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' 1
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’ 2003 12 10
’ ( ) : pH
BICLOG ,
1 , 1
(0 15cm,1 ) , 5 (42
1 57cm,5 ) 8 (100 116 cm,8 )
3320a 6280a
1
Table 1 Organic carbon and minerd nitrogen contents in the tesed ils
Sarple number Saple Depth(cm) PH Opric caton - NHi-N N3N
(Cgkg™? — (Nnmgkg ) —
1 Present paddy il 0 15 5.77 20.52 3.61 41.74
5 33a 3320 a andiert paddy il 42 57 6.07 9.75 2.44 1.20
8 620a 6280 a andiert paddy il 100 116 6.17 22.31 4.17 1.20
(Oryza sativa L .) 9915 10m,
1.2 ) 7d,
) 158 3 , 1 1
, 4 :B-CK( , ) RCK , (15cm x 10 cm x 5cm)
( . ) RAS( , ) R (18cm x 12cm) ,
N( : ) ( 2mm ) 6 ,
, 9 kg :
( ) : 30d
60 d 3 A4
e , ( 2d
s 440 Hoag land 100 m
Sponge 1.3
(E 1.3.1
Culture pipe (Mog probable number , MRN) [
ey 5g 50 m ,
KR 30 min, )
Foam 4 28 2
FEO ,
Tray
K
Water 1.3.2 BI-
1 OLOG EXO 60 d
Fig.1 Schemetic dagram df the experimertal equipmert 59 50 m ,
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30 min, 10°° : , ( )
, 150u1,3
25 7d, 12h BIOLOG 3320 a 60 d
590 nm , 6280a 30d
1.4 ;
PSS 11.5 , 30d 60d
Duncan (p<0.05) (p<0.05) ,3320 a
, 6280a
(Average Well olor Development , AWCD) , ,
Shanron Snpon Mclntosh 30d
[11] (p<0.05), 60 d :
3320 a 30d 60d
2 , ;6 280 a
2.1 '
2
n 2.5r30d _ 1.0r60d B AR AT AR No rice cultivation
a0 o0 and no N fertilization
~ I 2.0t Em 08}
Ew £ w Wi B4R Rice ¢
2 & 15 SE (¢ O ‘[\5{23{(({,,(1Rlu"ulln\ulmn
-~ . =~ without N fertilization
‘é ﬁ - ‘t: i"
2 % Hor §§ : § 4 W Jiti % 88 ¥4 Rice cultivation with
D g8 Q ammonium sulfate fertilization
2+ 05t @4+ 0.2
; E E B i NNASAR A Rice cultivation with
0.0 = . 0.0 sodium nitrate fertilization
1 ) 8 1 S 8
At Paddy soil AKF§ t Paddy soil
1. Present paddy il ; 5. 3320 a 3 320 a ancient paddy il ; 8. 6280 a 6 280 a ancient paddy
il ; The vertica bars represent gandard errors. The same as later
2

Fg.2 Number of il amoniaroxidzing bacteria

(2] 3 :
) ) ; 2.2
8 BIOLOG EQO 31
@12 ) ,
Well Golor Development ,AWCD) |,
,6 280 a 3320 , AWCD
a 1

[13]

) AWCD

(Average
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O BARKES L Present paddy soil [0 3 320 a & /K&S 1 3 320 a ancient paddy soil A 6 280 a #/KFj 1= 6 280 a ancient paddy soil

R0 Y6 AWCD

PR AWCD

L2 AR R L2 0 A R
1.0 } No rice and no E 1.0 } Rice without
N fertilization = N fertilization

0.8} Z 08 |
0.6 ;—: 0.6
0.4 = 04
0.2 Q 02}
0.0 — - — 0.0 L L . . —

0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168

i 77 1 k) Incubation time(h) % & B k) Incubation time(h)
1.2 J6 e Al 1.2 AR B
1.0 } Rice with ammonium 290 L Rice with sodium
sulfate fertilization ; nitrate fertilization
0.8} Z 08 |
o

0.6 = 0.

) g ) r
0.4 = 04
02 'ool
0.0 = - - - 0.0 - ~ - o -

0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 (68

i 7 B i) Incubation time(h) I 7 B ] Incubation time(h)
3 AWCD

FHg.3 Variaion o AWCD with the incubation of il microbid community

, [11,14] 84 h
, Shanmon Snpon Mclntosh
AWCD
, 2
3320a 6280a , ,
Shanmon Snpon
, AWCD 330a (p<0.05) ,Mcintosh
, 3320a 6280a (p<0.05) ;
) Shanron
, dmpon Mcintosh (p<0.05) ,
AWCD )
, Snpon :
3320a 6280a Mclntosh ,
AWCD , ,
, 3320a 6280a
Shanron

,9npon
,  Mclntosh ,
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D
Table 2 Functiond diversty indices of il microbid community
Shanron Smpon Mcintosh
Sanple Trestment code Shanron index Snpon index McIntosh index
B-CK 2.51+0.17 a 10.00+1.55a 2.59+0.40 a
Present paddy il RCK 2.87£0.04 b 15.15+0.66 b 4.34+0.40 bc
RAS 2.76+0.11 b 12.92+1.80 ab 3.23¥0.25 a
RN 2.78+0.18 b 13.02+3.44 ab 2.81+0.95a
3320a B-CK 2.82+0.18 b 14.95+2.66 b 4.20+0.49b
3320 a ancient paddy il RCK 2.87+£0.09b 15.61+1.34 b 4.72+0.23 bc
R-AS 2.87+0.08 b 15.83+1.31b 4.83+0.35 hc
RN 2.78+0.09 b 14.21+1.24 b 4.72+0.13 hc
6280 a B-CK 2.68£0.12 ab 12.96+1.24 ab 4.66+0.20 bc
6 280 a ancient paddy il R-CK 2.87+0.16 b 15.96+2.41 b 4.60+0.40 bc
R-AS 2.85+0.05b 15.44+0.58 b 5.13+0.37c
RSN 2.86+0.13 b 15.40+1.43 b 4.72+0.18 hc
1) B-CK: No rice cultivation and no N fertilization; R-CK: Rice cultivation without N fertilization; R-AS: Rice
cutivation with ammonium sulfate fertilization; RGN : Rice cultivation with sodium nitrate fertilization ; +

Vauesin the table are means o three replications + gandard errors; p<0.05
by the same letter are not dgnificantly different & p<0.05

Means in a ool umn followed

2.4 ; ,
BIOLOG EQO 31 PCA1 PCA2 ,
, (Principa comrponent
analyses,PCA)
b
L
PCAL )
31 84 h
4 3320a 6280a PCA2
1
, 3320 a
L 1
PCA1 6280 a PCA1 PCA2
1
BACKAS £ Present paddy soil (0 3 320a #&/KA§ t+ 3 320 a ancient paddy soil A 6 280 a #y7KFS 1= 6 280 a ancient paddy soil
4 PCA2 4 - PCA2 4 - PCA2 -ll' PCA2
> O ) 5 2 &>
0 O 0 A 0 ‘9 01
¢ * PCAI O peal % AA A %‘H Al
2 s L . ) -2 N -2 1 P -2 1 1 L )
2 =1 0 1 2 | 0 1 2 3 =2 =] 0 1 2 =2 -1 0 1 2
AR RS AT HB No rice culti- A~ it 8 %) B8 Rice cultivation I I B8 % Rice cultivation i N AAR 8 Rice cultivation
vation and no N without N with ammonium sulfate with sodium nitrate
fertilization fertilization fertilization fertilization
4 (PCA)

Fg.4 Pindpa component andyses (PCA) o carbon utilization of oil nicrobid community
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, ,Shanron Snpon  Mcintosh

3320a 6280a

C/'N

; 3320a 6280a

) BIOLOG

; [16.17] BIOLOG
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EFFECTS OF RICE CUL TIVATION ON MICROBIAL FUNCTIONAL DIVERSITY
IN ANCIENT AND PRESENT PADDY SOILS

HuJunli*?®  Lin Xiangu*®! Chu Haiyan'? Yin Ru'? Zhang Huayong'® Wang Junhua ?
Ca0 Zhitong'?  Hu Zhengyi'?
(1 State Key Laboratory o Sail and Sustain able Agriculture, Indtitute d Soil Sdence, Chinese Academy d Sdiencss, Nanjing 210008, China)
(2 Jaint Open Laboratory o Sail and the Ervironment, Irgtitute d Soil Sdence and Hongkong Baptist University, Nanjing 210008, China)
(38 Graduate University  Chinese Academy o Sdences, Bejing 100039, China)

Abgtract Acoording to the lates archaeologica discoveriesin the low Yangtze River Ddtadf China, in higory rice culti-
vation can trace back to B. C. 4 000 in China. A mini-pot-culture experiment was carried out to eva uate efects o rice cultivar
tion on microbia functiond diverdty and amnonia-oxidizing bacterid number in ancient paddy soilsthat have been buried under-
ground for thousands of years, and in present paddy il aswell. A huge population of amnoniaroxidizing bacteria (AOB) , about
0.416 1.235 MAN ng ' dry il , was observed in the present paddy il , while only a limited number of AOB , about
0.013 0.055 MPN mg™ * dry il , was detected in the ancient paddy il s &ter i ncubation for one or two nonthsin greenhouse.
Rice cultivation without N fertilization decreased the number of il AOB dgnificantly , while rice cultivation with amnonium sul-
fate fertilization increased its number within a short period o time, but sodium nitrate fertilization did not show any dgnificart -
fect on il AOB. The present paddy il was much lower than the ancient paddy il sin carlbon-ource utilizetion capahility , and
in Shanmon index , Snpson index and Mclntosh index of microbid community to a varying extent. Rice cultivation, however ,
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sgnificantly increased carbon-source utilization capahility of the microbid community as a whole in the present paddy il , and
raised the three indices therein up to the level of the ancient sils. The increase was dowed down by N fertilization. Rice cultiver
tion and N fertilization did not dgnificantly dfect these functiond diversty indicesdf the microbid community in the ancient pad-
dy sils, and no dgnificant difference was observed between the 3 320 a and 6 280 a ancient paddy <oils.

Key words Ancient paddy soil ; Amnoniaroxidizing bacteria; Microbia functiond diversty ; Rice cultivation; N fertiliza

tion



