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Effects of prohexadione- calcium on physiological characteristics and
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Abstract: [Objective] The quality of wine grape determines the quality of the wine. In the arid regions
of the Northwest, low rainfall and the cool climate in spring and autumn shorten the growing period of
grape. Intermediate and late maturity varieties often have problems of insufficient maturity, insufficient
sugar content, and low yield, which seriously impact the sustainable development of the wine grape in-
dustry. Previous studies have shown that the exogenous spraying of natural or synthetic inducers, such
as abscisic acid, gibberellin, methyl jasmonate, etc., can effectively guarantee crop nutrition supply, im-
prove resistance, enhance photosynthesis, and ultimately achieve the production goal of high quality
and high yield. Prohexadione-calcium (Pro-Ca) is a low-toxicity, artificially synthesized non-polluting
plant growth regulator and is thought to promote plant growth and improve fruit quality. The experi-
ment intended to use Pro-Ca effervescent granules (containing 5% effective Pro-Ca) for whole- tree
spraying of Chardonnay grape to explore the impact of Pro-Ca on grape physiological characteristics
and fruit quality, and to screen out the suitable application concentration, providing a theoretical basis
for improving the quality of wine grape. [Methods] The experiment used 11-year-old trees of wine
grape Chardonnay as materials. On the 22 d, 42 d, 62 d, and 82 d from the initial flowering, the leaves
were sprayed with 200 mg-L™" (T1), 400 mg-L" (T2), 600 mg-L"' (T3), and 800 mg- L' (T4) Pro-Ca so-
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lution, respectively. The distilled water was used as control. The content of photosynthetic pigments,
chlorophyll fluorescence parameters, photosynthetic characteristics, protective enzyme activity, and
fruit quality-related indicators were measured on the 25, 45, 65, 85, and 105 days (maturity stage) after
the initial flowering. [Results] (1) The pro-Ca treatment could enhance the content of photosynthetic
pigments in Chardonnay grape leaves, increase the net photosynthetic rate (P,), and result in changes in
the chlorophyll fluorescence parameters. The T3 treatment increased the chlorophyll a (Chl a), chloro-
phyll b (Chl b) content, and P., by 19.63%, 16.67%, and 20.13% respectively, compared with the con-
trol. On the 65, 85, and 105 days after the initial flowering, the T3 treatment enhanced the leaf transpira-
tion rate (7;) compared with control by 10.50%, 28.68%, and 8.64%, respectively. On the 45, 65, and 85
days after initial flowering, the T3 treatment significantly (p<<0.05) increased the leaf stomatal conduc-
tance (G,) compared with the control by 24.69%, 15.26%, and 7.24%, respectively. The leaf intercellu-
lar CO, concentration (Ci) in the T3 treatment was significantly (p<<0.05) higher than those of the other
treatments on the 65 and 85 days after the initial flowering, with increases of 3.13% and 5.55%, respec-
tively. The pro-Ca treatment increased the leaf parameters F./F.., Y(II), P, qN, and ETR to varying de-
grees, while reducing the leaf non-photochemical quenching (NPQ). Among them, on the 25, 45, 85,
and 105 days after the initial flowering, the T3 treatment significantly (p<<0.05) increased F./F, by
11.01%, 13.93%, 6.60%, and 7.55%, respectively, compared with the control. On the 25, 45, 65, 85, and
105 days after the initial flowering, the T3 treatment significantly (»p<<0.05) increased Y (1) by 4.42%,
7.35%, 8.16%, 3.69%, and 6.32%, respectively, compared with the control. (2) The pro-Ca treatment re-
duced the accumulation of reactive oxygen species in the leaves and increased the activity of protective
enzymes. On the 45 days after the initial flowering, the T3 treatment significantly (»p<<0.05) reduced the
hydrogen peroxide (H.O,) content. On the 65 and 85 days after the initial flowering, the T3 treatment de-
creased the production rate of superoxide anion (O, ) by 34.42% and 24.98%, respectively. On the 25,
45, and 85 days after the initial flowering, the T2 treatment showed the highest APX activity, with in-
creases of 5.18%, 9.70%, and 15.26%, respectively, compared with control. The T3 treatment signifi-
cantly (p<<0.05) increased CAT activity by 16.83%, 13.58%, and 31.70% on the 65, 85, and 105 days
after the initial flowering, respectively. The T3 treatment significantly enhanced (p<<0.05) POD activity
by 25.62%, 34.81%, 12.00%, and 27.26% on the 45, 65, 85, and 105 days after the initial flowering, re-
spectively. The SOD activity in the leaves increased by 6.86%, 13.15%, 4.48%, and 14.43% on the 45,
65, 85, and 105 days after the initial flowering, respectively, in the T3 treatment compared with the con-
trol. (3) Pro-Ca treatment increased the content of soluble solids, titratable acidity, total phenols, and fla-
vonoids in the berries. Among them, the T3 treatment showed the most significant enhancement, with
increases of 12.12%, 8.77%, 4.37%, and 21.9%, respectively, compared with control. (4) The principal
component analysis was conducted on 29 indicators, including the physiological characteristics of the
leaves and fruit quality, with different treatments. The comprehensive evaluation of the effects of Pro-
Ca treatment on wine grapes revealed that leaf spray with 600 mg L' Pro-Ca iwould be the most suit-
able concentration. [Conclusion] In summary, the pro-Ca treatment can enhance the photosynthesis, an-
tioxidant properties and fruit quality of Chardonnay grape. 600 mg- L' Pro-Ca treatment had the best ef-
fect.
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A FE AT I AR R IR - APX . CAT . POD £ SOD i
PRI BTG BB &S . fEVITE)S 25.45.85
F1105 d i, T2 AbHE I APX TG 4 5 i » 29 Tl 00
PRI T 5.18%9.70% 15.26%26.53% (J&] 5-A) ;
Pro-Ca 40 38 F1 6} HE 1 CAT 3% M 2E W) 48 J5 25 F145 d
ZRWAEZE (B 5-B), T3 A H K CAT G HEEVI1E
J&5 6585 H1 105 d 43 il 500 HE I 35 42 51 16.83%
13.58%#1131.70%; T3 4 PR 1] POD i PE/ERIAE )5 45

65. 85 M1 105 d 4 A B *F M 2 2 38 & 25.62% -
34.81%+12.00%+27.26% (K] 5-C) ; T3 #L 2L [] SOD i
PEAEWIAE S5 4565 F1 105 d 23 il 0 0f IR 56 35 4
6.86%+13.15%-14.43%([& 5-D).
2.3 Pro-Ca X8 2% W0 H1 &) A A HA R SE M B AV 20
AN TR FEE Pro-Ca % i 4 R SEHIAE f5 105 dCREE
A B RO (AT PEE T4 AT i e B & AN [ R L
DL 7 i Ty BT LA S P R e A R 1 B

&1 Pro-Ca XEE MR LR FAIF NN
Table 1 Effects of calcium cyclamate on fruit quality of grape at mature stage

wCalVEEE YD wCrlE R " wOR BRI wORBHT) wOR B ST
Lb g . . [ 7% £ . . .
Treatment Soluble solids Titratable Solid acid ratio Total phenolic content Peel tannin Total flavonoid content
content/% acid content/% of fruit peel/(mg-g™") content/(mg-g") in fruit peel/(mg-g")
X Control 22.27+0.38 ¢ 0.57+0.01 b 39.07+0.34 ab 5.26+0.09 ab 3.14+0.10 a 1.92+0.03 b
T1 23.03+0.12 b 0.59+0.01 b 39.31£1.01 ab 5.01+0.22 b 2.90+0.07 b 1.91+0.03 b
T2 23.87+0.37 b 0.61+0.01 a 39.15+1.15 ab 5.51+0.08 a 2.67+0.05 ¢ 2.01+0.03 b
T3 24.97+0.46 a 0.624+0.02 a 40.19+0.53 a 5.494+0.12 a 2.63+0.02 ¢ 2.34+0.06 a
T4 23.20+0.08 ab 0.61+0.02 a 37.65+0.32 b 5.1840.31 ab 3.02+0.08 ab 2.43+0.17 a

T R B P bR 2 AN FNE TR ROR R — I AN R AR P ) 22 7 3 (p<<0.05) .

Note: The data in the table are mean + standard deviation. Different lowercase letters indicate significant differences between different treatments

in the same period (p<<0.05).



84 3 L)

S 4

413

INo 50 HERH EL 5 5% T4 A0 B 1) [ R EL 4b , Pro-Ca Ab
PRGN T AL ST VA [ A R R E R A R [ R
Ebo A, T1.T2.T3. T4 AbBEI B 247 1 SRsem]
WER e & &, 5 p B R 2R T 3.41% .
7.18%12.12%4.17%; T2 T3. T4 4b ¥ 1. 35 B8 i mf
R AR, B0 IR E K 7.02% . 8.77% -
7.02%. Pro-Ca 4L 3 ) 5 2 2 Wy 5 & 5 0 UM b 22
FANE o T3 T4 AR AL S B2 ST & O 8
F 1N 21.9%26.56% . Pro-Ca 4bF [ T 5 iz
TR, Hoh, T1. T2, T3 40 7 5 0t 18 5 35 8 /b
14.97%16.24%3.82%. %% Pk, T3 AL AT DL &
R v D R SRS S AT [ T A AN SR A
il B, 186 T SR Sz [ R LU R SR R s iy A B, HLOE B R
KT RERTEE.
24 BEZWEEMTREESFERRIMENER
VAR KiiE

AT S 22 A A I R R S 29 TR bR AT
TR b, SRR 2 o . ERZ NN A A 42 U 3
AN FERS & F RS FHEE R T 1, HIX 34 F
A3 1) BT T7 2 DTk 3R N 95.03% » 1 BA R TP i %) 2
Z A 3 E R S BT DU B S FR AR BT
=B o XA [EKR B Pro-Ca Ab L ES £ TN 4 %) 3R 17 45
GV, R G 15 o HE 4 B BRI O T3 >T2 >
T4>T1> X, MRHE 1S 50 i, AL BR R 4 1) B2 ), T3

#2 Pro-Ca REMNESWEBMERDEHE
Table 2 The principal component score table of Pro-Ca

treatment on Chardonnay grapes

Zetn H4a

yosii
FAC1 FAC2 FAC3 Comprehen- Ran-
Treatment . .
sive score  king
¥ 1 Control -1.17 -048 -0.72 -0.99 5
Tl -0.50 -0.88 1.14 -043 4
T2 0.89 -0.38 -1.27 0.55 2
T3 1.19 0.04 0.75 0.95 1
T4 -0.41 1.69 0.09  -0.08 3

LA Bigen value 21.892  3.979 1.686

7 ZE TR 75.489 13.722 5815
Variance contribution/%
R E TRk R 75.489 89.211 95.025

Cumulative variance
proportion/%

= FE I M TR A I A SRR B A D A S W K 24
SRS TR RS N BTN E A

Note: In the principal component analysis, the related indexes of

grape leaves were the average value of each phenological period, and

the fruit quality index was the measured value of mature period.

b BR AR B A, T2 IR, Ut B A [ 15 it Pro-Ca ¥k B2
600 mg- L' (T3 RER Itk - (BB 13 r=T7 Z kR
1 x FAC1+ /7 7 BT Bk 3 2 x FAC2 + J5 22 T3 R 3% 3 x
FAC3).

3o i@
3.1 MEBEHEPro-CaXf EZWEAEMAXEER
pAl)

4 90% 11 T 9 5 B % 2 1 6 & 1E A P2 R
(e, Hm R R A EE R R E SR B IER
HoA 2 Re 08 S ARG S0 BR R PR A &
TERBSRE, MR RSB THRFm LS
WA, T S AR DG AR i R FES
57otmemi AL M. R R IER Y,
Jiti FH} Pro-Ca R $i& s K B 4 25 5 1, NI I &
VI AR, dEm e m e . R AR
B, 4 P} 5 it 3% B o 9 B2 (600 mg - L) Pro-
Ca ¥ 1. 25 H9 J% % M A Chl a. Car 11 Chl b & &
P., 1% 5 Pro-Ca fl il M1 W A K R E A O, 4B
KEREMD T 2 5iRE SR & RA S iR,
Pro-Ca I8 i #l il A2 K R (1A %, v DA HE 4 2K 11
R ™, Reekie %5 WI7E HL 43 E (WA 70t & B0, 1D
5% jif6 Pro-Ca ] A3 N4 3 & &, N E &1 1 Poo
HEVE Az it g R S B, t 52 <AL
DRI 2% PR BIR ], 36 3 36 o e 6 v v )RS L 8 FE AR 2
WD AL T, TSR R T R AL S
LA T8 5, T H 28 0 26 1 o 5 LI ok R
FEE — BRI 4 R R W Pro-Ca
WEER T E A A TG P, 5B SRR
gE B — 3, B4R Pro-Ca R LR i K RE 40 T 1) G
T T HE R 1 Pae

VE R AAE FH I PO EBERET , R A AR P (3 3R
9IS AT LA SRS s i P07 9 o A 7 R RN
FAL A AE DR S IARL , B AE 2SR TG IR I 3l 25
A7 P AR RA A 38 2 AR A I AR KR B S E AR
FHESN, R B FuFaL(PS 1T e KOG BE R B O
K, PS TT G RE 24 80 e bl sy, HE PS TTvE MR ™Y
EM SRS H0, Y CID FRTE M A Wl 1) e BE
HH TG TR R S AR, m YD
R m AR, RS T S AU IRl
TR FHAE, T I OB H Bk [F) 4k () e ==, PS TT 2
REFRMC, YCIDO WP 2 TR, aE - 1Eid s
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M. QPR ETEHFED =R K R B R
Mo 7 PS T RE B HAE GG W e A 1 5 v BT i
(G BE BT 5 R EL 19, NPQ 48 PS IT K 4R 1 5 WU
A REH T4 E BT 58, 1 DL EE (% Rl
(RO RERS 73, B S T HR gion i FeDl e i AR Bl
UL, BB ARG, AN [ SR I T P e A [ A
(] Pro-Ca ¥ 7 A~ A F2 3R B B Fo/Fm Y CI1) .
qPgN MIETR 1& , B Fr NPQ A , Ui B - [ 1% T
Pro-Ca W] 34 5 BR VPG i 47 1906 & 6 v, 42 s o
PS I G REH A AR A BE R 26, BRI IE T 3R ek
SRR RERFERL, A FEBOCA TR R,

3.2 MEMEHE Pro-CaX B Z A E M F IS LT
edinbA10)

R0 M P9 e 8 A T Vi 1 RV T T TR
MDA % 5 LA & M- | Rec IARME e e T FE #0064 K
W& N AR . oA, i 7 Rec AT LAMAHL H FEY)
P S A0 35717 1 R FEE ), MDA 2 — Tk 4 4 e e g
A 4 SR =4, e 5 5 A M s E il B
S AR 25 T A SR IS 4 44, i A MDA BT {E 9
Y B B R AR 2 — 0, R4 RE W], B T1
AEFRAL, Pro-Ca Ab FEAEMIIE J5 25.45.65.85 F11105 d
P& T ™ A Rec ; Pro-Ca X i % I MDA & & (1)
S JEAS B, FEVIAE JS 105 d BRI - MDA 7
L IEVIIE G 45 d By FE 1) T3 T4 Ab B I i 35
N7 AR, R IR R R I Pro-Ca 1T BE 2 6] 4 4
2 E 5 2R RIE TS5 e AR BL, R N AR Pro-
Ca 7] [EAR /KRGS 1 Rec 71 MDA & & . TEMEEE A
TEREYR N IEHERB R =), Horp, A S T
RS R B SRR VS M 7R P AT 2
HL A SR A 54 S A HE R X HE KT
(1003 P A 2 0 AT i 25 A i F A 3 ) T A R I T
5% Jit Pro-Ca AJ [ AIK T 2K 4y B B 40 B 88 1 Al 4 Ak
AGE", R LSRR, Pro-Ca b EL/EYIIE
J& 65 185 d ALK J& Pro-Ca 4b i 5 35 FRAR T W
R B TR AR T R TEVIAE JT 45 RN 85 d i i i
WP (1) T4 4b 38 (800 mg - L) W35 4 i 7 B A 1 B 1
PR T Pro-Ca (b B &) M ik E AL A & = A
KB4 Bf A TG BH S 52 0], £ 8¢ 5 — UK it Pro-Ca B
WITE)E 85 d, T4 b B E 8w 7 it i S AL E S
&, AT BB J2 R 1) Pro-Ca VA VRO 4 41 - Frid i T
Bifii. WRRZE) ZAETHEYENNEER, S

57 HM0EE R, 400N R S E R T
18 588 210 L PR LR K BE AT, IR AIE T 4G TR T, B )
14 )5 65 d ) T1 AL FE 4, Pro-Ca Kb FRAE WAL J5 4565
85 d WESE R /M MR & &, ST AW A,
Pro-Ca &t 1 15 i B i 2 e & &0

YRR A A P 3 P SRR R R O R, AR AR
G I PUEAMN R Gt 2o S v S B b, o
SOD.POD.CAT. APX 7E ¥ [ i 36l 3% 1 S b e o0
YEH . SOD i 1 47 41 i e 280 I &5 1 8k i Ak
SAMES, APX.CAT . M POD i — & it AL A
B b Hn an R e AR dE Y, R IGAE SRR, BE A
M E K R E , APX.CAT . POD.SOD jiF P 14 5
Je G 5 B I ARG X AT Re S B 4 UK B K
REAZZLZMNSREAERL, B AKEE i
Pro-Ca b B XF CATAPX 1S RS2 HE AN 2, B &8
WI4E 5 105 d Pro-Ca AL F I 58 7 CAT A1 APX & PE .
fi] Pro-Ca AbHE7E K 4> i B {2 2 $2 7+ POD A1 SOD
W, 5T AN 5 AH AL, Pro-Ca 3 58 T K & CAT.
POD.SOD %5 {36 P,
3.3 MEMHE Pro-Ca 3182 Z IR A B R A HA R S0 M@
BREFZ

BT ANHIF 7T 28 W, Pro-Ca Ab P A] 38 i 3 5L A ] ¥ 4
BT o BN R e & A A A R G R s hT
WYY & &S, B IR A4 R R
Pro-Ca 1] L i 25 42 = 4 ) RS v M R & &
[ 38 DK B T4 AL 3 A0 SR S [E R L L 32 4 1 Vi 58 R
TR, SRLER AR CERR S 2R
4o Pro-Ca #b 3 Wi 2 FRAKER T4 AbBE 40 1) 2 B 7
B X AT RE S AR AL E R SRS A . XIJE
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10 108 S B B B B A, 5 2R A AT 4 R A —
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SO, TSR B2 S S B A 5 B A A o BB Pro-Ca
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Pro-Ca Kb 3 A o435 i 20 30 R 52t ot

4 B

A 3 X6 AN [ 6 P Pro-Ca Ab P T TR 36 26 1 2B
PRRE A B B 552 T 5 29 AN PR AR IEAT FE RS 0 bT 5 45
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