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Construction of the evaluation index system for soil environment of paddy fields with organic fertilizer
supplementation

LIU Liyuan, ZHENG Xiangqun, ZHANG Chunxue, YANG Bo, CHEN Peizhen, XU Yan"

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To develop an evaluation index system for soil environment of paddy fields with combined application of organic fertilizers, the
present study employed meta—analysis to selected sensitive factors of the soil environment. The identified factors were used to construct an
index system for soil environment of combined application of organic fertilizers in paddy fields through coupling of the variation analysis,
correlation analysis, principal component analysis, and random forest. Of 43 soil environment factors, meta—analysis identified 26 sensitive
factors: soil bulk density (BD), non—capillary porosity, aggregates (>5, 2~5, 1~2, 0.5~1, and 0.25~0.5 mm), <0.25 mm microaggregates,
pH, electrical conductivity (EC), exchangeable potassium ions, organic carbon (SOC), total nitrogen (TN ), total phosphorus (TP), total
potassium (TK ), available nitrogen (AN ), available phosphorus(AP), available potassium (AK), soil microbial biomass carbon (MBC), soil
microbial biomass nitrogen (MBN), soil urease (SUE) activity, soil invertase (SSC) activity, soil dehydrogenase (SDH) activity, zinc (Zn),
copper(Cu), and cadmium(Cd). The environmental sensitive factors with a cumulative contribution rate greater than 85% were selected by
variation analysis. The integrated analysis of the results of the correlation analysis, principal component analysis, and random forest of the

selected sensitive factors was utilized to construct the index system for soil environmental effects of combined application of organic
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fertilizers in paddy fields. The system was based on BD, pH, EC, SOC, TN, AK, AP, MBC, Cd, and Cu. The results of the present study

provide a basis for the evaluation of soil environmental effects of combined organic fertilizer application in paddy fields, and offer a new

concept for the construction of a soil environmental assessment index system.

Keywords : paddy field; organic fertilizer application; soil environment; index system; environmental sensitive factors; meta—analysis
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Figure 1 Flow chart of index system construction
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Figure 3 The response of soil environmental indicators to organic fertilizers supplementation
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Table 2 Soil environmental sensitive factors of paddy field with organic fertilizer supplementation

732 Category FEHR Index
IR BD AREESLKE >5 mm FERIA 2~5 mm FIEK 1~2 mm FERA 0.5~1 mm FHRM 0.25~0.5 mm FIEA <0.25 mm AR
A T pH \EC S48 7 .SOC TN TP . TK . AN AP . AK
A MBC MBN ,SUE,SSC.SDH
THEE SR Zn .Cu.Cd

e ISR . L, PR AR AR TN AE N A LA b 423
- IR U H T, IBR<0.25 mm (3 A A& A2
BIES T >5 mm FIBA TP . TK.0.25~0.5 mm 51k |
0.5~1 mm B RAAFNAEBEFLIRE . 845 otk 0 1k
J&i , - F BD \AK (AP SUE ,SDH , 1~2 mm [ {4 [ 2~5
mm A & | Cd.SOC, Cu, AN, MBN,MBC . pH . Zn,
SSC.EC TN 3t 18 845

3 NEFRETFHEREY TR RitamE
Table 3 Coefficient of variation, contribution rate and cumulative

contribution rate for each soil environmental sensitive factor

- ERREC K i
Index CoefﬁF@ntof Contribution Cyananve
variation rate/%  contribution rate/%
BD 0.247 3 6.95 6.95
AK 0.245 1 6.89 13.84
AP 0.2257 6.35 20.19
SUE 0.220 0 6.19 26.38
SDH 0.207 1 5.82 32.20
1~2 mm M R4 0.2052 5.77 37.97
2~5 mm AR 0.197 1 5.54 43.51
Cd 0.1823 5.13 48.64
S0OC 0.180 4 5.07 53.71
Cu 0.178 2 5.01 58.72
AN 0.1514 4.26 62.98
MBN 0.1402 3.94 66.92
MBC 0.1376 3.87 70.79
pH 0.1372 3.86 74.65
Zn 0.1323 3.72 78.37
Ssc 0.116 9 3.29 81.66
EC 0.1121 3.15 84.81
TN 0.109 0 3.06 87.87
<0.25 mm f A H {4 0.088 1 2.48 90.35
AR B T 0.0813 2.29 92.64
>5 mm [ % 4 0.073 4 2.06 94.70
TP 0.0532 1.50 96.20
TK 0.049 9 1.40 97.60
0.25~0.5 mm AR & 0.038 8 1.09 98.69
0.5~1 mm [ %k 0.032 0 0.90 99.59
B LR 0.014 3 0.41 100.00
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3.2.2 IRBERUE A O

IR EE S B S PR R AR T A A
PR 1 48 o 4 R A AL R VE R A5 SR Fr A HR bR 2
[ SRAFAE—E A OCC R . HHIE 4 TR RS - 589
BRSO e =3 i FD RN ER 7/ o i e s R o el a1 £
FHOEHEA 25 5L 0T 1, BD 5 1~2 mm B 4K . 2~5 mm
P R {4 d 3 A ¢ s SUE 76 7 5 SOC L AN \MBC Al TN ¢
FHSE s SDH IG5 SOC \SSC il M i E A5 5 1~2 mm
A 5 2~5 mm P 44 58 35 AH 26 (P<0.05) ; Cd 5
SOC. Cu.Zn Fl EC i % # 3¢ ; SOC 5 Cu. AN .MBN,
MBC F1 SSC 8 2 4H )¢ (P<0.05) ; Cu 5 Zn .SSC FI TN i
A5 (P<0.05) ; AN 5 MBN . MBC 1 TN & 41 % ;
MBN 5 MBC #1 TN i 2 #H 5¢ ; MBC 55 pH . SSC #1 TN
EA S pH 5 SSCHITN & 456 ;SSC 5 TN 3%
X

Ios
0

I

= 2T o S FE TR T T Som e oo oo

abcdef ghijk !l mmnopgqr

a~r 358 BD AK AP \SUE \SDH , 1~2 mm HI%RAAK 2~5 mm HHRM
€d.SOC.Cu AN MBN MBC .pH .Zn .SSC .EC HITN; “*” /R 7E P<0.05
K b2 R
a~r is soil bulk density, AK, AP, soil urease, dehydrogenase, 1~2 mm
aggregates, 2~5 mm aggregates, Cd,SOC, Cu, AN,MBN,MBC,pH,Zn,
invertase , EC and TN respectively; “*” indicates that the correlation is
significant at the 0.05 level

4 XFEEVIEEIER LIEIMEIEIRAX ST
Figure 4 Correlation analysis of soil environmental index of

paddy field with organic fertilizer supplementation
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1 Zns 55 =414 AP FI Cu; 55 P4 pH.
3.2.4 REERUER A - HEHE

38 ) FE LR A3 B A5 1 18 4 H - eI
UK F AR EAE, R S PR . S —4l 4% 3R
B fHUER 7 10 BB £ B SOC>BD>TN>SSC i 1>
2~5 mm A B A& >SDH 36 ¥k >1~2 mm H 1k >AN>
MBN>SUE {GPE>EC., 2 4 5 248 i K E)/N A MBC>
AK>Zn>Cd, 55 — 2 1 25 R I~ AP>Cu, 1fif 55 1Y
HANA — IR T pH, HH EAE 0.267,
3.3 BRI R E

38 28 B AL AR AR A3 A7 A5 10 5 — A b AR e R
$5F5 4 SOC, Tl SOC 5 SDH i ¥ . SUE 1% 4 . SSC 1%
£ MBN 2 A0 56, LA BR 5 22 M G B 8 b L AL PR
B SOC. 55— 41 A3 858 U A T+ BD 1 2 2L I

i, PR S B 5 L B 2R DG A 1~2 mm [T SR AN 2~5
mm AR R, HIBES TN B A1) AN, 2

F4 BHEAVREEHN T ERFEIRD X
Table 4 Classification of soil environmental index of paddy field

with organic fertilizer supplementation

W —2H PR B SOC . BD TN FIEC, 45 4 Cd 5 Zn
EMX, H Cd W EZE & T Zn, B ILSIBR Zn, {UR
B Cd ik AFEFRIK R, LA AK 5 MBC TG 2 2 A1 561,
Kt =35 ¥k AR PRIR R, S 458 - Cd AK
FIMBC, %5 =214 AP Ml Cu, H. =% JC 0 Mk,
IJH:AP%[ICui@i%EF/\i“éTﬂZIS?\Q 55 V02 AL pH —
ANERR, LSS PULHAR BE pHL 25 b R T
BD £ 10 N8 5 1 E?ﬁ*ﬂﬁﬁﬁaﬁ@ (1) IR 5% 350 B A
FEPRA R I 6 IR

4 g

IR RN PP AR R A B P A S B —
JE Rk TARRE R I E 2 ), AT IR0
PR B ER . T SERRET AN PN A R R AR S A
PR 2 AR AR WA D7 T - D845 WS e - 3E 2R
BERFIOROL . IR I LY B Ao R
e R R A 2 AT, it SRR A
FEBR R RN Bk LR ZE S VE . LA, LB
e AW e o R A R s 2R AR, I
I, eI bR BAT AR s QIR BRI T A7 . fi8
PRiR Z R AL B AR I B 5y BRI , BT i L SR A5
PR AR BRI 5y TSI A AT AT, A 5y AR AT i

x5 HMEHAVEREN LEREHRRFEEE
Table 5 The important value of soil environmental index of paddy

field with organic fertilizer supplementation

b F AL43 Principal component 43R
Index 1 2 3 4 Category 1545 Index T % H Important value
BD -0.947  -0.120  0.059  -0.293 1 BD 0.050 0
AK 0.524 0713 -0.440  -0.153 2 AK 0.006 7
AP 0305  -0.109 0577 -.083 3 AP 0.008 3
SUE 0.837 0.465 0.136  —0.254 1 SUE 0.008 3
SDH -0982 0025  -0.155 -0.102 1 SDH 0.0333
1~2 mm HIR{K  0.943 0.090 0277  -0.163 1 1~2 mm ARk 0.0300
2~5mm HEMA 0971 -0231  0.044 -.039 1 2~5 mm [ ZE (A& 0.0350
cd 0.172 0973  -0.116  -0.100 2 cd 0.003 2
SoC 0.903  -0.085 -0220  0.358 1 SoC 0.061 7
Cu 0.060 -0.04 0.840 0.28 3 Cu 0.001 2
AN 0.950 0.073 0.301 0.036 1 AN 0.020 0
MBN 0.891  -0292 0319  -0.137 1 MBN 0.0150
MBC 0678  -0.712  0.133  -0.127 2 MBC 0.030 0
pH -0.738  0.078 0.088 0.664 4 pH 0.026 7
Zn 0.040 0928  -0.318  0.192 2 Zn 0.003 3
SSC 0.974 0.040 0.161 0.155 1 SSC 0.038 3
EC 0.648 0.418  -0.157 0317 1 EC 0.006 7
TN 0.941 0.080 0320  -0.075 1 TN 0.043 3
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Table 6 Evaluation index system for soil environment of paddy

field with organic fertilizer supplementation

4325 Category FEHR Index L7 Unit
ey s BD grem™
el pH —
EC wS-em™
SOC g kg
™ gkg”
AK mg kg
AP mg-kg"
AW MBC mg-kg™
TIEE SR Cd mg-kg'
Cu mg kg

BRI R i S A AR PR R

FT RS A B U AR T A PLIE
et PO S P - SRR BN AR IR R o i ad 5 S T
WFTESE X HE A M7 e B, AR FEAG A 1) 1 SR PRI A0
PR AMA R S AR TEPRAR R HA —E B )
Mo N, 3w BRI R A i Y A
RO AR R A LA LR LB R bR . ILAh,
KR Fa O 4o £ R 50 i R AR 2E L AT o Ay
TR YN RV AR LRI 15 45, bl
£ 45 13 pH SOC . TN AP 5545 b , FRMIAHIE S 1 1)
TRV N R A —E RS B T
SEPRIE AL PN TR IR R R S LI G R AR, 1
4, A RS S AR A S M A S S Bk kg 7k
B HBNEAEIMA R PR BAR T — M E SR iEIR. A
W% A PR R 2 b i E & w5 AR £
Herb N IEA DI FOR LT G R A BN SR AR A 2R
BSR4z

SAEARBTENZA I il i 25 5 Wi 1 A
AT HLAE O B L SRR AL PPN HE bR & L (HiZ
PR RASIRAFAE—LER L, FERBE LT IS 5T :
O BT PR A F AR 0], AR 2 5 3R
A8 L SRR ALV AR B, T 95T 28 M SR Bl 5
PR i A A B R bR . A LI 2
FIAPUER B H AT ZAMIERE K, J& A5 2k
i, IASHITE I A N A BRI A R v 7 —E 7
JE 2SN G5 QAT S L S BT A T
JERIN 8 , (AR5 0 M 2 RS A 0 W ) SR 3 1T
SR, Ho T ARG AT L, 73 A4 R al BT AE—
RiRZE
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