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Comprehensive evaluation on Isatis indigotica quality under
regulated deficit drip-irrigation

WANG Yu-cai, LI Fu-qiang, DENG Hao-liang, ZHANG Heng-jia, KANG Yan-xia
(College of WaterResources and Hydropower Engineering , Gansu Agricultural University, Lanzhou, Gansu 730070)

Abstract: The effects of irrigation schedule on photosynthetic characteristics and biological characteristics
effect during different growth stages of Isatis indigotica were studied in Yimin Irrigation District of Gansu Province
in 2016 and 2017. We measured quality of Isatis indigotica for mild, moderate, and severe regulated deficit irriga-
tion in vegetative stages and fleshy root growth stage. The results showed that severe regulated deficit irrigation
(WD3, WDS8, and WD9) significantly lowered (R, S)-goitrin by 8.59% ~13.23% than that of CK ( P<0.05). In
addition, the content of (R,S)-goitrin was significantly increased in fleshy root growth stage and vegetative stage by
water deficit (WD4 and WD5) by 5.43% ~7.94%. The effect of light and moderate water deficit treatment ( WD5,
WD6, and WD7) on indirubin was beneficial to the improvement of indirubin content over that of CK with the in-
crease of 1.7% ~5.7%. The light and moderate water deficit treatments (WD4, WD5, WD6, and WD7) signifi-
cantly increased indigo content by 3.6% ~9.9% over CK. The results showed that mild and moderate deficit irriga-
tion (WD4 and WD5) had high comprehensive effects. Therefore, mild-to-moderate water deficit treatments im-
proved the quality of Isatis indigotica by improving the effective components, the indigo, indirubin, and (R, S)-
goitrin but severe water deficit was not conducive to the accumulation of active ingredients of Isatis indigotica.
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Table 1 Soil moisture contents of different

treatments ( percentage of field capacity)

s HIR A BTAR A BTAR
b ER - A K] A= K4 iz
Seedling ]
Treatment Vegetative Fleshy root  Fleshy root

stage .

stage growlh stage maturity

CK 75~85 75~85 75~85 75~85

WD1 75~85 65~75 75~85 75~85

WD2 75~85 55~65 75~85 75~85

WD3 75~85 45~55 75~85 75~85

WD4 75~85 65~75 65~75 75~85

WD5 75~85 65~75 55~65 75~85

WD6 75~85 55~65 65~75 75~85

WD7 75~85 55~65 55~65 75~85

WD8 75~85 45~55 65~75 75~85

WD9 75~85 45~55 55~65 75~85

FATETE WK S AT B AR T
M =10yH,P(6, - 6,)

A, M BT K (mm) 5y J93FRIRIE )= 52 ]
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(%) ;P RTHHEBHRIE T (65%)
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B, A/ NI $5—30 5 MRAR AR PR, TiEds
FRME FARK AR ERE,IRE 0 5P AR 25
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TREE R 85°C Bk 8 h 24y ME TR 4y IRk & T I
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1.5 HESEITHH
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FATE B S BT A TR 5 VPRI L TE | O 35 1R B0 7K o3
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FIFH EXCEL 2010 X B il Bcds dE 173+ 5, #1H
SPSS 19.0 #4 Duncan £ 8 HASHE LA AL BRAH
K20 B, FIH GraphPad Prism 5 f5(/&],
222 B BAE 4 F1E

2 ER 5T

2.1 ARASHELETHRESFEMRES

MFR 2 AT LA S 0 7 o A B 2R 00 AR 25 o
2 KA1 wIRE B ) 5 N S 2 A B R
W EAR | AR EAR AR T3 55 52 K 4377 SRR B 1)
RN 35 (P<0.05) , 52 /K o 7 b B E R K
FRERARTES S CK BN, EEKD
BAL B R ER K ERERARTE L CK B E W
B XEZRR TR E R FEAR R EIWK
AKAE IS 52 GG VR R T e A B F MR
FAR AR AR T A i A R W R

JER T HEAS AR K Ay T AR R Al S
HA N E R Z MAFTEA M (R 3), ATLLE I,
2016 AFFSHE S AR B | R R EA
R A9 AH OC R 500 B & 0.565,0.968 ,0.964 Fll
0.944 ik FHz 27K ;2017 AEFA W 77 5 MAR %
i EARG | AR AR RUAR T A A G R O i 2
0.587.0.940.0.913 F1 0.907, ik 2 B EKFE, £
R | 3R AR AR 5 52 M 428 1 7 o 1Y) O ek [
o PRI, 38 K A3 3 R I g o ) AR g
MK AR EAR AR T B SRS i A B R
22 ARETHELEMNKRES(R,S)-FRES

=M

AN A B K5 G XA S (R,S) -
HIRE SR AEARFBRENZ (B 1), 2016 4
IKAT VR T AL BEXT (R, S) —HARE & w5 7R E IR
I K A3 5 AL B WD3 PN AR A K e
K7 Bk WD8  \WD9 ZbHEfY (R, S) —HKE 5 &
5 CK W8/) 8.59% . 11.97% 113.23% , 5 CK (0.236
mg - g ') ZE5 W (P<0.05) ; T 7E 7 F7 A KA P
B AR IR B T AT (R,S) —HIKHF
IR ED  Ab 38 WD5 WD4 F1 WD6 %5 CK 4351 4
i 7.04% .5.92% #11.55% ; WD2 1 WD7 Ab ¥ 5 CK
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Table 2 The yield and components of different treatment

DAREEL (A - B

ARy b B FHRK/mm FHRER/ mm WTH/g Fe/ (kg - hm™2)
Lateral root number . . .
Year Treatment Taproot length Taproot diameter Root biomass Yield
per plant
CK 11.0a 22.09b 1.69a 11.36b 8315.58a
WDI 10.7a 22.80ab 1.66a 13.21a 8239.56a
WD2 9.3abe 19.83¢ 1.47bc 10.96b 7219.67b
WD3 7.3¢ 19.05¢d 1.42¢ 9.57¢ 6894.60d
2016 WD4 10.3ab 23.17a 1.72a 13.39a 8215.52a
WD5 9.7abe 19.29¢d 1.50b 10.02¢ 7164.91bc
WD6 9.3abe 19.72¢ 1.41c 10.13¢ 7083.69¢
wD7 9.7abe 18.59d 1.45¢ 9.53¢ 6965.85d
WD8 8.7abc 16.40e 1.23d 7.50d 5311.57e
WD9 8.0be 16.33e 1.18d 7.10c 5228.54e
CK 10.7a 23.21a 1.63b 12.66ab 8322.25a
WDI 10.7a 23.24a 1.64a 13.55a 8390.80a
WD2 9.3ab 22.20a 1.55bc 12.02be 7462.24b
WD3 7.3b 18.67bc 1.40ef 10.59d 6800.36e
2017 WD4 10.3ab 23.25a 1.66a 11.08cd 8235.32a
WD5 9.3ab 20.04b 1.51cd 13.74a 7051.11¢
WD6 8.3ab 19.92b 1.46de 10.77d 6981.71cd
WD7 9.3ab 19.93b 1.44de 11.01ed 6819.79de
wD8 7.7ab 17.23cd 1.32f 8.54e 5686.71f
WD9 7.3b 16.66d 1.31f 8.43e 5539.79f
TE « 1RV S0EE 5 AN 7] - R R A B R) 22 57 1 % (P<0.05)
Note ; Different letters within each column mean significant difference at P<0.05.
x3 MEFEMEEREHNEXESN
Table 3 The correlation analysis between the components of Isatis indigotica yield
G Year PR DA ERE FHRER WAE T
Yield element Lateral root number Main root length Taproot diameter Dry weight of root Yield
MR B !
Lateral root number
EMREK s
Main root length 0.533 !
N 2
2016 | CEARTE 0.546 " * 0.943%* 1
Taproot diameter
ﬁq:i 0.526" " 0.955" * 0.922" 1
Dry weight of root
F'.:E 0.565" * 0.968 " * 0.964 " * 0.944 " * 1
Yield
G Year PR AR ERIISIS FRERE T iis
o Yield element Lateral root number Main root length Taproot diameter Dry weight of root Yield
MR B !
Lateral root number
B3 ‘e
Main root length 0.629 !
N P
2017 | HRE 0.548"* 0.905" 1
Taproot diameter
*ﬁj:i 0.661" " 0.920" * 0.899" " 1
Dry weight of root
St 0.587" 0.940" 0.913* 0.907 " * 1
Yield

o+ # FToRAE 0.01 K b AH%

Note: * * indicates significant correlation at 0.01 level.
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Note: Different letters mean significant difference at P<0.05, the same below.
B 1 E5HENRE(R,S)-HRESENHI
Fig.1 Effect of regulated deficit drip-irrigation on (R,S) -goitrin

2017 4E/K A3 5 AN (R, S) — Kk F & &5
M)« 768 77 AR A A E B /K 430 =5 b B WD3 1A JBAR
A KIS K 5 B WD8 WD AR (R,S) -
R AR CK W7 11.29% 12.13% F112.97%
5 CK(0.239 mg - ¢7') Z R (P<0.05) ; MIFEFE I
AN P AR A U 3% v B 34 2 5 A R T (R,
S) -k A AR =, AL B WDS  WD4 Fil WD6 4%
CK 35148 i1 5.43% 7.94% F1 4.18% ; WD2 Il WD7
AhERE) CK CiE 25,

AR IR0 25 S T DL B R A K
JEE K G35 R PR AR AR K U 1 R B K A T R &
JEHE SRS EA ORI (R, S) — AR RO T X
PIAAE B I R R 4375 SRR D — o R R
(R,S) - HIKEMRE,

23 ARBATSHELENAEFRESENHIT

AN TE A= B A K 43 98 75 5 X RS i P e i
AN E R EE R S (8] 2) o 2016 4EK G
b PR WA T RERE R« AE O R A K R K A
AbFE WD3 A BT AR A 13 22K 53 77 B WD8 |
WDO 4b B ¢ i & 5 CK Wk 2D 6.2% . 6.3% Fll
6.6%,5 CK 25 5.3 (P<0.05) ; T 76 8 354 K
FPR AR A A 03 4% v B 34 23 5 AR A T e R =
H4E s, AL B WD4 \WD5 .\ WD6 1 WD7 5 CK #H It
2SN E N 5.7% .91% 5.3%M 4.8%

2017 47K 431 75 A B e 5 A TR AR 3R
AR K A3 5 AL B WD3 A SRR AE K I
LKAy i WDS | WD9 &b B % & W A A CK
WL 6.5% .6.2% F 6.6%, 5 CK 27 1% (P<
0.05) ; 178 5 %A K3 PR SO A K 32 vl B 3 &
Pl AR TR A e AR AP WD4 \WD5 \ WD6
M WD7 5 CK A0 2 5 2, B 5.5% .9.9% |

4.8% M 3.6%; WD1 Fl WD2 Ab B 5 CK JC i &
E5,

MBI RIREG 25 T AR S AR KW &
JEE K 4375 SRR A S5 AR A U A o R K o T e 2
FH R MRLAA B A S8 B W B R X PSR B
IR AR K A BRT DL — s R R A

24,
24 FAAASHELEMBERRETSEN
£

W o HE RS W R B A S B AR 3,
2016 47K 430 7 Ah B e 5 41 & R AR S R R
T K 439 5 Ab B WD3 P J3 R A K 4 2
K75 B WD8  \WD9 AZbH Y E £ 41 & X CK
W 12.2% 12.6% F1 12.4% , 5 CK 27 5% (P<
0.05) ; 1A FR AR R AN PR JBAR A < 01 v B 3 282
W7 AR The B4 & m A4, 43 WD5 , WD6 Fil
WD7 5 CK # L 2 7 8 2%, # N 5.3% . 1. 6%
1.5% ; WD1 Fil WD4 Zb¥ 5 CK TR FEER

2017 /K43 75 A BE X & B 415 S . 7R
FEAE KW K A8 7 A0 # WD3 A 5 AR A K 1)
HELEIKAY T B WDS | WD9 b B Y #E £ 4L & B
CK W/ 12.5% 12.6% M 13.1% , 5 CK 23 B E (P
<0.05)  MIFEE 7 AR RN PR SRR A= 4 I 4% v B
SL AR T HE 4L E mAEE S, AL WD4  WD5
MIWD6 5 CK fH 2= 5% W&, ¥ 1.1%.5.2% .
1.7%;WD1 fil WD7 A0 ¥ 5 CK LR &£ R,

ARG 285 R T LLE Y B IR A K &
JE 7K G5 ke AT PR) JB AR A K I 1) o R UK 435 i 2
R R B AT O o e R AT R AR R X B R
B K A B e — o TR B R LY

MR,
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Fig.2  Effect of regulated deficit drip-irrigation on indigo
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Fig.3 Effect of regulated deficit drip-irrigation on indirubin
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BT E B BB A T R B R TR A
IO T HEAA WA UK AT R BT
2.5.1 FRBESFEAREE I T FE AR TS
TE 25 RS 5 0 4 B 5 L B T 20 I A S A T
B 57 FHAH G B ARG

TR (£ 4) , AREIK 5> 5 b B 58
WARBUNST (R,S) — MR e FGE ELLZ A 5 8
A IEA DG, EARAK | ER E RS A U8 e
WA R E MR THE S (R, S) - 5KFF 5 Ak
FLRFEK, FUAH PR B R T2 TR
TP R R > b JF H i T A8
PRZ A RBURE K, G B Z MAFfEES, B AR
L ES % e
252 BESRESFHFTE  HERSFRIER
FITTERR AT (£ 5) ,2016 4EFHAEM A, = 5.482, 4%
fIEAR A, = 1,089, BT~ 3 4 i B35 22 sk ik
93.874% , Bl 55 T KE4HF 2 52017 AFFFIEAR A, =
5.593 4FHEMR A, = 1.006, HiFIA~ E Lo Bit 2

BIRRARIE 94.264% , MR T REMEE . X &M
R PIA EROT REREA USRI B 7 A Am ok o34 i
DX M (9 it B2 K BB BT P A =
Y B FF,

RO R AN T RO B AR I i R, FE ) 1
AR 2 1Y Z 800 i e B ( F o ) B
ISR B0 T3 2 o PTLRASRAS 2016 4R E RS 1,

F, =0.380 X Z,.pp + 0.350 X Zye + 0.384
X Ly +0.379 X Z e +0.393 X Z v
+0.380 X Zyypq + 0.369 X Z s

F, =0.349 X Zpy +0.534 X Z + 0.383
X Zyrr — 0423 X Z o — 0.336 X Zjqum
- 0.384 X Zigqp — 0.084 X Zjyyiensn

[RJ B AT LICR A 2017 4F £ o 1.2 19 pR Bk

B
F, =0.381 X Zypye +0.352 X Zpp + 0.399
X Ly +0.376 X Z 0 + 0.386 X Z oy
+0.370 X Zyg g + 0.381 X Z
F, =0.410 X Zupy +0.544 X Z + 0.302
X Ly — 0423 X Zne = 0.373 X Z sy
=0.092 X Zyy g — 0.343 X Z o
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Table 4  Correlation analysis of root morphology and active components of Isatis indigotica

| A . . Rk ERAR ~ U A
L Jeir (R.S) -kt e BT A)rfék =R )rEJFﬁ Mmiﬂl?
Ay Year . . L. Main root Taproot Dry weight Lateral root
Index (R,S) —goitrin Indigo Indirubin R
length diameter of root number
(IO
(R,S) —goitrin
Bt ,
Indigo 0.959 !
fit 4L * o
Indirubin 0.938 0.944 1
2016 . ERK 0.659 0.491 0.616 1
Main root length
N Py
m E)H%E.{I 0.732* 0.556 0.678 " 0.972"* 1
Taproot diameter
*Eq:i 0.674* 0.525 0.637" 0.980 " * 0.947** 1
Dry weight of root
RS A
ol 0.681" 0.617 0.770 " * 0.757* 0.798" * 0.731" 1
Lateral root number
- ] - i T : = T,
) Year . . . Main root Taproot Dry weight Lateral root
Index (R,S) —goitrin Indigo Indirubin R
length diameter of root number
TR —
(R,S) —goitrin
W
f 0.976" * 1
Indigo
Indirubin 0.968 0.942 1
2017 . ERK 0.641" 0.509 0.716 " 1
Main root length
5 42
}:*EE.'{I 0.687 " 0.561 0.735" 0.986 " * 1
Taproot diameter
Tﬁj‘i . 0.700 * 0.655* 0.792" * 0.765" * 0.789" * 1
Dry weight of root
AR
Bz 0.666 * 0.573 0.750 " 0.932" " 0.935"* 0771 * 1

Lateral root number

. ox FIRTE 0.05 KF LB EHE; + + FIRTE 0.01 KF b T,

Note: * means correlation is significant at the 0.05 level; * * means correlation is significant at the 0.01 level.

®5 MERRBERSFHERSTEKE

Table 5  Contribution rate of the principal components of Isatis indigotica quality

2016 FHIURFFAF(E B BTk R 2017 AEWIHRFFAE(E K BTk R

Ay Initial eigenvalues and contribution rates in 2016 Initial eigenvalues and contribution rates in 2017
Component &I D5 ¥/ % ZH% &I D5 %/ % RBV%
Summation Variance Accumulation Summation Variance Accumulation
1 5.482 78.310 78.310 5.593 79.894 79.894
2 1.089 15.564 93.874 1.006 14.369 94.264
3 0.316 4.510 98.384 0.271 3.868 98.132
4 0.063 0.904 99.288 0.088 1.254 99.386
5 0.033 0.467 99.756 0.034 0.480 99.866
6 0.011 0.163 99.918 0.007 0.106 99.971
7 0.006 0.082 100.000 0.002 0.029 100.000

ZRI A E 12 S RN W BT P A =90 0 RS s

IS AT R o B Ll L AT 255 VRN A 20 B Hh

IR 7 A B LR B3 0 HTHER . 2R 6 R
FH B 53 BTk X AN [ 7K 4375 e ik PR A7 25 5 3F
T, N H AT LB Y, 2016 4F 2% AR E 25 M
FATEA B50853 1) S bty 1 A7 255 5 PEAN 1543 th s )
i # JI F 3 WD4 . WD5 ., WD1, CK, WD6, WD7,
WD2 \WD3 . WD8 Fl WD9;2017 4F % [&H %I 28 Fil

FMRAR KT 5 WD5 . WD4 \WD1 .CK ,WD6 ,WD2
WD7 ,WD3 WD8 1 WD9,

20162017 4E DL _E45 AT LI 1, % IR
TE 2 TR WA 850840 B JE b | XA R K 43 5 e Ak
FRAGTE LA T8 B VRN S5 B AT B R 0 WD4 il
WD5,WD1 fl CK IRz, THELEEEN KD
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Table 6 Comprehensive evaluation of yield and quality of Isatis indigotica

F ST 1 1353 EMGr 2 1357 e G

R A W1 M 2 Principal component Principal component Comprehensive
Year Treatment Factor 1 Factor2
1 score 2 score score
CK 0.7812 -0.8557 1.828 -0.890 1.377
WD1 0.8486 -1.3221 1.986 -1.375 1.429
WD2 0.0532 -0.1367 0.125 -0.142 0.080
WD3 -0.9893 -0.9416 -2.315 -0.979 -2.094
WD4 1.2424 -0.5916 2.907 -0.615 2.323
2016 WD5 0.6632 1.7166 1.552 1.785 1.591
WD6 0.2439 1.0089 0.571 1.049 0.650
WD7 0.1861 1.1356 0.435 1.181 0.559
WD8 -1.4096 -0.0780 -3.298 -0.081 -2.765
WD9 -1.6198 0.0647 -3.790 0.067 -3.151
CK 0.800 -1.152 1.888 -1.154 1.426
WD1 0.836 -1.349 1.972 -1.352 1.467
wWD2 0.316 -0.573 0.746 -0.574 0.545
WD3 -1.099 -0.514 -2.595 -0.515 -2.279
2017 WD4 0.944 -0.194 2.227 -0.195 1.859
WD5 0.927 1.667 2.188 1.671 2.109
WD6 0.176 1.384 0.415 1.386 0.562
WD7 0.117 0.722 0.275 0.723 0.343
WD8 -1.433 -0.058 -3.382 -0.058 -2.877
WD9 -1.583 0.068 -3.735 0.068 -3.157

BRACFRAS WD4 . WD5 F1 WD1 A AT AR5 5 7Y
FEAEFIK 2> F PR ) i oA S0 20 B W e &
LIRS B 3 N 2 B REAR ; AR S, 8 /K 43
THELL IR WD3 WD8 Hl WD9 FYZ5 518 A B fIX
RIVER FE 7K 437 SRR A T RS B A RS AR R

3 W ®

H 2B i BT 32 Z2 TRV ZE 5 N | R A 3
AR ASIRE BRI A it 5, ek AR AR T M R 2
HA BRI AE AR AN [R) 0 A AR 2 R A 1Y
ARIAEE, AR R Y A 85 a5
TRIR A R R A= R R AT i B K
TR A P Yok Ry e B D
FEUESEAR BEAR X 7K 43 5 SR e KA e 7 A6y, I Hoh
JEAK 0 2 P ARG AR Th i B4 & e, A
TR H 3 A I K 43 5 SR 5 K 43 X R 1 A 5 Y
SO 25 LR B v B K 43 5 A A AR v A i T
WA B0 & i, Hoog R R, A RO o B 2R
L U HEANE WDS HE CK W84 T heE ek
ZIAI(R,S) KRB &, X FE BRI A Al i 5%
RV USER S LA NV AL N B e waat 7/ L /K|
FHI L 0 106G 7 0 G i ik AR AR, A
AV RA A B B BRI, X 5 B R AR B
FEAERIA B, WA TSNS I 5 Rk K
T o S DR R AN AR A e B 20 Ik — k|
PR B =R T A B b A WS T P Ak B 4 ) o

1% 79.73% 43.24% 72.97%'"* . AiKEAE 10 H #)lk
B T KT M ARWGR, UL he A E40 58 5
RIS Rl AE O,

IKIPVE T REBERE (R, S) 5 KA & s i) R
FiH KA B 7K 3 5 A B WD3 A B A 1 4
LKA A WDS WD9 AbHERY (R, S) — 5k & i
B CK FEIK 8.59% ~ 13.23%, 5 CK 257 8 % (P<
0.05) 5 TAEE I A4 1 RN PR AR A 4 A 5 v i 3% 252
WTAHMT (R,S) —5MKE G &85, L2 WD
I WD5 %58 CK 040 5.43% ~7.94% . K385 4b
PHXTHE B L0 AR TR AR R BOAR A= 4 1 4%
FE S 5 A M ThE B4 & B AR, AL FE WDS |
WD6 F1 WD7 5 CK AHIV 25 8 3, HE1R1.7% ~5.7%
IRV 5 A B W P B R - 7R R A R R PR R
R A KA i 3 ] =5 A ) e 1 S v, A
FH WD4 WD5 WD6 Hl WD7 5 CK #H 125 5 i 3%, 44
& 3.6% ~9.9%,

PR MEAE 7 R R WK A B 5 i B Tk
HEMRRAER AR FHREINERER, F80L
e B R A R AR R T R A A
BB, Sk BF 9T & BT A2 20 767K 180 mm
F1240 mm AYALEE HEAFE K FITEZK 300 mm FALFR i
FRE T NSO SRS AR ST, A
AT AT 2518, ANRIK 4377 b BEXTS #E 19 (R,
S) 5 RE S R AN E] , B2 BE K 47 s mr L
BRI A RO (R, S) — 54K 1Y & 1, 42 S A
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WA, 45 Ah BRS040 1 i 48 R B 2 R vpE
P B ARSI PR MR A R U vl B T R 3 5 A Ak
1 WD4 WD5 F1 WD6 # CK #4145 Firsig i, Horb Db
L WD5 i (R,S) —H K F 1 & B mr, WD4 IR Z T
5228, I 7R 3R A KR AR A= K % 2
BB B R TR (R, S) —5KE & AR
REMREA S H Bt e N R SR ER L, B
WH(R,S) -5k & B S KAH SN, 05 A &
WL ERBEEAC, AT, 8K 5B xf
YEVIAEAS BT B i ¥ e A s e, s i AR B S A
PIxtaK 435 SR N 5 4E ) A BRI OK 437 R
A,

KI5 A BEREAS HE IS s PO RO o i, $i
FEAR B T BT, 45 A0 B A5 e 138 B 24 LR o
HLRE 22 E A0 s B K o3 = R 3G, #A
WA TR AU R K 5 SIS R A R o)
(R,S) —HIREFREMER, HIERBIWEZ K
o RN PR AR A K 3 1 T B K g R 4 7 R )
INEA RO (R,S) —HAKAE e s FIiE ELLFLER,
XA TR b F2 K7 R — e PR
BRI R

2 FEARTTE A RS WA R 3 R JE it b XA [A]
KAy A BRI TS LA T LR BT, SR B AR T B Y
5 WD4 A1 WD5,WD1 F1 CK Rz, FHE 455K,
BRRE KAy 5 BRAL LY WD4 WDS Fl WD1 A AT L3k
PR R 11 7= i AN K 43 R A80C% [ i LA 00 4 e
W e ELLRE KR 1) B i AN o B AR R
KA AL FE ) WD3 , WDS Fil WD9 1445 & 1543 4%
A%, 7K 3™ 2 s/ (i A5 4 AT R0 o I B R A o
REAG

4 %5 B

TE 5 I 5 REE XA W A8 32 A AU BE R L
ZLAI(R,S) ~ S RE AR MERIISE, 15 LI 4518

1) AN [FIAE B RO853 52 B 7375 SRR 52 )
F o BRI SY 5 R AT B R A B A R AL
i, Hoo SRR RS, A RN IR R e K
oA R TR (R, S) KB S AR 1R
RGPS i TR, 25 A TR 2008000 42 1 ) 24 AR o
ERE R 5 M T AN (R,S) —HKE S
HIAR,

2) 7% [EARIE A FIRA WA RO Y S6a I il ad
T TR R AN R K 53 75 B AL R A1 LA T 27
PEY 25 B 15 B R B9 WD4 AT WDS, WD1 Al CK
R, R IERRE K 435 SRR AN AT ARASH 4 o 0 7
SRR AR TR RT3 850 o0 e s L BE &
ZIRE BRI B A R T4 A W P it B

5 % X .
[1] ZENG Chunzhi, BIE Zhilong, YUAN Baozhong. Determination of opti-
mum irrigation water amount for  drip-irrigated muskmelon
(Cucumismelo L.) in plastic greenhouse[J]. Agricultural Water Man-
agement, 2009, 96(4) :595-602.
(2] oz, B, B, . RREKOREZE SRR LY
BRI ATEAYE[ )], ThEZy, 2008,39(12) : 1872-1876.
[3] HRAESC, whil, WhEH, 45 KPR EA R SOLE RN
R[], LEASEER, 2006, 26(10) :3214-3220.
(4] ZE3CH, mtadibk, bl A5 10 KHEIE T AR W ARFE KRR IE S
PRSI ). HEEHEK A4, 2007, 26(6) :106-109.
[5] IEH, B, BRI, % KO MAa XA R B R RURST
FREMEAL)]. hE b2z, 2008,33(1) :19-22.
(6] FRML, & FVEHL, 45 JET R Z Rk il R 5%
RGN [J]. ARl TAEAR, 2017, 33(04) :302-308.
(7] ET, R, B, M ST T
[J]. sEEHR, 2008, (02) ;349-353.
[8] FHoikcl:, bk, BAEse, 5. IREICHREE AR U RN
ZEIE T AR N [ T]. 22 2R PEF 4, 2009, 29(02) .
271-274.
[9] FbYb, e, 30, S T UM AT SR G B LR A 1PN
WFEL]. AR, 2012, 37(01) :54-57.
[10] JRMWE, edll, M, 5. NP oimikss S I kiREs & 1-MCP
ARBERT TR K EMI B BT [ T]. SRR AR, 2016, 33
(09) :1164-1172.

[11] EFRAMEG L DR ANRIEZ () [S]. Jbut. PEE
ZRH TR, 2015:204-205.

[12]  XURHIG, S, woudtte, 45, “ Gt BRHE R 52 STy o
ST EERETEN[T]. SRR, 2012,29(05) :867-871.

[13]  BEAR. P HE MR I A4 G A VR SRS KR R IS pIe
JE[D]. #I: TRAKA:, 2014,

[14]  FLEaWR, SRAEFT, K, & HPRERE & B A=
ST PEAEMRABEA4R, 2005, 20(03) ; 150-155.

[15] BrX, tpai, JAvash, 5. @il s F g mie L0 i
ST RHUX AT, 2006,24(03) : 111-114.

[16] FE3C, ki, o, 4. BErb2p T R s MR o 25
TR BTS2 ] 24 2Rk, 2011,36(08) : 955-958.

[17] 3, whmete  whA A, 45 0 Bk 43 5 BT IR i 5 BB 3R Ah 3T
FIFREERLS [ )] AP E TR S I0EEHR ,2018,24(02) :499-506.

(18]  SRIKHH , THRSCHE KIS AR/ N SRR it B 7 ek B - 0
SRE R ] KRR, 2007,21(05) :155-158.



