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Effects of forest fire on the diversity of arbuscular mycorrhizal fungi in the

rhizosphere of plants
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Abstract: Forest fires are a major disturbance factor in forest ecosystems. We investigated the diversity of arbuscular
mycorrhizal ( AM ) fungi in the rhizosphere of plants grown in areas experienced forest fire disturbances on Sanbiao
Mountain, Qingdao, China. Five dominant plants, Vitex negundo, Lespedeza bicolor, Indigofera Fkirilowii, Zanthoxylum
schinifolium andDeyeuxia arundinacea were selected based on the fire intensity of the area, and sub-divided into non-burned
area, light burned area, moderate burned area, and heavy burned area. The results show that the colonization percentage
and spore density of AM fungi decreased as the fire intensity increased. A total of 11 species in 3 genera of AM fungi were
isolated in the non-burned soil sampling sites for all plants. There were 10 species in 3 genera, 9 species in 3 genera, and 8
specie in 3 genera in the light, moderate, and heavy burned areas, respectively. AM fungal species richness in the burned
areas was lower than that in the non-burned area. The important value and dominant species of AM fungi were different in
the burned and non-burned areas. Glomus geosporum, G. taiwanensis, Gigaspora ramisporophora, Gi. gigantean, G.

formosanum, G. rubiforme, Acaulospora koskei, and A. thomii were the dominant species in the non-burned area. G.
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tatwanensis andG. geosporum werethe dominant species in light burned area. G. taiwanensis andG. geosporum werethe
dominant species in the rhizosphere of Vitex negundo , Lespedeza bicolor , Indigofera kirilowii and Zanthoxylum schinifolium in
the moderate burned area except Deyeuxia arundinacea. G. geosporum was the dominant species in heavy burned area. There
were different effects of burned areas with different intensity on AM fungal community composition.. It was suggested that

forest fire reduce the diversity of AM fungi.

Key Words: forest fire; AM fungal diversity; spore density; species diversity index; species richness; RDA
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b, E i TR SRS LR RSN R AR AM BT 1 R B RS e A2 B Pk R AR 205 2 =
MO A Y SRR E RN 22— KBe X R A Y 2R ey B S 1 22 v o e 1Rt )
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F14% ( Populus tomentosa) . 45 (Ailanthus altissima) M5 ( Castanea mollissima ) F1F LT ( Diospyros lotus ) 55 ; 2
AFiHi, F B JEF 55 (Vitex negundo ) . 5 K F ( Lespedeza bicolor) . 48 A Wi ( Indigofera kirilowii ) Fl 75 1€ #l
( Zanthoxylum schinifolium) , 3545 EHEA (Amorpha fruticosa) ¥5FF) ( Vitex negundo ) FIKIEHRS ( Rhus Typhina ) 55
WA %, FEA Y H T (Deyeuxia arundinacea ) , i A3 JE ¥ B ( Thalictrum  aquilegifolium ) | % ( Pteridium
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AM ELTE W3 BE 3 0 A SCHE LB (1) 43R 4 45 R IV > 50% L3 8 (Ff) ,30% <1V <50%
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;LTJ’_ J( IZ%‘HE E fJ’_ J( X E/‘J E/‘J ,f%g'% % ﬁj N %'Jj] 62.4% 43.0% Fig.1 Impact of forest fire on the infection rate of AM fungi)
y ’ N ’ A, i Kk X Heavy burned area; B, ™ & it K [X Moderate
B 2B, e AR AL K A Al
28.5% M1 11.0% , 225 4 P P AR - wwoa; C, 4 AIK Light bumed area; D, 3K Not
*HHE{J%E@O ﬂ:lj%?’{%rgﬂklz‘ ‘qj&ﬂtﬂkg%ﬂirgﬂ burned area. JT, 3| £5 Vitex negundo; YQM, ¥F & ¥ Deyeuxia
J([Z AM E%E@’f%%%%ﬁﬁ%, ﬁﬁ%ﬁ*ﬂﬂﬁzﬂiﬁﬁ arundinacea; QHJ, FAEML Zanthoxylum schinifolium; HZZ, ¥R T

%Eﬁklz‘ N EPEJ&J( IX%HEEJ&J(IX AM E%E@{%ﬁ% Lespedeza bicolor; HML, {6 K Indigofera kirilowii. /N [R)/NE 6
ES YN E FIRAFRE P TEA A K X 1 25 5 35 (P<0.05)
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2.2 MRICH AM EL T A8 B 52 e

1K XA B U E ) AM E R AP TR KX,

TEREACDX - HERES PR 3 R 11 A AM SC S BRI A5IR  Glomus)6 B, TSHEEA I (Acandospora) 2
i, BB R R ( Gigaspora)3 B, FRJETE KX I3 B SEE Y AM ELTR 3 J& 10 P BEad KX 73 B S0 E T AM B
3 )& 9 il H R K X AR B M E T AM HLTE 3 8 8 F (R 1—4) .

ERTACPCALEL JC I AN U T 5 A0 38 I 1 DK 15 I 0 095 A2 R 95 G,
geosporum) | S IEEREERE (G. taiwanensis) |73 X B HIHEFE ( Gi. ramisporophora) MK E HIHEFE ( Gi. gigantean) |
TREEGBRIERE ( G. formosanum) 2 FERBERE (G. rubiforme) A7 FCTCAEERS (A. koskei) FIFN % oA 455 (A.
thomii) 3 FHE T K X ARSI H BR P B AN S TS ER G F 5 TP B K IX YA H R B IS BR 4% (6. 1aiwanensis) Fl
MERPERT (WP BRIL) s 8 ALk K PRI R IR R (R 1—4)

F1 FIAREYVRES BN AM EEHEREEE

Table 1 Diversity and importance value of arbuscular mycorrhizal fungi isolated from the rhizosphere in non-burned area

AM ECETFE s ?3&% FHAEM BT XE?!G&
AM fungi Vitex negundo Deye'uxm Zan'th'oxy:lum Les'pedeza [n@fgofe'r'a
arundinacea schinifolium bicolor kirilowii
FREFEIR Glomus
BT 6. diaphanum 34.7£0.08 50.420.01 34.4+0.08 53.420.06 52.5+0.08
TREEBEER T G. formosanum 56.1+0.42 54.8+0.06 54.3+0.14 53.8+0.14 54.42+0.04
HEREERE G. geosporum 59.6+0.15 51.5+0.04 59.2+0.27 56.0£0.14 58.5+0.17
FEPHERFETF G. mosseae 51.6+0.08 51.020.02 54.3+0.13 55.4+0.24 34.92+0.07
B FEREERE G.rubiforme 55.3+0.28 50.7+0.04 53.8+0.13 55.3+0.24 54.3+0.10
BIERIEE G.1aiwanensis 55.7+0.24 50.7+0.03 56.420.12 53.1£0.09 55.4+0.04
TCAEHEFEJE Acaulospora
] G TCAHBE TS A, koskei 53.7+0.04 50.6+0.01 53.6+0.22 54.8+0.15 53.7+0.05
WA TR RE T A.thomii 55.0+0.11 50.70.02 52.9+0.07 53.60.09 53.9+0.12
E 4558 Gigaspora
WRE LS Gi. gigantean 52.3+0.17 50.8+0.07 55.7+0.15 53.3£0.12 9.0£0.20
R B 9T Gi. margarita 53.6+0.19 33.920.02 53.9+0.07 51.420.13 55.2+0.04
5y XEALFEE Gi.ramisporophora 55.8+0.08 50.6+0.04 54.8+0.17 55.9£0.17 56.1x0.10
" FORAKRKRIK)E

®2 BEZAREMRESEN AMAEEMHEARERE

Table 2 Diversity and importance value of arbuscular mycorrhizal fungi isolated from the rhizosphere in light burned area

AM Bk ﬁﬂ%‘ E?ﬁ% LML KT XE'A\‘E
AM fungi Vitex Deye.uxm Zan'th'o.xy:lum, Lesg)edeza [n({tgofeia
negundo arundinacea schinifolium bicolor kirilowii
FRFEEFEE Glomus
BICERERE G. diaphanum — — — 53.3+£0.08 —
TREEBERFER G. formosanum 55.8+0.28 55.2+0.09 36.9+0.09 53.7+0.10 38.5+0.05
HERFETE G. geosporum 60.1+0.56 60.2+0.15 44.3+0.01 60.9+0.15 59.7+0.16
FEFEER BT G. mosseae 34.4+0.09 40.3+0.07 54.5+0.09 38.9+0.13 34.8+0.10
BT EREETS G.rubiforme 55.4+0.06 53.7+0.15 53.6+0.09 38.4£0.13 54.0+0.06
BIEFRETE G.raiwanensis 56.1+0.32 54.6+0.16 57.5+0.04 53.6+0.20 55.9x0.14
TCHEHE B Acaulospora
G AR E TS A hoskei 53.8+0.10 36.7+0.15 53.9+0.14 55.0+0.30 37.0+0.16
WA AT A. thomii 55.2+0.15 37.5+0.11 35.3+0.10 53.1+0.08 36.5+0.08
EH#ER Gigaspora
WK E T Gi. gigantean 35.3+0.14 21.3+0.11 55.6+0.06 36.4+0.12 54.2+0.12
PRIRE A1 Gi. margarita 53.8+0.26 36.4+0.08 36.9+0.14 — 39.5+0.14
3% BT Gi.ramisporophora 56.2+0.15 54.1+0.11 54.9+0.06 56.6+0.25 56.6+0.12
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Table 3 Diversity and importance value of arbuscular mycorrhizal fungi isolated from the rhizosphere in moderate burned area

AM FL K IF'J%S EP—T?% AL KT ﬁ?kﬁé
AM fungi Vitex Deye'uxm Zunfhf)xy:lum Lea:pedeza [n,qlfgroﬁ'r'a
negundo arundinacea schinifolium bicolor kirilowii
BREFEE Glomus
BICEREFE G. diaphanum — — — 37.0£0.29 —
FEIEBEEREEEE G. formosanum 57.2+0.11 38.4+0.13 37.1x0.16 36.1x0.28 37.8+0.13
HEREEE G. geosporum 62.9+0.27 63.1£022 44.4+0.11 62.8+0.08 61.9+0.22
FEVYIREET G. mosseae — 41.7+0.07 37.9+0.17 39.8+0.27 —
B TERFERE G.rubiforme 57.5+0.27 36.6+0.13 52.8+0.15 38.3+0.17 37.5+0.27
BIEEREEET G.taiwanensis 57.9+0.37 38.7+0.17 59.6+0.11 53.7+0.25 57.8+0.19
TCAE TR Acaulospora
T & TCHE S5 A, koskei 51.3+0.18 36.2+0.13 36.6+0.14 38.7+0.12 36.20.16
FASE AR A thomii 57.7+0.20 — — — 35.820.12
E {458 Gigaspora
WK B fI#F Gi. gigantean 18.6+0.16 21.3+0.13 40.0+0.16 18.7+0.15 21.7+0.10
AREFUEE Gi. margarita 36.2+0.18 36.8+0.25 18.9+0.16 — 21.3+0.17
2y X EAFET Gi.ramisporophora 52.0+0.16 54.0+0.11 39.4+0.21 41.6+0.08 56.8+0.18

®4 EETAREMRESEN AMAEMHERERE

Table 4 Diversity and importance value of arbuscular mycorrhizal fungi isolated from the rhizosphere in heavy burned area

AM B #IJ% 7%5% H AL AT Miﬁg

AM fungi Vitex Deyefma Zanfhf)xyilum lﬂspedezu [n{ltgofeia
negundo arundinacea schinifolium bicolor kirilowii

BRIEE)E Glomus

ECERFEER G. diaphanum — — — 37.3+0.33 —

W EEBEEREERE G. formosanum 40.9+0.50 22.320.10 37.1£0.17 39.2+0.53 37.420.26

HERHETE G. geosporum 64.7+0.76 62.0+0.28 62.9+0.17 65.2+0.35 62.7+0.48

FEVHERIERF G. mosseae — 41.8+0.24 36.2+0.17 38.4+0.33 —

BT ERER G.rubiforme 21.4+0.35 36.8+0.18 36.10.17 39.8+0.41 37.3+0.27

BIEERER G.1aiwanensis 39.5+0.46 21.9+0.37 60.9+0.17 21.4£0.15 57.7+0.26

TeH 24 R Acaulospora

T IR TCALLE RS A. koskei 20.4x0.26 19.1+0.22 20.4+0.17 21.4+0.15 —

FAZE TCAHLERE A.thomii 37.1x0.26 — — — 20.020.43

E 9% )8 Gigaspora

WK E A HEE Gi. gigantean — 22.7+0.63 23.5+0.29 20.7+0.33 20.7+0.27

WRE S Gi. margarita 37.1£0.26 — — — 21.6+0.27

X EALET Gi.ramisporophora 38.9+0.51 40.0+0.09 39.3+0.34 — 59.9+0.42

2.3 MRJOH AM B2 BE R R BRI R 2 A ERR B 5

Bifi T 5 B TN, FELADAR Rl AM EL TR #0F- %5 B FP = B2 A1 Shannon—Wiener 88X/, Simpson 185X %
KGR I T i BRI R ARBRAE ) o ANFEIAEHAE AR AM B 1% 5 22 5 3 (T AEBRSN) i
KX G AR K X ACRUR FEl AM FCR A6 T35 25 5 W 3 AEARBETE R K AR Rl AM. L I 02 e ey, oA
79 /100g s FERR AT KX Hp R A K DX R O K X AM BB A T 2 4 R 61 ~/100g £ .39 A/
100g + .18 1~/100g +, F LIS K IXAHYIAR Fl AM 5B Fp = BE N b 2 REPEFE 50 AR TR ok X R
KK (FFAEMURA ) | F ST TR b KX R B 5k K IX AM EL T Simpson 8458 5 35 w5 T Hh B8 2o ok X R 8 BB 3o ok
X, 4394 0.886.0.879 .0.834 .0.836( £ 5) .
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Table 5 Spore density, species richness and species diversity indices of arbuscular mycorrhizal fungi isolated from the rhizosphere of different

plants of different samples

- e 79 ﬁl%fg Shannon—Wien'er i1 Simpson $55
Plants Sites Sp‘",e spe‘”es Sha““,““'wmner Simpson index
density richness index
JH| %% Vitex negundo it kX 67+0.78a 10.7+0.33a 2.2740.01a 0.886+0.01a
R KX 51+0.73b 9.320.33ab 2.16+0.01b 0.879+0.01a
T kX 32+0.56¢ 8.0+0.58h 2.00+0.03¢ 0.834+0.01b
KX 12£0.73d 5.0£0.58¢ 1.95+0.02¢ 0.836+0.01b
135 3 Deyeuxia arundinacea it kX 73+1.09a 10.7+0.33a 0.85+0.02d 0.988+0.01a
R KX 59+0.29b 8.3x1.45ab 2.2320.01a 0.873+0.01b
TR kX 39+0.33¢ 6.021.00bc 2.07£0.01b 0.855+0.01c
HREE KX 16+0.80d 3.0£0.58¢ 1.98+0.01¢ 0.850+0.01d
FAEM Zanthoxylum schinifolium et kX 70+0.22a 10.7+0.33a 2.30+0.01a 0.892+0.01a
BB KX 53+0.44b 8.0+0.58ab 2.20£0.01b 0.877+0.01b
T kX 34+0.29¢ 6.320.67b 2.0720.01¢ 0.858+0.01¢
g KX 32+0.22¢ 5.3+0.33b 1.91£0.01d 0.835+0.01d
WKL T Lespedeza bicolor FEid kX 71£0.44a 11.0+£0.33a 2.30£0.01a 0.88920.01a
BREE K IX 57+0.38h 9.0+0.58ab 2.21+0.01b 0.879+0.01b
TR kX 36+0.22¢ 7.020.58bc 2.0520.01¢ 0.853+0.01¢c
R KX 15+0.67d 4.7+0.33¢ 1.95+0.01d 0.835+0.01d
HEATE Indigofera kirilowii it kX 79+0.51a 10.7+0.33a 2.3240.01a 0.895+0.01a
BREE K IX 61+0.44h 8.0+0.88ab 2.21+0.01b 0.881+0.01b
TR kX 39+0.33¢ 6.01.00bc 2.0820.01¢ 0.861+0.01c
R KX 18+0.33d 5.7+0.33¢ 1.97+0.01d 0.845+0.01d

2.4 MR AM BB ZFEMES 155 A SRR R

TR 7 A FREE R X AM EL BRI 20 8B AN [ R EE 52 (141 2)

Ffad K X AR A R BE R X AM L BV 4L A B KR R S B INE IR R, RYLRE 4
R R FE IEAE(P<0.01) , FHEFRECH 0.90; AM E #1555 pH {H 4 W3 IEAH & (P<0.05)

BRBE ik XA B A IR DR 7% AML I B AR 8 2L 1 T B K R 2 pHL (B, S/ MNE 2 A, RYLRE
SRR E M (P<0.01) MK R ECH 0.90; AM BB B ZAE M/ AW E 5 pH A 5 8 3% 71U ¢ (P<O.
05).

HhRE 3k K DR AR L) PR PR X AML L B R 4 2 2 i R ) s 4, S A /N A . AML LT
FhERE Y pH (H2 A 5% A5 (P<0.01) , 5 20 S0 2 % B35 IEAH 56 (P<0.01) , 4 26 R 505 518 -0.
92.0.93,0.93; AM ELE {61 1% 5 pH {H5 0 3 IEAHDC, 5202 B3 TUAHE (P<0.05) ;AM HIHEZH 54
Tl RO L B IE AR DG (P<0.05) , AM BRI 3 Ai ARE FIAFDGE 22 5 5 4o il | sl S i 8 3 TEAH G (P<0.01)

T e K XA AR B B SRS DR X AL TR R 7 2L Wi e R ) R Al 52 i e /N o A5, M AR
il e 5 OO 5 10 35 TR O (P<0.05) s AM R AP 2 5 pH (HE M R 2 H1AHIE (P<0.01) AR RECH -
0.95; AM FLIE 73 A 5 pH {H 2 .35 HA C (P<0.05)

3 Fit5itie

MRAIAE g —2& B IR BN D R A2 B4l el A LSO 537 o A A AR S R G Kt
HERE ) R RS RGOS S IIRE ™ A TR 252 ) PR He R AR A 1 2 R Tt L A AR
R — R FUE AM BB I ZREE A P S AM R Z AR B R Sykorovfi
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Fig.2 RDA ordination diagram of the analysis of environmental factors and community composition of AM fungi isolated from

different samples
AP BB, AK: MU, TN: 2%, HN: Bi#%, OM. AHLBT, TP. &8k, QR: R, SD: Ml 7%, SR: FhFE, IV. HEH, F. />
AR, RA: MIXTZ

SRR HRES: AM B RS AL 0SZ 27 AR S, B an, R R K S PSR IR s i
TSR — SE AR A RAH YR R AM R I 2 e B PRACICE BN, i 2 R AM BB
ZRE AR R KX AM EL IR AR MK, AR A i A A0 S8 A A 5 1 b S B P B A ) 3 355
FO ke, T S DR RO AML O R 3R R 2B b 2 AT ARE A A6 15 L 4 5 AML U G SR 5
M 7 = R R - S A 4 ROV 2R S 8 pH 3L N P K R LT 55 R T RN B 5 R A )
ERRE BT 1 AR AM B AR R

FELPIHR Bl 3% pH (EREE KCIR B BRI S T 3k 202 h T KBRS MR AR B I 6 SE AR T
Mo A5 AN [V R BE ML A W, I ELREAE KB B b | 15 b AR 1) o e A S N 5 K i st it o
7 A 1 e TRANAL AR e S (A HILIR it , O LB DR A 65 JaR I B Ml 4 s 1 3 1 4 T
T X LR A pH (B TR, APTTEAEE, R AR B pH (5 AM BB EE 2 A SR O PR EE
i K XA B R AR ] 12 pH (5 R AR EAMSE, 5 AM HR T3 LR IEADC, T AM H DG
T -t 4 pH (ERERS i 48k H D OH (4 L ] A K BCAE W 9 336 3, DTG 32 i)+ 38 5% 43 11
AR HETTRZ00 AM ELR A= AT B 47, pH ERR T 0T 4 28 R 22 AR KO B A1, 38 T 5l
A B e L P A — SE W B R, DT X B AR P ™ A A4, 88 pHL (E s SO IR AT AM L
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IR, S W AR DA FER e v | SRR - SRR A 55 421 I 5 R i A o B 5 R 18 K s
b A RO S IR T R AR X AM BT A R A | TR (2 Y% T B SRS e R
PRI, FEIR A T REAE T Ry e b S BRI5E o R e A oA 55 4384 o 3 S AR 20 20 B 2 P e 15 R R I P
T R (BRI RS R AR ) X AM BT B R AR AR G BT R R R Y

MRS KRS L SFEPRARPE BTN AM EC T ARSI B IS, 75 22 e R A, Ay K O T A B I T 2 M) 4
PR , et KR 5 R S A KA

5% 3Lk ( References) :

[ 1] 2R3, FRG, XM FFAS b I RARE R 2R NHAES 4, 2013, 24(11) ; 3325-3332.

(2] Fhmfh, EWEUR, BREC, SA7H, & O, &8 ERHEE T AM B A7 I8 85 o0 A i /B LS. Bl 2441, 2011, 20(1) .
214-221.

[3] BRELL, FMERE, XU, MR K420 SAIRT B 1 AL PE BTS2 A, ARJLAROL K224, 2012, 40(6) : 41-43, 107-107.

http ; //www.ecologica.cn



1041 MR 5 BRI LR DB B AR PO & R B 9

[4]

[14]

[15]
[16]
[17]

[18]
[19]

[20
[21
[22
[23
[24

Piotrowski J S, Morford S L, Rillig M C. Inhibition of colonization by a native arbuscular mycorrhizal fungal community via Populus trichocarpa
litter, litter extract, and soluble phenolic compounds. Soil Biology and Biochemistry, 2008, 40(3) : 709-717.

Pattinson G S, Hammill K A, Sutton B G, Mcgee P A. Simulated fire reduces the density of arbuscular mycorrhizal fungi at the soil surface.
Mycological Research, 1999, 103(4) : 491-496.

FHCE, XNk, L 3EP X B A A AM LB RN, BRI AE S AR, 2003, 14(3) : 470-472.

SR, TRERD, A, X BE. BEE S S R R X AM FUE Z R LR 2R, 2007, 15(4) ; 425-431.

Bflte, BUAL. REBAESGHRE AR AM BE SN WS HENE, 2009, 17(5) : 506-511.

WS, A TR bR KBRS L A LTS JL sl K224, 1994, 16(1) : 102-105.

XAHE, BB, B JLat. Bl dt, 2007 376-388.

FRIE, ERRAR, XITEIE. VTR XA AR U AT A SIS, M AR AR, 2003, 27(4)  537-544.

RWT, X, 2, TIRE, XM B2 XA E AM B 2RI, A2 HEME, 2009, 17(5) ¢ 499-505.

Sykorovfi Z, Wiemken A, Redecker D. Co-occurring Gentiana verna and Gentiana acaulm and their neighboring plants in two Swiss upper montane
meadows harbor distinct arbuscular mycorrhizal fungal communities. Applied Environmental Microbiology, 2007, 73: 5426-5434.

PR, S, FUKH, BHE, EAAE, 57 B LR PRRUE W S e T AM B IR AR AR, 2012, 32(13)
4071-4078.

LFH, BEAL. IR TR SR H T REY) AM FR R RSN, AR R 2, 2007, 30(1) + 45-48.

FLAEE, Bt JoBax] b EAR UG 278 M Ha kL SR ORI JR 0T 3R A AR ML RSN Ak, 2013, 32(11) : 2837-2843.

Van Aarle I M, Olsson P A, Soderstrom B. Arbuscular mycorrhizal fungi respond to the substrate pH of their extraradical mycelium by altered
growth and root colonization. New Phytologist, 2002, 155(1) . 173-182.

S, FEHE. AM BE AN SE Ut . WY, 2009, 28(3) : 466-471.

Gimeno-Garcia E Andreu V, Rubio J L. Influence of vegetation recovery on water erosion at short and medium-term after experimental fires in a
Mediterranean shrubland. Catena, 2007, 69(2) : 150-160.

ViMSEE, JRBA, BESL. JONRRAR T IR, RS, 2013, 32(6) : 1596-1606.

e, JRARAT. ABOR AR B R A BOSCE AL W PE R R R4 B AARLSAT, 2008, 24(6) : 75-78.

1EAR, BB, ZEKAE. RTINS B i 3 UMl B R AR5 2E, 2014, 33(2) : 502-509.

FE, XNEE. FREE X AM B SRR, Y2 R, 2001, 9(3) : 301-305.

Chen B D, Li X L, Peter C. Two arbuscular mycorrhizal fungi colonizing maize under different phosphorus regimes in a compartment cultivation

system. Pedosphere, 2002, 12(2) : 121-130.

http ; //www.ecologica.cn



