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il H G = AT 130 T A6 46 34°17", ZR 42 108°04', i3 506 m, FT AL s FEAT B J& T BRIV 7 2= K8 1 <
X . HOGEEMILK 12 m, RU%E 3 m, 65 2.5 m, 8 A ERE OEE.
1.2 iRt

K 3 R 5, 6 T ALAE L N2 24 om, 707 23 eme IREGIE R SR R ER A 20 1 B 51IR A,
TR AL 500 g, 53 PR A G R ik . K S RO 288, [ 5 B 8 /X, 3 H 16 HA&R /X%
3L, FEFTR A 0.1 mm R ROGCAVE 5, BT 1B SR R 28K . 20 dJE A1, e K H —FER R AR, 45X
BE bk PRI ORAUE 25 4% N 25 K 2 78 2 WIS AR R R 3 d AR K 1 Ik, A K SRR BT A Ak B 1 2 SR A
PRI FE K & 0P AT IR BA (S H 3 HDAME 7R3 150 mL.

7 4x 3t A SE 30 X IR 23 05 5 [0, 1K 2.2 m, 74 58 0.4 m, B 3
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121

e —

GOHTE) o R
(LA RO.5 m AbFE) A% T-HATH 0.7 m(iE 39 RO.7 m AbFE) K T Hs s 2: E
0.9 mGid N RO.9 mACF) , SN FH B S IKE R . o !&t
13 R AR % S

D /NREE IR IR B (I e < FIRVE R R 4, FEAL B Rk
B T AR R 2 T 0.1 m &b SRR BN A K % b FE I ~
P, A 10 min SEHCHCR FE 244 1 K. B RBeT A

2) 6 HE B FE (1) € < 1 TES 1339 B L g HEEE v, 5 H 12 H 07:00—18:00 [l 43 1 h 24 1%

3WR S 2RI - BERE 5 dId SRR SR T AT AR, M & 5 VR R ILP 48, FIER 1 0 &8 -7
(B3R ZE B2 R SR SR IR i« 2R R 3G K . B RO 0 3R T A AR A K s ok v 5 Vi A R RO 2=
M. BANGIEES fE .

A ZEME R 5E : F ELT30KA BURSFE A 1 g (T RPARIESRIE . 4 A 8 HIFUG, &K 14 08:00 1
JRE IR AHAR 2 d (R B R 25 8 H 285, 5 WRE B T 3B N AN [ VA TR A 2852 1) H 28 RS FEK & .

S)I &% 2 5 (13 < 5K A SPAD-502 2 S 2 AW 58 & Ab B 2R R 2, BN A0 3 & 5 280, R 2 6 K

6) Y B AEH S AIME IR BEHE R KRS H 26 HD L 7E BRI 24 K H LI-COR 7= LI-6400 1§ 45 X
AR FH I T2 A 58 O A T 2 (P ER I R (T A AL S (GO 256 & AR BRS04 b B 360
HAR, GRS IRE R . K ERIK SRR (WUED F P TRE R

7 EFEKEIE 58 T3 H 16 HiEM,20 dJ5 i, 4 H 5 HIE N4, BEI4 H 8 HGHMGFR &,
W R AN K EAR A, 5 H 24 HIHFGRUGR , i R TSR v S FE K &, B8 A8 T - OR i -7 e+ 5 B B
K&

87 B IIE « A = LT 15 em I FFERUSCHE , SR FH 2 VOGRS BRI Sk, & A 38 i S 7
(1 SR HE , B34

97K G5 HE PR (I 5 < MR 5 AL B B S AR K B T B SR RK A AR T R

IRIGH K F Microsoft Excel 2007 5 DPSV7.05 #AFHEAT 43 AL FE o
2 BRE5SH
2.1 FRPAMETHEKBERREENHTL

B 2 3 591 2 HE RIS R (I 2 (a) ) AT 22 25 R/ (I 2. (b)) T 3 B, 25 P AS T A B ke et J2 A6 8 90RLE F
TANZS . BERARSEAT T, A R AL ERIR B 1) H ARk 5 4 SR S I AR A e 34 FE AR — B, 38T 14:00 38 B 55t
fH. 7£09:00—20:00 2 [H] , G J5z M 11 b ) Ak 388 ol 55 VA R O3B 000, YR FE R/ o 0.251,0.5.0.7,0.9 m IR FE 1

33




R UL 23 79N 51.31.41.56.38.20.30.19 “C, 1fif CKi A1 CKo % il B 43 il 7y 49.13 ‘CH127.80 'C. K[
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0.25 m Ab 3 B AR T J0A AR B o bl T4 P R B B 26 1 K I AR EE , 40 CKG A CKo &b BE , B AR 7K 4375 i
MR e i, MR AR KRS, B ARG R . T S G AL R R RO.25 m AL BRI AR T [R1R B TC OB IR A, oAb 2
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35



AT A, 5 F 12 H R KAs . CKo Itk s K& — H 4218 .
2.5 FEPAIMET HEBENTK

HZEBE M 4 H 8 H 24238 H i H i E BRI W HF AR I &, 2 835 do R 15 T LR LA R S
AR AL ZE SRR H R G AR, K4 H1TH AR, S H4HZ =,5 H6 H/AW
k1 REVAFRZETHABEOTR g
H 0.25m 0.5m 0.7m 0.9m R0O.25m R0O.5m R0O.7m R0.9m Cki Cko
0417 36.0+7.21B 17.245.63 CD 13.6+£2.97 D 13.4+1.95D 36.4+7.37B 37.4+7.77B 30+5.05B 26.6+£5.13BC 36.2+5.63B 73.4+1.02A
0504 29.249.36A 26.2+11.45AB 13.2+1.30AB 12+3.67B 21.2+3.96AB 24.6+£5.13AB 18.2+2.59AB 19+4.00AB 20.2+4.87AB 27.2+2.32AB
0506 15.4+3.05A 7.6+5.13BC 2+0.71D 5.4+0.89CD 2.4+£1.67D 9.2+1.64BC 3+1.58D 10.6£1.67B 2.4+0.89D 1.6+0.67D
VE [RIFEEE A [F) - R R R 2 R R (P<0.01), R [H.
FHER 1Al WS B RS 2 = KRR T, TeIROGHR AR ) H 78 52 6 A VA DR IO 3G I 9800 » 22 5 LU AR
W o WSO RS (R B AL ) 1 25 0 B O SO AL B A B R . RO.5 m AL BE I H 28 15 B oK,
RO.25 mAbFE X2 o WEBHR KA T CKo H Z& M5 & i K, 40.25 m AL BR H 2805 5 11 2 £ ; CKi 1) H 281 g
KTF025mhitH ., £ 5K CKoMHZEBERKR/NT 025 mabH ., Nl RS T HEBEA LB, T ROEE
) H 2815 8RB N:0.25 m>0.5 m>0.9 m>0.7 m. [tk Cki Al Cko H 28 M5 & 2 R AN B2, 435 N 2.4 g fl
1.6 go MiSOEHREBRRO.9 m AL FE A 10.6 g FTRO.5 m AL FE N 9.2 g 4, H A FE H 78 B F AL 3 go
2.6 Z:ﬁ}ﬂfxii%TgHﬁ@i'—ﬁfJ{i%%E@ 32,‘?—: A2 RRVARE T ABREELBERTHEY SHER
N SR B oy M 22 A RIS IN 1 X R R PN WRE F
SR () S5 6 2R AL IR B AT 2l AL L™ 05 T—-8.013+0.285 T+0.109R, 0923  23.121
A g2 R (A RSP R FE PSR osm Ti=-11.244+0.227 T:+0.283 R +0.056 0907 10877
BE PSR AR, UABEARNE  07m 7:=9.699-0.088 T+0.142 Ri+0.0531, 0.842 5.701
B (), R DPS S4B B RS HEMET  09m T=-3.688+0.034 T+0.045R,+0.101 1, 0842 5678
(% TE3E 5 A8, I 2 Fior. GRS ] RO2Sm  T—6.040+0.177T:+0.094R+0.0151, 0856 6415
AT LLE HE B CKi Ab , EoAb g PR hb gy ROSm T=25.387+0.190 T:-1.136R,+0.0881, 0960 27.466
v . b 2 RO.7m  T=-5.460+0.092 T+0.070R,+0.0771, 0832 5250
i *Hgi\éjﬁ ?’jifiﬁ? &i;;—; u @g;iéﬁiéi i RO.Om  T=-3.205+0.0927+0.0296R.+0.0567,  0.860  6.616
N o K T=1.844+0.025 T:-0.091 R +0.0876 0757  3.132
BB FRE 2. 025 m IR ARBIER T=-42.028+0.971 T+0.392R,+0.125, 0942 11746

55 347U PEE R O P g i, FL RSP A S
FE 5 oAt A FE 1 T~ 253308 FBE ST 250 R R FE R0 ST 1)
S R 725 I Tk R0k B KR,
27 FEAFETAAEESHANMTREENT L

ANAGHE A A H ST G R RN Z R IR 3. LRGSR B TE 35 UL, FFRH
FI ANV VR B R IR B PR IEAH GO0 R o I RO JS R RO.25 m Ak B3 471 JHL At b 2 1) 4 Xof I 2 36 L R
/o T CKo Kb FE FF ik i 25, st g Rt L /N

(3 RRARBET AL AL AHMG TR

T TORRAGE SN A8 T2 (g/h) , LA & b BN IR N RN B 20
WS E (KIx) 5 Ry 45 A B/ IN IR A AR /NI 1)1 28 33 ORI P (% )
T 98 S B/ INFR T R/ NI FR PSR EE CCO

JOSE M4 E/SPAD 6 &/ (umol -m?+s™) 75153 2 /(mmol - m”+s™) SALFE/(mol-m?-s™) K43 R 242 /(umol - mmol ™)

0.25m 38.4+4.20AB 10.59+0.893E 4.86+1.053C 0.143+0.0369C 2.254+0.4413CD
0.5m 39.3+2.73A 13.21+0.463D 11.52+0.790B 0.316+0.0417A 1.150+0.0546EFG
0.7m 39.4+2.06A 12.73+1.211D 13.46+0.450A 0.308+0.0103A 0.947+0.1023FG
0.9m 35.6+2.43B 10.66+1.032E 13.58+0.206A 0.292+0.0062A 0.785+0.0716G
R0.25 m 40.2+3.13A 9.65+2.189EF 4.44+2.803C 0.064+0.0417D 2.849+1.3066BC
RO.5m 20.8+3.99E 15.03+1.274C 4.35+0.0.418C 0.051+0.0058D 3.501+0.5779AB
R0O.7m 17.7+4.81E 18.05+1.639A 11.26+0.089B 0.124+0.0021C 1.602+0.1344DEF
R0O.9m 29.7+4.98C 8.26+0.535F 4.92+1.724C 0.058+0.0235D 1.909+0.7782DE
CKi 35.2+2.88B 16.00+1.466BC 4.04+0.881C 0.044:0.0099D 4.093+0.8042A
CKo 24.4+7.86D 17.71£2.340AB 10.31£1.280B 0.189+0.0488B 1.749£0.0.3619DEF
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MFE 3T LA H 5 R 0.25 m IR BE AL BE A1, o S o R Ak 2 I8 55 V) V% B (1) 386 T T F8E PRI, s i A ok 55 2
M R e A RIS TR 0.5 mIREE G R K, 0.7 mA0.9 mikZ,0.25 mIRFEM &N, /N T
CKi ] 15.72 }2 CKo [ 17.07. Wi [ Y6 5 5 B RO.9 m AL FE Y &30 5 EL /N, Fo 4 KT IRV IR B A Ot
JEEAbHE

CKi [ AL 5 P2 RN ZE i R 24 W 0 /N Ho A A 8, T8 SO B AR 3 0.25 m PR B 1) 28 s il R RS FL 5 5 B
N TEIRIGHRALFRBR 0.25 m IR FE AP AR FE S FL 5 FE RN 28 i 30 R KT [RIRE IR B U SO A 28 . 3 2 TR
DG B R 5| S V) P R Z 0 o S ) P Y T P B I R v, ARALBE D R B ALK T, A
VE IR A% s 2 SR R — TTBR , AL ke R/ , 2 M 3 T B

- 7K 53 1 FH 2038 AR e ff B2 S B T SR, ZE R FE K IR AR = e . B Ab 3 22 7 B35, CKI A FE iR K
94.093 mol/mmol. TG S A B (1) 7K 53 ) FH 28056 i A VA IR P58 1R B I T 980 o W e S BB I ()98 B A 3 7K
I3 R SR B TE O AL B AT T B I R 3
2.8 AEFGFE T8 FEKERKSEFRKWIT

RAGH T HMRENZRER R FEKE

N \ ‘ 4 FRAFET =& KR TRy L= EG T
T KA R Rt A T, Y P B R ot RRATRTE P8 A E Ao AR A R

S C kB I\ =22 R (e -
HIE 53 3 B AR ™ BA R Rk B 2257 0%5igi m 41 2,7;/?)743 3 iiii; = i ’7015:)13:;?: -
3o HSOCIIEIE TP RETNRILS:0.5 m i 0.5m  61.180+2.727A  2.981+0.212AB 20.55:0.61AB
H>0.7 mibH>025 m A >09 m I EIKT (0 o iansas 20134024108 24.6141.42A
CKi CKo A1 [FIR LM S BEALHE s BFE KM (90 3s070e2077BC  142820221F 25.09:9.10A
ST RO AL BB A VA VRIS T8/, 7390 9 CKO Ro25m 18.6972.643DE  2.620£0.012BC 7.18+1.05CDE

] 98.69% +93.66% + 63.50% 45.03% . Wi H/E 5 Ro.S5m 5.010+3.823E 1.911=0.277DE 2.48+1.52E

MEEKE HER0.9 m ARSI /NT FIVEE TG OG ROTm 6.4134.613E 1.656+0.095EF 3.78+2.50DE

JE AL T, N5 2 O B A 38 2 A () 22 AN TE RO 4h ROOm  22.640£5.923CD 1.880+0.091DE 12.07+3.15CD
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Effects of Ditch Planting on Growth of Water Spinach
(Ipomoea aquatic Forsk) in Closed Greenhouse

ZHANG Min', FAN Qiang’, DANG Yaai', ZHANG Fucang’, XUE Xuzhang*, WANG Guodong'

(1.College of Science, Northwest A&F University, Yangling 712100, China; 2. College of Water Resources and Architectural
Engineering , Northwest A&F University, Yangling 712100, China; 3.Key Laboratory of Agricultural Soil and
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Abstract: The temperature of the ditch cultivation was relatively stable and less seasonally changeable, so it was
applied to create suitable temperature condition in closed greenhouse for crop growth. This paper compared the
difference of environmental factor under different ditch depth, and analyzed the influence of growth, yield, and
water productivity in water spinach. The results indicated that the temperature and illumination decreased with
the increase of ditch depth. There were similar rules with light-reflecting film while the temperature and illumina-
tion were higher than those at the same ditch without light-reflecting film. The humidity remained between 25%~
60% which was suitable for the plant growth. The plant height and stem diameter of none reflecting film were bet-
ter than those with reflecting film. The yields of without light-reflecting film at different ditch depth were 0.5 m
treatment > 0.7 m treatment > 0.25 m treatment >0.9 m treatment, and was larger than the other treatments. Water
consumption decreased with the increase of ditch depth. The water consumption and productivity increased with
the increase of ditch depth and were fewer than those the none light-reflecting film at the same ditch depth.
Therefore, the ditch cultivation is not only applicable for solving the problem of high temperature in summer in
closed greenhouse, but also could improve the water productivity greatly.

Key words: planting with ditch; closed greenhouse; cooling; water productivity; water spinach
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