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2015 4F 8 H —2016 4F 7 A 76 P4 5g 7 i #E ik
H O R B 3 (N22°52758.33", E108°17'38.86") #E 47
WS R RIT R 11 R P R 3 sl A S I AV 22 XL
A MR AR K 8 — 11 A BRI 43 R 194.2,
198.2.30.5 M1 93.3 mm; H A KM 4—8 HIFEW &
A3k 37.1,153.5.334.1 F1 75.5 mm, %+ HE K
BTt EEMBEEE KRB L, HEEN
1.25 g/em® R K F N 42.99% , pH 7.03, £ #L
B 17.31 g/kg, A 1.37 g/kg. WA 111.72
mg/kg(1 mol/L NaOH B fift §" H) . SR 48.88
mg/kg (0.5 mol/L NaHCO, %), 3 2 # 87.98
mg/kg(1 mol/L # ¢k NH, AC Z#%). HLik/KFg
a5 A 8015, JE KR = R 42 8 K AE . kil
AHLAE S T PG K 4% 3 1) JEE A8 36 O BIL TR %
14.69%,4 N &4 0.8%, 4 P,O; & #E 0.48%, 4
K,O f it 0.46%, THLA & & 0.17%, K 4> & it
68.75%0) . AMAIRZEEF N 46 %) , ALy i B 2
(5 PO; 1450, SR AL (% K. O 60%0),
IR K pH AN 7.60.
1.2 RIEt

P2 ) 30 5 3 R R =X, (1) B VE K
(CIR) : BB k3R 75 W AR R v /K 2 L 43 BE AR 10 5 1
BN B SRV T AN, o3 BE T ) 30 R 3 OR 5
2~4 em JKJZ . (2)“ VR EWE CTIR) Y . 45 B
IR W R 20~40 mm (¥R IK R , 4 BERT 1
K 10 mm, AR4F 90 Y6 1L RN 55 K o L 43 BE S W I L 4k
A A R T AR 4 10 mom K, il 47 48 1 3 K
40 mm, PR FF 10 mm K2 FLAWIHEK 10 mm, R 5F
90 Yo 1L N 7K dt 5 K R AR ) Sk 22 W DR AE VI L A
J& ASRYE T R[] B R W 5 3K 2 RT3 i 10~
40 mm, (3) TR (DIR) . 7ERBHJF 10 d
FH [ 4 37 7K 2 (10~20 mm) , 10 d {17 F i s
B UEE L 24 £ HEK 43 5K 7 T W 4 e K 4, X [R]
HART T 2 KK — 15 kPa B, #EK &2 20
mm, B AT A ARV T J5 HE K 06 28 2 K R b 45
gL, 2 it g AL B, (1) FM1: 100% JR E-N;
(2)FM2:50 % JR &E-N+50 % 33N, Frf kb3 N,
P,O; Ml K, O H &4 %1~ 135,60 F1 120 kg/hm’,

Horp FM1 Ak £ 42 38 3ok 9 W2 55 F0 50 26 19 JR 3 R
KCLAEZENE , FM2 Kb 38 v 4 350 2o 5 12 415 | A 20 2%
50 %0 ) KCLAEJEAE , AR T3 BLAT 1 d B b i it
Ao A& 50% MR Z A KCL 20 51 L) BE AE 7 A e
B F 25 0 Lb Bl A . B THE 3 A FM2 &b
PR W R A5 U i 288 kg/hm®, KCl Ui Jiti 64
kg/hm®, i 56 4% 5 4 B HL X 41 7 2 ik it, 6 4~ ik
B REARER 3 AS/NIX L 3 18 AN BEALIX AL HES . 45 /)
XA N 25 m?, PUJE AT 25~26 cm J& H£L 1% K I8
% LAB /NX Z BK 43 BB L R 22 i Bl ek . 4%
ANDXB KA 5 T 28 K, 22 60K 3R o 4 IR
K,

1.3 HEEIE

MRS T 2015 4F 7 H 24 HIWFh MHEZE B2 A
JEREFE B, 3 0 10 SR UK B A — 3
IR T 8 H 26 H K H B, & 7 kAR 55, bRk A7
5 20 cm X 20 cm, FUE AR S M R R OK E
(2~3 cm) , M TEUEIRE . ANFEHEKLIEIN 9 H 2
HRE IR EHET. 11 H 9 HIF IR ER 45k, 12
A1 H&/NXUCE, PR T 2016 423 A 14 H
Wb, 4 4 13 HRHBA, AFEEKLEMN 4 F 20
HEY RS ST, 7 A 5 H KR 1A A5 45
7H 20 HA&A/NXWCHE, BEAh 0 AT sl R 50 T [a]
JHC At P i) A2 i — 2
14 TEHSRESNE

A [) A 3 A R SR B 3 0l 7E B B (RS Rk S
20 &) W (B G 54 O AW (BH)G 76 D
R (ARG 92 . BAR A BIFER RS 19,61,
83 F1 97 d #EAT . BFURRAE B[R] S HE K AL 35 5 2
K EF AP HIRE 0~20 cm T2 IR A
PREEAE A7 0] 52 95 28 FH BERE S B 02k W 8 AN RE
AL R T 4 CCLRAE . 1 A 58 G e 5 (W] B
HEF 00 R S KR O H 50 DB 15 A
v T i U E G .
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B U P BE AR (0 =3) R s R4S I IR R /NS B R 2 573 B35 (P <<0.05), TIR. “# ¥R Wi " # 8 , DIR . T8
LREWEWE; CIR: H ALHEME ; FM1. 100 %R %E-N; FM2 50 % R E-N+50%%%3-N, T . Values in the figure are mean= standard de-

viation (n=3).Different letters at the same stage of late rice or early rice mean significant difference at P<C0.05 level. TIR: Thin-shal-

low-wet-dry irrigation; DIR: Alternate drying and wetting irrigation; CIR:Conventional irrigation; FM1:100% urea-N,FM2:50% ure-

a-N and 50% pig manure-N.The same as below.
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FLAM DIR B + A AL A R e &S T
CIR il TIR B2, i 020 25 b 31 22 1) 19 22 5 A
F. FM1 kb BT, KRG 4 BE B L 22 B 401 Fn 3L 20
DIR 5 2 48 520 401k 4 T B it 1 W 3% 5 T CIR
TIR £z, FM2 4h#F, Bﬁ%“'ﬁﬁ%ﬂﬁ%%m%ﬁtz
() ) 22 S AN S 2 A R L 3L D A ) DIR A5
KR AW FEECE WS T CIR M1 TIR L,

WEET CIR 1 TIR #x,

5 FM1 # L, WA A B A 0 BE D) FM2 AR 3 +
198 51 A0 Ak Al TR ki 43 i T B 59.80% Fl 55.53 % .
21.22 % M1 22.89 % LA K 38.43% F1 31.82% , F W1
AR L it A BLIE 2 R AR 2 S Ak 4 B R . BR
STBEMN AN, FM2 A3 - R Ak A W g i = T
FMI1 4b3H

1 TRAAETEEBAREFPIESEATRE
Table 1 Soil ammonia-oxidizing bacteria content at different growth stages of rice for different treatments X103
SR A A L i L Early rice
RETEN WA Late rice i Early
it 48 &b B .
N treatmeng | Lrrigation SEEN RH SN R SUEN REN SRR
mode Tillering Booting Milky Maturing Tillering Booting Milky Maturing
CIR 29.59+ 35.17+ 17.29+ 2.2+ 14.1+ 8.90+ 13.33+ 0.99+
) 6.56¢ 1.61c 5.99¢ 1.37¢ 5.46¢d 0.90d 0.31e 0.10¢
DIR 72.834+ 139.86 = 59.13+ 7.81+ 136.51+ 107.12+ 57.55+ 1.80+
EMI 9.11ab 8.74ab 4.94abc 5.23b 4.40a 4.28a 1.20c 0.04b
TIR 95.50+ 36.194+ 21.93+ 3.22+ 19.23+ 20.34+ 24,73+ 1.72+
7.16a l.4dc 4.57be 1.34c¢ 2.49¢ 0.33b 0.55d 0.04b
CIR 11.89+ 48.62+ 73.37+ 1.91+ 6.27+ 14.50+ 35.24+ 0.95+
’ 2.00c 2.18¢ 8.15ab 0.20c 0.57d 0.60c 4.68¢ 0.09¢
57.374 174,40+ 95.08 =+ 20.894 95.7+ 128.97+ 256.09+ 4.32+
FM2 DIR -
3.72b 5.44a 6.38a 2.01a 5.17b 0.53a 7.07a 0.42a
TIR 58.794 71.07+ 94,95+ 1.36 % 13.11+£ 12.05+ 95.27=+ 0.37+
5.35b 1.21bc 4.27a 0.61c 3.66¢cd 0.51cd 4.57b 0.08d

ERPEENFIE AR MR (=3[ —FAFNE

mean® standard deviation (n=23).Different letters at the same column mean significant difference at P<C0.05 level.

STR RN ZER B FH (P<0.05),

F A, Note: Values in the table are

The same as

below.
x2 AEALETEHRABEEHIESAUER
Table 2 Soil potential nitrification rate content at different growth stages of rice for different treatments pg/(g - h)
P T Wi FE Late rice HFg Early rice
i b 5 LA

N treatment | Lrrigation SEEN RH S R SEEN REN R R
mode Tillering Booting Milky Maturing Tillering Booting Milky Maturing

CIR 73.19+ 922.3+ 383.38+ 37.28+ 59.22+ 152.5+ 135.76 + 69.02+

’ 6.87¢ 21.76ab 8.10b 2.40d 8.07¢ 8.83b 3.45a 3.61cd

DIR 135.25+ 1412.97+ 275.72+ 94,34+ 119.77+ 334.66+ 512.68+ 81.95+

FMI 8.94a 17.24a 1.28¢ 6.00ab 8.29a 7.57a 1.94b 1.68¢
TIR 111.34+ 711.10% 342.74+ 77.934 82.01+ 183.23+ 253.25+ 53.25+

7.49b 30.28b 12.07b 4.35bc 3.12bc 7.14b 6.66¢ 1.71de

CIR 122.93+ 517.07+ 159.23+ 67.58+ 35.76 £ 156,57+ 241.72+ 64.32+

) 4.34ab 14.27b 5.39¢ 6.09¢ 8.84d 6.23b 4.92¢ 5.22d
DIR 129.83+ 1292.60+  639.95+ 118.29+ 106.57 =+ 354.89+ 655.67 100.24+

FM2 5.29a 31.37a 23.95a 5.22a 2.42b 6.22a 9.71a 5.03d
TIR 126.87=+ 1364.374+  260.24=+ 73.834 90.74 4 304.59 4 269.024 41,71+

6.86ab 17.18a 3.61c 6.3bc 5.37b 9.22a 7.61c 4.93e

23 @ELER
M 2 AT, I AR

ZR R R A AT S

T3 B 300 R0l S0 00 A G 5 7 e 2 R A0 A L ) R
AT S o i BE S AN B AR X S AR AR
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AL T CIR R TIR B 40 BE ] | i 28U
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FLAU CIR #8823 2 A W 3 TIR B 2 [A]
M2 E . PRSI LS, DIR Al TIR £
XA AMEHEEYET CIR #:8, FM2 T .6
AR FEA B DIR A TIR B2 4 458 5 S Ak v 4 1y
T CIR 52X, 22 B A1 2L 208 DIR A2+
R B % m T CIR F1 TIR X, A5 & R keI
WKL P A A BRI ERERY

FM1 4b R AH 7] 59 #04E ,

5 FM1 4b FAH LE . FM2

Ab IR A [ E K AR A A I A R A T
24 EHR

Fe 3 FIER 4 43 5 R AN TR) A 3T B A 0 AR A [
mH 3 NH, " -N 1 NO, -N & #7481k, %£ 3
FW L FML AL FRF , WA B B2 LA, CIR A 1
B NH, "-N &2 @K H G TIR B R A
AFEMS R RS T RS, B CIR B 1
B NH, "N 55 D4 B2 1 3] 20 R A 3G 0, i 2 e A
PN 2 PR HEGDIR R 3 NH, TN & &7
A3 BE S0 1) A R A0 S /DN i BE T A T A RO B 3L
BN EERG s TIR X + 4% NH, " -N & &7 4
ANRHERT IR NG CFM2A B R, R &

®3 AEALETHEEHAREEHLIERSEASE
Table 3 Soil NH, " -N content at different growth stages of rice for different treatments mg/kg
SR A A # L i A FE Early rice
MR PR Late rice B Early
it LAk 3 .
Nirentmene lTERUONwewr mmwm o mlmuw RSN AIEN EN RN RAUN
mode Tillering Booting Milky Maturing Tillering Booting Milky Maturing
CIR 67.72+ 78.22+ 75.52+ 13.29+ 73.89+ 86.97 4+ 27.49+ 15.75+
i 2.30ab 2.96bc 1.22ab 3.79¢ 1.94c¢ 4.16bc 2.29¢cd 1.11b
DIR 104.70+ 105.49+ 21.66+ 18.68+ 102.55+ 88.64+ 193.16 19.82+
EMI 4.28a 1.11ab 1.90cd 0.78b 5.90b 6.07be 1.50a 2.35b
TIR 96.85+ 59.64 4 55.48+ 22.32+ 126.22+ 60.50+ 23.84+ 14.63+
0.95ab 1.94c¢ 5.09bcd 1.34ab 7.98a 5.03d 2.49d 0.91b
CIR 71.22+ 81.97+ 19.16 + 26.20+ 21.36 % 102.94+ 28.48+ 29.14+£
’ 1.36ab 1.33bc 2.03d 2.04a 4.09e 8.09a 1.93cd 1.06a
DIR 68.09+ 136,45+ 101.67 =+ 22.29+ 33.16 £ 95.40+ 144.01+ 22.04+
FM2 1.97ab 4.03a 7.04a 3.47ab 3.74d 6.49ab 4.73b 0.59ab
TIR 56.9+ 78.50+ 57.49+ 24,18+ 84.91+ 82.47+ 32.64+ 17.36 &
1.48b 2.42ab 4.93bc 2.92a 1.74¢ 4.50c 5.70¢ 2.38b
F4 AEALETEHABESHIERSERE
Table 4 Soil NO; ~ -N content at different growth stages of rice for different treatments mg/kg
" 98 A W F Late rice F.F Early rice
i b 5 HEREELA
Nirentment | DTTEAUONgvmemy o pmow UMMM WA SEEW RN AN AN
mode Tillering Booting Milky Maturing Tillering Booting Milky Maturing
CIR 3.39+ 0.57+ 8.91+ 3.61+ 7.94+ 3.25+ 6.31+ 1.02+
i 0.51bc 0.31a 0.83b 1.42¢ 0.52d 0.26b 2.87b 0.14c
6.55+ 4,64+ 17.02+ 4,19+ 13.32+ 1.16+ 9.45+ 5.33+
FM1 DIR
3.33a 2.80a 2.50ab 1.28bc 1.07b 0.21c 1.43ab 2.00ab
TIR 1.68+ 1.54+ 12.57+ 6.81+ 16.52+ 0.93+ 9.32+ 3.65+
0.71c 1.79a 1.68ab 1.94ab 1.48a 0.13c 2.10ab 1.16bc
CIR 1.70+ 1.26+ 11.68+ 4,52+ 6.07+ 1.31+ 6.53+ 3.32+
: 0.99¢ 0.12a 1.21ab 1.53bc 1.75d 0.55¢ 2.39b 1.15bc
4,70+ 2.06+ 17.63+ 7.46+ 10.56 + 6.31+ 11.35+ 7.75+
FM2 DIR _ _
1.26ab 0.57a 2.15a 1.63a 1.90¢ 0.96a 2.77a 2.77a
TIR 1.03+ 4,13+ 14.63+ 4,56+ 7.99+ 1.20+ 10.30+ 4.35+
0.70c 4.72a 3.06ab 1.23bc 0.30d 0.25¢ 1.44ab 1.14b
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S99 e g 1 hn Y R B LR 13 NO, T N
HAME S FM1 AL BEAH[E

AHA A AL R, DIR B 1 NH, " -N & &
T CIR 5 TIR #20, fii CIR #2015 TIR £+
HNH,"-N S ®ZHEZ5AEE;DIR 5 TIR £
XA NO, NTERHEES T CIR#HEX. 5
FMI1 AH F . e A 25 K LT FM2 b i - 1
NH, " -N & & 75 2 58 0] 2L 2000 R B 24000 1 A 42
# s HHENO,  -N & e LA Bl 4
25 XML

G et R R M TP AL i L R A R A
FEARVE L Je N, O HEJCE 5 2 0] A7 &P 43 B 45
ROEERSHRYW . MR AR REAA RS &
AT ONH, 7 -N & &M N, O HEBGE & 2 8] S
BEIEA G Z A H S NH, -N & &M N, O
50 e 2 [ S A S IR OG5 R LR R AL
N &&E5 NOHFGE EZ M R AR E ., FI,
FEH N, O HEiGHE & E 22 3/ AL B 5 &
AACBHRM I, BT £ NH, -N &2 A
SN T B R A AT B T 3 NHL, N
RS A N, O HE
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Table 5 Correlation analysis of related indices

for late rice and early rice

HEAfm HAAk

EER 1 e RSN AR
Indice kS B 0-N NH*.N
naices = 4 -
AOB PNR : !
A B _
0.54
PNR
WAH
&R 0.26 —0.07
NO;  -N
AR
57 487" —0.08
NH, +-N 0.5 0.48
N2 O HE fif i &
* 0.48**  0.447" —0.06 0.26

N> O emission flux

Wex BARBF (roos =0.284 5,n=46), » x KRHWF
Croor=0.368 3, n = 46),
(ro.05=0.284 5,7 =46);
(ro.01 =0.368 3,n=46).

Note: * shows significant
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Effects of ammonia-oxidizing bacteria and inorganic nitrogen
on N.O emission from paddy soil under different irrigation

modes and nitrogen treatments

LIU Jingwen'*?® LI Fusheng'*® DONG Yanfang'?®* WANG Kai'?**
FANG Zetao"*? HUANG Zhonghua' LUO Weigang®

1.College of Agriculture ,Guangxi University , Nanning 530005,China ;
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4.Nanning Irrigation Experimental Station , Nanning 530001, China

Abstract Two-season experiments with three irrigation modes including conventional irrigation
(CIR) ,“thin-shallow-wet-dry” irrigation (TIR) and alternate wetting and drying irrigation (DIR),and
two N treatments including 100% urea-N (FM1) and 50% urea-N +50% pig manure N (FM2) were
conducted. The changes of N, O emission flux,the number of ammonia-oxidizing bacteria, potential nitri-
fication rate and inorganic nitrogen content in paddy soil at different growth stages of early rice and late
rice were investigated under different irrigation modes and nitrogen (N) treatments to study the effects
of ammonia-oxidizing bacteria, potential nitrification rate and inorganic nitrogen content on soil N, O
emission.Results showed that the number of ammonia oxidizing bacteria in paddy soil was lower at the
stages of tillering and maturing of early rice and late rice, but higher at the stages of booting and milky.
Soil potential nitrification rate was higher at the stages of booting of late rice and the stages of booting
and milky of early rice,but lower at the stages of tillering and maturing of early rice and late rice.Under
the same N treatment, soil NH, "-N content in DIR mode was higher than that in the CIR and TIR
modes.Soil NO;  -N content in the DIR and TIR modes was significantly higher than that in CIR mode.
Soil N, O emission flux at the stages of booting and milky of early rice in the DIR and TIR modes was
significantly higher than that in CIR mode.N; O emission flux under FM2 treatment was higher than that
under FM1 treatment.The number of ammonia-oxidizing bacteria and potential nitrification rate was sig-
nificantly positively correlated with soil NH, "-N content.Soil N, O emission flux was significantly posi-
tively correlated with the number of ammonia-oxidizing bacteria and potential nitrification rate. Paddy
soil N, O emission was mainly affected by ammonia-oxidizing bacteria and potential nitrification rate.lt is
indicated that soil NH, "-N content directly affects the number of ammonia-oxidizing bacteria and poten-
tial nitrification rate,and affects the N, O emission indirectly.

Keywords ammonia-oxidizing bacteria; N, O emission; “thin-shallow-wet-dry” irrigation; alternate

wetting and drying irrigation
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