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1 (Reductive
soil disinfestation, RSD)
no-ny iy 02
RSD
1
1.1
(24°42'N  102°22'E)
14.9
T 1 000.5 mm
10.5 t/hm’ 6 t/hm’ 0
~20 cm pH 6.99 0.45
mS/cm 35.1 glkg 2.88
glkg
1.2
3
(CK) RSD
12 t/hm* (C/N 122)
(RSD_BA) RSD
6 t/hm’
(C/N  30)
(RSD_MO) 3
120 m? (3 m x 40 m) 60 cm
30 cm RSD
30~40 C 25d
1.3
RSD
143 S ”» (
2.5 cm) 8 0~20cm
2 mm

-80 C DNA
1.4
14.1 pH (EC) NO;-N

pH( 2501 S200K pH  (Mettler,
Switzerland) EC( 511)
DDS-320 (Dapu, China) NO;-N

2mol/L  KCl
(Skalar San++, The Netherlands)
1.4.2 B

[13] 10g 2
1 15 min
Fe Mn Zn Cu M3
3g 2mm 125 ml
30 ml M3 5 min
B Fe Mn Zn Cu

14.3 DNA

05¢g -80 C
BioFast Soil Genomic DNA Extraction Kit(Bioer
Technology Co., Ltd., Hangzhou, China)

DNA DNA
-20 C
16S rRNA ITS
18S rRNA 1 Real-time PCR

CFX96™ Real-Time System(Bio-Rad Labora-
tories Inc. Hercules CA USA)

10 ul SYBR® Premix Ex Tag™ (2>< Takara )
lw 2pul  DNA 6 ul
PCR 1
Lopez-Mondéjar '
1.4.4
Adam  Duncan®” 2 mm
2g 50 ml 15 ml
(60 mmol/L  pH 7.6) 0.2 ml FDA
(1 000 pg/ml) 30°C 100 r/min
20 min 15 ml /
2:0D 2 000 r/min 3 min
0.22 ym
490 nm 0123
4 pg/ml R*  0.9999
1.4.5
50
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& 1 T2 PCRFETAMGIMFIRL &S
Table 1  Primers and PCR conditions used in quantitative real-time PCR
Eub338 (F) ACTCCTACGGGAGGCAGCAG 94 C 2min 95 C 55 [15]
Eub518 (R) ATTACCGCGGCTGCTGG 60 C 30s 39 [16]
ITS1-f (F) TCCGTAGGTGAACCTGCGG [17]
5.85 (R) CGCTGCGTTCTTCATCG [18]
TCI (F) GTGGTCGAACTTCATTAAATTTGGGCTCTT 95 C 2min 95 C 55 58 C [19]
TC1 (R) TTCACCTACGGAACGTATATGTGCATGTGA 20s 72°C I'min 39 [19]
1.5 NO;-N
SPSS 19.0 N, N,O H'
(One- way ANOVA) Fisher’s LSD
Spearman
NO;-N
pH 2.2
) 3 CK RSD MO
RSD BA (P < 0.05)
2.1 Fe Mn Zn Cu B RSD MO
71.3% 79.7%
2 CK 85.6% 73.6% 46.1% RSD BA
(RSD_BA RSD MO) (P<0.05) 71.9% 79.3% 853% 76.6% 51.0%
pH RSD BA pH RSD MO RSD BA
RSD MO (P>0.05) (P > 0.05)
RSD BA CK RSD MO
CK RSD BA  RSD_ pH
MO (P<0.05) NO; -N Spearman
RSD BA NO; -N pH (P <
19.18 mg/kg 0.05)
NO; -N pH Q)
RSD BA 2.3
RSD MO
RSD BA 1A 1B CK RSD_MO
RSD BA (P < 0.05)

* 2 TEAEHNIH LIERERLER LR U F SRR

Table 2 Effects of reductive soil disinfestation incorporated with different organic substrates on soil chemical properties

pH EC(mS/cm) NO;-N(mg/kg)
CK 6.80+0.17 b 0.49+0.15a 17275 £ 48.15 a
RSD_MO 7.26+0.03 a 0.51+0.17a 46.17+10.10 b
RSD_BA 7.48+0.02a 0.29+0.09 a 19.18+2.46 b
CK RSD_MO 6 t/hm? RSD_BA 12 t/hm?
(P <0.05)
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x 3 TREANYHIIEBERLEN LREYUTSECRIENTM

Table 3  Effects of reductive soil disinfestation incorporated with different organic substrates on soil available heavy metal contents

Fe(mg/kg) Mn(mg/kg) Zn(mg/kg) Cu(mg/kg) B(mg/kg)
CK 22773 £12.04 a 216.50+13.54 a 56.62+9.49 a 6.12+0.86a 7.69+197a
RSD_MO 65.47+£5.58b 44.00£3.55b 8.15+1.09b 1.62+£0.24b 4.14£0.69b
RSD BA 64.02+2.17b 4477 +2.86b 8.30+1.98b 1.43+£0.10b 3.76 £0.05b
F4 TIE pH MEYSEZESEH Spearman (P < 0.05) / (B/F)
XD
Table 4 Spearman correlation coefficients between soil pH and RSD—MO B/F RSD—BA (
available heavy metal contents lD) B/F
Fe Mn Zn Cu B “«
pH -0.73" -0.71" ~0.70" —-0.85™ -0.79" idd
* P <0.05 o “e 7 RSD BA
P=0.01 RSD MO
RSD MO RSD BA  RSD_BA
(P > 0.05)
1C RSD
RSD BA
RSD MO RSD BA 63.2%
90.6%  CK RSD MO RSD BA
12 10
(A) (B)
~ a =
Ry e 'f 5 9 a
= b = I b
155 1 5 b !
ESRT o gl :
23! 23 8
st s
Q Q
) 27
8 1 1 1 6 1 1 1
CK RSD MO RSD _BA CK RSD MO RSD _BA
6.5 1000
© (D) .
= 6.0 a 800 | [
0 @ I a =
55 ss | Z o0} l
=Y | & b
B2 501 b T 400t T
g I & I
o =
= 45 200 -
c
4 O 1 L 1 O 1 1 1
' CK RSD MO RSD BA CK RSD MO RSD BA
Kb Ab¥g
( P<0.05 )

1 FEANYHRLERLRAEN TIRPAE. EEHE, AR/EFILREZERMELS TN
Fig. 1 Effects of reductive soil disinfestation incorporated with different organic substrates on populations of bacteria, fungi,
Plasmodiophora brassicae and B/F ratio

2.4 (P < 0.05) RSD_MO
RSD_BA 1.5 2 RSD_MO
2 CK RSD RSD_BA (P < 0.05)
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320
2.5
RSD _BA 3A (P <0.05)
RSD MO RSD BA CK RSD MO RSD BA
6.5 9.6 thm’
268% 397% 3B
200~ (P <0.05) CK
. RSD MO RSD BA 37.3%
A I 56.7% 60.9%  92.4%
5 200} 'f RSD BA (P < 0.05)
e I RSD MO RSD BA
% ; RSD BA
3R 100f !
®
| | | (P < 0.05)
0 CK RSD_MO RSD_BA (P < 0.05)
b3 P <
2 FEIENRLIERITREALIE X T IER 0.05) ( 5) RSD
EMEMRIRIE
Fig. 2 Effects of reductive soil disinfestation incorporated with
different organic substrates on soil microbial activity
15 80
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T [
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K 5t = 1
201 l
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(A) SR IS £ 9% 2 (B)RY $2 1

Fig. 3 Effects of reductive soil disinfestation incorporated with different organic substrates on yield (A) and clubroot disease

incidence (B) of Chinese kale

F 5 FEFE. RWRARE. REEHEMNREYE
% [B]#Y Spearman #HXt4 1
Table 5 Spearman correlation coefficients between yield, disease
incidence, Plasmodiophora brassicae abundance, and microbial

activity
1
-0.93"
-0.88" 0.86™
[22-23]
0.88" —-0.87" —-0.90" 1
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Effects of Reductive Soil Disinfestation on Yield, Population and
Activity of Microorganisms in Continuously Cropped Soils of
Chinese Kale

WANG Baoying', LI Jinze’, HUANG Xingi '***, ZHANG Jinbo'?*, CAI Zucong'**, ZHAO Jun'**"

(1 School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 2 Flower Research Institute, Yunnan
Academy of Agricultural Sciences, Kunming 650205, China; 3 Jiangsu Center for Collaborative Innovation in Geographical
Information Resource Development and Application, Nanjing 210023, China; 4 Jiangsu Provincial Key Laboratory of
Materials Cycling and Pollution Control, Nanjing Normal University, Nanjing 210023, China)

Abstract: Chinese kale is an important cruciferous vegetable, but the intensive monoculture cropping system and the
inappropriate nutrient management cause serious continuous cropping obstacles which severely limits its sustainable production
of Chinese kale. Reductive soil disinfestation (RSD), a soil treatment before crop cultivation, can not only effectively suppress
soil-borne pathogens, but also improve soil structure, increase soil organic matter, restructure soil microbial community and
restore soil microbial activity. An experiment was conducted in the fields with severe clubroot disease incidence in Chinese kale
production base in Anning County, Kunming City, Yunnan Province, and three treatments were designed: no treatment control
(CK), RSD treatment incorporated with 12 t/hm’® sugar bagasse (RSD_BA), RSD treatment incorporated with 6 t/hm? molasses
(RSD_MO). Soil chemical and biological properties were measured, and the yield and clubroot incidence of Chinese kale were
recorded. Results indicated that RSD treatments (RSD_MO and RSD_BA) significantly improved soil pH and decreased the
contents of soil NO;-N and available heavy metals as compared to CK. Moreover, RSD treatments significantly enhanced the
yields of Chinese kale coinciding with a considerable reduction of clubroot disease incidence, with a yield increase of 268% and
397% and incidence decrease of 37.3% and 56.7% in RSD MO and RSD_BA treatments, respectively. RSD treatments also
increased the ratio of bacteria/fungi (B/F), reduced the population of Plasmodiophora brassica, and improved soil microbial
activity. Particularly, the disinfestation efficiency was up to 90.6% and microbial activity was increased by 2-fold in RSD_BA
treatment. Therefore, RSD treatment incorporated with sugar bagasse is effective to improve soil quality, decline disease
incidence, enhance crop yields, mitigate the extent of continuous cropping obstacles, and further achieve sustainable cultivation
of cruciferous vegetables in a mono-cropping system.

Key words: Reductive soil disinfestation; Chinese kale; Plasmodiophora brassicas; Bacteria/fungi ratio; Microbial activity
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