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B ROR: BHRORHARTRLL 5:2 AR, B A
G IR R 4 KA 4 ¢ SHEBIRS . it
ik 2 K~ /N A 3 ( Brassica rapa L. Chinensis
Group. ) , TR ZE 5] & 13 /X, [ XHE 3 KL,6 J] 25 H
R 3 dJEHE, ) B K S — AR A AR, B
Utk ARGk o 28, R EE D 0. 1 mm B 45§ S
DI 75 RSB T o 7 o i A R K L DR TR A
JK o3 32 I 7R AT i AR P AR 4l 25 Ak A B 25
TEOLEE 2 d HEK 1O HEK RN 2 AR 26 o

A B AT 25 P A S5 DX 2R P8 )42 2 HEAS TR
DRI, B 2R ARy 2.2 m i 58 0. 4 m, & 5578
B 0.6 m, Qi B 1 BT 7R o K 2 AR 8 8 10 ik o 3% i
o EF A FREME 0.25m 0.5m 0. 7m
F0.9m kb, 34 AT, B K00 E S Al
B o RIS 230 76 42 B P 25 P AR BES2 0) R 4H CKG
il CKo( A2 ,5 FH ) o By 1k 18 BE i 7% F1 {8
PN R 3 K G Xk s A BE I R T 7 V) RE A IS 34
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Fig.1 Layout of experiment
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TES1339 #Y R FE T+ I 5 AH bk et )23 19 O' BRSR 32, 16 4%
BRI B R A, W 4 B [E] 2 07 :00—17 .00, 7 1 h
B IBCEE — VK 5 3 36 25 T 9 i R R B e B R
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TRV EZE . K5 L 08:00 #7545 & Fr i
1RGAAR 2 d BRI 2%, IS IREE P 3
XV TR B B 78 W i . BE R LT B OR R, A
07:00—17:00 £EF7 1 h FRit 1 9, AH4E 2 Rk & 2
E A7 P4 O i A PR A /N 38 1 h (9 4E bR 25 1
i, B 78 I R i ) R R T AR A, ALK
TR D7V I 5 AR PR (B 5 45 B B K By R BT i 2
AL AR L WO PR S - Ry BB &, Ko
PR RN N S S R I R H T
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K L DPS V7. 05 (4 if 47 22 5 8 3 1%
o o NE = B Ve
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2.1 BERRGEETH
2.1.1  AJFZFEA 440 PR AL

A bf P 2 YA SOR KR N 3 H 4y IT iR,
WIE 6 AN H o SRS PRl , 42 P % N /Y s il 2
SR XF A% TR B VA I ) L B R I B/, AE 4 AT B
7 016 HEEWIRAE , WA [ 40 R AR 8 2 25 <
i B A A IR A AR A, A% AR B B vy e A HE A
1R, G5 RRIA b R e 5 A N IR
AR A A — B, P PR S SR BE B T R i
TIOR3 A B SR AR 1Y R B
N JEHOR VRN 0.7 m Al 0.9 m b FEH S i L
AR ] AT CKo b B, 4 A7 HIBNSALFEH
H el BE X T CKo B3l B2, T H e G it J3E 4 45 7
OC A, Ak Pl 22 Al i 2°C  [H ¥ T CKi I
CKo i B, 75 7 K B FEV8 B kL B 1 R 1 O I 2%
Fo 7 H 16 HIFEEHO0.7m F10.9 m LAY H 2 &
TR 43 50k 40, 19°C F1 37. 75°C i ik T CKi #1 CKo
T o B 4 AN [a) R 3 A B Y H S AU I RE i 48
WAMELEE AR 2280/ R WIE - KB s il R T,
A TR R A Ak FRAR R M AR T 6 P 3L 8 A ik el 2 T
TR E AR RR AR B I TR A R R PR
*1 4R7HM7Al6 HERARABESEENREEE
Tab.1 Variation of maximum and minimum temperature

under different treatments on April 7 and July 16 C

AN [ R B2 A 3
0.25m 0.5m 0.7m 0.9m CKi CKo

H i

s 4119 26,81 22.50 19.75 38.31 19.20
0407 HERE

RAGHRE  8.56  9.94 8.50 8.25 3.63 1.90

0716 fREIREE 53.75 48.13 40.19 37.75 54.88 45.44

RARIE  20.19 21.56 22.19 22.50 20.13 18.81

2.1.2  BRRIRAR 2 R E AR L

hy BIF 5 MY R AR AT S (] Ak BA A G 2 R
M BE Y H AR AL AL, A B AE RS B R A(T7 H S H) M
ZRRF(TH9H) FH#Arila, 250 K 2 s,
W B R A4 Ak R B2 A2 A 5 CKo A 19 72 Ak e 34
FEAR—F (B 2a) , A 09:00 ~20:00, £ &b 3 B 2%
S 0 TR B R E B A I TR A 1 i B U
/o CKo #1 CKi 1 H f5 5 I B2 43 g 43. 81°C Al
57°C ,YRBEH 0.25.0.5.0.7 F1 0.9 m &b P K & R
JE 4Bk 61.25 49,50 41,69 1 38.81°C . [ I &
0.7 m F10.9 m kb # AR, A b P Y A B Z TR
JERK BRI FEAE 35°C UL b A E B AE K .
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Fig.2 Variation of temperature under different treatments
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B ) B B LA 2 P ) £ AR Ak, T N A Ak B O
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235 R B R T 1 K 2B DA R T 5 N 55 SR T ) 52
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18 't BEBER 3E K B0AEA , 25 TR 5 VA 1 Y O RS B 3 )
F TR = R 79.81% .75.39% ,70.82% Fil
62.03% , 12:00 L5, K25 o= 4 2, Wil = 41 ik
PR 45K, Ol B B AR AR R BN . IR & AR X IR CKo
14 ' HRSH B B R, Tt =5 VIR CKG iR =2z, 3403 %
3 61.92% o TEBEE 0.9 m Kb 3 VA IR 55 K, R #E A
TR Y 1906 BEGR E Jc /0N, H ST 3400 BRI BE [l CKG Y
30.23% .
2.3 BMBXST/INAXHEBETW
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N
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T
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Fig.5 Variation of daily transpiration of Chinese cabbage and average temperature under different treatments
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Fig. 6 Change of Chinese cabbage transpiration rate

under different treatments
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BECR,) A3z SR (T,) A A2 4, | A DPS
B0t Ak PR 7 A T 38 T N R RR ) 2 R
HHEEN TR Z B BIATT (R 2) o NFEK2 0
PAF AN TR] T8 TR P RE ) 48 /1 1 SR PR 2% i 1Y) =
BT A AN A A X I CKG e 2% i R A

SR T 2573 AORT I R R G 5 LAl 4% b B
(78 1 5 5 /N IR B T X TR B O B0 B DA R
HE a8 B A 0 25 AH G . BR CKo Wy 2 R H 0. 556
A, A TR) ¥ T A R A 72 4 [ U 5 R A ke E R R R
0.8 LU, ik 3 g E K,
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Tab.2 Stepwise regression analysis of transpiration rate of Chinese cabbage and environmental

factors under different treatments

b H % 8 H )5 7 e REL FAg pfH
0.25m = —0.985+0.0297, +0.005R,, —0. 0011, 0.821 9.157 0.0117
0.5m T, = —0.898 +0.027T, +0. 006R, —0. 0031, 0. 801 8.017 0.016 1
0.7m = —0.704 +0.0157T, +0.013R,, —0. 0011, 0.878 14.298 0.003 9
0.9m T =0.016 +0.0127T, —0.004R,, +0. 0011, 0. 850 11.372 0. 006 9
CKi T = —3.372 +0.068T, +0. 032R,, 0. 800 13. 862 0.003 7
CKo T, = —10.130 +0. 2117, +0. 079R,, +0. 000 21, 0.556 2.506 0.1559

T T O /D F SR 28 M T R (mm/h) T, g 48 A0 /N ER S5 A 4 /N I B S 35030 52 (°C) Ry D9 45 b BHL/IN B 350 D9 5 /N IR ) S 34 28 /S0 X 3

BE (%) 1, 2% Ak BE/NER BT P A /NI 1S 29 0 3R 2 (Kkx) o

2.6 AELENERERRKRARKGEFTE

e A LB AR A R KA & IR )
Jit, T B R 0 2 0 B RO TE R L R
PERAR AR 1 RIS A, T AR [ R EE 7 P9
FISR I A R AGHR, W3R 3 .

®3 AELE/NEFKEKIERBITE
Tab.3 Comparison of plant growth indices under

different treatments

Ak 7 PR/ em MR B/ (R k)
0.25m 14.02 +2. 32" 9.8 £2.49"
0.5m 20. 48 +2.52* 9.0 +1.23%F
0.7m 22.54 +2.01* 10.0 +1.23*
0.9m 19.56 £2.52* 10.2 2. 17%
CKi 21.30 2. 64* 9.2 +1.48"8
CKo 12.56 £1. 83" 6.4 +0.55"

VE : 2 T H AR Duncan 38 M 2 15, p<0. 01 9 2 5 2 %
T

PR v 2 A AR PR A K RE RS 5 A 0 — I T 2 4R
Fro MER3 TLIE W BRI N 0.25 m 1Y 40 BE 5k,
T A At 4k 38 A A PR AR Y AR TR E 0.7 m
IR & B K, 0.9 m b Ff /v, YREESH 0.5 m,
0.7mAI0.9m AHMHEm S CKi TRFEXER,
CKo 122 538 B 0 & K P o MR 80 2 07—
FREE bR W T RS bR I KA RBEHA O G RE T . TREE N
0.25m.0.7 m f10.9 m &b PR 7 %02 8/, 1
1£9.2 ~10.2 Jr/#kzZ 18], 5 CKi 1Y 22 75 B % K
VL5 CKo &5 i8I B E K. B T/hEER
F 5906 MR A R T O AR A 4 1000 ~
1500 Ix, MR EE 0.9 m [ BE 5 B B fe /)y, (HA)S g
T F2 /N S TR AR K 1 B IO B 5 B 20K

A A AL B /N SR I R 2R R K
SriEFE AR CKi Y R K R E N 0.5 m 0.7 m
0.9 m HyAL PR Z 7= 4 ik #] CKi 1) 86. 6% L) |,
CKo A3 = Bt e /N, ALKy CKi 1 19. 8% . Ji 7% I ik
FIH CKi dg K, HoAh Ak B ) 22 55 AN W 35 4% Ak
KA PR RN E N :0.9m >0.7 m>0.5 m >
0.25 m > CKi > CKo, {4 Y 45 40 L5 % 1 CKo 22 57 1
F o HUL AT, TR A AN ] 3 B P R 5 A
FISRE 7 o 78 I i MUK o A 7 2 22 7 Wl i

£4 TRLRNEEFEREBEMAS E>F
Tab.4 Yield, transpiration and water productivity of

Chinese cabbage under different treatments

AhEL PR/ (ge bk ') BZEMEE/mm KM PR ER/ (kgem )

0.25m 19.55£0.64% 73.64 =2.16" 5.88 +0. 06"
0.5m 33.53+0.22°% 78.17 +2.22" 9.50 +0.31*
0.7m 32.45+7.84% 67.88 +4.35" 10. 54 +1.93*
0.9m 32.43 +2.53% 66.38 £3.12" 10. 80 =0.51*
CKi  37.43 +1.65" 145.24 £3.73" 5.70 0. 56"
CKo  7.40+0.25" 76.92 +2.16" 2.13 £0.04°¢

3 #it

-~

(1) by F 3 38 X 78 A Sk 32 1 °F- i A il A5 R
JEHR0.7m A10.9 m ZbFRTE SR A EE T, MR A K
RO R AL CKE 5 BT RE AL, B Rl 22 KT
20°C ;' B3 32 T 2 v A AR 385 m i s/ L (RN L SR 8
T HVEY ,0.9 m &b B (%) B8 5 FBE 45 RE W
A VE B BER Xo RE R 1) A R R W )N 5 45 b
B 28 SOAH R B LA QR FEAE 25% ~T5% ZJA), &
HAHMRAEA o [, 57 T AS R BE V8 N 78 19 R
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Cooling Method and Vegetable Growth in Closed Greenhouses
Based on Ditch Cultivation

Zhang Min' Zhang Fucang’ Xue Xuzhang’ Li Xia' Wang Guodong'
(1. College of Science, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
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3. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China)

Abstract. Since the soil temperature in closed greenhouses is relatively constant and less influenced by
external environment, the ditch cultivation method in closed greenhouses is adopted to conduct tests in
this research. Moreover, water is supplied according to the transpiration to create suitable conditions for
crops. The differences among the environmental factors of different ditches with various depth and their
influences on transpiration rate, yield of Chinese cabbage as well as water productivity are researched.
The results show that in high temperature condition the temperature values in 0.7 m and 0.9 m ( the
depth of the ditch) are reduced obviously compared with CKi ( Check treatment in greenhouse) , and the
maximum temperature difference is larger than 20°C. The humidity is maintained between 25% and
75% , which is suitable for the growth of crops. The water productivity for each treatment are: 0.9 m >
0.7m >0.5m>0.25 m > CKi > CKo. In high temperature, ditches with the depths of 0. 7 m and 0. 9 m
are more suitable for the growth of Chinese cabbage. Therefore, ditch cultivation method can solve the
high temperature and high humidity problems of closed greenhouse. Meanwhile, it can improve the crop
water productivity.
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