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Fig.1 Irrigation schemes of sunflower growth periods under different water deficit modes
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Table 1 Experimental results of each evaluation indicator under different water deficit modes

RO abx T1 hbER T2 hb ¥R T3 fb# T4 b ¥R T5 ah# T6 b3 CK
h/cm 283.20b 282.80b 271.50c 273.00¢ 257.10d 256.40d 293.20a
LAI 3.70a 3.30hc 3.60ab 3.20¢ 3.00¢ 2.60d 3.80a
Dicm 29.80a 28.00b 27.90b 26.10c 24.90d 23.70d 28.10b
BM/g 25.70a 23.60b 24.80ab 21.90c 20.70cd 20.30d 25.30a
2019 Y/(kg hm™?) 4223.00a 4012.00bc 4 145.00ab 3859.00c 3662.00d 3505.00d 4182.00ab
CF/% 36.20a 33.60ab 37.20a 34.30ab 31.30bc 29.40c 33.60ab
CP/% 23.00ab 22.00bc 23.70a 21.40cd 20.00e 18.50f 20.60de
IWP/(kg hm? mm™) 16.00b 16.50ab 17.30a 16.80ab 16.80ab 16.70ab 14.80c
WP/(kg hm? mm™) 9.40hc 9.40hc 10.10a 9.60ab 9.30bc 9.20hc 9.00c
h/cm 222.10a 221.90a 205.20b 204.80b 190.40¢ 189.30c 225.70a
LAI 3.80b 3.20d 3.50c 2.90e 2.50f 2.30f 4.10a
D/cm 28.20a 28.30a 27.30b 27.30b 24.80c 24.40c 27.90ab
BM/g 21.90a 21.50b 21.50b 20.80c 19.60d 19.10e 22.00a
2020 Y/(kg hm®) 4863.20a 4 749.60ab 4798.20a 4 696.30ab 4533.00bc 4357.50c 4867.90a
CF/% 32.20a 30.50b 32.00a 30.10bc 31.20ab 29.40c 32.20a
CP/% 17.80ab 17.20cd 17.60bc 16.90de 17.20cd 16.50e 18.20a
IWP/(kg hm? mm™) 18.20d 18.70¢c 20.10b 20.60a 20.00b 20.60a 14.90e
WP/(kg hm? mm™) 12.10c 12.10¢c 12.70a 12.70a 12.80a 12.50b 11.20d
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Fig.2 Correlation analysis of single indicators
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2019 T1 T2 T3 T4 TS T6 CK
Ny N, N3 N, Ns Ny N,
x;  0.965795 0.964328 0.925997 0.930839 0.876820 0.874 331 1.000 000
x;  0.960836 0.851175 0.929504 0.827 676 0.772846 0.678 851 1.000 000
x3  1.000000 0.940920 0.934877 0.877476 0.834508 0.796240 0.943 941
= x, 1.000000 0.917835 0.963785 0.854361 0.805296 0.788551 0.985981 ,
xs  1.000000 0.950036 0.981530 0.913 805 0.867 156 0.829979 0.990 291
xe  0.973140 0.901961 1.000000 0.922374 0.841257 0.790492 0.901 961
x; 0973362 0.930655 1.000000 0.904017 0.845666 0.781 818 0.872 304
xg  0.924409 0.950952 1.000000 0.968263 0.967 109 0.964 224 0.852 279
ng 0.931480 0.933466 1.000000 0.955313 0924528 0912612 0.897716]

2020 T1 T2 T3 T4 T5 T6 CK
Ny N, N, Ny N5 Ng N,
x; 0983698 0.982945 0.908789 0.907 150 0.843 625 0.838620 1.000 000
x, 0924205 0.772616 0.843521 0.709046 0.618582 0.559902 1.000 000
x3 0995411 1.000000 0.963643 0.963643 0.875397 0.862337 0.985 881
=x; 0.998634 0.978597 0.979053 0.947632 0.892532 0.871129 1.000000 ,
xs 0998815 0.975690 0.985672 0.964734 0.931193 0.895151 1.000 000
Xe 0999689 0.949332 0.993472 0.935965 0.969537 0.912341 1.000 000
x7 0982369 0.946006 0.970248 0.928375 0.946006 0.910193 1.000 000
xg  0.883495 0.907767 0.975728 1.000000 0.970874 1.000000 0.723 301
ng 0.945313 0945313 0992188 0.992188 1.000000 0.976563 0.875000]

WA BRI G S ARARAT i K br e (6D THER T M N ARSI ZE V7 A, AR
BRIV TCRy, s Rlug=1.0, i=1,2,-,9. RJFHKEX  ZFITEEHMYITTR,, B

2019 Tl T2 T3 T4 TS T6 CK

Ny N, N; N, Ns Ng N
x;  0.001170 0.001272 0.005476 0.004783 0.015173 0.015793 0.000 000
x;  0.001534 0.022149 0.004970 0.029695 0.051599 0.103137 0.000 000
x3  0.000000 0.003490 0.004241 0.015012 0.027388 0.041518 0.003 143
Ry= X4  0.000000 0.006751 0.001312 0.021211 0.037910 0.044711 0.000197 ,
xs  0.000000 0.002496 0.000341 0.007430 0.017648 0.028 907 0.000 094
x¢  0.000721 0.009612 0.000000 0.006026 0.025199 0.043894 0.009 612
x;  0.000710 0.004809 0.000000 0.009213 0.023819 0.047603 0.016306
xg  0.005714 0.002406 0.000000 0.001007 0.001082 0.001280 0.021821
|_x9 0.004695 0.004427 0.000000 0.001997 0.005696 0.007637 0.010462]

2020 T1 T2 T3 T4 T5 T6 CK
N N, N, Ny N5 Ng N,
x;  0.000266 0.000291 0.008319 0.008621 0.024453 0.026 044 0.000 000
x,  0.005745 0.051703 0.024486 0.084654 0.145480 0.193686 0.000 000
x3  0.000021 0.000000 0.001322 0.001322 0.015526 0.018951 0.000 199
Ry= x4  0.000002 0.000458 0.000439 0.002742 0.011549 0.016 608 0.000 000 ,
xs  0.000001 0.000591 0.000205 0.001244 0.004734 0.010993 0.000 000
x¢  0.000000 0.002567 0.000043 0.004100 0.000928 0.007684 0.000 000
x7  0.000311 0.002915 0.000885 0.005130 0.002915 0.008065 0.000 000
xg  0.013573 0.008507 0.000589 0.000000 0.000848 0.000000 0.076 562
|_x9 0.002991 0.002991 0.000061 0.000061 0.000000 0.000549 0.015625]

2.3 [EHZEZRIEFINENTHE B bREROR (0.374), HIKCAEEIRARA IR,
BT AHP VETHE AL E 25 Rk 2 pow, KRR IR E /N, O 0.147; % ZFahntl

KA FRAEAA A R A ) & Hah R ya i —seke SmEE R R ME RN BRI R, A 0141, ¥R~ &R

4%, Bl CR<0.1, HAjmHZE—RIBMELR S 2, HN0.135, Kodr=zZH/ N, H 0.063.
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Table 2 Results of calculating the subjective weight of each index based on AHP

Eiztan Bz A HENZ BL HENZ B2 #EME B3 HEMZ B4
JAEE 0224 0374 0255  0.147 0.600 0.400 0261 0377 0362 0.667 0.333 0571 0.429
WA E 0224 0374 0255 0.147 0.134 0.090 0.098 0141 0135 0.170 0.085 0.084 0.063

— BRI CR 4 0.021, <0.10 CR 0, <0.01 CR 4 0.017, <0.10 CR M0, <0.10 CR 40, <0.10

FT CRITIC VAT E BB AL 45 R UNZE 3 P

2019 AFEFF i AR 43 AR P2 B E AR KT R, N
0.150 A1 0.151, T AH AR W5 AU &5 (A6 Be /N, 43 )

4 0.078 1 0.081; 2020 SRk E A, N 0.145,

HUGEMAENT, 79 0.137, Tis/MeEBKAE™ %,
N 0.059. WM, 2a MitESERANER, KEE
5527715 AR b S 45 SR 1] F0 6] B 5 2 A0 e R kR
B K.

%3 A F CRITIC &3t &R EAME M2 R
Table 3 Results of calculating the objective weight of each indicator based on CRITIC

Ay X1 X2 X3 Xa X5 X6 X7 Xg Xo
2019 0.150 0.104 0.093 0.113 0.096 0.078 0.081 0.135 0.151
2020 0.145 0.114 0.132 0.117 0.105 0.137 0.119 0.059 0.072

BT IR A A AL 1 H 22 S5 UE
ERINEK 4 Fin. 2019 LS B EAE KNG
(0.141), KfRsW; (0.131) k2, HEA (0.083)

;2020 SFLRERCEE RV RN (0.162),
HU R (0.137), f/hika4™ % (0.065).

24 A THBELFTES AT

Table 4 Results of weight calculation of each index combination based on game theory method

4y X1 Xz X3 Xa Xs X6 X7 Xg Xo
2019 0.141 0.096 0.096 0.129 0.118 0.131 0.083 0.106 0.100
2020 0.137 0.096 0.106 0.135 0.128 0.162 0.094 0.078 0.065
24 EFRNTBRENBARASARGAR
AY

FE TRV oA TR 2 a BRI B S H A
—HF I 5 Fis. FAHIN (6) 2P E A6
YITCRANZER 4 FHIMHEERZE, B (7D 539
THHEARRNS T ZMAWIEE pH, RFEX (8) 4
— IR

%5 AN E AT —FSHF

Table 5 Euclidean closeness and its normalized score ranking

o 2019 4 2020 4
o WHEREpH  HA—LS HEF WHEEEpH A—LS  HiE

T1 0960751 0152077 1 0956748 0151764 1
T2 0921508 0145865 3 0918261 0145659 3
T3 0956840 0151458 2 0937945 0148781 2
T4 0897840 0142119 5 0894577 0.141902 5
TS 0849488 0134465 6 0853033 0135312 6
T6 0810546 0128301 7 0827285 0.131228 7
CK 0920554 0145714 4 0916333 0145353 4
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Using Fuzzy Matter-element Model and Weighted Game Theory to

Optimize Deficit Irrigation Scheduling for Sunflower
TENG Anguo', WANG Zeyi’

(1. Minle Hongshui River Administration Office, Zhangye 734500, China;
2. College of Water Conservancy and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: [ Objective] Sunflower is a cash crop grown in arid northwestern China. Improving its water use
efficiency plays an important role in developing water-saving agriculture in that region. The aim of this paper is to
find an optimal regulated and mulched deficit drip irrigation scheduling for it. [ Method] The experiment was
conducted in 2019—2020 in a sunflower field at Hexi Oasis. Water deficit was imposed at seedling and maturity
stages, with soil water in other growing stages kept sufficient for roots to extract. Overall, there were six treatments,
with the water deficit induced by keeping the soil water content at 75%~65% (mild), 65%~55% (moderate) and
55%~45% (severe) of the field capacity, respectively. The control was sufficient irrigation with the soil water content
kept at 75%~85% of the field capacity. Each treatment had three replicas, which were designed using the completely
random block experiment arrangement. The experimental results were analyzed using an improved fuzzy matter-
element model coupled with the weighted game theory to quantify the effect of different water deficits on yield and
quality, as well as water productivity of the crop. [Result] The effect of water deficit on the crop traits varied. A
multi-level evaluation system revealed that in 2019, crop height had the highest weight (0.141) and the crude protein
content had the least (0.083), while in 2020, crude fat content had the highest weight (0.162) and water use
efficiency had the least (0.065). Comprehensive evaluation of the fuzzy matter-element model showed that the
Euclidean degree was the best for a combination of mild or moderate water deficit at seedling stage and mild water
deficit at maturity stage. [ Conclusion] When water is sufficient, a mild regulated deficit irrigation (RDI) at the
seedling stage coupled with a mild RDI at the maturity stage produces the highest seed yield, while when water is
insufficient, a moderate RDI at the seedling stage combined with a mild RDI at the maturity stage works the best.
The proposed model for optimizing regulated deficit irrigation is applicable not only for sunflower watered by
mulched drip irrigation, but also for other crops irrigated by other methods.
Key words: sunflower; water regulation deficit; game theory; fuzzy matter element; evaluation
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