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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 contrasting properties and land uses remain underexplored. [ Method] Seven typical soils
from three major ecosystems in China were selected: forest (Changsha, Linzhi, Chongging), 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 (xS.D.) of gross mineralization rates were 1.40+1.31, 2.07+1.46, and
1.83+0.01 mg-kg*-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*-d%, and gross nitrification rates of 1.47+1.30, 3.75+1.86, and
5.26+2.52 mg-kg-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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Table 1 Basic environmental characteristics and soil physicochemical properties at different sampling sites

. IR .
KA Faiis ZE X + 3 ae: £t . Ngep/(kg-hm
Sites Latitude Longitude Alt'r%’de/ Land use Soil type e P/mm *pz-afl) PH
CS 28°33'N 113°20'E 75 R AR 175 1330 303 5.49+0.08
LZ 29°40' N 94°20' E 2997 FIITN i 8.7 650 28 6.28+0.01
CQ 30°26'N 106°26' E 266 FCYIN gt 18.3 1115 337 7.49+0.07
74 39°48'N 116°28'E 40 i H it 13.0 540 36.6 7.52+0.02
Qz 36°78'N 114°94' E 40 E R H il 13.2 490 64.5 7.72+0.04
DL 42°02' N 116°17'E 1324 L, e 33 316 14.1 6.58+0.13
BK 42°53'N 83°43'E 2500 i e R ) -4.8 282 1.6 7.83+0.02
R R soc/ TN/ SN NH4*-N/ NO3~-N/ BD/ WHC/ Ss/
Sites (g-kg™) (g-kg™) (mg-kg?)  (mg-kg™?) (gem®)  (g-kgh)  (mg-kg?)
CS 471+023  0.46+0.18  10.4+05  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 0.97 390+24  529.3+5.3
cQ 6.1540.35  0.65+0.08  9.4+0.3  254+0.07  10.98+0.30 1.38 323+22  411.0+4.3
Y4 5.36+0.16  0.63+0.23  85+0.3  7.51+0.22  31.77+0.69 1.40 263+15  377.318.0
Qz 10.27+0.18  1.18+0.08  8.7+0.1  3.43+045  41.15+0.32 1.32 338+2  2505.0+30.4
DL 15224053  1.34+020  11.3+x02  6.77+0.39  5.89+0.42 1.31 28445 236.8+2.5
BK 42124074 425+0.11  9.9+0.1  3.67+0.22  12.23+0.26 1.01 449+1 719.345.3

" CS: Kb LZ: #hZ; CQ: #HK: SZ: bJE: QZ: iiff: DL: £4&: BK: EEHAMEN: T: FISH: P: FIHMK
Naep: FIIEUTFER: SOC: THEAHIER: TN: 2% C/IN: frZtL: BD: TIA®E: WHC: FikE; SS: L. K
W BRI TR SR IR T4 E TR 4% . R i A P EbrE 2% (n=3), T[A. Note: CS: Changsha; LZ: Linzhi;
CQ: Chongging; SZ: Shangzhuang; QZ: Quzhou; DL: Duolun; BK: Bayanbulak; T: mean annual temperature; P: mean annual

e

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 Ng, are from the Nationwide Nitrogen
Deposition Monitoring Network. Values are means + standard deviations (n = 3). The same below.
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AR G RG] 7 e IRV 2 (R OC &R, SR HH 2R3 (Pearson) AHIG /AT e
5o AHIME AT LR R ) G A Z o AR B, DLASRATE /i) 4% pH. SOC. TN, C/N,
NHs*-N. NOs-N &&. FHEKE. FHURLEWRIIFEES NIRRT E. IraEdEm
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JEFRIF 7] Incubation time/h 5 #EI 7) Incubation time/h
VE: CSF: #hith-Kib; LZF: MhHi-#RZ; CQF: #RMb-FEES; SzU: FHh- LHE; QzZU: FHi-fh/E: DLG: HHi-216; BKG:
H-E A 7. NH. Note: CSF: Forest-CS; LZF: Forest-LZ; CQF: Forest-CQ; SZU: Cropland-SZ; QZU: Cropland-QZ; DLG:
Grassland-DL; BKG: Grassland-BK. The same below.
K1 BRI AR A s 3 P S A (@) FIHESR (b) SR L

Fig. 1 Dynamic changes of ammonium (a) and nitrate (b) contents in soils under different sampling sites during the incubation
2.2 TIRESRMESER °N FE
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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;

(c, d) under different sampling sites during the incubation
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PEYEA FLEE TG & P EFE 5 B R R FrRE /1 N RIS B -3 A0 & 50 s R AN S 1
(EESRMpE S SHESALE; WH-HER SR, {8 0.08 mg-kgtd?, EEMKT
Freth- 240 s A HAD 058, R HERKBUEE I AR EHEEIEN HEE (M) 5
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X T AR AR [ S E
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B R (0.44mg-kg td ™), FLUON R B SRR - Kb S A ST 0.0
mg-kgt-dte BRI E, NHa N 472 T E E RAE R EZHLH], 171 NOs-N B[ & fig /135
BT, TR X 4 38 I A7 2 A 1 R R KU

W A FRHE R (Onme) Z 03, HEEURKIOy R h-th . FHb-E S S e
BHu- BREL MR- BH- A . ARHb-EE PR MkHb-Kb, A0 7.04. 5.07. 3.47. 2.97.
2.43. 0.84 1 0.60 mg-kgt-dt. ¥ FFMALEZE (Onree) HHAK, KT 0.01 mg-kgt-d,
TR EEFHEER . BB E R E RS NOs-N B4 s i, fEEkiEtEs, Bl
TR 1 NOs-N B HRE 2 W%, 5 58 NOs-N £ HiEh iR 2, kw4 v s ok
55T TR A6 TR RIS o
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http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

BHER (Anng) 7EFFSRICRE 25, JEHY 0.04~0.13 mg-kg t-d™t; NH4*™-N [R5
(Rnma) A% (0.00~0.02 mg-kg2-d™) , FRAHL-EE PR g & ok, Hofh 22 A .
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PRHb-F R (0.14) o Bm ) N/ EER I I B A1) NOs-N A S5F R EE ), BT NOs-
N BRI, XR LR ER MM SO 3 A&, BURH NI B s
TIEFERFRRGE 198, e SRR E R
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-2 SR (-11.06 mg-kgt-d D) , MHL-KD SEE (-0.62mg-kgt-dt) o NOs-N )i~
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E’w'ﬁgﬁﬁ%—’ ﬁ%‘%%ﬂﬁﬁf’f&@$ (MNrec+MNIab) ) %ﬂéﬁﬁ%{&@@ (ONH4+ONrec) N %ﬂg&
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B AAEREER (K 3) . BIRBBRIATEM- 20 S SV AR R R S, Mh-Kyb
REAR, HR R, AUMH-EE PSS I LA AL e ) BB RS . ARG g ] DU Fh
WP AR R IEAFAEZE T, (HAR BRI HRN 2 MRt REM ERARE, 3
AR RS R b, BRFEAd R T ge sz LRI 7 . B3PI o . e e ve 454
Je SRS 2 TR A8 B RS AR 4%

2 FRRHEALBEIRNREHRE

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

A o
Sampli Mnrec/ Mnian/ INHa-Nrec/ (m’éﬁﬁgg a Inos/ Ona/ Onrec/
ng (mg-kgt-d™)  (mg-kgtd?)  (mg-kgtd) 1) (mg-kgt-d™)  (mg-kgtd™l)  (mg-kgtd)
sites
CSF 025:022bc  0.47+0.25a 0.3240.20¢ O'Zgio'l 0.12+0.04b 0.60+0.03f 0.00+0.00a
LZF 1.97+061a 09410762 3.26+0.87ab 2'6?;'0'8 0080.06bcd  297+0.34cd  0.00+0.00a
COF  0.08+0.07c 04940122  3.02+0.46ab 2'9?;0'4 002+0.02cd  0.84+0.04e 0.00+0.00a
SZU  0.88+0.28ab 095+045a  3.37+1.08ab 3'4%;;'1'1 017+0.07abc  3.47+0.09c 0.00£0.00a
QZU  133+033 049+0.46a  2811.12abc 1'3115'3 0.01+0.01d 7.04+0.07a 0.00+0.00a
DLG  025:018bc  0.79+0.20a 5.38+0.91a 4'2i§°'8 0.01+0.01d 2.43+0.07d 0.00+0.00a
BKG  1.70:0.31a 1410382 1.47+0.89hc 2'3:;;1'4 0.44+0.09a 5.07+0.12b 0.00£0.00a
KFE S
Sampli  Dnoa/(mg-kg?  Anna/(mg-kg™?  Ruma/(mg-kg™? NI TNA/(mg-kg™  NAP/(mg-kg™®  NNP/(mg-kg™
ng a1 a4 a4 a4 a9 d)
sites
CSF 0.00000bc __ 0132007a 0.0020.000 0.98 2.05 062 0.48
LZF  000000bc  0.110.06a 0.00:£0.00b 051 11.84 6.05 2.89
COF  0.000.00¢ 0.04+0.03a  0.01+0.00ab 0.14 7.44 631 0.82
SZU  0.02:0.00a 0.06+0.04a 0.0240.01a 051 12.27 8.44 3.28
QZU  0010.00bc  0.05:0.04a 0.00:£0.00b 171 13 9.38 7.02
DLG  0.010.00b 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

E: Muree: FETEAPLEN N NH -N; Miap: AEEEEA PRGN NHAN; Invanrec: FEEPDRRE NH-N RALESE
PEAHLE: Innaiao: PEDHE NHL*-N RIS AEETEAHIE: Onma: NHa*-N %460 NOs™-N, BRI : Onrec: F2EVEANL
FEA N NOs N, BISEFRAL: Anma: NHZ*N TR F: Rapa: NHs™N IR Inos: BHAEYI¥E NOg™-N Ik ke A LA Duos:
NO5™-N 5463 JK NHa*-N (DNRA); N/I: HIZAHAH . (Onpa + Onree) S HIZRER B Clnranree + Invanian) FTLEAEL: TNA:
BMEHEIEE (Muree + Miab + Ina-nree + InHa-niab + Inos + Onpia + Onree + Dros): NAP: NHg N {47453 #% (Myree + Miiab + Rt
+ Do — INva-nrec — Inba-Niab — Inos — Anma — Onrads NNP: NO3™=N 7472 4:38% (Onpa + Onrec — Inos — Dos)o  [FIZIA F/NG 8RR
INTE P < 0.05 /K°F AR R E IR AL RS T2 [H) )2 7 8. FH. Note: Mree: mineralization of resistant organic N to
NH4*; Mniap: mineralization of labile organic N to NH4™-N; Inna-nrec: Microbial assimilation of NH4*-N into resistant organic N; Inna-Niab:

microbial assimilation of NH,*-N into labile organic N; Onna: oxidation of NH4*-N to NO3;™-N (autotrophic nitrification); Onre: Oxidation
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of resistant organic N to NO3-N (heterotrophic nitrification); Anna: adsorption of NH4*-N; Rypa: desorption of NH4*-N; Inos: microbial
assimilation of NO3-N into resistant organic N; Dnog: dissimilatory reduction of NOs™-N to NHs*-N (DNRA); N/I: ratio of gross
nitrification rate (Onma + Onrec) t0 gross NH,* immobilization rate (Inwa-nrec + Inva-nian); TNA: total inorganic N activity; NAP: net NH,* -
N production rate; NNP: net NO3 -Nproduction rate. Lowercase letters indicate significant differences (P < 0.05) in gross nitrogen
transformation rates among different soils. The same below.
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WK EALE# Gross transformation rates/(mg-kg-d ™)
N
S

CQF SZ

c
=
@]

W R E
Forest land Upland  Grassland

FHE A Sampling site +-Hh R F 248 Land use type
T ANFENG FRMRIA A BRI ACE % LI 2 M ZE R B, MRS T RAURA R R R (LR % LA
MM MEEREE, P>0.05. GMR, ZEHHYLEZ, AEEEIERERTES (Mye) S5EMEAHLELERT LE
2 Mo <H1; GNR, WIS, ABEFMHHLER (Owue) HRFIHLERZM (One) 3 GAIR, HAEHIY I FE
2, REEAEIEENESEEEREER (nmene) STEEAIEENESBIREREE (pana) A GIR, HIZE
TR, A FEYIL B R RS RS A WIHE B % (Inos) M. FIF. 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 (M) and that of the
labile organic N pool (Mi). Gross nitrification rate (GNR) represents the sum of autotrophic nitrification (Onns) and
heterotrophic nitrification (Onrec). Gross ammonium immobilization rate (GAIR) represents the sum of ammonium
immobilization in the resistant organic N pool (Inna-nrec) @nd the labile organic N pool (Inws-nian). Gross immobilization rate (GIR)
represents the sum of gross ammonium immobilization rate and gross nitrate immaobilization rate (Inos). The same below.
B 3 AR RS = R PR N 3R R I A T R ) L AL
Fig. 3 Comparison of soil gross nitrogen transformation rates among sampling sites and land use types
FRMEDMER (R 3) KUY, TSP RERIHRD ER (Mnee) 5 IR E
ERFEIAMK (P<0.05); iEMEAHLEERPIHD LEER (M) 5 HIA PR 22 2 5
FHIEMR, 5RREREIMR: MERMPIHREEER (o) SHEEREREIEHK
(P<0.05); HIFMHMER (Onne) 5HIEEETREF EHR: BERABMER (Anne)
5 pH EARBZE MK (P<0.001); FEVEH HIEE (Myrec + M) 5 TIRAHLIK L
FHIEMR, SHERRZEIMER: WM IERE (Onwa+ Onree) 5 IR B B35 EAHR,
SMTHEE M SR KE R IEH RE AL (P <0.01), NHg-N 4= A 2 U] 5 4 /K &
ERFIEMK. FRRRER T AE LR BN T S H R KU R 22 SRR A

*® 3 BPRAFVNEEUERSMEE TR ORBUMRABEXRY
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Table 3 Correlation coefficients between soil gross nitrogen transformation rates and environmental/physicochemical variables

EEL

P Neep pH sSoC TN CIN NHz*-N  NOs;™-N BD WHC SS
Indices

Mnrec -0.507 -0.532 -0.100  0.262 0652 0578 0.39%  -0.501 0.243  -0.834* 0.712 0.415
Mniab -0.861* -0.675 -0.472 0341  0.849* 0.826* 0.185  -0.084 -0.074  -0.711  0.555 -0.188
INHanree  -0.168  -0.530  0.246 0.194 -0.116 -0.179 0.179  -0.012 0.142 0.050  -0.449 -0.002
INHanip  -0.354  -0.538 -0.017  0.322 0.116 0.071 0.116 0.013 -0.018  -0.074  -0.299 -0.318
Ino3 -0.651 -0.310 -0.463  0.285 0.753 0.810* -0.129  0.032 -0.082  -0.490  0.622 -0.168
OnHa4 -0.426 -0.719 0.496 0.637 0416 0477 -0.242 -0.292 0752  -0.322  0.357 0.847*
Onrec -0.375 -0.185 -0.077  0.051 0547 0520 0.287  -0.640 -0.112  -0.550  0.734 0.524
Dnos 0.188 -0.262 0.503 0.290  -0.402 -0.326 -0.491  0.556 0.691 0.455  -0.609 0.131
AnHa 0.180 0426 -0.598 -0.954*** -0.181 -0.306 0.600 0.396 -0.587  -0.085  -0.051 -0.439
RnHa 0.430 0.043 0.562 0.478  -0.496 -0.410 -0.574  0.220 0.595 0524  -0.571 -0.004
GMR -0.676 -0.632 -0.235 0315 0.781* 0.717 0359  -0.405 0.160 -0.870*  0.725 0.250
GNR -0.426 -0.719 0.496 0.637 0416 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 0.261  -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 0321 0415 -0311 -0.125 0479  -0.180  0.479 0.739

TNA -0.603 -0.940** 0.289 0617 0441 0424 0055 -0.260 0501 -0.414 0130 0422
NAP 0.302 0.757* -0.513 0548 -0.037 -0.050 0137 0075 -0518 -0.037 0305 -0.373
NNP 0388 -0.708 0533 0626 0372 0431 -023 -0.300 0767 -0295 0322 0870
e R R RO R EE (P<0.05) « IEEEE (P<0.0D) AfkEE (P<0.001) . Note:* ** and *** indicate

significant (P < 0.05), highly significant (P < 0.01), and extremely significant (P < 0.001) differences, respectively.
N \/\
30

3.1 A KB HIRBRMRE U I IZRR M

KGR (B 2) LR T AT ARG TR RN b BRI 2 LI A R g 3 2
AR B H A, AR N R R R ARG A R H R R R
A AR [ 8 S G A I AR, (B TR R T S PR R N LB 1 » SEBRZ&AE T
BRI ZIER . RN SO AR R AR AT R, T 3K 8 B A 3 B AR AT 9T 1 R
Wl R R AR B e . RItk, PSS R R B Rl T HIR AN A S AR 2 1A
BIAERT AR By, AR S B M BGOSR o 15 BREAE LT[R B B M B U AT 7L
HAECR R, AR ] 25 G A B R IR IS R R TR AR, 0 8 5 R T B R AR AT

BARTE, AHEFC AN [F] L o] 2R R X ) TR BN SR R K (B3 Mk 2) 5
DMESGE A —S, HRfAE—E R . HRH-MZ A1 GMR. GNR 1 GIR ¥V 7E s
Ji SR AL 7T TR E AR AL TE Y (B GMR: 0.08~2.10 mg-kgt-dt, GNR: 0.06~4.61
mg-kgt-dt, GIR: 0.38~7.76 mg-kgt-d) [€, Mih-K b 5 5 bk Hb- K £ GMR A1 GNR
5 Erg HrkE AR AR LI pT i E 045 B (GMR: 4 1.1 mg-kgt-dt, GNR: %] 06
mg-kgt-d ) R0, 5 T B+ IEPIUAH L, A ST RL - 240 23 GMR AT GNR 5 HAH Y,
TR Hb- 5 A & o I 50 vy, ASBIE T S St i Y GIR 4 T SRRV LR . AR T
A8 L 5 S (A 7T 45 5 (GMR: 1.03~3.24 mg-kgt-d?, GNR: 3.85~14.43mg-kg*-d?,
GIR: 0.04~0.28mg-kgt-d™*) , AHFTH FHb- b E RS dh- il & 257 GMR F1 GNR 5 34k
THMAKE, B GIR I = T NG5 R . %22 7 7T g 5 S0 26 At Bl 2 B AN R %
B, ARFFEREFRRE N 25°C, ML Zhu 0 TR ) 20 CHEAA R T A Pnis e
IS, JCUFSIET 24 h $5FR 5000, AR (1 1E FRT B NI mT RE PR 1] T 2B 6
BUE 2 1A
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AT T A P U S i A U ORI A R K B SR 3T , (EL T AR AN [R] 38 ) A4 2
FHES, MaHERARE (R2) o BEERMEE R RENEEYE R EZIENA, 1
PERTEVEZUZ A NHS =N I 5 I RSO 2, 1A A U [ e B A, JRIL R AEAR
Hu-EE PR, - A AN RS- 24055 . NOg =N [ RFAMY AE BT K &, 385 25 NHa™-N )
], HA2 AU CIN FRR KRR, b, ARFFRRY, BIRELE
T 7 NOg-N HYZERE, 5 TR DTHRARA o B PR SCHRIBIRIE S 77 A AL T RECE IR PE 13 rh i o,
(BRI IRIELE (pH 2155 O MAk- Kb i, RIFMAE RN (2 .

AR A 7 AT A R L JRVE RN . LR A S R, i e
BALPE (W1 pH. SOC. C/IN. #hEAE) , MR YIREE 450 S L Dhae 5ia 1k, 2Ry
RR AT FE RSB RN TS 7] o FEAHT T HTIRA i () =28 o of FI SR A oy, Bt 3 R R I
el G fmh (R2) , EofRm THANBMEEMN R (RD . Hititgdh,
UMKV f R B AL RE B B WA (B 3 R 2) , Wl g5 LI pH RIS K C/IN
xR, SEHEER L. MAMBEELREL ZME . P2 ONHHETPUE, IRas
GiAn EANERF, I KA RIS 1 3 8 M RERY, 8 H RIL B R I AR AL
R, A FE - i B R IR R AR R AE AT R A TR RUKT . R B TR
g T H b m b (R2)

REANFALROBR RIS REAEZR GR2) , HamE, =LA R
ZIH FEBR RV RENERAEG T B REER (B3) o WmK- P E v s R
H (Mnree) MR EE R (Innanree) FEMRIL, FHUAIE DR IAT L S BRI €
AR f e IR - H A TR, T 0 —FH (248D WEBZFMIT, BIRmER
B i R UAE -l ) A, S — B CEAD AR T 85K dtbmr W, 3R A 5 5K
EON A DR T, (B SRR T A =R ) 1 P RT BE AR At B D L (¥ A 5 i
Uk, RLZRE RS R S SRR AR SRR IR AR, DS R B R 112
FAC ISR B ML .

3.2 BIRMERARMRE NI IZREEER

TIEA B (SOC). 2% (TN) DLLRR %L 85 381 5T T g L RUR W1 e e vt T
A EA 1. SOC A2 A AU T /5 BE AN BRI A SL A, B 35 (e dbm™ AL B i 78 10 TN
St TIEE RURY, MR A REEE ST R LUV N BT A e FR IR I A B B bR, &
B S LB ) T 48 R RCR A D T 5, TR B S B D (2 3k SRR BT o

ARHEFEH, KR LI LA ETE 8.5~15.0 Z (] (R D), mlKTH fb-[EFsh A s
(il e 2501, R AU H IR RUE AL TR IRBPIRES . EILHE ST, SOC S EMERH
BRI E YA BRI 7 2 HORYE 73 A 45 R R Miies 5 SOC TN 225 IE AR (38 3D,
BE— B SCHE T RRIE T PR BEAC TR IEE T o BEAh, B RUR RN 24 M s S &
W, P R R E IEAG (R 3D,

35 pH MR AE YIS EAY M EIES OUHFE NHAINH B fISRBE R, W
XA AR A B R . —EVEE A pH B, AH AL B RO BOR A B, A
FAHPCE R b, 23 pH /N T 5 I AR B2 AR, AR e, AR S
T3 pH LR FEMRK (R 3), WM W FT O > 13 pH AL PR DL EVER (R D), R
LR A S 2 I A B 1 O o AT, A pH AR YD RO Onma IR (3R 2D,
RYIE pH < 5.5 2 T A A e AN AL e PR B BB Ao EAh, 13 pH 5K
(IR B R 5 25 AR (3R 3D, FIRESRH B 1ALl B 7 3a 4 IR Ak
AR, AER AR IS RN N R BRI, HACPRR R B =R (R 2), H3Z pH
ST Ryt — P Ik .

SR AE— VG N T HER AR, Onme HEIEERZEIEMR (G 3), TRESEE
XS B 5 A0 B AR I AR RIS 0 . AHALT L, AHALS Ehipi ik EBUR, midh (4
AR SR 3R ECe > 26 dS-mh) A P EUH 58 4 52 7, (HAEARER 26 AF F (0~159-kg™),
A St T REg IO 280, eAh, 3R S AR N AR G AN SLBRURF AR AR b, SR TEA AL
REERIRIR iR R R R FE MR, FELRES A REMRT Y, B E R RS54,
FRHETEE AL <RI oy, BREIGAEMBEREGE, AMT ARG R, tehh, 3
BRI S EOEAE TR, SEm RS TR P, RN, BRSO OGS
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VEABREZ DRG0, PRI, 38 B ERARA . SRR 1 g, HAR e U Lo, 54
TR AR
3.3 ARFUIENIMERERIERENX

FETCHEPIRAC IR AF T, aBrh NH,*-N R 32 2 2% ) B4R B A= P [ 2 A LR 20
ALy NOg-N PN ERAE (R 2) o N/ GIHAEZ 5 [ e sl A 2 L) AR A AT I 50 iy - 3%
BRI EBL ) KIETEM IS . 2 N/ > 1F, $E80 NH.*-N EZ 54005 NOs-N,
IR S SRR M0 N/ < 1 MIERBITEZ NH N #AEmFe, RaREaEE
GRo AWEFTH, SRR SN O T A A N E R R T 1, SRR R
JRRE I8, NOs™-N BURIE Jyer, il 5 I RR B U AHELZ T, Hor 8 N/ (B
PURT 1, R E R ER T

BEAE, NHg*-N 37 AR R AR R K B 2 3 IR, T BN R0ETE S MoK & B %
R (R3) , RIDKDFIEN BRI BAR A RIEE . —Jrm, KAABTIR
PO A AN M T, BETTE SRR RG22 PR AT BN MLk,
BERALR LA - 38 v 1) PR B

Al R R R R AN L EE A o 3 B TR TR A A AT WU 2 A, A7
MFREAT S FEC, 28110, AR TR My 505 28 2 TR, HRE RN
HUSHSREARRILE BENE GE3) « Xafe Bt minfe st a U5 2 i R,
FEAR T A HURMIRRIIAR R, TR H1 7 R 1. BRI S, W70 R AR 1
B3 (E-OEAE . FH-2A0) EE BEARRER SOC M TN /K- (k2) , #t—
BAlE 1 _EIRTEAENLR] . EIRILGERM], £ M R X IR A o, B2 X IR
JE b ARSI R 55 oW RUE L PR i 2 P 3 [ P £

4 %5 %

FEMRHh BT = b A S R G- R R g, SRR AT B
RAEMPHATRE . b, AEVE SIETEA LR (5 R T AL K, AR
NOs™-N JE R T 845, NHa*-N R Y 5 O [ 2000 T ZEhL . B R ER AL R 4]
POk RAE =R LA TR (0] Z R AR, (H325] SOC. TN, pH. #HhEE. AESELHEIER
LR GREES FEKD RIEFRTE. i, 2T 5= T IRIT LR R A Xy
E R IREHL], MG 2R SRR, I FRNR A ST GE 7. SR, =W
B TR A RO MR E AT N RS, MELUE R AP S fE . RRIAESE—Trik
HEZET, 7 KA RVE EDF S NI EALIN, R e s TIRR R IPEAL R3S A 5 1 1%
B, D9 DXIR BRI FOA 3 B SR R 22 S04 .
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