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Research on drip irrigation system of lettuce in Hexi Corridor
ZHANG Yuxin, KUAI Jialin, WANG Xiaowei, MA Yanxia, KANG Enxiang, WANG Ping

(Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China)

Abstract: To explore the optimal irrigation regime for lettuce under mulched drip irrigation in the Hexi Corridor of Gansu
province, this study adopted two-factor experimental design with nine combinations of drip irrigation frequency (D1: 4 d,
D2: 6 d, D3: 8 d) and irrigation quota(W1: 75 m*-hm”- time™', W2: 105 m’- hm™ - time”', W3: 135 m’ - hm” - time). The
synergistic effects of these factors on lettuce appearance quality, nutritional quality, yield, and irrigation water use efficien-
cy (IWUE) were systematically analyzed. The CRITIC method was used to quantify appearance and nutritional quality in-
dicators, while the coefficient of variation method assigned weights to appearance quality, nutritional quality, yield, and
IWUE. A multi-criteria comprehensive evaluation was conducted using the TOPSIS model. The results showed that high
and medium frequency irrigation (D1/D2) and high quota irrigation (W3) could significantly increase the stem diameter,
stem length, single plant mass and yield of lettuce. The D2W3 treatment achieved the highest yield of 78.15 t-hm?, an in-
crease of 62.9% compared to D3W1. The D3W1 treatment significantly increased soluble sugar content, soluble protein
content and vitamin C content, which increased by 50.8%, 7.5% and 18.8%, respectively, compared with D1W3, the ni-
trate content also significantly increased by 122.8% compared with D1W3, reaching 251.1 mg-kg"'. IWUE of D2W1 was
the highest (55.31 kg m™), 67.8% higher than that of DIW3. The comprehensive evaluation results of TOPSIS showed
that D2W3 treatment (6 d drip irrigation frequency+135 m’-hm” - time™' irrigation quota)had the highest comprehensive
similarity degree (C=0.784 2), considering high yield, good quality and water saving, so it was recommended as the opti-
mal irrigation system of lettuce under mulched drip irrigation in Hexi Corridor of Gansu province.
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Fig. 1 Diurnal variation of rainfall and average
temperature during the growth period of lettuce
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Table 1 Different irrigation treatment design

K E WY SR

MR /T%(Ei)ﬁi . (m’-hm?* &™) Total irrigation
Treatment Drip irrigation Irrigation quota/ amount/
frequency/d (m’-hm?-time™") (m’-hm™)
DIW1 4 75 1425
DIW2 4 105 1875
DIW3 4 135 2325
D2W1 6 75 1050
D2W2 6 105 1350
D2W3 6 135 1650
D3W1 8 75 900
D3W2 8 105 1140
D3W3 8 135 1380
T i 5 TR
Drip tape Mulch film Drip tape
w A v A v Ao
; Y
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Fig. 2 Planting mode of ‘one membrane, two tubes and
four rows’ of lettuce
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Table 2 Analysis of variance on effects of drip irrigation
frequency and irrigation quota on the appearance quality

of lettuce ( F value)
SN EY il ESIS HOpR TR
Factor Stem diameter Stem length Single plant mass
D 44.04%* 12.27%* 47.08%*
w 8.91** 18.75%* 26.04%*
DxW 2.07 ns 0.59 ns 1.67 ns

TE D RoR SR s W R K E B * R Z R R E (p<
0.05), ** LR ZEFWEZE (Pp<0.0D),ns FRZEFALF. T

Note: D represents the drip irrigation frequency. W represents the
irrigation quota. * indicates significant difference (p<<0.05), ** indi-
cates extremely significant difference (p<<0.01), and ns indicates no

significant difference. The same below.

AR ER ., HE 3 WA, D1 F D2 K
2 XK EN LR EE R, HEE X
T D3 /K, D3 K2R ZEK BRI E 5 D1 K
I3 H B F N T 9.8%8.4%-24.7%. EMEK
AT B PR T B I VR K S AR B i 4 K, W KGR
TR ZEK BT ER W2 R W3 K4 )
8B NT 3.8%A1 5.0%-8.5%F1 15.2% . 14.0% Al
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Table 3 Effect of different irrigation treatments on the
appearance quality of lettuce

e EX | sy %Hﬂb“iﬁ
Treatment SFem Stem length/cm Single plant
diameter/cm mass/kg
D1 4.68+0.17 A 52.29+2.85 A 0.848+0.09 A
D2 4.70+£0.19 A 54.68+5.08 A 0.847+0.11 A
D3 4.2240.13 B 47.92+533 B 0.639+0.08 B
W1 4.39+0.19B 47.33+£3.70 C 0.682+0.09 C
w2 4.5740.26 A 51.76+4.22 B 0.793+0.12 B
W3 4.63+£0.33 A 55.80+4.10 A 0.859+0.13 A
DIWI 4.55+0.06 b 49.60+0.95 be 0.746+0.022 ¢
DI1W2 4.65+0.07 ab 52.17+1.28 be 0.860+0.019 b
DIW3 4.84+0.09 a 55.10+0.76 ab 0.939+0.021 ab
D2W1 4.46+0.02 be 49.50+0.25 be 0.712+0.029 cd
D2W2 4.80+0.06 a 54.93+2.31 ab 0.872+0.025 ab
D2W3 4.8240.05 a 59.60+1.85 a 0.958+0.008 a
D3W1 4.17+0.06 d 42.90+1.59d 0.588+0.058 ¢
D3W2 4.22+0.11d 48.17£2.28 ¢ 0.647+0.043 de
D3W3 4.26+0.07 cd 52.70+2.48 be 0.682+0.016 cde

A R FIAE RS 7 REROR D 8L W /KF 2 5 i3 (p<<0.05) ,
[ BNl /NS 7 RE R A B ] 22 57 . 3 (p<<0.01D). R Al

Note: Different capital letters in the same column indicate signifi-
cant difference in D or W levels (p<<0.05), while different lowercase
letters in the same column indicate significant difference between treat-

ments (p<<0.01). The same below.
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Table 4 Standardized value of appearance quality

evaluation indexes

i EX ESS BT
Treatment Stem diameter Stem length Single plant mass
DIW1 94.07 83.22 77.89
DIW2 96.07 87.53 89.75
DIW3 100.00 92.45 98.05
D2W1 92.21 83.05 74.31
D2W2 99.31 92.17 91.08
D2W3 99.72 100.00 100.00
D3W1 86.28 71.98 61.38
D3W2 88.08 80.82 67.53
D3W3 87.32 88.42 71.18

FHOERE . MR GTHEARZEM B K bk
B RALE 23 N 0.223 8.0.432 1.0.344 1. 3T
48 bR CE AR HE A B R4 X (60 TH A % Ab
B C, 1% CAEX S A ATHE T (R 5, Z5& 400
At TR AR AL EE A D2W3.

#F= 5 CRITIC ERAENESLERZFIURRE T KHF

Table 5 Lettuce appearance quality index score and its
rank based on CRITIC

e LRty =
Treatment Comprehensive scores Ranking
DIW1 83.82 5
DIW2 90.20 4
DIW3 96.07 2
D2W1 82.10 7
D2W2 93.39 3
D2W3 99.94 1
D3W1 71.53 9
D3W2 77.87 8
D3W3 82.24 6

2.3 AREIEKAIEXEHEF MRS

H13% 6 WK, 17 HE AR MEE 7K R 0K 8 9 FA) ]
EERE S R ATE R E A S R AR AR A
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Table 6 Analysis of variance on effects of drip irrigation frequency and irrigation quota on the nutritional quality

of lettuce (F value)
FSES AVETERE & R VAR RO E R VAR T YRR CER THBR & & &
Factor Soluble sugar content Soluble protein content Soluble solids content Vitamin C content Nitrate content
D 141.73%* 51.93%* 692.26** 97.55%* 520.97**
W 60.68%* 51.57** 457.63%* 6.46%* 391.20%*
DxW 2.81 ns 8.14%* 458.54%* 79.76%* 70.23%*

2 [ i AU (1) /N T Sk 2 48 5 B K A ) 3
K 3 /N s D3 /K REPERE & &4 D1 Al D2
YRR ERNN T 24.0%81 18.9%, W1 7K 1] y& 1 4
PR W2 A W3 BB EE N T 9.7%F1 16.2%:;
D3W1 Ab 3 A 5 VR & 5 B KT A b 3, 8
DIW3 B E NN T 50.8%. 5 HH & K 7% 8 (0] [ e 1]
FYa /> HE 7K 8 F0 AT B8 v B 5 A VRN O & IR
FEWE AR K B B A A R T 58 A & &
(3N . AT R B A R AR (RN B
2R TN Dk /N (1 7 A [ R 7 R0 ) 388 o 3 K
/N D2 AKCFRNEYE SR B & =45 DI A D3 4 il
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AR CEHEERER T HMAHE, D3IWL 4 # i
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Table 7 Effects of different irrigation treatments on the nutritional quality of lettuce

Jhsm wCATVEIERE) w(ﬁ‘i"ﬁ‘ﬁ%&l) TV ) w(é’ﬁi% (0)) wfﬁiﬁ@ﬁz“%ﬁ)
Treatment Soluble sugar Soluble protemr Soluble solids content/% VltamlTl C content/ Nitrate (?ontent/
content/% content/(mg-g") (mg-g" (mg-kg"
DI 8.12+0.755 C 0.259+0.006 C 3.50+£0.308 C 0.239+0.024 B 145.3+42.619 C
D2 8.47+0.424 B 0.271£0.003 A 3.98+0.723 B 0.281+0.022 A 187.9+46.083 B
D3 10.07+£0.735 A 0.264+0.009 B 4.27+0.249 A 0.281+0.037 A 230.5+17.299 A
W1 9.62+1.028 A 0.271£0.004 A 4.2840.495 A 0.261+0.044 B 225.1+£21.857 A
w2 8.77+0.796 B 0.263+0.006 B 3.73+0.389 B 0.273+0.024 A 187.4+49.807 B
W3 8.28+0.933 C 0.259+0.008 C 3.73+0.632 B 0.267+0.033 AB 151.2+47.946 C
DIW1 8.94+0.188 ¢ 0.266+0.001 be 3.90+0.012 ¢ 0.211+0.009 e 201.6+£2.042 d
DIw2 8.16+0.159 d 0.256+0.002 d 3.36+0.012 g 0.247+0.006 ¢ 121.6£2.003 ef
DIW3 7.27+0.021 e 0.254+0.001 d 3.23+0.015h 0.260+0.001 b 112.744.071
D2W1 8.96+0.047 ¢ 0.273+0.002 a 4.93+0.047 a 0.262+0.003 b 222.542.904 be
D2w2 8.36+0.144 d 0.270+0.001 ab 3.60+0.012 f 0.272+0.003 b 214.3+£3.315¢
D2W3 8.10+0.150 d 0.269+0.003 ab 3.40+0.012 g 0.308+0.002 a 126.9+2.631 ¢
D3W1 10.96+0.156 a 0.273+0.001 a 4.00+0.023 d 0.309+0.003 a 251.142.463 a
D3W2 9.79+0.070 b 0.264+0.001 ¢ 4.23+0.015 ¢ 0.301+0.003 a 226.3£3.012 b
D3W3 9.46+0.264 b 0.254+0.001 d 4.57+0.046 b 0.233+0.004 d 214.1£5.279 ¢
B RHER R 1 B OX VR VR A R VR K S A T ®8 BWEFMBIBFRENLE

55 Rl B A R — 2, D3 KPR £ A R DI
D2 43 ) E N T 58.7%F1 22.7%, W1 7K F-1iF
PR Eh S B W2 R W3 2 i R E B I T 20.1% A
48.8%; D3W1 Kb BEAH IR £h 7 8 0 3 =y T H A b B
5 DIW3 AR ZEIE N T 122.8%.
24 BEEFMBEIENREETEN

MR A 2 (2) (3D 08 77 i T A i 46 H s
HEAT AR AL AL B, ATV MR S AR R B
AIVETERE R & B 4 R C SRV IR TR bR, H
P& 28 & oI R b, B AREAL S I 25 R LR 8.
X bR HEAR JE B R BEAT A O 43 BT L 15 21078 77
JRARFRAH G R B . iR (I EARH]
ARy i W PO G e eq s s NI RO S AT i 2 s
AR CHE IS RIIAE S B N 0.132 4,
0.036 9.0.179 8.0.143 0.0.507 8. & T & JEFrHL H
FAR AR A B, AR 48 3K (6) TH 5315 21 85 kb 28 9% i
JREFA VPN A (GR 95 Z56 M B AR 18 DIW3 4
255150008 86.78: D2W3 AR 2, 42150 N
85.16.

Table 8 Standardized value of nutritional quality indexes
A REEE AR N

e ot . , o HER S ER
BeR  EAsR wwes or  WEG
QbR CHE S

Soluble  Soluble Soluble . .
Treatment . . Vitamin  Nitrate

sugar protein solids

C content content

content content content
DIWI1 81.57 97.33 79.05 68.13 55.90
DIW2 74.45 93.67 68.11 79.75 92.68
DIW3 66.33 92.94 65.47 83.95 100.00
D2W1 81.75 99.89 100.00 84.69 50.64
D2W2 76.28 98.79 72.97 87.92 52.60
D2W3 73.91 98.43 68.92 99.68 88.79
D3W1 100.00 100.00 81.15 100.00 4488
D3W2 89.35 96.60 85.74 97.19 49.79
D3W3 86.31 92.83 92.57 75.33 52.64

2.5 PEEEKLIBITEFH=E NEBRKF AR
apAL

FH R 10 T 50, ¥ VB A0 50 R0 RE /K g AN 5 5

= A IWUE Y65 B8 2 i sem 25 5 A2 HAEH

KA BER, HFE 11 7%, D1 A D2 /K-Fq]

FELLEHEER HYEZEET D3,D1 M D2 e
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5 D3 AR E N T 32.8%H1 32.6%; FE EBEEEK
SE AL 1E T 2 2 =, W3 KPR B W AT W2
AR T 26.1%1 8.4%; H1 & 3 AT %0, D2W3
b3 77 B f 5 (78.15 t-hm™) , %% D3W1 ik 35 48 7~
62.9%,{H5 DIW3.D2W2 kbHLTE i 25 2 57, Wit
R PR V08 JHE A0 2R AN R T 5 S e D, K T R
) 5 A = B AR i, TR s AR NI A I K
SERAF T H N . MK 11 w5, IWUE
b T TE AT (1) ek > 2 ST B 0 5 PR AR P 3, BBV /K
SE BT B I 535 P s D2 /K°F- IWUE % D1 #11 D3
KT 43 8 T 37.4% A1 11.1% , W1 /K F
IWUE & W2 1 W3 73 7l i 2 42 & 1 10.9% Al

#z9 CRITIC EHMENZLEETEFERRREN LHF

Table 9 Lettuce nutrition quality index score and its rank
based on CRITIC

b7 LiEf Hr
Treatment Comprehensive scores Ranking
DIW1 66.74 8
D1W2 84.04 3
DIW3 86.78 1
D2W1 70.33 4
D2W2 66.16 9
D2W3 85.16 2
D3W1 68.62 7
D3W2 70.00 5
D3W3 69.01 6

T 10 EESRFEKEGXEE 2N IWUE S 0gH
HRESH(FE)
Table 10 Analysis of variance on effects of drip irrigation
frequency and irrigation quota on yield and IWUE of
lettuce (F value)

SEN s

Factor Yield IWUE
D 47.11%* 28.23 **
Y 26.06 ** 14.51 **
DxW 1.67 ns 0.37 ns

R EEMENEKEGXRFH~EM IWUE B0
Table 11 Effects of drip irrigation frequency and
irrigation quota on yield and IWUE of lettuce

ﬁ:iment ’Ylid/ (t-hm™) IWUE/Ckg-m™
D1 69.21+7.32 A 37.70+4.48 C
D2 69.13+9.24 A 51.80+4.23 A
D3 52.12+6.23 B 46.63+7.78 B
W1 55.64+7.63 C 50.44+7.76 A
w2 64.69+9.72 B 45.47+7.33 B
W3 70.13£11.08 A 40.21+6.33 C
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25.4% ; B & 4 ] 40, D2W1 4t # IWUE #% K
(5531 kg-m™), 5 DIW3 #2151 67.8%, 5 D2W2,
D3W1 Ab BTG ¥ 35 22 5, Ui B s SRR 908 Wk 32 A
AT IWUE F42 &, /b 7K e BinT $2 5 IWUE.
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80 b - ab —
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P28 Yield/(t-hm™)

Wl W2 W3
D1

Wl W2 W3 | Wl W2 W3 ‘
D2 D3
AP Treatment
W AF/NG FRER R AR PR R 2 7 B (p<0.05). T .
Note: Different lowercase letters indicate significant difference
between treatments (p<0.05). The same below.
3 REEKAIEXFFH = ERFM
Fig. 3 Effect of different irrigation treatments
on lettuce yield
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Fig. 4 Effects of different irrigation treatments on IWUE
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SR TCEE , 55« AT Y R G I EE R A L T

X ISR 5T

x12 SMYRRVEFRR 2. IWUE BIIE
Table 12 Weight of appearance quality, nutrition quality,
yield and IWUE

(i e O
sk ropemance Nowiton Ty 8
Parameter pp . X Yield Sum
quality quality
FrifE% SD 9.249 8.626 10.925  7.685
TEME AVG 86.271 74.055 63.538 45.407
BRAK CV 0.107 0.116 0.172  0.169 0.565
FLE Weight 0.190 0.206 0304 0.300 1.000

® 13 BIERAOENERYINAAERE

Table 13 Weighted matrix of the normalized evaluation

indicators
e AL 5T %?ﬁ.ﬁ'uﬁi P
Treatment Appf:arance Nutr.mon Yield IWUE
quality quality

DIW1 0.061 0 0.061 3 0.096 1 0.093 2
DIW2 0.065 6 0.077 2 0.1107 0.081 6
D1W3 0.069 9 0.079 7 0.1209 0.0719
D2W1 0.059 7 0.064 6 0.091 7 0.120 6
D2W2 0.067 9 0.060 8 0.1123 0.1150
D2W3 0.072 7 0.078 2 0.1233 0.103 3
D3W1 0.052 0 0.063 1 0.075 7 0.116 2
D3W2 0.056 6 0.064 3 0.083 3 0.1010
D3W3 0.059 8 0.063 4 0.087 8 0.0879
Y' 0.072 7 0.079 7 0.1233 0.120 6
Y 0.052 0 0.060 8 0.075 7 0.0719

® 14 BAERHIFIEIRE

Table 14 Index value for sorting different irrigation

treatments
b :
'f“;eiiment b b ¢ Ez}jdng
DIW1 0.044 4 0.030 8 0.409 5 7
DIwW2 0.0417 0.042 1 0.502 3 5
DIW3 0.048 9 0.052 2 0.516 3 4
D2W1 0.037 4 0.052 0 0.5815 3
D2wW2 0.023 1 0.058 8 0.7177 2
D2W3 0.017 4 0.063 2 0.784 2 1
D3W1 0.054 7 0.044 4 0.448 0 6

3 Wik E4hR
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