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Table 1  Soil nutrient dynamics of different treatments

A AF 2% (gkg') 48 (gkg') 28 (gkg') WMAEA (mgkg') AW (mgke') AR (mgkg') AYLUE (gkg')

Period Treatment TN TP TK AN AP AK SOM

0% =4l CK 146+£0.01b 1.55+0.07b 2325+035bc 127.02+0.7¢ 54.02+5.64d 505.00 + 7.07 ¢ 17.81+0.14d
Tl 153+0.0la 1.65+0.06a 2925+035a 141.58+3.13¢ 68.77+7.65bc  550.00+14.14a  22.55+0.35b
T2 156+0.01a 171+0.06a 31.49+0.01a 150.82+233b 70.32+3.70 b 560.00 £28.28a  23.82+0.45a

Ty CK 147+0.03b 1.52+0.16b 21.64+0.82c 12238+5.02¢ 53.32+1.27d 501.33+£1528¢c  17.74+0.05d
Tl 1.49+0.02b 1.57+0.03ab 24.67+161b 13504+6.85d 6157251 ¢ 546.67+20.82a  20.43+1.04¢
T 151+0.04ab 1.61+0.1ab 2633+126b 144.28+2.93¢ 64.15+2.41 ¢ 548.00+£19.70a  21.24+036¢c

B cK 1.50+£0.01ab 1.52+0.01b 2576+0.78b  133.15+5.56d 70.55+1,00 b 518.51+17.68b  18.15+0.35d
Tl 1.53+0.01a 1.59+0.01ab 29.65+02la 15524+2.1b 76.54+1.36 b 551.50 +7.78 a 21.10+0.85¢
T2 156+0.01a 1.64+0.03a 33.15+02la 162.12+931a 82.72+2.64a 560.00 + 14.14a  22.01+043b

BRI CK 1.50+£0.0lab 1.51+0.01b 23.75+035bc 129.57+3.74 de 67.38+£2.60 ¢ 505.00 +21.21 ¢ 17.71+0.14d
Tl 1.51+0.05ab 1.51+0.03b 24.92+030b 148.45+3.66¢ 70.49 + 4.66 b 512.50£0.71 b 1845+021d
T2 152+0.04a 153+001b 2675+0.8lab 150.79+7.77bc  73.62+4.59b 515.00+12.73b  18.65+0.21d

T CK: AT T1: B3R T2 1] 0.6 kg m% T2 BUBUBARFAES] 0.6 kg m2 RPN 3 MEUERPI9E + drvfizz. FSIEIREAR

[N B 22 5 B3 (P<0.05) o TAl.

BARET, 5 CKAMHEL, T1. T2 BERETH T H3ERY
For e, H g (2 + 2+ 28 + G0l
) 4RI T 23.92% ~ 31.90% . ARGy (RAE +
R + AR ) BIFT 10.67% ~ 13.70%; 5 T1
A, T2 BERIEI TR . AILES®. 5
CKAHM, T1, T2fEf& iy, SN tiEa .,
AR . AR ARG RANURI &R 7R
WL OB, BT IR A AR
PR IR SN R, R[] A B 37 45 A AR fb #a HOR ]
1 4 39 5% 43 19 748 Ak B 285 S 7R SO 51 /% T1, T2 3%
CK ¥WRefeFa o, M5 T1AHL, T2 igdidr
3R s AR TR S

22 FEACES T IGE/E IR R BEAERAY

S

2 s, B sHAsal T1. T2 &L T+
HEpH, EER. AE (P<0.05) . N5 2
HT1. T2 () pHfH. &L CK 20 FRET 2.03% ~
8.25%, 3.79% ~ 5.39%; i CK i pH {H . ZEAXF
FE, 51 7.90 ~7.94, 132 gem?~1.30 gem?,
ANFEEHH 2 AR IR b 7Y JIGE VR R A
ML, 5 L0 H KV RAER B, 5
CK AL, T1. T2 MR BTRAERIRT. (el &
TEH . BRI TR T 23.98% ~ 33.82% . 28.92% ~
37.50%. 37.77% ~ 44.39% . 49.83 ~ 60.80%, AN[F4b
MEZFEE (P<0.05) . M5 CKAHEL, T1, T2
H K PE B ERTE P R T 22 7 B (P <0.05) |
FHE Fact e R 2R B (P<0.05) , HE
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Table 2 Dynamics of physicochemical properties and total phenolic acids under different treatments

gt Ab T - KEMEEE (%) FHES T3¢ (cmol kg') B (mgg') Z#E (gem?)
Period Treatment p TSS CEC TPA SBD
Ak CK 7.90 +0.04 a 0.17+0.05¢ 14.30+0.63 d 5246+334¢ 1.32+0.01a
Tl 7.74+0.14 b 0.13+0.00d 14.97 +0.99 d 39.88+0.38d 1.27+0.01b
T2 7.5+0.05cd 0.13+0.02d 16.99 +0.44 ¢ 34.72+0.77 f 1.25+0.01 be
s 1 CK 7.92+0.07 a 0.17£0.01 ¢ 16.97£0.79 ¢ 55.42+£0.56 b 1.30+0.01 a
Tl 7.62 +0.04 be 0.16+0.01 ¢ 18.75+1.87 ¢ 39.39+0.56 d 1.25+0.02 be
T2 7.58+0.12¢ 0.15+0.03 cd 18.28+1.20 ¢ 34.64 +2.06 1.24 +£0.01 be
BEAEIY CK 7.91+0.02a 0.20 +0.01 be 17.11£0.94 ¢ 58.96+1.25b 1.30+0.01 2
Tl 7.59+0.06 ¢ 0.16+0.03 ¢ 18.36 £ 0.83 ¢ 36.69+0.71d 1.25+0.01 be
T2 7.42 +0.06 de 0.17+0.01 ¢ 19.06 £0.11 ¢ 3279+ 1.48e 1.23+0.01 cd
BRI CK 7.94+0.03 a 027+0.02a 18.27+0.97 ¢ 67.07+1.62a 1.30+0.01 a
Tl 7.62+0.01 be 0.23 +0.05 ab 23.48+0.71b 33.65+1.39¢ 1.24+0.01 cd
T2 7.29+0.01e 0.21 +0.05 be 2834+2.11a 2629+2.18 g 1.23+0.01d
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ZIHER ., WEHESIARE. 5 CKHL, TI.
T2 475 T 2299593 i PR ES i 7E PE IR AR T . (& |
BEAC W . BRI BT BT 35.56% ~ 46.67%.

22.93% ~ 29.30%. 48.81% ~ 50.00% . 57.82% ~
59.18%. T1. T2 4w 5 K& 1Y AR F 730
358.52 ~ 526.76. 549.75 ~ 766.41, W E & T CK
(176.20 ~202.02 ) . B HHERR AR . e . H
RUESCER B S B, BB AT ILAE B 2 G - 1
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Table 3 Dynamics of soil bacteria, fungi and F. oxysporum f. sp. niveum under different treatments

9o L il LT AN
o fh o D A T 4 T _[iltl:ﬁ
Period Treatment FON Bacteria Fungi Ratio of
x10* Copies g! x10° Copies g! x107 Copies g! Bacteria to Fungi
AR AT CK 1.35+0.04b 68+0.18¢g 3.84+0.73 b 177.08
Tl 0.87+0.05d 8.88+0.72 f 2.29+0.35 cd 358.52
T2 0.72+0.04 d 10.83 £ 0.68 e 1.97+0.17d 549.75
ity CK 1.57+0.06 b 6.96+029 g 3.95+0.29b 176.20
Tl 121£0.04 ¢ 10.36+0.71 e 245+153¢ 422.86
T2 1.11£0.03¢ 13.65+0.89 d 2.03+£027d 672.41
BEAE CK 2.52+0.06a 10.02+0.59 ¢ 496+0.67a 202.02
Tl 1.26 +0.06 ¢ 14.96 +1.29 cd 2.84+0.39 be 526.76
T2 1.29+0.02 be 19.85+1.46 b 2.59+034c¢ 766.41
B CK 2.94+0.06a 10.4+0.64 ¢ 517+0.74a 201.16
Tl 1.24+0.04 ¢ 1638 £0.73 ¢ 335+0.56 b 488.96
T2 1.20+0.03 ¢ 2239+241a 293+0.14b 764.16

24 AEENFEIMERELHRE KB
AHIGEH LAVE JIAR 2505 1) % . & K EAF
[P SR RN DIELYE S TE s pspiip) e (e Rt
B FERE, R 1a s, SO0 68 B ALY
JEAGZER I K 5. & CKL T1. T2 B AR
439 R 18.18 %, 16.36%. 9.09%, %74 JK ¢ it
CK. T1. T2 3 /b3 200 1Y A0 20 0 2 138
S A BT T 27.27% . 12.78% ., 12.73%. %
BESHARY, CK &M FMGE T2 69.09%. P§IRFH
FEZE T1, T2 V5 JICHG 2506 19 & 06 R 38 CKBE(IR T
10.00 ~ 63.16%. F &K 579 TR AEY) i 2% F
Y 1EPSE (X737 ST W s T S8 VN O )8 VA D) N ST
HAMEEHZS A 16 Fis, T1, T2 FHRAY EEK
FmT CK. 5 CK AL, frEet], BAel], B
Tl. T2 F& K Ik CK 753K 71.43% ~ 84.31%,
90.88% ~ 266.38% . 73.95% ~ 110.36%, H T2 (74
REERKBEST T1 (P<0.05) .
2.5 AEAEANKESHIEMESEFREXM
DAPH R (E&ERK | WP E ) f5hnk
TEEVERRAFOT R, PR — s | Fh X, 7Y

SR BB AR B P R . (e 045 B AR S M
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il 2295 1) 2K 98 35 9 D TR B L A 1 B8 i 2 I S IE A
F (P<0.01) , [F]AsF B R A i 38 5 i 25 &0 R
(P<0.05) . PORFLKGHEFacHmE ., 4iEEk
HEFIEMHL (P<001) , 5HEAE. AYURE
FIEME (P<0.05) , iS5 - 580E R W% T
(P<0.05) . FHAEVESIPIEE R BN P8R — i ff
FEBT el By 4 P I R B i 1) g R R +
By, R (R ) . HHEAE K
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VR A s R
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PERAEARAT, B sl g6 2 H - e 2t 4 4
HWEEIE, SR mA K pFrii 2. $ur+
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Fig.1 Dynamics of the incidence of Fusarium wilt (a) and vine length (b) under different treatments
x4 AM-AEBIFFERXT, AMEKERS DIRHESREFREX N
Table 4 Correlation analysis between watermelon growth indicators and soil factors
. . N N Tk N e e e By
HRER RN s aw 4w we i i s A P see o sa owmn o aw
Coefficient N TP TK AV AP AK SOM ;;; /EECE TPA  SBD  FON  Bacteria  Fungi
RIH Pearson 0533 -0.097 -0.528 0277 0322 0.1 -0497 -0548 0569 -0.065  0.704"  0.578 0.891"  -0.221 0.820"
Spearman 0427 0076 -0.664 -0.167 -0.1 0383  -0333  -0.583  0.529 0233 0.670" 0352 0819  0.05 0.817"
Fak Pearson -0.605 0731 -0.17 0264  0.674" 0577 0.184 0.720"  0.531 0.894" —0.687° -0.164 -0.525 0.833" -0.073
Spearman ~ —0.536  0.715" -0.05 0.417 0.667"  0.539 0.1 0.683" 0529 0.900" -0.667" -0.217 -0.596 0917 0.033

e H IR P<0.01 F P<0.05 KCEREM%,
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(1) VRAEAHT, Meis 5Tt 1 L m3R
Ko PR AR TR A R P TR S5 T]
ARACREFAIAA ], AH SO 5] 2 25 BT 1 e A
AR S i, U M B RERE N - TR A R
fEVEPE A

(2) dfpigl @ 2 FRAR T 3 (e ) pHE. &
Bye . A, fTF T HE TR, BEUGE T -
SEBIALTE R o

(3) HEHSIRERE N SR A MR B, R E AR
FUE L A U, TR 1 P TR 220 1 &
R

(4) FHRPED A REN] . V0T — H 5| Ff FR A5
XN, HEERCEY Ol dm . i) MRE
BRI i3 (P <0.01) , i 05152 0 7 4R e
(ISP E SR R 7/

(5) W 35) Ay 376 2 4 s Pm] e i - S el A
RS, (AR LR ), R i
A=W we L SEAE T3 KR AR S LA R AR T Y

i, NIRRT IR AR AT A9 A o 5 70 2 i
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Effects of Different Earthworms on Continuous Cropping Obstacles in
Watermelon-Earthworm Co-culture Pattern

ZHANG Juan-qin, ZHENG Xian-qing, LI Shuang-xi, BAI Na-ling, ZHANG Hai-yun,
LV Wei-guang’, ZHANG Yue’, ZHANG Han-lin

(Eco-environmental Protection Institute of Shanghai Academy of Agricultural Science, Shanghai Key Laboratory of Horticultural
Technology, Environmental Protection Monitoring Station of Shanghai City, Agricultural Environment and Farmland
Conservation Experiment Station of Ministry of Agriculture, Shanghai Low Carbon Agriculture
Engineering Technology Research Center, Shanghai 201403, China)

Abstract: [Objective] Continuous cropping resulted in soil microbial deterioration and serious soil-borne diseases.
Earthworms could improve soil quality, however, there are few studies on the effect of earthworms to alleviate
continuous cropping obstacles. This study determined how earthworms affected soil microecology and watermelon
growth and the underlying mechanisms in the watermelon-earthworm co-culture pattern. [Method] Based on a six-
year watermelon continuous cropping system, three treatments were selected: no earthworms (CK), inoculated Eisenia
fetida with 0.6 kg m™*(T1), inoculated Pheretima guillemi with 0.6 kg m™ (T2). The changes of soil microecology
nutrients, physicochemical properties, allelochemicals, microorganisms, and watermelon growth in different periods
were monitored, and the correlation between them was analyzed. [Result] The results showed that soil total nutrients
and available nutrients of T1 and T2 were significantly higher than CK (23.92%-31.90%, 10.67%-13.70%,
respectively) at the transplanting period of watermelon seedlings. Compared with CK, T1 and T2 significantly reduced
soil pH (2.03%-8.25%), total phenolic acid (23.98%-60.80%), bulk density (3.79%-5.39%), the number of F.
oxysporum f. sp. niveum (22.93%-59.18%), and significantly increased the number of bacteria and the ratio of bacteria
to fungi. At the same time, T1 and T2 significantly promoted the growth of watermelon (the incidence of Fusarium
wilt was reduced by more than 10.00%, and the length of the main vine was increased by more than 71.43%)
compared with CK. Compared with T1, T2 was more effective in alleviating continuous cropping obstacles.
Correlation analysis showed that soil microorganisms were the primary factor for earthworms to alleviate watermelon
continuous cropping obstacles. [Conclusion] Earthworms significantly improve soil microecology and promote the
growth of watermelon, which will alleviate continuous cropping obstacles. Moreover, soil microecology and
watermelon growth are closely related to soil microorganisms.

Key words: Earthworm; Soil microecology; Watermelon growth; Continuous cropping obstacle; Watermelon-

earthworm co-culture
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