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Effects of water stress on photosynthetic characteristics of ‘Cabernet

Sauvignon’ at different leaf ages

SHI Xiaomin', LIU Jingze', ZHANG Yanxia’, CHEN Zumin', GUO Shuaiqi', WANG Zhenping'

(!School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China; *School of Life Sciences, Ningxia University, Yinchuan
750021, Ningxia, China)

Abstract: [Objective] A study was carried out on photosynthetic and fluorescence characteristics of
grape leaves under water stress. Grapes are mainly planted in the arid and semi-arid areas in China. The
photosynthetic function of leaves is different in different leaf ages. Therefore, to explore the changes of
photosynthesis and chlorophyll fluorescence of grape leaves at different leaf ages under water stress is
of great significance to the water-saving cultivation of grape in China. [Methods] The experiment was
carried out in 2018 in a glass greenhouse in Yuquanying Farm of Ningxia Agricultural Reclamation
Group and the experimental station of the National Grape Industry Technology System. The ranges of
temperature in the glass greenhouse was 24-38 “C, humidity 38%-58%, and air CO, concentration 300-
500 umol - mol”. 3-year-old ‘Cabernet Sauvignon’ grape (Vitis vinifera L.) vines were used as the mate-
rials. The y, was measured with a 3005 pressure chamber (Soil Moisture Equipment Company, USA)
after water stress treatment, which was carried out on June 20, 2018. The daily irrigation time was con-
trolled by a time controller, and the v, was used to reflect the stress degree. During the shoot growth pe-
riod in mid-April 2018, the first unfolded leaves on the annual branches were marked on April 20, April
30, May 10, May 20 and May 30, and named as Leaf 1, Leaf 2, Leaf 3, Leaf 4 and Leaf 5, respectively.
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The day (d) was used as the measurement unit of leaf age, and the unfolding date was regarded as the
initial leaf age (0 d). By June 20, Leaf 1-5 (leaf age 60 d, 50 d, 40 d, 30 d and 20 d). Three water treat-
ments were set including no water stress (CK), moderate water stress (T1), and severe water stress (T2),
with water potential range of —0.2 MPa < y, —0.60 MPa <y,<-0.40 MPa and y, <-0.60 MPa, respec-
tively. Changes in leaf area, leaf photosynthetic parameters, chlorophyll fluorescence parameters and
the activities of Rubisco and fructose-1, 6-bisphosphatase in the new shoots of ‘Cabernet Sauvignon’
grape were measured. [Results] There were significant differences in leaf indexes among different leaf
ages under water stress. The leaf area of grape increased with the increase of leaf age, and the order of
leaf area was Leaf 1 > Leaf 2 > Leaf 3 > Leaf 4 > Leaf 5. There was no significant difference between
T1 and CK, but T2 significantly decreased leaf area at each leaf age (p < 0.05). The results indicated
that severe water stress inhibited the increase of leaf area at all leaf ages. The value of SPAD showed a
similar trend. T1 increased the SPAD values in all leaf ages but there was no significant difference with
CK, while T2 significantly decreased the SPAD value of leaves of all leaf ages (p < 0.05). With the in-
crease in leaf age, P,, G, and 7, all increased at first and then decreased, and decreased with the severity
of water stress. T2 significantly reduced P, and the activities of Rubisco and fructose- 1,6-bisphospha-
tase in leaves of each leaf age, but there was no significant difference between T1 and CK. Water stress
decreased F./F,, Yield, ETR, gP, and significantly increased F, of all leaf ages. T2 increased NPQ in
leaves of all ages, but with the increase in leaf age, NPQ of T2 leaves was significantly lower than that
of the other two treatments. Among the measured indexes, Leaf 1, Leaf 2 and Leaf 5 were greatly affect-
ed, indicating that both the old and young leaves were greatly affected by water stress, while the mature
leaves were less affected and became the main contributors to photosynthesis. Grape leaves at the ages
of 60-110 days were less susceptible to water stress as reflected by relatively high photosynthetic capaci-
ty under water stress. [Conclusion] With the increase in leaf age of ‘Cabernet Sauvignon’ grape, the
photosynthetic capacity increased at first and then decreased, and was highest in leaves at the age of 60-
90 days. Water stress reduced photosynthetic efficiency of leaves of all ages, while severe water stress
hindered the normal development of the young leaves and accelerated the senescence of old leaves.
This study provides a theoretical basis for grape defoliation practice and water-saving cultivation in
grape production.
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STEALTE 30 d fE ik B i KAA , Hod i 4 (8¢9 60 dD
B 1 (10.67 pmol -m?-s™) , 3 k22 (-4 4y 70 d i
P, 91023 pmol -m?-s™) . AT )E, T1 5 CK 3
fhiash—8, H TR T CK. riai1sdjE, T2 8%
T H AW AT, Hod 1o 2930 S R A, H
1 7ER #9120 d B, P2 R B8 0 pmol - m™ - s,
2 i S 125 d B TR FE250.07 pmol -m™ s
FALEL R ARERER A S [F R R TG
AR S P— 2 (B 4) . SIS AL
YA ERR R —, B AEBEEE ., CK
M3 4 51 TR GROR, M3 N 70 AN, T
M G35 K (0.80 mol -m?-s',6.40 mol-m?-s'), i
128N, B BB AL FE O 3E 4T, TR G YR %,
AS[R] P  A) 22 57 B 3 (p < 0.05) , Hordr , T2 J5 AR 1.
2 /) G2 RN 0 mol-m?-s™s
242 Koyt FRE R B H AR TET A AL
*AEBsE MR Rubisco Wb P [l IH S 16 388 n &
Je BTG FRERES(E S, KA T2 BEETHA

50 65 80 95
% Leaf age/d
3 KO EMERX FREER AR & EIRE PRI

at different leaf ages

PIALEE, T T1 5 CK L% 2 5% . CKARER N 5
W4 65 diJ, Rubisco 7% 14 £ K (0.137 mmol - g -s™),
124 135 d I 52/ (0.079 mmol - g -s™) o fipil
Ab PR 5, T2 Ab 3 T I 5 (% 24 80 d) Rubisco v P 5
/NC0.052 mmol - g - s, i 1 Rz (8 24 135 d I
Rubisco 7145 0.056 mmol-g"-s™) .

- Ab BRI 1~5 FBPase g 1 54k 263 hn j5
SRR (B 6). TIIRILT CK HERA DR
o o T2 Ab B S % S i S T N B
(p<0.05), Hr,CKALEE R 4(H#4 4 60 d) Fil
5CHEE 4 50 d) B G P 5 (29.72 mmol - g - min,
29.48 mmol - g - min' ") , I 5 CH#% 2 35 d) & A%
(22.15 mmol-g" min™). T2ALHE R 5§35 D
P9 14 B 6 (22.37 mmol - g - min™) .

2.5 KB FEHR BEAFCRMEMHALR
4t 11 ¢ K S B 201

251 Ry Mast AR E R H EHRE TR ds
RAE)Ra WK 7 FR, B R I35 K, CK



56

2 R S 4

—— XJ# No water stress ~—<O— 1 /K43 38 Moderate water stress —2— i E /K5 [l Severe water stress
8 1 8 2
: a Leaf 1 = a a Leaf 2
m . 6 o 06
B 4 m E
= o 4
g =5
r <9 r E/ 2
© <]
0 0
60 75 90 105 120 135 50 65 80 95 110 125
% Leaf age/d % Leaf age/d
— 8
L 76
X o
£ S Ea
=3 =
r £ CE 2
< 30
40 55 70 85 100 115
% Leaf age/d % Leaf age/d
8
i :: 6
k=
R
rE 2
&)
0
20 35 50 65 80 95
% Leaf age/d
—— XJ# No water stress ~—<O— 1 /K43 HpiE Moderate water stress —2— 5 /K /) [l Severe water stress
1.0 " 1.0
- % 08 Leaf 1 —~ 08
_1%2 “.’.E 0.6 a a E;J “"E 0.6
“% S 04 5 04
K E/ 0.2 e \\E/ 0.2
&~ : =
0.0 0.0 :
60 75 90 105 120 135 50 65 80 95 110 125
I Leaf age/d I Leaf age/d
1.0 a a Leaf 3 %, 0.8 a a Leaf 4
~08 W g
¥ o 06 8-
® E %= 04
g 5 04 ®E
¥ E02 g
£ 0.0 b 0.0
40 55 70 8 100 115 30 45 60 75 90 105
I Leaf age/d I Leaf age/d
1.0 a M5
08 Leaf 5
5 ;’ 0.6
B
i@l’ = 0.4
K £ 02
&~ 00
20 35 50 65 80 95
M Leaf age/d
B4 KOEN FREHK FRMHEMHFSILSE GIEBRE TSN

Fig. 4 Effects of water stress on G, and T;

7in  ‘Cabernet Sauvignon’ at different ages



g 7 » ST E’Z
514 SRR, 45 AR OP T E T FRESBR AN [RI RS I R OGS R I IR R 57
01 4 No water stress O %1 HE No water stress
B R K5 B Moderate water stress M 145K 93 8 Moderate water stress
W K S W 5 i /K 5 i Severe water stress
@, _ 016 FE7 evere water stress B
%Hﬁé-‘?“‘mo.lz aaa 25 4 i1 & 32 @ aag aaa 1
& =BT Leaf 1 %‘gﬁg E 30 2aaa aab Leaf 1
ZE ¢ % 84 40
w3 G E g -
= 2 =5 £ E 10
=T g m
S = =&
i3 0
75 90 105 120
% Leaf age/d & 92 105 120
% Leaf age/d
& How 0.16 2 um
=2 Leaf 2 & =T 40
SEET o “ g Zx aaa 23a %aa agyp 2
L8, =ag 530 Leaf 2
2 c = O _
“E 2 2oos 234 %
#3S 2 € 004 ZEZ5 10
=X 3 E & &£
x ® & 7000 = =& 0
65 80 95 110 65 80 95 110
- Leaf age/d I Leaf age/d
i3 o 40
RS 0.16 —~
s aaa aa ag Leaf 3 @ % 30| @ad daa 23a aap
R T on 2z E Lo
.Ags_‘cn WﬁQ—.' Leaf 3
2E 2008 coggig@?ﬂzo
) % 3 - s 3
252 E 004 g e
= o =2 5
S ® =T 000 ® = 0
55 70 85 100 55 70 85 100
% Leaf age/d % Leaf age/d
B o 0.16 a, = 40 a
L2272 012 B 2% aa? ab  2ad agy u4
nE 5w 0 = £ 30
L g s =42 E Leaf 4
“E S 2008 i 8 20
TE5872 Qw2
=3 ZE 004 -5 £ g 10
Ei—g = g i m £
B o) s g
REE T 000 BT o
45 60 75 90 45 60 75 90
% Leaf age/d % Leaf age/d
. 0.16 = 40
§§§ M B {E{ 2% dabp aab b aa
#5555 012 #,.,2zE 3 aaa b s
=B Hﬁg_j Leaf5
L8 5% o008 S S 20
~E g3 - 23
= S é £ 004 g @ g 10
=< ~ ~
ES & 0.00 B 0
X .

35 50 65 80
% Leaf age/d
5 Ko BMER FRELR AR F
RuBP Rt/ E B 1R 2200

Fig. 5 Effects of water stress on Rubisco activity in

‘ Cabernet Sauvignon’ at different leaf ages

MR 1~5 B FARNGE T2, T 75 dJEi A E
T4, TR T2 SR 2 5 Tt v Ja BRI P R 3 v 1)
HBOHFPTISECKEZRALE (p<0.05 . CKAAH
1R N 90 d I, F B (238.00) , [F] 3 4
#5890 d i, F #e % (166.17) . T2 AbFEAE 30 dF
B2 TR, Hoh i 1 A s % (350,500, 1 4 T
1:(296.50)

35 50 65 80
% Leaf age/d

6 IKGIBI FREEK AR R
FBPase i& 4B 5200
Fig. 6 Effect of water stress on FBPase activity in

‘ Cabernet Sauvignon’ at different leaf ages

252 Kot AFRER H AR T#ET R R K
A FEHKE(F/F)GH R WK 8w, AFIK

AT S F/RAS B H AL CK A
AR R B OR, S F/FLZE 30 d S
% bF, 2 JE N, SIS BT 4R 60 d
i, E/Fu B K (0.864) , [A] B #A I 5 0F % S 50 d i,
FJ/Fa 50/ (0.765) o 7K 43 B 3B &b B AH B0, 34K T



58 x i)

i #3845

4

—— X} No water stress
—O— 1 /K5 il Moderate water stress

400 —— ﬁgﬂ(ﬁ}ﬁj}iﬂ Severe water stress

M1

300 Leaf 1

200

100

60 75 90 105 120 135
IH-# Leaf age/d
400 a 2

Leaf 2
300

200

100

50 65 80 95 110 125
% Leaf age/d
400 a w3
Leaf3
300

< 200

100

40 55 70 85 100 115

400

300

200

100

30 45 60 75 90 105

400

300 a a Leaf5
&
200 4,
100 I I I I I |
20 3 50 65 80 95

4% Leaf age/d

B7 KB FREK REMERMH A
IR S F Y5200

Fig. 7 Effects of water stress on F, of ‘Cabernet

Sauvignon’ at different leaf ages

CK. &M AL 15d)5 F/FRE FHEp<
0.05). Hrhm- 4§44 45 i TR (0.715) , [7 I
Wit 2 mh 8 R 75 d B R B IE B /N (0.749)

253 Kot FER B EH AR TET A PS
I x5 & F =8 Yield) 89 %0 WE 9 Fix, b
S 38 K, CK AT T AL BRI 1~5 M F Yield 284k
BFARL, Sk 25 BTSRRI T2 4B
N Yield BT FERE S HART HRPIALE (p <
0.05). CKALFE30d /)5, &Ml Yield 1 25K,

—[—%fl® No water stress
—O—+h /K43 i Moderate water stress
10 r—A— K4l Severe water stress

0.9 a A& @ ab M1
Leaf 1
= 0.8 a
S “@% ==
7
0 X S b
0.6
60 75 90 105 120 135
% Leaf age/d
1.
0 -2
0.9 a a ab ab Leaf2
< 08
~ 07 ¢ b b
0.6
50 65 80 95 110 125
% Leaf age/d
3
10 Leaf 3
0.9
% 08
&
0.7
0.6
40 55 70 85 100 115
% Leaf age/d
10 n 4
09 a a Leaf 4
£ 08 &:g§§;23==&=%
=
0.7 b
b
0.6
30 45 60 75 90 105
H-# Leaf age/d
1.0 -5
0.9 a a a Leaf'5
B a
5 08 g_zgjnz;%zﬁtg
= ab
0.7 b b b
0.6

20 35 50 65 80 95
IH-# Leaf age/d
E 8 KoOBMBEX ‘FREHK AEMHRMHAF&EX
KUBEHE (F/FD HSNE
Fig. 8 Effects of water stress on F,/F, of ‘Cabernet

Sauvignon’ at different leaf ages

e 5t 9 65 d IR i K (0.183) , [A] B I 1
1N 105 d I 27N (0.147) . T1ALFE 45 d J5 , 3~
SYield W& B T

254 Koy Mast FRER B H AR TET A AN
W iE i 2(ETR) M %0 WE10Fxw, ETRE
Yield AL AL . CK ALFE 30 d )& , 4% 34 A 386 i
AR, Horpk 5 RS N 65 d N IR K (7.40) , [R] A 3
2 M-8 95 d i /N (4.20) . T2 B KT H AW
WFE(p <0.05). T2 AFE T, i 3 4 B % K, i



b

1 SR, 2 KA MR < AR R A AR R 59

—0— X No water stress
—o— K HriE Moderate water stress
0.32 —n— B JEKS ia

Severe water stress

0.24 a M1
3 016 a Leaf'1
S
0.08 %
0.00 ‘ ‘ ‘ ‘
75 90 105 120 135
% Leaf age/d
0.32
w2
024 a Leaf2
a a
E 0.16 +
0.08 a
0.00 : b . b,
65 80 95 110 125
032 - I Leaf age/d
3
024 ¢ a a Leaf 3
= a b
& 0.16 | a
0.08
% b bi ﬁb
OOO L L L L c
55 70 85 100 115
M#% Leaf age/d
0.32 ¢ s "
0.24 a a a Leaf4
~
el s T
' c b b
000 | | | | ]
45 60 75 90 105
[#% Leaf age/d
{54 g IH' 5
0.32 Leaf 5
L 024 a
a
£ 016 a .
0.08 b
0.00 ‘ ‘ ‘ ‘

35 50 65 80 95
I Leaf age/d

El9 KoHBX ‘FREH FREMEEH R PSI
AUFETFE (Yield) RIZM
Fig. 9 Effects of water stress on Yield of ‘Cabernet

Sauvignon’ at different leaf ages

S5(HRE NS0 DAET2AH 154582 ETH#ES, 2 )5
E N, LA, TLAREE N3 7Em#4 80.125 d
I, A ETR Y08 A 590
2.5.5 Kot ARER B HRR T B A
FERFZH (PR K11 s, BEE R
R, CK AT AL B R M 1~5 M v gP 255+ 5 B
MRARAL a3, CR AL 15 d J5 & s - i B AT 22
BeR, Hodr, 5 A 50 d B e K (0.458) , [R] B 34
4 3858 60 d B 527N (0.406) » T2 ALFE 15 d 2 J5

—0— XJ & No water stress
—O— /K3 B Moderate water stress

12 —&— ¥ /K5 lHE Severe water stress
6 a 1
& Leaf 1
N 4 a
2
O L L L L
75 90 105 120 135
# Leaf age/d
10 w2
8 a Leaf 2
6 a
& a
N 4 a
2
0
65 80 95 110 125
I Leaf age/d
10 3
8 a Leaf 3
& 6 a a
S 4 b
2 b b A
0
55 70 85 100 115
% Leaf age/d
10 - a
8 a a M- 4
Leaf 4
S
S %a@
b
2t b b
0
45 60 75 90 105
I Leaf age/d
10 - a
8 I s
6 a Leaf 5
& L
S 4 a
2 L
0

35 50 65 80 95
- Leaf age/d

10 KRB FREK FRIMEH FRIE T
RIBEE(ETROBIZ N
Fig. 10 Effects of water stress on ETR of ‘Cabernet

Sauvignon’ at different leaf ages

55 ETHE A 0.504(p < 0.05), 1M J& T [, H4xm
W I 35 R

2.5.6 Ko hiaxt A E R H B AR e A EL
g% R A (NPQ) M v W 12 s, b4
MBI OK, CK 5 T1 B3 P42 CKAEE R
18 S 90 d B f i (3.06) H 5 CK % 57 i 3%
(p < 0.05) , [A B # 0 5 0f 8 4 50 d B & 1K
(2.61). T2 ALFE R 1~5 ) NPQ M & 25 &A%, i
2.4 BRI AT /N, 5 7E M E AR 3 30 d J5 T BRI



60 x i)

i #3845

4

—1— %1 No water stress
—O— T K43 it Moderate water stress
0.6 —A— F KB Severe water stress

il
0.4 Leaf 1
Q.
S
0.2
0.0
75 90 105 120 135
0.6
0.4
!
0.2
0.0
65 80 95 110 125
% Leaf age/d
0.6
0.4
s
0.2
0.0
55 70 85 100 115
I Leaf age/d
0.6 a -4
0.4 & Lcaf4
% ab
0.2 b
0.0 b
45 60 75 90 105
I Leaf age/d
0.6 a a T— Sf 5
ea
0.4
s
0.2 b
0.0 b

35 50 65 80 95
# Leaf age/d

B 11 kSEEX FREDR TR A
HUFERRZE(gPRIFME

Fig. 11  Effects of water stress on gPof ‘Cabernet
Sauvignon’ at different leaf ages
K(1.82),
3% ®

FRH /K3 bE 5 K R e S R D A
PR S B 7K 73 B L5 FE4E 5 B AAS 1056 LA BR B i
IR RBEAT K BB REFE AR 73 o S AE P SRK I
A0 B IR S A, 4 B 5K A4, A i 20 2R 4 1,
TR 23 R R EEK O i xR EEER %

—+—%} 1 No water stress
—O— 7K 43 Bril Moderate water stress

—A—H /K5 il Severe water stress
a

4 i
3 % -
S b
% 2
1
0
75 90 105 120 135
% Leaf age/d
4 i 2
3 Leaf 2
oY
2
= =
1
0
65 80 95 110 125
% Leaf age/d 3
4 Leaf 3
R S
= 2 c
1
0
55 70 85 100 115
4 #% Leaf age/d
a M4
3 Leaf 4
8 b
=2 c
1
0
45 60 75 90 105
M Leaf age/d
k4 g IH' 5
a a Leaf5

NPQ

o B N W b
gé
T o

35 50 65 80 95
% Leaf age/d
B 12 KOMBX FREHK TRMEH A
EAXUFERRE (NPQ) BIFMN
Fig. 12 Effects of water stress on NPQ of ‘Cabernet

Sauvignon’ at different leaf ages

AL I AR G S 3 BT T R K 7 e R 2 B
IR 7 AR Fy (i 3~5) THTAR , 1X 5 28 i 5 A2 F 7T
IS5 EEAR —H

SPAD B ] AU 1 S AR iy I S 35 0k
HIFE T A2l i e 5 5 A BT
FCIRIN » A I IZE X IR I i T - 2 2K 25 B R S
S/ NS E S N 7 v K /i = B 7 N A
SPAD 1 %5 i FR 06 KT 328 4 o, Bkt 5 41, 3



51

SRR, S K BB R ERER A R R e A R 2 61

b FB A v SPAD AE i 21 VAR 5 B 55 B[] () 48 32
BB AHIF T, K S B BEE RN T ¢ AR
BEER & H AL B () SPAD M , 5 2 M, B K 4y
Joip i 55 2 FAAIC T SPAD A, 3 B 3& FE (1) /K 4y BB A5
BT REER M AN R E= ARSI R ERET
HE Ky 38 ) 2 g SRR (0 i B T B0
Yk & B RSE FHFE, BEER FRBREHME
ZT R EATRI . ), B R K, i
1~2 1) PIZHT N BRI RIS, 1 3~5 ) P G632 8 14
TR, O & A VR I S B )RR AR AL
K G et AR R YR R ) P A ARIRREN T
B, For 1.5 FRRIRERCR . M 1 AR 58 135 d I
P EEIT 0, 1X 5 Xu S50 FE 72 SRR 0 45 1 —
Fo FRELI0 T K 43 38 2 IS T A SE e
o, AR I T BRI
ST N AN AL 4 I S FLS 7K 43 P ) R B AN
[, X G AR FESE M. 12 fH 5 1 TRE
/K Gy iy 3E ) (B RO P R I A N . G P,
2 A AL AR R A, 1K B T S LT T
DIME R Y G E IS M — N HEWE
PP, Rubisco A2 F8 4k [F) Ak i 72 i) G Bl , 7K 43
7 ik 25 T Rubisco 3 1 BRI 2 S EBOC G /EH TR
I EZ R R, B H RIS FRE K o a5t < ok
B M R A B AR, 7R K E R, B
M1 4b, Rubisco Al FBPase 3% 14 3 7 52 21| & 25 5 Wi ,
T F 5 2% 3l R, 1 1~5 1 7 Rubisco i 1 2 25 B¢
i, 1M FBPase iif M 7E /K 7 38 J5 WA 52 ki), ix 5
Bota Z I 7L 45 10— 8. IR, 1.5 %3]
IK 53 Pl 3L 5 M 5 K 5 0 B B JEE 7K 43 Pl i T 3
Z A B B S BRI TR e
MR RIEE RS, BT RS R,

P AR UL AR T RE A% PR 5T e 1 s . R
DL FR R FERY . EE RE /K 4 il R 1~5 1 F,
BILE B AL FE 30 d i CH 1~5 R 23 5914 90,8070
6050 d & 35 38 0 J5 Pk & JROR K, 68 L K
3 Folp 38 A B AT HA PS 1T 97 Hf 0 B2 453 8RR A= 1 3 2k
T AEL B I e AR 3 o, FARE RIS N, 335 FL R
H 1 2 FH S 524 R B RUR X 5 R A A
S5 — 3. F/F, B 7K S 38 T2 E 6 e 1 98
/N K Gy Bl JE AR T 1~4 i I FU/FLE
Ut B 38 5 B 1~4 6 BRI A 238, X 5w A0
FLaE R —E ., K WM E B TEK T Yield Al

ETR, J Ay 1 AT 5 7R B IR B2 450K, 1X 5 1 AW
GER 3, WAk, Hp RN E R K 43 A R CAb B
0~15 &, AT #& =M B F/Fo- Yield f1 ETRAE , iX 5 i
NAEF B S 4518 — 5.

TE A K o e A BERT A, < AR EE TR H & I 1~
5 qPAE RSN, HRE K 53 e NPQAE XS N, 1t ¥
T I PR o B2 K 8 2 S i () S G K G i T
Ko W18 2 BB B v AREEICH SR 1 AR e b 22 v
Ko [ Ko e RS AT , 1 1~5 (1) gP AN
NPQ R ZE AR, B 1.2 7N BRI B 3ok, B Foke
FEREFE A AL - BE R VBRI RE I35 BT R [, Ui B
R /K o3 I A% i 2 2 0 IR TP RE 098055, PS 11O
VLR GE52 B

4 % w

B ARERER A A A AR KR E , A
SRR T EIBWIIEOR G R ) B 2R A,
MR Y R 60~90 d I, Y6 A BE JT R R . JE I
V&g S RS b e s A (BN R = & 1 S
IRFSEHEAT , M & & AR R T % . HAEK
oy W iE 23 BELAG 6 4 2l i I IR R E  INE 2
R, T FRIR O G RE T .

S #Ek References:

[1] JUYL,XUGQ,YUE XF,ZHAO XF,TUTY,ZHANGJ X,
FANG Y L. Effects of regulated deficit irrigation on amino acid
profiles and their derived volatile compounds in Cabernet Sauvi-
gnon (Vitis vinifera L.) grapes and wines[J]. Molecules,2018,23
(8): 1983.

[2] X%, FFTF, FEe R, 2B, S K A KA

TG AL S L E R IR )], TR X, 2019, 36(4)
893-900.
LIU Jun, QI Guangping, KANG Yanxia, MA Yanlin, LI Zhi. Ef-
fects of soil water stress on photosynthetic characteristics and
biomass of Medicago sativa[J]. Arid Zone Research, 2019, 36
(4): 893-900.

[3] CASASSA L F, KELLER M, HARBERTSON J F. Regulated
deficit irrigation alters anthocyanins, tannins and sensory proper-
ties of Cabernet Sauvignon grapes and wines[J]. Molecules,
2015,20(5): 7820-7844.

[4] WA SKP, LS B, ES . A, TE
AN TR 2R 0 A0 R A ) WUE S ™ 5 it o ) 520
[7]. WEMEHEK 2441, 2019,38(12) : 11-18.

LIN Baojun, ZHANG Rui, DONG Bo, WEN Wen, GAO Yan-
ting, WANG Yindi, YANG Changyu, WANG Tengfei. Effects of
drought stress on WUE , yield and quality of greenhouse grape at



62 3 i)

i #38%

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

different growth stages[J]. Journal of Irrigation and Drainage,
2019,38(12):11-18.

ROBY G, MATTHEWS M A. Relative proportions of seed, skin
and flesh, in ripe berries from Cabernet Sauvignon grapevines
grown in a vineyard either well irrigated or under water deficit
[J]. Australian Journal of Grape & Wine Research, 2010, 10(1):
74-82.

TR, ORI T i B AR DG R I AR s 2 T Tk
JE[I]. I A 25741, 2004, 28(6) : 844-852.

ZHANG Lin, LUO Tianxiang. Advances in ecological studies
on leaf lifespan and associated leaf traits[J]. Chinese Journal of
Plant Ecology,2004,28(6): 844-852.

SANTOS C M D, VERISSIMO V, FILHO H C D L W, FER-
REIRA V M, CAVALCANTE P G D S,ROLIM E V, ENDRES
L. Seasonal variations of photosynthesis, gas exchange, quan-
tum efficiency of photosystem II and biochemical responses of
Jatropha curcas L. grown in semi-humid and semi-arid areas
subject to water stress[J]. Industrial Crops & Products,2013,41
(1):203-213.

WRELF], 262 0, B0 o, SR, Dk 33, SN =28 L KA X 38
AN 516 & OS2I ). AR 455541, 2013, 33(16)
4919-4929.

CHEN Kaili, LI Jianming, HE Huiqiang, HU Xiaohui, YAO
Yongzhe , SUN Sanjie. Effects of water on photosynthesis in dif-
ferent age of tomato leaves[J]. Acta Ecologica Sinica, 2013, 33
(16):4919-4929.

YUAN X K,YANG Z Q,LIY X,LIU Q,HAN W. Effects of dif-
ferent levels of water stress on leaf photosynthetic characteris-
tics and antioxidant enzyme activities of greenhouse tomato[J].
Photosynthetica,2016,54(1):1-13.

WOODROW I E, BERRY J A. Enzymatic regulation of photo-
synthetic CO,, fixation in C3 plants[J]. Annual Review of Plant
Biology, 1988,39(1):533-594.

JEIE ST, B0, AR MR e . 3K A B X 2 AR TR O
A RO 2R IO SRR TR ML RHER 22 20
2019,39(5):110-118.

TANG Jingwen, LIANG Wenbin, ZOU Hui, CHEN Xueni. Ef-
fects of water stress on photosynthesis and chlorophyll fluores-
cence parameters of Polygonatum cyrtonemallJ]. Journal of Cen-
tral South University of Forestry & Technology, 2019, 39(5):
110-118.

LRR T =, TR . OB = 3 I o a2 5 8 K
H e WA B FE 1], Ak TR 4%, 2005, 21(5) : 13-
118.

SHI Weimin, CHEN Qingyun, QIAO Xiaojun. Preliminary
study on the model for the photosynthesis rate of cucumber
leaves at different ages and determination of parameters in sun-
light greenhouse[J]. Transactions of the Chinese Society of Agri-
cultural Engineering,2005,21(5):113-118.

TACONO F, SOMMER K J. Response of electron transport rate

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of water stress-affected grapevines: Influence of leaf age[J]. Vi-
tis,2000,39(4):137-144.

AR S RIPR 7K R SRR A D A R RT L], %
BURALELF,2012,40(28) : 13740-13741.

NIU Xinyu, LIU Lin, ZHANG Liangying. Study on photosyn-
thetic characteristics of indoor potted grape[J]. Journal of Anhui
Agricultural Sciences,2012,40(28):13740-13741.

R, £H:, PEGGY C A B, MREAL BT . AR B A2 A Fr
TEFS KA R T (0], W RGHE A AT 92,2018, 14(3) : 167-
171.

LI Nuo, WANG Pei, PEGGY C A E, LIN Sizu, CHEN Yu. Leaf
morphology and photosynthetic characteristics at different leaf
ages in Chinese fir[J]. Subtropical Agriculture Research, 2018,
14(3):167-171.

ACEVEDO-OPAZO C, ORTEGA-FARIAS S, FUENTES S. Ef-
fects of grapevine (Vitis vinifera L.) water status on water con-
sumption, vegetative growth and grape quality: An irrigation
scheduling application to achieve regulated deficit irrigation[J].
Agricultural Water Management,2010,97(7):956-964.

S TAE, LR SRR T AR A I 52 VAT, SE KA AR
24, 2006,28(4) :259-262.

WU Yude, LIU Jisheng. Mensuration methods for single leaf ar-
ea of apple-pear[J]. Agricultural Science Journal of Yanbian Uni-
versity ,2006,28(4):259-262.

CHENG L L, FUCHIGAMI L H. Rubisco activation state de-
creases with increasing nitrogen content in apple leaves[J]. Jour-
nal of Experimental Botany,2000,51: 1687-1694.

RAO I M, TERRY N. Leaf phosphate status, photosynthesis and
carbon partitioning in sugar beet: [ . Changes in growth, gas ex-
change, and calvin cycle enzymes[J]. Plant Physiology, 1989, 90
(3): 814-819.

B, EART . K73 B 7R B B A A O A R PR R B I [T,
K HEE,2016(2): 18-22.

HU Hongyuan, WANG Zhenping. The effects of water stress on
photosynthetic characteristics of Cabernet Sauvignon[J]. Water
Saving Irrigation,2016(2):18-22.

PANTIN F, SIMONNEAU T, MULLER B. Coming of leaf age:
control of growth by hydraulics and metabolics during leaf on-
togeny[J]. The New phytologist,2012,196(2): 349-366.
PR, 20, B P | BRSNS FIRE AL FEX € Ay
U5 R R 2R A RO SRR S A 0], b B RO R, 2014, 47
(9):1784-1792.

LI Yashan, LI Hua, WANG Hua, NAN Lijun. Effects of different
irrigation treatments on the growth and fruit quality of Himrod
in protected cultivation[J]. Scientia Agricultura Sinica, 2014, 47
(9): 1784-1792.

T R R . SR E Iy SPAD H 5 AR A i
L B AR G PR BIE TT (0] 04 g A A2 3, 2007, 20 (4D = 690-
693.

SU Yunsong, GUO Huachun, CHEN Yili. Relationship between



51

SRR, S K BB R ERER A R R e A R 2 63

[24]

[25]

[26]

[27]

(28]

[29]

SPAD readings chlorophyll contents and yield of potato (Sola-
num tubersosum L.)[J]. Southwest China Journal of Agricultural
Sciences, 2007,20(4):690-693.

XU Z Z,ZHOU G S, WANG Y L, HAN G X, LI Y J. Changes
in chlorophyll fluorescence in maize plants with imposed rapid
dehydration at different leaf ages[J]. Journal of Plant Growth
Regulation,2008,27(1): 83-92.

TEEE, mie, RIRZ . AR RAEH LA §E 7 LLBAT
] ZEAO R ,2012,40026) : 12793-12794.

CHENG lJianjun, GAO Zhaoquan, WU Xiaoyun. Comparative
study of strawberry (Fragaria ananassa Duchesne) leaves pho-
tosynthetic capacity at different ages[J]. Journal of Anhui Agri-
cultural Sciences,2012,40(26):12793-12794.

TR . T 3 RO SR R SR S R S
TEERHEWT D], #i2 : PHALRAMF R, 2011,

ZHANG Dong. Effects of drought stress on photosynthesis and
fluorescence chlorophyll parameters of apple leaves and leaf se-
nescence characterisitics[D]. Yangling: Northwest A & F Univer-
sity,2011.

ol BB BB X E A TR A M E I AL
FEEAUK S 54ROk R ], BRI R 2013, 46
(10):2151-2158.

WANG lJingjing, MO Weiping, JIA Wensuo, LIU Guojie. The re-
lationship of grape leaf stomatal conductance and water poten-
tial with leaf position under drought conditions[J]. Scientia Agri-
cultura Sinica,2013,46(10):2151-2158.

WA 22, S AR PE . MR LROL & B 5 505 1K I 5 A 0
FEHER]. TR AT FE,2008,26(2) :251-256.

HU Mengyun, ZHANG Zhengbin, XU Ping. Research progress
on important enzymes of crop photosynthesis and its relations to
resisting drought and saving water[J]. Agricultural Research in
the Arid Areas,2008, 26(2):251-256.

VL7, 0 ST, sl R4, . MEH Bt 2 AR v ol & B 1A% A0
T BHE LA BT FE[T]. R K 24, 2000, 19€6) «
533-536.

JIANG Li, LIU Yixin, ZHANG Rongxian. Study on the changes

[30]

[31]

[32]

[33]

[34]

of activities of photosynthetic electron transport and photosyn-
thetic enzyme during the maturation and senescence of tobacco
leaves[J]. Journal of Huazhong Agricultural University,2000, 19
(6):533-536.

BOTA J, MEDRANO H, FLEXAS J. Is photosynthesis limited
by decreased Rubisco activity and RuBP content under progres-
sive water stress?[J]. New Phytologist,2004,162(3): 671-681.
JudE, EEE . MR TN 1 S H R SO SBR[
FEEMOL AL, 2012,41(5) :90-94.

YOU Xin, GONG lJirui. Significance and application of chloro-
phyll fluorescence dynamics process parameters[J]. Journal of
West China Forestry Science,2012,41(5):90-94.

R, ZEAEAT, R, UKL, P, S BRI, B, SRR A X
JHE A . PR B A P AR 2 Rl A I e R R R
PEEI R[], TR X AL 5T, 2019,37(1):221-226.

LI Minmin, YUAN Junwei, HAN Bin, LIU Changjiang, SUN
Yan, YIN Yonggang, JIA Nan, GUO Zijuan, ZHAO Shengjian.
Effect of drought and rewatering on the photosynthesis and chlo-
rophyll fluorescence of two grape rootstock leaves[J]. Agricul-
tural Research in the Arid Areas,2019,37(1):221-226.

PP, £ BRI W W, TR . S R A A
Tt A 28 R 7K a3 R 03 10 52 0 (0] AL LA A 4
2012,43(11):80-86.

WU Yang, WANG Wei, ZHAO Zhi, HUANG Xingfa, FAN Yun-
tao, SU Liuyun. Photosynthesis rate and leaf water use efficien-
cy of Korla Fragrant pear tree under regulated deficit irrigation
[J]. Transactions of the Chinese Society for Agricultural Machin-
ery,2012,43(11):80-86.

KA, TR, R, S B AR, e, L L AN RE
WRALFL T AL RS R R R PO S BRI AR
1R[], BB, 2019,27(6) : 1569-1576.

LI Jun, QI Guangping, KANG Yanxia, MA Yanlin, YIN Min-
hua, LI Xiaomin, LI Zhi. Photosynthetic characteristics, chloro-
phyll fluorescence parameters and biomass of alfalfa under dif-
ferent irrigation treatments[J]. Acta Agrestia Sinica,2019,27(6):
1569-1576.



