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Abstract; This research is to analyze quantitatively the effects of biogas slurry ( BS) application on crops yield and soil fer-
tility and heavy metal accumulation in crop-soil system, so as to clarify the effects of BS with equivalent amount of nitrogen
(N) fertilizer on crops yield, soil fertility parameters and heavy metal accumulation, which could provide data reference for
optimizing the comprehensive management measures and exerting the positive effect of BS on crop-soil system. A meta-anal-
ysis was performed to search and screen the published literatures about the effect of BS and chemical fertilizer (CF) treat-
ment on crops yield and soil fertility in Chinese-English document databases, and the database included 62 related studies
and 591 pairs of experimental data. The results showed that crops yield increased by 7.62% , but the differences between
BS and CF treatment were not significant (p =0.07) ; Compared with the CF treatment, soil bulk density in BS treatment
decreased by 6% while the total porosity in soil increased by 14% and the larger aggregates contents increased significantly
(p<0.05). Under BS treatment, soil organic matter, total nitrogen, available phosphorus, cation exchange and conduc-
tivity were increased by 6% ~20% , and the salt content was to some extent accumulated in topsoil (p <0.05). Soil ure-

ase, sucrase and phosphatase activities, and soil microbial carbon and nitrogen content, and Shannon index and Simpson
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increased by 6% ~21% (p <0.001). Compared with the CF treatment, soil Cu, Zn and As concentration in BS treatment

were significantly increased range from 10% to 18% , respectively. Generally, the BS application remarkably enhanced

crops yield and soil fertility, and more considerations should be taken on the BS application durations, soil types, crop va-

rieties and strictly controls and rationally applies to reduce soil salinity and heavy metal accumulation risks, thus achieving

BS efficient and safe utilization.

Key words: Meta-analysis; biogas slurry; soil-crop system; comprehensive effect

TR VED RS TR 3 85 2800 IR AL T 48
WK, = & A BE B AR AR R —
Tl K P85 P T AR R AR AR, A R s 4 Tt Ay
TSR E AR AT R T B B Ol
TSR e R 7 B 15 37 0 3 R AR RS A 5 Y i) 2 2L
dePgLeT ) G, 2015 AF TR A R A 2T =
38. 34 i, FHr EUE S 43 S0 1229 F1204.6 )7
W, 346 DR R 7K 118 I 7o 3 %o b 3 K s B 1 7™ 7
Ty DRI, A HE S G VR AL A Al e
FERH TS e I ARA B IR SRR R T
T LIRS & Rl 75 45 B B PR A, LA IR IR B8 7K
R R RS HERR IR T oS H AL A HLAE AR
FIRE AR ER . 2019 4E LR E ZAHLR R & (O T
R R & 28750 R ISR F: 15 YIG P 18 5 5
ULy R T 1 — 25 B 0 6 3% 05 38 R oK A,
A FRFH 5 Y W A (R 38 ) SRR I e 2B R R
SR B 5 Yt ) R BCSR (B0 20t 42 90 4FEAR
TR BRI T A AR B ST Wk 5T,
XIBE A e R N M WSt 5% TR W F 3 4 7
49.03% , Rz n] e By & 0 0. 08% ; = 4
2 A5 e BT A7 it T VR VR T 4. 9% , SR SRR
AR Y & R R, B R R R g
SEIA N B St FR R34 7 3. 6% HLI 4= & ¢ Al
Ao E, P, it H 8 3 7= 2 5 [R] s ek
2 LA Ty BIAnZE S bR Sede VG SR B 4E 3 4F
Jith PR 18 4 R0 4 i R 4 B 5 i Lb Lt A 43
BTN 6. 80% (13.05% 1 25. 04% ; # by %1 ey
TTIRH B 600 m® - hm 2 V8 W + A WL | B
R TR AR A ) B R it E 8.
9% 4.3% 1.1% 1 6.5% ; kM 451" 2% 1SN £
FE R I WAL IR N,O A A il b 27%
AR TR A A AR VT ORSEE AR S AR
IR H 7 2021 4R A CARTTTR ) A7 1E (GB/
T40750—2021 ) S TH % 4 ) F B A AR A SR AR
P, AT GE T I A B S5 8 2 B Xk A
F AL AR R0 255 5 e AN BE 4 T R0 S TR

AINAREY & SN A PR N &/ TS VN R/ s iR (X7 B
A FR G TR RO P e S A HR, TH IR
Jiti PG 4 7= 1wk AT S S i) R A 5 R 22 M —
G A BE A O B TR e i L PR R
SURB IR 250 T R VBB IR 2 AR 58
PR A 53T J5 7% ( Meta-analysis ) X [E N Zhiti
BB ST A5 RIATEE G 0T . AW FEAER R
WM& 2R B VR WF e B b€ fE o B A ) 2 2
VEW P S BE AL AR S RO R R
J& SN, ARt FH TR WA 3G 7 A 3 g
Z IR SC 2 , LA BT TR 0t T 7E A [RIVE ) | 38T
NSHZ I 22 5% 38 s IR0 SEY- TR 5
FRRANE D3R | A T TR 22 4 8 O 2 Al T i At B e AR
i

1 #B5EFEE

1.1 #¥FERRE

N FR G AR T 4B 7 Y WO T X VR -1 5 R SE
SR AT S T E AT 707 4k Web of
Science F Elsevier S50 FE 2R B, I & 1990 ~ 2021
AR KRB TR WA TR AR SC STk, LA Y1 A
AE AR AL  biogas slurry  fermented liquid organic
fertilizer . digested effluent \biogas fluid” 5 “/E¥)r= ot |
YEW) H= 7= 11 crop yield , crop productivity | crop pro-
duction” 5 “ + 1L 7 . +HE R & | soil fertility | soil
health” 45 3 £ JCHE A I T SCHRK 2 . ARIEATFE H B
BB SRR WO I AL (X,) L 5E AT IR 4]
(X,) ZrHr i 2 A0 AE Rk Xt A 9 7= A = HEJE 7 1)
SO, KR SCHRE T LA R ARUETR € . 1) 0158 X0
ERIEH 5 2) [F]—SCHk b A — S e 2 1 o —
AISEAIFSE 5 3 )R] — STk s 20 [a] I 5 1 2 Fi o)
MAEH H 2R/t P i — 50 4) A Il ge kb 2 8 52 5k
SEY AL LI 28 5) I WFE
KK 6) 1 0 ~20 em )2 LIHHHE; 7)1k
B Hh g ARRAAE | SR O S5 A5 S
ik 8) LIAERIRE AT 51 35 0B R H] GetDa-



1 EVHA. China Biogas 2023 ,41(4) >

ta Graph Digitizer X F AT 50 F AL FE B P2 L, 2207
VAT G 2 SCHR 62 F , ARAR A 8508 591 4, ansk
SCHRBR LA IS S Y AR AR, bR 2238 1 22 20 (1)
Mt AU .
SD =SE x+/n (1)

K, SD AbrHEZ  SE AbrUER  n WAL,
X TFhR i 22 RIS R B e iR e 2, #% B8 Bracken
AT MR 22
1.2 ZHIFERK

RIS/ AR B LA T % AES A+
HERE ) R 4 Jm AP 2R AR TE WL 1, 5T Meta W
21 53 W7 75 52 A5 T W RN A5 AR P 28 78 A X A
Y-+ IR G AR

21 WFFEEERE A I

AN Iy
TEYFIZ FEoK(21) JKAE(27) /NEE(9) F’/A(12) i
F(6) JHFE(12) BHETI(6)
T SE  AE(21) BFLEE ) FREK>5(12) 5 ~

mm 2(12).2~1(12),1~0.5(9).0.5~0.25
(12) ,0.25~0.053(9) . <0.053(3)

T8k =S40 pHAE(93) AHLEE(129) (EEALHE (108) 4%
(96) HALHH (102) FHES F2eHetd (12) (HLT
R(24) Miahig(27)

THEAMSE BEE R (1S) MEM A S R (15) R
TG P (21) WK B 05 M (30) | BE B EE O M
(24) FRAGE(12) S HFIBE(6) . Chao
FEH(9) Fl Ace 185(9)

GEREi=tun Bl (36) FEE i (30) g (24) e

WH(24) REHE(9) A E(27) B AR
(15)
AT NN R AR AR S,
1.3 #IEHH

ARSCR I meta 73 #7775 FE AR [ it 206 F T8
BRI AE PR AC A X VR 7= i | - NS ) R T 2 )
BRI, T R Hedges S35 07, 70
Mg — AR ARV (B ( RR) Sd i 4R 0 B 4t Lo A
M o7 A S PR AN R /N2 RR LIS 2 (X, ) X
MRZH (X, ) 5 bn P L (R A SR X0 TR A 5K

InRR =In(X,/X,) =inX, - InX, (2)
AL RR MR EE, X, A1 X, 43 5 R i 6 41
it HRZH FE AR 2 1

Meta 73BT A2 X £ 34BN, 15 21 R
PIRONAE InR , , o VEEET, N S a0l 37 A o

Ji7E v AIBGE o, AT .
SDi*  SDé?
"INX TNX

e

(3)

w=— (4)

v
lnRRH:Z(lnRRixwi) (5)
> w,
K. N, TN, 535 A g 4 A R R AR
SD, A1 SD, 4353 A B 4Rt FRZHAR HE 2S5 X, A1 X,
3 ) R AR 6 2 R B 2 S A
Sk R WSSO A S 6 3 A A 2 (6) TS
WA ROVE InRR |, 95% BAF X A] (95% C1) . #
KREFHL (x=0) 38, W Fom 5% B A ik 58
AR PREE M 35 | I 2 AN 3 s 4 VR e 1)
i, RN A CHE bR A BN, R ZIERUN . RR, |, bR
WEZE Spns  BIE AR (7)) HHE,
95%CI =InRR , , +1.968, 4. . (6)

[ 1
Sirrs + = S w. (7)

R IR 7 - SRR T 5 M R, AR i

A7) KeERR InR |, b AR
E=(e"""* -1) x100% (8)

1.4 HBRERG%ITHH

G AT I ECROR R B LEAS S A Y5 me
o7, BR A X Ak B ] R A0 5 S A A S T
K Egger test il Nfs #4175 BrvEAu 35, 4 57 51
PER 55 45 SR 1 8 o0 A B AL, 27 e BT 45 R OR
(P >0.05) U350 45 3R 0 b 3 22 5 2 FH [ 2 2%
PIARRL 27 P, <0.05 FRENAEGSER 22 5 W& e H]
BEALROW A, ARG S R A R Ik p <
0. 05, Pl e T Bifi AL 50y A% A 1550 25 65 8007 1B (L
F2) MR 95% BAF X A F W R 45 A W vk, o
RG5%CIAH0EHESHKT(/NT)0 HEVILE
R0 VLIIE W 2 P (RRAR) MR ™ i 1
NEHSH, R 95% C1 A F 0 (ER A Hr s A
ﬁ%,;ﬁﬁﬁ Microsoft Excel 2010 i 5% 305 3% R-
studio Fll Metawin2. 1 %X {4 43 #1, Revman5. 4 %14
YEK,

2 HRE5HMF

2.1 4=

MR EE, 5ERLIERT A (X)) M, SR
ORI A (X,) RN 7 Fh AR 256 3 7 %00
7.62% (WL 1), Ho SRR (X,) M
WET=F R 16% 5 [ BESh, FORFNF A4 14% |
TR 8% (p <0.05) . 7K A il B 2 B 43 1
HEFE 19 Ff12% (p <0.05) , i Freit bk 11% (p <



6 w1 Y85, China Biogas 2023 ,41(4)

K2 LREMIEEA IR TG

T H RNy FHE Q-val df Py P
YEH) 7 it 93 0.2576 17864 92 0.07 91%
TS H 99 0.3122 20315 98 0.03 93%
TS H 591 0.3015 16578 590 0.04 97%
IS 141 0.2743 21347 140 0.001 949
GV EE T 165 0.2872 19867 164 0.02 87%

TE: Q-val NS BMER IS s df WA MBE; Py, BB 7 BRI J7 22 5 SR T 22 L,

0.05) ; IR 7 STRRUT 9 - /N4 > FoK >
Fonhi > M3 > RAF > KR > i1, 7EAR S
B R HER SRWO TR ARSI RO
VRO HE R AR A P S 25 PR RS AP AR 25 5 . 5%
RACHEXS HRZL (X, ) AL e T 4R A A8 R i
PR E IR AR BRI T, RIHR S A 90%
DA — e AR i A2 1 VR SC B A 7 XK
PEIRTT R P, T RAR ORR AR MUK BT
YRR 19 2N

i (6)

K (21)
MiES (12)
IKAG (27)
ok (6)
Fon (12)
INFZ (9)

-0.5 -0.25 0 0.25 0.5
Bl 1 1B R OV AE

VE P G He 5 22 A MRS H T 95 9% B X 1],

FARPAR L L B A 0 AL LI 2 5 B 9

PR FORREAR T p <0.05 R IR H 2 [ AT 5B HE 2R 5

T,
2.2 ZEHmMER

BAEE, SEREX B4 (X)) M, R

BRI AL (X,) X R S FLBREE R Rk
FE(>5mmS5 ~2mm2 ~1mm A1 ~0.5mm) H
A BEREACR (p=0.03) (WL 2) Bk i
TRWE I M FLBREE RGN 14% K ERRAK 6% ,Ridk >
5mmS5~2mm2~1mm M 1~0.5 mm HAREKEE
YHIEEIN T 12% (10% 10% F1 20% ; Kift 0.5 ~
0.25 mm FIRE S5 N 10% b R Rk
Kii2 <0.053 mm F10.25 ~0.053 mm F K G
I3 BIFEAG 2% F1 5% |, [ RE MR A2 <0. 053 mm A5
KA IRIAE 0. 25 ~0. 053 mm H10.5 ~0.25 mm
R AA , TEWCN R 22 1 J 5 i R i
22 RTINS W) T, W B INA SRR B A R R

AT SR Aol - SO 2 18] B A FL BRI I 5 PRk, T e
PR A M o FLBSUE Rt i R IAT SRAR I 1l

R IA <0.053 mm (3)

A H A& 0.25~0.053 mm 9)
HIZE A 0.5~0.25 mm (12)
A5 {K 1~0.5 mm (12)
A 2~1 mm

SR 5~2 mm (12)
AE R >5 mm (12)
B (21 )(9)
LB

(9)

-0.5 -0.25 0 0.25 0.5

B2 TR RONE I - A B RASY (1
2.3 EIEFHRK

SR EFR, SR R (X)) A, A

BRI (X,) 4 Eh i W2 1N 9% v REXTAE
Py AN - RE Sy 7 A SRS ) 5 4 R BIL
050 B N 8% F 20% |, S H A | H GR AN
FH 2 52 4 1 34 8 53 0~ 15% 13% Fl1 6% (p >
0.05) ; 458 pH {H A1 &LCE % 550 Bl 1% F
3% (W 3) . THW TR RSt = A )
{1 [ S VR R e Ao R o ) R 0 4 A R P A A 22
2P Y REF/ WY T A o ik e m A
BUTT & 6 5 A VR & A K el - S 25 i o
B0 3K R R AR, A Bl P R R R R 4T
WHE S SRR 3R 4y R T R R A
i, s R IR ARAS oA RN S S A,
W R B AR AR T A PRSP = N (EAE

ML (102)
PR 7St (42)
B 5% (24)
T (108)
HHLBT (129)
pH 18 (93)
Hhorri (36)
IS ANER s (96)
-05  -025 0 0.25 0.5

(RIEH Y ViR S IS i RN A E



1 EVHA. China Biogas 2023 ,41(4) ’

VISR TR R, DA T VR VR AR T A7 A % i Ak T
HEEEEH AT,
2.4 EEAMHFHK

BK FE, 5SS RN A (X)) M, SR
BRI 4 (X)) S50 A: W ik B o 43 o) 18
13% F1 7% | 5 12 Tt | T 0 7ot A0 g 935 2 53 S0 92 &
12% 13% f16% (p <0.05) (WLIE 4) , +IEFHAL-YE
AGHOR = AR AR E 0 G N 149 F1 21% ,{H
JEXT Ace Ml Chao P48 ETC i 52 my . 354
Wy A R A P b B TR BRI AL 03, R A
AR SR B ORI, VA WO B AR R A i A
W2 WA R i A Bl e FE e VR, AN T
{14 2 U R ) NPT R R B A 0 A K, SOV R
B A AR 1 B 22 S kAR K Z 25 m T GE
T RIS Z R

Ace T8%% (92)
Chao 5%k (92)
TRl (15)
PR (15)
PR P (21)
T AL (12)
R (6)
FER L (24)
O Bt v (30

-0.5 -0.25 0 0.25 0.5

B4 THWBEH 3 PR 0 (1

2.5 tRIFeELE

BAREE, S RAIEXRA (X)) M, Z A
TAWORI AL (X, ) - HE4R B A & i 2 5 ) 2
I 10% 18% 1 11% (p <0.05) (WL 5) KW
SR WA AT RE T 2 - AR BRI A R (b
SIS 0T A FH b A S e XU A AR o (11T )
(GB15618—2018 ) #ix FRAAZK ; Rl , 140 5% |
RAES &84y M 3% 2% 2% M 1% (p >
0.05) . KIVAMAE + 14 2 Y WS ESE
A BRRALON ; H 4w MAE AR 2R 3 A ) 1A T8

(15)
(24)
(24)
(36)
(9)
(27)
(30)

=
o
ol

IR
DPIPIPIHIHIY
fiinbelzffn

-0.5 -0.25 0 0.25 0.5

IR VIV R e A Ay e VAL

Ao B e T N AR B, DA A AR T 98 i P B
Jogi 75 2 DRI 18 T 22 e it PH AR BIR , — 7 T MU Sk 9
ol ARk <5 Jo S 0 R 3 A PR AT R T 4 S s
SBR[ - S PC it A 49y 5 25 B < R AR AR IE
=,

3 it

3.1 BiRE\ESEY F B YA

ARSCGEBEA A EOK R KRS R E R i
FUNZE 7 FEY), 22T 3X 7 FVEY A B R 4
Z HA R 8 H T 5081, Meta 73BT 45 R %
B YRt PV 7 S A AR 1 3R o S 4 7t
KENT7.62% (WLIE 1), AW R 5 A AS Hit
TR 2 4 = A 7 1 L B SOR R 25 AR —
e, BN, T A BRI L B T
PR AR S A R A PRI R A
TR R o i 5 20 4 e % A5 L it P 7 AR A A A s 21
B JRERE 4R R T) N384 Jon = i ok B B0 AR 5
3 AR S AR g T S it FH VA VT S 7 i LR R
T AEHE 1 38% , [) Hsf Il =5 #4811 Jo | 25 Vit 230 55 58 )
TR, AT 3 WA B F VA W s VR
) PR ACAR AN, 0K =i | 7 /N 22 5 7 i
JEEAN R $4) 522 B Gk 2 TE RN o i Dt PR W g
RIS RO KN AP AT, - 58 B Z SR £ fn
B PN e i VR B 5 L B 3 B 3, Rk i g
TR ARG M T i RN gE . 28000, it
FEW G H AR R R &8, B =
TEI YL 2R 0 ) R B 0 =, FR AR R 3k &
i, AR R, SR 7 i 7 R e T KR
FCHR AR S PR T 2 52 b - A 1) A S| R B
HVH AT 1

A, B W& K &k 5 90% LU I, i G — &
FREE LG TRl AR, TR AR 58 22 53 il
AW ARSE A e e AL 57 53 5 2 v VR 7 1 AL
[T R AR A |- et - ORI AR OK g ), A i 4R L A1
WAl RpEL ke
3.2 BRIEWIIBRAFELELZTHYA

ARSCHERE IR RIK A RSB R
gy pH (H AEh i W IEPE APk A & i 2R
BEC EE Ea E AR MR e bR, SR Sk
XF_FIRFE bR AT R G i 58 5 g 504 W A2 A3 b
3K Meta 34T 25 5 2 WA VA WOt FH 5 1 48 42 36 5 A
AR A IR g R AR, e



8 w1 Y85, China Biogas 2023 41 (4)

- SRS BRI VP P R R S I A (H R
BRI H 25 AN )i = AR AR (LB 2 ~5)
DRI, A B FH VA TR0 A0 A %o - AN L 5% o o 4
Fe ) 5 A BRROR 455 R
Jita FE VR R AR AT 3 25 B 1L Bt 3 RD A0 L LT |
TR T B0 B R AR 0 TR T
TR TR % P I R AL 2 £, 461 G vt P VR 38 n &
KR A e BN 1.43 ~8.47 mg-kg ' 2%
FE Y R AR A A R BRI N2 AR ]
e O, HJE R T A R B O i
R AR, A 78 At A RIS 8

B E B+ R FEREAR 6% 5 1 ¥ 9
BP0 A L TR R AR 2 S 4 e— 3 7k
AR A S VAR T Bt A A T R
JEE AR A A ot RACR M SR 3L BB P RIS
SEE, B S A Bt VA R A L R 38 i
9.7% 5 M PE°7 AT N O + e L B G I 5
M) 5 [V RRAR A ) 25 & P 22 4 AT il FH TR R f i 1
FLBRREE TCARAL s (FJ2 A5 3R FL I RN o I
BT RE S HRA2 > 0.5 mm BRI R RSB 1N
REY), B0 EE R AR IR GA H
TERFIL0. 113 geom 7, FLBREERE N 4. 27% |, JR R )2
I HLPDREE v 1] 2R 0 1 P R P, 2 s /K AR
P SR A5t R I S A TR SR S
FRRE,

TRWOA T - SRR G IRt | TR S 1 2 3
AN 5 PR A S T KRS e S AR
IR TR 45 3 — 350 - i AR W 5 2 43 Sl 384
13% Fi1 7% 545 761 FR A 45 & B2 A
TS AR R S ) 8% Al 11% 452K, HIK
A7 92 BT A0 B LU 9 RN 4 R, T R AL 3-6
AR TR, BRA L 7-12 RIS MR H Ik
L 50 WA L A1 3R 5 il AR 1 2 T SR AT Il LA e
5 L RES MR BT R RS A e IV Rk L
B W) AR AR O B8 B0 TR B 45 % BRG
FFVR LAt F AR BB 2 R PR B s, nT e 5
TR = 1A MU AR & e+ 25 T
AR BB AFREA —ERR

Jite FF VA VB A A AN A I B 10% |
18% 1 11% X 582535 % meta J3-HTIE 5L VA TR IR
FH A B A RN 4R R 18, 7% . 26. 3% F
20. 5% 45—, 2 WA WO - T 4 Jm 1 Jn 2 22
e U5 B KU A5 4, By 1k s Y BRI AR

T E R BEE A5 M A RGE ) R WA R BR AR
BEE Y N 100 ~ 250 mg - kg ™' 1 2000 ~ 3000
mg-kg ™, B WS R 43 i 2 HE 3 0 E
S FHXURG: o 37 38 LS X6 Y 593 35 96 A 22 58 A 1 e it
FTRM 0 4= 3 450 5 4 25 L3600 3 450 5 4E)5 +
BERVEY AR B R AN & i EOREAR, H 0 ~
15 em /KFEZ R /NZE 25 4 S84 RBL R 43501 1. 13
mg-kg ' F10.74 mg-kg ™", BF BRI L 4 N BHAE
3.80 mg-kg ' 2. 83 mg-kg ", SN + B4 A AE R
FRUH R s Bian'*) 25 X6F AT 1 1X i S P87 £kt B XU
W R BURGA HE R & LI E S R AR R 2R
IR 5 BRSE RN W) 5 52 B A 15 Y8 T AR TR RE o
VIR, B 4 i ik 8- AR AR ST Bk ) R WA A
Yy R By P E A

ARG N H Meta 5387 5 52 1T TH WA 1) 38
77N - AFEAE e AR, — R B b A AV WO AR
Y- 398 ZR 45 TR RN VRS BB, e, T8 Wit
SR A7 DX | AR RN T X e
il BE i H A5 R R 28 B R AR I AR 12
B2 ARHIF 78 % 4 R X el R VR W L SUR B
—ESEMNAE, AN ET X 3SR X HAED) b
Al A I8 A SRR R RS AL TR TR
RN 53 Hr , 3 sh X AL FR IR 25 A H AR &

4 it

(1) ARWFFE R FH Meta 4387 77 % 5 &2 1701 18 W
XHVEY) -1 458 ZR G Rg a5y, 45 53 Wit F VR VD)
FEE PR 7. 62% RN PR ARG A FLBRE
il 1 AR i R B i N 2 R e AT 7 AR TE AR
N, K VR BGA FE ik 4 A 4 8 AU .

(2) AW ARG AW B AR EY) - 138 R
BSOS A e AT YR FH 4 ) s g
JRUIS: 13 o 22 4 it A B, DA Sk 42 o ) ek o 4 )
IR T T 4 2 i, R ) - 498 o i it =
Wy o SRl AA AR e AP 4 s 4 o v A= A sk

(3) XA BRI 757 SEP ) A
TR B e A A R R RS AL R
T A R TFHE W™ S (8 AR AT WO F 4
A R A DIRe L™ &, SEITE W 2 oo ik A 9
ST R O IR BB 2E VAT TR BGA FRCR

S 3k

(1] MBEM. BERTHE[M]. b Bl 2015.



1 VR, China Biogas 2023 ,41(4) ’

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ik A, FBALE, BRAM, . B wIRAL R
BURSEEL)]. FEVAS, 2018, 36(5) :36 —46.
EPHE, 104, 4 W, 2. 7 8EE O T VA O K 5
BAEPHE LAY X R BTG MBI [ ], ARl
FEERLEER, 2014, 33(8) 1644 — 1651.

oA, BEGIE, He i, 4E. VHGE R R 2T
YRR S ZHERE R[], AR, 2016,
36(18) :1 -11.

THE, T 5, Bel, 5 EUBRE /N
A A PE B R [ ] T R AR B (A
B , 2019, 47(4) ;5 -9.

£k, BTG, A0E, 4. VRGAE RS H 3R
SERIGARAEY R [T]. iRk, 2018,
34(2):55 -59.

B X, SRR, 25k, S TN AR R
RS B AR T T AR R [ 1], O AR R,
2017, 8(2) :209 —215.

RO, Xk, W, % REFEgHRMBE -
AR RHEEASH[]]. P E TR, 2018, 20
(5): 103 —111.

A, R, AR, % REMSLE SR
TS GERAL R AT [T, AL BE IR 5305544 4], 2018,
35(2): 126 —132.

T ook, 2R, 22 K MR & RS R IRE R Y
KEEFZ[I]. PEEHL, 2023, 68 -69.

X B, WA, XIS, & O ARBTHA K S
gERREI[T]. P EEA, 1999, 17(3) : 33 -34.
PR, X 52, BRI, A AH A bl b A ALIE RN
REG[ )] AR, 2012, (2):16 - 18.

WM, X, B, S iR S A
JEHIEIRT]. R EVEA, 2015, 33(4) .85 -87.
AW, 2R, BRI, S VRN R AbAE 1 4
NI isgm[ 1], T 2 AHMEBHE, 2018, 59(7): 51 -
52,62.

WOV et TN FE AT T I/ INEE P B
a1 Aok 58K, 2022, 42(10) : 90 -
93,

BT, AL, Wi, . BRI X S F
TR IR FH XA FH - 558 52 s £ R i 285 20 6 785 g 1) 2 i)
[J]. B3R 2022, 30(7) : 1 -13.

HEEE, ¥ I8, PORGEE, 45 WiVl i X2
BEBERRLEMHTAN ], Y E RS Ik
#, 2018, 24(3) ; 703 - 711.

Michael B, Larry V, Julian P, et al. Introduction to Meta-
Analysis[ M ]. Cornwall: A John Wiley and Sons Ltd Pub-
lication, 2009 62 —79.

[19] Jessica G, Peter S, Michael H. Meta-analysis in ecology

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[J]. Advances in Ecological Research, 2001, 32 (1)
199 —247.

BB WHEA, & . FT Meta-analysis A9 [E &
PO M A T 7 ROV T [0 ] ROl TR AR, 2015
(24):1-17.

WY, 4= . Meta 4387 K HAE A 25 BR B GBI 52 v
RN )] s EVPEE, 2009, 29(5) : 911 -919.
KRR, KEA , &R, 5F. R T Meta 23T FRIE R
bt DXt IR K3 P2 ROn 52 [T ] PRl
Kez2Edl, 2022, 40(8) ; 550 —557.

2o, skMER, XIUKTE, 4. Meta 2347 ) B 4 W3
RA I GEHERO RN 3 (1] 40l TR 4z, 2019, 35
(12) ;124 - 132.

W, SR, 55 W5, 55 Meta 43 HTA PUIC it X
HrEAE T A 5 CO, HEmpsZm [J]. Aol TR
iR, 2019, 35(10) :99 — 107.

Brachen M. Effective Care of the Newborn Infant[ J]. Ar-
chives of Disease in Childhood, 1992, 67(11) . 1415 -
1416.

Hedges LV, Gurevitch J, Curtis P S. The meta-analysis
of response ratios in experimental ecology [ J]. Ecology,
1999, 80(4): 1150 - 1156.

Forae, XUGKNI, A . T 0 T3 b B AN
FEA IR [ )], HETEA, 2013, 31(6) 159 - 62.
AR, SIS, YL, M X R
HmBRsEm )], $HESREE, 2013, 1.24 -25.
TREEES, (8, BRI, SF. G ISV W S it T T
TR i B SERF i BTISE M [ ] R PR RF223
2014, 33(3) :562 —568.

Kz, BEGIN, JA #r. TEWGE WX B b L0 PR
L IRARRRAE R s e [J ], b R B2, 2015, 48
(16) : 3201 3210,

ik g, SRS T M, . B A R R
SrE AR (1], P ETEAC, 2008, 26(2) : 14 - 16.
FE A, SET, RRE, & ORRERN RERA K
KA SgEvE B[ )], BibE 4z, 2011, 19(6) : 939
-942.

PR, &R, I, G TRIBOE IR N P
P A SEBALPE B [ )], R 24, 2014, 30
(12) . 181 - 186.

BRI, T L, JEIE, S TR IO AR b - AR
BB SRS R[], ) R Al B2,
2014, 1.42 -45.

W Sk, EIF5, P 5, 4. HiEEain XES: HAR R
TR A H R m ()], b E - E SR,



10

" EVHS China Biogas 2023 ,41(4)

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

2012, 5.17 -21.
PhESE, SR, BREBM, & HIBWREAE T
FRAL MR oK AE = m S ae [ 1], FEAE K, 2013,
19(4): 74 =76, 79.

HoEE, HE, B, & JRRCRNEE B Ak N it X
TR AR [ T]. A R E A, 2016, 32(11) .
78 - 81.

GKARAN, NARTE, W R IO R R 1 IR
[T B R K 22540] , 2014, 26(1) . 114 — 118.
MHEFE, TR, e, DIBR TR AES
Ay TR R a5 0 [ 1] 4l TR 2=, 2000,
16:2.

H R THIE B B S S AR A+ A AR
SEVERRZ R D], dbat, sPELLRRERE, 2020.

T EG, & #F ERT R R EAL)]. bR
i, 2015, 3.92.

M, T H, sSKER, 55 BEPHE R AR FF L [
A 9 A R AR I [ 7] Al T RE AR, 2017, 33
(24) : 133 - 140.

O, SR, FAES SE BB &/ NE R
e E R R [ )], Z B =)k, 2010, 30
(4). 721 -726.

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Ji A, O #, ArCER, S5 IR AR Ao 1
AR AR R[], ARG, 2015, 29
(1):49-51.

JilBR, #EOW, R, . AT AR AL X KA
B AR IERUE Y AR [ )], IR, 2020,
57(2) : 479 —489.

BAE, s, FLALS, 5. IR X LR
REE 4R BB, Meta 87 [T]. TR 2,
2022, 13(2) .1 -12.

E— . TR GENERR X IR R S AR A
BERYRZMN[ D] BERR. JTPERS, 2018,

iR, TER T, R H, SF R A W R
T e AN KR AR Al B LAV 9305 1 e 22 e A T A 44
[J]. PEFRERL, 2019, 39(4) ;1687 - 1695.

Bian B, Zhou L J, Li L, et al. Risk assessment of heavy
metals in air, water, vegetables, grains, and related soils
irrigated with biogas slurry in Taihu Basin, China[]J].
Environmental Science and Pollution Research, 2015, 22
(10) 7794 -7807.

Sakizadeh M, Ghorbani H. Concentration of heavy metals
in soil and staple crops and the associated health risk [ J].
Archives of Hygiene Sciences, 2017, 6 (4) ;303 -313.



