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Responses of Water Consumption Characteristics, Yield, and Quality of
Isatis tinctoria to Mulched Drip Irrigation Under Water Deficit
WANG Zeyi's, ZHANG Hengjia', WANG Yucai', ZHANG Wanheng', GAO Jia', BA Yuchun?
(1.College of Water Conservancy and Hydropower Engineering » Gansu Agricultural University .
Lanzhou 7300703 2.Administration of Hongshuihe River, Minle, Gansu 734500)
Abstract: The effects of water deficit (WD) on the growth, water consumption, yield, water use efficiency,
and quality of Isatis tinctoriaunder-mulche drip irrigation were studied by a field experiment. In 2018, the I.
tinctoria water control experiment was carried out at the Yimin Irrigation Experimental Station in Minle
County, Gansu Province. The seedling stage and the fleshy root growth period were fully flooded, and different
gradients (mild, moderate and severe) WD treatment were carried out in the vegetative growth period and the fleshy
root growth stage , and various growth indicators, yield, water use efficiency and quality were determined. The
results showed that: (1) In the period of vegetative stage and fleshy root growth, the moderate and severe water
deficit significantly reduced the plant height, leaf number, main root length, and main root diameter, and the
declines increased with the raising WD level, While the mild WD treatment showed no significant difference compared
with control group. (2) The water consumption of I. tinctoria in the period of vegetative and the fleshy root growth
decreased gradually with the increasing of WD regulation, which was significantly lower than the control
group (P<C0.05). The order of water consumption intensity change was that: the vegetative and the fleshy
root growth (about 3.0 mm/d) > the fleshy root maturity (about 1.5 mm/d) > the seedling (about 1.0
mm/d). (3)In the vegetative period, the mild WD treatment (V,G,) had the highest yield and water use
efficiency, reaching 8 475.38 kg/hm’ and 23.33 kg/(hm? « mm), respectively, and the treatment of V,G,

followed, and yield and water use efficiency of the remaining treatments decreased significantly (P <C0.05).
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(4) In the vegetative stage and the fleshy root growth stage, mild and moderate continuous WD was benefi-

cial to the indigo, indirubin, (R, S)-goitrin, and the polysaccharide content was significantly different from

the control group (P<C0.05). The indicators of severe WD treatment were the lowest. Therefore, compre-

hensive analysis of I. tinctoria yield, water use efficiency and quality,the optimal water-control treatment is

the continuous slight WD in the vegetative growth period and the fleshy root growth period(V,G,), That is

to say, the relative water content of the soil during this period is 65% ~75% ., which can be used as the

optimal irrigation strategy for the planting of I. inctoria in the cool irrigation area of Hexi.

Keywords: waterdeficit; Isatistinctoria ; water consumption characteristics; quality; yield; water use efficiency
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V.G, V,G, Fl V,G, (R,S) — H K F & & 9% CK
W TR 11.25%,12.92%,13.75% . AL FE V, G, .V, G,
MV,G 4B in 4.58%.,7.92%,4.17%, H 2 % &
0 V.G, F V.G, WS CK 22 5 A 5 3 4b 3
V., G, ISR 220 5 o i (128.67 mg/g) .5 CK G
BEZS MR V.G, V.G .V, G, V.G, FhF
RAE A CK A A [ 72 BE B R B, B iR o 1,43 00 ~
17.72% HES B3, HIL. & 7K S5 6% 8
M R A A5 43 1 B e, DT O L B, Ak B
ViG VG, 1V, Gy A B4 & i 336 3 25 BLAR
W, FLBE A P 4% B 3 2 5 KR B ) 1 s B AR TR
BTV AE R 5 K A B R AT R A

24 BETHESKAMEERFFERKSFARERY
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% 3

PR SCAE AR ARRE A A G 7 B i R X T S R 9 5 A ) 323

JE KA ER V) G, P it e 15 3] 8 475.38 kg/hm” , Hk
X IR CK TR A #5458 K A BHEA FAATG 1 AR AR 11 7=, L
BRALEE V, G, 4b, 355 CK f77F 1 % 2 5 (P<C0.05);
FEFIE B 5 KAL B V.G, V.G, Fil VG, V,G, PR
CK 735 F & 16.32%,17.08%,29.39 % ,30.71 % , 22 514
B, SAFH MK CK BFEKE K, M 386.56
mm, 75 7 AL FEAE K & A B E LT CK, o b 3
V.G, VG, VLG, 1R FE K B A T [F]— 7K, 40 Bl
CK W/ 6.01%6,6.33%0,3.98%0 A0 V, G, \ V.G, FlI
V,G, B & FE K B 40 9 b CK W/ 7.30%. 7. 64% .,
7.92% M B E 5 KA V,G, . V.G, F1 V.G, B EFEK
T THARKE 430 3% CK 2 350/ 9.86%,12.32%
12.98% . 1. BH 75 K A BHGH AR i A A AR 7K B 19 52 T R /1
55K B Be R A G,

2.4.2 REEOKA R E HE S WALEFREKER
FET KA VG, 1R K R R 205 (IWUED i 5 » >
55.39 kg/ (hm® « mm) P V|G, .43 9 1k CK #2555
10.29 %01 8.98 %6, 2= 5 Wb 3 T 77 K AL #8 V, G, IWUE
A%, 48.35 kg/ (hm® » mm), B FH KT CK, EFEK
Wi RS KA ER V, Gy FP BOAR A R v R R % 4 75 K
PRV, G, V.G, V.G, IWUE &b T 7 — /K, % 5 CK
TR FEEF (P>0.05), UHHRKE 5 KEEEAN B F

WAERATER T, W EF R SRR IWUE, 1w & B M
B0 R i 2 K ) ¥ 2 W 3 /N TWUE,
£4 BETHESAMRERSRREGZM

o e/ ek (R.—HKE/ L2/
(mg+kg ') (mgekg ') (mgeg ') (mg-g "
ViGo 6.14d 9.61cd 0.232cd 126.05ab
V.G 6.10d 9.58d 0.234d 119.86¢
V3G, 5.71e 8.45e 0.213e 115.17d
V.G, 6.46b 9.79b 0.251b 128.32a
V.G, 6.72a 10.17a 0.259%a 128.67a
V.G, 6.41bc 9.82b 0.250b 126.05ab
V.G, 6.33c 9.63cd 0.236cd 123.57b
VG, 5.73e 8.45e 0.209e 104.59%¢
V.G, 5.69¢ 8.39¢e 0.207¢ 103.14e
CK 6.13d 9.69¢ 0.240¢ 125.36ab
2.4.3 Koy A R AR S AT, Tk BEAE

ERTBERR A KRR, BERERNRES
KAEFE VG, 7K 5 F 3% (WUED i (33 kg/
(hm® « mm)) , R BT AR AE 4 W 6 B i 2 75 K AL BV, Gy
W2 WUE 43 51 b xof i G 25 48 55 8.87 %0 Fll 7.05%,
17 HoAth b B WUE 5% B35 4 R [ R B2 19 R B T B
WLk 3.97% ~19.74% , Hh & E 5Kk 1 V.G, .
V., G, Ay 50 4 X6 BR i 35 R AIK 18,8596, 19.74 %,
P B 5 K B TR AR 19 WUE, Ifi 5 & 75 7K
IEEE VG, VG ) WUE NI & 3% TR

RS ETHES A EERSEKSFAARLE R0

e Ko T 1/ LA H W LHEHEM P/ TEWE AR A R/ K o3RI/
mm WK & /mm FE/K & /mm (kg * hm %) (kg*hm ? +mm ') (kg+*hm *+mm ')

Vi Gy 210.3 153.02 363.32bc 8475.38a 55.39a 23.33a

V., G, 210.3 150.87 371.17b 7638.14b 50.63c¢ 20.58¢

V;G, 210.3 133.16 348.46¢d 6986.12d 52.46b 20.05d

VG, 210.3 151.81 362.11bc 8308.44a 54.73a 22.94a

V.G, 210.3 147.04 358.34¢ 7147.23bc 49.28¢ 19.95d

V.G 210.3 143.74 357.04¢ 7029.39¢ 49.83c¢ 19.69cd
V.G, 210.3 137.64 355.94¢ 6923.72d 50.30bc 19.45d

V,Gy 210.3 119.63 338.93d 5895.17e 48.35d 17.39%e

V; Gy 210.3 116.08 336.38d 5784.38e 48.41d 17.20e

CK 210.3 166.26 386.56a 8348.91a 50.22bc 21.43b

3 i DK B 6 2R BRI B A A0 2

FE g A 00 2 R I R R i A AR
2 B K G W 36 32 B 52 e 3 G2 AR 0 1 2R K
Z R, F5ET I E T G T AR AR 1 AR KA E
B AR v B AR R A R T
R A K 547 F 3 R R B K A R S i AR K R
1o R 5 B35 A AN TR) o B ) B AT 0 HL 2 5 8 5 /KOxt
M AR AR K 3, Ak VLG, L VG, FT VLG,
P A B0 L CK 43 31 R B 16.88 %0 ,24.66 %6 il
27.70%,30.56 Y0 , I 42 BE 7K 43 I8 =5 09 5% e DA J 2
i IRV G R B R R A K B b L S B K
S W38 X AR R & F AR HEAE AN B S [R) B A R

WL EERERNRE S KLHE V.G, 1 V.G, 3 n
THR AR A AR R 5 4.87 X0 F 5.09 % . iX
2 PR R B R A I R A AR AR A K Y DG R L
JFEIK G 38 25 (R A0 AR JR O R EL A B OE R AR K T R K
A3 TR A ML R FLAR L F W2 TF 7 X T 52 o ae ) HK i Ak
J3. TR EE B T K S ] AR A K, X R
2 DR R A 40 B R G A A SR AR R R T R e
23 RELRG A 22 4 A 19 43 284 70 0 &2 K S i 3 T 5
T X AR R A K A T 5 S TR R ] B R e R R
KT A5 3] 2 08 R M2, T SO R A K 32 B i
YEY 254 B BeFE K I DL RE R om Ho45 £ F I
TKEE R I RE S A B AR X0 oK o B U e .
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% 34 &

Je X K R 5 L A F )R AR K
INTIT S BRSSO BV 3R 300 A 47 ol 1) o o 0 A /D L 45 € )
SR A K BRI A B oY R B L R K BRE K &
RIS [7) A B R [A) K P 77 K B354 BT AR ﬂ%_%ﬂ@%
JEE B9 L T 48 K i X R 4 R AR K AR A . A
SR, H%?{r%ﬁ@ﬂ%%ﬂﬁ/gxﬂfi*ﬁﬁéﬁzﬁﬁ;ﬁ%@k
RN RV BE RS2 e, L rh ot B CK 4R B AR K
A, o 386.56 mm,,ﬁ\ﬁﬁ%&fiﬂﬁéi B WFEK
A CK ¥ 8 EFEAL R IR 3.98%0~12.98% , H kil
G KBE N ZEINE, BFEKEZH T, 2N
B T KA > v B 5 K A B > R KA B A
. R, R R CK K & s, Hoft a2
2 W RO P 5 KA L FE K i
/1> 2.35%~19.26 % , B 75 7K Ak A FE K B R AR (VS G,
V.G 85 CK BB FRAR 14.82% ~15.65% 5 76 A AR
AR AP VG, FEKE im0 CK TG 3 22 5%,
7 KA FE K B RAR (V.G T VLG
A 3 R AT U0 1) R AR g U 4% Ak R K A 4K
YIE4y 591h 9.86 % ,35.36 % ,34.40% ,20.38% . 1F &
FRAERI ALV, G, FEARB SR K I CK IkRZ .,
FRabH V, G, SMERAAIEY S CK 2 5 3, BN
3.15%~10.44 % ; £ N AR A= K 11, b BV, G, FEIK
BB K, 5 CK A1 22 5 AN W 3% i 8 % 5 /K b 2
V.G, V.G, FEKBE RN, B AT 50, 8 R A K
AT A AR A K 30 A B R 5 K e 04 U IO PR IE AR K 7R
& HKCH A TR BB AN X S R A
ERMEECI RIS TAR — B, AR HFEK 5
A5 AL R AR Ry v A R/ Vﬂﬁ*ﬁbﬁfk%ﬁmz,@%iﬁ
WA PR A KA K . 7277 KB B, W CKH FE
KB R A v, Hofl A P S 25 7 B3 L R E T K
W2 H 5 KA B H AR K9 5 CK I 35 AR, gk
AP S R N 2 5 K T AR B8 R A B A T 4558 . /D
NG A T B Y il — W R )L HORE K R B IR B i
Kz E T K o 35 U a9
S 2 A T O R R N LRSI AL, Dy PR 2 R
AL AR S8 72 R 2R AR B R N ER B A
A o g5 A 28 B R EE R R AL R K 43 L T BE R
T A REED LN TR A 25 8 R ) A R
u\imﬁﬁﬂ%ﬂ’ﬁ\,\,ﬁ%uy%%?%ﬁéﬁfﬂ%%uﬁﬁ,
1T S it 24 A 4 9 A8 K R B Rk AR AR B
FHL N T B RE I 25 R O A0 IR AR K H IR AR
MR A AR = 9 (5 43 0« DT A R 1 25 6 3
ARG A PR W R 7 5 R A SRR A R 3 e P
KRR LR AR - BE R L BE B AL AN(R,S) —
EARBE R B, i BE 5 KA VL G, 1 RUR
/\ﬁib\ﬁ CK B E#T 8.78%,4.95%,7.92%,2.64%,
X5 B AR R AR RIS S5 IS S AR . IR
PR 2 B 0 AR A ] 7R 32 B K A e B N, K &

YIAEAE MRAR N G BT BRAE T AE K S 8 52 ma T, i
L2 FRAEW 2 e Ak AH L 9 Ok A AR 4 9 R ,%Ei, it
TGN T 256 A 3 43 19 7 i
AR B R [R) R BE A 5 oK 6V W 7 i R K

FI A5 m A [R) . altE g AR5 fF 5T 45 S R 0 L
T S PR TE R B K RS 23 T i A

T REUE A AR DR E W K A A AR, BRKER
AEDT G 2595 s L T U TR K A T 0D B AR T 5
7 KA FI T v K A R 880 R B g TR R
SEIEIN, ASHESE &I, A AR IR A K AR AR A
KW 5 KA H VG, f1 V.G, =& 5 CK M tb.
25 5 AN b 2 0 LV R K R 803 K 3 I 3R 53
SR E R R 10.29%6,8.98 % F 8.87 %6, 7.05 %6 T #E AR 5
HRAE 7 A K ) T B K 0 75 e TR B AR A K ) % o
BT KA V.G, V.G, V.G, Fl V.G, F=HE 1K
SRR B CK T R 16.32%,17.07%,29.39%
30.72% F1 6.04%,9.24%,18.85%,19.74 % , 2% 55 . ¥,
Ul B AR AR 8 IR AR KA R AR A KR 5 KR &
REAR L = o, T 78 % AR KO B 5 K IR AR AR K
E;ﬁﬁ?‘qu“mkml/\E%WEE*&'-**EFEE,ED&%@E’J
737J<5u€ﬂij FEAERK BRI AR A KR T K,

X 2 R N B A K 43 T 38 2 B0 R R 20 B BE AR
1, FLAEK S At K IS e e &2 D, a0 T i A ) 7= B
B, AN AEWR R LK sy 0t 2. - 5 IR B R B
SR 2% 3K 23 AR A AR 50 I (E 23 5 e S AR A e
L 25 A (5 Bl 2 RIS

4 én Ilﬁ

(1) 7 SRR AR A K K 43 7 38 25 5 i Al i
AR TR, B FRIREE S5 KKFEA X, H
W R EE T K AR B AR K TG I RS ) H R R
737J<MEJHIJ/\E*“E’HHWHEE’J§5& Wk = FAR &
IS

(mﬁﬁikﬁﬁﬁ MR A K B FE K B FTFE K %
JE RS R BT AR R 2, B /D s FE K B ERUIR
WAE 32.92% ,32.85%,16.33%,9.42% LA I, KR4
B W K b 3 G 25 R AR AR FE /K i, HLFE /K 2 Bl
7 KRR B B B K s L

(3) M AR B SR AR K L TR AR A K i e b i
FKV,G, VG, il Vz(n)E’J*;tE\*Eiél\(R,S)* &
W& 0 ) et B CK S 3 88 i 3,26 % ~9.62%,
1.03%~4.95%, 4.58% ~7.92% .M 8 J& 5 /K AL HH A
ROy o WUV BT R AT, 3R BH R 5 K Ak JHT AR i AR
RS RN F 142 B RN o RE K 4y ey a4 T

HA &, Ho AOK s & B0 A A VG,

(DB FRE R E 5 KA S B3 AR IR ™
I, R B BB 4R T LK 43 1) Ak 3, T b RS RN B B T K
D) 2 5 350 g FK 0 B FH BSO8R
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