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Synergistic effects of earthworms and cow manure on the growth of flow-

ering Chinese cabbage and contents of heavy metals zinc, arsenic and
chromium in soil under reduced chemical fertilization
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Abstract: In order to investigate the effects of synergistic application of earthworms and cow manure under reduced
chemical fertilizer application treatment on the growth of flowering Chinese cabbage and the contents of heavy metals in soil, a pot
experiment was conducted using flowering Chinese cabbage and planting soil. Five groups of conventional fertilizer application
(CK), 30% reduction of chemical fertilizer + earthworms (CE), decomposed cow manure + earthworms (FE), 30% reduction

of chemical fertilizer + decomposed cow dung ( CFC) and

30% reduction of chemical fertilizer + decomposed cow
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HETE .75 5 (174 15 T 50 % 10 H (2021 BBF02006) ; [ manure + earthworms (CFE) were tested. The results showed
S SRR H (2021YFD1600300) 5 52 52 0] % [ 3 that compared with CK, CFE treatment significantly improved
X T R R H (2021 BBF02019) ; F° K 125 46 22 A — the growth trait indexes of flowering Chinese cabbage (P<
2RI H (NXYLXK2017B03) 0.05), including plant height, stem diameter, total root
TEEBEN S w8 (1999-) , 5 PG Mibk A, il -+ 32 %5\ % it 25 length, total root surface area, total root volume and average
ARG, (E-mail) gfc3207@ 163.com root diameter. Meanwhile, the introduction of earthworms op-
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tent. Compared with CK and CFC treatments, the soil pH in CFE treatment decreased significantly (P<0.05). Compared with
CK, the electrical conductivity (EC), soil organic matter (SOM) content, total nitrogen (TN) content, and available nitrogen
(AN) content in CFE treatment were significantly increased (P<0.035). In addition, compared with CK, CFE treatment signifi-
cantly reduced the contents of arsenic and chromium in soil (P<0.05), and significantly increased the content of zinc (P<0.05).
Studies on the effects of soil physicochemical properties on the growth of flowering Chinese cabbage found that total nitrogen con-
tent, available nitrogen content and available phosphorus content were the soil physicochemical properties that jointly affected the
height and stem diameter of flowering Chinese cabbage, whereas electrical conductivity and organic matter content significantly
affected flowering Chinese cabbage root length and root vigour. In conclusion, the combined treatment of 30% reduction of chemi-

cal fertilizer + decomposed cow manure + earthworms has potential application value in promoting the growth and development of

flowering Chinese cabbage, optimizing soil physicochemical properties and reducing soil heavy metal pollution.
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Fig.1 Schematic diagram of the experimental design
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Fig.2 Synergistic effects of earthworms and cow dung on plant height and stem diameter of flowering Chinese cabbage under chemical fer-
tilizer reduction
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Table 1 Synergistic effects of earthworms and cow dung on root morphology of flowering Chinese cabbage under chemical fertilizer reduction

b SRR KB WA B RMR WA SRR TEIPAR HAR HRISEL o SRR
(em) (em?) (em®) (mm) M M

CK 288.53+8.98¢ 42.56+4.37b 2.02+0.15d 0.69+0.07c 404.00+98.90a 851.33+238.12a

CE 213.64+9.37d 31.11+2.68¢ 1.12£0.15¢ 0.42+0.03d 424.67+96.96a 715.00£259.59%a

FE 334.82+4.61b 53.24£1.03a 3.31+0.17b 0.80+0.01hc 510.33£30.12a 1 043.33£220.45a

CFC 336.82+5.10b 50.49+0.44ab 2.57+0.09¢ 0.83+0.03ab 683.33+171.45a 764.00+146.51a

CFE 378.06+5.64a 58.65+2.42a 4.01x0.18a 0.94+0.02a 795.67105.99a 996.67£162.47a
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Fig.3 Synergistic effects of earthworms and cow dung on root

vigour of flowering Chinese cabbage under chemical fer-

tilizer reduction
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Fig.4 Synergistic effects of earthworms and cow dung on nutrient content of flowering Chinese cabbage under chemical fertilizer reduction
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Fig.5 Synergistic effects of earthworms and cow dung on soil electrical conductivity ( EC) ,

chemical fertilizer reduction
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Fig.6 Synergistic effects of earthworms and cow dung on the contents of total nitrogen, available nitrogen, available phosphorus and avail-

able potassium in soil under chemical fertilizer reduction
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Fig.7 Synergistic effects of earthworms and cow dung on heavy metals content of flowering Chinese cabbage under chemical fertilizer re-

duction

HKE 8 Al LA, 5 CK M L, 4% Ak B 2y g 3%
FEAR T byl 4% % 5 (P<0.05) . 5 CFC 4
FEAA L, FE  CFE &b R 5 5 (1) B 43 1 ik 21 17
14.78% 7. 22% , i1 & it W FEAL (P<0.05) ., 5
CK FH L, FE | CFE &b B /) 4% 1 5 20 i) i 2 B T

7.25% .6.87%(P<0.05), 5 CK #Ht,FE CFC,
CFE Ab ¥ 2348 hn T 58 h i 8F & i (P<0.05)
Hrp FE CFC AbFEM 22 R R, LRSS REN,
PP s Al DL E R e I E A R AR

=)

H o



1084 T 4 ok % 3R 2024 4E 85 40 B e Ml
3 . 2518 8rC . )
5 b b . . 20f T b ab | ¢ d d
iy ok d 2 ¢ 2 6
on B .
E ERE |
L 18 10+ L
QT 1F & 41
ey # sk ¥ 21
O"CK CE FE CFC CFE 0"CK CE FE CFC CFE 07CK CE FE CFC CFE
AbEE Qb3 AbEE

AP B RS R COBE A i, CK MBI ; CE AN 309% + Mt is] s FE - JR 244 2+ 851 ; CFC . AL WL 30% + ) 7445 3¢ CFE . fL L
i 30%+ BBV FE+ ] . AR BRERRA ARG FRER R 225 3 (P<0.05)
B8 {IEREEAEHTEE-FENHEEANLESERESENHN

Fig.8 Synergistic effects of earthworms and cow dung on the content of heavy metals in soil under chemical fertilizer reduction
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