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Evaluation of the comprehensive benefit of biodegradable
mulch based on AHP—entropy weight method
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Abstract In order to solve the problem of "white pollution" and realize the sustainable utilization of soil resources, the
BioDegradable Mulch (BDM) could replace PolyEthylene (PE) plastic film in the north of Yinchuan City, Ningxia
Province? Two kinds of BDM (F and X), common PE plastic film (PE) and non-mulching (CK) were set up in this
area, and the field positioning experiment was carried out for 2 years. The comprehensive benefit and sensitivity of
BDM were analyzed by using subjective weighting method (analytic hierarchy process), supplemented by objective
weighting method (entropy weight) , and combining with 9 indexes of three major benefits (economic benefit,
technical benefit and ecological benefit). The results show that the comprehensive benefit index of F is the highest,
followed by X, followed by PE, and the lowest is CK. Among them, F and X are 38.72% and 6. 48% higher than PE,
and 122.65% and 70.91% higher than CK respectively. Sensitivity analysis shows that compared with PE, the biggest
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sensitive factors of BDM are tomato yield and plastic flm decomposition rate. To sum up, it is feasible to popularize

and apply BDM in the production of the Yellow River diversion Irrigation District in the north of Yinchuan City, Ningxia

Province, and BDM can be used instead of ordinary PE film.

Keywords AHP-entropy weight; BDM; comprehensive benefit; sensitivity analysis; field trial
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Table 1 Comprehensive evaluation system and measurement method
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Table 2 Normalized values of each index of different plastic film mulching treatments in different years (V)

N C
Ve i X
i B0 $ AE C 0.242 01 0.000 10 0.364 27 1.000 10
PO Z0A0 = it C2 1.000 10 0.502 15 0.709 80 0.000 10
BRI CE C3 1.000 10 0.306 24 0.632 12 0.000 10
Hby e A IR 2R H R C4 0.439 67 0.000 10 1.000 10 1.000 10
2022 Mo BEBR B R C5 0.259 48 0.647 25 0.000 10 1.000 10
Hb B 4 fif 3R C6 1.000 10 0.473 91 0.000 10 0.000 10
R g CT 0.397 76 0.64338 1.000 10 0.000 10
TR P fig C8 0.855 24 0.644 96 1.000 10 0.000 10
ISR S L pH C9 0.002 12 1.000 10 0.000 10 0.165 27
Hh AL AE CL 0.134 92 0.000 10 0.421 88 1.000 10
V4 21 = ik C2 0.750 10 1.000 10 0.500 10 0.000 10
BEE S WM C3 1.000 10 0.624 48 0.691 78 0.000 10
Hh e AL IR K H A C4 0.243 04 0.000 10 0.888 77 1.000 10
2023 b B B2 % C5 0.000 10 0.629 52 0.396 08 1.000 10
b 543 i R C6 1.000 10 0.473 91 0.000 10 0.000 10
ARk fE CT 0.528 40 0.285 69 1.000 10 0.000 10
14 45 Pk Bk C8 0.501 59 0.397 12 1.000 10 0.000 10
SRS e pH C9 0.067 89 1.000 10 0.000 10 0.177 53
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Table 3 Consistency test results of judgment matrix at all levels of evaluation index system

-
Jud Jg?nﬂfeﬁn%tﬁnitrix A CI CR
Chy) sy =125 1.2, 3.003 0 0.001 5 0.004 8
(e s> im0 3.036 4 0.001 8 0.035 0
CEp) ainn itnoe s 3.003 2 0.001 6 0.003 1
Cey) 3xs i=1.5.9: j=7.8.9 3.000 9 0.000 4 0.000 9

T 2 A 18 BRI ORI ; CTR — B8 0 CRIEFEHL— Bk e 2

Notes: A

ratio.

max
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BP 52 X PE Y TET 28 b 2 B2 A e 19 PR J2 74 20 A

refers to the maximum eigenvalue. CI is the consistency index. CR is the random consistency

7 5 AR R R b RSO3 i R | R A R L
pH 5 24 P4 20 Al 77 5 28 Ak 10 % I, X A 2545 50025 28 4k
o 24.899% , 2 WAL PE ML , X 1 254 50 25 52 74
ZTA 7 5 W K T 37 b RS AR B R b B ) A
R HEFR IR A S pH X 34 B 1 52 e R A AR
Hit/NF PE HiJE
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Table 4 Subjective weight calculation of AHP subjective weighting method W

b e )2 B Y W FRIZCHEM
o WE W, WE W,
bRiEIZE B o TEZEC o LGAERE W, HEF
. Subjective . . Subjective . . .
Standard layer B . Scheme layer C ; Comprehensive weight Rank
weight of weight of
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i 5% A A CL 0.390 7 0.1389 3
2R 25 Bl N
FREBL 0.3555 V4 L i 7= 4k C2 0.2815 0.100 1 6
Economic benefit B1
TR WA C3 0.327 8 0.116 6 4
b 23 TR Ok FE R C4 0.175 2 0.053 6 8
AR B E B2
0. 306 2 i I A% B R . .
Technical benefit B2 IR B 2 C5 0- 1537 0-047 1 )
b JIEE 0 fift R C6 0.6711 0.205 5 1
R MR CT 0.320 6 0.108 5 5
A4 A A4 B3 PR35 PEBE C8 0.517 7 0.175 1 2
. ) 0.338 3
Ecological benefit B3
AN 'ﬁ
i%?%ﬁh‘ & 0.1617 0.054 7 7
pH C9
RS BEUERNBEUNE(W )
Table 5 Objective weight of entropy weight (W 5.0
2022 4F 2023 4F
R . & B e
i B4 L T 5" FRMe  BRREG
S t
Evaluation index " oima on Coefficient of W ik Information Coefficient of W s
entro
Valuepzf variation g; entropy value ¢;  variation g;
2Rl B 0.7328 0.267 2 0.7328 0.662 7 0.3373 0.6627
HR R 45 B2 0.746 8 0.2532 0.746 8 0.6817 0.3183 0.6817
AR B3 0.738 3 0.2617 0.738 3 0.7358 0.2642 0.7358
Hi BB £ A C 0.6617 0.3383 0.396 8 0.6137 0.386 3 0.4580
PY2LA 7 5 C2 0.7651 0.2349 0.2755 0.7656 0.234 4 0.2779
T E C3 0.7205 0.2795 0.32738 0.777 2 0.2228 0.264 2
H AL R A C4 0.7505 0.2495 0.2288 0.698 2 0.3018 0.2734
Hb 55 BE % C5 0.704 9 0.2951 0.2706 0.7439 0.256 1 0.2320
Hb 53 fif % C6 0.454 0 0.546 0 0. 500 6 0.454 0 0.546 0 0.494 6
R PERE CT7 0.744 9 0.2551 0.2181 0.706 4 0.2936 0.2628
PRI M fE C8 0.7815 0.2185 0.186 8 0.7337 0.266 3 0.2383

357 43 FE 5 pH C9 0.304 1 0.6959 0.5950 0.442 4 0.5576 0.4990
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Table 6 Combination weight of AHP- entropy weight (W)

e

Evall]l;ﬁjz 1irﬂljdex 2022 4% 2023 4
2 U5 3 4% Bl 0.363 8 0.390 9
AR 47 B2 0.2811 0.3349
1 B4R B3 0.3211 0.307 2
b B B 07 £ AE C 0.4559 0.520 5
[ EAR [ O 0.2285 0.2539
8 R i fE C3 0.316 6 0.2811
b2 A PR E R C4 0.104 1 0.1153
b 5 5% BE 2R C5 0.159 3 0.086 5
Hb B 53 i 2 C6 0.683 6 0.805 4
HEE R fE CT7 0.266 0 0.292 2
PR30 1 g C8 0.365 3 0.425 9
4 8 5% oy R 5 M pH C9 0.363 4 0.278 6

(b) 20234F

—u— ZE430 25 Comprehensive benefit
—o— 2353125 Economic benefit
—a— FARZL2E Technical benefit
—v— 55045 Ecological benefit

(c) 20224F F1 20234FE{H  Mean of 2022 and 2023

1 202272023 F AR ERLETHEF BER ESNEEREEH AR 2EFHEIXIEL
Fig. 1 Comparison of economic, technical, ecological and comprehensive benefit indexes of 2022 and 2023 and their average

under different film mulching treatments
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Fig. 2 Sensitivity coefficient comparison of the comprehensive benefit of BDM F (a) and X (b) with PE
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