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ik (MBC) AW EW A (MBN) |, Jf@E L NIE . AR STAr 250 501 (VDA) %548
TPk, WA R I8 NP EESE M N R, a5 F 800 HFXINPRY SRR . 4521 R 0.
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A A it ] &UNE RE % 1 0 - HE R AL W . A
a5 CPURR SR, BEE G AR i, LR Ak
WA AERI NN, R0, Verchot%s ' YEEEH A E K
ISR R, BAEeER S ek . 2K . C/N
S LR AME PO N AEAE WA OC . Ak, A B
58 2 IR C/N YA HLZENE A9 it FH 25 02 i 138 HLA
(A AL Ve AN AL 25 T C/N PR B S T
i G N1 - ERLA 0 TE AL A A W R E
i H A B E R Y, A BRI L
HEA AR T AR A vE R

SR, BEARVE AR R R R G R iy —
ANEEANY, HomERAREZ B LA HAUA
Y R, BUASTE AR 6 4
AT SR A5 T R e B 25 S TR 1 B 22 5%
HET g R E AL, AR AT, AR B
MRFE A 9 7 7 it A T B T L B AR i A R AE O £
B, b DI AR RS R iy e R, B
FFNE IR IR S 225, JHEd |
RGEt2E 0k S S AR TES Z H A AHEE
BN RFR, R IX N [ AE I 4 58 - i A P it A AN
PRI Al 2k K A HEAR AR

1 MRSk

1.1 RIG R

IR s AL PR T, S R T 5 ARk R
KW et (113°41'25.5" E, 35°47'31.9" N)
A A WA, A RIR14.5°C, A REOKE
615.1 mm, 4E¥ZEKE1 450 mm, 4EH H B
2 324 ho igeHE O, R A BB B
.

IR T 19904, I It i #FZE (0~ 20
em) HIEFEEMRAAHLTE0.1 g-kg™', 4%00.65
g-kg™', &W0.64 g-kg', £H16.9 g-kg', TR
A76.6 mg-kg™', AW (Olsen-P) 7.7 mg-kg ™,
LRI 65 mg-kg™', pH 8.3, R B K — 4R
A, NE-F KRR,

1.2 Rt

IR E 6B, 35k ()X (ANt
B, CK) 5 ()M@# e (PK) ; (3)ifi A B
(NP) ; (AP HE I (NPK) 5 (5)A ML
S EmBEAE G ( 5SNPKGACEAEE, Hrph70%

BN A ALIERME, MNPK) 5 (6)1.5f5MNPK
(1.5MNPK) . /NEHFEANEHEANL6S
kg-hm™, K199 14 &AL FH & A 165 kg-hm™,
19924 J5 ik }187.5 kg-hm™; AIEWIRE, #IE
A BE R ES (PO 2% A4 ) , BIEN
A (K,0M60%IT5 ) , A o, #ILE I
AN : P,05: K,0=1:0.5:0.5, AHACK T,
1990—1998 4Fjifi H 52, 1999 4FFFf 4= FE ks
AR EER, AT 2R TR N12.0+4.5
gkg . AWERN6E£2.7 gkg'. B GRS
7.9 3.4 g-kg™, AHUIEHEARYE 44409 & A A
FREIEE, FERE /N BRI T — R, AT AL
NG A BB . BT AL & &F s . #E
/3 W RNEVER AR, 2/3 MRIEHE/NE IR E
) K T Kl T VB AT . T K R AR R 24 AT A A
ARBCTTAE 5 o3 BIAE /N B 0] . IR T AT £ K3 ~ 5
WA EATRR R B ARG AR S AN | RO
R, FERF IR B SERmE b, Fe IR B IR TE b A
X P AT HUE B IG TAE . 200941, /MK
U400 m®, JCEE ; 20094F 5 it EFAC AL BT
UMD, DX 43 m®, 3RELE, FEHLHES .
INEREFI R AEAE150 ~ 180 kg-hm ™, E KA4THHE
60 cm, #EH25 cm.,
1.3 TIEHARE

+ HERE SR T 20164F 10 H Hh ) (K Al A
W), R “S” JBBUREL A BIX 18 AN /NX HETTH
oMb, 340hEE ), &/NXKES P, RE
0~20 cmfk 2 A IR & HE A . R AR Y i
AR R R R i M S =, PR AR 5 it
2 mmfifi, —FBHAL4CIKFARAT, FT 3
YrE R e s —E T, TR A R L
PRI o A A AR T LR
14 MEMBSHE

+HEpHHpHIH I E, Kt HN2.5:1; +HE
A (TN) RHEMEILIRE,; ALk (SOC)
FHEBRA AL, AR (NO-N) A
( NH,-N ) RS 80 4t A 2 5 A %R H
0.5 mol-L™' NaHCO, 242, kil ; s r
FINH,OACIER, e ke ',

WA YRR . A (MBC. MBN) K4
{75 -K,SO 8Bk (FE) M 17, kit
YRR A R BOR0.38, YR R A A
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T HEE E &4 (Fixed ammonium, FA ) &
Silva-Bremnery: "l 5E . FREU gt 100 H 9T+,
IMA20 mLUIRMR AW, A EHVE2 ho KRG
JMA60 mLZEW /K, FFAEH Y L& BS min, &
JEVRHERRA . B KFHF L2EW, H0.5 mol- L™
KCUE R R VEA SO T, #5, #0010 min
(1100 rrmin™") . BOEF LEEK, HimA
0.5 mol'L™' KCHEA), &0, M EdBRELEIK,
ZJAMA20 mL 5 mol-L™AYHF A1 mol-L™' AYHCIVE
B, P24 hDIROH Py 18 BINH, , fea L
[REZERE R, brdEmiEE, WEA S &,

+ e b # ( Nitrification potential, NP)
W5 R H AR R AL 0 K b4 1S g
FIHEFIMAETT mmol-L™" (NH,) ,SO, MR EE 2%
Wi (NaCl 8.0 g-L™", KC10.2 g-L™", Na,HPO,
0.2 g-L7'; pH 7.4) , IFMA10mmol-L™'KCI10,
VA VR T IV A R R 0 Ak . B REE R T25C R
55524 hJG A5 mL%2 mol L™ KCIA K IZ 2
NO,-N, NO,-NUUIN- (1-ZE5) -2 e f, fF
S40nmiE KMz, FH WA B s ] B A AR
HEIMPAINO,-N 2 T il A .

1.5 HELESSH

Bl Gt 5 53 M % Excel 2010HISPSS 19.0
MAFUEAT, T BRI A2 4 R 38 DS S RN .
N [5) Ji AE A 3R 22 ] S I Duncan 7 5 4% 2% vk HE 4T 2%
SR EERKRE (P<0.05) ;5 &4 U404 A A2
S HTR FISPSS 19,0514 58 i 5 Ty 22 43 i o0 Mt
(VDA) KRHARIETTR “vegan” FEFHAbBE;
FT A B R F Origin 9,158 %

2 4 R

2.1 KEATEMAELIE T HIEMRAOBE

5 CKA L, A [A] it AE Ak BE 4 3 4 R 5 R
Jit AE AL BRI T 9.7% ~ 75.8% (#1) . Hrp,
1.SMNPKHIMNPKAb# & 7, NPKHINP bk
Z, PKAMHACKALHALIE NG . 6% . 1 AL
T & dt A6 N 7] ik 3R] 52 B BR B, AEMINPKAI
1.SNPKMAbHEfe i, 99.3~10.0 g-kg™', NPAI
NPKALFE K7.3 ~7.7 g-kg™', TECKHMIPKALFE Ky

6.6 ~6.7 g-kg™'. ISR T RIS W] T
E 2R, AR R E S I EMNPK
NPKFICK &b BT AR U8 98 . - A 20w & 5t E
1.5NPKM . PK., MNPKAZbFfI 5, H43.4~69.8
mg-kg ', NPKAMINPLHRKZ, H25.4~27.3
mg-kg™', CKAMFED SR AL, H2.6 mg-kg'c T
S8 R AR A S TR AL R 5 I R OBR R, S5 CKAb
FRAR L, AU & EAE1.SMNPK ., PK. MNPKHI
NPKAL PR R T 4.4% ~ 67.0%, MAENPALEET
AR T27.9%.

sk A Y EUE Y mm s R, Wt b
1.5SMNPKAZL AL 7 5 &5, MNPKAR A 45 I
JEJ7, NPKAINPALFE g b 454 FAE 77, PKANHEAL
AR, CKALFRNE Jj e, HIEA MR . 2AH
BRI EERR N E P, AR R K
AN [l S A BT 4 S LA AN 42 R AT A o 22
5 (P<0.05) , 2 BMWIEME, Bk, 4
UM E 35500 & B CKPKGE SO ARAE 7 4 38
(L) . NPHINPKHES 4 (M) . MNPKAI
1.SMNPK AEAE S+ (H) .
22 AERBAOSELENBEDEDEHRANE

M2 LA, W EMEYEY R, &
(MBC. MBN) 7EAR[ENE J BB E S 22 7 B 3%
(P<0.05) . BRNPLLHSL, ANFE T LHEMBC
FIMBN) 52 3 & A8 g 4 88> i J7 + > AILE
SRR . Hoh, MBCZEMNPK AR R
NPKALH FAY L. 145 . CKALFE FAY1.56%; MBNYE
MNPKALEE R ANPKACEE T AY1.26%5 . CKARFE T ()
2.64%

THEMAY ERA L (MBC/MBN) A DL
WL AE MR SR R, R E R BUR & T E
A W B 45 K R DL 52 ) - 3 AR ) A
ML 2, g MBC/MBN— R fES 247, B
HWIMBC/MBNTE6 LT, T W HIMBC/MBN
10447, F2FFNPK, MNPK ., 1.5MNPKA4bF
FIMBC/MBNZ i 4.6, 4.7, 4.6, Uil + 4%
AR TRELLAN I o £ . MBN/TNR{H 7E
—ERE LRIT RIERRE N EY AR,
BR3ATA, MARAE 18 AE Jr, H R I+
g, RUESEEE I T RAENEYH
B
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R1 TEERALE T A E AL IR
Table 1 Basic properties of the test soil relative to fertility
it A Ak R +AgEAE Sy 2%, Total N H ML Organic C AR NH,-N
Treatment Soil fertility /(g-kg™) /(g'kg™") pH /(mg-kg™")
CK L 0.62+0.0le 6.55 £ 0.44c 8.35+0.10ab 2.06 £0.30a
PK 0.68+0.01d 6.70 £ 0.25¢ 8.41+0.12a 2.00+0.11a
NP 0.77+0.01c 7.30 £ 0.20bc 8.18 +0.02cd 1.99 + 0.04a
NPK M 0.77+0.01c 7.70 + 0.83b 8.25+0.01bc 1.93£0.12a
MNPK 0.97+0.01b 9.29 £ 0.64a 8.08 £ 0.03d 2.21+£0.18a
1.5MNPK " 1.09 +0.00a 9.96 £0.12a 8.09+0.01d 1.97 £0.09a
it JIEE Ah 3 e A MA%A NOG-N [f %€ A4 %% Fixed ammonium £5 %M} Available P 45 %4 Available K
Treatment Soil fertility /(mg-kg™") /(mg-kg™) /(mg-kg™") /(mg-kg™")
CK L 7.13+0.18b 151.7 £ 0.49¢ 2.6 £0.05d 114.5£2.16e
PK 5.81+0.28¢ 160.0 = 0.68b 45.6 £ 1.73b 156.8 +1.25b
NP 12.93 £+ 0.06a 157.1 +1.23b 25.4+0.90c 82.5+2.16f
NPK M 7.30 + 0.04b 160.2 £ 0.78b 27.3+0.98c 119.5+£2.16d
MNPK 12.52+0.19a 172.6 £ 0.42a 43.4£0.94b 147.2 £2.62c¢
1.5MNPK " 12.87 +0.57a 172.0 +3.66a 69.8+4.71a 191.2 +2.49a

e 1)L, RIEJr; M, P H, &HEJ1. 2) RSB G 7 B A [ 36 A BE ) 22 53 2% (P< 0.05). T Note: 1) L:

Low fertility; M: Moderate fertility; H: High fertility. 2) Different letters in the same column mean significant difference between

treatmentsat 0.05 level. The same below

®2 TREEBHLENMEVEDER. &

Table 2 Microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) in the soil relative to fertility

LT it AL b 2R TR A WEM D EE
Soil fertility Treatment MBC /(mg-kg™) MBN /(mg-kg™) MBC/MBN MBN/TN /%
CK 213.8 £2.0f 30.0+ 1.6d 7.14 + 0.36ab 4.85+0.28d
- PK 2453 +9.2¢ 39.3+0.9¢c 6.68 +0.30b 5.39+0.15¢
NP 267.7+6.5d 36.2+0.7c 7.41+0.31a 4.70 £0.11d
M NPK 289.3 +3.3c 62.9+1.2b 4.60£0.14c 8.17+0.15a
MNPK 322.9+1.8b 78.0+£2.7a 4.74 £ 0.23c¢ 8.05+0.26a
" 1.5MNPK 346.7+4.1a 76.0+2.7a 4.56+0.11c 6.98 +0.22b

2.3 FRIBBAOHE T ENHELER

T EATE At ) e, W10~ Llmgkg h';
Hw B +5, H1.0 mg-kg'-h™'; KA
St ERAE, H0.3~0.4 mg-kg“h (F1) .
Hod, w R s £ b MNP K AL B Ak T B
FE T HAb A B, HCKA PR3 . 245, Hwk
1.SMNPKALHE, SHCKANFREY3.0F%; AR+
BT A S T T, AR ) R
2.4 5 ~ 2.9, AI UL, A AL T S K AN TR
Jiti A Ak B B 1 - AR B R 2 R A B 2 R
(P<0.05) .

24 TEBMUBBNETEZWEZR

X A SENPAIEAD R R A AR A O T (3%
3) "%, NPSTN, SOC, MBC, MBN. FAFI
NO;-NE B W EFIEM KR (P<0.01) 3 5
pHEM W MM LR ER (P<0.01) ; HNH,-N,
AP, AKERIREMILR,

RTINS ) - b, g AR B S
TR HZ R LR, DitiEpH (x) . 28 & &
(x,) . APVLBRE & (x3)  HERASTE (x,) |
BARAGE (x) . BER&ESE (x) o ME
WY ik (x;) MHBAEYEDRR () HH
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THEAR S Soil fertility

e A TFHREE R FERE B % 25 (P< 0.05) Note: Different letters above the bars mean

significant difference between treatmentsat 0.05 level

K1 ORIRIAE g S i il A v 3

Fig. 1

hr, DLRSERRE R (y) RRAR R TR W
HoHr, SEIRRITRER: y = -0.555 + 0.01 x, +

0.087 x,— 3.264 x,+ 0.009 x,, (P<0.05) . Mi%Z
HAEWH, MBC. NO;-N, TNAIMBNJ& + NP
() FEZE 5 R
2.5 TIEEWEBEBNEEMEEEZNESR

Jp it — R LRI R S H R ER R Z 0
MR, XF A 44 B AT T
PRARHT. MF4RT%1, MBC. NO;-N, TNAIMBN
ENPZ (] 19 G500 2500 B 3 IE AN . HiHPMBC

Soil nitrification potential (NP) in fluvo-aquic soil relative to soil fertility

NO;-NFIMBN 5 NP 8] HAZRON , HAESUY R AL
941,397, 0.855%10.539; ﬁ'ﬁTN'ﬁNPZIEﬂj@IIﬂ%

O (r=2.479) KT EHIZESN (r=-1.707)
26 TEBUEBRTIEZWERIETREMNR
Sy it —2 T A A T A 4 S B e R 3 X

HAR SR TR, X il A v S L R R
HAT T VDA T, mE2AT A, Bk A ) e ik
A (MBCHIMBN ) . NO;-NHITN & ) i £ 15
5 S B TR A 9 24.3% . 18.9%F113.7% ., DU

®3 HIRWUBESTREREBAMRZENEXRY

Table 3 Pearson correlation coefficients between soil nitrification potential and soil basic properties

pH TN SOC NH;-N NO;-N FA MBC MBN AP AK NP
pH 1 -0.815%*  -0.749**  -0.248  -0.842** -0.684** -0.814** -0.686** -0.471* -0.216 -0.831%**
TN 1 0.942%** 0.110 0.763** 0.913** 0.965** 0.888**  0.809**  0.632%*  0.772%%*
SOC 1 0.109 0.696** 0.874%* 0.919** 0.870**  0.722*¥*  0.609**  0.720%*
NH;-N 1 0.198 0.210 0.035 0.140 -0.021 0.037 0.082
NO;-N 1 0.586* 0.692** 0.500%* 0.426 0.075 0.789%**
FA 1 0.897** 0.896**  0.845%*  0.698**  0.665%*
MBC 1 0.927**  0.795%*  0.572* 0.842%**
MBN 1 0.693**  0.617**  0.746%*
AP 1 0.820%* 0.464
AK 1 0.067
NP 1

*,P<0.05; **, P<0.01
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R4 DIRWUBBIEZMERNBEESN

Table 4 Path analysis of the main affecting factors of soil nitrification potential

Total effects

Wi %7 2% LitzlPSE S

BN

Direct effects

A 285

Indirect effects

Response variable Driver factors

r r P r P
MBC 0.842 <0.001 1.397 0.01 -0.555 <0.001
NO;-N 0.789 <0.001 0.855 <0.001 -0.066 <0.001
N TN 0.772 <0.001 -1.707 <0.001 2.479 <0.001
MBN 0.746 <0.001 0.539 0.36 0.207 <0.001

T v, BEARARDCHE, I T R CHERE MR 23 B i 545 th AR MEAL AR DG E Note: 7 Path coefficients corresponds to the standardized

correlativity calculated based on the analysis using correlation matrices

A~ TR T 1Y 52 FAE R Ak P 38 S5 0 BT ik R 3k
52.8% , #57% tm N H A2 1A Al Ak i A AR S A
TR 1592.9% .,

AxB
NO;-N (A) -11.1% TN (B)
18.9% 13.7%
AxC AxBxC BxC
1.2% 52.8% -6.9%
MBC, MBN (C)
24.3%
Unexplained
7.1%

P2 e A 2 N R A VDA AT
Fig. 2 VDA analysis diagram of main affecting factors of soil
nitrification potential (NP)

3 i ®

3.1 FREEBABLEERSHLES

A B 5E 3% W TGI8 2 Bt R AT i 2 A HLTE HL
FE bt 4 R R R A R R Y, AR
KWIAWGEELHE T LA STRERELER
(P<0.05) , 1.5SMNPKHMIMNPKAHF 25, NPK
FINPAL YR 2, PKAICKANH T f /%, +IHE4%A
e H A0 — A EEAR AR, AR A i A Ak 3
HIFE4r S e A o T SRR SRR . AR A
RE (N) NEAWEZESRZ —, SHENKDY
B AL-LE WIS . NEIL BB S R 0

ARWFFELE R W, A AT F A T ) B EE 2 1A
AWEE (P<0.05) , E&EESHESPET+
HESIRNE Iy g pg R AL, U BH IE g s i Ak v 45
SR ARMFFT, LIRSS R R
VDA 7B 45 5 5 7R 44> JE R0 R X i Ak v 4 S 1
TR B N24.3% . 18.9%H113.7%, itz
YE FRH 6 A0 08 358 S5 () DTRR 383K 52.8% , 478 1 )
A B AR FXHE AT 34528 S5 1 B DT R %2 3592.9%
JF H A4 F 20K M B 2 0] A7 7 4 B 28 A OC OC &
(P<0.01) , XULH] AR 25 22
AR R Y A . A AU A A P R VR B 25
R MAMRFEY, HHEpHER L 42K+
BB A EEN R, SEE AR B IR
S LS R AR R O R T AL p HA R, HLK
AN TR it NE J5 W2 R 22 Sk, 7E—E YU I 1 pH
1) It A T AR AR AE T o T AR ST ) b
S, S ZEpHE SR/ (8.1 ~8.4) ,
PR pHAR RS AL AE IR BRI A 3= . 0+ 1, T4
R H N FELEEZHMARRZ —, HEEX -
Ems AT A AR R BRI I8 13.7% (KI2)
WAk, BT 4 R o, A AU A A0 S
Wil A RIS RN (64, r=2.479) KT HAER (r=
-1.707) , MR SMAEYED K. BEEYEY
HAFEMBEHCKR (P<0.01) , HXRLK
4391350.965, 0.888 (%£3) , YW LA IR EE
SR 3E 2o 5 e AR ) A R S A AT R . B
Ma, HEEFEmAEEMERTEA: (1)
JEE e m IS, AR SR, HeE R
0, REEE N R AR AR AR R
B2 AL (Ammonia oxidizing
bacteria, AOB) &5 HIELA & &2 W% 1EM
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F R, A% BT R & AR I BB NAOB
AN L R AT, A LA U 2 S A R
( Ammonia oxidizing archaea, AOA) =FE,
Q) Hh HIEA R i 2 g FRA P &
HEACE R 0 R ) 4R R A
ZW AR5 N, T S RS A L B
NH R BESG N, AL/ I35
32 AERABLMEYER. RS5HELES
TSR Yy A E IR S R IEAE, JF R
WS INFRPEER, S IR TR 43, Hoh +
SR W) A e o RN R Sl U v e O T BR Y
WAy, B HUEYEEM R EE SR L &
5% 245 S B 7R MBC ATM BN 78 A [R] il A Ab B 8] £7 75
WEZESR (P<0.05) , JFHILRI M S IE Sy + 5>
HIE ) SRS ) AR, XATRR R K
Wit A NS RGE T - DR 25 AR o IR0 45, Al
W HE R B DA T R R A R 2 DA P RIS RE S N
WRFREEN L M, #FmelE rAF T LEHEY
ARG, WRPR A Y R TE g R . 1t
4k, JacksonZE S LERML K, AHUIES
JIE FE A it AR KRR B 4R T A W i T
A HLBRIRAS B D 78 Y [R] I 4 & 1 A AL
FEor MR K RE T, B A L TCHLAE Be i i 1= S ik
YEY R A S BB, SRR, AP A
TAREMAY), X a] BE A HLICHLIE BCiE b 3
TR IERUE RN RN 22— SARIE ) A
e, K & A AR B v 0 - S il Ak v
PR, LEMAYAEYER . B SR
PEPFEMLELR (P<0.05) , HREFHIEER
o, & W1 26 ) A ) i 52 i) S A T A e LA
RO R, A AR Y Rk . BT R S
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Abstract

[ Objective ] soil nitrification potential (NP) and its main influencing factors in fluvo-

aquic soils were studied based on a long-term fluvo-aquic soil fertilization experiment in Zhengzhou,

Henan Province. [ Method ] Three tracts of farmlands of fluvo-aquic soil different in fertility level, i.e.

High (applied with chemical fertility plus organic manure); Moderate ( applied with balanced chemical

fertilizers); and Low (applied with no fertilizer or no N fertilizer), were selected for soil sampling for

analysis of total N (TN), ammonium nitrogen (NH, -N), nitrate nitrogen (NO; -N), microbial biomass C

(MBC) and microbial biomass N (MBN). And stepwise regression analysis, path analysis and variance
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decomposition analysis (VDA) were performed to define main influencing factors in fluvo-aquic soil
relative to soil fertility and quantify contribution of each factor to NP. [ Result ] Results show that NP in
the fluvo-aquic soils varied in the range of 0.3 ~ 1.1 mg-kg™' h™', and differed significantly between the soils.
It was 7.9% higher in the soil high in fertility than in the soil moderate in fertility, and 162.5% higher in the
soil moderate in fertility than in the soil low in fertility. Among all the soil fertility indices, MBC, NO;-N,
TN and MBN were found to be the main influencing factors of soil NP. MBC, NO;-N and MBN affected NP
directly, while TN did more indirectly. The contribution rate of microbial biomass (MBC and MBN), NO;-N
and TN to NP variation is worked out to be 24.3%, 18.9% and 13.7%, respectively. The contribution of four
main influencing factors’ interaction effects to the variation of soil nitrification potential has reached to
52.8%, while the total contribution of each variant and its interaction effects amounted to 92.9%. Therefore,
it can be concluded that nitrification is much stronger in soils of high fertility than in soils low and
moderate in fertility. [ Conclusion ] As result of strong nitrification, ammonium nitrogen is nitrified into
nitrate nitrogen, which is readily accumulated and/or leached. It is, therefore, essential to regulate soil water
and nutrient regimes to a proper level so as to reduce soil nitrification intensity and eventually achieve the
target of constructing a nitrogen nutrient pool and reducing nitrogen loss in fluvo-aquic soils.

Key words Soil fertility; Microbial biomass; Total N; Nitrification
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