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Response of Nitrification/Denitrification and Their Associated Microbes to Soil

Moisture Change in Paddy Soil
LIU Ruo-xuan'?, HE Ji-zheng', ZHANG Li-mei'

(1. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: To investigate the effect of moisture change on nitrification and denitrification and their corresponding functional microbes,
an acidic paddy soil from Taoyuan, Hunan Province was selected as the study object, and soil microcosm experiment containing 4
different water holding capacity (WHC) levels (30% WHC, 60% WHC, 90% WHC, and waterlog) was set up in this study. Results
showed that no active nitrification and denitrification occurred in 30% WHC treatment as there were no obvious ammonia consumption
and nitrate accumulation, while nitrification was active in 60% WHC and 90% WHC treatments as indicated by the obvious
accumulation of nitrate in those two treatments. Meanwhile, significant ammonia consumption and N, O emission were only observed in
90% WHC treatment, implying that a much stronger nitrification in 90% WHC treatment than in 60% WHC treatment and the co-
occurrence of nitrification and denitrification in 90% WHC treatment. In waterlog treatment, relatively lower N,O emission was
detected and no obvious nitrification was detected, corresponding to a significant lower soil Eh in this treatment than in the other three
non-waterlog treatments. Except the early stage of incubation (7 d), the abundance of nirS, nirK and ammonia-oxidizing bacteria
(AOB) amoA genes showed similar responses to soil moisture change over time. Except the slight decrease in waterlog treatment, the
abundances of the three genes increased significantly as the soil moisture increased, and the highest abundances of nirS, nirK, and
amoA gene were observed in 90% WHC treatment in which the highest nitrification and denitrification activity was detected. T-RFLP
analysis showed that the community composition of nirS gene-containing denitrifiers changed significantly in response to soil moisture
change after two weeks, and soil Eh and C were the main factors affecting the community composition of denitrifiers.
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F I P SR E T 3 2.0 mm AT R E .
7 A58 Eh I ST w8 5 S 5 R ] 250 mL
PERS) TORSEAT , SCO B 4 AR /B B . B[R]
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I, HEFR AR I ok B AN InK o R R B 5R
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+ 3% Eh {E 2 % 1 PRN-41 {H#E 1% Eh i
(DKK,TOA , Tokyo, Japan ) #£47, 1% Eh 111 %
RIS AR LA, R R v P AR — B4 T
b PR 2 L RS SRR Pr AU A 120
TREEZ)R 2 em , FFEUEARE 1 min ANZHEFHEFT 5L,
BRI Bl S TEAR R A 3 2 L 3 ~
4 DN ERUBOLF AR Eh BREL

FIHENH, -N, NO; -NEF =AM ELL 1 mol-L™
KCl AW (/K H 1:5) 76 200 rmin = FIRGR 1
h, B, 108, HIE S 8 93BT {0 (SAN + + , Skalar,
Holland ) 5.

1.3 N,Ofl CO, By E

N,OF1 CO, M & 73 HI LA A ECD H i KA
WL FID Z0CIAASI 28 0 SA 3 {1 ( Agilent GC
7890A) #£47.

1.4 13 DNA $2H
+ 4 2 DNA 42 BUR i PowerSoil™ Total DNA
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(Qbiogene Inc. ,USA) 47 4 M il it Ab 3, 3 JEE 5. 0
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HEAT EL VIR
1.5 & PCR 4T
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TSR ER VR S i I TR nirK . narS ., 28 A AL AN B ( AOB)
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pL. Real-time PCR W 7E Bio-rad iQ5 #lay Liz1T.
o nirK | nirS 3£ % H touchdown F2 %, nirk )
PHAF N 95°C 2 min; 95°C 30 s, 63°C 30 s
( =1°C /eyele) ,72°C 30 s(5 MEH); 95C 30 s,
58°C 30 5,72°C 30 s (30 MEH). nirS B HEREFF
J7: 95°C 2 min; 94°C 30 s,58%C 60 s ( — 1°C/
eycle) ,72°C 30 s(5 MEHR) ; 94°C 30 s, 53°C 60 s,
72°C 30 s(30 MEH ). AOB Fl AOA amoA 1B k
IR S5°C, 98 3SR 35 AT 40 Mg, LU
b4 AN ITE 83°C WUAE I N TGRS, KU o
Mok H iCycler 44
1.6 T-RFLP Jiik

FAE AT A 0 () B T8 25 F4 ZHB LL T-RFLP J7 7k
AT, nirS ZE B PCR 973859 5 & PCR T 15|
Y1 (cd3aF/R3cd) MR, Bi5 19 5" o LLDEGC YL kL 6-
carboxyfluorescein (6-FAM) #Ric. 50 wL A WA £
FA145 2 x Premix Ex Tag™ (TaKaRa, Japan)25 ulL,
I E R 10 pmol - L") £ 1 L LA K 10 f555 R
AR DNA 4 wL. ¥ 3R H touchdown F2JF, 1
%K. 95°C 5 min; 95°C 45 5,63%C 30 s( —1°C/
eycle) ,72°C 30 s(5 MEH) ; 95C 45 s, 58°C 30 s,

72°C 45 s(30 MEH) ; 72°C 6 min. BARICH PCR
741 {# | Wizard SV Gel and PCR Clean-Up System
(Promega, USA) i ¥l & it A4l b, BLAR A PR i BB 15
B4 EAT. alifbiy PCR 79 LLBR 4 N VT Msp |
(Takara , Japan ) #E47TEEY]. 20 wL A9 BV s W 1A 2
A5 44 5 B9 PCR 729 6 pL, R N U il
(Msp 1)1 pL,10 x T Buffer 1 0. 1% BSA %5 2 uL,
HALITCHEKAMNE . 78 37°C M PR 3 h, SR IE4E
DA b5 7 W 3k 22 0 s W) AT A L kORI
J¥. T-RFLP & 3% 53 #7 fd ] GeneMapper ( Applied
Biosystems ) ¥4 E17 53 M , AR 4i8 A HEAE i ROX-500
ARG T 510 R, 326 B B2 /N T 500 bp 1Y B Bo it AT 43
Br. R EBRKEZZ/NT 1 bp W BTG, 3t
A ARG 0 18 0 3 o T A ARG 0 e A A 3 )
AL, P 43 LN T 0. 5% R I e A Sy e
[EETIES
L7 Hdlasbpt

S R B 43 BT AE Origing Hr 58 1, e it
SrHTAE SPSS 16. 0 Bk AT, Horb, 2257 W & VEAG
R FH B0 3R 7 22 43 M7 (S-N-K K56, P < 0.05) , A
Ktk M1 H 4k M OC 2 B ( Bivariate 3 #2 ), >R
Spearman fH ¢ R EITH ., AR W MR IR, X T-
RFLP 1 45 S % A # & XF 5 43 1 ( canonical
correspondence analysis, CCA ) 2B 5% #F i [0 B 7% 20
Y 25 S B S R R R AR, 7E CANOCO 4.5
A SE .

2 HRE5H

2.1 A[RDKITEREE S 135 Eh 19721k
WAL , + 3 Eh G RGN BE3R i R
FgE K AL P+ 3 Eh 75 107 ~ 245 mV Z ], i E 1K
THEW KA TR (444 ~ 640 mV). &EFEH (R 30%
WHC 4b 3 + 3 Eh (521 ~560 mV ) B 5 77 0 [a] 1E K
TR F AN, AT AL PR+ 3 Bh 765555 5 1 B 3%
Hom(#£1). 60% WHC 4P 13 Eh BR7E 60 d B}
(#9621 mV) 3 5 T30% WHC ( 29555 mV ) &b F

®1 EFILEPLE EDHELD /mV

Table 1 ~ Dynamics of soil Eh during microcosm incubation/mV

ek 7d 30d 60 d

30% WHC 520.8 =12. 15a 550.2 +7.54a* 560.1 +3.91b’ 555 +8.76b"

60% WHC 556 +6. 45a 558.8 +4.68a* 573.9 +5. 10b’ 621.1 +£7.26a"

90% WHC 443.8 +1.88b 496.6 £10.21b* 619.4 +1.87a’ 639.8 +2. 82a"

waterlog 112.7 +2. 46¢ 107.1+7.03¢* 131.1 £5.95¢ 245.2 £44. 48¢"

1) R S P = BRAER (n =4) 5 5 PA0 IG5 AN ORI ] BJER T ANOVA J0H7 3R me = 7

PE2 S LU R FRERIR (“a” iR AE, P <0.05)

GRS R E X T — S RO
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B 35 %

A, HAitA] A 3 Eh 5 309% WHC G 51X 5.
90% WHC 4bPE A3 Eh 7ER IR RTHI (7 d B) #A4IK
(444 mV) |, Z 5 B HIHEIN A2 640 mV. /KA FE+
HE Eh AEH5 35T 30 d T B AR (107 ~ 131 mV)
FFEZE 60 d IFIGINZE 245 mV. MK Eh 5+
oK EERFERMIEICR (r=-0.506,P <0.05,
%2).
2.2 A[FKSEREET 158 NH, -N| NO; -Nfy48 fk,
I N,0, CO, B

KRG £ B NH, -NFINO, -NA R AE 53 51 4

56.96 mg-kg 'l 1.76 mg-kg_l. B BT aE 7 d
Mt A 10 mg-kg™' NH, -N, £ 3% 1 2
NH, -NHINO; -Nf & & Ak an i 1, 2 fron. BR
90% WHCALFE 341 H AR 4 40 B+ S P NH, -NY
IR ) RS, Hrp,30% WHC 4b 3
TSR W B R 7 ~ 60 d BENH, -N A
51.07 mg-kg™" B & 3 & 149.3 mg-kg™', 1M
NO; -NUAT B i B, 78 0 ~45. 87 mg-kg ™' Z [0
5. 60% WHC 4b¥ +3ENH, -N7E 7 ~60 d [R5 Fid
FEHA 61.26 mg-kg ™' B RIEME 121. 7 mg-kg ™',

*®2 TEBUERREEFESHEXSHY

Table 2 Correlations among soil physiochemical properties and gene abundances

Eh NH," -N NO; -N C, N,O nirS nirK AOA amoA
NH," -N -0.003
NO; -N 0. 829 -0.252
C, -0. 506 -0.226 -0.180
N,0 -0.262 -0.374 -0.037 0. 600
nirS 0. 038 0. 038 0.112 0.238 0.179
nirk 0. 026 -0.232 0.337 0.491 0.474 0. 826
AOAamoA 0.115 0.321 0. 007 -0.194 0.079 -0.559 -0.39%4
AOBamoA 0. 206 -0.126 0.394 0.388 0.438 0. 624 0.729 -0.215
1) MR 7R AR G 35 il 3
160

200

—&— 30% WHC
== 60% WHC
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b=a)
=

[%]
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|

EAMA R/mg kg
T

£
o
T

HURER fa/d

1 TENH; -NiRE

Fig. 1 Concentration of soil NH," -N

fH A HENO, -N & &= 7E 85 F5 /i 30 d (67.52 ~70.57
mg-kg ) BERETHEALE (BT 30 d i
90% WHC Zb¥LTC i 2% 22 541 ), HAE 30 d [ &2
92.72 mg-kg™'. 90% WHC kb3 1 ENH, -NHk FE7E
857 d FNEE 1S d BSR4 5o 52,85 mg-kg ! Al
49.22 mg-kg ™' AR FE R 30 d 5 B EREMIKE
13. 13 mg-kg ' PAF; NO; -N¥& B WA 2 , 76 K5 78400
W% (3. 89 ~19. 16 mg-kg ') MATEREFE 30 d J&,
BFEMEE 133.4 mg-kg ' XL R K 60%

—8— 30% WHC
140 = _~ 60% WHC

120 | —A—90% WHC
__?‘,, —— waterlog
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