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Abstract: The quantity of the bacteria, especially the coliform group, in paddy water influenced the water quality and the
matter circulation. However, there were few reports on that, especially under CO, elevated condition. Therefore, by the aid
of the internationally exclusive Free Air CO, Enrichment of the rice-wheat sequential cropping system ( started in 2004,
located in Jiangdu county, Jiangsu province) , this research did dynamic monitor on the population sizes of the bacteria and
the coliform group, the concentrations of the total organic carbon (TOC) and the total nitrogen (TN) in paddy field water.
The results showed that elevated atmospheric CO, significantly increased the population sizes of the bacteria and the coliform
group, as well as the concentrations of TOC and TN (P <0.01). Compared to the ambient plot, bacteria, coliform group,
TOC and TN were respectively enhanced by 45.9% .68.8% .31.2% and 25.9% on average in FACE plot. There were
significantly differences in bacteria population size, coliform group population size, water TOC and water TN between

different rice growing stages (P <0.01). Those results demonstrate that atmospheric CO, enrichment may aggravate the
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export of coliform group and bacteria from the paddy ecosystem to the surrounding wells and rivers through field drainage and
rainstorms at the early stage of rice. Therefore elevated atmospheric CO, may influence the rice security production and

threaten human health.
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F1E FACE RGF-E 0L TILAVE VAR T /NE SE %A B A (119°4270"E,32°35'5"N) , 4 [ R & 1000 ~
1100mm , K AFAE K ZE5 H #3R 27°C , 4 H RBTHCKF 2000, 4 o AR K F 230d, H 828R wb 25+, $HE S
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FEBEFES, EAFELAMS ARREZ LB FEHEEBKK A F—&KRK , 338 o 4l 5 8K X 75
FH AT BEALVE I , B IR B AR 6 P8 [F] B 45 B E o 5 — YRR 199 (] B SR [0 98 BE /K 647 0 &, pH fH
7.70 , EHE N 4.60 Ji cfu/ml( cfu = colony forming units ) , JKAKFEIE A 12. 18mg CO,/(L - d) , K EFEEL
&R 1400cfu/L, BAYIRE BN 47. 23mg/L, BASEN 2. 21mg/LO SRR LI 1.3 KBEMTINRE ) o
KArEEN6 A 13 H ~7 310 BARFRRKIZ (4 5em),7 A 11 H ~8 4 4 HEZWEZWE ,8 A 5 H 2T
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SRR KA pH {H , R T EX 40ml /K BE BT 28°C ARG 5% (1 R EHIFR) , FE R R KFERA
4°C YKAE PRI B a0 , 40 B R K B PR BB AR AR ) 2 ~ 3d WIllE . 7€ FACE 217/ 1 KR4
KZFEV P, HRE 5 OKFE (KRS T 2006 456 H 14 HBR) , BRI HEK 2d J5 REH HBFFHAME,
HRAEK R AR ZE T HEAT R, RAE BT 40 0 iR (6 H 19 B) , A BEMI(7T A7 BH) 3%k WH(7T A 25
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CO, %U‘Eig_%} H iJUJ( ﬁ: SRtV %ﬁ%ﬁﬁé@ﬁ%% F Xt Fig.1 Effect of elevated CO, on the bacteria number in paddy field
B MR EBRE, N 64. 6%, H IR 2 HEH

4% ) SYBERI(50. T4 (36. PR
(56.4% ) SYBEMI(S0. 8% ) MRTIN(36. 0% ) JREERE  og o

DHIRER, RA 21.8% B&5Gi atrRHEER 80 & EHCO:¥NE Ambient CO,
AEI T BEAKTF(P<0.01) KEBAETHATY S|
RET 45.9% 3k B) TR BEKF(F1,P<0.01) -
TR B KR A 0 B FE 45, CO, Y B T %R L K i
R YRR R R (21. 8% ) < /rBEHH ~ -
ZREHA P 47.7% ) < HiFEHA(64.6% ) . i

IKAR IR
Respiration (mg CO»/(L-d))

II——@I | 1

0
2.2 REKGRITR
ME 2 A UAFE W, BEE KRR T R, CO, Y B 1
1o FH R AT HR SRk A e i % BE 5 20 B AR A DL Y B2 CO, e HS 5 %R AR B S

A fp s, B SEREAR , B4 BE ARG )5 TS  Jilif8  Fig 2 Effect of clevated CO, on aquatic respiration in paddy field
Bk foc g, Xof HE R A AN R, ) BER IR R TH
FEZREW R BT AR5 I DO B . CO, ¥k BEIY = 2 (2 7 A8 KRR IR (] 2) , fe i AT A
278. 4% (28 AR R E T 24.7% (0 BEWD) (BARIBEN T BE K (P <0.05) , HAtt AR F IR = &
55029 160. 6% (R H) 94.8% (1) \198. 6% (HFEH) , BAAEFH PR T 151. 4% , ¥k B &K
F(F1,P<0.01),
2.3 FEEZKMARA R B ROBCR K 5 20 R B Y Lo

B3 it CO, ¥ BENE =y & AN T A% F/K AR rp R AR o KRS R T30 0 B 31 1\ 22
FIAESY , CO, ¥R BEHE 7 FH HRK (A (R AR R 20 31 EG o HR LR i T 40. 4% (96 8% \47. 1% ,66. 7%
93.0% , A FHFEIE AT 68.8% , Kk B BEKF (K 1,P<0.01), FHobh, fiEF RT3, CO, W E
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B TR 0T R P AR HR R B R SR 4R R R B 5 0 AR R PR AL, BB 75 30 (40. 4% ) < 73 BEH ~ 20 REH (OF
¥ 70.2% ) < #iFEHA(93.0% ) ,

Bl 3 KM, BEE KRS AR, K R AR CO, W L3 R FH SR A R B b iR AR (L SR B 57K
TR IRAE — SRR A A 3, AR KA A A 0 1] A9 22 Stk B TR B3 K (K 1,P <0.01) 6
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T, B BEIARGR 5 XK. R CO,¥RBENE & F Bk A rhix — He 7K Fa & A2 B B 2 8 T IR B
BAKREE T WY& 15.2% BASRH0ra R R, & BT i CO MBI R T REMERIF AL
Z(P>0.01),

~ ) - 25 - O CO ik J¥F1& Elevated CO,
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2 2 3000 %%gglj—
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B3 CO, e BN xR A P e s BRI P B 4 CO, e 31 v o e HE /K 440 v Al T A 250k o 4 1 B
Fig.3 Effect of elevated CO, on the coliform group number in paddy Bk
field Fig.4  Effect of elevated CO, on the proportion of coliform group

taking up in bacteria in paddy field

2.4 FREVKIE pH (E 7O 0 COKRET# Blevated CO,

MIE S B LA Y, B UCRAE TS CO, Y B3 5 FH B 74| & E#COHSE Ambient CO,
KAK pH SEBIERRES 3 IKBE I T 7.0 b, KRBT 72}
7.0, BARFIL 6.8 24, WXt BHEBRMBEF 7.0, 70l
FAIA 7.4 Db AL, RS COMRBENS S ARG K = 68|
1A pH {HFRAK, BRYEIG IR . SEit T REBW, CO KA o6 -
HE H PR pH (B HXT BRSO HREIR 2. 6% , 358 64t
EEF(R1,P<0.01), Hi KRB PEIHME o2
B pH HATFER R A 4. 1% M 4. 9% , TEKREERKE 60 :

pH

1 e A 2k R R 500t ORI e | AT T e Saling e
i pH (E MRS/, 40155 75 309 40 B3 L4 MR 1 T
1.0% F10.7% ﬂiﬁ'ﬁ“?}ﬁ%%ﬂ‘?%ﬂ,l‘%ﬁT 2.2%, El5 CO, ¥ % A% H /K 4& pH 18 256 ROV

Fig. 5 The integrated effect of elevated CO, on aquatic pH in paddy
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iR, JE TE AR S 2 A 05 o BRI AE $477 30 AR oA BT BT, B 2Rk By, JE FE SRR PR f1R
A4 TR HK iR pH (H2E 57 B3 (£ 1,P <0.01),

Bl 6 LR KS COWRBETH e T W SRR AEAT P A FE E BE/K 9 pH {EL. BEETH TR B, Ab R 5% R fa] A
FAAEREZS (P >0.05) , Yl i RS COMRBETHRX KA pH E A HHA B3
2.5 FEHEKEBHEYK(TOC) &

CO, ¥ JBE % 7 I RS 300 R B BUK AR S WUBRAE AL DL IET 7, oy R AT 45, B KRR AR B, Toit CO, ¥k B3
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75 A 0 B Bk, TOC &R A8 (bR K, 43T , CO, 50 -
e JEF B 25 6 FEL 7K A TOC. By 4 7 250 O 0 26 0 o — s 7 sl
BERIAEAL , 55 B AR AT 1 35. 49% W 4T BEM ) 18.4%
SRIE BRI I 47. 8% J5 , XM 3 B R T O COies %
9 24.2% A A BB THIEE T 31.2% | %5 z 5| ECOT
Wi, B35 B E/KFE(P<0.01), ol Ambient CO,
2.6 FEMKABE(TN) &8

B 8 R T A —MBH K AEEER YR —N T
H(TN)FEAS, CO, KBTS &M F 19251k, 55 TOC A 60 L—_A_
IR, B K RS B B O RE S, A K P TN 7E CO, Yk 38 L 1 Experinent date

3 R A BR AR R R B R B ST R A, BT I B
i, B R AR, CO, ¥R i X TN 42 & 2 5
TOC # 2, fe iR H I 19. 9% , LA ZE/rEEM K
26.2% 3% BRI E T B WA M 34.3% , BI I TR 23. 4% J5 X L FH EHE K
25.8% BAAEFTHAFHF T 25.9% Gt R R A Z R WA BEKF (R 1,P<0.01),

6 CO, ¥ et v x4 HH /K 4 pHL B 1% - HER0N
Fig.6 The direct effect of elevated CO, on aquatic pH in paddy field

O CO, ¥k fE T Elevated CO, EH#CO 3k BE Ambient CO, O CO, ¥k fE T Elevated CO, EH#CO ¥k EE Ambient CO,
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2 40 4+
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E S
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= &g 2r
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L | L L L
06-19 07-07 07-25 08-17 09-02 0 - - : !
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KA H # Sampling date SKAEH 11 Sampling date

BT CO, ¥ e o XA FH K A vp S0 BLBR & B IR
Fig.7  Effect of elevated CO, on aquatic TOC in paddy field

FEl8  CO, ¥ R AE H KR B
Fig.8 Effect of elevated CO, on aquatic TN in paddy field TN

F1 HE,KEFR KGEH KBEHSARSENILS pHE.BANSK. BEMERGTESHFE
Table 1 F-values of a two-way factorial ANOVA on bacteria, respiration, coliform group, rate of coliform group in bacteria, pH, TOC, TN

KiGwE#E S

S R
ik AR mm ke T it . BARB B
Source Bacteria Respiration Rate of P TOC TN

group Coliform group
in bacteria
501.9 4819.5 8.1 23.7 6.0 11.0 144.7

HF M) Date 4 (<0.01)  (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
CO, b3 ) 307.6 17003.5 59.9 1.6 20.2 610.7 610.9
CO, Treatmen (<0.01)  (<0.01) (<0.01) (0.22) (<0.01) (<0.01) (<0.01)
HF W] Date x CO, 403 4 35.8 1678.6 1.6 0.6 2.2 10.4 9.7
CO, Treatment (<0.01)  (<0.01)  (0.20) (0.70) (0.11) (<0.01)  (<0.01)
12 Error 20

FHESHIEBKJE P with P values in parentheses
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3 it

YERZK R Y B BRI RS, AN AU S 5 A EK & F A Yk 2, T B A K P& ENERKE
R R R E IR, AFTER, KR CO, W B m 578 F KA AT B E A R MR E 1 8
ERE T 45.9% H168. 8% , [ S W 1A 4y 395 P ) 7K AR IO WS 88 B Al P 34 BB B 3R T 151.49% , 22450
RER " 7T FACE iRBE MBFFE 45 R th B KR, CO W B R (5 A5 FH 0 ~ 10em + )2 41 I $CE A
B TR, E B KRR A B AR B TR T ELGE SRS H S0P 0 e K RS A B 0 B TR B
K A F 54K 7 — iR 5 0 59 BF 58t 32 BT CO, ¥k B389 105 18 75 /K A 1 3980 1 583 785 T % R Sowerby™™ |
Ball" ) 1 Willams'™’ 2575 ZR AR 2 JR A 25 R 45 P EOBF I 45 SRt B 7 H R/, CO, MR B AR 1k T L33 np IR, 32
BT H AR RME YR B H Y T T KRBT tE ORI 4 R AR W CO, Mk BB T AR T A
H IR, BRI A M BB IS Y SO A Rt TR R B R R & B A ARk,
CO, ¥ BE 3 25 7R A% F 7K 14 TOC I TN & B7E/K RS 2L BT B4R 31.2% 1 25.9% , % 2 HiE &R,
BR7K & TN 540 B A2 R R B B E 7K P51, TOC 540 KRR KR B R LK TN 5K ARIFIT K i o
HWBEME, T, BEKEPBRARYRSERYMELPMAEYRBRNEERT . XTXAERLET
TIPS AR E THESE, ESMF ST R I, K CO, R B B o TR R IR ™) Rk TIR R
A3 P I T AR X UTAR S B ) IS5 A ) 33 i R O A0 UR T g, 84 T A R
BRI R T I E Y i T e R . BN SO eSS fE RS FACE MBItk
B CO, ¥R EERE B 214 T /K FEAR 2R 40 W 3k A 358 i SRR FILEOE 40 B S 29 3 in T 14. 9% #121.7% , £ K5
41 BF I R B CO, ¥R BRI 45 1F T BAMoK RSIR R MBI TOC B IR B4R T 81.5% . AT, A%
BrRgEERsg ) K P R R YR B R T A WUR LM 7= 1 (v % , AR 56 T % pH BT FE
BIR, CO, YR B3 R X FEARK & pH (B BN HA B2 (B 6) (HEEA M ERAE (B 5) , 255K 2 P
#,pH 5 TOC BEHMAE, 5 TN thBA —E M FHENE, 7T 1, k& TOC Fl TN B4R B R i T CO, %
JE T o KRS A K B HERRE , e — MEW- TR K IR A g . BT E 3, K CO MBI B R T
T B AR M YR RIS, R, CO, YR B B iR @ R S AR R Y TR A K T Sl fil 4 4k M
ASEIBRA , /N T BB B 1) _E 2K A A% BEL 7 , AT 14648 5 7k A b TOC #0 TN &5 85 U E W8 23
PRI E MIAERE T 398 h FIAR 2R 2000 s 10 B2 e R R B Y R AR CO KB B A F T %
PR AR | e A g 3 1) R K AR RS g i T R TOC TN A& T H, CO MK &
5| A FE YL T T T L T S U B T 9 e R A AT A R, R T ek R R AT
WA FE KA TOC A1 TN S8, B2, FRBErh RGO HERE R A N 08 0 A K B0 G PR 4 PR 72 A F
FEH, CO, VR BE3 R AR HIR 5 ] TOC 275 T 35.4% , UK FAREHAR) 47. 8% (HILH TN 7T A £ B iR
R/, AU 19.9% (HARBTHITE 23% UL L) , A ER MK A ASE TP RER/D. 7
A, CO, ¥ BE 38 1o FE K kP i 0 A K BB T T R BT RG24 B B, 33Kt 240 B 39 B 4
BT &M

R2 WE KGR KFHER pH E. SR, BEREXRE

Table 2 The correlations among bacteria, respiration, coliform group and pH, TOC, TN

i TKAARIFIR Kl i ALK MA
Bacteria Respiration Coliform group TOC TN
pH -0.08 (0.83) -0.44 (0.20) -0.50 (0.14) -0.71 ( <0.05) -0.41 (0.25)
BA VK (TOC) 0.68 ( <0.05) 0.74 ( <0.05) 0.82 ( <0.01) 1 0.56 (0.09)
BA (TN) 0.33 (0.43) 0.73 ( <0.05) 0.79 ( <0.05) 0.56 (0.09) 1

FHESHIEBKJE P with P values in parentheses

HABTFS IR AT i, CO, ¥R JBEHE iy FH B R M B R A 20 B 7P 9 EL B s xR, I AT BB ol TR B RE R
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S M SO FE 7K H B SRR, o R A K SR o o JEL A o SIS A0 B A A P 348 R SR T B, A 2 B2 R BR R
FATIRE 57K A TOC A1 TN 58 AAR DG HE A .75 F40 T , T EL  CO, YR BE FH R4 o 1 “ A B s ™ T o Al ok
BB . XWIFBURE CO BN = &5 R AR AR N ER 5 AN S RO A2 1L, (B A 5 — 2 BT
Fo (B, K R HOSE N, K — R A Pl e R ) 7 AR T 32 iy 2 ) sk Sk g 7K B, 5 = R i 2 ol i
DX IR R BB, AT B A AR

BE/K RS A 7 IS R SE 52 , AT TS o AR R B A R R BE AR AL, 53X — T T AT BB pht S ALK e A 7 e 40
T AP AR RSB AK R R R R A BRI BB ], ST S R & SRR K R TRl 4
ISR B A R AR 5 75— 75 T ) B85 98 R 7K P A R A FE AR BE IR BE [ T 25 B AR RO R4 5%, a3 EL 52
BB FRAE I RAE LU R A, FURSRAE AT 2 TR, SUE VISR e R Am A, AN7E %R KR Bk AR5 20 B
P 240 B 25 A K A W 5 B8 T S 6K, 7 7 el AR S0 9L B2 A, LM 40 T AR K T A SR B K Ao 1 5 JBE R 45
1, JEGX SE R R I B R R B AL 25 % R 6] i 22 S
4 it

R COLMRBET R PR T A B KA 240 BRI R i R R B, R o S 3088 i 7 b 9 TOC it TN
R APFNN, KR CO M TR T2 S M AR - 3 AR 2 38 388 D s P a3 g LB 2 /K v i
RUIRH B, TSR R T /KA Al (e A MR B 37 40, e A5 RS0 CO, R BETH 3 A1 A L K A H ik
HEYIRCR RAEPE I BB . KR COLMRBETH R FEE A 7] (9 7K 5 A 7 i BOXT A FE 7K 1A 40 7 760 K T ) 2
WA R, AR R BEE KA AE T A A S , 3oF 240 B AR i T A AR B SR RS i e 3 8 KRS A T IS AY
AR EBEOK AP A R A BE IR | o T S A AR BRI 1 O A28 o 2 U3 FE 7K A P 40 8 A0 KB T A A R o
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