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HEATWIEGE, LA o 5 7KL o e A R B it A b A= 7 2
PEBLIRAK IS 5 B2 5 B 5 B

1 REHESANTGZE

1.1 BEXRFERERE I

2005— 20074F- 7 Bk U A% ¢ v b AR BRBHE K28 R IX A
MK T REZE R S S = (N34°18', E108°40', ik
mFE521 m) HIOGHE E N T IR T, %X 2R A
12.5°C, FEHFEKE632 mm, ‘EXZEKE1 500 mm.
AT g, 1 mel )2 N R R K AT A E ) )
H31.7% (AR 73 Ee) F11.36 g/em, H3EAE )% 5],
= NN AR %

RIS T BF 3T KA T VI 4 22811 JIK B9 H vh Ay &5
Wo AP R = N A K TR AR RN, 1T
FEBE N2 mX3 m, Bl gs—, KARLE, W
1.5 mAiAy, EAAF AW RIS AW R (4H9]—5
HA, BT 3D JFAERE R (S —6 ] _FAy, BT,
RSEhg K (6 Hh Ay —7)1 ), BITIOHD . SRS R (8
Hwl—9H 4], BIIVID FyEmH3#H (9H R —10HF
1, BV JEBANEFM B, ARG IANX, B
ANX2BRBE, AN TR SR ATPRER B 4 mX 3 m (R X

ML), FAF2REE . ANFELHEZ HTE20 cm .
80 criR I 7 327, Hb DL 2 N80 e [ BUZ B 5
SRR, [ M DL _E T BE 20 emXUZ B 95 SRR T /)N
DX A (1) 577 7K b B2 e R, 7K G R PR AR A VR 7K g Ay 7
SRR OO D EACE BN B o b, SR Ak U5 5K
K T RE /N BN A, BHES IR, 0 BB
TBIIAHH .

P CAT TR, 385 7K 3 AE 60%~ 90% H 1] +F
IKER LA b I S A A K, LA i i SR AR
B, BRI 78 ik Cf D 3385 /K SRl 442
HIZEB0% M (A FE /K LA b, 24 5 /K R 40T sl g A T
60%H [HJFF K I, RN K A2 T 7K 4y 58k A i DR U0
N} B P 1 5 Ak B AL OB R A K 43 5 e, R AL A S B
FEAKIUAE , Aff e B UCHE 7K 52 B 1438 5 /KR FR A 90% H
[ REZK A, BEZKI ) LU RO bR e AT B e, X IR
1335 UK R FEIT 60% H [A) R K I, 4 Ab T R) INFRE K, 3
KR )Z 0.6 me Forou O s K AR EE, To~Tskt
B TR A E T KA, BR20054F T 3k 42
K GEKEH AR 2/3, i HLD) AbF4h, 3 alf)d
fiby #4 AL ER Y Ky T K GEEAKE B IR U2, G2k
MD), ZUAR3 aji) %A= B Kb BN R 1R

F1 RERASERRLEKRAR

Tablel Regulated deficit irrigation treatmentsin pear-jujube tree mm
A EEHM GIKEE K AMIA-H I Ty AbEE T, AEHE Ta AbEE T, AbEE Ts
Wi 2 fE-19] (1 DAB~30 DAB) LD 04-16 85 57 85 85 85
JFAERES ] (31 DAB~71 DAB) MD 05-14 76 76 38 76 76
2005 . 07-04 66 66 66 33 66
RsEg AW (72 DAB~123 DAB) MD
07-30 93 93 93 47 93
RS2k A (124 DAB~166 DAB) MD 09-03 83 83 83 83 42
Wi % 1] (1 DAB~35 DAB) MD 04-04 65 33 65 65 65
FFAEHE 1) (36 DAB~74 DAB) MD 05-23 65 65 33 65 65
2006 . 06-16 68 68 68 34 68
RSz A (75 DAB~126 DAB) MD
07-06 66 66 66 33 66
RS2k (127 DAB~168 DAB) MD 08-09 63 63 63 63 32
Wi 2 @1 (1 DAB~32 DAB) MD 04-18 68 34 68 68 68
JFAERES ] (33 DAB~71 DAB) MD 05-19 57 57 28 57 57
2007 WSz K (72 DAB~129 DAB) MD 06-29 69 69 69 35 69
SRS (130 DAB~176 DAB) MD 08-11 64 64 64 64 32

W LD—8S 5K, MD—FJ%757K, DABRALAR K 2 f5 KA.

1.2 WEERSFZ

TEAN [R5 7K Ak 23 P A AR A8 6 2R 174 g T s AR ] —
P B AR R IR SR SEBAS, AR LI B 204 SR 5,
FIFHAGVEREAT I AE S AR, CAV BRRAE R AN
DRI 261 5 45 SR IR e o R4 J5 AE8°C KA 1A ik i L),
SRR LI E 104 S 38 s i s R
Mg FSEPREAR, o BVHCRSE bR 3AN A ) A AR
T AR Rov Re), K BTN 3AMELEIC- 344 24y 512 B
Bife (RE(R+RoHRy)/3), SRR A V=Hr(RI2)* (H X
P12, RUKR), R 104FE M AR IO
VE R B & SRR SRRV i SR s & K F Clg IR

SEEEREFEON KR FR IURR & JF il 5%, & TR 70°C Jit
Ty ARJERRUE, THERSES KR AR E
UG HUE (1) 58 1 SR S04 5 T-8°C 174 AE 120 dJiEid
SRR EA, IR RR (A/50) X100%); 7] I A
TN s GRS, 001 55 R XU & AT 0 ik (G
ORE 1y, T hniist: & (160%LL -1.0~0.8%7,
# (0.40%~60%40.6~0.8%, # (140%~20%40.4~0.5
g%, FE20%LL N H0~0.4%)s TR KR/ 4107, T
YRR TR 9~10%y, TURIEF h7~8%), K
— M 5~64)y, HERE 2 H0~4%r); K HINaOHi & %
W FSLHHR, 2,6 - FBEMHN 2w Rakve, %5
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Wres 2 Ltk OFT HAXES R 750088 20 Y6 FE T I 5E
SEVTEETE SR, WYT — 18T 5 b 100 s nl v o [l 7
i,
1.3 #iEaiE

FISASZE - / (SAS6.12, SAS Institute Ltd., USA)
HATHAR S0l DuncaniE i EAT A B IR 1) 22 e (2 PR 56

2 HR55H

2.1 AEEBRT KRR m AR5 R RIS
Wm2f7R, AFAET W7 KA B AOA R R i R
RELWBUT M. 3agi R, XA, T, (1

WD L T (1L FITs (VI B AR PR R, R
ST EEZER (P>005) ; T, () &AL
AL T R R SRR B N T, 2 R IR R K
P (P<0.0D) , 3alifT~Ts & AbER 1AL AT AL i 4o0)
R4 ISP 2) A8 4 2.2%, —6.6%, —17.5%F1-10.2%, HisC
AR5 51 T [40.9%. 5.4%. 17.4%#F13.4%. 3 a4}
SR, RFEEE & 5K Re R sl Afi . )
FRAHLE, Tov Tl A Ik B /K (P<0.05) ,

Ty TRBEEFERIEMN S (P<0.0D , 3 ailT,~Ts
A A SR S R AT R0l o 3 42 1 13.4% . 15.6%

22.2%F122.6%.

F2 FEE BRSO RIS

Table2 Effects of water deficit treatments during different growth periods on fruit physical characteristics of pear-jujube

F Ak B MULRAYG  RSCEAKR% SN e om? SRR em® WRFEIY% HE BVEIRWIR
XL T, (CKD 24.71a 78.78a 3.13c 38.91ab 20.50a 0.72¢c 7.17b
WFE T, (LD 25.80a 76.69a 3.52b 41.8% 17.00b 0.81b 7.52b
2005 A3 T3 (MDD 25.38a 76.30a 3.67ab 38.37ab 17.50b 0.85b 8.35ab
KB T4 (MDD 21.85b 75.55a 3.83a 34.03b 15.00c 0.96a 9.18a
B Ts (MD) 23.86a 75.37a 3.75a 42.63a 14.00c 0.97a 9.19a
X (CKO 25.92a 79.98a 3.36¢ 45.73a 24.50a 0.50c 7.25¢c
KEEE T, (MDD 26.71a 77.36a 3.77b 42.86ab 20.40a 0.62b 7.33c
2006 A3 T3 (MDD 24.22a 75.27ab 3.96ab 43.46ab 18.60b 0.64b 8.46b
KB T4 (MDD 20.07b 72.12b 4.06a 37.05b 15.50c 0.73a 9.12ab
B Ts (MD) 22.80ab 70.63b 4.16a 42.80ab 12.00c 0.75a 9.32a
X (CKO 24.19a 77.98a 3.16¢c 48.99a 22.50a 0.52¢ 7.15b
AP T, (MD) 23.92a 73.36a 3.66ab 47.03ab 20.00ab 0.64b 7.20b
2007 B T3 (MD) 20.27ab 75.28ab 3.54b 44.12ab 17.00b 0.68b 7.56b
KB T4 (MDD 19.79b 68.12b 3.91a 38.89%b 14.50c 0.75a 8.87a
B Ts (MD) 20.53ab 70.63b 3.93a 42.47ab 13.50c 0.77a 8.95a

Ee FSEHERARNG FRE LR 2R B (P<005) , R

3 afi Fib KW, AN H WIS 7 KA AL A K
RGP R ARRFEE M . S50, Tow ToibH
X RLAIL S S KT B M (P>0.05) , Ta Tehb#
A A FREERK, 3 ali T~ T AR B R 525K
FIGRF > 34 R F43.9%. 4.2%. 8.9%4118.5%., AN[A]
AT AT KA I B R AL AR LR, T, T HA B
FIKF (P<0.05) , Ty ToAbBREMK 2 /K (P<0.0D),
3 Al Ty~ T Kb HAH IR HE 24 0] B2 Sl ~F- 3 441 25.3%-
21.0%. 33.0%7140.9%.

R, ANFAEE ST KABIL nl § m AL A G
JoE 55 EUEOXUTR , 5566 TR EE, T oAb T ) A 1 J IR s A7
e, EAEE (P>005) , MEOERERE (P<
0.05) ; Ta~Ts&KAHATRIACE ML UK KR 2 242
i (P<<0.05) ; 3 alf Ty~ Ts b HEAY AL AE (1 B 500 I
I3 IR 519.9%., 25.6%. 41.9%142.3%, [ XUk
IR 6.2%. 16.0%. 26.0%74127.3%.

2.2 FRIEBEHSKLEMEERFRILERIRSTE
A1

3 adi R, HXHEALL, T4 B Rves —

SEHE, (AAEE (P>0.05) ; 3afiT A g Rk,

[ 20054 #h HABAE (1 ¥ i Ve B s (P<0.05) , 3 a
HITa TAbEIIER EE K (P<0.01) . 3afibiid
Vel KMt LR TR T KK h42.71X 107 mg/g-

37.80X10? mg/g#l38.47 X102 mglg, XS IR 4> 42 =
31.2%. 59.3%f122.3%. 3 a&fi iR, To~TshbEAliAL 4
VeI 43 W4 775.64%.  9.25%. 32.7%#1136.3%.

3 afi RN, To~TsH B A% PE B RO oy
WA R F%5.3%. 13.1%. 15.7%7#110.5%; [ I, A ]2
BT KA B A AR A AN R FE BE PR, BR20054ET 5.
20064 FET AN BEAN (P>0.05) , Hifth& 7 /K& BHIA4E
HEFERIT (P<0.05) : 3a% 5 /KA A LR R AT
MR A0.18%. 0.19%F110.21%, J3 5l %) i K [4:33.3%.
53.7%F116.0%; 3 alf]To~Ts75 A0 B HLRR o6 [ 43 )
SR PE21.5%. 12.9%. 18.28%71136.6%.

3asi BRI, To~TsHAAHEMTSSIE #iEm (P
<0.01) , 3 affal#%75 /KAb B A 5 KA K KA 16.67%-
16.93%71117.20%, 43 il 5 %t FE i 15 22.0%. 20.9%F157.1%,
3 ali] Ty~ T Ak BRI TSS S5 Il ~- 34 480 0) f 42 177 21.5%
21.5%. 27.7%F129.1%. 3 a&i K, NEAEF ST K
AL BRI EE A e (P<<0.01) , a5 /KAL)
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AUACHE IR L B B A IR 92,61, 89.11H174.82, 43 WlHent
W2 745.3%, 61.7%F142.4%; 3 alf] T~ Tsillj % kb B filif
P2 L) R 23 91 S Y 42 751 60.0%. 47.8%. 53.3%£1198.7%.

KIWIR, TAHH A~ E A Fritn, 3andmEE
Wk K5.3%. 5.6%F112.9%, H20074Fik B KF (P<
0.05) ; TAbHAli =& B FFL (P<0.05) , FEMEMKIX

$13.8%. 15.9%F112.9%; T AbH A= EAT A RFLE T
F%, 3 aln] 0 K 7 16.8%.  1.2%7113.6%, 1Y 2005
EIAFIEE KT (P<0.05) 5 TobHX = & A 52
(P >0.05) , 3ali] Mk Ik h-4.9%. 9.3%416.3%; T~
Ts & AL FERLA = 53 a1 R MRAK IR N 7.9%. —12.4%.
~7.2%7#13.6%.

®3 FREEBHSKLEMNBEF L FHFESEFM

Table3 Effects of water deficit treatments during different growth periods on fruit chemical characteristics and yields of pear-jujube

s g 22 R M 7 i FE T s e
w s 107 gt Pulitis TR A K- o
XL Ty (CKD 32.55b 2.30a 13.67b 0.27a 50.63c 21 388.95b
A3 T, (LD) 35.30b 2.40a 16.33a 0.26a 62.81b 25271.10a
2005 KB T3 (MDD 34.76b 2.30a 15.83a 0.20bc 79.15a 19 904.40b
Ab¥ T, (MD) 41.87a 2.00b 16.16a 0.24b 67.33b 20520.90b
AbEE Ts (MD) 42.71a 2.20ab 16.67a 0.18c 92.61a 25 692.30a
X Ty (CKD 23.73c 2.80a 14.00c 0.4la 34.15¢c 20284.75a
LB T, (MD) 24.86¢ 2.70a 15.56b 0.26b 59.85b 21417.65a
2006 KB T3 (MDD 26.46b 2.10b 15.36b 0.3% 39.38c 17 058.50b
Ab¥ T, (MD) 36.05a 2.50ab 15.95ab 0.29b 55.00b 19 186.45ab
AbEE Ts (MD) 37.80a 2.20b 16.93a 0.19c 89.11a 22179.80a
X Ty (CK) 30.99c 2.60a 10.95¢c 0.25a 43.80b 15 623.20a
KB T, (MD) 32.03c 2.20ab 15.01b 0.21b 71.48a 14 555.75a
2007 KB T3 (MDD 34.12b 2.30ab 15.73ab 0.22b 71.50a 11 665.25b
Ab¥ T, (MD) 37.89% 2.00b 17.20a 0.23b 74.78a 12 843.30b
b3 Ts (MD) 38.47a 2.50a 16.24ab 0.22b 73.82a 15798.95a

ZEA AN AR B 7 /K A B B A 2 T e bR
PRI A A, g KAl G AL I o AT
TEXTAERE . mI PR TR BRI L A48 v RN A LR 1)
I Eo ABFTUEY], To& PR R i . sk
PREE W LN R AR 000 R AT R SE B oK g AT R R, AT
fifif7, PR AR TR, AR T AR dh i
B, [T R SEAE L . IV MR T 5 ME R B 2 e e
AR LIRS NS, %™ I S g, k3] T LIK
WAL o BeAbh, T b PR AT AL AR L R BRI,
XA g S SR, RO A % TR R (1 5% i 2 5
T FAHL, Tou T ALBEALA N, Bt AT — e i« 255
B E T W K Al B LA I B AR S, DL
Tefft, Tk Zo

3 i i

AT R W], RDI A4 m Bschdifgg, 5 Kilili 24,
Cuevas %M | Bussakorn™4& (251 Bl R K 235 Bk
Tl SR PR 40 O TR ORRA 3 257 31— e B 1 SR PR 40 P
Y FER. MR B R . RDI & FER/K R
A RS, T, To & Te AL BEAT AL AT B &
5 RSARBUE /N, Ty AL B REAC, K
JK A B SEZ it AR B B RS B S R K. IR A T 2
WK 43 75 e B AW R TR A, A e — R
GrERE RN, AR RE N TTAE AR B A AR B AR K
MEHEEReE, RN, K5 6EREKANAE S
IR AR =2 “CAMERLET , — N B A ATk

HRMRE L, EATH T ARIE R, Bl ToABf
ARG 5 R SRR TR R K 2 7 e &
BACE KR, R R e U, JRgIR K
EHPRBE, AR RESTELZTRD SR Mg M
WA TR0 7K 735 SR U E 22 5 K, A K
XF K 5 R U, T e A PR A I i S8 A AT L
Yz Bt K o 5 SR BUR Rz, SRS R AL
AR AN R H O E RN YT, Ky i A SR P 4
MEEIRZR, A F SR o 5 R S AR B W] R B SRSk
FYLR A A0 0 3 B A IR AR S, B R S AR K
ARG, BT LR — I ) 7K 735 SR BT 5 RS K/
HRIATHIRR .

KA FEAT R TS A T A R ™1, A
WP RIARLGT 1 . AWFFUE R ILA A F 5 KA BEAS
R RE AR T T e R A, 5 Saa A G A L.
TR 5 KA FE AN AT DU I 11%~13%',
WERATHURRIE W S5t AR R AR A K
AL FEXATHUIR &5 AT i, m WKy 5 et SR SeAT
PURR S 22 N IR S R AS [/ T A R 2 57 . KB ITR
W, KA BT I SR AR [t b K SR R L 91022,
AW A DL A T AN A 5 K AR B B R TR R
Lo, FZEBUN AN F A 75 K AL B BN A LR 5w A —
B HEIE R E R T AR Y, R AT A R K
LA S R B R T 1

IR G35 GRS RS2 Tt ST AR (1 5 W2 5 7K Ak P i
JBE 55 D B FC St ) A B BE SR A PR IR g SR 5K
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A T X 7 SR R PR 5 Y A R S i K PP R i e
U2 e g N R IR () 5 R T 40 Lok s B,
FIMIAE AR — 52 KAy 5 05, PR IR ] S PR 184
R R, TR RO, LS s S T K A B
SRS R R T TR 5 AT LR B AIG T SR S 40 A 1 K
B, RHET AN AR TR 53 RS TR 1) R SE R R
W TSR IRy KOS, e R REER T
IR T AT R I GRS, JEAE K 5y 5 B o X S
KGR R E RS, ARFST R, RSk
S YT FE K 53 5 e SR S AN BRI B T 48 o 1) i
P2 R A S b T, S KA R B A A
KA HS AR R Rl R A TR ) R i) 3
Hpe TS (1 I 3 . Cuevas 2515 1 70 REAR A4 1% 1 21
kZuii) 6 W (BiZEREM R 5K B {F e
WIERT 27 d HXHE R T JE S g, AR SR 1R 28 5
Bt i 3 £, BRACHH AP HARIN B 5 7K b B OGS AL AR S
KNS PARTC B W Lavee 529K DUMINIM A K L1
CHTZE 3D ANREMR I A6 P O A )8 R0 5 T s i
KD 7853 HEZK 1R Ak 38 SR 1 RN A B 78 4 A1 K 1 o TR
WS, HPP s IR ARG, hE T CRSENE RIS sk
B KA B AR R R R RS R, IR R
flIEL], Rapoport 25217 % i3 51 [A FE45 16 Costagl
AR I8 Sy SRS AR RS HE A K T R PR AR R, s
KB WIFE K RS g i KA R Ok . R,
75 AN ) 26 8 S 7K AL B2 e 7K SRt T R
i) J B 28 I B e 72 AR B I, DR SR AE AR TH]
(A2 B HARE K 23 B R A A B 3 22 e, ASIRIZE 6 4
HOCH A 70 WS A iy b R B2 7K 20 5 i [R FE FE AT
FEANTA] s AN TR) A 7 006 00 1) — 7K o A 4 I ol g 1
Az KT T K A 5 S B A 4 K 4y TR R 2R K LAY
Be, IR ZE SRR A TR RRRE . KR
S5SNI A PR AR A K, e B0 T R )
BT o ANBFFER I, TFA6 88 S 5 S K e A
AP AR TR AR, JUILTF AR e SR 5 K b B 255
FEC I Rk, S IG5 K R B 7 B R RN,
Y 2F 15 SR S I A2 e TR KOG, Kb AN
S EOET, v R A S BT R T s L,
AT KA, H DU S A R B b

4 2 it

1) 5 7K A B AL 5 (1) o3 2 BRI A X B
AR . Al R BERR L B e HLER 1)
L, 5 K A B AT B S B AT SR R A IR S Rl A R R
A o

2) WiZERE . JF AR )RR R K A B AL AL R
Toie . JSE P KOR B LR FE BEKOR, (RN 0 S 3 v SR sl
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Effects of regulated deficit irrigation at different growth stages on
greenhouse pear -jujube quality

Cui Ningbo'?, Du Taisheng®*, Li Zhongting®, Wang Mixia®, Guo Jun*
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest Agriculture and Forestry University, Yangling 712100, Ching;
2. College of Water Resource and Hydropower Engineering, Sichuan University, Chengdu 610065, China;
3.Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China;
4. Bureau of Luohui Irrigation System Management of Shaanxi Province, Weinan 715100, China)

Abstract: In order to investigate the effects of regulated deficit irrigation (RDI) on pear-jujube quality, seven-year-old
pear-jujube trees in greenhouse were studied during 2005—2007. The experimental treatments included the sufficient
water supply during the whole growing period (T;), low and moderate water deficits at the bud burst to leafing stage (T ),
moderate water deficits at flowering to fruit set stage, fruit growth and fruit maturation stages (T3, T4, Ts), respectively.
The results indicated that the different deficit irrigation levels at different growth periods had significant impact on the
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pear-jujube quality. During the three years, water deficits treatments at the stage of [ and II had less impact on the
quality of single fruit and water content of pear-jujube (P>0.05); meanwhile enhanced, the fruit firmness by 13.7%—
15.8%, and reduced the amount of organic acid and rotten fruit percentage significantly (P<<0.05) by 14.2%—18.8%
and 21.0%— 25.0%; and improved the soluble solid content and sugar/acid ratio rather significantly by 22.1%—24.4%
and 47.8%—60.0% (P<<0.01), at the same time, shortened the fruit maturation time by 10—12 d. The water deficit
treatments at the stage of III increased the fruit firmness, fruit color, vitamin C (Vc), soluble sugar, soluble solid content
and sugar/acid ratio by 22.3%, 41.9%, 27.0%, 32.1%, 38.1% and 53.3%, respectively, and meanwhile the water deficit
treatments at the stage of IV improved in turn by 22.7%, 42.3%, 37.4%, 28.1%, 27.1% and 98.7%, respectively, which
had the significant level (P<<0.01). The water deficit treatments at the stage of III and IV reduced the organic acid (P<
0.05) and the fruit maturation ratio greatly (P<<0.01), and shortened the fruit maturation period by 15—20 d. At the
same time, it reduced the single fruit weight and water content of pear-jujube, which had significant influence at the
stage of III (P<<0.05). The improved level for the quality of pear-jujube was stage IV >stage [II>stage II ~ stage I .
Through the integrated considering the impact of water deficit treatments on each indicators of pear-jujube quality,
moderate water deficit treatments during the fruit maturation stage has the best results for the quality of fruit, which has
important popularization value.

Key words: regulated deficit irrigation, greenhouses, quality control, pear-jujube, yield



