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Effects of Water Stress at Different Growth Stages on Soil Temperature and
Grape Fruit Quality Under Delayed Cultivation Facility

CHEN Nana, JIA Shenghai, ZHANG Rui, WANG Fei
(College of Water Conservancy and Hydropower Engineering s Gansu Agricultural University »
Lanzhou, Gansu 730070, China)

Abstract: [ Objective | The effects of moisture in Hexi desert oasis area(taking Zhangye City in Gansu Province as
the representative) on soil temperature was demonstrated and the association between soil temperature and
{ruit quality was explored to provide theoretical basis for facility delayed cultivation technology research.
[ Methods] Five growth stages(GS, PS, FS, ES, CS) were recognized for the cultivation of faculty-delayed
grapes. In each growth period, a moderate moisture treatment(the lowest of soil moisture was about 55% of
the soil field capacity). [Results] (1) Soil temperatures of different layers ranked as 5 cm > 10 cm > 15 cm
> 20 cm > 25 cm. During the whole growth period of grape. the soil temperature in each soil layer increased
first and then decreased. Water stress at certain growth stage not only improved soil temperature, but also
played an important postponed role in soil temperature to the next growth stage. (2) GS treatment had the
highest ear quality and greatest single grain weight; FS treatment had the highest soluble solids content; the

total sugar content of CS treatment was the most; titratable acid content was lowest in CS. [ Conclusion | Soil
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temperature of the grape was significantly affected by environment during the delayed cultivation. Soil heat

was transferred from the surface layer to the deep layer during the daytime, and hence water stress can in-

crease soil temperature. In order to increase the sweetness of the grapes, to reduce the acidity and to increase

the maturity, soil temperature should be increased in the late growth stages. They are the fruit swelling

stage and the coloring mature stage.

Keywords: water stress; facility grape; soil temperature; fruit quality
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CS 2.03" 15. 35% 5. 38° 1.779* 9. 06 9. 96
CK 1.66% 16. 52 5.57¢ 1.781* 9.31° 10. 54"




124 7K AR 3 4

537 &

2.3 HERIMRESLIEEEMNMEXR

WAER 4,5 CK M LG, & 75 50 0077 |, Sbs & &t
AL AL PS b BEREAR T 16, 08 %0 . Hi 4% b i 44 3¢ PR
Spgm, H CS b ¥ i £ 8 18. 23% ., 4 #r PS.
CS ihH 3 B A8 6 e 3 . PS Ab BEAE 3 A A 8 101 9 AH XF
T CK b #, 3 B2 2 3R 90 Hh 14 L i CS &b 2 I 4 41
B o AL BEAE A AR 0 R b LB A A
e, nlva PR Y & &, A FS g B {58 1F 45
B B AR AL R AEFFAE W 4. 79 %0 fF JE SE R K Gk
FRAEF R PR MM 9.01% ., X6 H 7Kk 43 i ia
T IR B T i TR AR AR B B R e AN T X R — A
B AT D W) 0 AR BB W R HT L AT 2 2
2 A A R LA R . T E R i ARk # B CS
A 3R AR A L Ak 19 3R 90 S 15 T 34 o e W S A R
FS #1 ES b3, AR M A . FS il ES & 34 7E
BRI R B ARk B Tt 2k E
BABUESRE FS fl ES 4b BEAH X+ CK &b BEAR {3
6.62% 3. 38% ArRF B E K. AW T I AE
HOH &R R, H R AR R R RCR
—0.11%~—100.11% ., XutM . EHFH T EZ-HE
Tk 2 AR A S W 5/ B AT REASSZ 2, SRR R S
B GS AMHL R B M IE ., MXF T CK ZbHE Y GS
Ab IR I Ry 1G5 B4 AR I P AR R B A S (e
JE U N B L T CS A B 2 B MR R K,
B4 AR 7 0T AR SR U AR 7 A PR AR R . X [
HREUE B TR A SRR e e RN A A B T
& 5 4 2 i B ) B R B i e SO

R4 BNBERIGREALESE
SEHLERAREETHE %

e GS PS FS ES Cs
N i 8.79 —16.08  5.14  1.19 18.23
AAMNEREEY —11.77 —8.90  11.33 —9.91 —7.62
W AT E MR 1159 5.91 2523 26.52 —3.53
Bt HHFH —10.62 —0.62  —37—100.11 —0.11
L T i 2.61 —1.87 —2.53 —14.79 —2.76
bR 2.87 —10.18 —19.36 —32.54 —21.24
i 25 101 .94 5.69 1.13  3.68 —0.17
B WimsERE —4.40 1,56 —1.34 —2.92 —1.73
24 FFE 5. 04 6.07 4.79 0.28 —0.15
Ry R .73 2,56 9.01  3.27 —0.01
Bl HORB —0.85  3.26  7.03  6.96 —0.25
LHFEH 0.72  3.12  6.62  3.38 —0.14

3 WS

KA B T it S S AR 1 A E A oy
HEME S R R AR R A R

W LIRS AN EEENRZ —, EEL
Ko v K B 0 [R5 e A 49 BE 1Y A8 A
R R AN R B s AR R AR R R AR
K5 M ERERELEEXLR MR REAEKRZ
BHL 35 % AR R Ao 25 32 30400 ] DA T 52 o A R 1) 1 A=
KEE . Wb, %48 g 0 28 b3 a 6 F T A
)T AR L R FEK oy 7 sk TR A AE KA E
N IR PN NN SR S S L b | o S AR S I
TR A AR B K 43 W 0 R B A 58 A5 1 DR 4598 it
SIEJ AR B A A A A IR AR RS R
ARk BAH R S 43 P o B, B TR Be S R BBy
B, HAE It A rp Ml AR TR A W S MBS .
Hb L ZRE R R AR R, HLBE S T2 R 3
s - B B 2 W KA RIS [ B 2 R R )
FHERFE M :5 em™>10 em>15 em>20 cm>25 cm, [
WG I o A i AR 3 Aok AR b, A I R X T AT Y A
B HAEREA A F WK 43 ik ae 78 2 B ] R
R AL T R R R B IR E AL

5 I B L AR B 14,00 TR EES A T2
A AR, F£JZ5 ecm b F2AE . H R
RIS BN ) 7 S I A e e 8 9 AR L 8
BRI H 45 A 7K 3 Ab 38 22 T8 AN A AE A S 2 Y 2
5o BT IR AL T A B s 1 =T R B AE K A3
EEET CES 4b AR Z 2 4 18 100 5 IR 808 36 I iR
R, BEEEF IR, RARERZAEFH B ES,CS
Rk PRI ST K A3 A B RS2 AR S e, FS Ab B
HRIACRFE T 8 m ) IR BOR . XU RZ 5 em
Rk TEAE I - R B 52 PR B IR EE AR Y 5 ) BT Dy 5
L BXEEEAF MmN R, 55 cm +
JFEAEARTE] 10 em 42 JZ 4b PS Ab PR AR B AH A= < 5 L B
HE IS ) RSO T SR Y IR AE I 32 R — A F
SR, KR I PS Ab P 2 B o &, LR A 2 FS 4b
B 0T Bl A R A B9 K A 2 A S5 L T AR I K 4 T
JEAE 3G 78 S K FS Ab B 38 75 8500 A 2R B
ok, k& ES Ab ¥, X Ui .10 em + )2 Z R
FRA ) U8 553 (] Fsf 7K 4 FR 3 4 FH T 1) 14 3L S50 0y 3 ¥
BB S i 1 S I N o = N o = S S e
T B A s LR — A= B By R W B )
HERVEN . 15,20 cm LJRERIE A 10 cm 12
A ] B4 F1%) 398 R 25007« 33X 158 B 18 ot S S ok 5% A A T IR
JEAE 10—20 em + 2N A2 A EE R Z 52 ma /), [A]
AR e . MTE 25 ecm 240, i FHEK R 7E M E
T AT A B b R R 2 - R i )2 e B
— & 52, PRI K A3 Jo 3B AR T 3 IR SR BRA —
FE R FEIR S PRI AN B B



B4l

AR 25« AN [ A 7 317K S Tl 00 o A A0E i R % 7 2 e M 5 2R S B B4 5 ) 125

TEIAE K EE SR, — AR L BUR 7 2%
YL AR, AR BR T CS A 4 H
FORARXT T CK Ab BRFRS A FEAR AL FHEA Ak B A W)
AR, & AT BB A R AL EAE X T CK b 33
BURAS AL AR R 0 a2 4 )2 P9 o7 359 B8 2290 Bk
TR KRG ELS (p<<0.05) . HAKEFTHM
T AR AR ZER(p=>0.05),

XFFEEE A S R B AL EE, R
R, CS Ah B BWE & i fe . AT MEEDE Y FS
A B R T S R O i FS A L CS A BRI 5 41
L & 5 T, A6 7 A A i CS I CK[R) e o vy » SR Al
HORORL Y GS A HE B R . AT CK AR FE, BB
AR R AL PS A HFE AR, CS Ab B AR fb 224K TH 5
B o AIVEPERDE Y & & {0 FS Ab AR fL R IE ., Al
T R o R AL R BR CS kb BRI 4D A B M R
Hom . WAL B & AR AR O 0, W B A X T CK
AEHAL GS Rb BRI R 3G 7= . YR N O R A
T[] B AR AV 2 2 e A 3 5 AE AR 0 R SR 5
T KA LA B A 0 B 280 J0 3 > R B ) 4 s b R
(7] B o AN ) B 30 7K 4 Jilk 3 A FH 465 RS TR) S SCER T oK 4y
o360 VR A A6 7 A B B A 00 » [R] B ) L J 1 A:
BB EAT — 2 W sE R R R R R AT
DAt v i 2 SO B o B v U [RD 2 G i
i VAL, DT A 350 0 32 B S . G L T L
P v R 0S8 RO O ELAR s xR — R F R B

AR

L 2 & x W ]

(1] BREHIA ., 3680 B /NG, 3 A TR 4 K 43 b 5% B
TR /INE IR B S [T, Al TR 2% 4] . 2008, 24
(4):9-13.

[2] fom. kR, R, % b ERARESEMET
+HER 2 F AT LT ] R AL R L 2014, 45(12)
152-159.

[3] SERRLL. 5y IMEZE. A [R5 35 W 0] # JA AR 5L e Ak K
A B Y B (). % A A A 4, 2006, 17 (1)
2075-2078.

(4] B R EHERE . 2575 PH. db A 038 4517 fo Bk X 4 1 AR
FEAHER MR []]. 4l TR 24 ,2007,23(1) : 40-
47,

(5] FEAH. HH MY KAE S MoK s L BT 58
(). A= A 247 ,1991,11(3) : 256-260.

(6] TR, KFH M, whbE . AR + X 4 e i 528 fh 45 1k
L], BIp iRl B2, 2006 (6) : 31-33.

(7] BR4ERE.Z BT % ARBET R EZE +HEE
T SR 0 i Ry S« A KRR R H AR Ak B O X i RE Y R
RELTD. v B Rl B2, 2009,42(6) - 2592-2600.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

FESEZR L XUHEZE , Ml f. 7 o b X% 3 1 4 3 B A fb 4
AEBARAE BB 5T [T, £ 2 2 35, 2005, 24 (9) . 1021-
1024.

Cookson W R, Cornforth I S, Rowarth J S. Winter soil
temperature(2~15 ‘C) effects on nitrogen transforma-
tions in clover green manure amendend or unamended
soils: A laboratory and field study[J]. Soil Biology and
Biochemistry, 2002,34(10):1401-1415.

Andersson S, Ingvar Nilsson S. Influence of pH and

temperature on microbial activity, substrate availability

of soil-solution bacteria and leaching of dissolved or-
ganic carbon in a mor humus[J]. Soil Biology &. Bio-
chemistry, 2001,33(9):1181-1191.

Bekku Y S, Nakatsubo T, Kume A, et al. Effect of
warming on the temperature dependence of soil respira-
tion rate in arctic temperature and tropical soils[ J].
Applied Soil Ecology, 2003,22(3):205-210.

ARG AR K A X H O I 28 2 il i B F A A R 48
K AR (D], Jb 5 b BB B L 2011,
Mihalakakou G. On estimating soil surface temperature
profiles[J]. Energy and Buildings, 2002,34(3):251-
259.

B SRR HOGIR % s RS R R AR G
PES ALY ] AR A SR 2 2 412, 2010, 25 (6) : 595-598 ,
618.

B2 SN I RVANNER "o (= I 7 N [ R 90 N = I R e o
AR A R A %G [T R TR W,
2014,30(20) :204-210.

ELL L 2], David M C, 4. H] CFD J7 ¥ 8L40 H O
AR RE PR BT ) L) ). ARl TR 2441, 2007, 23 (7))
178-185.

Fi U2 VA L i A, R B, A5 MU R R R B = 6T
b3 S e 4 oK o3 B Ry s ma L) . T 52 4 DX R0l B
7%,2013,31(3) :26-30.

B AWAERS LA CRIT] WAL R R, 2016

(3):3,5.

MR SRR AR5 RIS SRR LT ] AR
BH£,2010(9) :155-156.

TR, AR TR B K ST B R - R
ARACHFAT DR FE LT ] 1K R, 2011(6) . 7-9, 13,
Rz, EorpAg SRIAF 45, &4 B B E A S 1 R
PR R A R AR AR LT ] 2% 4. 2010, 37

(4):517-524.

v, AR OO W LR A B T
JeAFEESELT ] Pl 4R, 2000,27(3) - 213-215.
T4, i B 55K P L S T KR b RN TR i T 4 b
FUR A AR Ry ma L) ], 54 IR B 5T . 2014,
32(6):32-37,99.

Mrar B m R BHE DI RUR S MIEAE T LR R
WLIJ. £ 24 .1983,20(1) :92-96.



