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(MBN) 7 [ R (N ) A% J& 3G Jim 7 38 37 P8 (K5 72 38w F2 K & ¢ T ,MBC #2 MBN 4 [ N # & 3 fim
i PR, (B B ACE Al 55 T N B3P & s b A F AR BT, L E4H F 8 L Shannon % #F
BAmHGEE - ZHFERBENFE LT AR T K EET, & NBEALENLE
A - FZ MRS ET TEAEKRFETHRN NAERE. HXOTE &, LA K
B HARA(NO, -N)Ffg A& (NH,-N) 5§ + EAHFH I EHHE L F AKX Z;MBC fr
MBN 5 Shannon ¥ g BB B JERBELEZEM XX R L EAHHEEEELENE
H )7 (NMDS) & 7=, £ A EARKFE n e KA E T, LB M E A B LM N BT & &
W BB, T4 4 (RDA) & ¥ ,MBC MBN .pH ## NH,"-N Z ¥ L B H A S 4 mEE
HHEHEF.
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Effects of nitrogen and water addition on soil bacterial diversity and community structure in
temperate grasslands in northern China. YANG Shan', LI Xiao-bing’, WANG Ru-zhen®, CAI
Jiang-ping®, XU Zhu-wen®, ZHANG Yu-ge', LI Hui*, JIANG Yong® ('College of Environmental
Science, Shenyang University, Shenyang 110044, China; *State Key Laboratory of Forest and Soil

Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China).
-Chin. J. Appl. Ecol., 2015, 26(3) . 739-746.

Abstract ; In this study, we measured the responses of soil bacterial diversity and community struc-
ture to nitrogen (N) and water addition in the typical temperate grassland in northern China. Re-
sults showed that N addition significantly reduced microbial biomass carbon (MBC) and microbial
biomass nitrogen (MBN) under regular precipitation treatment. Similar declined trends of MBC and
MBN caused by N addition were also found under increased precipitation condition. Nevertheless,
water addition alleviated the inhibition by N addition. N addition exerted no significant effects on
bacterial a-diversity indices, including richness, Shannon diversity and evenness index under regu-
lar precipitation condition. Precipitation increment tended to increase bacterial a-diversity, and the
diversity indices of each N gradient under regular precipitation were much lower than that of the cor-
responding N addition rate under increased precipitation. Correlation analysis showed that soil mois-
ture, nitrate (NO, -N) and ammonium (NH,"-N) were significantly negatively correlated with bac-
terial evenness index, and MBC and MBN had a significant positive correlation with bacterial rich-
ness and evenness. Non-metric multidimensional scaling ( NMDS) ordination illustrated that the
bacterial communities were significantly separated by N addition rates, under both water ambient
and water addition treatments. Redundancy analysis (RDA) revealed that soil MBC, MBN, pH and
NH,"-N were the key environmental factors for shaping bacterial communities.

Key words; temperate grassland ; bacterial diversity ; bacterial community structure ; nitrogen depo-
sition; precipitation.
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Py R RO IR Gy e B H SRRV 2R
FEYERE FARAEAS R G R M BEJy A H 2 X,
Xof 5 DX el A A AR 2 2 B T R K AR
IR (o R e s S R PR el X N e B
PRGN DIRE R KA R i 2 ) B ™
FROR T B AE S RGE. R AR R G A bR
XA AR A RN TR B e R A B R
T BRI RN G805 | R A B R R A
I, OB RS AL, R B AR - e ok B TR
YIRS B e A . NS 2 ek A
BAERF AN G 9 FEFAMALE L5 R BoR N I
SRR B R P& b =F R 1Y AR S I RGO B R K
REAPR T ARV 55 B 708 S R B, 0 T R e AR R
fORaE PE RAE N IR K 38 oo B R AR S R St
AR AR A 1 2 O (R AR A
YT S5 R R Z2 R R I T 9 Bk 2 R BRI

I A W A S R G B A BGR 4, FE B
WA R G Y G ER R e R e fb b AT M
P2 B X R B A AURK BEAR I b R A S R
GREAEAL SRV EIES R R EE S £
R A W AR N IR I — /N R 4y
(Hrh A TE & e, o 70% ~90% ) fHE I
IR ORI BB S SR 5
FeAbpe )y AR R G Y BRI R B R R B 1
Tl s R IR D R S R R E S
O AR S A S R G LR A
BRI, BERE 5 R AR S R AT RE A AR AR N B
ol B INFRE K e X IR E MR P — e 1R
i, B0 Allison %5V BF5E B oR , N B ANEAE T 4 4
T W BT 22 R ME AN S5 K 4 A ; Treseder' ™ & B, N
URINBEAR T 498 U082 1, 0 R R AR FLIE 1
W (BA BN AN A W) Evans 281 BFSE
FEH BN R K b 3 A D A TR A 2 A
TR FE R A D iy 7 AR 2 R G UK A I B
AR UL W BV 45 40 B s ), AR RIS AR
FEN S 2R F R E KR ISR V-6, il 16S D-
NA-PCR-DGGE $5A , #F 58 38 fin [ K R AS [R) ¥ B2 N

x1 FAKABNAXFSIE

Table 1 List of plot code and corresponding treatments

BRI IR G I - AN R BV -2 AF PR ARV 45
VR SE IR, LIS R TR SR K A N DL S AR i
A i b AR 2N R ST R R AR R S A

1 HARRKBEHARTE

1.1 5 XA

IRE A7 T ST IR XS MR ) AR R i
ZAGH (41°46"—42°39" N,115°55'—116°54" E).i%
ST Ry DU i T, B A ALERAIC, Tk
TV HLERSE AL ER  HER 1150~ 1800 m. & Ty 2
T E KB RS AE R 1.8 °C L AR S i <
9.1 C,FHHMAIE-5 CAFHEKE 385.5
mm, H i 70% £ 7E 6—8 H. 4 HE I ok 54
j:[ls] )

1.2 it SR

AR A R X Bk o E X, 2k
HRUREAKFIIE K 2 A~ E X8 7E 2 A~ FE XK N
TR N Sk 21, 25t 4 A N @K (%
1) BRI T AEE B E X 28 ~/NX B
PMLHES, B/ NXTE A 8 mx8 m, /N Z[HA 1 m
TF AN B4k i FH PR 2R K B4R 6—8 H 41
12 YGHFAT B A K 1R, R 15 mm, B4R K
180 mm, R A4FREIKE Y 50 %.

AW ALY 7 AR TP RS 3 A
HE AT YRR 258 0 Hr.2013 4 8 A EAIH
B3 em HE5DL 5 SRAHCRERIZ (0~ 10
em) FEa. BRESR R 2 4y, — 0 T ERARPE BTN E | U5
—3F-20 CHRAF, T L F 2 DNA $2HC% H
A8 IR 5 HT.

1.3 Wk

1.3.1 DNA 2050 FRHEC0.35 g T3R5, F
FHl MOBIO PowerSoil DNA {71 & ( MOBIO, 35 [ ) $
B I R 41 DNA.DNA # iR FH 0SB 5 i H ok
(0.8% e v 1) AT 4, I Nanodrop 2000
AN 6OGE 1 ( Thermo, 32 [F) X DNA B9 E
Al AT R BB LI 4 DNA BT -20 CH#
fE55 H.

Qb AP K Increased precipitation H %K Regular precipitation

Treatment i A TR R xR (i TR R
Control Low N Middle N High N Control Low N Middle N High N

i 0 5 10 15 0 5 10 15

Nitrogen addition (g N - m™2 - a™!)

45 Plot code WCK WN; WNy WNy5 CK Ns Nio Nis
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1.3.2 4% 16S rDNA i PCR §"38 D)+ 35 R4H
DNA M4, %F 168 rRNA J£[H V3~ V5 X4 PCR
Pys P 5 GC-341F (5'-CGCCCGCCGCGC-
CCCGCGCCCGTCCCGCCGCCCCCGCCCCCTACGGG-
AGGCAGCAG-3") 1 907R ( 5'-CCGTCAATTCMTTT-
GAGTTT-3") , >R FH 50 wL i) PCR WA % | H4d i
WF .5 pL 10xXPCR ZZ#h il (& Mg™) ,4 uL dNTPs
(# 2.5 mmol + L"), 1 L DNA B4R, 1 F 519
(10 pmol + L") 4% 1 pL,0.4 wL rTaq fiff ( Takara) ,
f i B 2l7K (ddH,0) #M 2 2 50 L. 35 B AR
(4 I o A B X B PCR N RE P A 194 °C AR 5
min, fEFREFE N 94 C 1 min; 72 °C 1 min (HHE
JOREEM 65 C i, BAEFREEAL 1 ¢, 3t 20 4>
TE¥R) s Z 5 FE T 15 D3R (94 C 1 min;45 C 1
min;72 °C 1 min) ;72 C 10 min.
1.3.3 16S tDNA-PCR /¥ DGGE 73 #r >k H Bio-
Rad Dcode™ 2875 Kl 2 4t ( Bio-Rad Laboratories , 55
) JEAT41E 16S rDNA-PCR 7= # ) DGGE 40 #r.
PUIRTERCBEIRE (37.5 « 1) WeFEN 6% , B PRI BL
40% ~70%][ 100% 92K 4 7 mol - L7 IRFEF
40% (V/V) 2585 F ke ], K28 sy 1
TAE. IR 554470 V L ,60 C HLTK 16 h. LK
H 5 A Genefinder 46, 30 min, %% )5 FH Bio-Rad %
BAG AT Z2 B A A il 1 FRL Kk SRty 41 .
1.3. 4 HEERALEARIIE  SRHJTR A +
A (TN) A48 (TC) 5 >k FH A5 B 28 = S ik
FE TIERUEY) YRR (MBC) (A (MBN) >R H] 0.5
mol - L' BREREN (£ : W=1: 4) L, FIH TOC 1Y
(High TOC , Elementar) il % ; pH R H R JE 11 ( £ -
K=11:2.5)5E; +3ELH(TP) R H HCIO,-H,S0,
PR BT EIENE s B /KR T 105 °CiEZE
HET 24 h FRETTE; RIS A (NH, -N) FIfiS
Z(NO, -N)KH 2 mol - L'KCl A (£« =1 :
5) $EHL, W sh 4T AutoAnalyser 111 | 2.
1.4 Bt

I3 HT 84 Quantity One 434 DGGE
S, TSI NP W B 45T | A% 109 B Hh
Hah&A . A DGGE #1385 i 8 7tk i th 45 SRt 5
A AN TR -2 A 38 4. Shannon 22 FE P8 %K
(H) AR H=- z P InP, ;Evenness 2] &
B (HHEARN . J= H/H, , H_=InS.HHH.P,
RER § SR O B SRR TR SRl oL
FEME ST L3 S 55 BB A B N ="T- )l +

PifE 22 ( Ry RO 22 2 O X0 A SPSS 16.0
eI A A v () XUERL 3R T 22 53 AT (two-way  ANO-
VAs) KK F 7 (W) B 7 (N) FIEUK S 5AEH]
(WxN) XF G AE A= Wyt FI AN o- AR PR 5200 5 12
F Spearman AHIC 3 Hr K6 I BR 55 IF 7~ 55 22 R 1 45 4L
(G & FIFH PRIMER 6.0 $0-4 i 222 R
M HE R ( non-metric multidimensional scaling,
NMDS) , 2 FBEY% Jaccard 5 B 40 FE 4T 240 1 FHE TR
SEFHERT , R H] Cluster X 4 e f 7% 2540 47 R 2891
#71.F)H Canoco # 4 Biplot of redundancy analysis
(RDA ) i 63,73 B B1 455 PR 3R 0T 41 B v 405 44 7% S
iR B B R T4 T DGGE 457 I A X 3= 2
WA TR T 1g(X+1) Fedte, SRRl 5245 R %
E KLY (Monte Carlo permutation test) 4347 #4548
rO0E T SR TR P S R R Y M (0= 0.05) .

2 HER59H

2.1 FUKBSIXT -6 P4 5

FER KGR T ARV EE N i34 5 2 1
T HIERUEY)EY) Bk (MBC) V& (MBN) (55 3,
1) BEE N EEE I IR (NS) (TPAR(N,) EA
(Nys) ZbFE 1Y+ 3 MBC 43 BIFEAK T 20% ., 34% #il
49% ,MBN 43 AR T 38% 54% Fi1 62% .34 1N [ 7k
WREE T N Xtk 0 A e A R A R K
Ak EEAH LE, 38 R K i 12 € MBC A1 MBN {2 3% 3%

320 oA
OB

280 -

)

80
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Fig.1 Soil microbial biomass under different treatments.

CK N, N,

A HIRREIK Regular precipitation; B HaHnRE 7K Increased precipitati-
on. I [A] The same below.
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Fig.2 DGGE profile of soil bacterial 16S rRNA genes in temperate grassland treated with nitrogen and water addition.

T, BN T 18% ~41% 1 11% ~56%.
2.2 FUKEINST AN - Z AR R R

16S tRNA LK PCR 74 2%t B 52 35 b, Tk
FRSePEY 3 BT IR A B 8 4, B BRI
2554 600 bp.FH DGGE Elii (&l 2) W] A1, AS (7] kb 2 ]
ZOBE RN SE BEAEAE 22 52 B/ 24 B CK N (N, Al
N, 733 30,27 .30 F1 32 4475 (% 2) ; & 2B 1,
WCK WN; \WN, Fl WN 7514 41,39 .36 Fil 34 5%
Al (R 2) BRI, IR K AR T AN R
I E B R B S B V) AR SO BRI 2 M
XFSEREVT RS B 0 AN T BV a-Z AR ETR B (3 2)
T AR FURR K AL EE R, A0 5 R 4R O
Shannon F85XBE N A6 B 5 P50 R 5 84 i ) #a #
N, 5 N AbBL 2 [6) A B %225 (P<0.05) , Evenness
FEEUBE N WS II0 110 100 717 08 25 AR 0. 1 K 2%
FF, 4% N B FEALPRAY + 3240 & Shannon F1 Even-
ness T8 B0 8 3 5 T8 MUK 24 AR A9 N 4k
HUBRRE. 5 A SR B K A AR E, B3N T 0.27 ~
0.41,J {Hik %] 0.99.

#2 AEARKFMLEMAEEEE o SEEMEIEH

Table 2  «-diversity indices of soil bacterial communities
treated with nitrogen and water addition
Ab P S0 Shannon 850 I EEFEEL
Treatment N H J
W LR CK 302 3.32+0.08  0.983+0.001
Regular Nj 27+2 3.15+0.11 0.979+0.010
precipitation Nio 30+3 3.30+0.11 0.965+0.025
Nis 32+2 3.40+0.03 0.950+0.011
ek WCK 41+3 3.62£0.06  0.997+0.001
Increased WN; 39+2 3.65+0.18 0.990+0.013
precipitation WN,o 36+2 3.71+0.06 0.990+0.014
WN,s 34+2 3.67+0.10 0.990+0.015

ANOVA Z3Hrat M N B Inx 40 i £ ke k35
AR PN R TR i1 ) TRl e e vk X €
WA Al A 2R MR R (R 3) . RIS A
SR SRR BN A T R (R 4) , 1S
JK A 5 454 BOR Shannon 45 501 & 35 1F AH &
NO,™-NFl NH,"-N 55 ¥ 5] F 45 %5 5 1 3 140 OG5
MBC F1 MBN 55 45717 0UF1 35 &) B 5 H0AR &2t 2% 1F
FHIC.

2.3 GEUKBSINT - A0 B 7 45 R 1 5 T

R 2 AR B (NMDS) HEJF 45 51 R, 7635
TR K AR FER & 3A o 40 B8 BV 45 A 44 N WS I
FEAT R 4 AHRE BEAS N AL BR YR R G AN R
Ay IR A U ASGLRE ;TR AL # i 1E 3¢ T
TIASTR] N Ve J32 7 240 A1 A 5 D0 B A 3Ry 2 A4, L
i WCK FMIE WN A3 41 T8 B 75 SR —41, WN
FWN A BRI ERE IS R 00— 4. NEL 3 AT LLE
Y H LR AR RGN K 25 N B EEAL BRI Cluster 2
K (E 3B.D) 5 NMDS HEJF (K 3A .C) &%
— 3 FREE R R I EUK ISR T A S 4 R R VR
458,

R3I FKAMNLEREDEYENAR o SHEEIBE
BN EEFEDH

Table 3 Two-way ANOVA of the effects of nitrogen and
water addition on microbial biomass and bacterial «-diversi-
ty indices

[D G} G} P Site Shannon Y57
LYk EYEA N 54X BAL
MBC MBN H J
W 2597 % 12.55** 9L.72*** 77.06* ** 31.44***
N 27.84% % 24,64 %" 2.685 2.015 2.443
WxN 1.461 0.933 7.433" " 1.653 3.487"

# P<0.05; = * P<0.01; * * * P<0.001.
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Table 4 Correlation coefficients between soil properties and bacterial a-diversity indices
ZREMER R A4 (G| Seff Ee A AL 0 pH FokE O HER WA
Diversity index YRk YA TC TN C/N TP Moisture NH,*-N NO;"-N
MBC MBN ’
KN 0.52** 0.48* 0.25 0.32 -0.2 0.27 0.13 0.46 -0.23 -0.37
Shannon 8% H 0.22 0.18 0.41* 0.44* -0.04 0.46* -0.24 0.56* * -0.06 -0.25
WIS AR %) 0.49* 0.56 "~ 0.35 0.44 " -0.29 0.46" 0.2 0.37 -0.68** -0.48*
* P<0.05; = * P<0.01.
S B N ZERIY RDA 28T W, R LA e T 20 B RV 454
s5:0. s . s
N, ARSI 57.5% (B 4A) N, N, VA N A BE 1) 40
N BEVEZSAIAE CK A5 W1 W02, CK AN N A4 4 76
o 85— HERFRE 7 16, N, TN, Ak 43 7 16 55— HE
K 7 ), FE N VR IR 5 — 43 S 4 S
o #.MBC MBN I pH HE 5 5 45 —HE e il 52 1 HIE,
<. N NH, N Il NO,“-N HEF 58 4A 55— HE ¥l 2 6 A
70 80 90 100 e B4R % Ky B i 7% MBC ., MBN . pH. NO,-N 7
= S NH, N B8 B 45 b 1 25 (e 5)
ek, s W Wl TC TN TP M FI C/N R 48 B 7% 245 49 ol A8 280
l// ig W;I \\\ //Wng_g’ : i:z ﬁ%
:O 53 \I // WNI,_M' 152 'E.) N . N .
Ve /T N RO S P - 0 B RS 45 T B N
NS e wek, SRR I T VR 5 (B 4B) |, Pt R T
e WC%Z SN REVE 45 K78 S 1 57.4%. WCK F1 WN, b3 4375
\& Wi WCK, PR —HER il 15 7 8], W, R WN | Ab B143 A 76 55
A Simcity (5 —HEER GO FRER I N RIS 5 S

B3 40 B A R i AR B i 2 e AR BE HEIT (A, C)
Cluster R2543#71(B,D)
Fig.3 NMDS plot of bacterial communities (A, C) and Cluster

(B, D) analysis of the community composition of bacteria.

2.4 NEPETEGE K N T
TEHMREAR AT IABE R RX  w HE%

12

RDA2 (19.6%)

RDAI (37.9%)

Bl 4 PREEDNZO T AN TR v 4 R AR IR S 0 9 TT AR 2

FERA KT MBC \MBN 1 pH HE/F 555 —HE /7 4l
SIEAISENH, -N A1 NO, ™ -N HFF 555 —HER il &2
TS, NH, " -N 555 P 2 7140, NO,-N 5
B HE T Rl R OEAH G AR R P KR B R, MBC,
MBN ,pH TP F1 NH,*-N X} £l ] 1 75 45 #4) 240 258 %0
B3 (P<0.05,% 5),TC . TN . NO, -N . M I C/N X}
2 TR R T 2 A AR RN AN 2

1.2
B WNm—z
L )
WNlo—l
WNHH WNH
s *NO,-N S
°
N TP TN, WN,, MBC
= TC A
% CIN/ M ?)’ng MBN
NH,-N WCK, WCK,
WN
s WCK,
WNis2g °
WNis4
-1.2
-12 1.2

RDAI (34.8%)

Fig.4 Redundancy analysis (RDA) of soil bacterial community structure and environmental factors.

M. & /KHE Moisture.
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Table 5 Percentage of variation in soil bacterial communi-
ty explained by soil environmental factors in redundancy
analysis and Monte Carlo permutation test results

R AT W LR K HIngEK
Environmental Regular precipitation Increased precipitation
factor % P % P
WA YA MLk MBC 31.8  0.002 26.9  0.002
YA Wy B A MBN 255 0.004 24.0  0.010
2k TC 49 0942 49  0.861
4% TN 3.7 0.931 40 0942
BRALL C/N 147 0.144 150  0.108
LW TP 16.9  0.066 21.4  0.010
pH 245  0.014 275 0.004
77k i Moisture 40  0.889 50  0.850

B S NH, " -N 247 0.006 204  0.028
AR NO,~-N 197 0.042 13.0  0.180

3 i it

3.1 HIERUEVIAEY ERE o2 5 EOK I
i K R R 2R 1 e

ABESE KB, N WS e & RIS T 1 MBC Al
MBN (%3, 1) AT g2 7E pH {8 2 b ok
B, IR TR AR R A2 ] 3 A 1€ MBC Fil MBN &
TR T A + 3 40 s 2 R AN, BUK
hnfe st AP A N SN, A AR Y-
T Bl T, A 7R S B W e 4
FEOr FK A Bl o A0 4, I At AR W A K B
ZFN PR AT S50 MBC Fl MBN 75 A7) 75
ZRKESINSE 5 5 _F T R R IHIE5E T ARt 3R
W, RUKES i A5 A g 0 55 5 AR A A e )
A ASTE AR RE RN 7 R AR W ) 3 A W B
A, R Y AR K A2 B R, 8
WY AE N OGS INAL B A — 25 R AR BE A1, AR AT
FEL R IN, HE IR K i 3G i T MBC A1 MBN, 52
A5 5 b X BIF 5T 45 SR — B Dijkstra 551"
1E 32 [ ERRL S R 22 M B R R s Y R B, S
R 7K T LA+ 18 MBI, 38438 - S50 1% A Bff 511
F1 Dijkstra 251V BIF 57 1) M I8 A [ 7K R #RIK T 400
mm , [ F52 27K 53 BRG], et YA K sz 24,
K G LK R A B G, L e Y R
KB | ek R

AW RET TR RS RS H MW
KRS N X} + 38 40 i =F & B 45 %4, Shan-
non F8E ¥ 5] BEF8 B i 3 OR 3 (3R 3) .M
Ramirez 212 BF 5% W8, N RN . 25 AR - 12 40 5

B, Freitag 25" 5% w5 - HERL A W3 SMIR N i
B R TRV & B N A T4 v D - 9
AW o-ZFEE XS R A R 22 RATRE SR T2
ol J5E PR 500 - W] RE S H T R S S TR R A B[R] AN
[Fi) 32 S P , b FELAS7 T SIS HU AN [ A0 2 5 55 e
B RGN N HUK B BUSRPEA R A BT 7k 1Y
22 F ] BE R R EWF R A R A — B R A |, Ramirez
SRR IR 454 I 16 7 ik VR A 40 R e VR 45 A
IMii Freitag %52 FIAHF 5% % ] 16S rDNA-PCR-DGGE
Tk ARCATHT R W], IR W 22 BT EK S N
F18y i 75 2 A 1 G 1 72 b 2 B U0 R G 1 A B
FER I, TSR T BE AR B (SRR RS RE 4R
#0514 NO, -N HI NH,"-N 2B ZE AL LR (F
4) LB AT RE R N WS N5 13 NO,-N Fi NH,*-N
WeRERA N e N B TN LR N
L SRS S N RN R
RN Y R A 5 BE R AR Kk, e
(1) NO,™-N I NH,"-N 34 i -8 fa e > | ifj a8
I AN A RV 2 T pH S R T
—, MR AR AR Y I oA & B
HHEMEY Z RS pH 2 M A B E MK R,
A RERAEFE Y pH (H 22 75 FI AR

BN RE K R 0% 5 B - AN 2 R (3R
2).Evans 5" BRI WINFEK B0 T
T = TR AT R X B A K Al K BR i 75 2]
GEfift , AU PP ABCR I AN RI R R N, S8+
BEANTR - ZREVERSEIO B AR ST A 2 A AT
T, &K ES A Shannon 38 50 4717 5 2
BEFMIELR(EL).

3.2 T IRAHTEAE I SRR BRI B AR K 2 Y
M ]

RN TR VR A A X NS ) R A
FRRE KRNI B K 25 0F T R R AR H B K 00 T,
N RPN SR S kA T AN R E S5 . Z R
2SR & B, R TS IX N ER AR L 2 5
PR K E T, T S8
RS IR MR IE SR T2 I A R K B i 2%
PE, BUK S A it X 2 Ji M8 440 R R 9 245 4 1 52
W B A B N VR RN ZL (18] 3B, D). Zhang 45 iy
MRUERI, AEZKE G K N X+ 40
PRIAFEY 1) SE I A7 A AH S 7 N s i e 2% +
53¢ pH [A) 252 1) 1 S5 4 TR A 9 25 ), T 3 n 9 K GE
IE AR 3 pH B 7K R U - S TR R TA 45 A
T RERAES RGN FUKRESREWA
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BT DR 14 3 i o DR %o A A 0 0 2 i A
FHSZAE FH AT R 2 4 T D) R e 42 D PR e ) 5 38009
LR R RS IR K G I T N AR, NIRRT
N X AL W Ak Vi A R TR 5 D)2 D DR g 38 00 g 7K
PEHET b AR A R DT A AE 3 R )
RCA, NI S5 T N X eE MR I8 sk > ok ah,
RDA 7 #7 % B, 76 % MR K 544 T, NH,"-N Al
NO,™-N JE&5% M - 5 20 TR B V% 45 1) 1) B 22 R B A o
(B 4A) 5 TIAERG B S5 ,NO, =N X - e TR
RSS2 T 28 1 (&1 4B) , H s A T RE 2
NO,™-N 7& + 5 i 5 5 P 38 5 ks> 5 55 — i i,
NO,™-N T FHa i, Rk, e K %1 F,
NO, ™ -N X HA: P aE v 15 vk 55
AR5 7 Ay R 5 X R K 2 A
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