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Effect of purified biogas slurry drip irrigation on sandy loam soil quality, silage

maize productivity and analysis of safe application rate
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Abstract: Ningxia’ s forage and livestock industries currently face multiple issues; forage plant breeding and
production is below requirement, the soil quality in the forage production areas is declining, the yields are modest,

and the application of a large amounts of manure as fertilizer has both environmental and health risks. In this study, a
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multi-stage filtration process was used to obtain purified biogas slurry, and an experiment was set up to apply the
slurry at different rates (0, 225, 450, 675, 900, 1125, 1350 m°’-ha ') by drip irrigation. The purified slurry liquid
fertilizer was applied to a silage maize crop, and its effects on soil quality and silage maize yield were systematically
studied to determine the safe application rate. The results showed that soil pH, the contents of total salt, available
nitrogen, available phosphorus, available potassium and heavy metals including copper (Cu), zinc (Zn), lead (Ph),
cadmium (Cd) and chromium (Cr) increased significantly with increased biogas slurry application rate, while the
content of soil organic matter initially increased and then decreased with increased application rate. Soil organic
matter level was highest under the 900 m’+ha™' treatment. This treatment also significantly increased the content of
soil water-stable macroaggregates ( =>0.25 mm) , mean weight diameter, geometric mean diameter, microbial
biomass carbon content, enzyme activity and quality index. The yield, dry matter content and starch content of silage
maize increased initially and then decreased with successive increases in the application rate of purified biogas slurry.
A linear regression equation showed that a purified slurry application rate of 806—925 m’+ha 'best promoted the
yield and quality of silage maize. In addition, the contents of Cu, Zn, Pb, Cd and Cr in silage maize showed an
increasing trend with increase in the application rate of purified biogas slurry. However, heavy metal levels observed
were far lower than the permissible limits in animal feed. Based on this study, it was concluded that the soil quality

index and silage maize productivity were the highest under the slurry application rate of 900 m’-ha .

Based on this
drip application rate, and the permissible levels of the heavy metal element, Cd, the soil environmental absorption
capacity can be calculated. After continuous drip irrigation for 25 years, the soil heavy metal content would not
exceed the standard. Furthermore, based on the second national soil census Ningxia soil salinization division
standard, it can be calculated that continuous drip irrigation for 19 years would not result in soil secondary

salinization.

Key words: purified biogas slurry; silage maize; yield; soil quality index; heavy metal
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KREEIG AT 35 90 26 15 I U4 AR B AE TR, DL YR VR T LAE S HLIEME A 3% A By TR IR 0
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43.63% . RBIR, LRIFFEE R i & A B0 EFHEBORE 27 2Bl i ds .

SR, AE A e VR W T H Ak 2# 7 4 (chemical oxygen demand, COD) &k 5 5 4 )@ 25 & o , % HE
BB IR T AR A 2505 G AU, Ry ot , A 92 7 1A BRI 09 S B il -, R I 2 90 18 T 23R8k i . B, K
B9 VE W AE 9 4 v T R 5 214 1 K (Oryza sativa) MROR B @i 2% ik 2 3607 @038 + RO FpbE m o8 . 3 Tt
A5V B VAR T WA R E i, DA B I R OK O HR R X5, R G 9 v A T VR AN () R e o b g 4 i i Ml
I KA 7 ) B2 R AT R B N PR R B S E I ER B OCR EY I - E KRR E
G )@ AL, LAY Ry 7 SR A A O B T KR v Jo A A B R 2 A S e N B AR RR .
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1 P& /K & Precipitation _

1.1 FREBL 5150 +$i@i§1f§Averagetemperature : 22;
T 2021 — 2022 4F 78 5 ELH I 71 B X R B - 7 1% S120 B 2 £
25 FE R A IR 7 (106, 012° B, 38. 2457 N) IF JE S5 1 £ ool § 15 2
TR A T SE SR 0 1 DS B AR 1170 m, 2 | 23
BT E LRI W B AT e, = O | 0%
BFIE KR LA T A WA T RO SR L3 50 H § o
S, % i IX 4 5 B K B 190, 62 mm, 4E 3SR 9. 04 °C 0 OLIOLL 155

(P 1), 38 % i B4 2000 men, F B 6 2 , 7 4 F1 BRI eherraeeeirey
SanaRRSaS L oREaw

O 3009 h, BRI 195 d, TER N 171 d. 9 Date (4, A Year/month)

B LR B R LMD RE L. gy deEEARSEHRETH

B 5 A o AR R E BRI AR . 2021 A BRORE N A Fig. 1 Changes of precipitation and average temperature in

FE Al B R L S L R OB R L (NKT6100-B, the test area

o AR ) IF S5 A LA AL K B bR v o AT 3R

B, 0~20 cm )2 000L & 5l 3k 50 %6, 4 38 5T bk B0 T4 A+ T 20~60 em 4 2 - HERRL S 5 1 45 %0, 38 1A T i

Ry b o M A 4 TR SR B A Bl A b R S T R A, 0~20 em 2 DR B iR S EUR ALK, W R HEK

TR I B A R B A T, A R R s e AR B R OK R 22 (R 1) .

F1 TEERYEMER
Table 1 Basic physical properties of soil

REE LA 4L % Mechanical composition ( %) +- 5T A HEBD FH [ 47K
Depth (em) @bk Sand (0. 02~2 mm) ¥k Silt (0. 002~0. 02 mm)  Fki Clay (<<0. 002 mm) Soil texture (grem™) FC (%)
0~20 55.5443.72a 32.23+0.49b 12.2340.47a B3+ Sandy loam  1.42+0.04a 16.54+0.50a
20~40 37.14+1.08b 48.65+3.83a 14.2140.10a ByEb B £ Silty loam  1.39+0.03a 17.89+0. 63a
40~60 37.12+1.64b 49.65+1.50a 13.2340. 35a FEb T+ Silty loam  1.41-0.07a 18.03-0. 27a

BD: % & Bulk density; FC: H [ £j /K & Field capacity. [[]Z)K [A] /NG B 3278 AN W] 4 J2 1] 22 5% W 3% (P<<0. 05), F [l . The different lowercase

letters in the same column indicates that there are significant differences among soil layers (P<Z0. 05), the same below.

15 pHAE Ny 8. 29~8. 53, 4b T Bt SR Bk ik K P 2 B [ A kA L R RS R WOR A
BLBT GHRLCR B B AL T A~5 G ARK T B AU AL T 3 9 S5 K AL T2 R E K (FR2), LR SR
Cu.Zn .Pb.Cr.Cd & & B IK T B ZAR A H R (£ 3),

1.2 KA

1.2.1 i) TR IRk 8 7 B A B AR W3 R 0 A0 S T A T VE VR, R TR RO AE R S
(7.37ms-cm ') b 2E T AU (3860, 00 mg- L") K & A (1013, 50 mg- L) KU, BRIk, I A4 ki 45 )5 F e
WAl B AL AR DL IE 2. a8 s AR (SRR IE AR N 0. 005 mol- L' FeCly- 6H,0, HitFE 5 FIRATE ) BB &Y
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F2 TEERELFMR

Table 2 Basic chemical properties of soil

B pH 4 A HLIT Organic A Available AW Available AL Available
Depth (¢cm) Total salt (g-kg ") matter (g-kg ') nitrogen (mg-kg ') phosphorus (mg-kg ')  potassium (mg-kg ')
0~20 8.29+0. 05a 0.2340.01a 15.26=+0. 15a 47.78+1.42a 22.4340.69a 188.6246.65a
20~40 8.48+0.08a 0.25+0.02a 10.6240. 36b 35.154+0.90b 7.97+0. 38b 124.394+7.61b
40~60 8.53+0.09a 0.2740.01a 8.2740.18¢c 30.7640.52¢ 6.54=40. 15b 113.5446.18b

®3 tEEERESE
Table 3 Heavy metal content of soil (mg-kg™)

W Depth (cm) Cu Zn Pb Cd Cr
0~20 15.69+2.47a 0.4440.06a 13.6940. 87a 0.3940. 05a 24.26+1.20a
20~40 7.4540.12b 0.2540.04b 5.544-0. 55b 0.3040. 03a 18.4842. 39
40~60 1.9640. 35¢ 0.18+0. 35b 4.01-+0.30b 0.28+0.05a 21.0340. 82a
[ 45 BR £ {if National standard limit 190. 00 300. 00 170. 00 0.60 200. 00

ke |

BS flow rate:
12m*h’

SLLE

Booster
pump

HIK
BS

TRV UE &
BS flow rate:10 m™h™

I _——"

IR s UiLE

TEEE B BS flow rate: Reflux rate:

BS flow rate: 6m-h 4m’h!
4m*h’ r=1

2 BREHELIZRE
Fig. 2 Multi-stage purification process of biogas slurry
BS: A Biogas slurry; PBS: {6 iR I Purified biogas slurry.

FE2%) CHLUE (THWE o 22 J2 7 W bF B 9 okt , EORE 23 1) R KRS AT Kl s A s b ) R 25 3 U8 R P 8 ik
FE, BEEFLAZ S 500 nm) 8 8 R FH P % g ASE , BB A% Oy 300 nm) 44 i (R FH SR A8 1k e D L, BEEFL 4224 10 nm) 22
Gk U8 I AT TH AN LA AR, R TE S R L T i S A BB X R 4 R 93.63%.97.89%
99.820 , L PR LERAE N 86. 0200 (£ 4) ., M, HALTH K E 4 J8 Cu.Zn . Pb . Cr.Cd & &t 43 5 A Hb 5 BRI 1
55.73% .54.00% .43.84% .50. 00% .46. 56 % (£ 5) , ¥ T4 I Ay vfe FR A
1.2.2 il fh T 0 OK e 22 b o A R B R I 35717 R T T .
1.3 Xkt

AR 5T 7 2 VA T R e R T N 1 IR 1), T K TR 2 M) P RO B K SR TE R H AR
T JR ¥ AL VR VAN T) o J32 T TR O 5, v A T B VB et AR 0 L 4 0 ik (0. 40 - L) IR [l B B2, A4 75 M40 v Wk ik
A BLEWE A2 A5 3900 m’~hm *SAAKHE , e Ak 78 00T HE A AR A A T A 0D o R AR R 2 K T B
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x4 BRERUFER

Table 4 Basic chemical properties of biogas slurry

pe fl T HEA EpIA] pH LR SR & Kot
Material COD (mg-L™")  NH,-N(mg-L™")  Solid (mg-L") EC (ms+em ') TN (g-L™") AP(g:L™") AK(g:L™)

WR® BS  3860.00+231.26 1013.50+64.34  20420.004+740.35 8.034+0.04  7.3740.21 1.2340.09 0.15=x0.04 0.08==0.03

LB PBS  246.00419. 14 21.34+0.55 35.74+0.92 7.65+0.11 1.03+0.05  0.40+0.17 0.13+£0.01 0.05+0.01

COD: fb2: 7 % &t Chemical oxygen demand ; NH,-N: & Z% % Ammonia nitrogen ; EC H, 5 Electric conductivity; TN: 4> % Total nitrogen; TP: 4>
§ Total phosphorus; TK: 4x#f Total potassium.

®k5 BREEELE
Table 5 Heavy metal content of biogas slurry (mg-L™" )

#4 % Material Cu 7n Cr Cd Pb
R BS 34.56+1.23 24.33+6. 64 1.46+0.09 0.06+0.00 4.66+0.06
HALTE PBS 15.300.97 11.1940. 11 0.8240.03  0.03+£0.01  2.4940.15
[¥ %% PR & 45 4 National limit standard — — 50.00 3.00 50. 00

LI AR S Bt e B a7 AR B, 205 DA ®o WEEIHR

Tt 0 A B, 4 A B G K 12 Y, HE R 2 45 N 3900 Table 6 Experimental design scheme
m*-hm %: 2) W 225 m-hm 2, 4F 8 F 20— 0> .6 Qb B S i £ it ITmplementation measures KRB W IR

Treat- W Ve Al VA A Water Biogas slur-
9.12.15.18 .21 it i3 3¢ rh 3 73 8 Uit 5 3 7K 12 .. ’flf*lg; W ggfﬁ_; Wiier i e dip o
W AR K 225 m'-hm %33) W 450 m*+hm %, A |- (mhmt  (kgehm ) (b hm?)
43 8 Wit 5 % 7K 12 K, B 87K 450 m®+hm *;4) A S, 0 0 3900 12 0
W 675 m*~hm *, [a] b 43 8 Ui 5 i K 12 Wk, {H I S, 225 90 3675 12 8
7K 675 m®hm ™ *;5) ¥ K 900 m®+hm *, [d] I 43 8 it S, 450 180 3450 12 8
FiT 5 98 /K 12 % 8K 900 m'-hm*; 6) ¥ W 1125 NS 270 s225 12 8
m’-hm %, [ F 4> 8 YO AT s ik 12 % AR K 1125 s, 900 360 3000 12 8
m’+hm *;7) B 1350 m*«hm*, [7] [ 43 8 ¥k Jiti JH ; i 55 1z5 450 21 12 8
K123 fHE K 1350 m*-hm 2. BRI 7 €50 S 10 o0 2050 2 s

6. BAABE/NX 60m* (10 mX6m),3 RKEE,
it 214/ AN T AR 43,2 m®o SR I HUAORS & 2046, S8 4T R ALAT M AR, 984T 70 em, 7247 40 em, BR
20 cm s 2% B8 % BE 240 90900 Bk -hm *o /NIX 5 ORBAT ] 1 moE 38, Gl 150 S8 I 8 T8 2 m, &/ X ST
HEFROT B AT S 10— MR IR T, R VA B A AR AT A, I DX D SR b AR 2~ 4 AT R AP AT
1.4 #H®:AESHAFMNLT
141 WEFEGCRE 2021 4F 4 I WR AL AE 1 RE 0 A0 AR (/g V8 b T O 2 43 3SR 4R 0~20 em
20~40 cm . 40~60 cm +HEFE & 7]l — 2RI 5] 5 38 A A B4 07 i 01 S0 50 = T H MUK L 0 5 + Bk 2s
J I A 5 2R FH PR U0 1 R AN TR) 3R R R S T R A S I R REK S BT eAh 4300 T 2021 5 2022 4F
9 H v A W, 7E AN IX R T EE TR AR 0~20 em SRR S, ZBRR BLVE AR 2L IR A0 R 2 H B8 K
TR 1] S 56 55 T b e Ab 2 Mk T (R R A A e R ) A e A R TR G S R VBRI R L) S
TE 3 SR JE BN AZIF 0~20 em - 56501, 2 AT IS A BN SO0 REE 22 5 em R HE, 2L R Sl e ) 5 AR
b1 S5 AT UL, 3 2 42 ol A8 O B - 3, e A BEDRL 5 & v (e S 0 5 T b DA R A

31T 2021 5 202248 9 A A A WCSR T, 7EBEAS /N IXOR SRR T AR 10 1Y 75 I K 38k, SR 5 i BEOAS [R] 457 (AR
25 W B A3 1] S E L SRR DB (<22 em) J5 B T HEA 105 “CAATE 30 min S5 PR 60 CHET 6~8 h £ , R
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FHFR HE 3 PR BT o o 05 D
1.4.2 F8FpME ik RS pHIRIRK £ 1 5: VIR % IR S % 85 R A pH 3 (pHS-3E, 155 B M E ™ 5 7%
MK 2. 5: 1R IRA) H R R (DDS-11A, i) e £ 5K SR H 2 & E 5l 5 oRE
MR AR y=3.00232+0. 1456 T E 2 & &, by R 2 H i (g kg o R F R (ms-em )™ R H
R TR — VIR L TR AR T S A ML s SR P RS T RIS T R A S R R A 0.5 mol - LB R A AR
R — BRI BB BT HE 003 I AT RO A5 SR 1 mol - LB R A A TR R — KO I B i I A 5 R
T 07 32 00 7 = R K R P AT SRR o SR R IR A e € ) R Tl R TS 5 R P T b £k T R
it 3 PR 5 R 3, 5- A LK A 1R B €0 3% 000 AR T TR 5 SR D v e TR R 1 e AR A S Y R
S BB 7% I B e R — A R A R I A A A e e T R S B A R I 4 — L PR A T
E R e W R Y SR T S [ ICP-MS (44 7800, &) I & 48 M A A W B OC R S AR
W, MS K BR 1 ppm

TR ORWOAR A A /N X S Ge T e i SR 5 A hm R R RR S 9 TR M RR T A TR RE S 0. 25
mm G T 58 8y B H 4 o m A o v SRR AR 1 92 T A B A e MR S ()R A JE A LBE LHT LA
B T B A T vk () - A i G T W vk L A S TR N 0 R R AR L SR AT 40 T A S bk R 4 R T 8
TH,
1.5 #HEAX
1.5.1  HHEF B H 4% (mean weight diameter, MW D) 5 JLfi[ - # 1 1% (geometric mean diameter, GMD)

Ro.zszMo,zs/M'r (1)
MWD=>"_ 2, W, (2)
GMD:eXp(z;'ﬂW,.lnx_,) (3)

M, 28>0, 25 mm PR R BT s M A 0 43 BT FR IR 1B B BT (@) 5 R o0 =>0. 25 mm 7K 2 7 1k M R AR 3 &t
(%) 50,9 iR 2% SR RSB35 AR (mm ) 5 W, 0k 2% DA SR K B TS 4 23 B0 ( 26 ) 5 In e, O B0 A2 AT SR RS 24 B 42 84 1 4R
XF 4 (mm) .
1.5.2 3049 4 ¥ i Bk (microbial biomass carbon, MBC) . f# 4= ¥ 4 ¥ i % (microbial biomass nitrogen,
MBN)
Be=E¢/Kgc (4)
By=Ex/Kgx (5)
KB RR L EMBC; E MR 7% 50K 2% L0 SR MUA MLAK (19 221 ; Koo G40 280, BUE R 0. 45; ByZRR 11
MBN;EHHEZE 5 R EZE TR R 2 A0 218 s Ko W3 280, BB R 0. 54,
1.5.3 HHEFTEARE RSB INE AR (0~20 em) 15857 # 45 1 (soil quality index,SQI) ™, S X}
AW G B 154> T EARFR AT RS 0 PR IS AR AR A B F 7 22 IF R AR F I ES AR F I EZ
A LUAEL, RO AT 45 20 4 T bR AL A o AR5, T =080 4 18 o it s 4, SQIEI I 4 &7, 3R BH 4 18 i i 4

sQI=>w,s, (6)

X SQI Ny 4 T A A5 B WO S T3S A AL A 5 S, 0 A i A AR A 4% 5 0 o 45 B 2 R AR B AR BIE ST R
n—15,
1.5.4 84S PEAL A 25 KB 35 8% (ecological risk index, ERI) 20 A 4+ HE 8 4 & (1975 YL A& B F1 T
BT AE I A 25 R 2 i e R B A R 43 S AR 7, B A U

ERI=>B,/C, X T, (7)
KB E SR S F i CoE AR T R T bR BRI T o S R T, S R R AR
A4 R, CuZn Pb . Cd \Cr LR T R A #E M R E5r 510 5.1.5.30 F1 2.
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1.5.5 HALBWIEA A & KT SREBHSSEEESERNS
. a, +(w, — w, )X 1.42 X 0.2 X 10* Table 7 Pollution index and classification
! Ou 54 Grade AL A 75 £ 95 45 8L Ecological risk index
K QML TmE HBR B AR bR iy 82 0~20 cm i#§ii Cleanly =100
AL TR A8 5 B (m - hm?) s, B3 T 2 R #L Stight 100~150
o . _ 4 Moderz 150~300
AR M (mgekg ) s o, O+ HE B 4 06 % 015 5 T Modernte
( ke ) SV T T T2 A B 145 £ ¥ Severely 300~600
e ke 0 R 0 mg W H# Extremely =600

L") s a, k38 5k WCAR il i Ll Y e B A (g
hm ?);1.42  H A E(g-cm °) ;0. 2 L M2
TREE (m) ™
1.6 #¥E4a 2

K H Excel 2003 #1143 3830 56 2088 , R H SPSS 25. 0 J5 22 43 #r (analysis of variance, ANOVA) [t 5K [7] 4%
B [ b B 8] 2% 5 (P<<0. 05,n=3, 5) ;& Jl Origin 2021 fE &, % ] SPSS 25. 0 47§ Ar vk (B 4 .

2 ERS5HMW

2.1 ALk E AT LA R R

- HEAS [R) R AR K R e AT SRR 5 o AE VALV VRS TR E R AR AR B 3 25 R (P<<0..05) , AR BR ] G B 35 22 &
(P>>0.05), 2021 4F : =2 mm R0 A2 KB P 2R A4 5 1 7 1 Ak TH WA () 37 FE & b B8 8] T I 3% 22 55+ (P=>0. 05) 51~2
mm R AR 7R R AT SRR B AR A T WA [ IR T A E 3 M 25 S (P<C0..05) , Horr  SoAb B I 1 i oRL AR K
etk 1 AR 25 0. 25~1 mm Ry A2 7K B Ik P 3R AR 75 o 7 v AR T VROAS ) i 0 1 A7 7 3 Pk 22 5 (P<<0.05) , 1
W, SUAREE R E i dR s, RO SORb B, A A R KRR A R AR 3 e T A A 3 5 <20, 25 mm K R A
RS B AL TR RO ) R N A AR B M 22 H(P<T0. 05) , Hirf S AR BEAH H S, Ab B 25 B AR T %R AR K
Fabh P R AR B BRIE N 7.01% . 2022 4F : =2 mim RLAR /K a2 A1 5 A & 7 e Ak T8 WA TR) i 98 2 b 381 () O (. 3%
225 (P>0.05) ;0. 25~1 mm i 428 7K Fa Ve TSR A4 55 1k B 2 v A T VAT 2 22 398 fn 38 B0 O S 38 )5 B ARk 3, oy
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Fig.3 Effect of PBS drip irrigation on soil physical properties
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Fig.4 Effect of PBS drip irrigation on soil chemical properties
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Fig.5 Effects of PBS drip irrigation on soil biological properties
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Fig.6 Analysis of PBS drip irrigation on soil heavy metal content
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Fig.7 Effects of PBS drip irrigation on the productivity of silage maize
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Fig.8 Analysis of the relationship between PBS drip irrigation amount and the yield, quality of silage maize

®8 BAUBRBEMNBELEKRESESEMFM(2022)
Table 8 Effects of PBS drip irrigation on the heavy metal content of silage maize (2022)

Qb Treatment Cu (mg-kg ") Zn (mg-kg™") Pb (pg-kg ') Cd (pg-kg™") Cr(pg-kg ")
S, 1.32+0.01e 0.4240.01d 28.784+1.21d 20.5340. 23b 2.124+0.23c¢
S, 1.37+0.07e 0.4440.01d 30.0940. 65d 21.7340.67b 2.4240.33c
S, 1.52+0.03d 0.4740.03d 35.1240. 21cd 29.09+3.01b 3.82+3.39b
S, 1.66+0. 06¢ 0.564+0.01c 35.1540.43bc 26.4142.86b 3.7640.67b
S, 1.69+0.03c 0.6540.03b 40.18+2. 32ab 26.40+2.86b 3.54+0.88b
S 1.914+0. 04b 0.734+0.03a 41.21+1. 32a 40.79+6.69a 4.134+0.67a
S 2.124+0.03a 0.7340. 04a 45.01+5.79%a 44.4740.67a 6.47+0. 88a
T Bk B4 Feed limit value (mg-kg ') — — 30. 00 1.00 5. 00

W AR A/ING AR R R AN [F] A0 A 25 53 3 (P<<0. 05) , — FR A B .

Note: Different lowercase letters indicate significant differences among different treatments (P<<0.05). — indicate not clear.

27 AUBRABTILERZBHALEFRLERZZTX 04

A VE S [ Ve A 1 VR T e XoF TR A S ) >R JH A B A O vk 20 iR - SR BRAE A < OF- 2 B AR
(MWD) JLA[ -3 H 42 (GMD) ; 4k 2% i : pH . 4 £k (total salt, TS) . A HL K (organic matter, OM) | 3L &
(available nitrogen, AN) A % (available phosphorus, AP) \#8{ #f (available potassium, AK) ; 4= ¥ 2= 8 5 : IR
fiti (urease, URE) | Bl ¥ # # i} (alkaline phosphatase, ALP) . i B i} (sucrose, SUC) | it & 1k & i} (catalase,
CAT) AW Wik (MBC) Y4 W A (MBN) K 4 & A2 25 KUK 75 20 (ERD) 2231 15 A48 b1 547 0~1
To i Whs AL, JF VAR =1, 2 B 3 =906 £ WUt U SR 75 4% 48 b5 28 K 7 Jr 22, R 10 3 53 4% 45 A5 AL
H(EI).

2021 4E A ) Ab 3R L IE AR ARG 0 FR AR Y L 15 MR bR b, S AT ANLSUC ALP . MBC .MBN.,GMD
FEARAT 3 AH LU H: At 4b B34 fe i, T pH AE S AR 454 Be iy, OMLLCAT 7E S, A0 3R 45 43 e i, AP \URE 1E S, &b
R e, TS AK MWD 7E S b 3R 15 45 fe i (19) o 2022 4R AN A A BN - HE 48 b5 45 40 B s ISR T, 15
AMEFRT, AN.OM . MBC . MBN .GMD MWD # S, Zb ¥ F 15 73 fie = , pH \URE 7£ S, &b B 15 73 fie 5, 1 AK 7
SAHE R 1350 e , TS VALP SUC 1E S 43 T 45 43 e i , CAT 78 SRR PR 153 53 i &, ERTVAP 78 S ¥R 153 53
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R 1 F9 THRETIMERAETHFENNE

2021 — 2022 4F b7 1] 4 18 5 4k 45 B0l 25 4k T8 Table 9 Common factor variance (CFV) and weight of soil
RN . R quality evaluation indicators
R 0 0 3 3 B S n i AR 4 (1 10)

il

it 2021 2022
- 25 PO EL b P B
Lo, 2021 4 o A0 SR i RO AE 3 T X Indicator N ¥ 7% CFV AL Weight AP F 522 CFV AL Weight
5 (P<<0.05) , R/MRIK B S,.>8,>S,>8,>8,> MWD 0.901 0. 066 0.901 0.062
S.>>S,, S, HLR A TR 5 20 (0. 545) # e S, 4k B GMD 0.857 0.062 0.857 0.059
(0.452) W E 8 h1 T 20.06% , A1 kb S, 40 H (0. 481) pH 0.741 0. 054 0. 741 0.051
BT 12.50% ;5 2022 4F + 58 it i 45 B /MK IR TS 0.954 0.070 0.954 0. 066
S4>Ss>51>sz>85>ss> So , SJLI‘IE—F i%)ﬁi?‘é AN 0.992 0.072 0.992 0.069
%& (O 547) )FE 8 S, ALI‘ i (0441) 5 % j: j]l] T AP 0.989 0.072 0. 989 0.069
24.03% . BLAM,AFBRAE AL % B4 b A 2 5 R B AK 0969 0070 0965 0067
e . . oM 0.892 0.065 0.892 0.062
E(P>0.05), A, M mIE5Hr 2R SQL 5
‘ ~ . ) URE 0.901 0.066 0.901 0.062
I 6 K = A 3 IE A O (P<<0. 01) 6
_ ALP 0.998 0.073 0.998 0. 069
2.8 BB HME TSN ) )
SUC 0.956 0.070 0.956 0.066
L R T A IR R A5 5 H A TR A CAT 0.979 0.071 0.979 0.068
EoEsESHEEEYEES RS AR RS L MBC 0. 949 0,069 0,949 0. 066
BHREMNEE, P, B RE TRZNHEE & MEN 0. 925 0. 067 0.925 0. 064
76 7 1K T PR 12 i DA 1 I 49 45 5 1T 3k 694694, 67 m’- ERI 0.723 0.053 0.723 0.050

hm 2, 17 4 A0 V8 W b AR o 2 o PR E MWD: F # & & 2 % Mean weight diameter; GMD: JL fif - ¥ £ #%
0.05 ,ﬂj_l: ,ET‘[/J,H\:Z% éﬂg%ﬂy 22786. 66 rnS,hranO % Geometric mean diameter; TS: 4x 3 Total salt; OM: A #l i Organic

U . e e ) matter; AN: W % % Available nitrogen; AP: H %L B Available
TABEFE Ny S, Ak HE Crge e 388 1 38 k< 900 m phosphorus; AK: #a{# Available potassium; URE: R Urease; ALP:
hm ?) & 4 585 & 48 50 8 I B ok = B R LA B P4 9l % i Alkaline phosphatase; SUC: FEAf Sucrase; CAT: i A L&
TZ {l%']‘ {/‘J’% 5% ﬁ‘%: ﬁ( TE R *E‘ T4 BT %% PN 54& fiff Catalase; MBC : 1 4= W) 4= ¥) & Bk Microbial biomass carbon; MBN: %

. N . ] X ok B A9 H ) 1 A Microbial biomass nitrogen; ERT: A= 25 KUK 8 ¢ Ecological
ROE ™ A 800 45 P 22 JeA ARG LI A, R K i risk index; CFV: 24 FJ5 2% Common factor variance.
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Fig.9 Radar graph of the soil parameter scores for different treatments
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10 HELTEREREBREFEXR
Fig.10 Soil quality index of plough layer and its relationship with yield

x10 BRENBESH(ELE)
Table 10 PBS absorption capacity (heavy metal)

f8hr5 TIEE SRR A L EESEERE TR E R & HARESR S HEELEES TH 4147 IR
Index SHM limit value ~ SHM background value PBS heavy metal Plant heavy metal Digestion capacity Digestion years
(mg-kg ") (mg-kg ") content (mg-kg ") content (g-hm™?) (m*hm %) (a)

il Cu 190 15.6940. 04 15.304+1. 04 24.70£1.49 37394.00£2732.97 41.5543.04
% Zn 300 0.44+0.01 11.1940.03 8.73£0.40 87004. 67+196. 96 96.67£0.22
5 Pb 170 13.6940. 54 2.49£0.10 0.79£0.04 204935.67£8299.00 227.7149.22
% Cd 0.60 0.39£0.02 0.0340.01 0.3740.03 22786.66+1240.76 25.32+0.38
B Cr 200 24.26£0.41 0.82£0.02 0.48=+0.03 694694. 67+£17586.23 771.88+19.54

SHM : + 85 4 8 Soil heavy metal. ZEi143#7 R (E +brifE iR, F [A] Statistical analysis was mean= standard error, the same below.

F11 BRENBTEHH(£H)
Table 11 PBS absorption capacity (total salt)

Ei=gan A AR E e AR IR B 24 BURMH AR AR BN TH 414 R
Index Salinization standard value TS background value TS accumulate value TS increase Digestion years
(g-kg ") (g-kg ") (g-kg ") (g-kg ) (a)
42k Total salt 1.00 0.23£0.01 0.31£0.02 0.04=£0.00 19.254+0.12

TE = SR br v (R 28 U4 [ 1 3 7 B i Ak b SR O3 ot

Note: Salinization standard value adopts the second national soil survey of Ningxia salinization soil classification standard.

3.1 AR BRBAESLER TGO

FUAT , 5 A O - ot (0 45 - e B Aoy AR e MR B R R BEE B BOR K R e
WE LT R T E AR TR AT S SRR N, 2 Xt b B 7 A S, e ) B
Jit R AR A d S B B R R AR R SR AR ESE R T, > 2 mm 0. 25~1 mm R AR K AR A SR 1A Bk B
A T TR HE BTN S B O S g NS AR B, b T D 900 m - hm * IR ZORLAR K AR AT SR A B e [
N, AR Ll 7 B Ak PR 3 AR T <20, 25 mim KRR L R AACE 0 A sl R AR A TR AR T4 O 2
ELAR G JUMT P24 B A2 A )& i 1 900 m®~hm * b PR K, % S BB, R U] LS5 M AR e o X SRR ER
S AG Y I I AR ) T AR A B T D 92 T R A B T S b R AR AR A VLR AR £
AR BIT T 45 SR HE AR — e, 23 B S IR AT B A VB0 5 A R R BE S i A L RO BRUE Y e AR B RS B 2
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TSRS RPN A O AR AR — RS B VERRT B e EEAR e Y AR
FEARW] B A0 VR Bt e 1S n,  SEEAOR A RO SR A BT o A R R B X 5 TR AR A
A2, A3 D IR Sy v A VR VA T IS R ARG T O3 o VR R VR R R 0 e S AU A O IR S A
M AL TR A B A BRI TR R 4R R R 5 i o0 F W B e A W FE 1 R 68 et 43 i o HIEG HLY , 1
T T YA O R B AT LT A ATt e B B AL T YRRV G K, - HE pH S S n s B
i, X 5B /N F RS R IR — B0, X i T TR R O 7R R RS
B pH R B0 B VR AT R T A ALER i AR R e A AU AR AR R AR 0 H R Bt pH R R T
P LR R M O A i, S RS D) R A B E A R A ARG R, - SR A
T T Ry 1350 m’ - hm 7 B i R, 3k 55 A 0 AR R A T Y ZE D A A % 4 R VA L 80 88 o R T v 1
SERAM— 3. M R AR IR T A 8, LG RV I 900 mP-hm 2Ab B R i), 2 4F e 4 R SR T 0. 04 g-
kg ' AR R A E S R AR A T R AE S BRI A bR (2R =1 g kg DR, WO KM 19 AT R B
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B &5 A] LAk — 25 4 T o

AR — 2R IR U Al N R AR 0 A I, T S R R O B 1 D A A R I R A R L R
W B o) S A U R IR R Y SR B A VA RO FH e, R T RO R O Y e T A I o R
WY, B 5 T VR P A 18 0, - S Rl 95 1 2 IR ST S AR AR B, T FEAE TR W R 1350 m’hm HF R B3 BRI, 3
SHA S 0 v] 68 IR Ry A0 TR VRO R Sk 0 S IR L TV S 2 R R U R R A B s R AR
A DA R A O M AR S LY o R R A B AR R R TR R VE TT BB T AR AR5
o0 B 3 R R SRR TE k. A VR RO VE b 2 X A A T B AR S e AR AT oY e B A A 0 R VR T
VE T 5 - MBC 5 MBN &, nJ SR 4 SRR W BE TS 00 F B S R AR IR 00 AR R

TH R TR 5y 9 ) ek 5 R AN o G B A Y A v R Y A R AR R A3 S S R 4 A R 2 R AR TR I
TR A A TR S TR RS VR R T A AN G B VA TR A AE PR T g KU Y L A it R 2 TR
VT 3 IS, A A i G ks e (AR T AR R 4 ) B A {E , Chen 55U 5T R W, 7 3 22t FH T
W10 4F 5, 138 Zn A Pb 9 2035 5 3 3 0 s Bian 25058 W it FH VA RO 10 4R J5 , #6 H -4% Cu A1 Pb &%
O B TR AR . AR ISR R VR R S 2 AT JE R+ 4R Cu Zn Pb.Cd . Cr ¥ H B0
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