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Abstract: [ Objective ]| Ammoniation is the process by which microorganisms convert organic nitrogen into inorganic nitrogen,
which can improve soil nitrogen supply. Under different long-term fertilizer application scenarios, soil organic nitrogen undergoes
significant changes, which makes comprehension of its ammonification process challenging. [ Method ] This study relied on a
29-year long-term targeted fertilization experiment at Shenyang Agricultural University, targeting four different fertilization
treatments, including no fertilization (CK) , chemical fertilizer (HCF) , chemical fertilizer reduction (LCF) , and fertilizer
reduction combined with organic fertilizer (CMF) , considering three soil depths (0-20 cm, 20-40 cm, and 40-60 cm) , and three
sampling period (pre-planting, maize tasseling stage and post-harvest) . Using the real-time fluorescence quantitative PCR (qPCR)
method, the abundance, activity, and nitrogen mineralization changes of soil ammonification gene gdh in different soil layers were
studied during maize growth period after long-term different fertilization treatments. Also, the effects of fertilization, season, soil
depth, and their interactions on ammonifier and soil net nitrogen mineralization rate were evaluated. [ Result ] The results showed
that: 1) Compared with soil layer and fertilization treatment, the sampling period had the most significant impact on the
abundance and activity of gdh genes. During the three sampling periods, the soil gdh gene activity and net nitrogen mineralization
rate during the maize tasseling stage were significantly higher than pre-planting and post-harvest (P < 0.05) ; 2) Compared with
no fertilization (CK) , long-term application of chemical fertilizers (LCF and HCF) significantly increased soil nitrogen
mineralization rate during the tasseling period (P < 0.05) while reduction of fertilizer combined with organic fertilizer (CMF)
showed stable or increased soil nitrogen mineralization rate in post-harvest; 3) The abundance and activity of ammonifiers were
significantly positively correlated with soil net nitrogen mineralization rate, and the ammonium nitrate ratio was an important
factor affecting ammonifiers (P < 0.01) . [ Conclusion ] In summary, nitrogen application, and crop absorption change the soil
ammonium nitrate ratio, causing differences in the abundance and activity of soil ammonifiers. This led to changes in soil
nitrogen mineralization rate. Long-term application of LCF and HCF is beneficial for increasing the rate of surface soil nitrogen
mineralization in pre-planting and tasseling. CMF can help stabilize the activity of soil ammonifiers in post-harvest and promote
the ammonification process of soil organic nitrogen.

Key words: Nitrogen fertilizer reduction; Ammonification; Net nitrogen mineralization rate; Functional gene; Ratio of

ammonium to nitrate; Maize

DrRe R BoE D SRR EEIA D, AT
PLICHLAE B b B, Bt 220 AE v ) 2 488 1y - e
G RCE FEE | i AR R AT

ISR A i R A T - S g AR ) 6 T
AR S B, 2 A AR AR Dl
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WA, X 4 MOR R RAE B A0, SR SR oE
JtxEf PCR (qPCR) ik, M DNA F1 RNA 7#r
AT, Kl - R CRAERH 2 N, KA
A W g rh AL AN R BTG AR AL, 2 A R
R H AR A A, PRI A0 20 BN P45 728 Ak g e
NJTE, W AR AL A I AR, AR
Wit AR IR HER R ) AE WA L S L A B
it NE$ R A

bR i

1.1 HREREBE5TEFERRE

SRR R AL T TR BH T T B AR K2 iR T
1987 45 19 % HE K 30 5 7 e T 3 30 0 ( 41°49'N,
123°34'E ), 5 X EHEIEY A E oK ( Zea mays L. ),
FAE 5 ARIAEFN, 10 ARk . A6 e O b
4 HEAEAL R, BRASHEAE (CK ). HERfLIE (HCF,
JRER 270 kg-hm >a'), it HIS R LIE (LCF, JR
FA 135kghm >a '), fLHE S Bl it A FLIE ( CMF,
VR ARG AL it FH B & R 135 kghm 2a '),
THRAE 5 HPIREFIET, A SRR AT — kb

Feit, I/ X T B B E N 69 m®, AR i AL AL B
3WEL, KA AT

TR AR EE T 2016 47, SRAERT A BE & R A it
FHFEAR A TR FEFPATH] (4 A 20 H ), il (7 A
20 H) AER)E (11 H 5 B ), B 35 LL 20 cm
[ BEAT BERFE SR 60 om. 1B 8 BURRIL HEA TAE A
KA, BBk IR R EAR R R 2, IRE
WA EE /N GHEA . PR 1 T

SRR s 1 T80 CARAE, FHTHRHC I A
DNA Fil RNA; H—1T 4 CIRAE, FT&F 3%
= VE i B BT o

1.2 TEAFERNE

+3% pH R H pH i1 ( Metrohm 702, Fi-+:) il
E (KEHHR 250 1), HIELA (TN) FIAHLEK
(SOC) Fri Rt & /311X ( Elementar Vario MAX
cube, 8 [E] 5 5 4% 45 AU NH4-N ORI & A NO3-N)
R M A S &S 3 7 BT ( Auto Analyzer 3,
FEE ) W, BARMME LS % Bai HY, §i
L TV T N S0 1 9 W = B O N =8 iy o
AT o 4 3 T Al R A N R
1 FrR .

x1 I HREAUFMER

Table 1 Basic chemical properties of tested soil

ALK o AR A
+Jz

pH Soil organic carbon/ Total nitrogen/ NH3-N/ NO35-N/

Soil layer . .
(gkg™ (gkg™ (mgkg") (mg'kg™")
0~20 cm 5.30+0.10b 10.71+£0.21a 1.05+£0.02a 1.93+0.24a 16.95+1.82a
20~40 cm 5.72+0.06a 6.68+0.08b 0.67+0.01b 1.03+0.10b 16.50+2.19a
40~60 cm 5.71+0.07a 5.17+0.07¢ 0.66+0.02b 0.90+0.08b 15.55+2.24a

T PR /NG SRR A ) 2 22 5

significant differences ( P < 0.05) in different soil layers.

1.3 TESRT HERNEUEENE
LA A AR I E S R AN Ok
AT, EELH, KOG LEE T 28 ClHRE;

F%, WP E ARG KSR, S OIERSE 0 d
Mo7d BF, E £EES A (NH-N) FAS &

(NO3-N) &, RIEE s LA G, Jr
wA R R, TFREARXITE .

Hei A =138 J5 [NH;-N] - R IR FT[NH;-N] (1)

23 (P <0.05), Note: The different lowercase letters in the same column represented

HeR AL =1 975 [NO5-N] - H5JRAT[NO3-N] (2)

TEHLA R B =1 g A i+ e A i (3)

R LR =TONL A RBR AR FRE ] (4)
1.4 11E DNA #01 RNA 2EUR & cDNA &5

+ 45 DNA #1 RNA #2500 51k H E.ZN.Z.®
Soil DNA Kit( Omega, 3¢ [E ) #1 E.Z.N.Z.® Soil RNA
Kit (Omega, £ ), FEBULIHBIEITHAME, & 3
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WHER, #EH 13 DNA fil RNA 2K NanoDrop
2000 4366 1 ( Thermo Scientific, 3 F ) Fil Qubit
3.0 ( Thermo Scientific, 3% ) kil o & S i &,
HAEFESD T80 CIORAETRFH . THEE cDNA ]
HiFi Script cDNA Synthesis Kit ( CWBIO, Jtxt) i
FER, JF-20 CHRAER TR,
1.5 HBHRERFIBE=E

514 gdh F (5'-CCACTTATTGCATTTAC
GTCAAAGA-3') fil gdh R ( 5'-CCCAGTCATCTCAG
CAAGAGAA-3") ¥ & LA gdh!, PCR [V &
%N 25 uL, & 2xEs Taq Master Mix ( CWBIO, b
) 12.5uL, R4 0.5 uL (10 pmol-L™),
Bt 2 uL, fiJaH ddH,0 #hE 25 pL. KA
AxyPrep DNA Gel Extraction Kit ( Axygen, Z&[H )
W gdh KA PCR *¥)iEH: % pMDI19-T #fk
( TakaRa, Ki% ) JF 1L 2 KHFF A DH5a( TakaRa,
K% ) Rz

{8 ] PurePlasmid Mini Kit ( CWBIO, Jb5t) 4
& gdh B2 kL DNA, i Qubit 3.0 & i
B DNA YR FEFFITH gdh FE¥E DL, ki DNA LU
10 fEBE BEHETT ROV RS, RAFT-20 C, HITHsifE
i el &
1.6 SERTREEE PCRINE

ffi F§ Step One Plus Real-Time PCR System
( Applied Biosystems, F[E ) ¥l - IEHE 5 gdh
FEDKHE DUEL ., ] 1.4 Z AL 51 Y) gdh F Il gdh R
HATREI, qPCR W RSP 95 CHlZEE: 10 min,
95 CAEPE 155, 58 CiBk 30s, fJFT 72 CHEAf
15, 45 DMEFR . RBAZR N 20 uL, % Ultra SYBR
Mixture( CWBIO, Jb 57 )10 uL, E FiiF51414% 0.8 uL
(10 pmol-L™"), #ZMABIHR 2 uL, 5 ddH,0 #h&
20 uL. ZIRIEHCAHFEE 100 f5/) 15 DNA I
cDNA . qPCR J5 i 38 323 475 iff it 2 i S 3 4 Sk
PRUfE 2k B9 P RN 90.86%, R* A 0.984.
1.7 HESW

K] SPSS 19.0 1 Excel 2019 #Ef748 /047,
2R ST R TR R O 25 40 ( ANOVA ) FliRe/)s
i E 22 51 (LSD ), AHOCHE 5B R B 2R b AH DG
77 #i( Pearson’s correlation ) il i R 3.5.1 H1f) Vegan
4T B e 2 o0 7 25 0 H1 ( PERMANOVA ) |
randomForest HE1TBEPLARM BT, DATFEAL PR35 A

TR EALIER gdh B -
2 & R

21 KHESEXWTETRISENEMN

MFE 2 LAEN, 5842 (0~20cm) Lk,
WRJZ (20~40 cm) FITEZ (40~60 cm) H3Er
BEASERERIK (P <0.05), HELZEHd, R
FERH E s S R S B R B, BEFP AT+
e AR 0 = TR ANGR S (P < 0.05 ).
AN [ A A B G 4 S S R R B, 5N
B CK AbERAR LL, it A AT S [ R R 4 RS R
T,

THEMSASREARLZP LR EER . N
F2ALIEH, MFELZET, SRR RS A
AR WMERR S, Nt CK A FEAEA A & &
TEREFPRT R, AL AR s B A ALIE ( CMF) &b
PR PP AT, SO ( LCF Al HCF ) Ab )
FEB AR e e o AN [ i S Ak BT - A 25 A
FRM A, SAMEE CK AR, eI A AN [E
FREEHE & HIERM S A &, b, £ +)2(0~20 cm)
H, it TARRE (HCF ) &b 304 HE s e it A HLAE
(CMF) AbBERT B30I ISR &, WRE
(20~40 cm ) FIR)Z (40~60 cm ) +3EF, KiEAE
(LCF. HCF 1 CMF ) A5 i 248 in + 3mSR
i (P<0.05),

Zil, TEEEESASTEARLTZE (0~20 cm)
B, MERATEEARLZ PR EEL, Mk
AT ERE AR DIEEESAS R R
L, RS A SR e AN R AR AL R AR B AN ]
22 KHEEXWTESERTUERRNZE

TR R REANF LR TR E 2R, &
ASREERH S - s e R s,
Pt (P < 0.05, B 1), MWE 1 ATLIFEH,
[ o = A N i W82 D G w= - 2E 2T A Y1 A ]
R K, HSAHMA CK AL, HiEfbAl (LCF
FIHCF ) Ab¥EK Z 32 By 5 25 38 in 475 A iy A4k 1 1)
IS ILE R (P <0.05), HEEERIRE#R
+J2 (0~20 cm) FIR)Z (40~60 cm ) + 35T
b (P <0.05); fLAEk & ECitEA HLAE (CMF)
X e A A 2 R B RE st = VR .
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Table 2 Soil mineral nitrogen content under different treatments
BASASE AR A
+)2 A NH;-N content/ ( mg-kg™) NO;-N content/ ( mg'kg™)
Soil layer ~ Treatment FRANET Ejiipzizi] Wik 5 AR Ejiizizi] Wik s
Pre-planting Tasseling Post-harvest Pre-planting Tasseling Post-harvest
0~20 cm CK 1.27+0.07Ac 0.57+0.01Bc 0.62+0.01Bd 5.60+0.23Cd 9.64+0.02Ad 9.344+0.07Bc
LCF 2.42+0.82Ab 0.82+0.02Bb 0.80+0.01Bc 11.01£0.71Bc 27.46+0.14Ab 8.23£0.16Cd
HCF 3.91+0.68Aa 2.53+0.04Ba 2.084+0.05Ca 16.46+0.35Bb 45.274£0.30Aa 11.59+0.04Cb
CMF 2.91+0.52Aab 0.87+003Cb 1.61+0.06Bb 24.08+0.16Aa 22.04+0.06Bc 12.64+0.21Ca
20~40 cm CK 0.52+0.01Bb 0.51+0.02Bb 0.71+0.02Ab 4.77+0.10Cd 6.24+0.01Bd 7.15+0.02Ad
LCF 2.05+0.18Aa 0.84+0.04Ba 0.73+0.01Bb 14.93+0.57Bb 44.19+0.14Aa 8.97+0.04Cc
HCF 2.08+0.14Aa 0.89+0.04Ba 0.73+0.08Bb 12.76+0.70Bc 43.87+0.13Ab 9.89+0.08Cb
CMF 2.07+0.15Aa 0.51+0.04Cb 0.83+0.04Ba 20.11+0.32Aa 14.15+0.03Bc 11.24+0.12Ca
40~60 cm CK 0.36+0.06Bc 0.60+0.01Ac 0.58+0.01Ab 1.15+£0.10Cd 6.66+0.02Ad 5.17+0.11Bd
LCF 1.62+0.07Aa 1.34+0.05Ba 0.47+0.01Cc 12.43+0.71Cb 43.76+0.24Aa 20.75+0.07Ba
HCF 1.60+0.62Aa 0.87+0.07Bb 0.45+0.01Cd 10.82+0.53Bc 42.29+0.27Ab 6.54+0.07Cc
CMF 1.55+0.08Ab 0.57+005Bc 0.77+£0.01Ba 15.89+0.56Aa 14.00+0.03Bc 7.16+0.13Cb

H: CK., LCF. HCF #1 CMF 2} IR . i A st AL it FH A A A0 AL BE s FC A HLAE o RIATAS R RS “F B R R L2 AN [R]
SRAEIS [E][A] 22 52 W 3% (P < 0.05), [FFIARE/NG TR R 12 A Rt HE AL B ) 22 5% 2% (P < 0.05). Note: CK, LCF, HCF, and CMF,
respectively, represent no fertilization, chemical fertilizer reduction, chemical fertilizer, and fertilizer reduction combined with organic fertilizer.
Different uppercase letters in the same row represent significant differences between different sampling periods in the same soil layer( P < 0.05 ), while
different lowercase letters in the same column represent significant differences between different fertilization treatments in the same soil layer ( P <
0.05) .

Zi L, SRFEMT I R e R AR ik, 5AEMEALE CK AR, i I A AT

AWM CK ALHAHLL, ikt ( LCF #l HCF )
RN R L AR (P < 0.05), AL R
JEA ML (CMF) oA 2% 5 .
23 KHEaEXTESKERE gdh FEHNFT
+- 15 gan SR P DUECINE] 2 firs , AR gdh
B EREETE 6.35%10°~2.75%10° copies-g™’ (T4 ).
Hrp, gdh HEREEEARL)ZH LR EES . M
)2, SRAEERS I gdh e 32 R s ma 230 0,
SRERETA L, I RDGR S gdh RN R B
FHE (P <0.05), ARl b3 x) 1 58 gdh FEH
FHEMEER S, SAMIE CK AFA L, it
W ARAE ( LCF ) Ab 2 8 25 42 = 45 - 235 P I gdh
FEHEFERE (P<0.05); fLALM G BLEA VAL (CMF)
Ao B U AS [R) R BE 3 I 45 + 2 REERHI T gdh 2R3
JE (RAJZHMEBIBRSE ); it LIS (HCF ) Ab3+-
e gdh FEH FEEARRB A+ 25 AHEAE CK 4k
HELEEEXES (K 2).

(LCF) ZbBEARFFEEHE R gdh FEH F . KIEA
AR - A AN B, A RN ZUIE n)
B A e A AN R R % 0 G A it e b R
(LCF) MFE L2 MR, LA IO & it A
HLAE (CMF ) BYR)ZE Tt .
24 KHERX LEIWERE gdn FERF N
wE 3 PR, LIEE A gdh 7E RNA 5 DNA
HOEREEE L ( RNA/DNA ) 7E 0.07~0.97 Z [,
Horpr, ETREE SRR A i A Ak B ) () R
gdh FEREME ., 52 (40~60 cm) ML,
MR L2 (0~20 em) 438 W E 38 i+ 3 gdn 3
HEME (P < 0.05), tHFEL)ZH, REEETHIXT gdh
FLDIEVE RS R IR, MR gdh BRI
B, AL (P < 0.05). AS[FEHEAEAE 3T gdh
SRR R, S CK AhFAH
i AL HE( LCF Fl HCF )ib 3Ey Al g 2 58 fin 26 J2( 0~
20 cm ) - IEREFPET 4 gdn FERIETE, 0 R
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=
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Ab

Aa Ba
Bb Bb

FEFIAT Pre-planting

FilvifE ) Tasseling

We#K 5 Post-harvest

SKEERT ] Sampling period

TE: ARFIKRE TR [ AT AL B [F) SRAE I (8] ] 2252 .35 (P < 0.05), R [Al/ING TR AR R SR AR ] [ A (7] i AT b 38 6]

2513 (P <0.05), Note: Different uppercase letters represent significant differences between different sampling periods for the same

fertilization treatment ( P < 0.05 ), while different lowercase letters represent significant differences between different fertilization treatments

for the same sampling period ( P <0.05) .

B ARl b 3 A i 8 Al R

Fig. 1 Soil net nitrogen mineralization rate under different treatments

H)Z (0~20cm ) FIEZ (40~60 cm ) HIEWHRE
gdh FERIEME (P < 0.05); Ak AE s fid it A HLAIE
(CMF ) i 5 2 BN A L2 BT gdh SERE M (P
< 0.05), AT MRS T s RO G B M 1t
Sh, BTAAE (LCF, HCF 1 CMF ) AbRy i 2%
MW R)Z (20~40 cm) WIRE gdh SERTEH: .

Zi b, 5L CK ZbBEAI e, Bt fLiE ( LCF
FIHCF ) Ab3 i 218 n#% A% +)2 (0~20 cm)
gdh FEPRTEE, FEARILUCGR 56, i Ak A el dk AT

JAALIE (CMF ) b3 BhFHa e s THilosk e 4%
12 gdh BEPRGEVE; SRAER 0 gdh BEPRE
P, AR RS, W BOR)E . BRI
REA
25 MEREFNENEE gdh HIFN

B F ML gdh 325 B PE 4 it
17290707 253 Hi( PERMANOVA ), i1 &l 4 7] LIF 1,
AEAL R | SRAERH . R UREE SO BAR X 4
AL gdh 3 AE M R 5TER 5 5N
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B CK [ ] LCF R_YHCF XY CMF
o o
~ P A A AT A A A
'on A A A T 1 1 ™a 1 T 1 T r 1
S’j 8 r a 1 I 1 T a 1 a a
B a a a apda a%i b i dabyy aaaa a3a
S b b b N
%o 6l b % b b{t b bi i< N i ii %
g b B =
E N
<4
3
#
4 2
izl
E: 0 0~20cm  20~40 cm  40~60 cm 0~20 cm 20~40 cm  40~60 cm 0~20cm  20~40 cm 40~60 cm
FEFIHT Pre-planting ] Tasseling Y3k Post-harvest
AbFE Treatment
: ANRKREGFEARRAGRERE R 27 BE (P<0.05), AREVNGFRACRA R LA H 25 2% (P<0.05), AF%

ES%KEEKIEJXH—W% [a] 24 5 .2 ( P <0.05), T [A] . Note: Different uppercase letters represent significant differences between different

sampling depths( P < 0.05 ), different lowercase letters represent significant differences between different fertilization treatments( P < 0.05 ),

and different Roman letters represent significant differences between different sampling periods ( P < 0.05 ) . The same as below.

K 2

AFIAb PR A gdh FED) 2%

Fig. 2 Abundance of soil gdh gene under different treatments

M CK [ LCF N Y HCF KXY CMF

o
120% A o B ,
AB B A A A
I 1 T 1 I 1
1
100% daga fafa g @ 2 a aa @
— /1 ?< i Ne § aii b
< 80% £q ) <

S 0%

Z : :
40% AN £
20%

0%

0~20cm  20~40 cm  40~60 cm
HEMTT Pre-planting

0~20 cm 20~40 cm  40~60 cm
Tl Tasseling

0~20cm  20~40 cm 40~60 cm
W#k T Post-harvest

AL PR Treatment

A 3

ANFEAE T+ JE odh FEIK RNA/DNA [

Fig.3 RNA/DNA ratio of soil gdh genes under different treatments

71.68%FH1 94.34%, Hrfr, gdh FER =E i 5 RFERHY |
Jiti A Ak $H e — 5 () A8 AR B S A G (P < 0.05;5
da). 5 gdh SEHFFE AR, gdh ERTEMHES L)J2E
JE . OSRAERTI L R A B K HEAZ TV Y A

K (P<0.05, K 4b), HrbReEmr XL 7 5%
i 5 k2K 50.63% (P < 0.001), 3 m T HAb %
M) PR 2%

26 TE4FHERESCERMEXME
A M4 B ( Pearson’s correlation ) 455 ( 36 3)
R, T3 gdh B FRE(P<0.01) 35 P < 0.001)

BI5% AT R 2 B EIEMX ., L1 gdn SEFFE
BE(P<0.01), I (P<0.001) FGEG 1k
(P<0.05) 5+HESAGREREDERML, A=
H SRS L R R AR (P <0.001 ), BEAR,
+ 3 gdh FEINEE (P<0.05), WM (P<0.01) A
HEHALER (P <0.001) WEMESRAGREDE
IEAHE, SRV, 2% . ON BT B
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a)

JiE A A3
Fertilization
4.37%%*

9.88%***

STEETH
Sampling period
16.42%*%*

TR
Sampling depth
0.35%

ASEREE S 28.32%
Residuals

b)

it AT Ak 3
Fertilization
7.19%***

8.87%%**

RFEI
Sampling period
50.63%***

LR
Sampling depth
1.34%%**

2.18%%***

AR 5.66%
Residuals

o e I RIR P<0.05, P<0.01 1 P<0.001, F[A], Note: *, ** and *** represented P < 0.05, P <0.01 and P < 0.001.

The same as below.

K4 AFEAEHE AL gdh FEIFREE (a) FIEHE (b) WEHRZICT 25017

Fig. 4 Permutational multivariate analysis of variance of soil gdh gene abundance (a) and activity (b ) under different treatments

®3 LTRUFMRE gdh BERFE . FHEMETLERFAHERME

Table 3 Correlation analysis of soil chemical properties with gdh gene abundance, activity, and net mineralization rate

gdh FEHFJE

gdh gene abundance

gdh SR iFHE R

gdh gene activity Net mineralization rate

FHHLBR Soil organic carbon —-0.112
4% Total nitrogen —0.104
A L C/N —-0.59
#7452 Ammonia —0.291%%*
iHZ % Nitrate 0.230*
A L Ammonia/Nitrate —0.524%%%*

pH 0.080
gdh 3EH F: i gdh gene abundance /
gdh SR gdh gene activity /

0.039 0.036
—0.038 0.005
0.146 —0.11
—0.462%** —0.204*
0.315%* 0.635%**
—0.521*** —0.568***
0.048 —0.235*
/ 0.291**
/ 0.714 ***

FEo g5 (B 5) R, Bmy it 158 gdh FEH
JERE YR sk R s, B pH. &R A PR,
WA . WA LE IR RAE R, 5 gdn 3
PRI REAH L, gdh BEPRITE P06 T 39 E i LA™ o A
S PRBE PR ARk 11 i) S0 5 B

3 3 ®

3.1 AREEELAENSEERMSEY LEZR
E; un

Jiti A B TR kA - ] R F RUR i, SR

e 2 5 A& R H MY FE . EE AR R
FRUOL ARBEGE T, SAMEAL CK AbBEAH LG, i vk
#HALAE (LCF) Fb A & it A HLE (CMF ) &b
PAT R [ A B R v AL FE I gdh “ERE, T AR AR
(HCF) 4bHIX}) gdn FEHFFRET R EZ M (P> 0.05,
K 2), 4R SRS AR R AR 5T+
A E AR A — B, KRR ATRE R, i
WA T4 TSR A, RHEHEY AR AR R
SRR, R E AU A KR T R
IRV B AN SN, T A R 2 Ak A T R R
WEPEUT 2 U e e, KR LA it A

http://pedologica.issas.ac.cn



2 3

X R4 Rt SO0 3 A 40 0 U8 P/ A R 551

a)

pH - meeeees O ...................

BRRHLL oo O
Ammonia/Nitrate

A oo (@ JERTEIPER TR
Nitrate

/Lﬁjf/fk .. O .............................
Ammonia

BRI Do
C/N

A e Qe

Total nitrogen

Z‘TH‘LW s O ......................

Soil organic carbon I T I A A
0 5 10 15 20 25 30 35 40

B 2525 I 2y

Increase in mean squared error/%

& 5
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B e O 444444
Ammonia

AL [ © SERTITRS
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B O
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TIEAE TN gdh FEFERE (a) FITEME (b) BBEHLARAR 73BT

Fig. 5 Random forest analysis of soil chemical properties for gdh gene abundance (a) and activity (b )
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gdh FE R 1A X PR3 DR 7 1 o iz B SR Rk (&) 4b ),
F U5 DNA ZE4H L, RNA/DNA 434 a] 5 6 Iz
WL E DA PR . ARPFSE T, RER AT R
Fl gdh FERITE M SR 0 35 IEAH G (P < 0.001, 3% 3),
LR — A T AR A R AR
) BB Tk L 5 ANt AR CK AR FEAH ., Bt L AE( LCF
Ml HCF) BEHm#EEF iR L2 (0~20 cm) gdh
FEHEME (P < 0.05, & 3), ik Ae & Bl A L
JE (CMF) 4b34 B TR e ok s + 38 gdh SR TE
Mo 2R g AR, PR A LR T
FEAR AL ARG P, 45 R 5 A 5T Th A 0 A A s
HEEA VUL (CMF) J&, Bhnt3edhA yLa & &
U510 BRAR gdh 3WE1E (R 3) ZERAEML. 1ok, Sk
R 2 e AT HLAE ( CMF ) AbBEEE , B fLAE ( LCF
FIHCF ) Ab3BEAR T IR )G 138 gdh 161 (1 3),
AR D TR — 4R B3R o &, X REZ
BRI Z A0 T 3 gdh HE D AR X v 4
Wz —.

32 AEFEHBXMESACERFSET LEREYN

A

WEWH, VEYARIRAEE B 1 500 B A 24
Ak, BERS IR RUE W B | R ELL RN 3l
PESF YA PRI, SR T RIS ISR A
ROPERO, ARHFIE R, SRR I IR R e - e T3
gdh F JEREPE LR R A 3 2 4 R 2R R
4, P<0.001). frfabBR -+ gdn KN F B 1E
e s (F2), H A3 fb R RS g J - ik
R A R I A 2 TR AT AOGR S (P <
0.05; &1 1 f& 3 ), Bk R, SR HIC11.5 C)
AR (=07 °C) MLk, fEESRRE (25.1 C)
IS E AN A K S B, dE e R
AETAAERCY, R 50 RS IR TRBR:
FRLRAGF S AL, s, AR FHEY
Xof 28022 A W MACTR 0 A, 2 52 i)+ 38 S Ak A TR ) B
TEPER TR 0 18 2R A R A3 R W 4
o, R A A RS, SR s A
20 3 e s b i AR R R - R R AL

RIS, A RN vl 3 i 3+
AL E Rt IR . AR RS T
ALEE IR 1), 5 At AT CK AL BT HE , it AE( LCF
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REMRTE A . SR, FoRBOGRE R Z
- 8 R Ak R PR it A R O R SR B B A R
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PRI AT fig 5 AU T 2ok 2 v il % M Y 35 5 S AR G
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TR, WEshE bR, Jfmad 38 w4 S B A n i
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