T I S A U 44 i B ] ]
BT DT R W3 s T AN L
FRA P, Rusaczonek Z:P7E PHOT1 A1 PHOT2 %t

SR F S A5G R, i X PHOT . PHOT2 #.
RARARFN PHOTI PHOT2 SUFEAZAR 1 43 K1 KB » 2 Ff
A6 2R A AR RESZ DAL AR e b 22 N e A
R AL FERR DRI ZCE . BT I,
GRS A WA VIR . (EARIT
o, GA AR BE (1) 6 2 U800 R B3 BRI, R 9
75 mg - L[ GAKT I Fr R0 G AR P2 A 1 B 2 1 410
HIE R, X 5 A0S T S AR R RN AR oG
RS IR 45 SR — B I, GASKT IR A 1 o
PEFIHIHIE A AT e 5 H BRI A s S E A .

23 220G E R A AR PR EE S W SR VEANY
WEa X & RG M m Kb E RE M Ihae, H
SR WA P PS T AR BEOIR B R 4F R
PR, MARIG LS T A, GA G A& (1)
FounFJJF,ETR 5 18 45 15, 35 B#AK , 0 4E S3307 kb2
T, B 75 mg- L' GAIRIS T M H 6t &
Mg P AT BEAIR T B RE BRI A 280 (H 2 25 I 2
SECTEREFT GAS R A S SE G e Rt
R B 52 R R B, GA AL BRI 5 T A6 4 1t PS TT
(1) A 2 RS P G BRI B 4 0 s R A
SECILERIE FURAE 5T e A7 255 1 A 2R
- I 2 3% R AR AE 52 1 v R B, Wi GA Ji5 4
EPRE T R M SRR TOES . XS AR
(45 I A— 50, e 25 BT 52 R 9 56 1%
(1) GAIRFEATA, LK BTt 78 R p 1 i FoAS [l . (H
ARG 45 50T 01, SN GAS 7 X6 & H- A 1 1) ' v
FEAANEIE F IS AR R SR T MR R e S AR
14, B GALXF I 1) M 4 bl 46 FH AT g 5 o
At F R S RS K.

TR 5 GE S R VI ARG, 3 T 3L [E
FEHYIR B 2 A KRR M is 515 6 4
) HEHLAIAIE 70 b R B, GA 2 4001 -4 14 17 ol
Wi B o ASHIE 5T H GAL AR A A, B3 3G hn T e
Jr AT AR T GAS I &, R AR R GAL
S HE IR RE A R M S2 B Y S TR
E R A 3R NS 22 PR A EAE I o R,
FEAER — R BIYER . Tsuchida-Mayama %5 "/7E X}
T IR PR I T R R B, D 2 g e AR K AN
787 2 MACHT ARG S I A o 7 R A K
R R G M B . A SRR I, A K &R
TERD IR R B e B, LI BE 5 5
WA KRB A a5, 3T KR A



57

w7 A AR GALE T R AR AN PR P A 4 R B TR E

1111

SRR A > T AN RS 2R K2, AR
W, GAL A B & I 3800 T i AR R TAA
B, X5 RAR S ANE GAL K BERS T A RS A K
RE B NIRRT 7o rh i g5 R — 2. 1 B
I8 55 ' HEES 5 (1 38 I, o R AR R GAWTAA [P LG
TE AU R IR R . (HRTEARE T IAA & =
S8 0 A 0T A R IR 1 ' e R B AR
F HED AT BE A2 BT AR GAS AL S5 , i Fy R4 v
GA 2 88w, K, GA, 7T B 78 Hd 72 b i) g kS
BT EREH, BAREFIEFE— DA A,
AT R W], ABA AL KK 1945 5B Bk AR e
HAERZR™, MRZEMEERRESGR R, BT
Ff AR GASFEA 1) 86 225 1 1 ) Dl P R A
ML, 3 75 ZE T R B8 2 IR A 52
4 75 w

GA; A BEA &) W F 5 B 3E BRAR T M B &
RO W T AR GAS TAA (& & , 17 B 4 GAY/
TAA [ EEAE 34 K, T H 401 571) S3307 4L B U 5 GA,
PR AR AR I . I H GAACFRIRSGE T M F 1 e %
L, M S3307 Ab BRI hn 1t e . £ BT
AN GA I BRI e AR g et v 5
AR GASTAA TR EEAR IR T X5 I B D 1) e i P A2 T
HIH1ER

Sk References:

[1]  WHIPPO C W, HANGARTER R P. Phototropism: bending to-
wards enlightenment[J]. The Plant Cell, 2006, 18(5): 1110-1119.

[2] FANKHAUSER C, CHRISTIE J. Plant phototropic growth[J].
Current Biology, 2015, 25(9): 384-389.

[3] A, Tl VR . R T T RA S S e R K 7 i 42
HUHI[T]. AP A PR3], 2014, 50(10) : 1435-1444.

JIANG Nan, WANG Chao, PAN Jianwei. Molecular regulatory
mechanisms of hypocotyl elongation and phototropism in Arabi-
dopsis[J]. Plant Physiology Journal, 2014, 50(10): 1435-1444.

[4]  ®otRtR . AE DG PEN LI FED]. 220 H IR R RS, 2018.
YANG Shijin. Study on mechanism of leaves phototropism in
grape[D]. Lanzhou: Gansu Agricultural University, 2018.

[51  J5 DA . BRREA A P DG PR 2 D). o & S5
%11,2015(3):38-40.

FANG Yiling. The investigation of leaf phototropism of Fujimi-
nori[J]. Sino-Overseas Grapevine & Wine, 2015(3): 38-40.

[6] VANSTRAELEN M, BENKOVA E. Hormonal interactions in
the regulation of plant development[J]. Annual Review of Cell
and Developmental Biology, 2012, 28(1): 463-487.

[7] DE WIT M, GALVAO V C, FANKHAUSER C. Light-mediated

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

hormonal regulation of plant growth and development[J]. Annu-
al Review of Plant Biology, 2016, 67(1): 513-537.

HUKIF], JALEZ - S, Blsds, 158 TAALGA; 1 ABA )
AR G DGR A A B2 (], AE 9224, 2014, 40(9) - 1658-
1666.

LIU Datong, JING Yanping, SHI Haixiang, ZHONG Tingting,
WANG Zhong. Impact of IAA, GA;, and ABA on negative root
phototropism and root growth of rice[J]. Acta Agronomica Sini-
ca, 2014, 40(9): 1658-1666.

BI7E, OO RO HOEER, AL, BRER K SRR Y
A A S R A A A €S B F ST (D], SRR A
2019,36(7):928-938.

LI Fangfei, MA Wenyao, CHENG Dawei, HUANG Haina, GU
Hong, CHEN Jinyong, YANG Yingjun. Advances in grape color-
ation regulated by plant growth regulators[J]. Journal of Fruit
Science, 2019, 36(7): 928-938.

FLEET C M, SUN T P. A DELLAcate balance: the role of gib-
berellin in plant morphogenesis[J]. Current Opinion in Plant Bi-
ology, 2005, 8(1):77-85.

BOLLE C. The role of GRAS proteins in plant signal transduc-
tion and development[J]. Planta, 2004, 218(5): 683-692.

CAO D, CHENG H, WU W, SOO H M, PENG J R. Gibberellin
mobilizes distinct DELLA-dependent transcriptomes to regulate
seed germination and floral development in Arabidopsis[J].
Plant Physiology, 2006, 142(2): 509-525.

SCHWECHHEIMER C. Understanding gibberellic acid signal-
ing: are we there yet? [J]. Current Opinion in Plant Biology,
2008, 11(1): 9-15.

TSUCHIDA-MAYAMA T, SAKAI T, HANADA A, UEHARA
Y, ASAMI T, YAMAGUCHI S. Role of the phytochrome and
cryptochrome signaling pathways in hypocotyl phototropism[J].
The Plant Journal, 2010, 62(4): 653-662.

YANG S J, MAO J, ZUO C W, TIAN F J, LI W F, DAWUDA M
M, MA Z H, CHEN B H. Branch age and angle as crucial driv-
ers of leaf photosynthetic performance and fruiting in high-den-
sity planting: A study case in spur-type apple Vallee Spur (Malus
domestica)[J]. Scientia Horticulturae, 2019, 246: 898-906.
SAKAI T, HAGA K. Molecular genetic analysis of phototro-
pism in Arabidopsis[J]. Plant and Cell Physiology, 2012, 53(9):
1517-1534.

AR B, PRI XBERE . AR K Iy 5 AR 1 B R A6
FRL]. AL AU 244, 2002, 24(4) :39-44.

LI Jiyue, ZHAI Hongbo, LIU Xiaoyan. Day and night change of
tree hydraulic architecture characteristics[J]. Journal of Beijing
Forestry University, 2002, 24(4): 39-44.

DEJONG T M. CO, assimilation characteristics of five prunus
tree fruit species[J]. Journal of the American Society for Horti-
cultural Science, 1983, 108(2): 303-307.

BT RN A AOLEE A R IRBER R D], PRE -
LA 2006.

CAO Liuqging. Effect of GA;on photosynthesis and hormone in



1112 3 i)

4

i #3845

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

leaves of brumal jujube[D]. Baoding: Hebei Agricultural Univer-
sity, 2006.

KENDRICK R E, KRONENBERG G. Photomorphogenesis in
plants[M]. Netherlands: Springer, 1994.

MCNELLIS T W, DENG X W. Light control of seedling mor-
phogenetic pattern[J]. Plant Cell, 1995, 7(11): 1749-1761.

JIAO 'Y, LAU O S, DENG X W. Light-regulated transcriptional
networks in higher plants[J]. Nature Reviews Genetics, 2007, 8
(3): 217-230.

HEIDE M, ULM R. UV-B photoreceptor-mediated signaling in
plants[J]. Trends Plant Science, 2012, 17(4): 230-237.

R, AT, T, R SRR L ) I R A I o T
H 5 et R/ AL 3 B TR R[], 244K, 2015, 50
(1):122-132.

ZHAO Xiang, ZHAO Qingping, YANG Xu, MU Shichao,
ZHANG Xiao. Photospectin regulates plant phototropism and
its relationship with photospectin/cryptochrome[J]. Chinese Bul-
letin of Botany, 2015, 50(1): 122-132.

SAKAI T, KAGAWA T, KASAHARA M, SWARTZ T E,
CHRISTIE J M, BRIGGS W R, WADA M, OKADA K. Arabi-
dopsis nphl and npll: Blue light receptors that mediate both
phototropism and chloroplast relocation[J]. Proceedings of the
National Academy of Sciences of the United States of America,
2001, 98(12): 6969.

STONE B B, ESMON C A, LISCUM E. Phototropins, other
photoreceptors, and associated signaling: the lead and support-
ing cast in the control of plant movement responses[J]. Current
Topics in Developmental Biology, 2005, 66: 215-238.

JOHN C M. Phototropin blue-light receptors[J]. Annual Review
of Plant Biology, 2007, 58(1): 21-45.

KINOSHITA T, DOI M, SUETSUGU N, KAGAWA T, WADA
M, SHIMAZAKI K. Photl and phot2 mediate blue light regula-
tion of stomatal opening[J]. Nature, 2001, 414(6864): 656-660.
WANG F, ROBSON T M, CASAL J J, SHAPIGUZOV A, APH-
ALO P J. Contributions of cryptochromes and phototropins to
stomatal opening through the day[J]. Functional Plant Biology,
2020, 47(3): 226-238.

SAKAMOTO K, BRIGGS W R. Cellular and subcellular local-
ization of phototropin 1[J]. The Plant Cell, 2002, 14(8):1723-
1735.

INOUE S, KINOSHITA T, TAKEMIYA A, DOI M, SHIMAZA-
KI K. Leaf positioning of Arabidopsis in response to blue light
[J]. Molecular Plant, 2008, 1(1):15-26.

GOTOH E, SUETSUGU N, YAMORI W, ISHISHITA K, KIYA-
BU R, FUKUDA M, HIGA T, SHIROUCHI B, WADA M. Chlo-
roplast accumulation response enhances leaf photosynthesis and
plant biomass production[J]. Plant Physiology, 2018, 178(3):
1358-1369.

RUSACZONEK A, CZARNOCKA W, WILLEMS P, SU-
JKOWSKA-RYBKOWSKA M, KARPINSKI S. Phototropin 1

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

and 2 influence photosynthesis, UV-C induced photooxidative
stress responses, and cell death[J]. Cells, 2021, 10(2):200.
GENTY B, BRIANTAIS J M, BAKER N R. The relationship be-
tween the quantum yield of photosynthetic electron transport
and quenching of chlorophyll fluorescence[J]. BBA - General
Subjects, 1989, 990(1): 87-92.

A, w80, A NE, £, XM, Bk R
DGR AT L S RS P — SRR I 260 e RZ ], SRR 2
#%,2018,35(11):1374-1384.

LI Qiuli, GAO Dengtao, WEI Zhifeng, WANG Zhiqiang, LIU
Junwei. Response of chlorophyll fluorescence characteristics
and antioxidant enzyme activities in peach leaves to sulfur diox-
ide stress[J]. Journal of Fruit Science, 2018, 35(11): 1374-1384.
FARQUHAR G D, VON CAEMMERER S, BERRY J A. Mod-
els of photosynthesis[J]. Plant Physiology, 2001, 125(1): 42-45.
ZEMTE , ASRABR, 75 /N, HSBRIED . GAL X1 4 L S et
I F R R M ) Sz (7], VAR MK 2441, 2010, 19(3) - 144-
149.

LI Pengcheng, YU Songlin, FU Xiaofa, ZHENG Qiangqing.
Effects of GA; on the characteristics of photosynthesis and
chlorophyll fluorescence of grape leaves during the maturation
stage[J]. Acta Agriculturae Boreali-Occidentalis Sinica, 2010, 19
(3): 144-149.

R SRR, A A, RIS, B, BV A6, MR, Bk
B AE S S SIS A R R i B 3R 3 B I R SO
FEAERISE R[], ARV 41,2014, 35(12): 2414-2419.

LI Weicai, ZHANG Hongna, SHI Shengyou, LIU Liqin, SHU
Bo, LIANG Qingzhi, XIE Jianghui, WEI Yongzan. Effects of S-
3307 and GA; on fluorescence characteristics of litchi leaves
during floral induction[J]. Chinese Journal of Tropical Crops,
2014, 35(12): 2414-2419.

BOLLE C. The role of GRAS proteins in plant signal transduc-
tion and development[J]. Planta, 2004, 218(5): 683-692.
CHANDLER J W. Auxin as compere in plant hormone cross-
talk[J]. Planta, 2009, 231(1): 1-12.

BRIGGS W R. The phototropic responses of higher plants[J].
Annual Review of Plant Biology, 1963, 14(14): 311-352.
BRIGGS W R. Phototropism: some history, some puzzles, and a
look ahead[J]. Plant Physiology, 2014, 164(1): 13-23.

FAR BN FIE ARAL, BACT, BRARAR . SMIE GA T TS T AT R
WA KK E BN IR B AKCF A (7] SRR 24, 2001, 18
(4):209-212.

WU Jun, ZHONG Jiahuang, XU Kai, WEI Qinping, WEI Zhen-
lin. Effects of exogenous GA; on fruit development and endoge-
nous hormones in fujiminori grape[J]. Journal of Fruit Science,
2001, 18(4): 209-212.

ROCK C D, SUN X. Crosstalk between ABA and auxin signal-
ing pathways in roots of Arabidopsis thaliana (L.) Heynh[J].
Planta, 2005, 222(1): 98-106.



