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Study on greenhouse pepper optimal regulated deficit
irrigation scheme based on AHP-EWM-TOPSIS

ZHANG Zeyu, CAO Hongxia, HE Zijian, PEI Shuyao, LI Manning
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Abstract; Peppers are very sensitive to soil moisture. Traditional irrigation methods only aim at high yield with
a large amount of irrigation water on the crop which resulting in high yield and low quality in peppers. To select the
optimal regulated deficit irrigation scheme balancing between yield and quality, this study took pepper as the re-
search object, with adequate water supply (75% ~85%8;, 0, is filed capacity) for the whole growth period as con-
trol (CK). Two kinds of deficit degree (mild RDI: 65% ~75%86, and severe RDI: 55% ~65%0,) and two kinds of
deficit duration (short RDI: continuous deficit for four days and long RDI. continuous deficit for eight days) were
set in three growth stages (seedling, flowering, and fruiting stage ). The experimental results showed that, the plant
height, stem diameter, leaf area and dry matter of vegetative organs of pepper were all reduced by regulated deficit

irrigation at different growth stages. Compared with flowering and fruiting stage, water deficit at seedling stage in-
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hibited growth indexes and dry matter of vegetative organs the most. Especially under the long-term severe water
deficit at seedling stage (MSS—8), the dry matter of vegetative organs was the least, which decreased by 27.85%
compared with CK. In addition, moderate water deficit at seedling stage and flowering stage was beneficial to in-
crease dry matter of reproductive organs and yield of pepper. Of which, short-term mild water deficit at seedling
stage (MLS-4) , long-term mild water deficit at seedling stage (MLS—8) and short-term mild water deficit at flow-
ering stage ( HLS—4) increased dry matter of reproductive organs and yield of pepper to different degrees. Especial-
ly under the treatment of MLLS—8, the dry matter of reproductive organs and yield was the most, which increased by
17.60% and 17.01% , compared with CK. However, the dry matter of reproductive organs and yield were decreased
in different intensity of water deficit at fruit stage. In the long-term severe water deficit at fruiting stage ( GSS-8) ,
the dry matter of reproductive organs and yield were the least, which were decreased by 43.88% and 41.56% com-
pared with CK, respectively. In addition, water deficit at seedling stage can reduce fruit quality, while water deficit
at flowering and fruiting stage can promote pepper quality. Among them, VC content, fruit color index and capsai-
cin increased the most under GSS—8 treatment, which increased by 7.50%, 5.71% and 10.30% compared with
CK, respectively. Based on comprehensive reflection of the decision makers preference and objective test results
and a more scientific and comprehensive method of selecting the optimal regulated deficit irrigation scheme, the
AHP-EWM - TOPSIS multi-target comprehensive analysis method was used to score regulated deficit irrigation
schemes. It found that the short-term mild water deficit scheme at flowering stage ( HLS—4) possessed the highest

score for improving the production and quality most. Therefore, HLS—4 scheme was the best deficit scheme in this

experiment.

Keywords: regulated deficit irrigation; pepper; drought; growth index; quality
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Table 1  Designs of experimental

KBS T EH(S) WEREE(C) WTHE(L)

Treatment RDI period RDI degree  RDI duration/d
MLS-4 LS 4
MSS-4 BI(M) SS 4
MLS-8 Seedling stage LS 8
MSS-8 SS 8
HLS-4 LS 4
HSS-4 FFAEALSRIB (H) SS 4
HIS-8 Flowering stage LS 8
HSS-8 SS 8
GLS-4 LS 4
GSS-4 ZERW(G) SS 4
GLS-8 Fruiting stage LS 8
GSS-8 SS 8

K Y5 AE H 35K R A 75% ~85%

Maintain 75% ~85% field capacity
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Fig.1 Comprehensive evaluation system of regulated deficit irrigation schemes based on yield and quality of pepper
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Fig.2 Effects of regulated deficit irrigation on pepper growth
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Table 2 Significant of effects of regulated deficit irrigation period, degree, duration

and interaction between them on pepper growth
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cates no correlation. The same as below.
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PARR O LR A, SR R A R AR K
LR NKEAEDR, VC TN SGAE R, RO JBR T
A7 ZE Y IE AR A | HAR A 0 R S R4S
53 v 114 A B R 0T R PP R A TR T R
TOPSIS BEI A/ 25 W i 7R, MLS — 8 5 35 £ L AE it
(A I S Bzt , 15 3] 0,14, HYO2: HLS -4, 5 £ #AR i
AR A 0.13; HLS—4 [ 55 15 B AR At 110 5 25 dc T,
4 0.02,MLS-4 5 1E PR A#AYBE B I, h0.04,
2 HLS-4 WZEA 1R e, SR i 5 GSS -8 BE B
1 FRAR AR A B 2 Bt , A 0.04, 5 TF FRAR A () I
AL, N 0.14, L5515 50 5 Ik BOR R 2% BRI, il

x4 FT RN

Table 4 Effects of regulated deficit irrigation on quality of pepper

b ve REIEE PRI
Treatment /(mg + 100g™") Color index Capsanthin
CK 121.00d 114.82¢ 15.54¢
MLS-4 116.67¢ 108.33d 12.65d
MSS-4 116.29¢ 105.46d 11.23e
MLS-8 112.23f 100.19¢ 10.38f
MSS-8 108.50g 97.63e 9.64¢
HLS-4 125.90bc 118.23abe 16.23b
HSS-4 125.30¢ 117.44bc 16.48ab
HLS-8 127.46abc 119.37ab 16.55ab
HSS-8 125.76bc 119.50ab 16.65ab
GLS-4 127.30abe 118.40abe 16.52ab
GSS-4 128.47abe 120.51ab 17.07a
GLS-8 129.16ab 119.32ab 16.83ab
GSS-8 130.07a 121.38a 17.14a

Turkey 2 [LET 2 M
Significant under multiple comparison of Tukey method
S * % * % #
C EE * sk ® %
L % % B B
SxC # ok % % % o
SXL * % * % % %
CxL EES EES % %
R ® ok *

SxCxL

T AT 30040 B 3 5 D T 2 O i A
B TR BN T S o M TE SR 3 K 0 T K )
%‘@%O

3 3

PO TR A S 0 2 FL R R S
HEWE )7 AR 8 7, A AR AT K R,
SUKVERAO BB  FLAOKEEZ I, 30
KIS e 5, A S 47t DR, 38 2 1
SR UM T L S 07K S
VA7 RESS LR 1 1, VLR A e 8 R A
PR 2 4 5T AT B S R

x5 JRATERARMNE

Table 5 Weight of each regulated deficit irrigation scheme

wERE O WME wWx
Aim Factor Sub-factor AHP W comp
BRER

et Vegetative growth 0.08 0-30 0.12

vield bR 0.53 0.19 0.52

Tt = Yield per plant
W% -
Optimal regulated L 0.10 0.16 0.08
e Vitamin C
deficit irrigation
= v
scheme SE - REHEH 020 0.7  0.18
Quality Color index
L
ﬁﬁl,l% 0.10 0.19 0.10
Capsanthin

T o pp , 2T AHP IFIETH BB RN E ; pyy , 22T EWM J5
AR TRUE ;@ copp , 25 T AHP 5 EWM THE LA HGE

Note: w,yp, Index weight calculated based on AHP method;
Wpyy » index weight calculated based on EWM method ; @ ¢qyp , compre-

hensive weight calculated based on AHP and EWM.

®o HEATSEBRARNEEITM
Table 6 Comprehensive evaluation of all

regulated deficit irrigation schemes

4k 3 (G He#

Treatment b b Evaluation value Ranking
MLS-4 0.04 0.12 0.74 3
MSS-4 0.08 0.08 0.49 8
MLS-38 0.05 0.14 0.76 2
MSS-8 0.10 0.06 0.37 11
HLS-4 0.02 0.13 0.86 1
HSS-4 0.06 0.09 0.62 6
HLS-8 0.08 0.07 0.47 9
HSS-8 0.10 0.06 0.37 10
GLS-4 0.05 0.10 0.64 5
GSS-4 0.06 0.09 0.60 7
GLS-8 0.13 0.04 0.23 12
GSS-8 0.14 0.04 0.23 13

CK 0.05 0.10 0.69 4
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