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Abstract: [ Objective ] Soil gross nitrogen (N) transformation processes are fundamental and critical components of terrestrial N

cycling. However, the mechanisms controlling gross N transformation rates and their controlling factors across soils with
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contrasting properties and land uses remain underexplored. [ Method ] Seven typical soils from three major ecosystems in China
were selected: forest (Changsha, Linzhi, Chongqing), grassland (Duolun, Bayanbulak), and upland (Shangzhuang, Quzhou). A
short-term incubation experiment was conducted using the '°N isotope dilution technique combined with a numerical N tracing
model. Ten key gross N transformation processes were quantified. [ Result] Mineralization, immobilization, and autotrophic
nitrification were identified as the dominant gross N transformation pathways. No significant differences in gross transformation
rates were found among land use types. The means (£S.D.) of gross mineralization rates were 1.40+1.31, 2.07+1.46, and
1.8340.01 mgkg '-d™' for forest, grassland, and upland soils; corresponding to gross immobilization rates of 4.24+3.04,
6.93+3.79, and 5.54+2.00 mg-kg_l-d_', and gross nitrification rates of 1.47£1.30, 3.75+1.86, and 5.26+2.52 mg~kg_1-d_',
respectively. Significant differences were observed between individual soils in most gross N transformation rates, indicating
spatial heterogeneity in soil N supply and retention capacity. Correlation analysis showed that gross mineralization rates were
positively correlated with soil organic carbon and negatively correlated with bulk density, whereas gross nitrification rates were
positively correlated with soil salinity. [ Conclusion ] These results demonstrate that soil properties and environmental factors
jointly regulate the gross N transformation process. Under the context of global change, a multi-scale and multi-factor integrative
framework, explicitly accounting for land use type, soil characteristics, and environmental conditions, is essential for improving
the accuracy of ecosystem N dynamics modeling and predicting nitrogen loss risks.

Key words: Gross nitrogen transformation; Nitrogen isotope; Land use; Soil properties; Temperature; Precipitation; Nitrogen

cycling
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RIS S ke 22 5 W I kil - 1,
HEA R E B . RIERDIREAKE, T
Ky (CS), EEK (CQ). JE (Sz) FihE (Qz)
LU XS, DIEMZ (LZ), £ (DL)
LG e ( BK) SFRTIRE X AL AL, [RIE SRR L
M3l 25 5 o SRAFE AU TS M . 5 b 5 R M — L
TR SR, B, B Kat . Wt
SRS A e SR ) 45 R R R A TR
BB X PG IR X AR . R R A
JR TR T IR A T . - R R 2SR R T
PRS2 HErE (R 1), AT REHEAR L5
REWI I A 8 IR .

B RAE S BRI 0~20 cm %2 13, HIFRAT
DAEYIAR R A BRI, @t 2 mm . i
J5 Y SRR R A IR S — A T PN R R
PRSI, 75— T LA R e . 48

F1 TREIFRMESERINEHHER T IRER SR
Table 1 Basic environmental characteristics and soil physicochemical properties at different sampling sites
P i £33 MK T T Al Noep/
T/°C P/mm pH
Sites Latitude Longitude  Altitude/m  Land use Soil type (kghm*a™)
CS 28°33'N 113°20'E 75 AR 21 17.5 1330 30.3 5.49+0.08
LZ 29°40' N 94°20' E 2997 AR s 8.7 650 2.8 6.28+0.01
cQ 30°26' N 106°26' E 266 AR i 18.3 1115 33.7 7.49+0.07
Sz 39°48'N 116°28' E 40 F Ak H 1 13.0 540 36.6 7.52+0.02
Qz 36°78' N 114°94' E 40 S HAe i 132 490 64.5 7.72+0.04
DL 42°02' N 116°17'E 1324 T TR+ 33 316 14.1 6.58+0.13
BK 42°53'N 83°43'E 2500 T 1o VL ] 4 4.8 282 1.6 7.83+0.02
RAF R soc/ TN/ NH,-N/ NO,-N/ BD/ WHC/ Ss/

Sites (gkg") (gkg!) N (mgkg!) (mgkg") (grem?) (gkg') (mgkg"')

CS 471023  0.46+0.18  10.4+0.5  7.53+0.17 0.48+0.06 1.40 324+18 89.4+0.5

LZ 20.86£0.19  1.39+0.22  15.0¢0.9  2.38+0.10 4.99+0.59 0.97 390424  529.3+5.3

CcQ 6.15£0.35  0.65+0.08 9.4£0.3 2.54+0.07  10.98+0.30 1.38 323422 411.0+4.3

Sz 536£0.16  0.63+0.23 8.5+0.3 7.51£0.22  31.77£0.69 1.40 263+15  377.3+18.0

Qz 10.27+0.18 1.18+0.08 8.70.1 3.43+0.45  41.15%0.32 1.32 338+2  2505.0+£30.4

DL 15.22+0.53 1.34+£020 113202  6.77+0.39 5.89+0.42 1.31 2845 236.8+2.5

BK 42.12+0.74  4.2520.11 9.9+0.1 3.67+0.22  12.23+0.26 1.01 449+1 719.3+5.3

{f CS: K@,

LZ: ME; CQ: HEEK; SZ: [E; QZ: HiJil; DL: £1&; BK: E&FAd i,

T: AEHR; P AFRKE

Nup: FHIAVIER; SOC: HHEAHM; TN: 2% ; CN: A L; BD: L% HE; WHC: #iKE; SS: HiE#hE., <R, Bk
AR B3 e R T 4 B TR ORI I 45 o 2 v B S P (B 4R 25 (n = 3 ), T IR] . Note: CS: Changsha; LZ: Linzhi; CQ: Chongqing;
SZ. Shangzhuang; QZ: Quzhou; DL: Duolun; BK: Bayanbulak; T: mean annual temperature; P: mean annual precipitation; Ngep:
mean annual nitrogen deposition; SOC: soil organic carbon; TN: total nitrogen; C/N: carbon-to-nitrogen ratio; BD: bulk density; WHC:
water holding capacity; SS:soil salinity. The data on T, P, and Ny, are from the Nationwide Nitrogen Deposition Monitoring Network. Values

are means = standard deviations ( 7 =3 ) . The same below.
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Fig. 1 Dynamic changes of ammonium ( a ) and nitrate (b ) contents in soils under different sampling sites during the incubation
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Fig.2 Dynamic changes of °N isotopic abundance in ammonium and nitrate in soils labeled with ""NH,NO; ( a, b ) and NH,"*NO; (¢, d ) under

different sampling sites during the incubation
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Table 2 Gross nitrogen transformation rates in soils from different sampling sites

MNrcc/ MNlab/ lNII4—Nrcc/ INIM—Nlmb/ INOS/ ONII4/ ONrcc/
Samplin
(mgkg'd') (mgkg'd') (mgkg'd') (mgkg'd') (mgkg'd') (mgkg'd') (mgkg'd")

g sites

CSF 0.25+0.22bc 0.47+0.25a 0.32+0.20c 0.29+0.18b 0.12+0.04b 0.60+0.03f 0.00+0.00a

LZF 1.97+0.61a 0.94+0.76a 3.26+0.87ab 2.62+0.85a 0.08+0.06bcd 2.97+0.34cd 0.00+0.00a

CQF 0.08+0.07¢ 0.49+0.12a 3.02+0.46ab 2.99+0.48a 0.02+0.02cd 0.84+0.04¢ 0.00+0.00a

SZU 0.88+0.28ab 0.95+0.45a 3.37+1.08ab 3.41+1.16a 0.17+0.07abc 3.47+0.09¢ 0.00+0.00a

QZU 1.33+0.33a 0.49+0.46a 2.81+1.12abc 1.31+1.31ab 0.01+0.01d 7.04+0.07a 0.00+0.00a

DLG 0.25+0.18bc 0.79+0.20a 5.38+0.91a 4.22+0.81a 0.01+£0.01d 2.43+0.07d 0.00+0.00a
BKG 1.70+0.31a 1.41+£0.38a 1.47+0.89bc 2.34+£1.45ab 0.44+0.09a 5.07+£0.12b 0.00+0.00a

Dros/ Anna/ Runa/ TNA/ NAP/ NNP/
Samplin N/
(mgkg'd') (mgkg'd') (mgkg'd") (mgkg'd') (mgkg'd') (mgkg'd")

g sites

CSF 0.00+0.00bc 0.13+0.07a 0.00+0.00b 0.98 2.05 -0.62 0.48

LZF 0.00+0.00bc 0.11+0.06a 0.00+0.00b 0.51 11.84 —6.05 2.89

CQF 0.00+0.00c¢ 0.04+0.03a 0.01+0.00ab 0.14 7.44 -6.31 0.82

SZU 0.02+0.00a 0.06+£0.04a 0.02+0.01a 0.51 12.27 -8.44 3.28

QZU 0.01+0.00bc 0.05+0.04a 0.00+0.00b 1.71 13 -9.38 7.02

DLG 0.01+0.00b 0.08+0.03a 0.00+0.00b 0.25 13.09 —11.06 2.41
BKG 0.00+0.00c¢ 0.05+0.03a 0.00+0.00b 1.33 12.43 -5.82 4.63

T Muee: BREEAHLET LI NHP-N; Myw: AAEHAILET LN NH-N; Innanee: BEEYE NH,-N [RI{E 95 A HL
A5 Tananian: HUEPH NH,-N [A46 9 R R E PEA DA Onma: NH,-N S 4609 NOG-N, Bl 325 4L 5 Onree: B SE PEA HLASA AL 7 NOS-N,
B TR AL s Anpa: NHZ-N W2 B 5 Ruma: NHZ-N AR5 Tnos: UAEYIKE NO,-N R4 MR E A HLA; Dros: NO;-N FALIA AL NHZ-N
(DNRA ); N/T: ¥IRAEAEHEZR ( Onng + Onvee ) FHIH AL FEFFHFE (Tnnaonree + Innanian ) MO EGAE; TNA: BIEHLETE M ( Myree + Myt +
Innanree T INna-ntab T Inos + Onng T Onree + Dnos )5 NAP: NH:-N HrE I EE ( Myree + Moy + Runa + Dros — Insa-nree — Invaontab — Inos — Anna
— Onia ); NNP: NO;-N F =A% ( Onpa + Onree — Inos — Doz Do RIFIARTRI/NG FRERIRAE P < 0.05 7K 1A 1] 035 90 90 I b 1 % 45
A 4E 2 1Y 25 5 B 34 T W] o Note : My : mineralization of resistant organic N to NH, ; My, : mineralization of labile organic N to NH,-N;
InHa-Nrec: Microbial assimilation ofNHZ—N into resistant organic N; Inpsnbp: microbial assimilation ofNHZ—N into labile organic N; Onpa:
oxidation of NH:—N to NO;-N ( autotrophic nitrification ); Oxre: oxidation of resistant organic N to NO,-N ( heterotrophic nitrification );
Anma: adsorption of NHZ—N; Ryua: desorption of NHZ—N; Inos: microbial assimilation of NO,-N into resistant organic N; Dyos: dissimilatory
reduction of NO,-N to NH,-N ( DNRA ); N/I: ratio of gross nitrification rate ( Oug + Onree ) to gross NH, immobilization rate ( Inparee +
Innaniab )3 TNA: total inorganic N activity; NAP: net NHZ -N production rate; NNP: net NO,-Nproduction rate. Lowercase letters indicate

significant differences ( P < 0.05) in gross nitrogen transformation rates among different soils. The same below.

Fh-Z48 (0.25) . MM-EEER (0.14) o BEHY
N/ME R A T NO,-NA M S RG],
HF NO;-N HAKmMERSM, XX HEHAEN
R B W E R MR, BN NI [EEwE
THEERFRE NIRRT, BRI AR IRA R IR
ZHOE R BT A (R ik,

[ S5 ot BRI R R Z R ) e 12~
13 mg-kg -d™", MH-RK VD AR 2.05 mgkg d7 ),
MH-FER SR Z (7.44 mgkg"d"') o & HIEW
NH,-N 0= A il SR Ry i, KW 3R o
NH,-N EZEHFE; Horlr, F- 248 S AR (-11.06
mg-kg -d™"), MR- K TP S AR (-0.62 mgkg ' dT! ).
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NO,-N (1 e 7 A5 % D)5 b - ffy /) A0 s (7.02
mgkg -d7"), MHB- YD S A (0.48 mgkg ' d7)
BRI S, BRRVIIH HEE (Myrec + M )
MR HEE (Onpg + Onree ) BIFH E
( Intta-nree + Inttaontab + Inos ) A BB AS R 90 T4+ i 32
( Inmanree + Inmaoniay ) TEF T RIAETE 35 25
(E 3) o BAREHRI N T M- 218 A& WML
12

OGMR ®BGNR BGIR B\GAIR

S
[
o
()
o
(=2

WP
Gross transformation rates/(mg-kg™'-d™")
N

¢ ©

777727777777

AR, MR-V SR AR, R R, (X
MR- P A AL AR AL BE T 5 s . R4S £
SR DU b ) S E R BE AT AR 22 5, (ARTR)
WA B Z B G o T 4 R R 2 e A R,
WIS R 2 (B N I, AR B 7 T REAZ -t )
M, LR AYE I . TR MU A R B U 2%
PHE5 2 N 722 AR g S [R] a4

SIS
S

(7777777227272

A

B T ki
Forestland Upland Grassland

+ HF]TI2E5 Land use type

CQF SZU QZU D

@)
©»
o
—
N
1
=
(@)

SKFE . Sampling site

T ANFENEFRACRA F R RV RE AR LI M 22 53 W3, AR KRS FRAURAR A R P (b & L s AT
M2 T2 R, P>0.05. GMR, AWHHLER, NHEEAPLEER T HER (M) 55 EAPLEE B ILE H My, Z 55
GNR, WIHAEALHE, JyAFMHAHER (O ) SFFRMHAEFZH (One ) 5 GAIR, AR WIHEFFHET, A VAR 8
AR RE A (Innaneee ) T TEA LR BB BT RE A (Innania ) ZH5 GIR, I E A, b AR A 45 1 4
SRR IE E HE (Inos ) Z o T [Fl, Note: Lowercase letters indicate significant differences ( P < 0.05 )in the same gross nitrogen
transformation rate among different soils, and same uppercase letters indicate no significant differences( P < 0.05 ) in the same gross nitrogen
transformation rate among different land-use types. Gross mineralization rate ( GMR ) represents the sum of the mineralization rate of the
resistant organic N pool( My )and that of the labile organic N pool( My, ). Gross nitrification rate( GNR )represents the sum of autotrophic
nitrification ( Oxus ) and heterotrophic nitrification ( Oxye. ) . Gross ammonium immobilization rate ( GAIR ) represents the sum of ammonium
immobilization in the resistant organic N pool( Inmsrec )and the labile organic N pool ( Iusniabs ). Gross immobilization rate ( GIR ) represents

the sum of gross ammonium immobilization rate and gross nitrate immobilization rate ( Ino3 ) . The same below.

Kl 3 AR S =R R A 2R AT e R R WU A Y LA

Fig.3 Comparison of soil gross nitrogen transformation rates among sampling sites and land use types

I ITEE SR (2 3) R, HIEEHEAILEE
PRI LR (M ) 5 IR E R B ERNAHSC (P
< 0.05); TEMAPLAEIRIHT EE (Mus ) 51
AN AR B E A, SRR B,
THAS AR E R (Inoy ) 5 HIHAAE B EAM
K (P<0.05); AFMHEZRE (Ongg) 5 HERE R
FIEASG; BRI (An ) 5 pH 2R E

FASE (P <0.001 ); HEWIHT LR (Myree + Myiap )
5B R B IEAG, SRR R EOHE; 1
PRHAEIEA (Opta + Onree ) 3 T IEEREE 52 1 B TE ARG
RIEHLAE S TRk ERIEF B EAME (P <
0.01 ), NH,-N V7 A e A ) 5 AR/ R 12 i 3 TE AT G
ARG RER T AR R E B ) B IR FE R
JRUBS A2 SR o
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Table 3 Correlation coefficients between soil gross nitrogen transformation rates and environmental/physicochemical variables
Ei=tan NH,-  NO;-
T P Naep pH SOoC N C/N BD WHC SS
Indices N N
Mnrec -0.507 -0.532  —-0.100 0.262 0.652 0.578 0.396  —0.501 0243  -0.834*  0.712 0.415
Mniab -0.861* —-0.675 —-0.472 0.341 0.849*  0.826*  0.185 -0.084 -0.074 -0.711 0.555  -0.188
INH4-Nrec -0.168  —0.530 0.246 0.194 -0.116  -0.179 0.179  -0.012 0.142 0.050 -0.449  -0.002
INH4-NIab -0.354  -0.538 —-0.017 0.322 0.116 0.071 0.116 0.013 -0.018 -0.074 -0.299 -0.318
Inos -0.651 —-0.310 —0.463 0.285 0.753 0.810% —0.129 0.032 -0.082  -0.490 0.622  —0.168
Ona -0.426  —0.719 0.496 0.637 0.416 0477 -0242 -0.292 0.752  -0.322 0.357 0.847*
Oxrec -0.375  -0.185  —-0.077 0.051 0.547 0.520 0.287 -0.640 -0.112  -0.550 0.734 0.524
Dnos 0.188  —0.262 0.503 0290 -0.402 -0.326 -0.491 0.556 0.691 0.455  —0.609 0.131
Anns 0.180 0426  -0.598 —0.954*** —0.181 —0.306 0.600 0.396 -0.587 -0.085 -0.051 -0.439
Rnna 0.430 0.043 0.562 0478 -0.496 -0.410 -0.574 0.220 0.595 0.524 -0.571  -0.004
GMR -0.676  —0.632  —0.235 0.315 0.781*  0.717 0.359  —0.405 0.160  —0.870*  0.725 0.250
GNR -0.426  -0.719 0.496 0.637 0.416 0478 -0.242 -0.292 0.752  -0.322 0.357 0.847*
GIR -0.303  —0.580 0.108 0.282 0.032  -0.023 0.151 0.001 0.068 —-0.035 -0.366 -0.162
GAIR -0.261  —0.553 0.132 0261  —0.012  -0.069 0.156  —0.001 0.072  -0.007 -0.395  —0.150
N/I -0.203  -0.218 0.272 0.254 0.321 0.415 -0311  -0.125 0.479  -0.180 0.479 0.739
TNA -0.603  —0.940** 0.289 0.617 0.441 0.424 0.055  —-0.260 0.501 -0.414 0.130 0.422
NAP 0.302 0.757* -0.513  -0.548  -0.037  —0.050 0.137 0.075 -0.518  -0.037 0305 -0.373
NNP -0.388  —0.708 0.533 0.626 0.372 0431 -0.236  -0.300 0.767  -0.295 0.322 0.870

e o*,

ke pRIIRRNZER B (P<0.05) . EWEE (P<0.01) FkE3# (P<0.001) . Note: *, **,

and *** indicate

significant ( P <0.05) , highly significant ( P <0.01 ) , and extremely significant ( P <0.001 ) differences, respectively.

3 3 ®

T3t FI AN TR R VR TRRAIRI
AR (F 2) SR Tt A T A Ry
e R A AR R R A A% T B AR A
W WEAG AR, APFTCRM PN RO R
TR AR IR AR AL AN E 25
YA, EHITREETEUERR TR LILA
PR PR AR, REAREET AL R
AL SR S i A R R, T X S8 A B A T
TREAIE ST Y S 48 P9 B R TR R B B AE - DR
JIAR AR T E e T AR R A Gl A P Rl
Z A BRI AL TS, ARSE B RGOS R . %
JRy B 7 T [R5 2 Rk 18 R0 B AR 5 P s

3.1

i, AR AT S A I 5 R AR A R
AR, LB R R VA AR AT -

SRS, ASWESE AN [A] - R 26 A R XS
1) AR R (B 3 Ik 2) 5 LUEHRGE
A -3, HUAE—EES . Wib-RZE0
GMR. GNR Al GIR ¥J7&7E 7 i e S AT BF 5T
PRGBS AE R P (B GMR: 0.08~2.10 mgkg -d ™",
GNR : 0.06 ~ 4.61 mgkg'd', GIR: 0.38 ~
7.76 mg-kg "-d ") 1L bRl K VD s S PR - PR Y
GMR F1 GNR 5" 74 3E 1% 7 Re AR 0K 1 458 I 48 i 25
BHE (GMR: 2 1.1 mgkg'd', GNR: %
0.6 mg-kg -d™") PO Mgy b P I, A
R E -2 5/ GMR #1 GNR 5 HAHY, i
b - U A 5 R T 3 2 A s, A I ) R e
) GIR ¥ TR e T AHE T g A UL i
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FIIF5E 45 R (GMR: 1.03~3.24 mg'kg “d”', GNR:
3.85 ~ 1443 mgkg'd', GIR : 0.04 ~ 0.28
mg-kg -d), ASHFGE M- b R - i ]
) GMR I GNR 5 HAL TAH 4K F, {H GIR i T
HEANGE R . %25 55 AT S SE 00 45 0 SO 320G 3807 vk
MIRTEIA . filhn, AR FREE N 25°C, M
Zhu ZEUSEFSE G 20 CC AT R TR W TR
W, HOFE LT 24 h B350, AR 0E (0 15 357
I [ RN AV i 32 1T BB R ) 1 fl 2k 4 %o T AL L ) 1
YERL.

ARHIEGE P R 5 T U R R Ak R
Bt AR, ARTHE RN R A 2
MGHEERARE (F£2), WERMEE R L
MLAE A W R i 208 20, fF MRS R E D
NH,-N A4 25 [ F5 300 30 R E0RE 24, 71 i 25 L 0 [
BARAES, NHIERAEMM-FE PR | 5 - SRR -
2% . NOS-N BRI BE T K E R, B85 5%
| NH,-N B4, B2 + 34 HLER Tk Al C/N 25 4]
FAYSLRAEPY, BAh, AR, HIRMAE
T 7 NO;-N AR, SR fb oTmkiAR . AR Sk
(3R 8 S SR AL TT BEAE PR Ik - 1 v it (HARHA ST
FIRTELIHE (pH 24 5.5 ) MUMKHL-K VDS, F3%
AL RATIIAR (3R 2 ),

- Wl R O RT3 s R e A e R | O R
A AP SS R FLRA R, T O A s A
(4n pH. SOC. C/N. #hBEESE), EmailA Wtk s
¥ K LI BE S 16 M, B UR Y R R e b i A A o
FJ5 1) o AEAHIFZT B o 25 19 =28 R S
T N R R B ORI (% 2),
s sE FHAM SRR (£ 1), H i+
e, UMD - VD 8 R R AR AR ) il A%
(&3 fisk 2), aJRES HIAK pH M mE) C/N
X, FEOLAZY b S RE e SR 2l .
S A 87 O BHE T 0, TR mes . iR
PEGF, 22 K0 AR B T E B R RIBEY
3 F F I B A T R Y RIS o R
b - it JE A AR G A EORTE T A R AL TR
KO, R A R Al R v T A A (3R 2 ),

JSAE AN [R] 4 HE 0 BRI A R A A 25 %
(% 2), HERTS, =A A 28 2 E 325
REREVPIACE RIS 7 PR E & 2= R(E 3 ),
W AT PERUED LR (Mype, ) FIEEZS R

FE TR (Inpanree ) TEMRHE | 52 MR 50 b 2407 HH B0
il 285 R G [ 5 380248 g vy {1 11 LA it - L2 A
A, TR (248) WREmK; A IR
A 35 f e (AR S - RS, D — RS (k-
JE ) WAhF K. okl W, A O
REE WA T, HHXTRZ R R ER
Al RE gL N TR, Rk, RS
ZE LA S RN SRR A ER RS
YER,  DATEHERA AR R R L AR SR BB
3.2 ITEMRMEEVIREASENEREER
ALK (SOC), % (TN) PIEikA
S5 HEVE FUR T8 1 R R W A Y E ]
To SOC S M A YA T 75 A it AR JR 10 S Aty 5
FAEHT AL E RS AR TN R4 T TE R AUR
Yy, MWhomAFERAE ST A AR A R E
FERREI R EEAR AR, Ak A L ) TG R A R A
P RE, AR U R R
AT, KRS T A LR E E 8.5~15.0
ZIE (% 1), mARTF 0 fb- W55 2 & 388 ik FHE
25130 R A A TR BRDIR S . FE
W RT, SOC & i 25 5 B2 Wi E P xd /)
FIHT =, A5 BT 45 5 B8 My 5 SOC. TN
WEEIEARDC (3R 3), #F—25 3CRE TR UE AT XA
AL EVE T o BEAh, B AU AR 2 4R
RS F I R R, P R R IR (£ 3).
48 pH 1B Ry 52 ma SR Wi M A ) ZOB O
HO NH,/NH; Fofil ) B s A7, i fhid 72 5.
HWFEWNEM. —EuEN pH B, ik
PR IR R i,
3 pH /N T 5 IRl AR R 3 RO AR g,
Wi R 5 1 pH JC i E MG (£ 3), TIEE
9 X REB 4 -3 pH Ab T b DL E e [
(1), RISt ol . 5%
M, fI% pH AR HL - V0 510 O B BERAR (£ 2),
FWILE pH < 5.5 44 28 A0 40 oA RN 2 Ak o TR T
PESCZ BRG] . obAh, HHE pH 558U W B
REWEFEAME (£ 3), WTHESHEFSHALE
A g, HHERMEAMAEESAE, HfTA
5 r 4 288 SR B Sl R A AR AR, LA 3 ) G Jp
25 (£2), HZ pH EmNAEFilE—L5IE.
AL — e E B N TR ERS AR AE . Onna
IR R E IR (£ 3), WRESEEXRMUEY B

http://pedologica.issas.ac.cn



54 TRRR A T = Fh A A 25 R 8 1 R R W A 3 S LI 5 1657

BRI T R AR A . T,
AT AR AL U, R (BRI R S
K ECe>26dS'm ") W PEILELZIMET, (HLEL
AT (0~15gkg ™), AHAL N AT e B i A& PP,
UbAh, AR AR N AR A AL BRARAE A 1S
b, S A DL W G b R 5 3 R O
FhE S REATRE Y, PR A T R AR
¥, DRSS A AL AL PRk B A
MR, AR TAVLET L, teoh, +Hessep
WS FEOR A R RE, BT ROE P T W R
I, TRIEE, 25 1A G S5 A A DG G 2 Bt =2 sk 553 0
PRI, TR AN . 2 AR O ) R, LR
el WL R A N 8 1

33 REFEUIENHEREHIERENX

TETCHII A 25 F R, 3P NH,-N iy 32
2 ] A 45 T A W [ S A DL RN 22 i AR AR R
NO,-N BN 48 (22 ), N/ (A Ak 3 o 5 [ G e %
Z ) BT TR R R K
WEERIBREE RS . 24 N/ > 1, §EBH NH,-N F %
4K NOS-N, 3Lk e 5 R A Ak i XURS: 5 1T N/I
< 1 WKW E £ NH,-N e Rk, REMAE
JITE . ARBFSE R, R - gl R RN - R A
TEH N/ E R T 1, SO H R R RE
5%, NO;-N PR B Ty, LG 35 0 A R PR R
B MHEEZ T, HAay 80 N/ EIIET 1, RN
WA EEERET .

BEAN, NH,-N B ¥ e A i A 5 AR [k 5L 3
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LA, FEACHAE R3Eh R i RE T .

SRR A RN EERN T, BHERES
T AT A R WA A HLR M, AR TR R
T AL SR RS SR, AT KB Mg, 5 0
REWEFEAMC, HRARMPHEMSHGIREL AR
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4 4 g
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