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Effects of sterilization on growth of cucumber plants and soil microflora in a

continuous mono-cropping soil
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Abstract Pot experiments were carried out to investigate effect of sterilization and application of amino acid fertilizer on
growth of cucumber plants and soil microflora in a continuous mono-cropping soil. The soil which had been planted with
continuous mono-cropping cucumber for 4 seasonal crops and had a severe continuous obstacle was used in the experiment.
The experiments had 6 treatments with 8 replicates for each treatment including CK  Non-sterilized soil with no application
of amino acid fertilizer  0.5% AAF Non-sterilized soil with the addition of 0. 5% amino acid fertilizer based on soil dry

weight  1.0% AAF Non-sterilized soil with the addition of 1.0% amino acid fertilizer based on soil dry weight S-CK
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Sterilized soil with no application of amino acid fertilizer ~ S-0.5% AAF Sterilized soil with the addition of 0. 5% amino
acid fertilizer based on soil dry weight and S-1.0% AAF Sterilized soil with the addition of 1.0% amino acid fertilizer
based on soil dry weight . Uniform cucumber seedlings with two cotyledons were transplanted to pots 0.5 L 400 g soil
at March 7 2006 and harvested at May 10 2006. The results obtained are listed as follows. Soil sterilization could
improve growth of cucumber plants to greater extent and for example SPAD value plant height leaf area and fresh
weight of cucumber plants grown in sterilized soil were significantly higher than those in non-sterilized soil. The differences
of cucumber growth between the sterilized soil and non-sterilized soil decreased with increase of AAF application showing
that the application of AAF could solve some problems coming from continuous mono-cropping system. SOD and POD
activities in the leaves of cucumber plants grown in sterilized soil were higher than CK but their activities became lower
with increase of AAF application. CAT activities and soluble protein contents of all treatments in sterilized soil were
significantly higher than those in non-sterilized soil while MDAs were significantly lower. The number of bacteria and fungi
in sterilized soil was increased by 1.89 — 3. 03 folds and 6.96 —2.43 folds respectively compared with those in non-
sterilized soil and the ratio of fungi to bacteria was significantly increased. In addition Actinomycetes were slightly
enhanced. The analyses of PCR-DGGE profiles showed that the number of bands on the lanes of DGGE profiles in sterilized
soil was more than those in non-sterilized soil with low similarities of DGGE profiles and the diversities of soil
microorganism in sterilized soil were increased compared to those in non-sterilized soil. The incidence of Fusarium wilt of

cucumber plants grown in non-sterilized soil was up to 31.2% —68.8% but no incidence in sterilized soil.

Key Words cucumber  Cucumis sativus sterilized soil obstacle of continuous mono-cropping soil microflora
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1
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4 pH 6.8
35.36 g/kg  N2.12 g¢/kg P 2.17 g/kg 34%
2 kg 121C 1h
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5 Cucumis sativus 1811

48 h
1
AAF
CGMCC NO. 1543
8% N 56.21 g¢/kg P 11.32 g¢/kg K 9.54 g/kg 435.2 g/kg 30%
AAF 30%
1.2
6 CK 0.5% AAF 0.5%
AAF 1.0% AAF S-CK sterilized soil CK S-0.5% AAF 0.5%
AAF  S-1.0% AAF 8
2006 2 27 3 7 400
g 7% 438 g
0.5L
1.3
SPAD SPAD 5
64 5 10
em’/g
Superoxide dismutase SOD Peroxidase POD
Catalase CAT Malondialdehyde MDA ’ SOD
NBT 50 % U POD 470 nm  OD
0. 01 U CAT oD 0.01
G-250 ’
10 Martin
g
Colony forming unit per gram fresh soil cfu /g soil
Komada H ! 1 ¢ K,HPO, 0.5 ¢
MgSO, 7H,0 0.5 g KCl 0.01 g Fe-Na-EDTA 2 g L- L-asparagine 20 g D- D-galactose
300 ml 1000 ml 20 ¢ 60°C lg
1000 ml 0.5¢g 1 g Na,B,0;, 10H,0 0.3 ¢ 10%
pH 3.8~4.0
DNA PCR S5¢ DNA
3 . 16S rDNA
V3 PRUN518R Sequence 5 ATT ACC GCG GCT GCT GG 3’ PRBA338 F-
GC Sequence 5’ CGC CCG CCG CGC GGC GGG CGG GGC GGG GGC ACG GGG GAC TCC TAC GGG AGG
CAG CAG3 " 220 bp 50 pl PCR 2wl DNA 2
1 wl 2 Wl dNTP 5l 10 x PCR buffer 1 ul Tag DNA 50 wl PCR
94°C 5 min 35 94C 30s 55C 40s 72°C 1 min 72°C 7 min
PCR 2%
DGGE D code DGGE Bio-Rad 35%
60% 8% 200 V 10 min 8V
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12 h EB 20 ~25 min 10 min Bio-Rad GelDoc22000
Quantity One Bio-Rad DGGE
1.4
H Shannon-Weaver
Eichner 1
H =- Y PilnPi
i=1
Pi = n,/N n, DGGE i N
SAS 8.2 p < 0.05
2.1
3 4 10 CK 0.5% AAF 1.0%
AAF
7d 0.5% AAF 1.0% AAF
S-CK AAF
64 5 10 SPAD AAF
1A S-CK  0.5% AAF
1A AAF
AAF
ONSS B SS
g 0 A ) a 80 ¢ N a
= 50 2
2wl b £ 600 X ab
£ . &5 c .
% 30 - d B 400 |-
20l ¢ 5
a & L d
= 10 5 200
75} —
0 | ] 0 I I ]
CK 0.5AAF 1.0AAF CK 0.5AAF 1.0AAF
so- B VD a
g 40 ab : a 2 40 - ab
e b ab _& b
g0 %‘;% 30 - c c
= o
S20F g2 01
HE 8 d
® 10 + = 10
0 | | 0 I |
CK 0.5AAF 1.0AAF CK 0.5AAF 1.0AAF
AAFiti 2 AAFHEF &
AAF application rates (%) AAF application rates (%)
1 SPAD A B C D

Fig. 1 Comparison of chlorophyll SPAD value content A  plant height B leaf area C  and plant fresh weight D  of cucumber
plants grown in non-sterilized soil NSS and sterilized soil SS
LSR p <0.05 The different low-case letters above each bar indicate significant difference
at p < 0.05 level according to the fisher’ s LSD test The same in the following figures
1B 2.30 0.5% AAF  S-0.5% AAF
1.0% AAF  S-1.0 % AAF
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5 Cucumis sativus 1813
1C S-CK CK
S-0.5% AAF  0.5% AAF S-1.0% AAF 1.0% AAF
1D
2.2
2A AAF SOD S-CK CK
SOD S-0.5% AAF  0.5% AAF S-1.0 % AAF 1.0 % AAF
O NSS SS
~ 46 A s c
E E 6000 a
T % 5000 b
%3 si= 4000 c
S8 2E 3000 d
3= << 2000 ¢
=} 2
g 1000
o © 0 L |
2 =
5 CK 0.5AAF 1.0AAF
E B § 35 - D
Ty 10000 S b
.ﬁ% 8000 a 2 .ﬁg 25 b c c
HS 6000 b BE 20 d d
S5 S 15f
-2 4000 ¢ ¢ 52 |0
B d 8 B
g 2000 2 st
8 0 L 1 | % 0 1 ]
~ CK 0.5AAF 1.0AAF CK 0.5AAF 1.0AAF
AAF Jiti ] & AAF Jii i &
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2 SOD A POD B CAT C
MDA D

Fig. 2 Comparison of SOD A

POD B and CAT C activities and MDA content

D in leaves of cucumber plants grown in NSS and SS

2B POD
S-CK  CK S0.5% AAF  0.5% AAF 37.7% S-1.0% AAF 1.0% AAF
56.8% CAT SOD POD 2C CAT
CAT CAT S-CK  CAT CK
2.47 S0.5% AAF  0.5% AAF 2.44 S-1.0% AAF 1.0% AAF 1.53
2D MDA
S-CK MDA CK 23.7% S-0.5% AAF 0.5% AAF 17.8%
S-1.0% AAF  1.0% AAF
3
AAF
S-CK CK 44.7% S0.5% AAF  0.5% AAF 61.1% S-1.0% AAF 1.0%
AAF 28%
2.3
1 64
1.89 ~3.03 6.96 ~2.43
AAF / 3
/ 1.0% AAF CK AAF
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O NSS B SS

~ 020 -
E 0.18 - b
/ 1 Znn 0.16 -
ZaE 0.14 |
AAF %% 012 L
B2 c
#E 010 d
Fe ool ¢
4 DGGE T’E g 0.06 -
DGGE 2 0041
= 002
e 0 ! !
4 CK 0.5AAF
AAF jifi fi &
DGGE AAF application rates (%)
3
CK 14 0.5% AAF 18
1.0% AAF 20 S-CK 21 Fig. 3 Comparison of soluble protein content in leaves of cucumber
S-0.5% AAF 22 S-1.0 % AAF 23 plants grown in NSS and SS
1
Table 1 Effect of soil sterilization on soil microflora
/ /
Bacteria Actinomyces Fungi F. oxysporum Fungi/Bac. F. /Fungi
Treatment 5 . . 5 o 4 1 2 -1 -2 -2
x 107 cfu g7 'soil  x 107 cfu g7 'soil  x 10" cfu g7 'soil  x10° cfu g~ " soil x 10 x 10
CK 7.98+ 0.27d 1.55+ 0.24 d 1.43+ 0.33 e 3.75+ 0.95 a 1.79 £ 0.44 d 2.88+ 1.50 a
0.5% AAF 8.65+ 0.45 d 2.43+ 0.25 ¢ 3.18+ 0.88 ¢ 2.75 + 0.96 ab 3.67+ 0.90 ¢ 0.99+ 0.68 b
1.0% AAF 9.75+ 0.50 d 3.33+ 0.35b 7.35+0.75d 2.00 £ 0.82 be 7.54 + 0.65 a 0.28+ 0.12 b
S-CK 1512+ 1.49 ¢ 1.65+ 0.45d 9.95+ 0.97 ¢ 0 6.58 £0.70 ab 0
S-0.5% AAF 22.62 + 4.22 b 4.00+ 0.55 a 12.82+ 0.99 b 0 5.67+ 1.42 b 0
S-1.0% AAF 29.50 £ 1.63 a 3.98+ 0.39 a 17.87 £ 3.46 a 0 6.06 +1.18 ab 0
4 + Values in the table are means 4 replicates + SD
DGGE 4B DGGE
CK 0.5% AAF 61% CK 1.0% AAF
AAF
DNA PCR DGGE DGGE
5
2
AAF Table 2 Effect of soil sterilization on incidence of Fusarium wilt of
2.4 cucumber plants
%
Treatment Number of Number of Incidence of
2 5 10 reatmen health plants dead plants Fusarium wilt
CK 5 11 68.75
CK 0.5 % AAF 10 6 37.5
1.0 % AAF 11 5 31.25
0.5% AAF 1.0% AAF 5 ’
S-CK 16 0 0
S-0.5 % AAF 16 0 0
3 $-1.0 % AAF 16 0 0
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Fig. 4 Comparison of DGGE profile A between NSS and SS and lane similarities phylogenetic tree of the lanes B
1-~3 CK4~6 0.5% AAF 7~9 1.0% AAF 10~12 S-CK 13~15 S-0.5% AAF 16 ~18  S-1.0 % AAF The lanes of 1
—3 for CK 4—6 for0.5% AAF 7 —9 for 1.0% AAF 10 —12 for S-CK 13 —15 for S-0.5% AAF 16 —18 for S-1.0% AAF
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Fig. 5 Effect of different treatments on Shannon-Weaver index
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