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W E 2004456200547 A, FfAPVCTHERMETFERNRT Z L FRBLAZ 4/
HEERFBFNEG N FERLRO~15 ecm) THAE FFT W/ HOERF S BWE
FREFGTH/HAE LERXREV . AHERH LI ENLNEAERNENHISEARE, £
NH,*-N\NO, " -N 4 EH XAV BAE G I TR >BEALEG/ o Z B M. HHENE
ENET /MR BNERENEA RN, ADERER KB UERAURTERS BAE
FEET N ANEARHAAENEZERE. BE BA LEAIKAE.C/NFpH 3R
ZHIRANAE FTN/HNERFERAEZRNEZRE AR EG P ER AN FG
FHE(19.41 kg - hm ™) FARHUE(4.2T kg - hm ) LR FH LB EFHFT LEH T LIk
(22.00% )R E & THEENEHNrHERH(5. 51 kg - hm>.0.28 kg - hm > F15.08% ) , 3 ¥
HEWRARBURERTHARNREANERG TES.
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Soil nitrogen net mineralization and nitrification in typical Calamagrostis angustifolia wet-
lands in Sanjiang Plain. SUN Zhi-gao'"?, LIU Jing-shuang' (' Northeast Institute of Geography and
Agricultural Ecology, Chinese Academy of Sciences, Changchun 130012, China; *Yantai Institute of
Coastal Zone Research for Sustainable Development, Chinese Academy of Sciences, Yantai 264003,
Shandong, China). -Chin. J. Appl. Ecol. ,2007 ,18(8) : 1771-1777.

Abstract: From June 2004 to July 2005, the dynamics of soil inorganic N pool and N net minerali-
zation/ nitrification rates in typical meadow Calamagrostis angustifolia wetland ( TMCW ) and marsh
meadow C. angustifolia wetland ( MMCW ) in Sanjiang Plain were studied by top-closed PVC tube
in situ incubation method, with the affecting factors and annual N net mineralization/nitrification in-
vestigated. The results showed that the soil inorganic N in the two wetlands had evident dynamic
characteristics. The NH,"-N and NO, " -N contents were much higher in TMCW soil than in
MMCW soil, and the soil N net mineralization/ nitrification rates in the two wetlands presented sig-
nificant fluctuations. Biological immobilization, denitrification, and abundant precipitation in rainy
season were the main reasons inducing the N net mineralization/nitrification rates to be negative,
and temperature, precipitation, soil organic matter content, soil C/N ratio and soil pH were the
main factors resulting in the significant differences of soil inorganic N pool and N net mineralization/
nitrification rates between the two wetlands. The annual N net mineralization and nitrification and
the percentage of nitrified N in mineralized N were much higher in TMCW soil than in MMCW soil,
suggesting that TMCW soil was superior to MMCW soil in N availability and available N-maintaining
capacity.

Key words: Calamagrostis angustifolia; mineralization ; nitrification; wetland; Sanjiang Plain.
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REMMAESREMY I EERAMTEAE =T
BPRERZRHANTEZ — B EH LA E
W H R ERRK T b, T E % R EEA R
PSR @ - A R A EEBOR T L
S BRI FER TR R Y TR AR A
WAL RBERE YR LR Y E R R R AR5 1k
A B AT L SR E R A E EYaRiL
R EERY MG TR MR R R A
YrERA2EAT R R AR A B T B FRHE A

BREEFHURARAEIBRFAAEEE L.

ESMHE R RS EE PR T
R R R, E R ok BRI RE D KW E
RSP R T AREE. BAX HRAT
W SWALERRBTIR T EEPERBAESRE™ |
ARG MBS RGN L i
B S RGN REARZ .

SRR T E b AR R K KRR FEm
HX Z —. /N ( Calamagrostis angustifolia ) 1§ Hb
RZX FE TR AR, 25 &5 18 E L 34.45%
FE DR A R )/ it FE R (TR AR B BN IR ) A
BEACE /R (FEFRIE L) 2 F
B EiE TR BN %, BELFK EENT
0 2% o) MR o Y b K A SRR
o8, SFERZEN A B UK. Bar, B
WA KB IFE R T ReRI R A [F K 33 b 2 Fh
253 b SRR AL SISV ST R R 4
8. O, ABFFTE A P A UL 2 A B+
RO THLERE B0/ RS E DL X EST 1L
/IR B T E EAMAMS SRENER,
PR X BHA S RERKE RE S HEEH
2 WIE ST
2.1 HRMH

DHFE A AL T = V1 SR R b i) YRR VR 3 b 1
#1 iBih0~15 cm HWHELER

i [

XK EFREE R 55.4 ~57.9 m, B4R KBtk
FRAR,AFTEEK AFZREBEEE,1 A VY
SIMEAE - 18 C ~ =21 CZ[E,7 AVFHSBEAE 21
C~22 CZIA,FEHKENL9 C,=10 CEFH
FRIE A 2 300 CZ 4. EXEREKELE 600 mm £
A RREK B EA], o 60% LA EEEHTE 6—
9 A.

ARE T 2004 £F 6 H—2005 £ 7 AEHEEA
b S0P R R A SRR DAAR 12 km (9 EF
AMRBE G (47°35°17. 8"N, 133°37/48. 4"E ) # 47, ik,
K G b SR K B R =V BUR B R F B8 f B
ks, EAZS 20 hm®. B .0 Bl S KR 4
A EEAE AR N ERE B ( Carex pseudocurai-
ca) R E H (Carex lasiocarpa ) . B P 8 B ( Carex
meyeriana ) Fil/NH B, +EARRIFE R MAEFEL .
SRR B LR R VB PR £ /D EE TR bR LA/
BRI T B 1R S B Y R, HE R
FIE 2 X 83% LA b, E B M4 R B
(Salix myrtilloides ) |, i M 25 2% 35 ( Spiraea salicifo-
lia) EFE (Sium suave) FIJE H ( Gentiana scabra) %.
DrET e /it B8 3 0 ~ 15 om + R FEA IR (L,
PERT N 1 Bz,
2.2 BHRF
221 KEigit HBRHPVC HHFRAEF
U 72 SR i R TR R AL B L B BUTEUAE b P ST
AL 20 m x20 m BYEFRPY, RAX AL
() i A, BRIR—X PVCE(HR6
em K 15 cm) , 3£ 10 NEE. RBET, HHE/R T AEH#
AR SHEMER, U LSS B RWE S
WA MR REE R, ESMEAH PVC &
O ~15 em By 14 2 4, HEWISE NH, *-N NO, "-N
MER(TN) ZFEMNE, AEHFERE 2 1~ 18,8
ATREA B R 454, S R B SO R R A
FORT O, HARLILE, B LA ARNEN
HENZE, BIEARLL, B F—BAtE (30 d &
A LAEERKERSS) RRE AR, BERE R THE.

Tab.1 Physical and chemical properties of wetland soils (0-15 cm) (mean +SE, n =10)

?‘éﬂ UL AR, Grain composition (g - kg™') FLEREE BAFKE a% W C/N pH
ype . Porosity Maximum Total carbon

K58 Clay ki Silt ks Sand % ; it

( <0.002 mm) (0.02~0.002 mm) ( >0.02 mm) (%) P (%)
A 393.2 543.2 63.6 63.01 53.11£2.29 3.41620.158 11.36 +0.66 5.61 +0.13
B 492. 8 438.9 68.3 85.41 153.57 £29.51 7.730 £0.828 12.24+0.72 5.57 +0. 14

A SLRIEA)/NH-Z I8 D Typical meadow C. angustifolia wetland; B 784k &4 /NH-Z2 18 #8 Marsh meadow C. angustifolia wetland. T [f] The same

below.
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R HLR 5 AHEFRATHE: 1)2004 526 A 25 H
—7 H29 H,1)2004 &7 A 29 H—8 H 31 H,
M)2004 4£8 H 31 H—10 A 7 H,IV)2004 4 10
H 7 H—2005 45 H 31 H,V)2005 45 H 31 H
—6 H 25 H. FE&IEF R W XA L3R
B T

BRI 84 B E B 0 ~ 15 em HHEMI A
H HERERABERAEERTRT®E RTJEFR
Al REK EIRRANR S, JR AR PR, S TS5
RAS . A AT R 41 4k 2 W] BB x4 ] SR U
VLR (HE B MR R, T A 1 6
J5, AR IR A E R B, B Rk
SRR EMNEREBEMXXR(R =
0.80). FHtt, 7ER B Z SRR K& M H LT AT EME A
DR k. ASBIE 5T R b Ak %, S 36 SRR 2 B R
To X KAt B R i A R AT oA BOR A B
RRF 2. BRYGEHAFEINIE AT ESN, -
EAESYENE NH,"-N fINO,"-N ZE. 3%
FUR FHPLEC 0 %€ , NH, " -N R A€ By il 1 (5.,
NO, "-N R By “HERR L 575, pH SRR, B
PIBCR HEBRA A RILNE.

2.2.2 itEHE BAEV (S0 RETE S
HIEMAETE T, 5 BINE T, /5 NH, "-N + NO, "-N
(B NO, " -N) EFEZMELEME . & C, FC, 4
B N¥EFRAT 5 £ NH, *-N FINO; *-N & (mg
N - kg ") Z M, W5 LEE R, (mg N - kg™’
-d”! ) ﬂﬂ:

R, = (C, - CO)/(TI - To)

EIEE, LA Co i P C i 53 B RN ISR AT S 148
HNO, N A, RS LR R, (mg N - kg™

-d™)H:

R = (Cl wiri — Co i )/ ( T, - To)

e HEAE HAEA(hm®) N0 ~15 cm £
AR KRG S% RE, BI A+ & %Rt 8 0 ~
15 em + EHPHERMEY LBHLE W, (ke -
hm—z) A

W, =W, xVxR_ (8 R,,;) xt/1000
KW, HEEAFE(g-em™);VH0~15 em +
EAR(1500 m* - hm ™) ;e AREFRE (D). H&
BiR 1 0 ~ 15 em 20050 LB AL E AR, B AT
B & FERGT LBUELE.

4540 ~15 em L EGFR A E KSR
i ERL2EE, HeF NGy el ERU2

KAENA/EYyLSHELERESL2EAENET
(%TN) ; AL B ERUT WA R AT Rl
ER i W L B8 1L NO,"-N W E 4 kb (%
Min).
2.3 SGith

3= A Origin 7.5 F1 SPSS 11. 0 K4 XH 88 17
geitsrth.

3 HRSIHE

3.1 BRIV E S

B2 Al LLE B, 7E SRV + 3 NH, *-N
FES AT A%, m NO, " -N 78 6—7 H# &, —
Z SRR — 3 fEE R IR
NH, *-N & 2R 6 585, HE & H &, i
F 14.36 ~18.87 mg - kg™ ;1 NO, -N 5 &K% S H
e Hmsh, HE & AUEMK, AE LA K
NH,*-N ZBES A6 H MRS T HE LR
ML 110174 550, B & H ¥R E B
TFHAE H, TR G E R (1.46 £0.24) £
NO, ~ -N7E&- B HA 35 2 B R 18 3th B B o T8 11k
H, FHNEE R (6,10 £3.01) 1%, FAEX BN F,
ER AR LEP N, -NHEE—KRET
NO, ™ -N, H 2 5 75 L BUIE 3tb + 38 o ik ) | 3 K%
(P <0.05) , i 7E 1R 1% AL 10 #tb 1 38 v iR B4R B3 K
F-(P<0.01) (£3). XZ&HT NH, "-N G4 7
FHLAHT PR KGR PB4 TR B, R B ok k5 T
NO, -NREMNEBRGEFME. AT REH
WNH,"-N Z2EHE®T NO, -N &, WEES
RERFF AR —FhHLE. NH, " -N 72 #8009 3 + 3%
o Y A L R 92. 69% |, T 7E 18 1R AL 16 Hb 1 33
BAR, LA 70.77% . J5 2= AT 3R oA, LAY 3 + 3%
HHNH, -NEREARMNBPFEREER (P <
0.05) , MivAFE it +3E i NH, " -N 2L K 2
g+ NO, " -N FEEAFM KN R
RiXB|BEZKF(P>0.05)(F£3).
3.2 B HEA MG (b RS

B2 Af LUE H, AR b+ 3 v 51/ A
TR 5L B B8 (Y IR Bl A AL R L, LR TP i + 4
AR AL FRER 2004 45 7—8 H 12005 4 5—6 H
BB BCA B S, FE T B S R {E, FE L) 2004 4F
8—10 Ay bR E K. 5Z M, HIFELIEH
T AL H R R 2004 4E 10 H—2005 45 H Al
20054E5—6 H BB B o S (B4, e ab i d 1
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Tab.2 Changes of inorganic N and net mineralization/nitrification rates in wetland soils { mean +SE, n =10)

S NH, TN 5 R NO, N AR LR LT
Incubation Type NH, * -N content(mg - kg~!) NO, ~-N content(mg - kg -1y Net mineralization Net nitrification
phase rate rate
HEFRE ¥RE ERE BRE (mg - kg™! - (mg - kg~! -
Before incubation  After incubation Before incubation  After incubation daH dH
I A 8.28 £2.13 8.39+0.69 6.99 +5.70 7.49 +1.39 0.093 +0. 049 0.098 +0.032
B 4.75 +£5.56 14.64 +1.78 2.34+1.15 1.52 +£0.49 0.163 +0.021 -0.028 +0. 004
I A 15.15 0. 43 9.84 +1.17 9.01 +4.13 6.26 +0. 80 -0.244 +0. 050 -0.083 +0.024
B 15.16 +0. 37 15.08 +1.39 0.50 +0. 06 1.25 0. 24 0.079 +0. 054 0. 029 +0.004
| A 9.07 +1.66 16.85 +2.12 2.24+0.79 2.63 +1.40 0.283 +0. 065 -0.037 +0.04
B 14.36 +2.03 27.98 +2.79 0.54 +0.82 0.79 +0.08 0.337 +£0. 075 0.007 +0. 002
v A 10. 47 +0. 33 15.47 +1. 47 0.75 +1. 65 7.86 +1.09 0.051 +0. 009 0.030 +0. 005
B 18.87 +4. 14 12.98 £1.11 0.54 +0.28 1.06 0. 17 -0.026 +0. 005 0.002 +0. 001
\ A 17.89 £1.55 13.46 £1.13 6.14 +0. 10 2.98 +0.41 -0.147 +0.043 -0.126 +0.017
B 16. 11 +3. 61 11.02 +2.060 1.53 +£0. 18 1.20+0.07 -0. 148 +0. 036 -0.011 +0. 003

1:2004-06-25—2004-07-29; 11:2004-07-29—2004-08-31; I :2004-08-31—2004-10-07; IV.2004-10-07—2005-05-31; V :2005-05-31—2005-06-25.

®3 BT RENEL ANOVA 58
Tab.3 ANOVA result of inorganic N in wetland soils

3¢ X ¥HM QhE  HF F p
Content Type Sum Degree  Mean
of of square
square  freedom
NH,*-N+NO;"-N A 127.663 1 127.663 8.786 0.018
B 407.044 1 407.044 27.642 0.001
NH, *-N A 128.334 4 32.084 8.059 0.021
B 325.8%4 4 81.459 2.452 0.157
NO; N A 212.773 4 53.193 2.512 0.170
B 11.206 4 2.802 3.692 0.076

1EfR, £ 2004 4F 8—10 A W p L R & K.
B 2 B 308 107 A= B LR A HE 20 B 3 B A
YA LS B RS U0 A R LB Mt R
AL R R 2004 45 6—7 H #12004 4E 10 4 —2005
5 ANIEES, RERAS N AE, 3 2L 2005 4
5—6 A B E B K ; 18 AL Hb 1+ SR A AR AL
HRx 2004 4F 6—7 H 12005 4F 5—6 A N EST,
HERNHRAIERE, L 2004 £ 7—8 A MERK.

PABH 2 i L IERALT A 1 NO, "N s R+

B E S AUE DB RIA. 2 R R AL R
W (B BLERK T (8—10 A) , BE4 (ffl) KA
RE, S ENE e +E T5 E S HBES, H T
TP (7—8 ) BB SR ; VR ALIE Hb + S )
FH MK LBHRES I TRBMMG—6 H)W
1B B AR, SLTRYE M 1 398 10 ¥4 T b TR SR e 18 BLAE
By BB ETRSWBEEWS RN, HTF 5—6
I BAS B AR 5 TR R AL 3 - 98 6 4 0 4 R e £
W78 A MRAHEA L HHBESE HE HT
6—7 A BB B 1A. Nadelhoffer %' gy B 57 7 HH,
NH, *-N &7 LIS IRk, NO, ~-N s R
DASE R WAk, A 2 B - EEHE S ATJS NH, TN F

NO, " -N Wy & BAL A H, —F @0 b/ ML s 0
BLIE BRIE(E A9 R = 2R s AR A 38 NH, *-N A0
NO, -N FEMFEMRET "5 1IEN (X 2). MY
AR, TR S, 2K & BB, B
LI o R — St 7 BL T BT RUK, LE R
AROLBEZE , X PR A 20 B8 14 035 7 A SRR .
EIRIR A AN A T SR AL 40 0 1 PR 33, o
A FF KA E R s #EAT. 2 F L3 i NO, ™ -N
A1 NH, " -N & BHE M 900 A P AR T IR
AR KB, U8 B 8 fL/m A6 1F BT 7= A2
NO, -NAHE—#aS 5B KWL gES, B
e, SRARAGYE F 513k B R 4 5k T BB B B A 18]
AL/ AR R M B A E R EERE, T e
HH A AL B AR AR (b E B T LR A
AP ERF AR REAL PR TSR SRR L. T 2T R
B, 2 i AR L/ R AL T SRTE N IR 35 57 B B )
Y2 5 1 IR BIAR B & K- (P <0.01) (% 4).
3.3 mHHRERY LSRR

PR S ATLAE W, SRR DR LR
FERMABRE LS 2R T, UREMAR S5
FHENES L E R TIREAES TR BF
PR R, BT L/ e A8 ¥ T 18w L RER

Fd BHTHORT L/ HLEERN ANOVA R
Tab.4 ANOVA results of net mineralization/nitrification
rates in wetland soils
BiH RE YW gwE Bk F P
ltem Type Sum  Degree  Mean
of of square
squares freedom

TR A 0.622 4 0.155 10.150 0.000
Net mineralization rate B 0.518 4 0.129  7.292 0.001
TR ER A 009 4 0025 5243 0.004
Net nitrification rate B 0. 007 4 0.002 5.812 0.003
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Tab.5 Annual net N mineralization and nitrification in wetland soils

r%gyp% soiljé%kg‘i%sity Tota’l‘ ;itmgen Annﬁﬁgﬁﬁi lfelzllallli]z)ation Annuaﬁyjﬁl ﬁ%t%ﬁc ation
(g+om™) (kg » hm~?) (%) (kg - hm~?) % TN (kg -hm-2)  %TN % Min

A 0.93£0.04 4226. 85 0.303 +0.026 19. 41 0.46 4.27 0.10 22.00

B 0.35 +0.08 3837.75 0.731 +0. 159 5.51 0.14 0.28 0.01 5.08

BB, e b BEE, B AR A
B R, R A VR A AT S BRI (I
N,O.N,) sifE ¥z i 2 EL NO, ~-N BB i
RPHEEESRED, FHAEBX, AHRKTTRE
PERLIR. UL, AT LR R 3 R
Ak AL B SR A A0 - 8 A W 2L 45 R B D A 1k
RIRKARE S BLRENE IR E L LB 4
FUAVEFRLIEH R 3. 52 50 15. 25 £%, UL HET
HHErEYRAENR I ERTRE. ik, BT
AE LERNEHEAE SET BN A S N EE N
4.33 4%, A BRI Ly b= A NH, " -N 5{bh
NO, -N Wl m FIa &, MarE L Eh M85
FINO, -N FENMFBHBMRW LR B8
Angt, B F 2 e b - 18 R OREZH B AR L AR
REGERD BB MRS B XAFF L
R ILEHY BT RTE TR A1 TR
HEAAES S TR E. AXFE L i, a2
REHHEF LB ARARERS.

3.4 TEIHRE. ST/ ELERS FEINE

H, S8 NH,"-N f1 NO, -N BB KHESR/ME
M LLIEIE K. AR R, IR R B X R AR
PR ER BN R AREEETE
TS 571 SHEERNBED W EFMERR,
WML ENT L ERS TEATRE
1 ABARBIREY, K AR A B ) 5—9
A, WIS s - i b B LR AT A e
HREMKTEREY(FR2). X—HH SIHE L%
b/ RS VE R A A ) B R AR X SR 55 2, i —
FHENSWZE, R 5—T7 ALK RN AHE
AR RE XK. Mo, B ZF T b/ ik
HEROAERZHW. BT BT 8 L E
YIRS SR, 01/ AL B R H AR SR 2
LYEXFR, FI SR K G BT B AN S 3R 0 R
X ARBEFTE IV B 230 (2004 4E 10 H—2005
S5 H) MBI b/ L E R A e S5 5 R
BHRA K.

2 FBH - EE R R AL SRR AR S
HEMBRMRNERNENEGSEH . HIEAIUR

SER:PES 001 o A, & A, -4, 160
SARS AR L R b/ Ry b e 3l o = B o B B
ANESHE FUBRENRKERNTFREYE 160 | w0
%) Binkley %' T 722 91, il 2 Fh B 00015 o} {30
M TAHURRA R ¥ KM S HEER. AT £ o) o €
RV, RS 2 MR 36 NO, N 5 & - o 1
A BXP ERESR, 25N 12.09 14,68 £F,18 i w“ i E
NH, *-N & BMERIF AL, 55008 2. 16 #13.97 e "
1%, AT B S A 7L R 7E 2004 4F 10 H—2005 4 5 H g 10 58
BUREAT . i 1 AT 40,2 RSBk (10—11 A ) | “ H 20
=2 20 Y 30
&% (12 HERE2 H)MEW(3 H) SR bk Hm o) ®

BE R 10em #E IR T HE & A RHEBRE. F
i, M ] 3 5 A T RS R R EN
F 20 ~150 cm 28], Brid O ~ 15 em +3ERI A
ETERES, AR TR R T R A A R K
(4.5 ~39.6 mm) WJLPFRKES 5B BT LS
THALPE R R . I, B AI AR 22 A K B AR 1 6 45
—#F T NH,"-N 1 NO,"-N F REFHEX

o L. |
04’7 8 9 10 11 12051 2 3 4 5 6
B 1 Month

H1 PIREHR R REKE

Fig.1 Monthly average temperatures and precipitation in study
plot.

A BLRIEE A7) /N ZE Y8 Typical meadow C. angustifotia wetland; B: 78
AL H ) /P Z B Marsh meadow C. angustifolia wetland. 1) SR
Atmospheric temperature; 2 ) H8 %{R B Surface temperature; 3)10 cm #b
& 10 cm ground temperature; 4 ) (& & Precipitation.
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Tab.6 Comparison of soil annual net N mineralization at different ecosystems (kg - hm™2 - a™"')
KR R TR F LEHE FReihER % Min E PG
Type Locations Vegetation types Methods  Seil depth Annual net References
) (em) N mineralization
BHAESES =VTRR Calamagrostis (A) I 0~15 19.41 22.00 b5
Wetland ecosystem Sanjiang Plain angustifolia  (B) 5.51 5.08 This study
BEWAERRE HHE Leymus chinensis I 0-~10 31.10 - [11]
Grassland ecosystem Jilin Province
FHESES k(43 Pinus tabulaeformis I 0~15 22.70 100. 00 [22]
Forest ecosystem Beijing P. tabulaeformis/ 55.50 80. 20
Quercus wutaishanica
Wisconsin, USA Pinus resinosa I 0~20 51.00 63. 00 [8]
Connecticut, USA Pinus strobus m 0~15 84. 00 80. 00 [3]

[ .:PVCETRHHE L H 1% PVC tube closed-top incubation; I : BE4%¥: Buried-bags; I : #{AEH%: Resin cores.

(SOM) B +IE W EER KR, S BSREER
W E A R ALPE SRS . DTSR, SOM S8 &
) L3 B b R — R T AE A 5 A
- STHAR HAMASE R JRRNE 1 3 ) SOM & B9 H
ERTHELE L, N 1.90 ~3. 13 F, MiFL
BROBMy /MR R R ERTRE
(F2) EBEREESE C/NAAFTRA R, W C/
N X WE R A USRI, I 554/
P ILIEE 2 61H XK. Strauss”™ (BT K, 2§ C/N
<20 B¢, {8 b H IR AL VE I T Z 3 NH, " -N AT Al
PR 24 C/N > 20 B, 0] 22 324 g AT A
PR . B BIPI 2SR # 31 C/N 235110
11.36 #112.24(FK 1). S “FMmMLIFREEA L
3 NH, " -N AT F F ¥ & 4, i NH, *-N 8] ) F o
NEZBRT 30 L 54 E SRR RS, -
% pH X7 b/ ML E R A FEZEER W, pH <5.0
FEASET, 5L SRAE A ZEmH . &
R s + 319 pH 2351 5. 61 15,57 (3%
1) HEFME, U pH E—EBE LN &K
LR R AR A — R RO sesh, 871k S
WALERE S R e MEYXR
Brp R U RIS EVEHBEN RS E UM
X AR — B HOBRIT.
3.5 ARASRELEEST L/ s R AR
SHFRFIYLREE S LB
6 R AERITH  FHRRMAETSRE LR
ST LSRR R BT s 45 ). AR AT LR
W, AR M SR L B B R T BB
BLEE M AR AA S RTRSTAK, LK 56 B U B
FIRRIE TR N BRI R RS AR 5 T 2 2235 i PR 4 1 4L
BN SIS AE Y. REPIR B AT R G
CRRAI R AL ) + S b BRI Ay S (5 ]
e EZ SRIPROUA 5. BB BR324 7T %
S5/ MR E K SEE = —E

I 145 7. Groffman %5 MOBFST R, 1830 + 64
FLAIT L 5K 40 50 K Br) 76 B 09 548
%. Corre %' WIBFZC £ B, 18 403 F4b Ok 45t
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