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Abstract: With the development of urbanization, the output of wet waste is increasing, and the resource
utilization of wet waste is imminent. Using earthworm to treat wet waste to make earthworm manure for farmland
soil improvement is an effective way of resource utilization of wet refuse and is conducive to alleviating the
obstacles of vegetable continuous cropping. Earthworm manure made from wet waste and anaerobic biogas residue

was selected as the study object. The effects of earthworm manure applied for three consecutive years on soil
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quality and crop yield of Cucumis sativus were studied. The results showed that after three years of improvement,
the organic matter content and cucumber yield treated with 60.0 t/hm? earthworm manure increased by 50.0% and
5.60%, respectively, and the effect of earthworm manure was higher than that of conventional organic manure.
The soil total nitrogen content reached the highest level, which was 33.0% higher than the background value. The
soil nutrient content (nitrate nitrogen, available phosphorus, available potassium) was also improved, and the
available potassium content was increased by 94.0%. After 3 years of improvement, the number of bacteria in the
soil increased significantly with the application of organic fertilizer, in which was the highest treated with 30.0 t/hm?
earthworm manure. The ratio of soil bacteria/fungi was increased, and the biological properties of soil were
improved. The soil respiration intensity increased with the application of organic fertilizer, in which was the
highest treated with 60.0 t/hm? earthworm manure. Soil pH decreased slightly and salinity did not change
significantly. Therefore, earthworm manure from wet waste can improve the physical, chemical and biological
properties of soil, alleviate the occurrence of continuous cropping obstacles to a certain extent, and can be used as
a substitute for chemical fertilizer or combined with chemical fertilizer to promote agricultural production.

Key words: Wet waste; Earthworm manure fertilizer; Continuous cropping obstacle; Cucumis sativus; Soil property
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AR R HEEAE B N(Cucumis sativus) I EK, 2
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HHOAETE L, PO L, EIERIEATLE R N
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115 mg/kg. TIEBRIE LN 1.24, A 220 mg/kg.
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B PR A R S B HE R TR R AT W
G IE R 11 R A5 fE iR iR ) 4 B, &
Brifdsl, BRI AT i AR, HoK
BN 17.93%. ERTE2.77% EHEE 2.96%-
SR 2.59%. AHLTE & 46.90%. C/N Jy 9.82.
pH 7.30.

PR AEYI N N (Cucumis sativus), iR K
. KRAERGEEY, THFE4H7H-27 B
— B O RG], 5 H MR 7
H IR 7 d AR, 3RS G, 1R
RIS L 3R S o B TOREIIR],  JEAT 1 B
AR ) 3 T A .

1.2 ARt

ARG TELL P 3 I, AR R g
ININFERE 5% E & A8 3.33 kg/hm?). #E 5 A4k
H, 508 AL 30.0 thm? (CG). i 3%
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AR RE(CK) o 1A B AL R 5] A 1) S20R3 2
o, Ukm s 2R, AEFRHEA IR,
8143 % b3 I B it B R — 2. BERMEON &=
HE A, RIERS RIS . A
w3 AEE, KRBT 15 MK BASNXTH
N 20.8 hm?, BEALX AHHES] .

1.3 Hik

HONFEH 3 M H Ja, BN X% RS 0~
20 cm JZH 48, IREUHE RN X RARERTERE
o IR EIR S, —EB X, BRART, BB,
A, e A AHASSE. U, AR
AR pHE. 2dha; H— 0 LIRS (L
B AL HTY) USRI ISO/TS 29843 —20 V47 I
FERGHEE . HEEMME, FERH PLFA VA 2 i
NERE T -
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K F Excel 2019 1 SPSS 22.0 244 wHR 16 34
AT M A o SR S DR 2 OB 25 7 2293
MBI 5 e ] 38 AT 5 5 B0 ATLAE X 3 JTCE 1 4 38
AR R 2 . K Tukey VEHEATZ B HLER, &
F KN 0.05.
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BRI R, 3NE 5 550 b5 i e 1
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(7= B it e O 39.58 t/hm?, &2 3 5 T CK (P<0.05);
1M CG AL =& &%, 4 37.50 vhm?, 5 CK &
3 22 7(P>0.05).

1 AFEAHULALE 3T & (vhm?) FRI5E R

Table 1 Effects of different organic fertilizer on Cucumis sativus yield (thm?)

A3 Treatment 2017 2018 2019
CG 3.10+1.22ab 3.17+£14.3b 2.50+65.0b
\%! 3.10+12.1ab 3.20+7.88ab 2.52+66.5b
V2 3.16+4.53a 3.18+13.1ab 2.64+24.8a
V3 3.16t16.4a 3.18+17.3ab 2.59+23.1ab
CK 3.04+50.0b 3.2148.45a 2.5249.76b

CG: HHANUEL: V1. V2. V3 435109 15.0. 30.0. 60.0 t/hm? Ti5 3%
B CK: I FZIHEE 5 A F 7 B R0 2 7 B3 (P<0.05). TIH

CG: Conventional organic fertilizer; V1,V2, V3 was 15.0. 30.0. 60.0 t/hm?
earthworm manure, respectively; CK: Control. Data followed different
letters within column indicate significant differences at 0.05 level. The same

below
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R (P=0.001), TAERIEBFIFE 03 (A A7
FZAHEAEF(P=0.041). 2019 SE#RIGR)G, N
FUA HLIE AN 5] 2 A ) 135 A AL & B Bk R 25 5
FHEIM(P<0.05), Xf I T35 1A HLI & 5 8(2.65+
0.13)%, i FA HLAEAL A AT 2 & Ex B3
11.7%, 170 JtE e 5 56 AL T EL St BRI 23 .4%~42.5%.

L2 B0, P 3 A IR0 R R A s
M 0.18%~0.19%, T4 1A JC i3 25 55 2017 12018
SN FUE MUR R FE AR ) LR AR S B S
B TC 5% 22 5(P>0.05), {H 2019 “Ejiti il A HLAEF
otz ] 2 I 48 1) 4 R B B Lot FELEL 25 48 i (P<0..05),
PL V3 KRR, 18 0.24%, HEXHIBFE T 33.3%,
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%11 ; SIS A5 B LU A BB T 20.6% . 18.4%F1
;3_: 2r 6.20%, 2019 £EX HIFFAK T 24.6% 14.0%H1 14.1%.
fg 1 Ak, LIRS R S =I5 T TO R I R) A
e AHERAE X, SHHENEEERLX.

2017 2018 2019
Ff[i) Time

B 1 AHUEA R LA HUR S B A EAE P RRRE R R
#(P<0.05). T

Fig. 1 Effect of organic fertilizer on soil organic matter content. Different
letters upon column indicate significant differences at 0.05 level. The same

below
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Fig. 2 Effect of organic fertilizer on contents of total nitrogen and nitrate nitrogen in soil
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Fig. 3 Effect of organic fertilizer on contents of available phosphorus and available potassium in soil
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FTGERN 3 4, XFHE ) -l AU S SRR R4,
233 9(200+18.9). (213+14.1)F1(303+9.67) mg/kg.
HIT 2 ATt 0 JIE ARk 35 408 255 169 m - 48 P ol R0 B (P<
0.05), ELH B AL AL A i 0] 34 JIE Xof S5 55 1 1)
A G 2 2 22 57 0 2019 4F 3 B AR & AR O
5| FENE> T A HUIESX R, DL V3 B s, A
450 mg/kg, UXTHRIR ST 48.3%. TIEHEAH &=

al Py = 0: 17 [E=RY|
Py = 0.149 vz

_ 2,
Pugtepzon = 0.143 a \C/i

434t Total salt content (g/kg)

2017 2018 2019
i) Time

& 4 AHUEAEIE S 1394 25 B R pH B 520

Fig. 4 Effect of organic fertilizer on total salt content and pH in soil

TEFRHT 2 4, B0 A AL IE R 4] S AT £
32 pH H 75 2 & 0 (P>0.05). 2019 4F ) 115 pH 1
 7.00 PEAKE] 6.65, XFHEN 6.72, Jtn s $iA AL
N 6.54, LEXT HE L 35 PR AR (P<0.05); 17 it i e s 3%
JIE B 1358 pH B -5 % HEOE 2 3% 22 7:(P>0.05) . A
E, T3 pH 5 TR [A] S0 535 A G0 R
(P=0.000), T5AHLAESEE K& FE A2 BAE T
B3R R R (P>0.05).
2.3 XoF IR A AN TR 5 R PR R

2017 A IR PR SR E N 65.8 mL/kg, LT
2018 4F(142.6 mL/kg)Fl 2019 (182 mL/kg) (K 5).
T 2 it 0 A ATLAE XS SR I 5 F8F 1) 52 i 5 ) B8
TR FH R (P>0.05), 2019 45 35 {1 RIE 58 B 43 )
H(203424.2) (CG). (190+34.1) (V1). (208+11.2)
(V2). (229+21.5) (V3)F1(182+5.10) mL/kg (CK); V3

Bt %o} ST 25 T 5 (P<0.05),  HiAth A HLAE A FE 55 5% R
T E % 5 (P>0.05).

Shannon 8 ECRAEMAEREE WM+ 8 B, H
B, Ui W] IR RE YR A = 8 LB . Pielou
TRHCRAIE AR A B 5 . Simpson fi 4%
RAE AR PRSI B AR 2 AT AL,
5 IEAH L, 2017 SEHE A HLIE L 825 1 n 1 3%
AR =E & B (Shannon $5%4)+ 3 5] ¥ (Pielou

SR ICRAE I (] A ALK R 3 122 BEAE R 34
MK R (P<0.01).

ML 4TI, B 2017 4F V3 ALERAL, s B
A AL A b | 2 A f - 38 4 3h 5 8 5 0] BRTE] 3508
23 7E R (P>0.05) . g4 R 5 B S B TURMELIN [R] |
A LI R K P 2 128 BAE 30 B3 Mk &
(P>0.05).
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Fig. 5 Effect of organic fertilizer on soil respiration intensity

FeEO AR AP AL 35 BE (Simpson F5%0)(P<0.05);
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0.05), Jite Jise 451 28 AE X -+ 3843 4= 901 Shannon $8 %
A Pielou 45 # i A & 3 5210 (P>0.05), {HFEAK T
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S0t ok ] S S ot SRl A 0 ) P A 3 ) B i
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Table 2 Ecological index of phospholipid fatty acid biomarkers

i 1] Time KbFE Treatment Shannon $ 4 Shannon index Piclou $5%{ Pielou index Simpson $&%{ Simpson index
2017 CG 2.1540.15a 0.68+0.05a 0.80+0.03b
Vi 2.07+0.35a 0.65+0.11a 0.78+0.11b
V2 2.254+0.09a 0.71£0.03a 0.83+0.03b
V3 1.96+0.27a 0.62+0.09a 0.76+0.08ab
CK 1.54+0.11b 0.48+0.03b 0.65+0.04b
2018 CG 2.08+0.48b 0.51+0.12b 0.60+0.06b
Vi 2.38+0.23ab 0.59+0.06ab 0.47+0.11b
V2 2.334+0.34ab 0.58+0.08ab 0.44+0.14b
V3 2.58+0.03ab 0.64+0.01ab 0.59+0.04b
CK 2.84+0.33a 0.70+0.08a 0.89+0.02a
2019 CG 0.98+0.60b 0.24+0.15b 0.7540.25b
Vi 1.30+0.12ab 0.32+0.03ab 0.67+£0.03b
V2 0.95+0.18ab 0.23+0.04ab 0.44+0.08b
V3 1.234+0.08ab 0.30+0.02ab 0.58+0.04b
CK 1.10+£0.03a 0.274£0.01a 0.56+0.03a
M 3 AL, SXHEAEL, 2017 SEHINEHLIE  WH(P>0.05).

15 5 25 AR T - () B B AR TR (PFLA) % = (P<
0.05), X T340 B & =% A i3 52 H(P>0.05); V2
Aab P 255 1 T 3 1K) EL R S EE(P<0.05), {H HAd Ab
HTE R 2 % 5(P>0.05) . 2018 4F it i HiAa HUIESE +
HEff) 5 PLFA S 62.7 nmol/g B3 30.5 nmol/g,
(it ot 5] 3 AR JIG & 3 RN (P>0.05) s it D o R
HUAEAE 35240 5 5 B M 11.89 mol/g #4051 17.0 mol/g,
Jit JITT R 5] 28 R ) G ¥ 2 5 e (P>0.05) . ARTT, Tt
WA MURE A | S A ) B3 P R IR R & &=
(P<0.05). 2019 4 V2 AbFR RGN 3% 1) &4 PFLA.
Y11 A1 L B 2 FE(P<0.05), 1 oAt A B U B 25 5

&3 HIEIBEIENE MR (PLFA) S &

Table 3 Content of phospholipid fatty acid (PLFA) in soil

S HHUAEALEE, 3 g B 5 B LR
A AR (R 3). 2017 SEHE N HLAE f5 - 4H
WS LA AN FERREE RS, A5 RIEEE %
S5 2018 N A HLARAE T 4 5 B L
B Z 4R m(P<0.05); 2019 43 415 5 B H 1
P DL V2 db3 iRk, H R m T H A ahH(P<
0.05).
2.4 AR IA] B9AE St A

M 4 0] W, 2017 SFEHEINANUIESS, Bkt
WHES AR, 2R SES SRR R R
S hb, At T AN PR R B A ) S R A 8] G

B 1] Time A3 Treatment PLFA (nmol/g) ZH1# Bacteria (mol/g, B) H I Fungi (mol/g, F) B/F
2017 CG 12.9+0.94¢ 9.742.33b 3.52+1.10ab 3.06+1.14a
\4 13.8+3.59¢ 10.8+3.75b 3.23+1.37ab 4.1343.09a
V2 21.4+3.96b 17.5+4.21a 4.93+1.00a 3.63+1.04a
V3 12.2+2.59¢ 10.443.42b 2.58+0.84b 4.7543.38a
CK 87.7+4.70a 15.1+1.24ab 1.81:£0.05b 9.10+1.87a
2018 CG 30.5+7.70b 17.0+2.73a 1.6120.84d 13.50+7.39a
V1 54.2+16.3ab 12.4+1.67b 19.80+7.76bc 0.89+0.16b
V2 44.0+4.03ab 11.6+2.76b 11.4142.41cd 0.89+0.13b
V3 71.7+12.2a 11.9+1.67b 34.50+8.58ab 0.33+0.04b
CK 62.7+22.8a 11.9+1.14b 43.10+4.48a 0.26+0.04b
2019 CG 35.4+1.78b 8.6+6.33b 6.56£3.92b 1.87+0.69b
A 25.1+6.34b 16.5+5.10b 5.75+2.339b 2.98+1.54b
V2 729.0+493.0a 382.0+261.0a 30.00+23.78a 20.00+7.49a
V3 171.0+0.60b 112.0+29.4ab 15.50+5.79ab 5.95+1.47b
CK 31.0+29.4b 22.7+20.0b 16.10+5.63ab 1.110.48b
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LRI B2 2% (P>0.05). HIEENRSES S
A&, pH. W E0E. B H0E & s A
WM B R IEAR; TSRS ESIE R
WO P 38 S AEAR G 3R 2 (8], R Ak Al
B S R M R IEAEA, HAEAAES. &
PR (1 A 2 P I 2 1) o 0 R PR i 2 T 2 67 A
b, HAB TR F 2 A R IR, KRR
ZHUNF(RHAS S pH A B/ B ) 2 (R38R IEAR G

2018 4F, HEEANUR G S 2, SRS H
SRl AN U 2 R) R IEAE G SRS pHZ
[F), e PP B o 5 TN i 2 () 52 0 3 SRR O . I

K4 AHUIEALIE T Lm0 5 A AR S

Table 4 Relationship among soil properties under organic fertilizer treatment

W L B R b, AR R R R
. BRESREMEE SRS, HI7 RS HAR R
TEIR AR,

2019 4, HIEEREG RS EIAN S B (HIEE]
T A, AN & A A S B A R
BEREEFE MK, MHRARBIIHIN 0.947 A
0.950, HIRMEEEESATPIFALL, RS HAh
TIRNE R 2 RS A R CERBEER AN . BRIEES R
RSN, BN RS A SR A T BN A
JRIR R IEAR DG, A5 AE M E A (1] R
F IR,

i ] Time ocC TN NN AP AK TS pH RI Ba Fu Ba/Fu
2017 N 0.178 1

NN -0.234 0.640 1

AP -0.132 0.026  —0.609 1

AK ~0.183 0217 —0.169 0.634 1

TS ~0.006 0.914* 0429 0.370 0.557 1

pH 0.390 0.502 0402  -0339  —0.696 0.179 1

RI 0226  -0365  -0.771 0.862 0238  —0.081  -0.261 1

Ba 0.912° 0393 0.176 0441  -0.341 0.096 0.596  —0.557 1

Fu 0.642 0.120  —0.581 0.565 0.571 0282  —0.248 0.288 0.349 1

Ba/Fu 0.002 0.100 0.650  -0.859  -0.851  —0.271 0.674  —0.629 0339  -0.760 1

cY 0.127 0.643  —0.051 0.696 0.798 0867  —0.139 0.244 0.019 0670  —0.697
2018 N 0.746 1

NN ~0.644  -0.497 1

AP 0951  0.878°  —0.651 1

AK 0.447 0.907*  —0.491 0.662 1

TS 0.865 0787 0217 0.867 0.465 1

pH 0.485 0522 0951  0.532 0.613 0.089 1

RI 0.234 0.769 0.070 0.398 0.785 0.524 0.098 1

Ba 0.377 0.291 0.460 0305  —0.044 0738 —0.558 0.418 1

Fu ~0.877  -0.677 0343 0766  -0331 0876  —-0.249 0412  -0.64 1

Ba/Fu 0.364 0.297 0.454 0278  —0.032 0716  -0.525 0.457 0.992  -0.672

cY ~0358  -0.751 0011 0427  —0.684 -0578  —0.164  —-0.940" —0.487 0619  —0.556
2019 N 0.947° 1

NN ~0.641  -0.560 1

AP 0.333 0.580 0.093 1

AK 0.950°  1.000" -0.559 0.567 1

TS 0.798 0.705  —-0.103 0.234 0.713 1

pH ~0.142  -0313  -0295  -0.878" -0294  -0.178 1

RI 0.856 0.863  —0.162 0.501 0.868 0943 -0.339 1

Ba 0311 0494  -0.256 0.310 0.505 0.110 0.176 0.334 1

Fu 0.272 0329  —0.039  -0.042 0.350 0.358 0.440 0.419 0.835 1

Ba/Fu 0.375 0.553  -0.329 0.333 0.564 0.134 0.157 0.365 0.996™  0.808 1

cY 0.592 0.665  —0.387 0.170 0.681 0.457 0.285 0.591 0.907° 0903 0916

*: P<0.05; ¥*: P<0.01; OC: AHUF A ; TN: 2% NN: WA AP: R AK: #304W; TS: 4 RI: WRGEAE; Ba: 41; Fu H@#; CY: IV &,

*: P<0.05; **: P<0.01; OC: Organic matter content; TN: Total nitrogen; NN: Nitrate nitrogen; AP: Available P; AK: Available K; TS: Total salinity;

RI: Respiratory intensity; Ba: Bacteria; Fu: Fungi; CY: Cucumber yield.
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FH iz ] S R e 0 vy g &= 2. FEAHE S, R
HEAE 3 A 8 1R 4 207t o i ] 4 A P it N T
FHN, X5 IRRACEPIRE T2 AL, BRI
T SRS, i (Lycopersicon esculentum)iZEAE
TP ARG EREWN M. LIRS REYE RN
FERE, SEEVWEDAAEKKER S, i
WPk 70 2R T DA s B 33 1) 7% 43406 PR RN B 4k Ok
Z, W] DL et SRR P 0 A KOIRES S T
JURE S, fEARB T, i s, LA
BUR A2 W E A A RFEEE 3G 0, e ) 5
hn, XA Dyl FENE TR R S BRI ZE AL, AT LA
A i E KON P 1 338 v Bt ] SR AR Ak 7 — KBRS
SE PR, K T 3R A MR EL LR
FH it £ 24, | S AR AL EE 1) 3 A AU B = T
IS A NUIEET, P RE S T i ] 28 R Ak
LT A HLAE,

AHUIERE W HE = T Bl 5 T A I, (2t
FIEFR I DITEAO2T), I SR B ] 2R AR RE A+
R S =N 13.0%~26.0%, HAERAEY) S 135
PSEEMERR, S| 28 AT DOk A LS % Ak B L
T, B0 RS LA T8 RB A, it
Wil FEAEAE A 2 4 IR SO S B A G, AR
3 A DU) Sk A T, VA o ) 38 R R A b S R ke
hn24.7%. HIEHEEE LEEAEN S, &
ST 5 BEAE S L SR B AR AR, g s R
JR I E R RS0, AR T, AN ] 2 A -
RN A BN PR . o 508 5 2 ol 5 e s 388 A T
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W, AR TEL R R R, AT

SR R D2 R T AE PO AT SR e
Wl S AL FE 2 3 4R i AT S K pH {E, BEAIR
WS B SR G R, RS ALERAAAEE
S, PTREEH TR BT, A SN R, PR
SEATEETT T A AR R o

JEIABULE, 4% pH ME1ERT 2 F LR ER
e, FIRERE T R A A BRI E R . 135 pH
HAESS 3 SEMEA FEAR, W AeRE O A HUIEAE 2 i id
FErh e BRI, PRI pH>, H
AR As FEALXS -3 pH KR 50 HEE 2% 22 57
2017 4F A 38 1) 4 Eh 5 i i 0] 3 I Y 8 1) 8 g
m, REERHTAEIUES & A KERA U AE
FEIR, (EHIRAPAGLIME, N 7 IR b .

RENABUILIE, EYIREVE A L h R A T
A, 5INPT FEAR T
HESE 3 NN AUA DU FRAIR T IR AP i
FEE SIS AIVES S, i it gl
FEALXT IR E M R L BN . 2019 4
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