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AP R (SC) ., TEHLS R + A LS A (SCA ). R4 2019 48 F RUCRIG ROBF)Z L5, I5E T3 fl 2k
Bt RAGFRINAEREDD S . MUAMER VRS, JF N 50 Amik M 2 F5 50k T3 L IREE A AL 9840 (TFT), 45
REW (1) SR FIREAS 0% $E TH IS A B (nifH ) . ZEACATEHE R (AOB-amoA ) . AL (nirS
Ml nosZ) H4EXFFRE (P<0.05), HEI SCASSC>SA, A HLAK 2 5 Wi 1= 37 ZU0% BRIy AR AL X F B2 i G Y 77
(2) AR RAG, Z5WHEAR 8- AR B - 47248 —HH R . A5 B -1.4-N- ZBEE AL
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SRR AILAE (LAP) | B -1,4-N- Z it & 3
APWEHEE (NAG) FIBRPEREIREE (AKP) 11k
MR, W3 BERMAN L NAGHE", £
KA FF S LA B A A 1 e 2 BEAR TS £ 1) AKP 37
PE RN IR B AR OGS S S
P 2 e R S TR R HIL A B 1 B T 5

A P e P S R AE 3B AR b 1 RS e,
IR EA BGE IR A
i, (H HATAEs 280 A LS R R b 1 8
PIRFIERICR , mICHLA ML R R BEX) + 852501
IRAH A D de pn A8 ik = 78 0 R . LI,
ARSI EUETRE T A RD B R XT 4, TEit
FHAR S8 52 2 520 A U A AL R R )L M
T I B BT, i A IE D
RERE . T EMAMEEE AR IE , JF7E T T2 X
FOCAERE ST, R ikt B g a8 e
JiFe%C (IR, F5MEE TR R IR ( L
TSRS e br ) ST IR, R RFIXHR L
b o - RS AN E R s, AR AR ek R A
(T 2% 45 7 FH B LR AR B

1 #REFZE

1.1 a1 R

A B R AR AR L 52 5, B a
LR REFPRIEA SRS, AMEYR (b
KPR, TEEFLATR . AR RAT R ), @it
e W A SR R TR L (pH 7755 A WL 7374 ¢ - kg™
SR LB AN 147, 2105, 2288 g kg );
JobLe R v M #E £ (pH 8.40; LR TAIAR
369m’ « gy BHEFASHit 21.96 mol - 100 g™ ),
1.2 g AL

S HE A TR0 A R T T R (39°36" N,
116°36' E ), & il oy K Bli P 2= KA, 4F 3R
119°C, 4ERRKE 550 mm, FEKSEF7E6—8 A, +
g+, FERAE T FEbR R HIEEAHLT (SOM)
1290 - kg', 2% (TN) 081 ¢+ ke', F%HE (AP)
1755g + kg, R (AK) 15332g - kg', pH 8.83.
1.3 Rt

RIS T 2015 4F 10 H—2019 4F 10 H FFRE, /)
& CHEMF43) - ok (AP o58) e /E. XKk
44 H: 1) 251 (CK), 2) EHLE B 7 2.25
t-hm? (SA), 3) AHLEKEF 15t -hm™ (SC),
4) HHPLREF 15t - hm ™+ AR EF] 2.25t - hm™

(SCA), A3 WES, HHEHLXAHES], /)
X FUA 30 m®, AN[EZNXE2ZERGTT . fLe T i
24t ) AL HE, AE ARSI ET LA N 150 kg« hm ™,
P,05 120 kg * hm™ 1 K,0 67.5 kg * hm ™ $t AL AE,
JE IAFRHEIL, MR AIBERIE A, 2B
TRAT . HoAh K A BRAE G 5 2 b~ 15— 2
L4 FEFCREE . M H &Ik

2019 4F 10 H F KRR G A S 7 s SRR TR IR
EHE L, IRAES 30y — AT e
2 s — 10y 4CORAF, MERESA . SR
B 55— 10 BT -80°CUKkAf, FITHRELDNA,
IR FRR AR T T

I 8 3 PR SR T 96 LA B AR 2 O kL
FE. PRHL1.00 g 87 fF A, AR BE R 50
mmol « L™ i 2 40 2% th i ¥ 100 mL. W77 pH $23L
8, A1 min, WEHL 200 WL B PR X R
fLo FFMA 200 wL ZZ #hi . 50 pL bR #EWR (LAP
KH 7- B3 -4- WIET R, HALA 4- WL
FHEE) MSOpL XN EY (£ 1), 7E25CHR
MG TR 4 h, FH Synergy H/M BEFRSCI 5 2¢
B (IE6 365 nm. A HHE 450 nm ),

1 MSNERE. BEREY

i 45 JEH)
B - WIHMHTTAE  BC 4— WHEATIRR - B -D- FATHE 1
B - Z14E “WEFEE CBH  £F4E WY
B-14-N ZELE NAG 4— F LRI -N- 2.k - B -D- &
B AT G S ARET

SLHEPRAIEAKEE AP L- 5258 -7- 20k —4- WA T E

T M R il AKP 4 FH A0 R R AR

+ HEDNA 2 B FRELOS g fif +, ] FastDNA®
Spin Kit 4 B & DNA, FH % % & & PCR ( 1§ H
LineGene9600plus % ) 3 Z 5L IRESREH ( AOA-
amoA . AOB-amoA . nifH. nirS Fll nosZ ) B4 %f 3
JE. & 5 PCRIE & W £ 5 10 pL ChamQ SYBR
Color gPCR Master Mix, 0.4 wL 1F 2 [a] 5] %) ( ¥
95 pmol » L"), 2 LDNA REARFI 7.2 L A% 1
Ko 7 HE PCR VAN RN AP ELER 2, L&A
AOA-amoA . AOB- amoA . nifH . nirS Fl nosZ 3t
F BE R TR DNA 2853 10 7586 B2 A 18 42 il A o il
2k, I IEEL LR E qPCR OERSEE, §IREROR
N 82% ~ 94%, R’{H N 0.995 ~ 0.999,

S

(T




| T T

——

rhE SR 2024 (2)

*R2 FEPCRMRIE&ME

P .
L 314k 3145751 » PR Sl
IS
AOA-amoA CHEND ATGGTCTGGCTWAGACG 629 95%C 3 min x 1 Jfi#k;
archamoA23F 95%C 30s, 56°C 30s, 72°C 40 s x 35 G ;
CHEND GCCATCCATCTGTATGTCCA
archamoA616R
AOB-amoA AmoA1F GGGGTTTCTACTGGTGGT 491 95°%C 3min x 1 fEH;
95°C 305, 56%C 30s, 72°C 40 s x 35 JiH;
AmoA2R CCCCTCKGSAAAGCCTTCTTC
nifH nifHF AAAGGYGGWATCGGYAARTCCACCAC 458 95°C 3min x 1 fi§H;
) 95°C 30s, 60°C ¥R 30s, 72°C 40 s x 35 {3k ;
nifHR TTGTTSGCSGCRTACATSGCCATCAT
nirS cd3AF GTSAACGTSAAGGASACSGG 410 95°C 3 min x 1 f§¥F;
95°C 305, 60°C 30, 72°C 40 s x 35 JiH;
R3cd GASTTCGGRTGSGTCTTGA
nosZ DONGC-nosZ-F AGAACGACCAGCTGATCGACA 313 95°C 3 min x 1 fiFF;

DONGC-nosZ-R

TCCATGGTGACGCCGTGGTTG

95°C 30s, 60°C 30s, 72°C 40 s x 35 fE¥F;

15 BdEitE

e pH. SOC. TN, AP, AK{E Jy 73 HE /1 48
B, R SR R 0 A A o R e P (E S G
bR, RS R, &EHEBENANEY
AT IRL R R . R AR D R
b2k e fE S T, sl A T
TEE.

i SigmaPlot 12.5 AT R R T 200, B
FJGRH LSD kit 2 H L R Pearson i 17
IFL 5 7 5 WA PR 40 A FHIUAR 3 HTiE (RDA,
Canoco 5.0 ) THE AL J7 K 2 50 AR D RESE A R 1Y
HZEME; SR Excel 2019 224,

2 HRE5NH

2.1 BRI RAE DI RERE R 4 B 15

2 B F LS S AOA—amoA DL AN B E G
DiRe s R, HICHLA L R A BAsCR & T
— R (F£3), 5 CKAIEL, SA. SC Hl SCA 4k
PR AL B AOB-amoA 43 FIHEIN T 64.11%
64.46% F1 94.46% ( P<0.05 ) ; [ % 3 H nifH &
SrIEIN T 35.64% . 24.57% F134.27% ( P<0.05 ) ;
SRS FE R nirS Fl nosZ FE W 2 BUARRFLAE, 5
SR RE A EREA L, A amod FJE B
7, WU IE R nosZ FNIE & FH nifH

£3 ARBRFINRBEAINEEERE FEERZ M (x10°)
Qb P AOA—-amoA AOB-amoA nifH nirS nosZ
CK 15.89 + 0.54bc 5.60+0.31c 2.89+0.13b 2.02+0.15d 3.56+0.31c
SA 18.28 + 0.22ab 9.19+0.27b 3.92+0.19a 2.62 +0.25¢ 4.30 + 0.26ab
sC 19.32 +0.16a 9.21 +0.22h 3.60 0.16a 3.22+0.03b 4.15+0.25b
SCA 15.15 +0.15¢ 10.89 +0.43a 3.88+0.36a 3.98 +0.07a 477 +0.42a

T BRI« bRifE2s, ARVNG FREFOR S B B 225 B35 (P<0.05 ).

2.2 BRI T A )5

it FH A AL e B S 8 o i A M A g T
£ (B 1), 25 + 888k 7% 1k (% CBH F1 BG I ¥
SCA>SC>SA>CK, H:H SCA, SC. SA 4b P CBH 75 14
43 ) A CK 4b B4 106, 8.8, 1.3 4%, BG i M 43 7l

y CK ZbHRE 2.8, 2.5, 20 1%, S 5REEISRAHR
it 52 B SCASSC>SASCK [ ML, SCA Ab () LAP
FINAG 16 PE 53514 CK ARFRY 1.6 F12.5 f%. AKP i
PESRTPIRPEGI RIS, HIEHELL SCA AbFH R 5,
9 CK 9 2.3 %5 SCAMERZ, A CK 2.0 fi%,
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B 1 AREKRFSE T EaINEE RN
TE: AKP. BG. LAP. NAG. CBH 705l 0 B IERERRAE . B - WA HG . AR EIKEG . B -14-N- PR AEM R, B - 2F4E Wi,

AEVNE FEACGRS AL B 225 B (P<0.05 ), FIA.

23 DIREEHNFRE . MAMEGIE S Ak AR bR
AR G

R REEE N 5 RIS YRR A AE 25 DA OC
(K 2A), Lt (AOA— amoA ) 5 NH,-N £1F
Ko AOB-amoA ., nifH . nirS 3 FpIEH 5 4 TN
SOC. AP IEAHI, YA~ Ak sl % oy R 2k R 3= 1
A B R R N 77.55% . E— LT SRR E
PG 5 AT 0, SOC, TN, APl pH fig ¥ 7 g B 2y
e KL B AR AL Y 37.2% . 36.6% . 35.6% . 30.7%

( P<0.01 ),
A 1.0
B osci | AOA=amod
.
NN goy
(o]
SC3
pH

~ sc2

X i o

f=1 nij -

S0C __CON

S| e

Z | AOB-amod

> AP

< 7z

@) nirS nosz O CK2

& o

o
SCA3 SA3 o
CK3
o
- o CK1
SCAI
SCA2
-1.0 K N .
-1.0 RDA1 (58.85% ) 1.0

fiti 1% 7 55 € SOC. AP, TN, NO, -N & iE4H
XK, 5 pH BHAHX (K 2B ), 55— A brflifi
2 AR o7 ML Bl ) A8 57, R GA 81.37%.
— TR RIS, R L AP, SOC, TN
B i BE MY AN I AR 59 66.3% . 59.6% . 58.9%
(P<0.01 ), Zil, 3efbmih i 28t JAR P13
PRI = 5 A A/ MBS A A Y T2 A
2.4 TR HHEEUE L

5 RIS RIR AR OC Y ML ARG P L A
MALTIRE RN FEE AT AR, HETF a0kt

1.0F
SC30
NO; —-N
CK1
CBH Ne o
NH,*-N

= ) CA2 ™ SCAL
S OCK3
o]
s |NAG
— [BG
3 , o CK2
< | Akp N SA2 pH

o o
a SOC SA3

LKP
™
o
SC1
o o
SCA3 SAL
1.0k L . N
-1.0 RDA1 (81.37%) 1.0

F2 TEREEEEE. BIMFEES TELFERN TR
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BAREIFT, 5 R ER A i P R B 1T
B, W F B ik T A A 3] Y IFL R SCASSC>SA>
CK (P<0.05); P2 5 Fok 15 2] 25 5 sC A
SCA 4b BE () TFT & 3 = F CK Al SA Zb B ( P<0.05,
K 3).

HHENE S KRB AE — o AR b R e Y
Ak 4), WS IFL A RECRE, i
IF1 RS 7= B S I ARG . PR 0 B i v 2 R 1) AE AR
KXKFR (A 2 g S R bR ) EE,
T AR F- 43 Wi Lo I A 20 18 850 S5 7 i A DG R 8K

B,

A
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E
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3.0 EAEIAUIREIE DX A 3 LR A4 e Jif

A=) [ R 1) - S B 4 AR 1 — Fh PR 8 A o A
FRT PPy X, BRI AR A ARl AR 77 )
REAEFIERIZE IS YL (R A ), el . A HLik B )
KB B T nifH JERERE, SO0 HHEA AL
R AEA B X WRAERTAMFE AR, 3t
SRR, JCHSR A HLICHLER R Rt 2> {2 D B
FHRIRRIIE AL, X R R T 2k
FEosa) o A S A ok S R A
s, A BT R A ARG S . BAGED
W% T SRR AR R BRI 1, R R
B T 13 BG. CBH FIl AKP BT, W2k R
FIBE T nifH FE B 05— 551845

A 5T 45 S R ES i 8 ek R B g T
AOB-amoA FEHFEFE, X AOA-amoA FERFEFE I

o e mmss .
[ s Esc
12 | b ?
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BTk PSR
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FAVEEE R —3, S8 MEY EAHENAS
B AERHE, TERRTE . Z0EFRM LT AOA § F
S, bk mE. BRFEE LR AOB S E
SAF, A R, fEm T R TK
S, i, AOB-amoA WAL R E W, HBEE
T HENE T T s B R

RAE R S R AR ARSI E VI,
R R ES I T RS A FR DI BEEE R (nirS
nosZ ) A, M T ESWKMW J1. nirS 54
A=Y H nosZ BATHAE W38 N SRR, eI Al
REVR TR R &, U InAa HLek K572 ok 4 5 76
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VFZ W0, DR S £ 5 3Rk A
BERSENE Y B RS SN 0 T LE i ek
AR - P TR B e A L 2 AR
RDA 708 (& 3A) AR 2] THIUA S5 8, + 3tk
224k i SOC. TN, AP, pH. NOy =N DA JZ ig 4 i
TP AS Rk BRI AD B B S RESRE IR = B AT B R
M, Hirp SOC Ml BG & FE A 7, Hit, il
Jite FH 3 R e ISR A A A, T RE S
- BERUE P S sk RS R IR A5 L T
SRR AL, IR R IRES . BRIz
A, A HEEE R R vT RE SR R D) RE LR 2 B 1)
SRRz —, i ek AR T R AR RS
i, UGE T gEE Ak, M HZE R AL T A
FIEEAEEREE 1,

3.2 I AINEERT Xk - S R A G

- 438 Mg A1 il 3 4 XA ) A e R Y e
fETE 2SR, WEBIKKRE, MISMEE %R A
BLIEAL 2 B & > A Bl ek B 5] > JEHL ek KB 7
(B 1), MM AR FRE Y, REWEHI Nt
SRR, AT i K AR RE 7, AT 38
INEEE . 3 5 X4 2 BT & B e
PR R R MR 2B A DG 25 R —30. S35,
AP RAE I T LIRS 50, A, BEA S
g PE (1), WoeRKY L Sas AL T
B, FERMHE—FPLL B —1,4— R R T N
TR, JUT B fh 2 55 A R 45 iy
AHLEMEY 2 DR 84 A B 25 |
EXTE (BG. LAP. NAG) TRPEMBG M, Hikfk
PLek R B4R T T 5 AP, i T 2 ik
IR

W, Mg SRaEZN, MEY S
WATE 22 I R R XTI TR A R oK, (A 2R
IR, TEFRAy S i, o 2 3 RE 7 R ) T
PO EARBESE R, HIER SRS R
EITEAPL R FE IS A P e IfF 3 -5
S AP, SOC. TN X} afhag G A BGEm, L
HJE AP & R TS M G N . I
B, it FH A SR BB A% B8 s - 3B e M G 1 g D R
#4545 Noah Fierer 7/ #2190t , BDA HLEk B 57—
7 T 1 A I S o R HS I A - S iC
VIR LT 5 —Jr T, Ea s HIEAE, Rk
WUE AR (AR AW S ),
A BRI P

33 FoKE R IELEENE TR B AL

ARFREEREY], LHEIFL S K B4R IE
G, HA PSR A A IR T T hl ek B A, X
ELUO%DS] 18 1 meta 43§ & B A ML 2 B A
fEmEEY BN R —2, S5, ARk
RGP Ty BE Ak PR S PR AN % 1 I )
KRR FRAR (a0 ), IR S5 N
M2 Rk (55 LR AL 18 bR ) #EAT I
B, AR S R PR A 0 R T o A i B RE
Bk - ERI AL J1 7K UG BR 3 g Sk DX i A1 it
e A T AR AR R R 2 A DGR
F, REAHKKRERN T rh it — P55 7R
1k, B LA B BB . (H X S Y - ] S R A
TEAHR S E HHOC R R, B AR R E TR
A BRI BEA R, R B4 0 K sk
AT B, ORI R CAnfE
IR AR, ABF5E Y BE A D RERL P B8 ) AN
A DA i w3 LA B T =R T RS P 1 (1 1 2
PR G B A LIRS 14605 A ff T ik — 20
W

AHLTCHLS R AV BCE 25 5 b o] -+ 2AE R
DIRERE R FENIRR . . BRPRIMAHSCERGE; Al
SR bR A IR IIR BT A B A L4 TFT 5 30K
PR IEANSC, P, DB L P RCHEA LT
PL RS THERG LT o AR f 1 A 8k
fiiit o

Sk
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Effects of soil amendments on nitrogen cycling functional genes’ abundance, extracellular enzymes and soil fertility
index in a sandy fluvo-aquic soil

LI Shuang-shuang, ZHANG He, YANG Jing, LI Gui-hua’, ZHANG Jian-feng ( Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agriculture Sciences/Key Laboratory of Cultivated Land Quality Monitoring and
Evaluation, Ministry of Agriculture and Rural Affairs, Beijing 100081 )

Abstract: A four-year (2015—2019 ) field experiment was carried out under wheat-maize rotation system in Langfang
city, Hebei province. The purpose of the experiment was to study how inorganic and organic amendments affecting nitrogen
cycling functional genes’ abundance and extracellular enzymes. The experiment consisted of four treatments: control ( CK ),
inorganic amendment ( SA ) , organic amendment ( SC ), and organic + inorganic amendments ( SCA ) . After maize were

harvested in 2019, soil samples were collected from arable layer. Chemical properties, abundance of nitrogen cycling
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functional genes, and extracellular enzyme activities were measured. Soil integrated fertility index ( IFI ) was calculated using
factor analysis method and Nemero index method. The results showed that amendments significantly increased the absolute
abundance of soil nitrogen fixation genes (nifHf ) , ammonia oxidizing bacteria genes ( AOB-amoA ), and denitrification
genes (nirS and nosZ ) ( P<0.05) . The abundance of functional genes was in the order of SCA>SC>SA. The redundancy
analysis ( RDA ) showed that soil organic carbon was the key factor affecting functional gene abundance. Furthermore,
organic amendments significantly improved carbon ( B -Glucosidase, B -Cellobiohydrolase ), nitrogen ( B -1,
4-N-acetylglucosaminidase, leucine aminopeptidase ) and phosphorus ( alkaline phosphatase ) related enzyme activities
( P<0.05) . RDA results showed that available phosphorus was the main factor affecting enzyme activities under different
amendments. Soil IFIs using factor analysis method and Nemero index method were hoth positively correlated with maize yield.
In conclusion, combined application of organic and inorganic amendments could increase the abundance of functional genes
related to nitrogen cycling, and the activities of extracellular enzymes related to carbon, nitrogen and phosphorus cycles,
and improve the soil IFL. Therefore, combined application of organic and inorganic amendments is an important strategy to
promote nutrient condition and crop yield in sandy soil.

Key words: organic amendment; attapulgite; functional gene; extracellular enzyme; Nemero index




