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Regulation effect of mineral addition during vermicomposting of biochemical disposal residues from kitchen

wastes

MIAO Lijuan, WANG Yifan, ZHANG Mingyue, YING Yucui, ZHANG Chengye, FENG Yuning, WANG Lang, ZHU Weiqin"

(College of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 311121, China)

Abstract: Recycling the biochemical disposal residue from kitchen wastes is a new challenge. This study aims to find solutions to the
problems of high salinity and low decomposition rate of biochemical disposal residue from kitchen wastes. Desulfuration gypsum and bone
charcoal were used as additives for vermicomposting biochemical residue from kitchen wastes, and were noted to cause the regulation effect
and their variance. The results showed that the addition of desulfuration gypsum and bone charcoal promoted the growth and fertility of
earthworms with higher growth recorded in bone charcoal supplemented vermicomposting. Furthermore, the earthworm activity increased
the electrical conductivity (EC) and the total nutrient content in the vermicompost. In addition, the bone charcoal supplementation
recorded higher pH, total nutrient content, and catalase (CAT) activity while decreased the EC, urease (UA) activity, and alkaline
phosphatase (AKP) activity in the vermicomposting when compared with desulfurization gypsum. The changes in maturity degree indicated
that both earthworm activity and the bone charcoal addition could contribute to reducing C/N and NH;—=N/NO3—N while increasing the
levels of humus(HS), humic acid(HA), fulvic acid(FA), and seed germination index(GI) in the vermicompost. Therefore, it is possible to

reduce salt concentration and improve the maturity degree by adding bone charcoal into the biochemical residues from kitchen wastes for

vermicomposting.

Keywords : desulfurization gypsum; bone charcoal; kitchen wastes; vermicomposting

UTAER , e RO AR & R I S 80K 48 o 4
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AT A 5 T 3, X i 2 B AR T e A B 1 A
1A AT 22 )2 IR R AR A 15 5 LR S A 15 55 24 h, DA
HE B o 48 57 by 3 B AL e T B B UM T b
T A 6 3 P B S 5 A T R A H Y05 P T A A
A BRAN F PR AR A B W F T R AT P AT PR
8] B R BB AR RRHEAT PR A A . AR
POBHRARPE BTN 1 R .
1.2 iRgE &t

AR FRAT A F I i, A< i DA Jof by 3 A= b
FE it R R, R R A A RORE , Sl T R e o i
Lok 4:3: 31857, 435l LA A 8 LB e R s
FFZ T WU K53 5108 0% B8 5% , #4425 I i kL
Ky e se 4318 AT, SR Ja T Milli—Q 8 47K I8 7
TIKEET0%, 2414 d WU BEIG |, F TR eI Tk )
B R 35 1 R IR R , S 25 14 d UK %
Ja TR IRk 56 2 40 JC e M5l Ab BE2H Sl 25 14 d T
R IE R4 42 d B SR HEHI A0 B 5 56 3 2 Jy i
WS RbFRLH S22 14 d T I T AR IR 0T 445 42 d i s

el b B, BRI N2 2 o g4k 9 N b
LRI 3 . S AR 2 BRI 14 d
K5 Ik 350 g (T4 i) B 1 SR H (hf IS
BHAA12 em, Wi EHAA 15 em, Fi 5 15 em) |, A7l i)
Qb FZH 5 T i I 50 2% - kg M| B P 4 A K /N
A ER TS BRANER AT B S 19 o 2 Bk sl 9 20 R (FL
24 0.15 mm) 3 11 LA By e 5] 24k 36 0 A1) F SR SS 4
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B, BES AU AT A R 1 R ] 3B W ) £
H 384 07 35 BRI B 232 5 SR J X6 35 Jo ot ot iAE A T PR o
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A=0,/Q.x100% (1)
A AN M IGIAE IS 2, % 5 QB R i 1A A, 2%
Q. W bR M s K, 2% .
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Table 1 Basic physico—chemical properties of raw materials

J5k4 #} Raw material pH 2R EC/ (mS-em™) SV TC/% A TN/ % WA L C/N
BB AR 6.20+0.01 10.42+0.02 22.73+0.19 1.93+0.03 11.77+0.03
Biochemical disposal residues from kitchen wastes

A Sawdust 6.34+0.01 0.51+0.01 43.21+0.21 0.10+0.001 432.1020.01

1547 Vermiculite 6.12+0.01 0.53+0.01 1.34+0.07 0.03+0.001 44.67+0.03

JIEB7 A1 EF Desulfurized gypsum 6.91+0.01 0.92+0.01 10.23+0.01 0.53+0.01 19.30+0.03

% Bone charcoal 7.93+0.01 0.41+0.04 2.23+0.23 0.23+0.05 9.70+0.03
F2 RWIEt
Table 2 Experimental design
SIS piSEIEERES YRS 7 Jab 3R i)
Treatment Processing number Material formula Processing time/d

JE PR FZH CKR BRI AR A R BRI L 4:3:31R %) 0
“a::ejsgi's TIR BRI AR R RSB TREEH h 4:3: 3840, 530 5% I B 7 6 0
T2R BRI BIR AR SR RS T H ok 4:3: 31851, 550N 5% 1 ¢ 0
T 1] Ak B 2H CK BB R S ARSI ol 4:3:3 1R ) 42
Etlhwtmm-f 1 BB AR AT KB HR A R 4:3: 39040, 5500 5% it £ 2 42
T2 R BB AR SR B T H ol 4:3:31R 5T, 530N 5% 1 ¢ 42
e 151 b B2 CKE BRI A A R R RS T H ol 40323 AT, S e 45] 42
Earthworm treatment TIE RIFBR AR WA B T He ok 423321, S0 5% MG AT Y B i 5] 42
T2E et AR AT R B AR R LR 423 3TR 5T, 5N 5% e e b ] 42
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F=(0.-Q.)/Q.x100% (3)
A FO I SA AR, % 5 Q. 06 TR MU B, 5%
Q[ .

H=(H~H,)It (4)

A HOIE T H R, g d7s HON R BR LR T R
gy H ARG A I T &, g5 AREFRIE], d.

FrKHR A 105 CHETFEINRE s R pH T (LEICI,
o ED I E pH EC SR A I d G e 5% U (DDS-11A,,
HR D) I 5 SR P VA i R — TR B A o A I A
BLET 3 "5 2R F ot % 23 # L (EURO EA3000, &
FD I E 4R/ (N) &, R CAPUIEER (NY/T 525—
2021) FRifE R SR D 5 I R 4 (N+P.0s+K,0) 17
R 2 mol - L7 KC IS 45 — i 193 35 BU €6 75 0 22 i
AR (NH-N) i 5 R FBUE R 20 St B e i
AA(NO-N) & it Bl A i 5 258 LA 1:10(m: V)
RAE 2% 2 h 5 I8 i T 1 & 23
(G M B, £ 2% Hoffmann 5 Teicher $& W 1
0 E IR ETE E (UA) 5 R B R 2R — 4 EL o ]
FE 0P W R B S e (AKP)!™ 5 2 25 75 B S8 2000 o 1
AL B PE (CAT) 5 R S A HLASR 73 Hrf (TOC-L,
Japan ) I 5 Ji& 8 i (HS) FIISA B8R (HA) & &, 3R
FEWA T R A (FA)™,
1.4 iR IE

FH Excel #1781+ f e it , R H SPSS17.0 i
7 8 R J7 22 50 Bt (One —way ANOVA) Al T £ 1
(Paired—samples T test) , i 35 LA 56 K H Duncan 72; ,
AR 2K Origin 8.0 il £ o

2 ZREWR

2.1 B ERRERAERETWN
e 51 A A B BRAR 0 T S R HE Xk A A R 35 1 2
REJEN, M0 RE S H G A S W A i 5] % fol A P v A

HLITE I 53 A BE 1 B HENE 1) TR RE PR R A R Y, T 3
FIF 755, 4% i 5] &b B ZH (CKE  T1E 1 T2E ) () U 5] 77 1%
R H BT A R B AR IIT H I R R R 43 )
9 98.71%~121.68% . 0.014~0.032 ., 115.43%~155.12%
F10.92~1.56 g-d™', K/NIUF 354 T2E>TIE>CKE, H
25 AR 22 S 443K 2 22 K (P<0.05) o IR, B ok
R0 I8 A B S 0 i | 8 AT DA R AR I
LR AR, UL B i e e s AR o [RIRE , X2
SEPIRIE Y I M 5] A K N B 34 5 A T e T AR R
FERLIE F o 3 A H 5t B AT g 5 A A R T R A
(CaSO.-2H,0) REHE R AR AN ER & 12 S B e v 3 A e
Wl AE KT LB BR AS BRI E SRR A M,
g5 b IBLBRAT RN BN T AT Al i 5] A= 4 SEAE N
FESFIHFE, L LAE RS INT Be o
22 BEARBUMERETL

— BN N pH A 7.5~8.5 S} ] 345 fe ACHE AR B K
H1 % 4 1T DL, e 5] b 3 20 pH A T He s okl b B 4
TG ke 151 b BEEH 33X W] R 5 e s 36 Sl A HLIR 7 o
ol e 1 A A R A R il S RSO ME B pH RIS A
SES T 4% i 451 b B 2 pH K /NIl - T2E>CKE>
TLE, B B 2 3 0 AT 4 e ke 5 4 NE 9 pHL, 100 B8 A
B IINBEAR T 3 pH, 3% AT 68 58 4 1) pH ¢ i it
B A28 Y SO B pH BFRAINA G, kA, Jo i fis| 4k
FREZH b5 A FRZH pHYE K 7.28~7.97 , IR FF5 pH
R 7.0~8.5 (A M FH LSRG L

EC ] fi e HE L n] s e & i, Y HENE T ECAIR
F 4 mS-em™ B, 0] L% 4t T 38, &4 57
IR, S HE IR ECYEF N 1.08~3.98 mS-em™, K/NMFUF N
CKE>CK>CKR>T1E>TI>TIR>T2E>T2>T2R, H CKE.
T1E F1 T2E AH . [A] 22 5 Y3k B 7K F- (P<0.05) , 13 ]
T 0515 S T i 3 A R EC, T AR A RN R
] AR BC, 13X 0] 8 15 M 15135 sh fE kA BT [ A

R3MBERKERERBERELTWL

Table 3 Changes of earthworm growth and daily consumption of substrate

ST frimk T R e W R B
Treatment Survival rate/% Daily weight increment Reproduction rate/% Matrix daily consumption/(g-d™)

CK — — — 0.61+0.01d
Tl — — — 0.64+0.07d
T2 — — — 0.65+0.09d

CKE 98.71+0.05¢ 0.014+0.001¢ 115.43+0.19¢ 0.92+0.07¢

TIE 116.71+0.41b 0.022+0.001b 133.41+0.65b 1.27+0.01b

T2E 121.68+0.31a 0.032+0.001a 155.12+0.05a 1.56+0.03a

1 R B RS [ INE B R A AL BRIA) A7 A B35 25 573 (P<0.05) . T[],

Note:The different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

1% WHART]
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Figure 1 Changes of enzyme activity during composting

I U X8 AT LA R ARG 38 B P AKP AT UA 36 1 . AR RE
P IR A BEHEHE W) AKP AT UA 36 PEBH 8 T}
M7E R EH IR TRE , PO TR S A UL

R4 HRPERBUMERE

Table 4 Changes in basic physio—chemical properties during composting

JIsT] e LI it e
Treatment pH EC/(mS+cm™) Organic matter content/(g-kg™) Total nutrient/%
CKR 8.32+0.02a 3.49+0.02b 654.32+0.21a 4.03+0.02¢
TIR 7.82+0.01b 2.07+0.02d 647.16+0.16a 4.21+0.08¢
T2R 8.11+0.01a 1.08+0.05¢ 649.28+0.29a 4.23+0.11e
CK 7.76x0.02b 3.56+0.02b 540.22+0.31b 7.03£0.01d
TI 7.78+0.03b 2.58+0.05¢ 547.1620.32h 7.49+0.06¢
™ 7.970.01a 1.120.05¢ 542.330.20b 7.59+0.21¢
CKE 7.670.04b 3.98+0.05a 442.25+0.16¢ 7.710.08b
TIE 7.28+0.06¢ 2.63+0.88¢ 435.00+0.36¢ 7.89+0.16h
T2E 7.74+0.03b 1.34+0.32¢ 390.610.28d 8.21x0.11a
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FTUAJEYE M4 CAT I M.
24 BHETWL
2.4.1 CIN7ZE4k

C/N A 0 HE JIE T8 20 3 7 5 AR AR, 24 C/N B 2
20 AR B, AT A E HENE RS 20, H I 2 R, 45 b 3
C/N K/NBL &3 CKR>T1R>T2R>CK>T1>T2>CKE>
TIEST2E, B[ JG e 5] 4 FE 2 ke 451 40 BHZH i C/N 441
FIEYrB b #EA , H A i 451 4b #E2H (CKE \T1E 1 T2E)
5 Tl i Ab FEA (CK TR T2) 22 [8] 14 25 57 1k (B K
- (P<0.05) , i BH e 151 5% Sf 41 UF 1 HE AR C/N BRAIG
A, 2R 22 R SE PR 9 3R BRI R 5 ME N 45 b 31
(9 C/N 43 5 i W0 36 10 26.1,26.3 F1 26.8 #K T [ Ky
15.6.14.6 fl1 14.1, GARG %5 H1 KAUSHIK &5 5%
N, MBS A PRSI A ) C/N R RERT RE S HEAR Fh &K,
PR R oM 5 A K FE i AR A . Sy E 2T I,
C/N 7 fr 15| b BEEH A () K /NIBF 4y : CKESTIEST2E,
ot B ISR A B B AN ) T AR AT ke s I €/
L 5 A T AL A B o HE FIE F G/ ) AR ARG 25500 B A T
o L B i ] A BTN 0B A A B e RE S
EFEAK CIN B BEUS AT A800, Fe K o
2.4.2 NH;-N/NO:-NZ£ 4k,

HERE S A NHE-N FTNO-N A XSS fb R m] sz
HENE RS BFREE | 24 NH-N/NO=N /N T 0.5 Il A hy e
B CL IR 2 B 3 BT, 25 Ah BEHE A o NHE-N/
NO-NH#/NF0.5, 75 H 4 0.14~0.32, K/MIUF A CKR>
T1R>T2R>CK>T1>T2>CKE>T1E>T2E , B 7 5] 420 3 21
G iz 5] 420 B ZH F9 NHE=N/NO3=N P T H s Hrkk b
PR, W 5| Zb FEZH (CKE \T1E 1 T2E ) 5 % T 0 5]
AEFRZH (CK L\ T1FT2) (P<0.05) , 13t B 4% Ak JiH 3 JIE 45
CL R 2, e 15135 2l AT B AR HE AL v NHI-N/NO5-N [

1% WHART]

601

501

401

301

C/N [t C/N

201

)

2=}
— O

=

2 HEBEH C/NELET L
Figure 2 Changes of C/ N ratio during composting

CKR
T2R
T1
T
CKE
TIE
InR2E

301
a a
_I_ a
2.8 1 e g
T
52.6'
=
g b
50.4‘ .
z c ¢ g
0 ===~ M O — N H A H
— = -
28 © =

3 HEREH NHi-N/NO:-N L {EZE L
Figure 3 Changes of NHi;=N/NO3=N ratio during composting

H, e H RS . 55 i & 3 0] I, 45 i 5] 4ch 3 4 M
JIE NHi-N/NO;-N K/NIF 2 : CKE>STIE>T2E, 15
WA A B 1B e TS N 320 AT LA ARG it s A 1 2 M e e
NH-N/NO:-N, HE 5z Wi A8 % NHi-N/NOs-N [
RS0 B Sk B S, 33X AT R 5 A R HEAAR N A
R A M,
2.4.3 Fh R ZFFEEUEAL

Tl ZEHRE(GL) 2 40 7 HE N J2 15 5 280 S L)
EMY RN EER R, —BRIAN,GLRTF
50% Hif HEAE BEAS 2, T ST 809% Bisf D) 35 3 56 42 Ji 24
FEEEN, AnTE 4 B, w51 A0 FRZH G134 8 3 H R
Aok 32 TG i 5] Ak 2, v ke 5] A 34 2 A e |
A FRA GIYE [ M 68.39%~118.18% , ¥4 K F 50%, H
25 Ab P FE AR T8 B T A ke ] b B AH G ¥ 3K #
80% LA I, it FF e W] mT D248t w5 g 220 88 - A M JES F
WM. [FFE, 3B/NRAF RIS IR & AR 2R IR A
ARERAY P 3790 f1 e B | M HE o1 & 248 20 15 51 80%
PLEo A, 45 M ab BEZH GTR/INIBUF R T2ESTIE>
CKE, 439124 118.18% . 102.21% F1 96.23% , 13 B JIi i
AT EE RN R VS IS AT LR v e ] 3 A Y G, L AR
WA B R B O O R . 5 LTI ke ) 3



B % R B A PR ST P B 5 00 431

- ypas mB al f2 dEHENE D7 & ZE4R B BT R LA
RASINT feffe o
2.4.4 JEFEIE AR

M A 3 R RO B R B BT (HS) 224046 HA AN
FA,#& b (HA/FA) J2 S e HENE o 32 h S SR s
B A EIE R AR R R — ey HEAE HA/
FA>1.7 B HEAL SE 2 S 2, F3R 5 R, 45 Ab B ME A
HS . HA F1 FA & & 19 K/ 34 8 T2E>T1E>CKE>
T2> T1>CK>T2R>T1R>CKR , B JC it 15] 42b F 25 11 iy 5]
Ab 2 Hy v TR AR BRAH , Hor, 0 ] A # 20
(CK.T1F1T2) HENE d HA/FA JE [ My 1.92~2.01, 111
3] 4b ¥ 2 (CKE . T1E F1 T2E) HA/FA & [l Ky 2.01~
2.08 , it B i 151355 S A A1) T O A BLIRR TR A,
PEiR HA/FA SE I B A AR B I S A . 3R
5 0] UL, Wi 5] b R A HEAE B HS CHA R FA /NI 35
N : T2E>T1E>CKE , 15 W B A A 8 Fl-E e ds ik ] LA
2 1 e 51 S JES H RS 5 5T B AR B R T AR Ak
W fefE:

120 1

100 —
80 e

60

FhF A 2 4R %

Seed germination index/%

40+

20 <

CKRTIRT2R

B 4 M FRFREHTL

Figure 4 Changes of seed germination index during composting

CK T1 T2 CKE T1E T2E

3 %

(1) S5 TEUINw Py A L, B e R A B A T
] 357 AT DA A e b oy A R IR S DU BRSNS 5K
Rt

(2) 55 JC e 451 Ak FEAF B , 488 S 45 3 A b JRe s e 5 3
JEEA TS A pH R SR i A AL A (CAT) I
PE,BAR EC A ML 5 01 0 R i (AKP) Fi ik
Bl CUADTEYE o BN DA R A B 42 /Ry 1 e 5] o
) pH B4 S BRI CAT I M, WK T HEC A HL
i AKP HIUA TG E .

(3) Ji 503 A0 Ak 2 B i 5] 3 B v 5 A AR 1Y
C/N .NHi-N/NO;-N FlI# = BRI A8 55 A
HHRRR AN LR . SN RN B A B A —
FEARPE T i AR B I A A T i 1 A S 1 S
JCLAE B I T el .

(4)%8 Jot b7 3 A Ak B v PP S I 2 1) o RO
VB FE VAT b W5 A LA W AT T D[R] s 8 AR
Bt B AR A R R Ay AR R LR B 8 n A
FRAT R A AR ot b W A A R i A F R AL
BN

Sk

(1] A e, JING, ks . A o b a8y R LR HE T A3 AT (. #7345
TAEEAR, 2017, 11(2) :673-682.  HAO X D, ZHOU P, CAO D Q.
Analyses of disposal methods and carbon emissions of food wastes[J].
Chinese Journal of Environmental Engineering, 2017, 11(2) :673-682.

[2] ARG ML . A Jof IS 3% ] Ak 045 5 98 A6 R T 23 T (D). PR e 5 K e
2018, 30(10) : 56, 58. MEI C H. Analysis of solid waste treatment
and resource utilization of kitchen waste[J]. Environment & Develop-
ment, 2018, 30(10) : 56, 58.

[3] FERE 55 . 3T 4% Jof a3 A B AR BUIR 5 R A ). ARl TR, 2020, 10

x5 HIRFEERSELTWL

Table 5 Changes of humus content during composting

Qb JE BB i AR 1 LR i AR O e/ LR
Treatment HS/(mg-g™) HA/(mg-g™) FA/(mg-g™) HA/FA
CKR 258.43+0.02¢ 140.78+0.02¢ 117.65+0.11¢ 1.20+0.01h
TIR 262.48+0.03¢ 148.45+0.14¢ 114.03+0.08¢ 1.30+0.14h
T2R 270.45+0.02¢ 150.67+0.21¢ 119.78+0.11¢ 1.260.21h
CK 400.67+0.04b 263.32+0.02b 137.35+0.18b 1.92+0.36a
Tl 415.23+0.07b 277.21+0.31b 138.02+0.28h 2.01+0.19a
v 421.69+0.09h 279.82+0.51b 141.87+0.08a 1.97+0.28a
CKE 430.74+0.02a 290.72+0.88a 140.02+0.15a 2.08+0.13a
TIE 439.39+0.09a 293.29+0.46a 146.10+0.01a 2.01+0.26a
T2E 450.60+0.27a 301.71x0.31a 148.89+0.39a 2.03+0.85a

WWW.Qes.019.CN




m@g 432

VRETSR Rt Y £ 415528

(5):52-56. DU Z Y. Current status and prospects of urban kitchen
waste treatment technology[J]. Agricultural Engineering, 2020, 10(5) :
52-56.

[4] A7 B 35 . Jl P 2 A Ak B TR (M), I AR O R, 2000.
YANG G Q. Solid waste treatment project{M]. Beijing: Tsinghua Uni-
versity Press, 2000.

[5] YUVARAJ A, THANGARAJ R, RAVINDRAN B, et al. Centrality of
cattle solid wastes in vermicomposting technology: A cleaner resource
recovery and biowaste recycling option for agricultural and environmen-
tal sustainability[J]. Environmental Pollution, 2020, 268:115688.

[6] KE U, ZEAR MG, ThAAR, 25 . TR ARAT 5y JE SRR AL 7 it Bt
Hr——LIBL N TR [T]. Aolk FREERF 222441, 2018, 37(5) : 1016~
1022. BIF, LI X R, HAN Z D, et al. Quality evaluation of mechani-
cal composting products for putrescible wastes in rural areas in China:
A case study in Hangzhou[J]. Journal of Agro — environment Science,
2018,37(5):1016-1022.

(7] A AFUY, ZA2/NEE, B K, 55 . =R RL S A it G R e - 39 R AL
RIS A TR IR B, 2020, 37(5):719-726. JIN M
Y, LI X H, HUANG Z B, et al. Improvement of saline—alkali soil by
compound application of three environmental materials[J]. Journal of
Agricultural Resources and Environment, 2020, 37(5) : 719-726.

[8] PAULA D SM E, XAVIER D C A M, DELIBERALI D D C, et al. Ver-
micomposting with rock powder increases plant growth[J]. Applied Soil
Ecology, 2013, 69 :56-60.

[9] LUSHIAN T M, PEARSON N S M, PARDON M, et al. Vermicompost-
ing manure—paper mixture with igneous rock phosphate enhances bio-
degradation, phosphorus bioavailability and reduces heavy metal con-
centrations[J]. Heliyon, 2018, 4(8) : e00746.

[10] SRHIE, 22 23HE, FRIR, 45 . W A0 S0 e 03 1 5 X e ] S S el
g Ak 102 35400 i IO B 5 0 [, 19 P R At 5 TR AR A2 A 3
2020, 28(2):299-309. CAILL, LISY, KANG Y, et al. Effects of
zeolite, bentonite and calcium superphosphate on the vermicompost-
ing of green wastes[J]. Journal of Basic Science and Engineering,
2020, 28(2) :299-309.

(1] 2L, DXANTK, B, 25 . A e 5 /52 36 L ARG o5 R AR 1 0
T Cd WY BEALRICR [T, R EERHE ST, 2018, 31(4):725-731. LI
H, QU J Y, YAN Z G, et al. Immobilization of soil cadmium using
combined amendments of illite/smectite clay with cattle bone charJ].
Research of Environmental Sciences, 2018, 31 (4):725-731.

[12] GARG P, GUPTA A, SATYA S. Vermicomposting of different types of
waste using Eisenia foetida: A comparative study[J]. Bioresource Tech-
nology, 2006, 97:391-395.

[13] Jath A& SC, PNERER, AT, A5 L AN [ g RS 0o 3 Bl - 38 4 5
TR R, AR PR, 2021, 52(4) :311-318, 350.
QU Z Y, SUN H H, YANG B, et al. Effects of different amendments
on soil microorganisms and yield of processing tomato in saline alkali
soil[J]. Transactions of the Chinese Society for Agricultural Machinery,
2021, 52(4):311-318, 350.

[14] B0 . B X 7 v ol 4 s O R i A K R RS R 2 4 e £
5 U[ﬂ[D]. 22 Mg K2, 2013, XU F. The efffect of adsorbil-

ity and passivation of heavy metal in solution, soil and heavy metal ac-

1% WHART]

cumulation on corns by bone charcoal[D]. Lanzhou : Gansu Agricultur-
al University, 2013.

[15] Wk . 7 2 5| e JIE o B RSB B B Hoti 45 5T 4 ) 78 AL AL
HLELFFE D). BTN« BT IBYE K 2%, 2015, YAO W. Investigation
into the formation of humic substance and the mechanism of heavy
metal variation after vermicomposting of pig manure[D]. Hangzhou:
Hangzhou Normal University, 2015.

[16] E-dnd . b3y fe2 T I3k M. AU o B O BEEE Rt
2000. LU R K. Analysis methods of soil agrochemistry[M]. Beijing:
China Agricultural Science and Technology Press, 2000.

[17]1 ZHOU J M, WANG L T, WANG H M, et al. Effects of different ratios
of pig manure to fungus residue on physicochemical parameters dur-
ing composting[J]. Journal of the Air & Waste Management Associa-
tion, 2016, 66(5) :499-507.

(18] sk Jg, ARG, 275705, 4  BRIRER VRO R A Sk HE i 7 pH
B T AR 1 5 W (). FF 4k 2%, 2020, 39 (7) : 1996 ~2004.
ZHANG Y L, SONG M G, LI X F, et al. Effect of phosphate addition
on pile pH and maturity during rapid aerobic composting process|J].
Environmental Chemistry, 2020, 39(7) : 1996-2004.

[19] FE5E . AR # SR A R A BROS  38A BIL B G A P 52 I [ B
R AL BFSE, 2020, 49(1) :88-89.  DONG Y. Effects of vegetation
replacement and fruit planting years on soil organic matter and en-
zyme activity[J]. Modern Agricultral Research, 2020, 49(1) : 88-89.

[20] /9, FRAEI, 4% 2255 . AN R4 A ARG HE Yo - SR I L P 52
[J]. 55 A= & 2%, 2019, 1(6) : 81-85,90. LU Y, ZHANG J L,
YANG L F. Effects of growing crops and fertilization on soil enzyme
activities[]|. Environmental Ecology, 2019, 1(6):81-85, 90.

[21] KUMAR B V, SINGH S, SINGH B. Biotransformation of paper mill
sludge and tea waste with cow dung using vermicomposting[J]. Biore-
source Technology, 2020, 318:124097.

[22] XN 2x, BROR A, ARk AT, 45 . R A i R A Jar T 418 re i s 44 A
RORAL PRI A5 P W BT )], AR A FR AT, 2012, 21(1):140~
145. LIU S H, CHEN D Z, LIN Q Q , et al. Improving efficiency of
vermicomposting on municipal sludge by using kitchen and green
wastes[J]. Ecology and Environmental Sciences, 2012, 21 (1) : 140-
145.

[23] SUTTER D, CIHACEK L, RAHMAN S F. Application of flue gas de-
sulfurization gypsum and its impact on wheat grain and soil chemistry
[J1. Journal of Environmental Quality, 2014, 43(1) :303-311.

[24] ZWETSLOOT M J, LEHMANN J, SOLOMON D. Recycling slaughter-
house waste into fertilizer: How do pyrolysis temperature and biomass
additions affect phosphorus availability and chemistry?[J]. Journal of
the Science of Food and Agriculture, 2015, 95(2) :281-288.

[25180 B e, sl e, 2R [ 2, A M X AR TG P 15 mm B R 43k
I JE 2 B S LT, ARl T2 444, 2010, 26(1) :324-329. SHI D
L, ZHANG Z H, LI G X, et al. Effect of stacking height on maturity
during composting of municipal solid waste under 0—15 mm sieved|J].
Transactions of the Chinese Society of Agricultural Engineering, 2010,
26(1):324-329.

[26] EDMUNDO A, JORGE L Z, JUAN C H, et al. Growth and reproduc-

tive potential of Eisenia foetida (Sav) on various zoo animal dungs af-



TR 45 + T S A B ™ 0 V5 433

ter two methods of pre—composting followed by vermicomposting[J].
Waste Management, 2017, 64:67-78.

[27] LASARIDI K, PROTOPAPA I, KOTSOU M, et al. Quality assessment
of composts in the Greek market: The need for standards and quality
assurance[]]. Journal of Environmental Management, 2006, 80 (1) :
58-65.

[28] KAVIRAJ, SATYAWATI S. Municipal solid waste management
through vermicomposting employing exotic and local species of earth-
worms[J]. Bioresource Technology, 2003, 90(2) : 169-173.

(291 BB, Je A6 SC, 2, A5 AN [ 5 R TR X i) 5 38 IX R A e
ARFNZE AL A AR R RS R[], K PR3 27412, 2019, 33(5) : 316
322. HUM, QU Z Y, WANG L P, et al. Effects of different amend-
ments on the properties of salinized soil and sunflower growth in
Hetao Irrigation District[J]. Journal of Soil and Water Conservation,
2019, 33(5):316-322.

[30] B 48, =) . B s i T ATk R 0. T AR T, 2018, 47
(9) :2015-2019. HUANG L J, LI H C. Application and research
progress of bone char[J]. Applied Chemical Industry, 2018, 47(9) :
2015-2019.

[31] BEFEMS . A I A S oA W Bl Ml R I 5 K] ) 2 e B X e 22 )
RE[D]. ] ARG BE T K2, 2017, LIAO Z P. Diversity of microbi-
al alkaline phosphatase gene in farmland soil and its response to phos-
phorus[D]. Guangzhou : South China University of Technology, 2017.

[32] RAEIR . A AU NE (Y PRI 28 AL 0 AR W s ek 00 B F) B At (D). e
BT R4 (A RBER), 2005(11):6-9. ZHU N W. Varia-
tion of metabolic enzymes and degradation of phytotoxicity materials
in aerobic composting[J]. South China University of Technology( Natu-
ral Science Edition), 2005(11) :6-9.

[33] TV . AWy he s i e N RS L e RACRIFFE). sr e FRHL,
2017(8):95-98, 100. YU C Y. Effects on impacts of sewage sludge
compost with biochar on soil improvement[J]. Journal of Green Science
and Technology, 2017(8) :95-98, 100.

[34] BT, 2K, X, A5 M) A 4 PR TR Ak B X A4 M S5 ) 5 i
(31 4 TR 2 42,2011, 27(9) : 255-259.  ZHAO H T, DI L, LIU

P, et al. Effect of earthworm bio—bed treatment on properties of cow

manure[J]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2011, 27(9) :255-259.

[35] SRS, WEHEGE, PRI TC . ML AT AL B ALK S0 AR o —— A&
TLLEREAT A2 M5 Ve AR 3 W Rt R BLAE BIE SR, 2012, 34
(4):110-114. ZHANG T M, HU S B, CHEN X F. Study on vermi-

composting of sweet potato straw, cow dung and sewage sludge|J].
Journal of Agricultural Mechanization Research, 2012, 34 (4):110-
114.

[36] A== 08, A . A0l ik F P HENE R b BRAL MR (1 3 252 Ak [)].
Jb TR 2FBE2# 4, 2019, 39(3) : 21-25.  ZHU L B, SHENG D. Dy-
namic changes of physicochemical properties in the process of agricul-
tural waste composting[J]. Journal of Hubei Institute of Engineering,
2019, 39(3) :21-25.

[37] GARG V K, KAUSHIK P, DILBAGHI N. Vermiconversion of waste
water sludge from textile mill mixed with plant slurry employing Eise-
nia fetida|]]. Ecotoxicology and Environmental Safety, 2006, 65:412~
419.

[38] KAUSHIK P, GARG V K. Dynamics of biological and chemical pa-
rameters during vermicomposting of solid textile mill sludge mixed
with cow dung and agricultural residues[J]. Bioresource Technology,
2004, 94(2) :203-209.

[39] 4% JELEL, X PHIE, FE B I . DR IC LU Xl ol B 8 NE S8R 9 5% 1
[J]. 24404k 12, 2020, 49 (4) : 564-567, 571. LIS M, ZHAO Y Y,
TANG F B. Influence of additive ratio on municipal sludge compost-
ing effect[J]. Contemporary Chemical Industry, 2020, 49 (4) : 564—
567,571.

[40] ZHU F X, HONG C L, WANG W P, et al. A microbial agent effective-
ly reduces ammonia volatilization and ensures good maggot yield from
pig manure composted via housefly larvae cultivation[J]. Journal of
Cleaner Production, 2020, 270:122373.

[41] 2B/, AR 3H, BRIR, S5 AP FEUS NS el b A 2 55 40 i s 4 A
HIRZ IR SEL)]. W RERL 5 TRERR 272741, 2018, 26(2) :285-294.
GONG X Q, LIS Y, WEI L, et al. Vermicomposting of green waste us-
ing Eisenia fetida and as affected by addition of cow dung[J]. Journal
of Basic Science and Engineering, 2018, 26(2) :285-294.

WWW.Qes.019.CN




