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Effects of water stress in different stages on photosynthetic properties of
greenhouse grape under delayed cultivation
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Abstract: The experiment was carried out at Zhangye Irrigation Experiment Station in Gansu Province to investigate
the effects of water stress in different stages on the change of photosynthetic properties of greenhouse grape under delayed
cultivation. The results showed that the net photosynthetic rate under all treatments of water stress was higher than that
under the control. However the intercellular CO, concentration under all treatments of water stress was obviously lower
than that under the control, and it was ranked from high to low according to the successive order of water stress. Water
stress could improve the appearance quality of delayed grape. The single fruit weight, longitudinal diameter and trans-
verse diameter were the largest under moderate water stress in flowering stage. Under the treatment of moderate water
stress in sprout stage, both the yield and the nutritional quality of grape could be improved, and the water use efficiency
of leaves was the highest. These results could provide basis for irrigation system of greenhouse grape under delayed culti-
vation so as to save water, improve quality and increase efficiency.
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Table 1  Experimental design

B M AR R RSB F 5 50% )

Lower limit of soil moisture in different stages (percentage of field capacity, %)

Code w2 A I T e B2y N Eega e i

Sprouting Shoot growing Flowering Fruit enlargement Coloring and mature

(05 - 09—05 - 27) (05 -28—06-19) (06 - 20—06 - 30) (07 - 01—09 - 10) (09 -11—12-26)
A 55 75 75 75 75
B 75 55 75 75 75
C 75 75 55 75 75
D 75 75 75 55 75
CK 75 75 75 75 75
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Fig.1 Effects of water stress on net photosynthetic

rate ( Pn) in different stages
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Table 2 Photosynthesis parameters of grape under different treatments

Y Z%L Photosynthesis parameters

Qb3

Treatments Pn Gs Ci Tr WUE
/(pmol*m=2+s7")  /(mmol-m~2+s~1) /(mmol *mol ~1) /(pmol-m=2+571) /(gmol + grmol =)

CK 3.67 305.87 717.17 22.50 0.20
A 4.23 336.30 676.47 23.20 0.43
B 5.23 311.70 626.83 23.33 0.30
C 5.23 300.70 577.90 23.73 0.37
D 5.13 361.13 534.53 26.30 0.15
A/CK * 100% 115% 110% 94% 103% 217%
B/CK * 100% 143% 102% 87% 104 % 150%
C/CK * 100% 143 % 98 % 81% 105% 183%
D/CK * 100% 140% 118% 75% 117% 75%
(A+B+C+D)/4 4.96 327.46 603.93 24.14 0.31
(A+B+C+D)/4/CK* 100% 135% 107 % 84% 107 % 156%
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Fig.2 Effects of water stress on stomatal

conductance ( Gs) in different stages
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Fig.3 Effects of water stress on intercellular CO,

concentration ( Ci) in different stages
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Fig.4  Effects of water stress on transpiration
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Fig.5 Effects of water stress on water use

efficiency ( WUE) in different stages
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Table 3  Appearance quality and nutritional quality of delayed grape in greenhouse

MR /g 4% /mm HEA%/mm A E R /ml AR Y1/ %
Sb3 . : - ; Ve
Single fruit Longitudinal Transverse Titratable 4 Soluble
Treatment . k . 1 /( mg*g ) .
weight diameter diameter acidity solids
A 10.1ab 29.51a 24.06 a 9.85a 0.21a 15.68a
B 10.2ab 28.78a 25.2a 11.38a 0.15b 13.6b
C 11.8a 30.2a 26.07a 11.02a 0.145b 14.01ab
D 9.5ab 28.43a 23.88a 11.3a 0.16ab 15.59a
CK 9.1b 27.86a 24a 12.05a 0.145b 14.65ab

2.7.2 stEi&RHew mE3IATLUER, gt
PR AT R & AR B B 22 5, AR BI/MK
U CK AbFE B ACFE D ALFE .C AbFE A LB BE, H itk
AIA5H1 CK A AT IR 5 PR e e, A RE BRI SR IR, F ki
If. AARFEAY VC & iR m, 4 0.21, 5 CK M L A7
ERFEES, HUCh D 4H, h 0.16,/H5 CK 4L B
A RCHAR LLARAAEAE B M 22 5. R HE Ve
T CK At E, HERARE . A LB
WYERIEY) & s, b 15.68% , Hk Ol D 4k
B, 15.59% , 5 CK AbBEAH HL 22 AN B3, & &
BARA A BALEE, 5 CK AP L Z AR E (HY
AD AEFEAR 22 5 8

3 giwSihe

TG G 1 12 0T 3R 58 48 AL AR SO 0 2R B
R, Head R 2 BIVF 22 PRIE IR R RS20 , T 7K o3 3 2
FREEEZ - RN ER RS, RS
30 14 7K 73 I A0 RE 2 AL P A 1 A A A
ALY ASKIG BT KW, Po . Gs . Ci Tr . WUE X
ANTRIZK 734k P 0 O AS [, Xof B AL BEEY) P 4 22
TR AL PR W ZE b A BN A ZE AN TS =
MEFWZFRE . SR 6 ML, R
SR IV a0 AR HE D A S5 N 7 2 0] Ak B
A N & b0 AL B B T AE I8 AL B C
ZESEANWIEE o TS I AL BT AR AR AL H A



232 T2 X AR AT

31 &

JRIZL, XA AL A T ORE BE b A fgUs . 4% JilraE Ak
FRAY Ci YRR T X BEAL BRI LASE IS Was it e M\ s
FIMRHES, B CK A3 > A 4b3E > B A3 > C 407 >
DAbE, Hrh C.D B TR R E, Tr 56 1
A IAIEAR —F, UL Tr RN S ST CRE
JE S EAZAH S, S5 X B ALBRA Tr A EL, SR SEHE K
B0 A AR RN, 1 WUE 22 4bih 45 Tr i
LB TAAH B, S SN K I e b 38R B WUE 1)
FNE A =AY Wraa AL PRI ELR X BRAL R, DU
] SER S SN NS I 8- S )
AR B K o3 W S B AR Tr, (H Pn R BEAR /N, fif
WUE 35 , 75 1 0 1. 37 3K 43 21 I 52 I
HEMI MK R R Y g2 Sirgr 3k
B, 3 B K A hiE RE AR WUE SB35 88 &, i 5T
2 AN S — A, RIS BE A 7K 43 8 R A 2
TRt A2 i Ak 355 i 28 1R 7K 43 R 0%

AR AT B 9 B4 7K A3 W3 R AT AR w5 it A I AR A%
1% WAL T, AT AE 038 Ab PR Sk 8 K
R Ko B2 B0 o a8 (5 75 5L 7= R 3, 8 97 i
JA BB v, PR E R & wE AR, VO B R0 AT I e [
e & ¥ R aemy, PSR o RS0 K 2 1
KIS 2B 1A A Jplh e A A ™ B sk, 5 0 BE
ALFEAH LA 2 22 S, FE ARG A b N g i R 1Y
G

I YKo I X E A KA R, AR R
IR 7K 53 W38 XA 4 0 45 1 AE BHLFE BR A9 5 e AN T]
AR VO A I R B A F T A A 17K o3 T8 A B R B
XTSI K PR BRI TR R R A

S % X k-
(1] EW, B, EF55. o B R4 7 Ml PR 5 % J o o

(3]

(4]

(5]

(6]

(7]

[12]

[13]

[14]

[15]

(J]. P ohH A 5 R, 2009, (9) :61-65.
Clarke ] M. Effect of drought stress on residual transpiration and its re-
lationship with water use of wheat[ J]. Canadian Journal of Plant Sci-
ence, 2000, (3):695-702.
XUTHEK, SRR SC, BRATHE , S5 . 5 M e xR 4 2 R BE RO A
FEPERE I L] R XA AT, 2008, 26(5) : 170-172.
Pr B, ATHE R i K MR X A A G A R R s [T
TR XA ATST ,2006,24(2) : 136-138.
R, A, SRS, 45 UVB 55 S 08 T A 4 0 OB S 4
PSR RIBETE (] TR AR FSE, 2007,25(4) : 217-
220.
XUEEAR , AHESE . BOMRE B 2 0 A 2 A W B A e [ ]
%4 ,2003,30(5) : 568-570.
2V, IR BEIE, 55 TE AN IR K A3 Ak B A T A 2
AR AL AR E ()] 5 X B 5 3035, 2010,
24(9):180-184.
R, 2 R, Tk R AR T R AR R LB R (ML
At MO R, 20002 1-9.
FOLLEEM,E 8,5 R E DS KX LA AR
R HRADE AR AR )] AR, 2010, (2):1-5.
INEZ AR, 5 W R AAE YT LR S (0]
JUAE =4 ,2007,27(3) : 629-634.
gk A BRI 8 A2 T R XOR R R KA SR
ML A Y B 7T (0] 7K A PR $5 27 41, 2006, 20 (2) - 122-
125.
Turner C. Plant water relations and irrigation management[J]. A-
gricul — tural Water Management, 1990, 17:59-73.
Monclu S R, Dreyer E, Villar M, et al. Impact of drought on pro-
ductivity and water use efficiency in 29 genotypes of Popul us del-
toides Popul us nigral J ] . New Phytologist,2006, 169(4) : 765-777.
Chaves M M, Santos T P, Souza C R, et al. Deficitirrigation in
grapevine improves water-use efficiency while controlling vigour and
production quality[ J]. Annals of AppliedBiology, 2007, 150(2):
237-252.
WL RA B, RS M T BRI B HE I A
B - a5 s m 1], 4ol T %4, 2012,28(20) :
108-113.

(EE% 129 )

[40]  Christopher B Barrett A, Thomas Reardon B, Patrick Webb C. Non-
farm income diversification and household livelihood strategies in rural
Afica: concepts, dynamics, and policy implications[ J]. Food Policy,
2001, (26) :315-331.

[41] RIS, 9% . /hvas i) ROBEARO B IR KA S5 TEPFAN HI 4R
—— LI A T R SR S O B ()] s PR
BB ,2005,21(3) :80-87.

[42] WFEM THE, 5 8,5 LV PRIES M —LH s
TRMEHEH AT B ] 189K E 4R, 2005, 14(6) :88-93.

[43] H-M Fiissel. Adaptation planning for climate change: concepts, as-
sessment approaches, and key lessons[ J]. Integrated Research System
for Sustainability Science and Springer,2007,2:265-275.

[44] fuffsf, sk A0, X0EW]. R R AR REE )] T
S X AR MBS ,2008,26(5) :239-244.

[45] WA=, RRTEHA K5 LA R I NE 55T (1]

[46]

[47]

[48]

[49]

[50]

TRAALE ,2008,36(15) :649-650.

BIEGE, B T BRI . DR KRN 58 PE 4 A TN S AR AL
FAHHE ()] HeRBl R B, 2001, 16(1) :85-87.

WHAL B2, R, 5 Al T R BE T gk 1]
TR XA BFST , 2010, 28(6) : 263-270.

EME WEN, B 9,5 PERLSICRKANESE TS B
ST 52 K R L)) b mOE K2 24l 2005, (3) : 130-
137.

IPCC. Climate Change:The Scientific Basis. Contribution of Working
Group 1 to the Third Assessment Report of the Intergovernmental Panel
on Climate Change [ M ]. Cambridge: Cambridge University press,
2001 .

Michael J Mortimore, William M Adams. Farmer adaptation, change
and “ crisis” in the Sahel[ J]. Global Environmental Change,2011,11:
49-57.



