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pH 8.31 13.8 g/kg (EC) 467.33 uS/cm 1.3.2
59.5 mg/kg 35.97 mg/kg PCR e
104.24 mg/kg 30 cm (T-RFLP)
24m*( 16 mx  1.5m) 1) DNA 500 mg DNA
1 3 (FastDNA ®SPIN Kit for Soil)
1.2 DNA
DNA -20C
( 2)PCR 16S rRNA
100 m 800 W) 8f(5-AGAGTTTGATCCTGGC
5~25cm TCAG-3") 5§ Cy5
(10°C £ 2°C) 9261r(5'-CCGTCAATTCCTTTRAGTTT-3') PCR
(20C £ 2°C) 900 bp PCR 25wl 15.8 ul
ddH,0 2.5 pl 2.5 mmol/L ANTP 2.5 pl 10xPCR
buffer( Mg) 2 ul 25 mmol/L MgCl,

(10 pmol/L) 0.5 pul 0.2 ul 5 U/ul rTaq 0.1 ul
pH 7.83 EC 3.37 mS/cm 486.5 mg/kg DNA  PCR 95°C 5 min 94C
1.0 g/kg 9.1 g/kg 30 000 kg/hm’ 30s 54C 45s 72°C I'min 30

0~25cm N 360 kg/hm? 72°C 10 min 5 ul PCR 1%
40% (N 144 kg/hm?) 3 ( )
72 kg/hm? AxyPrep PCR PCR
1 031.25 kg/hm? 3) T-RFLP (Mung bean nuclease
660 kg/hm’ 15d TaKaRa) 30°C PCR 35min 50 pl
0 ~20 cm 5 pl 10x% buffer 0.1 pl
2012 10 45 ul PCR PCR
15 16 (Axygen)
| Hha (TaKaRa) 37C
3h 10 ul 1 ul 10xbuffer
N
Table 1 i%riatrrti%i%i%periment PulHhal 8yl 5 0.5 ul
- » (T-RFs)
T2 +
T3 <1% T-RFs
T4 +
B %2 T-RFLP L#{K&R
Té + Table 2 Sampling system of T-RFLP analysis
T7
T8 * Iyl 90 C 2min 2.1kV
(SLS) 25 ul/ 30s 4.8kV
1.3 640 bp 025ul/8 120 min 55 C
1.3.1
2013 1 20 “€S”” 4)
0~20cm o )
2 mm (13 Margalef (da) (Shannon-
Weiner) (Pielou) (Simpson)
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Shannon-Weiner
Pielou Simpson 2.2
4
5)
(UPGMA) S) T4 T3
T-RFLP 0 1 T1 T2
Bray-Crtis (N) T4>T3>T2>T1
d) T4
14
Primer 5.0 Pielou Shannon-Weiner
Excel 2003 T4
Simpson
2 T4>T3>T1>T2
2.1
3 pH EC T6>T7>T8>T5
T8>T7>T5>T6
T6>T7>T8>TS5 Pielou T6 T8
Shannon-Weiner
EC pH T6>T7>T5>T8 Simpson T&T5>T7>T6
#3 ARTFEEEFERARNTRERES P LIERRBLMER
Table 3  Soil physicochemical properties under different soil temperatures and fertilization patterns
pH EC(nS/cm) (g/kg) (mg/kg) (mg/kg) (mg/kg)
T1 7.70+0.22a 501.3+£21.3¢ 13.8+2.1cd 39.1£23b 472 +3.1ab 103.4+11.2b
T2 7.83+0.13a 850.6 =173 b 176 +1.5b 741+1.8a 64.7+26a 1209+ 13.1a
T3 7.63+0.12b 5320+ 154c¢ 147+£2.1¢c 552+1.6b 445+2.1b 112.5+12.3 ab
T4 7.62+021Db 882.3+234a 19.5+22a 883+24a 555+18a 131.0+21.3a
T5 7.78+0.19a 483.2+31.2¢ 13.6+19d 453+28¢c 43.1+£16b 98.7+22.3Db
T6 7.60+021a 7783 +289b 173+1.8b 63.2+3.1b 584+15a 100.2£20.1a
T7 7.34+0.10b 503.4+223¢ 151+19¢ 423+ 1.6¢ 453+1.6b 105.6+17.6a
T8 7.38+0.09 b 867.8+19.9a 20.1+24a 71.2+1.7a 573+21a 110.5+125a
(P<0.05)
x4 TRTIEEMERARNTRRERPLIRBAN S FE14EEE
Table 4 Indexes of soil bacteria diversity in fruiting period under different soil temperatures and fertilization patterns
S Pielou Shannon-Weiner Simpson
Tl 321+1.2b 583+2.1c 7.6+0.1a 0.96+0.01 a 3.33+0.01a 0.044 £ 0.001 b
T2 322+1.0b 655+1.7b 74+£03a 0.96+0.03 a 334£020a 0.040 + 0.008 ¢
T3 33.0£09b 76.5+12a 74+03a 0.95+£0.02a 331£0.07a 0.046 £ 0.003 b
T4 353+£08a 784+1.1a 55+£05b 0.94+0.01b 3.02+0.08b 0.058 £ 0.000 a
T5 292+0.8¢ 75.1+09b 65+1.1¢ 0.94+0.04 a 3.18+0.09b 0.050 = 0.002 a
T6 392+1.1a 72.4+0.8b 89+09a 0.97+0.03a 3.56+0.12a 0.032 +0.002 ¢
T7 356+13a 75.7+0.7b 7.8+04D 0.94+0.02a 335+0.14a 0.045+0.001 b
T8 313+£09b 8l.6+12a 6.8+05¢ 0.92+0.01b 3.14+0.23b 0.059 +£0.003 a
2.3 Primer 5
Treeflap T-RFLP 1
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1A T3 T4 T6 T7
T1 T2 1B TS T8
(A) B
T2 T7
Tl T6
T4 T8
T3 TS
20 40 60 80 100 20 40 60 80 100
AR AT
A B )
1 EF T-RFLP BERy B XN
Fig. 1 Hierarchical cluster analysis based on T-RFLP profiles
2.4 2B T5 Té6
2A T4 T7 T8 T-RFs 93bp 62bp 93 bp
T-RF 61 bp T3 T4 8.07%
T-RF 62bp 5.37% 5.26% 8.70% 11.89% T-RF 62 bp TS5 T6
434% T1 T2 T3 T-RF 93 bp T7 T8 3.53% 4.37% 6.23%
6.84% 5.61% 8.57% T-RF 94 bp 8.61% T7 T8 T-RF93bp T-RF
T4 5.51% T-RF 95 bp 62 bp T6 T7 T-RF 96 bp
Tl T3 96 205 207 T6 T7 T-RF 82 bp
213 353 378 382 bp T-RFs T2 T4 T8 T-RF 220 bp
T1 T2 T3 T4 T7 T8 T-RF 95 bp
93 93 93 94 bpT-RFs TS T8
(A) B)
100 — 100
sof || 80t
£ 6o} S 6ot
oy s =
+# B +#
=y =
= 40} = E 40F
—
201 ] 20 —
! —
0 0
T1 T5 T6 T7 T8
Qb3 Qb3
o6l m62 082 083 @91 @92 @93 O9% m9Y5 60 @6l O62 O82 ®W8S @91 @92 O93 w4
B9 0101 0103 @198 @203 @204 @205 @206 0207 @95 @9% @97 W10l W102 @103 @203 @205 @206
0208 0209 @210 @211 @213 @215 @216 O217 O218 0207 0208 @210 @216 @218 0219 @220 @222 @223
0219 @220 @221 @223 @224 @226 @227 B228 @239 0226 @227 @235 @239 @240 @241 @244 m343 @344
@240 @241 @244 @245 w344 0345 @352 @353 @358 @352 @353 M358 m359 m360 0362 @363 @364 @365
0359 @362 @365 M366 @367 M368 @370 M372 @373 p367 @368 @369 W370 @371 W372 @373 W375 @376
(A B )

& 2

+iIEAE 16S rDNA E§(Hha D)1 /5 & BR&14 5 B (bp)B9B XS E &

Fig. 2 Average relative abundances of soil bacterial 16S rDNA T-RFs with endonuclease Hha I under different soil temperatures and
fertilization patterns
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(http://trflp.limnology.wisc.

edu/index.jsp) T-RF 62 bp
T-RF 93 bp Buchnera aphidicola
M63254 Desulfovibrio senezii

AF050100 Desulfovibrio sp. U52959 T-RF 94 bp
Cyclobacterium marinum M62788

Cytophaga AB015524 ABO015532
ABO015587 ABO015265 Desulfuro-
monas acetoxidans M26634 Flavobacterium

columnare AB010952 Pedobacter heparinus
MI11657 Sphingobacterium spiritivorum
M58778 T-RF 95 bp Bacillus arseni-
coselenatis AF064705

Desulfobulbus U85473
Desulfohalobium retbaense U48244
Desulforhopalus vacuolatus 142613
Desulfovibrio alcoholovorans AF053751 T-RF 82 bp
Blastomonas natatoria AB024288
Erythrobacter longus M59062
Erythromonas ursincola AB024289
Nannocystis exedens M94279
Porphyrobacter KK348 AB033325
KK351 AB033326
subterranea AB025014
U37524

Porphyrobacter
Sphingomonas

Sphingomonas yanoikuyae

3

[14]

[15]

[16-17]
T6 T5

T6
T5

T3 T4 T1 T2
T4
61 bp 93 bp T-RFs
T3 T4
T-RFs 62bp 94 bp
T6 T7 T8
62bp 93 bp T-RFs
368bp 352
bp T-RFs
368bp 352 bp T-RFs
[18-19] T-RFLP
[20-21]
62 bp 62 bp
T-RF 62 bp
[22-23] Malghani (24]
20°C
(10C)
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Study on Bacterial Community Structure in Greenhouse Vegetable
Soils Affected by Soil Temperature and Fertilization Pattern using
T-RFLP Technology

DONG Fei"?, YAN Qiuyan', LI Xun®>, DUAN Zengqiang”', XING Peng’

(1 Institute of Wheat Research, Shanxi Academy of Agricultural Sciences, Linfen, Shanxi 041000, China; 2 State Key
Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
3 Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The bacterial community structures in greenhouse vegetable soils were determined under different soil
temperatures and fertilization patterns by the techniques of terminal restriction fragment length polymorphism (T-RFLP) and
fluorogenic quantitative PCR. The results showed that soil available nutrients were increased with the increase of soil temperature
under the same fertilization form, the increased effect was more obvious under fertilizer treatment. The effects of fertilization on
soil bacterial community were different under different soil temperatures. Fertilization increased Shannon-Weiner and Pielou
indexes while decreased Simpson index under the no heating condition, but on the contrary under the heating condition.
Compared with the no heating treatment, the heating treatment decreased Shannon-Weiner and Pielou indexes but obviously
increased species number and Simpson index. Temperature changed the community structure of soil bacteria and the increase of
temperature promoted Simpson indexes of T-RFs of 62 bp and 93 bp, mainly including symbiotic bacteria and bacillus.

Key words: Greenhouse vegetable soil; T-RFLP technology; Fertilization; Soil temperature; Bacteria community and

abundance
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