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Effects of saline-alkali stress on photosynthetic and chlorophyll fluores-

cence characteristics of different grape rootstocks
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Abstract: [Objective]lln order to detect the effects of salt and alkali stress on the development prog-
ress, chlorophyl content, photosynthetic and chlorophyl fluorescence characteristics of grape rootstocks
and shed lights on the mechanisms of these effects, we investigated the reaction of photosynthetic and
Chlorophyll fluorescence characteristics of six main rootstock varieties used in grape production,
3309M, 5BB, 1103P, 420A, 5C and SO4 to salt and alkali stress, and finally provided reference for se-
lection of rootstocks resistant to salt and alkali.[Methods] In our study, we grew various nursery trees
of grape rootstock varieties in greenhouses until they reached 8 leaf stages. Then hydroponic cultivation
methods were used to support these plant materials for growth. Two treatments were set up: control
(modified Hoagland nutrient solution) and saline alkali stress (modified Hoagland nutrient solution + 50
mmol - L' NaCl + NaHCO:;) (mixed according to the amount of substance 1:1). During the experiment,
the nutrient solution was continuously ventilated with an inflatable pump, the water lost in the hydro-
ponic basin was supplemented to the 6 L scale mark every day, and the nutrient solution was replaced

every 5 days. The new growth, chlorophyll content, photosynthetic characteristics and chlorophyl fluo-
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rescence parameters of different grape rootstocks were measured, and the principal component analysis
was carried out. [Results] The salt and alkali stress had universally negative effects on all characteris-
tics related to development progress, chlorophyll content, photosynthetic and chlorophyl fluorescence.
Compared with the control, the growth of the shoots of each rootstock decreased, and the content of
chlorophyll (Chl a, Chl b and Chl a+b) decreased as well. The decrease of Chl b content was less than
Chl a, indicating that saline-alkali stress would affect the synthesis of chlorophyll, and Chl b was more
sensitive to saline-alkali stress on 15 d after the treatment; The net photosynthetic rate (P,), stomatal
conductance (G;), intercellular CO, concentration (C;) and transpiration rate (7;) of the each rootstock al-
so showed a downward trend, and the change of leaf P, was the same as that of Chl a+b content, indicat-
ing that the inhibition of rootstock plant photosynthesis was caused by stomatal factors, and the de-
crease of chlorophyll of the each rootstock was also one of the reasons for the decline of plant photosyn-
thesis. Furthermore, we also used the chlorophyll fluorescence induction kinetic curve (OJIP) to reflect
the changes of primary photochemical reaction information and electron transfer information of plant
PS II reaction center in a period of time. The characteristic sites of curves had changed when the differ-
ent grape rootstocks were subjected to the saline-alkali stress. The O, J, I and P phases showed a down-
ward trend in conclusion which flatted the OJIP curves. In the O-P standardized curve, the J phase
showed an upward trend, and the I-P segment tended to be horizontal which indicated that saline-alkali
stress would reduce the activity of PS II reaction center and block the electron transfer in the reaction
center, which subsequently affected the chlorophyll fluorescence intensity of the plant leaves. In addi-
tion, the most seriously affected variety was 5C among all varieties. The O point fluorescence intensity
of 3309M, 420 and 5BB decreased which suggested that the reaction center in the photosynthetic pro-
cess of these varieties was irreversibly inactivated. Being stressed by salt and alkali, the chlorophyll flu-
orescence parameters PS II maximum photochemical efficiency (F./F.), photochemical performance in-
dex (Pl.s), light energy absorbed per unit area (4BS/CS.), light energy captured per unit area (7R./CS,,),
quantum yield of electron transfer (E7./CS.), the number of reaction centers per unit area (RC/CS..) de-
creased. However, the heat dissipation (DI/CS.), Light energy absorbed by unit reaction center (4BS/
RC), light energy captured by unit reaction center (7R./RC) J (V) and I (V) point in the fluorescence in-
duction curve increased. This results indicated that the ability of plant photosynthetic reaction center to
inactivate, absorb light energy and capture light energy was reduced, a large amount of Q. was accumu-
lated on the receptor side of PS I reaction center, the transmission of electrons on the receptor side was
blocked, the transmission ability of the electrons was reduced, the heat dissipation was high, and the uti-
lization rate of light energy was weakened. To evaluate the relative ability of the different rootstocks on
salt and alkali resistance, we formed a principal component analysis containing all these 18 indexes. It
is found that in the first principal component, the T, Pl s, Fu/Fu, Vi, ABS/CS., TR/CS, and ET,/CS,, were
the main indexes to evaluate the damage of rootstocks under salt-alkali stress. Among them, Tr was the
indicators for regulating photosynthesis, Pl.., and F\/F., were the indicators for evaluating fluorescence
ability, and ABS/CS., TR./CS., Vi, ET./CS., were the important indicators for controlling light energy uti-
lization. It seems to be possible that saline-alkali stress mainly affects plants by changing stomata and
transpiration ability of leaves, as well as absorption, transmission, conversion and utilization ability of
the leaves to the light energy. [Conclusion] Under saline-alkali stress, the growth of new plants of dif-
ferent grape rootstocks decreased, the synthesis of chlorophyll was blocked, and the photosynthetic fluo-
rescence decreased. The order of the resistance degree (from strong to weak) to salt and alkali of the
rootstocks was SO4, 1103P, 5SBB, 420A, 3309M and 5C.

Key words: Grape; Saline-alkali stress; Rootstock; Photosynthesis; Chlorophyll fluorescence character-

istics
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Table 1 Parameters and formulae used in JIP-test analysis
ZHAA R ZHE L
Parameters and formulas Explanation of the parameters
F, 1 38 N J 1 B /1N 9% %58 B Minimum fluorescence intensity after dark adaptation
o J 5 AL (2 ms) )92 658 % Fluorescence intensity at J point (2 ms)
F, I A4 (30 ms) %% Y658 ¥ Fluorescence intensity at point I (30 ms)
Fa 38 B 1) 8 K 26 658 Maximum fluorescence intensity after dark adaptation
F=F-F, TE ¢ I AT A5 75 6 5 & Variable fluorescence intensity at ¢

FJFu=(FuF)/Fa
FJF=F.F)/F,
V=(F-F)(Fy-F.)
V=(FF)/(FuF)
M=4(F s F)/(Fu-Fy)

BRI6AE 22 20% Maximum photochemical efficiency of PS 1T

WEE Y64k £ XK Potential photochemical efficiency of PS I

S5 PRI ARG P A8 %6 5% B Fluorescence intensity at the J step

T A PR AR AT AR %6 't 3 FF Fluorescence intensity at the I step

OJIP % Y6175 5 i 28 W 46 %1 % Initial slope of the OJIP fluorescence induction curve

w=ETJTR=(1-V))
QU BT I bR

S AR R T T A B P T A 3 R T A B B Qu Y A P SR BT o R ATES)

The ratio of excitons captured in the reaction center used to push electrons to other electron receptors in the
electron transport chain that exceed Q,'s occupation to push the Q. reduced excitons

@E~ETJABS=[1-(F./F.)]* v
@P=TRJABS=1-(F,JF.)
ABS/CS,=F,
TR,/CS.=pP(ABS/CS.)
ETJ/CS,=pE.(ABS/CS.)
DI/CS,=(ABS/CS,)~(TRJCS.)
RCICS,=pP(V/M.)(ABS/CS,)
ABS/RC=M1/V))(1/¢P.)
TRJRC=M,(1/V})
ET/RC=M1/V})y,

T H T3 (1) 2 7741 Quantum yield for electron transport

WA N 5 K &7 4 Primary photochemical reaction of the largest quantum yield
A7 T R IR S ) G BE Light energy absorbed per unit area

AN TR $E 0 BE Light energy captured per unit area

P TR AR B A% 33 1 7 7 4 Quantum yield of electron transport per unit area

B T AR Y FAFEBL Heat dissipation per unit area

BRSO O (1) B0 The number of reaction centers per unit area

A7 RC U6 BE Light energy absorbed per unit RC

#A7 RC A $E16 fE Light energy captured per unit RC

A7 RC ML 4% 34 (1 5 7%l Quantum yield of electron transport per unit RC

PLo=(RC/ABS)[0P/(1-¢pP[w(1-w.)] ARSI GRE LA 1 1 B i 2L Performance index based on light energy absorption
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there were significant differences among different rootstocks (p << 0. 05).

The same below.
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Fig.1 Shoot growth of different rootstocks
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Fig. 2 Effects of saline-alkali stress on Chlorophyll content of different rootstocks
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Fig. 3 Effects of saline-alkali stress on photosynthetic parameters of different rootstocks
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Table 2  Effects of saline-alkali stress on Chlorophyll fluorescence parameters of different rootstocks
M N r = E o o B A o P A N N A AT
Rootst- Treat- i1 4% P =5 Ao ARG AL e TERRL o oo | BHJE
PRy Xl 27 o o EG%HE E}‘jfﬁﬁb ol *f%ﬁ NE = 7‘[5?1& ﬁﬁb 2
ocks  ment REFEEL RUE GREE SRR UBS/CS TRJCS | DLICS, b UBSIRC TRJRC TP
Pl F.J/F. Vi 4 " s ET/CS. T RCICS. ! ETJ/RC
1103P CK 1.75+ 0.814+  0.553+ 0.865+ 48261.67+ 39260.00= 44 252.00+ 9001.67+ 241+ 2.065+ 1.68+ 0.75+
042bc  0.005ab 0.04a 0.02a 3088.98a 2441.73a 314694a 69747ab0.16a 0.16b 0.12b 0.02b
T 1.03+ 0.781+  0.584+ 0.893+ 42417.00+ 33 197.67+ 38592.00+ 9219.33+ 2.09+ 2.516+ 1.96+ 0.82+
0.25a 0.020ab 0.03a 0.02ab 7578.46ab 6624.92ab 7101.86ab 1152.31a 0.17b 0.15a 0.12a  0.06 ab
3309M CK  2.50+ 0.817+  0.486+ 0.850+ 41499.00+ 33948.00+ 37618.33+ 7551.00+ 2.18+ 1.933+ 1.58+ 0.81+
045ab 0.015ab 0.03bc 0.03a 485851b 4566.62b 4888.15b 291.89c¢ 0.33a 033b 023b 0.16b
T 1.54+ 0.786+  0.570+ 0.848+ 39284.00+ 30894.33+ 3569533+ 8389.67+ 2.08+ 2.083+ 1.63+ 0.70+
0.17 a 0.021ab 0.09a 0.00b 2360.79b  2706.04b 1758.61b 34526a 0.09b 0.19a 0.11a 0.10b
420A CK 2.07+ 0.813+  0.516+ 0.851+ 46651.33+ 37914.33+ 42432.67+ 8737.00+ 2.25+ 2.073+ 1.68+ 0.81+
0.70bc  0.014ab 0.04ab 0.01a 1 503.07 ab 780.05ab 1410.15ab 873.16ab 0.25a 036b 027b 0.14b
T 1.20+ 0.764+  0.536+ 0.823+ 39301.67+ 30030.00= 35011.00+ 9271.67+ 1.74+ 2450+ 1.87+ 0.87+
043 a 0.009b 0.08a 0.04c 701.23 b 212.78 b 101595b  503.99a 0.24c 037a 027a 0.20ab
SBB CK 149+ 0.801+  0.513+ 0.843+ 48125.33+ 38556.67+ 43470.33+ 9568.67t 2.07+ 2.573+  2.06+ 1.00+
0.09 ¢ 0.000b 0.02ab 0.00a 49594 a 418.58 ab 611.99 a 7737a 0.07a 0.12a 0.04a 0.03a
T 1.54+ 0.781+  0.527+ 0.829+ 39621.00+ 30953.33+ 35577.33+ 8667.67t 1.87+ 2.560+ 1.99+ 091+
0.20a 0.019ab 0.11a 0.06c¢ 217645b  202799b  2327.19b  757.02a 025bc 0.67a 047a 0.09a
5C CK 3.18% 0.830+  0.452+ 0.867+ 49 863.00+ 4137633+ 45211.67+ 8486.67+ 221+ 1.869+ 1.55+ 0.85+
025a 0.009a 0.02c¢c 0.0la 125887a 1461.01a 151643a  223.13bc 0.2l a 0.18b 0.13b  0.10ab
T 0.51+ 0.724+  0.653= 0918+ 30307.33+ 21940.00= 27403.00+ 8367.33+ 1.71+ 2731+  1.98+ 0.69+
0.14b 0.00lc 0.0la 00la 644.55 ¢ 687.21 ¢ 529.05¢ 84.55a 0.11¢ 0.14a 0.08a 0.02b
SO4 CK 1.96+ 0.817+  0.537+ 0.874t 51679.00+ 42243.67+ 47315.00+ 943533+ 240+ 2.021+ 1.65¢ 0.76+
0.48bc  0.006ab 0.03ab 0.0l a 3790.46a 329634a 3568.12a  556.52ab 0.10a 0.18b 0.14b 0.03b
T 1.38+ 0.808+  0.582+ 0.904+ 47931.00+ 38731.00= 44 065.67+ 9200.00+ 2.44+ 2220+  1.79+ 0.75+
0.33a 0.004a 0.04a 0.0la 5431.71a 457954 a 4733.12a 852.17a 0.09a 0.12a  0.09a 0.02 ab
R3 ERD SIS EEIER
Table 3 Principal component analysis load matrix
b7 H1ERSy H2 Xy 3 ERY F4EHIY
IIElI dex The first principal The second principal The third principal The fourth
component component componen principal componen
A= K & Shoot growth 0.147 -0.065 0.352 -0.503"
Chl a+b 0.199 -0.225 0.129 0.517
P, 0.206 -0.175 0.169 0.505"
G, 0.234 -0.106 0.270 -0.399"
G -0.137 0.357" 0.271 0.170
T 0.320° -0.162 -0.017 -0.093
Pl 0.288" 0.0005 -0.290 0.034
F/F, 0.318° 0.169 -0.033 -0.005
Vi -0.264" 0.217 0.252 0.040
\4 -0.137 0.270 0.418° 0.093
ABS/CS. 0.311° 0.177 0.092 0.038
TR/ CS., 0.312° 0.186 0.078 0.044
ET/CS. 0.304 0.201 0.107 0.043
DI/CS. 0.204 0.008 0.232" -0.043
RC/CS, 0.215 0.351° 0.136 0.069
ABS/RC -0.177 -0.323" 0.316 0.053
TR/RC -0.068 -0.343 0.401° 0.048
ET/RC 0.193 -0.388" 0.034 -0.019
¥F1iE{H Eigen values 8.542 4.194 2.879 1.414
77 Z THRZE Proportion of variance/%  47.460 23.300 15.900 7.860
B UFTTHk % Cumulative variance/% — 47.460 70.760 86.750 94.610

¥ FIRFARPRAE R D 5 P R R A ME -

Note: * indicates the biggest absolute value of each index in all factors.
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Table 4 Comprehensive scores and ranking of different

rootstocks after saline alkali stress

WA bl pea PC3 PC4 ZEfn ) ZEefdaiis

Root- Comprehensive Comprehensive
stocks (F1) (F2) (F3) (F4 score score ranking
1103P 098 0.16 2.00 -1.89 0.67 2

3309M  -0.21 0.12-1.16 -0.70 -0.31

420A 0.12 0.01 -1.96 0.05 -0.25
5BB 2.04 -1.66 -1.07 0.48 0.45
5C =554 128-0.57 039 -239
SO4 261 0.10 276 1.66 1.84

— N W A W

VivABS/CSys TR,/ CSuET)/CS, - 15 52 i O 1y 3 i, 2
2 ¥ #E CRCICSu<ABS/IRCETJRC |75 1 & )
i, 55 3 F A FE ViuDIJ/CSaTRJRC E A 8
[ fur 2, 25 4 E A TEFT NS AE K& Chleo PG |
ARE M E. ZZE80ERENERT RS
555055 N DTk R IR AR 2 A, FEAR M FRETHES SRR
£E £5 5% B 38 R 1 HE 4% 4 SO4. 1103P. SBB. 420A
3309M.5C.

3 W w

2t Eh i AR R BRI T AR K
B2 BN FR 0, T SECTH A b Ak 2 A A
PRJE, BE I ki S A KR B K. DOF
SR L, A R 8 £ 3 M AN
HAEK, HBEE S A Shiak T &, 9 bk e
BWBEAG. ARIS P, AR A A R TE T Z a5
WA K R W R R B (E R SRR R 2R K X
HERH B, B e B /D BRI RG AR  420A 5 S04, 58 4R
KEH R A 1103P.5BB A — 8, Xl fg 2 T
Tili A B 22 5 B a1 11

MR R Y EEZRDCE AR, B WEY)
GG RCE, KR — e RE b Sk
PR AARIG R, AN ARG A AE SR B8, i
Chl a.Chl b LA f Chl a+b & & % 8 15 2 K F
P, MR 2 ERIRYIE JE AR R A R PR, FT R
DR M 38 J5 pH Ft i » AELRR ML PR B8 TP AT Tk, &
o RS g 2 A RO DR 1 Mg R T R RS A
M 2R3 G 2 B, B B, B A2 Eh i i
IR T AR ik S P S 2 4, A 4 35 1 A R
5 fg e fis, SO SR ER A U IR . ARRIEH, 7R
LB G 15 d J5 , Chl b & 56 T g BN T
Chl a. X5 XL 25007E Eh Bl il R oxh 3 22 96 2 R T

FLah A — 5, & Wil J5 M AR Chl a+b & & NP,
H. Chl b & & 0] i 1) s B B8 URK, 72 AL BE 20 d B 2
Z R, 5T Chl a & &1 40 d B2 K. XAl RE
JE RN G 20 Chl b B A K T Chl a7,

Ehm b e mT o ik A FLBR ) 5 LR 1 2
T 7 2 W R A 1R D B AR S BE B SR 8 R BE 1)
30 DA K oy 3 BT 8] (1) 2K, 52 7 e WS FLTERR
LA AR S LR BR ™ 7 ERB A T, AEAR Y
R P AT R, S o AL, GO R B AL
M PR &AM 7 COEANR Fr i C R BE. TR G
G. [F] BF ARG B, U B RELPR O & 1F 2 SALIR &R 3¢
M, SR SECR DU 7S5 S RAEA R AR B 1)
HB RN RGAE R I8 T 252 8] — R %
I, P GA T qP 2 R . ARBEF T, A [F# %
i A 32 Eh W ia 15 dJ5 , A I Pon G G T34
FKT CK, H G5 G RIB AT B B SR
ARG A A 2 230 2 LR R 800, B
5 P55 Chl a+b & 2R AH A, 30 BH &Rl AR 28 3%
PR RSB E NN ER . —. 575
IR | IR SO 5T 45 A — 2L

MAE Y AT AL IR BT AR A, A RS R A AR
O P 725 A SR I AR B A A 1) 52 P, OJTP il 28 T
W b 2 B — BN [) P R4 PS TT RS A 0 SR T o
2 R BAE B, DU TS B AR ot
TR, Wil 2 FECE IR T P GAE R %, 15 i
LT P52, 1f O-P bt A0S 1 4R T DA
2B ME, O R B BT, WIS AR
S EL A O UL A VAl N s I NIRRT N
TE I8 52 Eh b8 J5 , il 2R AE A7 A2, O J 1P A
BRSNS, OJIP 4 TF 4% , Ui B Ehambhia
BEAR T fili A PS TT SN O 9 B 52 M AR I 4
SRRV s O-P AR S5 I 2R T2 T
4, 1-P Bl T 7K, B, OB H G FE A 88 52 B 5 3
o, ANERE A 52 520 e 2 R SCo AR, O R
PEEIRIE T PRI 3309M.420A DL SBB, 2 B Hi
I HH N T B AN AT 3 2R

HH 2% 38 58 6 8)) /) 27 2 0T 15 I b AR 00l
AE IR e A BGRE L B PRI IR S T 45 6
S B AR XS 6 BE R FH 207 p A [ 6 28 il A 1)
PS 11 %5t 2 B0t SR B 36 1 i N2 A BT A TA] , BT DA%
B AR S GRe FIH RR A AT ZE R AT AR A, — &
18 FH Fu/F B Pl K W 38 56 .4 6 B 45 4 1)
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SO, VP AR 52 3 AR RE B DA R R AR X6 ' i
FIHRS, AT IEFE A KR BREH, &6
7 1 6 BE W KL (ABS/CS,) % 6 B Ji 3k (TRJ/CS.) R
71, B V5 Vb TERARRIIRES A Qu (R B 2 44O 5
b A Qe (IR X R A2 A4 EAT HiLFA% 38, 5 1 1)
L, T A% 36 72 4 (ET/CS,) PA % J 87 AR o0 $ & (RCY
CSw) s WAL ARFFEAR [ FAFERL (DL/CS.) 5 BT LAE AR
AW FJFa 5 PL A" FJFut Pl BB,
R PS TN H 0 A2 3 TR, lFA% 3
R BT ROR T B AR X G RE
FIFH 2R BEARN . AHHF 7, SR J5 L AN [R5 % Al
K] RC/CSps ABS/CSu TR/ CSmn ET,/CSu ET/RC
AR 2 NP4, ABS/IRC.TRJRC . V;\ V.. DI,/CS,, %
AT, R ARG G RS 0 R S W AL TR
WIS G EE 4 3R BR B RE JI K, B A7 s 2 A Lo AT
JERE IR L REIE 0, T ECPS 1T S H 0 32 A4
Qu KEM R, LT 1E AR M A% 35 52 BH, 7% 38
BE 3 B n b 8 S5 1R Rk AR 3404 v 1) DL
CSns FTULFELF/F. 5 PLy B TESRBRE T, 5C
5 420A (1) 5 A7 TH AR SN A 0 1) BB (RCICS) 2 35
T HARREA , ] SO4 B A 53 = T HABR A RC/
CSni H. ABS/CSu TRJCSun ET/CSu A 5% 155 P iR 5 /D
) il A 34 A SO4, 1H SO4 1 Pl 5 F./F.{& T 5BB.
3309M, AJ RESe N T ARG HOE R 40, SO4 $E M)
Je e R DLIAFERL T s AR, B F T H
FARER, I [FfL 52 BI5Em, S B0 E R R,
T DR SRR %, B —Fa bR A A2 LA B ]
B, TENZ TR G R R . 284 DL b Bl e et
AN [R) R 28 il A AR BEZ R 1) 18 AN FR AR AR BE EAT
BT, R R 5 1 E A T Pl Fu/Fan
VinABS/CSu~ TR,/ CSus ETJCSn 5 7E VP 5 fili A 52 £
TRl il 5 40343 1 S AR b, oAb, TR TR AR A
IFE AT 5 Pl Fu/Fu 5 VR DG RE J1 46 45 , ABS/
CSus TR/ CSun Vis ET/CS, 42 32 1] 't BE ) FH 2R 1) 5 22
Fab , U E A e 3 B i O R AR B S AL
ZNERE T, LA 5 G R IR A% e A e R
RE 1% 7 TH R U AAE R EAN , M T2 o o0 B 45 51
A4S, kR T R B 38 5 55 16 HE 44 8 < SO4.
1103P.5BB.420A.3309M.5C.
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