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Effects of Calcium Spray on Photosynthesis and Chlorophyll Fluorescence of Grape under Drought Stress
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Abstract
the photoprotective function of calcium on photosystem under water stress. [ Method ] An experiment was conducted on two-year-old potted table

(1. Shandong Academy of Grape,Shandong Engineering

[ Objective | To investigate the effect of exogenous calcium on photosynthesis and chlorophyll fluorescence of table grape,as well as

grape ( Vitis vinifera L. cv. Red Globe) with four treatments, well watered with water foliar spray, well watered with calcium foliar spray, water
stressed with water foliar spray,water stressed with calcium foliar spray. Photosynthesis and chlorophyll fluorescence of leaves were determined.
[Result ] Calcium foliar spray retarded the degradation of chlorophyll by sustained a relatively high SPAD, significantly improved net photosyn-
thesis rate (P, ) ,sustained a high activity of photosystem I with higher photochemical quenching (¢P) ,antenna efficiency of PSI (F,”/F "),
maximum photochemical efficiency of PSII (F /F ) ,electron transport rate (ETR) ,and less initial fluorescence (F,) than water foliar spray.
Exogenetic calcium helped sustain the activity of PS Il by sustaining high stomatal conductance,reducing chlorophyll degradation, increasing the
photosynthetic electron transport ,and sustaining high ®PS [I. [ Conclusion ] The research can give reference for improving drought-resistant ability

of grape.
Key words

) BAT B R B SR (LI T B0, 2 3 i A
Je A R R AN 2 — . B4 ™ X O, 77 5=\ Bk
PR REALT 15 T 5, Rl AR R A i A g
Z, TREHOR M R AR B R RS R
LR B IS A 1, 2 el T 7R i R S R A B A JE
I, & IRV T R 5 SZ VR, T 5 DU FR )
Pl TR R R R R

SR A KPR BB IR0 R, S 2 B Y i 2
BRI, AT AR Wi B 04 45 R A D) BE , 2R 1A 08 55 1) A=
P R B R WERE L TRSE MY LS
PERIHR PS OGRS 1) X LREIAR L REW M H 7 112 A
FERL S — RHUL R, Ca”" AT LASY I 2 3K 1) 75 o 4
W R DA R IR T SRR TR T
FXEPIRI 3 o RAEEETEN SUR NG (4 7 1 B v A
PIPT R, OF B e — ety LA LN AT H R, A G
BT R AT RIS AN 22 DL, B ARSI A

HEWME LWAARLEXREAEARCHARD LAN I BAFEE
IR ZAEB AR (2016) , 45 &8 A H & 7~ A
ARIEL AR S A (2017) 5 3 & F ARAAT A4
4 = 5 e TH KL w78 (CXGC2016D01)

B (1982—) %, ERITHFERA, RET, ML, AFRNEH
BEAR NHEHANHR, « BiREH, 8L R, 1H
T RFRN AR LR,

KiSHE 2017 -07 -21

EER-N

Calcium; Water stress;Table grape ; Photosynthesis ; Chlorophyll fluorescence

YRR ToHGE iR BT T s+ R an N A A A
T FRGE I R MR, L A B v A 4 1 B R AR B A S
Wi, TS R E SR AL A
1 #M#5F*®
1.1 R KBS P L Bk FAR Y,
T ELA% 40 em 30 em B, 24+ 10 ke, Bt H
PR R L BIRA VUL, LR KRRk E R 22% , B4
B, B8 2 AN IR AR N AU P AT R A R
10 ~ 12 J iU E IR — B A R T T R AR B, 15
B CK(ARXT & 7K & 75% ~80% ) (i AHX & K it oAy 3 5
B2 7K e/ - B H (B 457K i) L CK W45 52 (A 7k
W 40% ~50% ) T RWEES 4 AN AbEE, AN 3 IRER B
ANEAE 3

FEAR IR 70 70 VE R, o - 4k B — 3k, RIS K &
K TDR )2 20K Bk o B L H A 4R K, fF £
B K AR B A PR B A A FLVE K RD 78 2 R AR R K
53, MR RR A AL BRI AR &K &, 435 - AR BRI 5 3.8,
13 RIS Ab S [ 36 0. 5% Ca(NO; ), WK, 2Lmijit 3
UK FFTFEE 14 RME T R it R & i DA e 3

1.2 {WH*E
12,1 i SR ZAHR 5  (SPAD) BN RE . AR 2) ik

BCE R RS PR A, R LC - 01 AU (3G ) 4 Ut



45 %27 #

H fE RS T R T R H AR AR E R AL KNG Y R 63

SRR E M Fr T4 R SPAD fH,

1.2.2 SBATERTEFRIE . T2 15 d J5, 20 B
KAHY09:00—11:00, F oA AR (P,) ALFE(G,) L
] CO, MREE(C,) ZEBH A (E) FSHUT CIRAS -2 fH#EX
HAMIE 750 (PPSystems , 3¢ [F] ) 2 . M E 55440 L+
WEZE N 1000 wmol/ (m’-s) ,ZbZE CO, ¥ & N (360 +
20) pmol/L, -2 ik H(25.0 £0.5) C.,

1.2.3 M RICSEIIME, RS K 09: 00—11: 00,
RERRLT M BR A A YR I L R A T RR I R, SR AR
Hansatech 2 &) FMS — 2 %45 #8 fhk w37 1) 28 2 5% 4300 22 .
W ETT 3 R IRSE R 30 min J5 , BRGNS , 5400 #5796 6
(F,) SRIG%—A5RINIE[S 000 wmol/(m® +s) T, ik i (]
0.7 s, MR NC(F,) o IRLYI A A= K R85 608 /R H
I, AR R SE bR A K IR T MBI (F,) s R4 — 58RI
JE[5 000 pwmol/ (m*+s) T, fikinftbit ] 0.7 s, 5k T+ gk
BRI RIOE(F,” ) o BHE RN LG, FTIFELE,5 s J5
FNGOE(F,) o JeREE T e R FARCR (F /F,) = (F,
—-F)/F, K (gP) = (F,” -F)(/F,” -F,”),5%
PR 28R (oPS 1) = (F,” - F.)/F,’

1.3 Gitath R EURE A Microsoft Excel 2007 #4447
AbFE, SR HT SPSS 13.0 #4777 255307, Duncan #7821 2515
NERE JISETE e oL

2 ZR54H

2.1 WS FEEE THEEMN A SPAD EM#EE 2%
ot Fr SR FARXT 5 1 (SPAD {H) H BT WA REAR (181 1),
TE W T R B 2ERCR IR, S B SR Z R B
FE 8/ o W4 A BUS , i  SPAD (B A BT s in, i —
AT R BRAE R A B S 156 B IS X S
AT M FOLESE EAEZENRYER.

161

121

—.
—.
—.

— - E
-8B 8 & £BER SR KT8 ER
it gt e e 7= Yy D e
33 & 4X 3’5 & 25 o s
283 £z £2a E5e
= E"\‘;SN e %«-8
s ) < n e < ©v
i oS e =
=EBES e - B [
o~ o © = O [T D =
= (3= = = u 45 [y 4;3
= =

32 Treatment

TE ARG FREFR IR AL BEE] 22 535 0. 05 27K
Note : Different lowercase letters stand for significant differences at
0.05 level
E1 REAEHFHEM S SPAD &
Fig.1 Grape leaves’ SPAD of different treatment

2.2 ESXTERETEEMAFASERNZE T2
0 FERER T LM ER A A R RO S AR (P, ), BRI
40. 8% s WEGAL PR B T OGS R, R T R AL B
A RS IR EE S 21. 0% 33X — UM AE Zead T AL B I R
R R, SR R Ry 83. 4% o BLHIESZECRYT T R
R ROE AR E R TR R TR AR B B A R AR
A, T X AL (G, ARMLE R CO, W (C;) Mz
HAR(E) B3 HT A B, 1 SRR T 9 L B, R e
il T 7SR AN CO, WRBEA R il T I, R S BUH
S AR AR R WS, AL IR BT R
T MR IR B CO, WA WAL, B
HISNIEIEES g T e G B, JF il e i <AL B TPk
w TR B AR (R D) .

®1 BEXTEBMETEEMN R XESENHME

Table 1 Effect of calcium spray on photosynthetic parameters in leaves under drought stress

Qb FOL AR AL AHIRIEE CO, WeBE A
Treatment P, // pmol/ (m” - s Gs//mmol/(m* + s) C, // pmol/mol E//mmol/(m* « s)
CK Water stressed with water foliar spray 7.65 b 219.07 ¢ 127.27 4.17 b

CK 15§45 Water stressed with calcium foliar 9.26 a 263.40 b 123.73 4.31b

T5 Well watered with water foliar spray 4.53 ¢ 156.93 d 111.93 3.56 ¢
25745 Well watered with calcium foliar spray 8.31 ab 281.93 a 119.20 5.09 a

L : FIBIAR /NG FRFORTE 0. 05 KF-28 57 3%

Note : Different lowercase letters at the same column stand for significant differences at 0.05 level
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Table 2  Effect of calcium spray on ®PS I, ¢P,F ’/F,’ in grape

leaves under drought stress

b3 PSSR B PS IREHH
Treatment b2 oPS 11 KZK qP WHEF,/F)
CK Water stressed 0.288 ab 0.672 a 0.425 b
with  water  foliar

spray

CK I 45 Water 0.295 a 0.667 a 0.442 ab
stressed with calci-

um foliar

+ 5 Well watered 0.225 ¢ 0.560 c 0.401 ¢
with  water  foliar

spray

T4 Well wa- 0.264 b 0.587 b 0.452 a

tered with calcium
foliar spray
L : RISIAR /NG FRFORTE 0. 05 KCF-28 53 B2
Note ; Different lowercase letters at the same column stand for significant
differences at 0.05 level

F3 B TEMMETEEMR F,. F,/F,, ETR T
Table 3 Effect of calcium spray on F,,F /F, ,ETR in grape leaves

under drought stress

PS T PS [IH
b =/ N o i v
o Ah o Pl
x R Fv/Fm R ETR
CK Water stressed 112.93 b 0.701 b 4.94 a
with  water  foliar
spray
CK mf 45 Water  94.27 ¢ 0.747 a 5.06 a
stressed with calci-
um foliar
T 5 Well watered 138.60 a 0.672 ¢ 2.60 ¢
with  water foliar
spray
T4 Well wa- 121.20 b 0.726 ab 3.31b

tered with calcium
foliar spray

TE: [FFAR R/ NG FREFRORAE 0. 05 KF22 5 3%
Note: Different lowercase letters at the same column stand for significant
differences at 0.05 level
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Table 3 The average whole layer and stratified water vapor flux divergence of five groups test area mm/d

JZIK Test CTL LD LD, GVF,, LGy,

F%JZ Whole layer -0.932 -0.925 -0.923 -0.957 -0.915

PSFC -850 hPa -0.732 -0.720 -0.726 -0.745 -0.713

850 ~700 hPa -0.103 -0.104 -0.099 -0.113 -0.100

700 ~500 hPa -0.090 -0.092 -0.091 -0.091 -0.091

500 ~300 hPa -0.015 -0.016 -0.016 -0.016 -0.018

300 ~50 hPa 0.007 0.007 0.007 0.007 0.007
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