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W OE: KA B AR A B A T, (K R A X R 4 B RS SRR AL 2
SAFZ IR AN . DAFESE 8 AR K EURE A B 1) 5 S HHER RS 4, PR ] 4 H K B (WHC)
(40%WHC. 60%WHC F1 80% WHC ) #E47% AT B R0, Sl v 2l m s o IR feiiie, wroK
FUR G XTIt 4 A IR R IR LR K 2 5 [ SR Z AL s e, T s A A R R A TR
(AOA) FIESEALANTE (AOB) XF H IR M oIk, 45K KM, KEME T, ARFALERE NH-N, NO,-N
F DL S 5 A SR AOA amoA Fl AOB amoA SE[H 4% MBI A W& 2% 5, KL MEEFR TS, NO-N &
R EHN, i NHS-N 5 EFEK, AOA amoA Fl AOB amoA (13 P 21 W 00 . Hn 28R, NOy-N,
NH, =N & B HEAGFFEE, AOA amoA Fl AOB amoA H& P8 42 B i F kb, /KGR A 3% i [ 35 A7 2 g Ak ok
A, JUARZMT (RDA) KW], NH/-N %, AOB amoA, NO;-N-C,H,. AOA amoA RJ735lfif e [ SR A5 TR ALk
HASSEI 68.9% . 34.9% . 32.8% 1 24.4% . Vit L HEAFAE HIRRHAL A RIRHALPIFIRAE, 60% ~ 80%WHC £ Jifi
RALFRBILL F FRmAL R 32, SR 65% ~ 86%; X 40%WHC T, A &EF%5r i 300 Al 525 kg + hm™ Zb

DISEFRmib o 3, 5 Sl b R 61% ~ 77%., AOB H1 AOA H[FEKS) | Fmsik, H AOB TiBkH K,
KEEE: Wit KA AFEANE; SRk, fE LRty

HAEAE R e fr 2 BB AN AE S R AR R
TR R SR BE S LR BRI
A Z B D, SREMEFEIME, B
SR RAE fli ML R R G 23 T HP b e,
{3 IR G F 2 3E [ F2 A S R P b
b, AR b R A R PR AL B,
AL RE A R Y AR T = AR T
(AOB) M E T AHE (AOA) Z55Em ), i
S RA VLSRR B R NH, =N 75 % 5= 1k
WAEMERI T o2 13 A SRR IR AL 5 AR
A FRXT BTRRER T S2 4% A BREE it s A1, 3B e
T EERE SR, JCHOE AR . R . TR
J DL R R s T,

CAMFIERM, HEiE 500 T 6e B &5t
Ak A 0 IR o R b 34 B Akt
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FERM, 50% LIPS K E (WEFPS) B, DIs
Femsib R, 1M 50% ~ 70%WEPS 5F, [ 3RSk
Wi TR A B G N, AT R T R A 90%
PAEEPY A T b R (0 PR A RS B 3R
AL i S PR 2 3 0 v TR 48, Hems b
AR R R R 3.4 ~ 1045 B
g2, - Btk ek A e RS+
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BAE AL BT 22% ~ 25%, ARPR LIS
H2y 37% 2, HRT, AKERA A SER I +ER
PRI IS BB P BRSO
T H SRS AN S IR A AL AR XS STRR A BF 72 T 2 b T

Mk FR AR 4 2 Fo b LR RE £ Y AR
it - 4 T TR R, K RS A it

B A FR AN IR A I 22 5 SO STBR O B o R =
H, HAisRa A FFIRAN .

A B H T 3% 2 8 A Y it /K AL H ] E
I, EHCRRIKAMAS TrRZ T (0 ~ 20
em ), #E—2CEEH] C I MK R, @ i
W K R OB (CHy) IR ), BFFEKR
B X Bt A F e AR A ] B R A
(AOA amoA ) FIZALATE (AOB amoA ) K5
DB s, SRR RD K ERS & it + 8 B
FEAHACFN S SRR AL AR BTk, IR B0 K A
AT AR FACRREAMLN , DU 5ot + 45 21
KR BRI

1 #REFE

L1 U5 L

RN L A R S N S 1 S A |
(41°49'N, 123°34'E ), HBARJAHT IR 0E K fili Pk 22X
SAEIX, AERER 7.0 ~ 8.1°C, JCFEHA 148 ~ 180 d,
H AR R 2445.7 b EHILAEET 2012 4F, Ryt
KRR T E) E A7, 2012—2019 4E4E4F 4—8 H
PATAH IR 0T S Tt 2 K e i,
SR T ZEA AR 55 B A TARIN . 2020 AU Hh 5 22
AFRHBE. MR SRS IR 2 I #E 3K
BEHLIXH BT, ik 9 AMBEE, 2351 WN, . WN,,
WiN;. WoNio WoNo o WoNGo WoN o WoN,o WoN, K
W, W, W, REREASHEK R BT 5I0h 25, 35 Fil45
kPa, /K BRI W HE/K 5 (WHC) B 6.3 kPa
(0349 cm’ * em™), N, Ny Ny X R 203750 FHHE
W 75, 300, 525 kg + hm ™ ( ARy A M Y
AR ), XA 25w, B 4K, 2012 4F
RIETFARAT 0 ~ 20 em HHEAHLT 109 ¢ - ke', 24
T ldg- ke, BUHATESTSmg - ke, AR
TriE 252 mg - ke, MUK 252 mg - ke, 13
pH 7.1, TIEEHRNEE,

AT EAL, 2012—2019 4E ARG — it 1]
AHLIE CORCR L3S 2 26400 kg - hm™, ALK
2170 g - kg, A 31.0 g+ kg ) il i WERRES

(220 kg - hm™ ) FIGRAREF (300 kg « hm™ ),
1.2 WFEH SRR

T 5 IR IR 1 R R 2020 ARk,
BAIRZ R0 ~ 20 em T2 TS MRS,
Fbrad . YRR 2 mm 5

FE BRI R S WE R R SR L, Bk
XA Ab AT AR, R A AL AR S 5.0 g Mt
FHFEARA BT 120 mL ML H T, X5 HE W
(25 kPa, @i7KAr5&4%) . W, (35 kPa, HKs-5:1F)
W, (45 kPa, fIRKAF4514 ) K534 38— 20 X
A3 S R o WHC B 80% . 60% F11 40%, TG T 7K
PR o B, R Parafilm B 15, B F 4R
4 ~ SAU/NL, HEFE A ME. 25C T HTE
Bigi—JE, e EAN Ky ST SRR+
e, FALBEEIASN (NH,) S0, WIE MRAIFE
50 pg - gf1 +, dE R BASTR] K ZUAL BE SEAR B R
REALRE ) o KA S B IR AR TR, AR
FER & IR B BT . A 30 M EA,
v 15 A3 520 A 9 U8 A Ak 1 3R C,H,
ImL, #6 CH, HEER 1%, 74, 15 MEEAR
I CH, fE AR, BISTE 25 CHEATIRER SR 7 d, 1%
TERE IR R EURAS
1.3 IR R AE R TCHLAI

TERFRRIGI 0, 1, 3. 5817 d BRRAHUE 3
ANTRINPDHIFAT 3 A% BT, 4B R AR I E 45
BB H R SR AR S & & &, A ERERER S
RIAE —80 °C 114 BB A il UK A8 PN DR AF 45 B B - S8 RE
PAgg T RE L PRI A2 o

PI7K 4 H 2 10 2 10.01 mol + L7'CaCl, 32 42 + 3
FEfh, AA3 H 3% (Seal Analytical, USA)
% NO, =N 1 NH,-N & &,

A3 TSI AN S 0 C,H, 1 A 3985 b ok
R, RHA (1) 758

nm:(NO;—NZ—(NO{—NLm (1)

t

Nyt 5 i L R (Nmg - kg - d™);
(NO,-N), JE455% ¢ K +4E NO, -N i (mg - kg' ),
(NO, =N ),, 514G 135 NO N & it (mg - k'),
t ARG FRRE (d). AN CH, & 15 [ F2 M 55
FERH AL R Z R, TN CH, Sy 58 S 3R A A
MR,
1.4 DNA $2EURE R GRSV (PCR) 4347

X FE 0, 3. 5817 d 5 0y 3ERE L EAT T fE
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FP 8. R Fast DNA® Spin Kit for Soil %7 £
( MP Bio ) $2HU+3 DNA, FREC 1.0 g T3, R
& UL PRV E SR IRE f DNA, & IhREREDN E
PCR i FEAESEIT 965 Gene 9600 5E PCR X581,

e PCR FTHIBI RO R0 15 pl, A5 7.5 pl
SYBR® Premix EX TaqTM ( Takara ) . £ 0.05 uL I
TSI, 7.2 pL KEAGEK (dd H,0) #1102 pL
DNA it E# PCR BI85 [ Hank 1 s,

x1 ERRRAEERNMY B9

JEH GIE/EAS SIS 275 ik
AOA amoA AmoA19F ATGGTCTGGCTWAGACG [26]
CrenamoA 16r48x GCCATCCABCKRTANGTCCA
AOB amoA amoA1F GGGGTTTCTACTGGTGGT [27]
amoA2R CCCCTCKGSAAAGCCTTCTTC
L5 HdEontr AN C,H, A BEAY B S R B R W R S, Bl

K1 SPSS 21.0 #EAT XU R FAILIX 4177 22 504
Z N RBEVLIXCLH 7 22 00 . H 52 00 5 5 22 0 Hir
Pearson AT, ThRUAL T (I m ) AR 710
YER /N, Duncan T2 H L. Canoco 5.0 i
FIUAHT (RDA ), Origin 2021 22K, 303524 H
CEIME = paifER ),

2 HBRESH

2.1 HIEEGS RS AN SAEL
M Ta, by e Al R, BEHEBSRIEE R, R

301 30

a —T—WN; -[l-WN-C,H,
—O-WiN;, -®- W Ny-CyH,
—~ 24k DWN; -A-WN;-CH, 24L

[ O W,N, -[-W,N-C,H,
O W,N, -®- W,N,-CoH,
/~W,N; -/A-W,N;-C,H, 24}

AEXT WHC 3, ARG, W, Kb 3T
FE MR 18 67.0%. WS IIN C,H, AbBE AR 5 R & AR
BN, FEARGREE . ZHRMPLIX A T 225007
KWL, BR O d BSINFIAESIN CH, W4 A8 & it 2
ANEESS, Koy, HEE . I CH, BKEAE T
W R WS A G, HREE R IR R A I,
N CoH, Pt i F R M B S A o &

HE 1d, e, AL, RESIN CH, AFERESA S
I FRI RIS AR S S, DL WON, 25

TR R, R R 50.8% . UNIN CH, 45 AbFE
0r . m-wN, --WyN,-CH,
-O-W3N, -(®-W;N,-C,H,
—/\~W;N; -/A- W3N;-C,H,
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BRI AS A S IR RN, Z R A
Z0HT R, B0 AT 1 d BRI CH, MM S A S
WA S5 A, A R R a K4y . i . 3
CoHy, BOK R A M B s A A A, Hasn
C.H, Pt i E RS A &
22 HIEAES LR

IKERRA X FR 7 d J5 et H 3R Efe . AR
fSfE RS IR AL s md (& 2a) R, BRitA
WX A IR R AN B AN, KAy AR
IR RS H e 2 5 R AL R L H IR AL
o VLS 2N E AT e S-S S IO N f AT te)- A TN
INRI R BAEALEE R KA > KA . > il A it
H IR LR, Ko > KELH,; FIEmMER.
IKEZEH. > A > K7 o KTER—B5N X F SR
b, BRI ER B R BE AR X WHC E A 4 35 T
mian, Bl W >W,>W,, H& /K2 a ki %
225 (P<0.01 )o 7K 3 B —Z0UN X 53 SR Ab 3 2R 11
5 ISR A, Wy B T W,
W, (P<0.01), HW, MW, 23R8, Mitax

WA IR G TR

PR AR AR

W: % ek )

10.0r N: o osex ek ns
= | WXN:  sx *k *k
T
© 802 ab
: be ¢ e
» 19, S

* * (]
téb i 2 .
Z | ¢
i’aﬁ ab a ab
- .
= 2.0+
& c

X IR AL RS L R W, Ak, BRI N, B3
TN AN, (P<0.05), HN, 5N, ZRARE,
IKEFBA S WN, kb3 4 35 Bl fb sl R R, ik
7.88 mg « kg - d7, A ER/NHEER WiN, 2B 2.41
o W N, Zb B H FRE L DR ik, e oAb Ak B
1 1.02 ~ 6.06 1%, W,N; A4b H 53 35 il 1k 1 R e b,
2 T A AL B

PE—25 K ERE AT F SR SRR AR
AR A (& 2b) AT, K4y, e M —
BRI B E R AR R b, HFRIAK
Iy > IKESSH. > iR . DAL 5 R ],
HIK B30 R IR BEAE T WHC FRAIS,  S3Rfiffk
A EERE, Wi R E ST W, MW, W, W, N
RALBHILL A SRS 32, J0F WN; A1 WoN, b2
H IRl 5 S A R Y 80% LA |, i A i PRk
N FIM G A RN, B W, Ah, SEIRAEE S
EROM, N AN AT, BEAHXT WHC FEIE, 5
FEbAk i FEB N, DL WoN, AE SISk G
K, 1 WN; B Ry, B FREARIN S Z A0 .

e e B e i e i

rlde| kqd cde
80H

40

TEALHEAE L (%)

78| |75 |86| |77| |83| |65 |71 [

20 39
23

0.0 1 1 1 1 1 1 1 )
WlNl W1N2 W1N3 WZNI W2N2 W2N3W3NI 3N2 W3N3
ySLt

0 1 1 1 1 1 1 1 1 )
WiN; WiN; WiN;WoN; WoN, WoN3W3N; WiN, W3Ng
YLl

O Bt 7] SefemfedR [ B iR

B2 XEMBATHESHEUERRHLERLSLL
TE: LA EAREVNG TR BT MRS A B A BN AR | S TR AR SR AR B 25 e N (P<0.05 ), o FORZE WL H

(P<0.01); ns FREFANTE

2.3+ AOA 1 AOB Ay amoA “FRESNASE 1k
IKEHMEE T AOA amoA F1 AOB amoA F:[K £
IshASARte (B 3) £, Ko, iism R —F%C
AN Y AR A R, K R AL FEAE RN
C,H, HiiJ&, AOA amoA FE N5 DA I B 5 F AOB
amoA ., [l A X} WHC 4, & C.H, J5, PIA~3E

PR =F B AR S BRI 3, H AOA amoA FREHE
A, FRILA K A B B — RN X C,H, BN AT
Ja A5 AR A 25 5

A3 BIXHANFIATR I C,H, ARl SR ) AOA
amoA Il AOB amoA 3 [K = & ¥ 17 8 &2 Il & Jy 22 4%
Br, 25K, EEgRETE. KA SR A
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5%, BFTRVRI AR B =34 28 B XA MRS IR i C,H,
f) AOA amoA FI AOB amoA H& PR 4= A 5 520,
TKA & HEXT ARG AN C,H, 1 AOA amoA F1 AOB amoA
LR =B BRI WsW >W5 AL W >Wo>Wos i

S CH, ¥ R MR WSWSW ., I N CH, 5 7,
Jifi & X AOA amoA 147 32 1A N>N,>N,; A& s N
C,H,, Jifi %= X7 AOB amoA FH A N>N >N, 1M
N CH, M=% AOB amoA MIZEH K N>N,>N, o

L IwN [ wN, B wN, EE WaN B WoN, RO WoN; WiN, WiN, 27 W3N;

8.0

7.0}

a
6.0¢ J(
a

5.0t

e
I3

4.0t

AOAFETE D% (10° copies - g™!)

701

6.0

|

5.0t
4.0t a

3.0} well| ©

AOBZEA#5 V%L (105 copies - g™!)

B Fe KA (d)

24 THIEERAHERE A AMMAEY . TR S =
FESPSES

TR ERAS T 0 E RN R S A
EERIRINSC R, XHsiE 3SR (Tor) |
H IR AR (Anr) . SFFRASALE0R (Hor) 4
AL AN T B2 LR (AOB) . 2 A Ak T 8 3L [ P2
DAL (AOA) . BESA . M EIEAT Pearson HH M
AT, WE 4 PR, 45K, Tor 5 AOB £ i 3
FAHKER R (P<0.05), Anr5 AOA. AOB 73l 5 i
# (P<0.05) FIt i E EAXEER (P<001), H Tor
U5 Anr SR FIEASCCR (P<001), BHERS
AOB. AOA YR B FE IR (P<001); HAS
AAVE AOA B E AR (P<0.01), N

8.0

b

7.0+

6.0t

5.0+t

40!

3.0t

20t

0.0
8.0

7.0 +

6.0t

Bige KA (d)
B3 KEHEET amoA-AOA Fl amoA-AOB EE# NS TL
VE: a [EIF e AN CH, ARFE, b EURN d BTN CH, A8, REHmbiiR (n=3), REV/NEFRF0R AR AR RS P<0.05 KT 1

HUR, ESAMEASAYS Hor B2 B E IEHDECR
(P<001); T1fif AOA Fi1 AOB 5 Hnr B0 EMK KR,
& 5 & Anr Al Hor 5 AOA ., AOB } + 3 TG HL A
MICAR AT (RDA), 55— 4 Mg B 3 5 oh
82.05% M1 11.05%, BRI & fift e % 3K 93.10%, DL —
Wb 3T, RIS RV], 55— (F=823,
P=0002" ) FIFFA I EFD (F=304, P=0002") 225
it . SERF ISR HET SR, NH,-N. AOB,
NO,=N-C,H, Fl AOA X FI F2 L7 T s R 1y 5 e
FEMRUREBIR, 435 3 Anr A1 Hine 25 551 68.9% .
349%. 32.8% M1 244%, %5 Pearson AHI/3HT 4 4L
A&, KEHES T, Anr 5 AOB Fl AOA HJ54 4% %
EAIESEZR (F=134, P<001; F=8.1, P<001),

S

(. T
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1.000

0.443 | 0.602 | 0.148 | 0.803 |-0.242/ -0.619| —0.54 |-0.309|-0.118

0.800

3 0.621| 0.667 | —0.093| 0.882 | =0.460| —0.697| —0.437 |—0.440  —0.051
2

0.600

-0.728 —0.703] 0.331

0.400
—-0.252| 0.439

0479 | -0315 0200

—0.493| 0.024 0.000

0.613 |-0.262 —0.200

0.424 | 0.009 0400

—0.150| 0.654 ~0.600

AOB | —0.005

—0.800

s | AOB
nS o TCH,

=1.000

4 KXEFETEF. BFEHEERS NH,'-N, NO, -N,
AOA # AOB IR 4T

s Toe S EASAEER, Ane b FFRATIEE0R, Hor 8 53705 L,

AOB 2 EAL A FE N % LK, AOA S A AL B FE % DL %, 4%

PR CH, SRR CoH, AR B, AN ns FRAHEAR B3

* FORBEMAE (P<0.05) 5 # Forti B EHIN (P<0.01), T,

<F

B NOS-N' ®wN,
o NO; -N-C,H,” OW N,
Hnr N OWN;
HW.N,
° o NH,*-N-C,H, | [JW:N,
~ A - I WaN;
©
) Anr i AWN,
- ® OO AW;N,
= NH-N" :
= 4 A W;N;
< ”
3 AOB AOB-CH, ©
o~ A
AOA” @ "m m
A
A
AOA-C,H, &
A
=
"“1.0 1.0

RDAT1 (82.05% )

5 WHLIEZRE5 NH,'-N, NO, -N. AOA 1 AOB HITT&
Faxin

3 i
3.0 K EHRA X Bt T A3 [ FRAN AL TN R A
aisya

AWFFE R, 1E 25 CHF iR E b, K
RRNA I A ARSI CoH, A B 285 20 7 d 4G i £
BAGEBEIN, BCH, IS SA SRR E
NI CoH, ARER, T A A IR A G I CH,

MAbEE (B 1), X—5550EY, AFMRFRMHL
W AETE, %4515 Liu %2 B0FoR 45 50— 5
X5 1% C,H, Al{fi AOA F1 AOB HH & E AL
ARl (AMO) K%, seamdl A F=astk, iR
il 1 T 7 A 1 2 IR R 32 o, TR A 6
60% ~ 80%WHC 45 it AL BAER I s, +
HEMARA T EREARRRE (B 1d, o), £HA
TSRS R AR B R, AT i+
BB,

AW 5E 71, AOA amoA Fll AOB amoA 3t £
JETE W, W, Ko 550 & it /U b B3 B 3 KT
W, (K 3); [REF, FEWHC @28 s hn, sasfk
HOR A SRR (E2), B W sSW>Ws5,
H W, W, W, H 25082, WN; B ARk
R, 53628 mg - kg - d”, X5CAHMDF
FEARRA B, RS KRR SR
i S HGE A PE R G R 7, TR s R )
TR E SRR A AR YL 2 K
SESE PR s S B R Y B R, RHERS T
VERI R G BR 12 80%WHC + /K 43 3 | +- 1
4 AOA 1 AOB AR KA R AR N E I BT, n
PAE AR Y A A RTEAE, (RS VER &4

AW T IR HEARTE W, KR N R,
HEESTW MW, (E2), X501 AMIEER
HAR—F 2L W, N 40%WHC, KA S AR T
f LTS R AR A O U Y R AR A
NS5 IR0 Y B R L R AL 20 o o
Mt 32 T4 I EREE 0, AT AT SRR, ISR
THAL R A LS K R AACCR, Bk S
FHTFIRMACMBE AR T W, Wy K41
T, FFRm I AR i A A A, e
N, BF RS K (B 2), XATReS & A L8500 555
Al Al A W BRI B 2 AT R R R A K. Caid 451
IR R, SRS T A SR E LA R
AR B A TAS AL, SXHE— DR T W, K53
1) S SRR A R R S
3.2 JKEHEET AOA F1 AOB Xt [ R bAEHIfY Tirik

A BF 52, BN GH, 4L 3 ) AOB amoA FI
AOA amoA JE [F 5 LKL/ A F R (®3), #*
] AOA F1 AOB 3L [/ 2 5 A @i ™), e 3R 4
PR, R CH, (1% ) 5EaMl & Sty
(AOA. AOB) M ASLEETE, Pl A =R
— O i, AOA amoA FRAREE R 3, XTI RE

S

(T
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J2: AOA il AOB 1 F8 e A AL S i k1 2 5 7
TEAR RIS S AU . CoH, X H FRAS 1R
MHIVER 22 - 58RE . BRIE . KO EZAE A
s 0, ARRRSE R, R TR K Ak BB i Y FR
SRy 22 AT e 0132 AOA FIl AOB X [ F5 A4 1LY
FEXT BTk 25 S0 BN T

AT R F it R E AR, B TR
WS AP, IR I (555
6] + 3 pH A+ T 5.41 ~ 642, CRARFIH ), AOA
amoA K&K ¥5 DUEH] i /55 T AOB amoA (& 3), iX
SN AOA TR R 14 - 498 vh LA Al s 1) A ) b2
Keast AL 2R AR, H S 25 F1 1 2928 AOB 1 200
L HREENE pH BRI E SR, X5k
2 6 4F B A A A S O BF T 45 5 — 30, i
A, AWFFEAEK DT, AOA ¥ DUEE N, 7K
SEHHE/NT N, N, AOB FER 5 DLEUNAE N, /K
B (K3, X S5 i 2% R A — 5 1,
H 5@ ii% & T AOB 1 AOA ¥ amoA K& 4 i i
ERRARAOBT ST SE B —5 2, AR T, AOA Fl
AOB 5 EN A BN W HADC (K 4), XAhE
J& AOA 1 AOB {38 5%, i T & S8tk fE, il
ARG AR RS
AOA JETERIR A AR i A 34, (EXF 3R )
A SRS IE AR R BB 0 A I B 2
A3, BB AN S A AT RIS, A%
FEBE(LAS AOA Fil AOB 7E4F 0 AR A MV E A AE 22
St AOB TE R R B I & A Lk A o
HIER, X588 KRS R —2 I8, 43]@ Pearson
FIERTCA I E, AOB 5 [ 3 bR A
T AR SCE (& 4 i 5 ), JEsem [ IR AL
R FER T, HorskE R, X535 11 AOB
FER B 5 A SRS s R A AR b 3 TE AR G A 4
— 3P, HABBFFIESS, AOB amoA FOFEH 2 f
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Interactive effects of water and nitrogen on autotrophic and heterotrophic nitrification in greenhouse soil

CAO Wan-de, CUI Jia-hua, LI Na, HE Xue-lian, ZHANG Yu-ling, ZOU Hong-tao, ZHANG Yu-long, YU Na'[ College
of Land and Environment, Shenyang Agricultural University, National Engineer Research Center for Efficient Utilization of
Soil and Fertilizer Resources, Key Laboratory of Arable Land Conservation ( Northeast China ) , Ministry of Agriculture and
Rural Affairs, Shenyang Liaoning 110866 |

Abstract: Water and nitrogen measures affect nitrogen conversion and nitrifying microbial activity in greenhouse soil, but
the difference between autotrophic and heterotrophic nitrification under the interactive effects of water and nitrogen remains
unclear. From an eight-year long term field experiment of irrigation and nitrogen in greenhouse, the greenhouse soils were
used as the experimental soil, and an indoor microcosm experiment was conducted to control soil water holding capacity
(WHC) (40% WHC, 60% WHC and 80% WHC ) and add acetylene inhibits heterotrophic nitrification. The interactive
effects of water and nitrogen on soil autotrophic and heterotrophic nitrification rates and ammonia oxidizing microorganisms
were explored, and the contribution of ammonia oxidizing microorganisms ammonia-oxidizing archaea ( AOA ) and
ammonia-oxidizing bacteria ( AOB ) to nitrification was also investigated. The results showed that NH,*-N and NO,-N
contents, copy number of AOA amoA and AOB amoA genes had significant difference in different nitrification pathways
under the interactive effects of water and nitrogen. After 7 days incubation without acetylene, NO;-N content was increased
significantly, while NH,™-N content was decreased significantly. The gene abundance of AOA amoA and AOB amoA were
increased significantly. After adding acetylene, NO;-N and NH,’-N content remained constant, the gene abundance of
AOA amoA and AOB amoA decreased significantly. The interactive effects of water and nitrogen had a significant effect
on the autotrophic and heterotrophic nitrification rates. Redundancy analysis indicated that NH,™-N content, AOB amoA,
NO;™-N-C,H,, and AOA amoA could explain 68.9%, 34.9%, 32.8% and 24.4% of the variation in autotrophic and
heterotrophic nitrification rate, respectively. There are two nitrification pathways of autotrophic and heterotrophic nitrification
in the greenhouse soils. All nitrogen treatments were dominated by autotrophic nitrification under 60%-80% WHC,
accounting for 65%-86% of total nitrification rate. Heterotrophic nitrification was the main nitrification pathway only under
300 and 525 kg * hm™ treatments of 40%WHC, accounting for 61%-77% of total nitrification rate. Both AOA amoA and
AOB amoA can drive the autotrophic nitrification, and AOB amoA has more contribution.

Key words: greenhouse soil; interactive effect of water and nitrogen; autotrophic nitrification; heterotrophic nitrification;

ammonia-oxidizing microorganisms
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