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Abstract: The study of elevational diversity gradients dates back to the foundation of biogeography. Elevational diversity
patterns on plant and animal taxa have been studied exclusively over the past century, however, pattern of soil microbial
diversity along an elevation gradient remain poorly understood, especially in the arid sand areas. Helan Mountain is one of
few well conserved natural ecosystems in North-West of China, which have the characteristic of the significant vertical
distribution of vegetation and the vegetation horizontal zonation from desert to frigid zones. Therefore, it will provide us an
idea study model to assess the generality of elevational diversity patterns for soil bacterial diversity along an elevation

gradient. Here, we present a comprehensive analysis of soil bacterial community composition and diversity along six
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elevations representing six typical vegetation types from desert steppe to subalpine meadow. The structure and function of
soil microbial community were studied by using Biolog plate and phospholipid fatty acid methyl ester ( FAMEs ),
respectively. The results showed that soil microbial functional diversity and community structure differed significantly along
the elevation gradient ( vegetation types). Shannon-Weiner index ( H) of soil microbe and species evenness index (E)
showed an increasing trend (P<0.05). The order of microbial metabolic activity was subalpine meadow > cold temperate
coniferous forest > coniferous mixed forest > temperate coniferous forest > arid dwarf-scrub > desert steppe, thus the
maximal microbial metabolic activity would alter soil C and N cycling to meet available nutrients for plants in the high
altitude sites, because soil N and P increased with the elevation The FAMEs analysis showed that micro flora shifted along
the elevational gradient and soil bacteria dominated microbial community, however, differed significantly along the elevation
gradient ( vegetation types). Soil microbial diversity and number and type of phospholipid fatty acid biomarkers were the
highest in the cold temperate coniferous forest. The relative contents of phospholipid fatty acid in bacteria, fungi were also
the highest in the cold temperate coniferous forest. The order of microbial community diversity was cold temperate coniferous
forest > coniferous mixed forest > temperate coniferous forest > subalpine meadow > mountain xerophytic shrub > desert
steppe, which indicated that more litter or organic resource in forest ecosystems than grasslands would favor soil microbial
diversity. These results supported that microbes do not follow the elevational diversity patterns of plants and the difference
could be caused by ecological and evolutionary processes across the gradient. The finding suggests that there were more

suitable microorganisms, which played more important in maintaining ecosystem stability in the arid sand areas.

Key Words; Helan Mountains; elevation gradient; vegetation zone; soil microbial diversity; biolog; FAMEs
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Table 1 Basic condition of plots
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(1) JRISFR F ERHR I B 15 mL 19 0.2 mol/L ) KOH FEEAAN 3¢ AUt + 3% N5 35 m L AYESLAE T,
[FIAHIIA 100 WL AURREE(C19.0) SRIGIRAIAT 76 37 C FIRE 1 h(ARHIRBEHL , KA 10 min JWJE 1 1K) .

(2) 513 mL 1.0 mol/L HYEERR YA HH A pH {H, /il 10 mL AY1ECL B, ff FAMEs 542078 WA |, 480xg 5.0
10 min K5 1E CUGE A FE B Ui b, 78 N FHERBIE N K FAMEs % f#7F 0.5 mL 19 1:1 9 (1E C ke H
T k)

() FEAAEIE (GC-MS) 487, 15 21 45 S0 AE W (W i A Bl 177 198 2L 1 P13 | 328 1 445 380 AS [) g s 7 1) 5 k1
R B FAME #5880k 7
2 HBREHSW
2.1 N[ R T £ AR

AR 6 FPRE By TR AL B R B AR R A AL a4 (3R 2) o 3 K R Bl 25 Vi B A 1 0
TG I A B (R A 300 XU 14 S0 35 1 ) 397K 43 BH S AT R A bR R TR SRR TR A R
AT R IR 1L P A A E RN 1.733 ¢/ em’® S B R AR - R0 s Ll ) IR R ARAR
3 B8 L AR -85S FEIRAPEEF AR IR /NA 0.508 g/em®, BEH] T IEAE T SRS L B AR ARG, 5 13
ISR ], 3 pH B R WPk = B B N aze i/ . 34 ERTE 0.342—0.549 g/kg 3 [ PR /NI
LR,

48 4 U - 48 A W B A VA 1 B P AR A 3 I VR R U R I L ) > R T S MRS R M b > S
TP AR > Ly 1 2 A T A ST i

R2 WEUAREEHEH T LEEALER(0—10 cm)

Table 2 Chemical and physical properties of soils in different vegetation zones of Helan Mountains(0—10 c¢m)

Fa B KRS % K/ (g/cm®) 4dh/ (g/kg) . 2R/ (g/kg) 4/ (g/kg)
Vegetation zones Moisture content Bulk density Total salt P Total nitrogen Total phosphorus
DS 6.083+1.176 1.420+0.386 0.353+0.004 8.66+0.04 1.702+0.053 0.263+0.007
MXS 8.544+1.054 1.733+0.051 0.342+0.009 8.64+0.03 2.210+0.129 0.511+0.059
TCF 36.680+1.045 0.599+0.018 0.520+0.020 8.15+0.03 4.447+0.348 0.517+0.096
MF 40.566+1.343 0.671+0.054 0.441+0.007 8.12+0.02 7.173+0.462 0.717+0.024
CTCF 44.658+4.636 0.508+0.076 0.549+0.060 8.08+0.06 5.700+0.131 0.485+0.061
SAM 26.702+6.065 0.731+0.023 0.408+0.024 8.06+0.04 8.701+0.311 0.720+0.023
RPEAE N 3 MR FIE (R22) |, 7 — B B/INE TR 3R 7] — WO ] L3 3= 2 B PE T 77 22 53 W 1E P<0.05 /K28 5 3%
2.2 HIERUEYI AP 12
e \ —o— FhiEm-RA K
22.1 TEERUEVITIREZ R Lol —e W
Tl R AR

S AR AL R (AWCD) T AF T (A W e v Tl U5
R, Rl T 3 W i A W e % A BRI R
ZRME, 1 Z5 R R 7E 168 h YRS FEWIN, Bk F

—— FE AR
[ —— FEEEE

o
)

PGt AL
Average well color development
(=}

[=)}

AWCD B 55 77 I 18] B S 1< T 4 O, BV AR 0 356 2k B 04|
SRR AE I T B35 , (2 5 FR R 69 24 by AWCD  § |

{7 P 0 5 T FLARARLAEG, 5250 O - — B 04

H Bt VR A ARG . %35 24 h J5 AWCD {EE 0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
R, I EL B B 3% 6 R BE K, AWCD 15 {3 3 7 HPRRIR Culture timell

15, 7E 144 h I AWCD {38 s A B g 2% , AWCD fE B1 FREHE T RFHRaTLE

BT RE , HOEI{E S5 M 0.149 .0.333.0.714 .0. 759 , Fig. 1  Average rate of change color development of soil in
0. 940 .0.998 . A~ [&] ki B 4 1y - 32 1% 2F Wy #1) 7 $#ﬁfj§/ﬁ different vegetation zones of Helan Mountains
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AESI (AWCD) PN A - WV e L1 B > FE TR PR T bR B I YR S PR > TR BT bk > L el 2 A TR A S T2 i

Shannon 54§ . Shannon 375 B854 Simpson 5 BRI IE I =F 5 B 48 $IO= RAEREVE ZFEM 05 FFE 5L,
SER I TR PRI ARSI A A B SRR BE A A L ARSCRL 3 4 AN BORBIFGE AR [ A B 28 +
SR WA T 0T 31 Rl A FH A e 45 SRR WY (3R 3) BT 09 iy, - ST AE W RE VR W =F & B 4R AL
(H) MBI EFRE(E) SR 353 0 3 R R 3 S B J - B W VR W b =F & JE 8 SO 38 2] B HR 4
A%, 530124 0.697 F10.397, 30 iy LU R ) - SRR WIS Wb -F & FEFR BORIA A FEFR B =1 , 43 il R 2.919
0.921, W& PR IEIGHIZAHF 5 B E(S) WA I L34 AR, D 3455 48 BRI Ry - 37 138 5 JiE > 1) Hl 52
A T NS TP AT PR S R T S R > S TR AT P> ST g L e S Y S 34 6 5 e R 0992, T e 1o
BRI 55 L ) 3 5] B AR 0.915, [HUJE - 3EGSAE W E I8 D0 35 B 8 550 ( Ds ) Bt 25 V- A 1) T v D 2 300 1 3 v
e, R EEFRE(Ds) BT, TV 45 F0 32 DR 3P 10 52 i JE A, VA 4 2 - H i A W R V% A2 AR 3 bk
B R )N

®3 AREEHETTEMENSHEERSN

Table 3 Diversity indices for soil microbial communities in different vegetation zone

M LR £ ) WIS YEHIE 4880 Ds) WA ()
Vegetation zones Shannon index Substrate evenness Simpson’s Dominance Substrate richness

DS 0.697+0.11a 0.397+0.025a 0.992+0.0032a 7+1.2a

MXS 1.087+0.19b 0.446+0.042b 0.989+0.0029b 12+2.7b

TCF 2.470+0.05¢ 0.831+0.028¢ 0.950+0.0048¢ 20+£0.97¢

MF 2.709+0.09d 0.902+0.018d 0.948+0.0018¢ 20+£0.97¢

CTCF 2.665+0.25d 0.864+0.079d 0.930+0.010d 22+1.1d

SAM 2.919+0.19d 0.921+0.048d 0.915+0.012d 24+1.8e

F 34.114 30.192 19.384 16.792

AN [R) VP A R A BB WA VA i SR FH 2 R0 1) =8 o3 AT, W 220 a2 A o DA Bk S 4 /D
ABCEFAS R R B SRS U2 AR T N AR R T 1 ART m A E AL, H— R B3 £ 50k
HRELIREF] 85% , X FAMEs 18 SC RIS T 03 70T , 384k 5 25 70 2 Lo 3 OB (3R 4) |, ARG 4 4>
F R HE 3 A E RS BTN R 85.484% , KT 85% ., 5 — F Wi n] LR 35.79% 1748 S 55 —
T RENE IR 31.91% M8 57, 58 = T RERE M IR 17.79% (728 57, IR, 88— E Ry B8 i FsE =+
BT R FEEAR R F 58

F4 HENBSERHRIS

Table 4 Total variance explained variance component and Principal component analysis

Y GERR Rk AT 7
T4 Start eigenvalue extraction Sum of squares of load value
Principal - Jr 2 Bk SEPTTHR - 5 2Tk FHTTIRRE
: FHIEMH oo o FRAEY o i
component Ei | Contributing rate Contributing rate Ei : Contributing rate Contributing rate
ligenve ligenve
genvaiue ofvariance/ % of accumulation/ % genvaiue ofvariance/ % of accumulation/%
1 10.020 35.785 35.785 10.020 35.785 35.785
2 8.934 31.906 67.691 8.934 31.906 67.691
3 4.982 17.793 85.484 4.982 17.793 85.484
4 2.558 9.134 94.618 2.558 9.134 94.618

$t Biolog VA 31 FRBRIEN N 6 26, AR B Y  Z RIS Y oKL aY 7 HLEY &
FEMR WAL B, AR A Y 6 Fh SBT3 1 eI E WIS X © SERRIR AR FIAT — 52 25 58, K
EY RIS G YNSRI H 2R BB, 70 0 12,6 .6 T (3% 5) o UL W ) P s 3 2 0 ik
IR KAL)
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Table 5 Loading factors of principle components of 31 sole—carbon sources
BV X R fR AL s

Microporous (:(Irrespond %ﬁﬁ%mm e PCl PC2 PC3
carbon sourc
A, 251 _ _ _
B, P BARR H e (RSB W) 0.929 0.245 0.219
C, 40 ZRAEY) 0.999 -0.051 -0.010
D, R -80( ZERALE) 0.855 -0.245 -0.371
E, oM (ZRILEW) 0.529 0.044 -0.259
F, B (B E ) 0.863 -0.267 -0.198
G, D-£7 4 — 4% (MoK AL S 1) 0.412 0.909 -0.019
H, o-D-FUBE (WKL EY) 0.525 0.395 -0.545
A, B~ BL-D- A4 Wl 1 (BKAL &) 0.414 0.888 -0.114
B, D-AME (B AL AH) 0.700 0.691 0.134
C, i-JR R (KL &) 0.541 -0.202 0.804
D, D-H&&mE (MK G ) 0.937 0.339 0.049
E, N-Z P 5D -4 e (oK Ak &9 0.768 0.614 0.121
F, D-H B IE IR (R 0.878 -0.301 0.367
G, IHIHE-1-WER (oK AL &) 0.353 0.928 0.002
H, D, Lo B H M (/KL A1) 0.817 -0.244 -0.053
Ay D-2PZUB R -y- N iR (oKL &) 0.966 -0.118 -0.148
B; D-PZLBHRE IR (RIRISLE ) 0.980 0.129 -0.101
Gy 2-BRERH R (S HIEY) 0.489 -0.397 -0.728
D, 4-FREARTPR (7 ELEY) 0.978 -0.044 0.134
E, YFREET R ORMEIEY) 0.987 -0.126 0.083
Fy KRR (RIRZEAEY)) 0.760 -0.514 0.355
Gs o- TR (RBAEALEY) 0.510 -0.478 0.703
H, D3RR RN ED) 0.795 -0.018 -0.582
A, LK R (2 IER) 0.979 -0.172 0.039
B, L- R4 BRREIR ( 2 HE R ) 0.994 0.102 -0.036
Cy LR B R (R ) 0.351 0.275 0.885
D, L-22 5012 (R4 HER ) 0.998 0.028 -0.056
E, L-73 3R (AR ) -0.587 0.675 0.244
F, HIEBE-L-A 2R (AR ) 0.906 -0.183 -0.064
Gy IO (B 0.757 0.003 0.201
H, JE R (R E ) 0.931 -0.254 -0.174

T 31 ABRURTE 3 > R B RYEATR, W0 A BT DR 3~ SOz 32 i s 5RO 28 8, 3 T4 1

R RN AR USSR R ARG, 3 S IS — o B B A SR BRI 24 B, 5 —
B AR SE ) PLFAs K04 11 4,43 510 15:0 .16:0 16:1 18:1009¢ ,18: 1009t 18:2w6¢ 18:3w3 20:303 .2 0 15w
3.21:0,24:0, I HAHOCPE R B S K AT 3) 0.997,, 555 = F 0isr i 3 TEAHOCHY PLFAs 25A1H 8 4, 43
A 14:1,15:1,16:0 17:0,18:0,18:2w61,20:0 ,20:3w6, 555 = TR/ A7 B = A OCHER PLFAs 288147 7 A4, 73 5]
F17:1,18:306.,20: 501 ,22:0,22:6w3 . 24:0 24: 1, 2 — F W4 T & B A5 Wi iR S A& 1+ HE 1) = 28 PLFAs
A,

222 HIEGUEMIRHE G Z A E

M ASER S N C14—C24 BERRNE TR LE WIARICIL 28 > (3R 6) , AR B AEMIARIC ARG A RIZE ALY 13

AW AR TR L IR T R AR S AR AN FAMEs AEWIAR i A 3 b (8 43 A5 ] oy i Ah . —J2 S8 4y
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Ay, RIEAAS RO P A 20 A0, 10 16:0, 55— R ARS8 47010, 1 20:501 AR L AR FE A - 3e b oA i
TEH AP P B 40 A0 5 [ARE 20: 406 HTE R B AR 98 vh 0 A 76 Al v 4 vy B2 A 0l s rh B0
oA

% 6 PLFAs £¥tricEREER G LEFHN L FRIER

Table 6 The distribution of PLFAs biomarkers in different vegetation zone

IR NG T RR A Y
T ;%’ ph:;y;’}iﬁ ; ; éfi DS MXS TCF MF CTCF SAM
fatty acid

1 14 :1 Bl — — 0.250 0.220 0.253 0.1800
2 15:10 il 0.182 0.182 0.340 0.559 0.824 0.428
3 15:11 ] — 0.258 0.24 0.308 0.215
4 16 :10 YA 0.570 0.570 2.284 4.111 4.387 3.113
5 16 :11 il 0.693 0.439 1.772 3.028 5.800 4.116
6 17 :10 il 0.117 0.186 0.310 0.284 0.266 0.226
7 17 :11 il 0.255 1.891 0.422 1.071 1.485 1.244
8 18:10 Eiiles] 0.901 0.939 1.630 2.368 1.323 0.648
9 18 :11w9c LA 1.271 2.864 4.24 5.427 9.260 4.483
10 18 :11w9t AT 0.783 0.733 3.165 4.9801 5.171 3.588
11 18 :12w6c 0.360 0.465 2.650 4.4567 5.701 4.246
12 18 :12w6t 0.122 0.554 0.832 0.487 0.581
13 18 :13w3 B 2.058 2.002 3.596 9.856 2.697
14 18 :13w6 HH 0.716 1.700 1.720 1.915 1.994 1.309
15 20 :10 YA 0.586 0.821 1.700 1.585 1.111 2.202
16 20:11 il 1.957 1.575 2.187 3.1101 2.463
17 20 :13w3 15.157 10.875 14.763 25.628 8.154
18 20 :1306 JRLE ) 0.613 1.923 1.391 0.859 1.262 1.171
19 20 :14w6 A= Fh ) — 4.203 — — 7.586
20 20 1501 — 8.191 — — — —
21 20 :15w3 — 7.181 11.476 14.577 9.513
22 21:10 i — — 1.349 1.470 2.346 1.054
23 22:10 il _ 3.640 — — 3.553 —
24 22:12 k] 1.123 1.321 5.149 2.135 2.675 1.613
25 22 :11w9 — — 2.926 — —
26 22 :16w3 — 0.732 — — — —
27 24 :10 2 TR 1.041 — 15.523 17.616 —
28 24 :11 Bl — 1.957 — — — —

F T B AR 1R A A S B it R RS B AR R 1 2k W I 2 ) 4% YRR o - S IR R T TR
AWbR I AR RN 2 B, FEUR PR BT bR L S A W Wi 15 R A b A A R R R M R vy
R TR MR AR L Gl e A LAV A B SR R I S B v Sl A RO A A A LA
L 20/ L HOAE AR A AT 08 22 LA [ 3R A R - S W e v S5 A 22 5 (181 3) , T LU H 4
EER A YRR S RO LR AR A S A RO 25 S | [FRE B T LA AR P ECRR AR
Py i AL S AR A AR AR R, AR5 BB Y AR A AR O IR P AP AE 22 57 (L 2 A AT 2.03 4T
W SSHR R 1.92, IR /N 119, BASKRE , BIFEIREFH bR+ e vh 20 7 B R i S A S LR A L
(ELARASE G, LI T AR RE A - e P A T | R A e S T - LT ORI /)
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AR ECRT T PR AN [R) TS R R TE 21, 2R PR B8 s W 3R B e o i I A W ek 2
FEPES . RIRIEE B 6 PRI R Ay + 8 A ) 2 RV AR B AT A0 BT (36 7)), R R RT3 - 473
A4 Shannon-Wiener 18 87 7E 4 i 35 25 5%, T w i+ 834 7% Shannon-Wiener #5408 0.576 , B B AIK T
HE MG 4R A 9% 7+ S GLAE W L2 R 48 B, FE IR P EF E bR A 38 A W) B YK Y Shannon-Wiener 18 40 % 15
(1.148) . Shannon-Wiener $5 5 SRR b T 25115 > EH TR B T 2511150 1) 4 5 A
Fel B 5, Simpson F8EUSIEAN i, FEIRVEFT AR 1 EHUE W) Pielou 88U =y 0.34, B iy 77 37 5 2 Ji
(0.17) FLLih AR HE N (0.24) 1 WA FE IR PR Bt AR T I W2 W AF A 3 B 2Rk

R7T 6 THARARERT LEREMSHERHLLER

Table 7 Soil microbial diversity indices in different vegetation zones

liito&i Shannon-Wiener 8% H Simpson %L C Pielou 1% E
Vegetation zones Shannon-Wiener index Simpson index Pielou index
DS 0.576 0.999 0.173
MXS 0.792 0.998 0.238
TCF 1.002 0.997 0.301
MF 1.086 0.997 0.326
CTCF 1.148 0.997 0.3444
SAM 1.077 0.997 0.323

3 g

WFE A Mt XA RIBRIE M HIBE T i 22 5%, TR T BUE I RER I DN REZE 1. ARHTST Biolog K dis
R WA AB DT LI W VR R P B — BRI BE 0 AN [) , T4 i e B0 T v L ) - SR 0 A R P B — Bk
URARE ) et , L] 1 LB E W RE T A QTG Pk it , TRl 2 W v s RE 2 R di i | T AL T B AR Vg 4 A ) S 13
JEE) AWCD f5e/0N, B LS Myt v o A D BE fe 55 . e TR BRI v L e i) HAT R B SO AR AR AR
TR ER R B Y AT AR U Y B B REIRY B, (A R R E RIS TR R

AT A (19 F & B2 Shannon 18 BORIES 5] B % 2880, SR REAUSR L HERUE W REVE ZREME R RRAED
B2 111 6 Mol it TRUAR ity b SR A W v 22 MR RO R R PAOBR BE R B — R B 22 S, AR SR N ol A= )
MR AR I T, T ELARE A RN T X AT RESE i TR R R AR B E T R MR 1 4
S, AR R L AV A5 AL RE I S M R A AR P SRR WY O RE D A R A0 2 R, DA T LA 2 W e v
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IREZAEME I AR AR AL DR, b AR B X - e G AR W R i i DEUR IS B 2 PR S K,
HERUEVIREE DI RE 2 AE MR I W2 AR 3 R AR e PR B B R D

WA R o L A AR MO AR S5 RS Ky 3RO A BB Oil AE E E AE— R A
T X LE IR P RS 3 SR R MR A S5, AR E 1 AN R OB BE 6 b S LA ey -
HEATBERR AR VTR A= WU bR iC AN 5 | e BUAN TR T4 1o EE 1) 6 ol Mt T A ety 0 S 9T 55 (0 A 1 7 R ) b S R o
A, BEHR 2780 m BFERIE AT IR (51 A2 A AL HA ) L SR A W WA A 17 T A= W o 2 ) 5 R 2K
Py, AT AR PR SRR FE AL TR 22 L PG, MR AR A RBE , HIEAGTE W2 IR Sem , IR SR I bR
CIIFAMCR AT ) W7 P02 E N 3—4 om  SHRERASHR Giltis FERA F A2 LA TR ) S 2—3 em,
FARFEH M IE AR ARG Y R . TR I T 90 23 AR 2 A R R A v ) 2 505 A e oy e f fi
B, FEUEY A IR D) Z A P R UL, D20 + e E M iR A 22

ZHITERY], LAY SR SRR ZHEPER AR, Kennedy 55 A FI ) T-RFLP £ AN 7
P RV B 14 SR E WS IS R B, AL 25 e 1T LA 35 ) 3 U E ) SRR R REVE 254 . X AL SE 3
56 TR0 T 2 FER A 25 (B S S P TE , H HEAR TR AR F)  RE AN b o B B b A S R SRR AR AL
AR Zak S5 RS SE SR WIHUE VIBEIR IR DT IR (PLEA ) & & SR Fh 28RO AR DG .3 | BE %5 14
B ARG, 4P AN R B B9 PLFAs B0 PR, Y PLFAs 30 FHE# [HJ2 Johnson 45130
S 22 R PR R A 22 R PR A DG, AP 1) 1) i 280 X 200 181 ol 70 9 52000 B 9 5 20, Bryant 58 A1 1 Noah 46
NP0 BRAE MR BE U S R 22 R A3 A RS JRASTR] , Bryant 55 AR B ) 2 REHEVIHABE E I
THTIE N, H 2 Noah 55 A\ K BUAH T 2 FEVEBOA 38 BOIBA B LML (< 0.17, P> 0.1) . B IIAEY ZREIE
IR I 73 A ks SR WE TS 3 I A il 4 (o7 B (VAL 1900—2100 m Z [8] ) A= 4y 2 FEAE fi i, W o 24 1
SR WA S g p IR A BE T R X 22 1 SRR ) 2 R R Y R T B2 L
T 22 REPE T HAORE BE R N B4 i 3, SCHF Bryant 55 AXHRUE W) AR IS0 10 A% R A BIF ST 4518, X U 7E
R I XA 2 IS A % AR S R U E AR S T R XA S R SRR E A R X,

AT Biolog Al FAMEs ¥& B AN E i) 2 FEVE I A b SR A7 22 53¢, — A B 22 PR HOR I B[R]
B, Biolog 5 ZEAEAR A A PREE T BEAT 2 A K%, oA BR IR B U Rl BE RS BE A 28 5%, 1T FAMESs Y AN 75 22
X R YA TR R T BRI UL SR E MR v B IR TR, (E% 5 0 B S L 2 AL SR A 4 R Y
HEBAIE S5 A= M0V N RO BRI W P 75 BRI e 4 R E A R S i R 13 5 e S IR ROG &R, I, 5
SR Z LA TG AR A R 5 4 T E SR B E M AR, kS TEY
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