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Effects of combined application of earthworm castings and microbial
agents on the physicochemical properties and microbial community of

continuous cropping soil of honey melon

MA Fengjie"?, YANG Chunyin"*, WANG Zhenlong"?, ZHANG Jing"*, SHI Zhiguo"*

(1. Gansu Agricultural Engineering Technology Research Institute, Lanzhou 730030, Gansu, China, 2. Wuwei City Agricultural Soil Im-
provement and Farmland Conservation Technology Innovation Center, Wuwei 733000, Gansu, China)

Abstract: To address the issues of soil organic matter deficiency, nutrient imbalance, and reduced microbial diversity
caused by long-term continuous monocropping in the Minqgin melon cultivation area, this study utilized environmentally
friendly and efficient vermicompost and microbial agents to investigate their synergistic effects on soil physicochemical
properties and microbial community structure. The results showed that increasing the application of vermicompost signifi-
cantly enhanced soil organic matter and microbial nitrogen content, reduced soil bulk density, and improved soil structure,
while microbial carbon content exhibited an initial increase followed by a decrease. Co-occurrence network analysis of
the microbial community revealed that Proteobacteria and Acidobacteria were the key bacterial phyla, whereas Ascomyco-
ta dominated the fungal community. Alpha-diversity analysis indicated that the 2xvermicompost treatment significantly in-
creased both bacterial and fungal diversity compared to the 0.5 x treatment. Although melon yield did not significantly
vary with vermicompost application rate, the combination of 3xvermicompost with EM agent significantly improved fruit
quality. In conclusion, the combined application of 3 xvermicompost and EM agent effectively optimizes the soil micro-
ecological environment and enhances melon quality, providing a theoretical basis for ecological melon cultivation in the
Mingqin region.
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Table 1 Fertilization schemes for different treatments

U] 34 MRPRfE A B &

Earthworm castings Dosage of rhizosphere

EM U AE P 75 FH

T LA 8
Qb e il R EM microbial agent

Treatment Fertilizer type

dosage/(kg-hm®)  promoting bacteria/(L-hm™*) dosage/(L-hm™)

0.5Q.P 0.5 fiFHris 2R PR A 1

0.5 Times earthworm castings+rhizosphere growth promoting bacteria

QP g ] SR A 2E B

Earthworm castings+rhizosphere growth promoting bacteria

2Q.p 2 FE ] AR PR AR B

2 Times earthworm castings+rhizosphere growth promoting bacteria

3Q.P 3 i ] AR s 2 A

3 Times earthworm castings+rhizosphere growth promoting bacteria

0.5 f5UT 151 36+EM BAE M 7
0.5 Times earthworm castings+EM microbial inoculant
QE B S| FE+EM U4 TR 711
Earthworm castings+EM microbial inoculant
2Q.E 2 fEUE R S+ EM A )
2 Times earthworm castings+EM microbial inoculant

3Q.E 3 % US| HEHEM L i )

3 Times earthworm castings+EM microbial inoculant

0.5Q.E

7500 15 0
15000 15 0
30 000 15 0
45 000 15 0

7 500 0 225
15 000 0 225
30 000 0 225
45 000 0 225

R4 I 1 e K, BOKEA B I K, s K
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15 e ;A B —
14 H@mEXESE
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Table 2 Effects of combined application of earthworm castings and microbial agents on soil nutrients content

e A w(HHLED w3 wCGH R wORRTEZD

Treatment Bulk density/ Organic matter content/ Available phosphorus Available potassium Hydrolyzable nitrogen
(grem™) (g-kgh content/(mg-kg™") content/(mg-kg™") content/(mg-kg™")

0.5Q.P 1.31+0.02 ¢ 23.3+0.3 cd 13.7+1.7 a 61.0+15.1 ab 34.9+5.7b

Q.P 1.31+0.01 ¢ 23.940.1 be 11.241.1a 46.0+£5.2 b 344+2.1b

2Q.p 1.32+0.02 ¢ 24.3+0.2 ab 14.344.7 a 56.3+8.1 ab 40.6+£9.5 b

3Q.P 1.27+0.01d 25.240.6 a 15.9+43 a 57.7+13.6 ab 41.5+10.1 b

0.5Q.E 1.38+0.03 ab 221403 e 15.8+0.7 a 63.3+4.5 ab 50.6+9.6 b

QE 1.36+0.02 ab 22.7+0.7 de 16.0+1.0 a 69.7+3.8 ab 68.9+£5.1a

2Q.E 1.40+0.01 a 24.3+0.5 ab 13.9+2.1a 69.0+9.6 ab 32.9+0.8 b

3QE 1.35+0.00 b 25.1+0.4 a 11.4+1.5a 74.344.7 a 50.0+8.0 b

T RSN FING P BER R AN R A 2 ) 22 7t 4 25 (P<<0.05) . R[]

Note: Different small letters in the same column indicate significant difference between different treatments(P<0.05). The same below.
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3Q.E MHEMAMER S ERK,0.5Q.P AHHEY)
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Table 3 Effects of combined application of earthworm castings and microbial agents on soil microbial biomass mg-kg'

0~20 cm 20~40 cm
AT Ak w5 wUAE Y= O wE YR wH A= EO
Growth period ~ Treatment  Microbial biomass carbon Microbial biomass nitrogen ~ Microbial biomass Microbial biomass nitrogen
content content carbon content content

PN N ] 0.5Q.P 75.0£0.4 ¢ 26.1£0.5d 64.9+1.4 be 23.0+0.5¢

Fruit swelling ¢ p 79.4+0.5 d 28.340.3 cd 69.140.2 a 25.040.4 de

period 2Q.P 86.5:0.0 a 33.6=1.1 ab 67.040.5 ab 29.320.3 be
3Q.P 82.6:+1.1 be 34.0£0.5 ab 69.9+0.3 a 31.9+0.6 ab
0.5Q.E 78.7+0.2 d 29.3£0.9 ¢ 60.1+0.4 d 26.0+£0.4 cde
QE 74.840.1 ¢ 28.6=1.1 cd 64.4+1.9 be 27.1+0.5 cd
2Q.E 84.0£1.6 b 31.940.7 b 65.2+0.1 be 32.6+2.7 ab
3Q.E 81.0£0.7 cd 35.1£0.6 a 63.0£0.5 ¢ 33.2+1.0a

I 0.5Q.P 57.5£1.8d 32.7+0.5 ¢ 53.1£0.6 ab 30.7+0.5 be

Maturation stage  p 60.1+1.2 cd 34.7+0.6 cd 56.4+0.5 a 31.8+1.5ab
2Q.P 64.8+1.2 ab 33.1£0.5 de 55.6£1.3 ab 32.4+1.1 ab
3Q.P 67.9+1.0 a 36.3£0.3 be 54.7+1.0 ab 30.0+0.3 be
0.5Q.E 60.7+0.4 bed 33.10.6 de 53.243.0 ab 28.4+0.5 ¢
QE 64.7+1.1 ab 37.240.3 ab 50.6£1.7b 31.2+1.0 abe
2QE 64.6+1.8 ab 38.6£0.0 a 55.9+1.1 ab 33.840.3 a
3Q.E 63.240.3 be 38.0+1.0 ab 52.840.7 ab 31.9+0.7 ab
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Note: a represents soil layers of 0-20 cm, b represents soil layers of 20-40 cm. The same below.

& 1

BT 45| BE RN A R I AL ERAR PR SR AR (A RN B (B) [ 1K LB RS

Fig. 1 Relative abundance of bacteria(A)and fungi(B)phyla in rhizosphere soil treated with earthworm castings and

microbial agents at the horizontal level
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Fig. 2 Upset plot of ASVs distribution at the bacterial genus(A)and fungal genus(B)levels
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Table 4 Analysis of alpha diversity index of soil microorganisms in the rhizosphere of honeydew melon

LB sl Ace 1631 Chaol 5% Shannon 5%k Simpson $H% Wb 7E w6 R B
Fungi Treatment Ace index Chaol index Shannon index Simpson index Species coverage index/%
i) 0.5Q.Pp 2 684.1+136.2 b 2 668.8+102.6 b 9.906+0.16 ab 0.99+0.00 a 0.999 0+0.00 a
Bacteria Q.P 2734.7+123.2 b 2723.9+1359a 9.888+0.23 ab 0.99+0.00 a 0.998 9+0.00 a
2Q.p 2581.3+131.5¢ 2572.1£1283 ¢ 9.967+0.61 ab 0.99+0.00 a 0.998 7+0.00 a
3Q.p 2807.7+110.3 b 2795.6+132.4 a 10.055+0.24 a 0.99+0.01 a 0.999 4+0.00 a
0.5Q.E 2376.0+108.6 ¢ 2363.8496.8 d 8.991+0.32 b 0.98+0.00 a 1.000 0+0.00 a
QE 2 585.8+105.6 ¢ 2570.7£142.9 ¢ 9.799+0.18 ab 0.99+0.02 a 0.998 8+0.00 a
2Q.E 2906.8+106.2 a 2894.3£135.8 a 10.031+0.17 a 0.99+0.00 a 0.999 0+0.00 a
3QE 2 476.0£96.5 ¢ 2 476.0£115.6 d 9.916+0.35 ab 0.99+0.02 a 0.998 8+0.00 a
LA 0.5Q.P 1 087.0+56.8 b 1087.0+51.6 a 7.606+0.35 a 0.98+0.00 a 0.999 8+0.00 a
Fungus  qp 1129.0£62.5a 1129.0£39.5a 7.622+0.51 a 0.98+0.00 a 1.000 0+0.00 a
2Q.P 1063.3£62.4 b 1063.0£71.2a 7.156+0.18 a 0.98+0.00 a 0.999 9+0.00 a
3Q.P 728.0+45.2 ¢ 728.0£36.4 b 7.325+0.38 a 0.95+0.01 a 0.999 9+0.00 a
0.5Q.E 741.4+52.3 ¢ 739.2+62.8 b 3.645+£0.41 b 0.80+0.00 b 1.000 0+0.00 a
QE 1199.0+43.5a 1199.1449.5a 7.640+0.38 a 0.98+0.00 a 1.000 0+0.00 a
2Q.E 1178.0£60.5 a 1178.0+45.8 a 7.482+0.25 a 0.98+0.02 a 0.999 9+0.00 a
3QE 828.4+65.3 ¢ 828.6+63.5b 3.744+0.32 b 0.62+0.00 ¢ 1.000 0+0.00 a

BJLL Q.E AL Bl f sy, R B 1 A5 Ml 25 B A EM
MAMEFGETEE RS I RARFETES S
FETE.
2.6 FLIMLE

IR 1K ILBLN RS AE S Kok 5
7 AR BRI A2 B AR R EM A0AE 47 TR 751 A B P A O
REFE S AR, EM R A= 0 1 70 AR B 5 A P 22
AL [P B 22 L B 5 v AR B (i 2B TR AL B EML Rl

W BRI R AL B BT A T S, AR R TR 1T (Proteobacte-
ria) « R #T 4 1] (Acidobacteria) % 5. fifl 14 [ ] (Gem-
matimonadetes) « £¢ 25 18 [ ] (Chloroflexi) A 4 t g %
(71 1, 20 BN 32.2%+24.29%9.6%9.04% ; 1 br
PR A B AL BT A 84T s, AR TR B 1] (Proteobacte-
ria) « i #T B '] (Acidobacteria) « 2F 5. il 4 ] (Gem-
matimonadetes) il Z& 4 [ ] (Actinobacteria) 4 (% bt %
Z IR BN 25.44%.22.49%14.2% . 11.24%,
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Table 5 Horizontal co-occurrence network characteristic parameters of soil phyla
1% Fungi A P AT Erﬂfﬁ% gt .
Node Average degree Average path length Positive edge ratio/%
4P Bacteria E:EM FUAEY) B 71 177 54.282 1.986 63.95
E: EM microbial agent
P ARBREA T 169 46.544 2.047 52.34
P: Rhizosphere growth promoting bacteria
H# Fungus  E:EM A H 7 109 47.009 1.915 97.98
E: EM microbial agent
PP T 134 12.343 2.696 78.47

P: Rhizosphere growth promoting bacteria

VEHIAR T BT BRAT IR 1D 25 SR [ S TR T 11
W] E HAYR R R E D) A L AR
A (B 3D

FIREE K ILBL SR AE S Ak 5 f
7 5 R BRI AR B AL AN EM AR 470 B8 7] AL B AH DG
JEA AR EM A 25 40 T 7 Ak 2L ) ) ~F- 25 BRI I
[ B #3% EE 18 T AR B A2 2R T A B s EML Rl A 0 T 7

— IE E?Q Positive
’g Negative
.o fi Degree
I'1K°T Phylum
m ZJEH ] Proteobacteria

AE P A IS R, T 22 1# T (Ascomycota)  #H F
B (Basidiomycota) i #9251 (mortierellomycota)
N HE R Z Y A 20 R 66.3%11.01%+6.42%
(E 4-A) s MR B A= e AL T A 17 b, T3 1)
(Ascomycota) - #H - [ ['] (Basidiomycota) - # # 7%
I'J (mortierellomycota) 4 (5 F % 22 117 &3, 70 A o
66.43%+11.19%-5.97% (¥ 4-B) . DA L4534 W] 7

{1% Positive
K Negative
". faz Degree
[17K°F Phylum
= FIEH ] Proteobacteria

m R FF 1] Acidobacteria = f AP | ] Acidobacteria
m 2 P B ] Gemmatimonadetes = LT ] Gemmatimonadetes
454514 ] Chloroflexi JUZEH 1] Actinobacteria
21411 Actinobacteria %Eﬁilj Chloroflexi
W 7% 1 ] Planctomycetes W 77 | Planctomycetes
U1 ] Bacteroidetes : W B 1] Bacteroidetes
m HUILFFE '] Methylomirabilota = FHEEAT I 1] Methylomirabilota
M £ 32 Unclassified = #4195 Unclassified
M 5% 3% 14| Patescibacteria JEBET 7] Firmicutes
o ALEM FUAEME B ARBRIEAE T . 1AL
Note: A. EM microbial agent; B. Rhizosphere growth promoting bacteria. The same below.
3 AEHEIMMLEE
Fig. 3 Bacterial co-occurrence network diagram
B - o o © 5
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b/ % ® Y, e ® 2 °
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7 e 0 o ° o —1 Negati
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, [T.7K r %I)III]“[Z . W = e o 0% ®o 0 ® . H?JH: Phylum
E3 scomycota
;ﬁf Unclassified ¢ (ghl a2 c o ® OO o 0 @% IL]IHIEIS;S‘;“ ecdota
@I] Basidiomycota b Q0 E '] Basidiomycota
% [ Mortierellomycota L\ e X e o ® #1122 ] Mortierellomycota
I'] Rozellomycota ° * ® e @ g i1 Rovellom: coé
LS S o ® o o O =L Ch tndlomy{ola
| | b3
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Fig. 4 Fungal co-occurrence network diagram
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X ISR 5T

T VT B RE SRR
I, 7 3 rp 5 AR A
2.7 MEWIESHEVEFIEENZER 28R
A

MF 6 AT LA Y, AN A b B 1) % R 7= 5K
74 729~87 414 kg - hm?, H o 3Q.P b P i i, 1K
0.5Q.P AbHE R FEHE & T 16.97%, M 0.5QP % 3QP,
b & W W) 3% i P R R 3G 0, # R & 2 1N
. ANFEAEREN4EE R C FELE 8.48~
9.37 mg- 100 g, il 5 ir bl 3% it FH 22 384 0 , e s 36+

RBRE AR T AL BRI SRR R C B BTG M
P, Wi FHEM UAE B R AEE R C O E
ET-FE-THRALE S 3Q.E B 4EAE R C S &
5 0.5Q.E M FR R EIRE T 10.50%. A [F] bR %
JRA P B T & B LE 10.73%~14.70% , B 2 i 1]
Tt S 3G, B | AR PR AR AR T AL B B PR S
FEiE S, W] FE+EM f A P B 771 Ab B 5 A
H S, 3Q.E A i, B 2Q.P A B R E I T
3.97 F 4 Ao Wil SR G A 0 B 7 TG it o) 2 TR 5
(R SEMA A5 /)N, i 55 e ] 245 P A 184 M, 8 320 T P A1 o

&6 ENF~EFMamBIEtR
Table 6 Honey melon yield and quality indicators

Qb s wCAT R4
Treatment Yield/(kg-hm™) Soluble solids content/%
0.5Q.P 74 729+1 547 b 12.23+£0.38 be

Q.P 78 858+1 930 ab 11.77+£0.27 be

2Q.P 79 821+884 ab 10.73+£1.00 ¢

3Q.P 87 414+371 a 12.60+0.12 b

0.5Q.E 81 803+5 168 ab 10.80+0.99 be

Q.E 78 52544 993 ab 11.97+0.32 be

2Q.E 84 822+2 593 ab 12.47+0.18 be

3Q.E 81 11843 902 ab 14.70+£0.32 a

i i w44 Z O
Hardness/(kg-cm™) Vitamin C content/(mg-100 g™
4.43+£0.04 a 8.63+0.07 ¢

4.31+0.02 ab 8.92+0.03 b

4.30+0.03 ab 9.25+0.06 a

4.18+£0.02 b 9.10+0.13 ab

4.40+0.01 ab 8.48+0.17 ¢

4.30+0.06 ab 9.29+0.09 a

4.29+0.07 ab 9.25+0.08 a

4.22+0.03 b 9.37+0.05 a

3 Wi E4R

i 0] 3 S A ML S B R B S AR ) B, T
VE N R 3% 4348 SR - 398 B A 1 o S 1 A
HLAE S 1), SR 5 0 8 JTC A= A 0 5P 5 ) 1
ANEHE . AR B, il FH 38 A ) e ] S 2 R
AR REENEMGREAFEEER, XS
T NAE R ) 5 B S SR b B 5T A SR A —
o R, K i 2 AT R AL S
JiR A7 HE R AL B, T S O R R A o, AR R
BN 3 5 R R AR 25%~38% , 3 WL & =32 )
1.8~2.3 £, & R G B R 0 & R FD 3
Ie 1A 3 7 T 22 fiff 50 it B A0 AR 51 R B IR AR
EREUL S AL ) R B ROR, b A 2 A T
WP I Tl ] () A B AR G R R L2 N
e W] S AE S 5 A AR AR A HLAE , HE
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185 I 1 5 AR B A B e B e 4 3R
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T U ], ke ) 3 P ot 1 IS ) 200 SR 3 A1 2 26
Tt AT, ok B Tt ATLAE - 55 A2 4 v T e e o [
R 5 0 5 R 0 S A A R S R
A RO E T EE TR R B AT B B RS B
LR SLHLTE  R L LR AR bR I B 1R T T

PR G R TS A MU AT AR TR 2>, DR e e
T L5 B e s B - s i, X RE e b A ot
TR SR, D H RIS SR THEYI X IR 2 1R
WM . SAE LI R 2% S 5 IR A R R
AR, LG5 R PR 2 20 1P 98 o T 0 3 1 e ) ) EL A
RONE, AT i BRI R ™ AR R B, BR
MRBR 3 A P 3L 2% o, BTt EML Gl A= 40 1 71
Ak TR ) 2% 1 R ST 2 R A I ) 4 b 2 v T
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