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Table 1 Indices for comprehensive benefit assessment of conservation tillage

R B % BE =% BE
Grade I Weight Grade II Weight Grade III Weight
134 Soil bulk density Cyyi/(g-em™) 0.0445
L i%ﬁiﬁ Ssoi}ltegl)c“arature Ci12/C 88461;1;
Soil physical-chemical 0.3052 iﬁp Nt . B :
properties Cy. 1 %'ﬂ%ﬂz SO}l electr{cal conductivity CI-M/(S‘m ) 0.0459
+HATHLT Soil organic matter C5/(g'kg™) 0.0629
3 E YR Soil microorganism Chie/(ugrg™) 0.0445
T AR LK RE + 35 /K Soil water content C»1/% 0.0451
3% e Water retention ability of 0.0924 KA R 2%
xﬂ(m_ﬁa & 0.6855 soil Ci» Soil moisture utilization rate Cyp/(kg:(hm?-mm™)) 0.0473
Eco-environmental — — — - on L L
indices C; .ij%ﬁJXVL'?&HE . PR HCE Soil anti-erosion efficiency Ci31/% 0.0629
Soil resistance to wind 0.1073 353 22 i Soil particulate emission rate C)3,/(g'm™) 0.0446
erosion Ci3
JREFIZE Weed species Ciay 0.0448
T )% g B SE Weed destiny Cia 0.0453
weeds, diseases and 0.1804 R # Survival rate of seedling Cy43/% 0.0445
insects Ci4 H % Emergence rate Cy44/% 0.0458
i U Diseases and insects Ciys
AU ALK
Agricultural 0.0629
ARV G E (LN 0.0629 —mechanization rate Cy,/%
Social Indices C; ’ YN B IIE - N
Transfer of rural labor per
hm2 sz
IR N THN Labor cost Csi/(Ut-d”) 0.0629
ZLOr R 5 VR 0.2516 BN Input Cy 0.1887 ARHLIYFE Mechanical cost Cyjo/(76-hm™) 0.0629
E&Z?gg 12:311 ' A& W JE AT BN Material cost Cs13/(JG-hm?)
7% H Output Csp 0.0629 YEW{H Production output Cs,/(JG-(hm™>a™)) 0.0629
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Table 2 Value assignments of indices for benefit assessment of
conservation tillage

25 Cy [FE R, BE K 0.2516; 2 ET 6l C BLE
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*3 ARMEERXTIEMERREERNE
Table 3 Membership degrees and weights for indices in different
tillage modes

Ei=ta1 WHFES  BRAME RGHME e S
Indices No-tillage  Subsoiling  Traditional Reference
Cril(gom™) 1.48 1.43 137 RESE,
e ' ' ' T
s b 72 (291
Ci1/C 19.8 19 20.7 *”Bf; ’
Tz
B LR NIIEN
c 6.67 / 6.24 .
1 A M T
} e,
Ci14/(Sm™! 7.13 7.54 6.08 s
nd/(Sm) B4 553 B
. X1 A0,
Chisl(gke! 11.62 / 10.42 e
ns/(gkg™) Py 5 s L
: SRS
Crie/(ug g 250.69 280.61 2439 eHE
ne/(ug'g) bR K
I 1300,
Cia1/% 17.4 16.4 14.6 L
e R
Cio/ i} 35732800,
ELa 14.36 13.82 11.49 il
(kg:(hm™mm™")) R
BT HIC,
Ci31/% 88 / 60 s
1 R
} BT HC,
Ci3l(gm™ 3.8 26 47 .
132/(g'm™) Tt
Cia 0.005 0.006 0.003 LAY
Cr43/% 92 9 89 S AERY
Craal% 85 89 82 S AERY
Clas 25 20 18 LAY
Co/% 57.1 / 38.0 A )
Ca/(t-d™) 60 / 40 U EsARES
C312/(7t-hm™) 63.89 / 58.77 N EeAEE
C313/(76-hm™) 223.86 / 200.15 IEREAEIEE
Ci/(JG(hm™a™))  871.45 / 785.66 YA ) 25

e /ORI EE, R,

Note: “/” means data not available, same as below.

2.3.2 R¥E

SRR AR IR, B TV AR S PR K
) 11 N EFR AR, (A TP 25 2 1 19
MEPR AR ATIRE, "RESMTE A R, WA
XTI 2 B LN 43 v E PR AR AE . T 19 AN TR
FRFRIIBCE RENER 1. R 1 WLUR W, AR E G
Mrdabs C IIBCEM AR, N 0.6855; HIK VPN &G

SR

Tebr Membership degrees {Klle/il\ﬁ*/?ﬂfﬁi
Indices e F A WHLBE LG e
No-tillage Subsoiling Traditional

Cin 0 0.462 1 0.0896
Ciz 0.529 1 0 0.0896
Cins 1 / 0 /
Ciia 0.719 1 0 0.0923
Cuis 1 / 0 /
Ciis 0.468 1 0 0.0896
Cai 1 0.643 0 0.0907
Cin 1 0.812 0 0.0952
Ci3i 1 / 0 /
Cin 0.429 1 0 0.0898
Cia 0.611 1 0 0.0903
Cis3 0.667 1 0 0.0912
Claa 0.492 1 0 0.0895
Cias 0 0.714 1 0.0922
Cy 1 / 0 /
G 0 / 1 /
G 0 / 1 /
G 0 / 1 /
Csi 1 / 0 /

2.3.3 s

BT EIR 2 GOl gk 3 FAHERI I ARS8k
PPN SR, R 4. DEER TP AESIRERGIM 11
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HURERHE S (0.540) , o efEgdiE (0.182) ,
XA WA B RN G B 7 5 10 AR SR R R i TR 4
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TIP3 25 1 AR AR R e, P B FR b A 43
BeASIR], S mAl T VPN R ER A -
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Table 4 Comprehensive assessment values of three tillage modes

FT 11 AMEbR

FET 19 MER

BHEI A Based on 11 indices Based on 19 indices
Tillage types A ST G A AIET AL thes R SV LR AU
Eco-environmental benefit Eco-environmental benefit Social benefit Economical benefit  Comprehensive benefit
LG
{‘_’EHVF 0.182 0.0903 0.1887 0.279
Traditional tillage
ﬁﬁ# 0.540 0.4571 0.0629 0.0629 0.583
No-tillage
NAY AE S
bﬁh H. 0.875 0.4347 0.435
Subsoiling tillage

BT 19 MEARRZREVEN R, B TS
R, B ULILRAT At 5, B IR R
S R T REE IR AR PPN S . NERE 132K

F, b 155 (0.584) feim, LUCHIEABE (0.435) ,
B NARGHHE (0279 , XU BB 5 . BRI
TG T I L G MK G . PR3 7, A%
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Framework for comprehensive benefit assessment on conservation tillage
and its application

Li Yangyang, Liu Siyu, Shan Chunyan™, Ji Yagin
(College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: Considered as a health-harmful and climate-relevant pollutant, particulate matter (PM) has become a serious
concern in China for recent years. Source apportionments of Chinese major cities show that fugitive dust can explain a large
percentage of PM sources, while soil wind erosion contributes substantially to fugitive dust. Conservation tillage plays an
important role in promoting crop growth and increasing production as well as in preventing wind erosion. Researches have
been done to assess the benefits of conversation tillage in several perspectives respectively, whereas little concentrating on its
comprehensive benefits. For better assessing the benefits of conservation tillage on eco-environmental, social and economic
aspects comprehensively, a 3-tired index system was constructed based on field surveys, experiments and literatures, and tested
in the case study of Tianjin. The assessment system included 3 indices of Grade-1 eco-environmental index, Grade-2 social
index and Grade-3 economical index. Eco-environmental index included 4 sub-indices in Grade-2: soil physical-chemical
properties, water retention ability of soil, soil resistance to wind erosion, and weeds and insects indices, respectively. Social
index involved 2 sub-indices: agricultural mechanization rate, transfer of rural labor. The last 2 Grade -2 indices are input, and
output subject to economical index. There were 19 more detailed indices in tire-3 to cover better range of this assessment.
Three tillage modes utilized in Sujiayuan Village in Dagang District, Tianjin including traditional tillage and two kinds of
conservation tillage (no-tillage with mulch and subsoiling) were analyzed to verify the feasibility of this index system. Fuzzy
comprehensive evaluation (FCE) method was adopted and the weights of indices were calculated by standard deviation method
in this assessment. The values of soil anti-erosion efficiency and soil particulate emission rate subject to soil resistance to wind
erosion were calculated by a wind tunnel experiment conducted in Dagang district. A questionnaire survey was conducted in
Sujiayuan Village to get values of agricultural mechanization rate and all the economical indices. An intensive literature
research has been performed to get the rest of the indices’ values considering the similarity of climate and agrotype between
Sujiayuan Village and places from where those values were obtained. According to the coverage of data collected, an
eco-environment assessment with 11 indices involved and a comprehensive assessment with 19 indices included were
conducted respectively. The results showed that conservation tillage performed more benefits than traditional tillage on the
eco-environmental, social and economic aspects. Traditional tillage, no-tillage with mulch and subsoiling scored 0.182, 0.540,
0.875 in eco-environment assessment, respectively, and 0.279, 0.435, 0.584, in comprehensive assessment, respectively. At last,
several problems were noted for the further study or utilization: 1) Due to the lack of knowledge about standards of each
indices, it’s hard to define the detailed “rank” (or “evaluation value”) of specific index, which lead to the result that this
assessment value only reflectes the relative superiority but not the practical gaps of these tillage modes; 2) Most values of
indices were obtained from literatures; Despite the similarity of climate and agrotype, significant biases may potentially exist;
and 3) Geographical condition varies among different areas, it is rational to utilize this assessment method with local
conditions carefully considered. This study provides a useful tool for comprehensive assessment of conservation tillage.

Key words: soils; erosion; particulate matters (PM); conservation tillage; comprehensive assessment; fuzzy evaluation



