ALl Bl 2022,47(2) : 64-68

Journal of Northeast Agricultural Sciences DOI: 10.16423/j.cnki.1003-8701.2022.02.014

TREBNMENFZE T EREERMEDREFEZN
2
FOALAER KBRS

(1. WL ARMK 24 AL W $GH RS B B R E AT =, b 31130052, WK 2EBe AR S 2B, WY1 T 7K 323000)

W B AWREE T AYEGER T 7.5 vhm®) #1447 575 05 CK(0 hm?) [T, (1.35 thm*) [ T,(1.8 t/hm?) F1 T,(2.25 t/hm*)4
ot b B, R ST ASTR] L A7 3¢ 5 7 B e it Xof 25 el - S g 0 1k B LA A W T VR S5 A IR R o 5 SRR B i FHAT R AR T &
R VR BEIRR WS M B T AR S 1 X A 9 DR S R . VRN i Ak B - 38 v 2k B AR ) o B, 4%
T BE 39.47%~57.02% , [R1 B} S5 PLEA S5 40 14 | B DA 500 34 BT B8, I v B0 T& PLFA 3 W 552 55 , 35 107.82% 5 {H X 2L 1A /40
WA (F/B) LU A R 22 G P TR /8 22 QPR R (GG ) e AN 35 . 5 CKAH LG, T, VT, BT, A B CAE T 1 9 0% 1 (] B ]
DRI - i A W s sl A 4K

KRR AT A A MU A5 Bl 5 - ek Y S
FE 4SS :S154 XERARIRAD : A X E 45 :2096-5877(2022)02-0064-05

Effects of Bamboo Charcoal Organic Fertilizer on Soil Enzyme Activity and

Microbial Community in Tea Garden
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Abstract: In this study, organic fertilizer (7.5 t/ha) and four bamboo charcoal supplemental levels CK (0 t/ha), T,
(1.35 t/ha), T, (1.8 t/ha) and T, (2.25 t/ha) were set up to investigate the effects of different proportions of bamboo
charcoal and organic fertilizer on soil enzyme activity and microbial community structure in tea garden. The results
showed that the application of bamboo charcoal decreased soil acid phosphatase activity and increased soil sucrase
activity, but had no significant effect on soil urease. Adding bamboo charcoal treatment significantly increased the
biomass of actinomycetes in soil, with an increase range of 39.47%-57.02%. At the same time, the amount of total
PLFA, bacteria and fungi increased, among which the increase of fungal PLFA was the highest, up to 107.82%. But
for ratio of fungi/bacteria and Gram—positive bacteria/Gram—negative bacteria were not significant. In general, com-
pared with CK, T,, T, and T, treatments changed soil enzyme activity and stimulated the activity and growth of soil
microorganisms.

Key words : Bamboo charcoal based organic fertilizer; Tea garden; Soil microorganism; Soil enzyme

%% (Camellia sinensis) | 1z PP 7E 38 [E 1) Py
I $AT 1 X, 2 — B 32 0l 2 BB o 2R W
A EIAUR T, S T R R I
i, AR PR AT 23 ) 4% B it R s AR R, HAE K

s H 83 :2019-11-13
E ST : WiiT A Romkol 2835 545 8RR 2k £ 5l vk
[2017]91 %) s i /K 7 B4 J& T 5 0F % 151 H (2019ZDYF

16)
EEBN:F F(1994-), F R w4, 0558 07 m AT &
SR

BWEE 2R, T, W1 W58 5, E-mail: kinaw@zafu.edu.cn

W 2R A | B — R B A 2 e v i i P AR AT 2=
TPECEERRACRIAL T TR R A o il
HA i A ) B D 3 R AR )
A BILST B o3 ik S 2R O AR 2R K T R R o I, E
T 582 0 258 I ) A AR BT o AN 5 B i I it 2
H SRR R IS e H AR B R A
FEE A RS R I 40 % (49 2% Bl - 3% pH i
2y Jy 4.0, 2% BRI R AR AR L HE pH {H
159" PRI, SR BCA 04 il o 22 fife 25k el + 1 1R
PEERR , B R Ak 3 WS AR 7, W R 2
S JRE 23 It R 23 Il 2 G HE



240 Z FG AT S UL X 2 el S 1 KU MR R R 65

AWy ok 2 H T SE G 2 — BTz
AT HER R 2ZH . Zhang SF0F 57 £ B, 4 W) ik
FAENE B 356 G N T 028 1 2038 40 T B P 4 L 4
BB T R IEFROEIN R T AR E RN,
SR 5T K B, A e R TR T B Y IR Ay
FREG TG VE Y B W W52 . Qin FEMHFSE KB, 4=
Wy o W P3G 0 T R R, U T R
T A, A2 W) R b HE TR R Vi A9 O T RE R
AR BT A8 A (R 4 S R A o AT AR AR W)
Jo 5 () —Ff, HAT A0 22 L R T AR W B T
SRR AT ARV AR KRR, WA AR
KENTEE Y, R HBCE Y s r) AR R, H
T A% 0 1 98 4 R 36 v A ) Jo i P e R, ik
A ab v AR TR S bR AR T KT AR )T Sl
[F) B, H R 8 Y 22 S, 45 UAIE 5 45 2R i A5 Y
Z5e IR —E, AVFTEIRTE T BARAT bt FH & X
A% el A B %) 5 e, 38 S () 56 R S Ml A, X
- SR A Wy R T A AR R AT DU E AN LG A, DU
RN EEA DL HE S 2%

1 #M#E5H*

1.1 X Ie R

RIS A e T B B K, 28 8
Bi S g v ARG FRE KR, A AR O SRR
16.8 °C, AR /K 51 510 mm, (/K H ¥ 172 d, £/
1251 do 5 MR 2SR SRR O ORI 437 25k
AL R 41.33 g/kg, Bl A 235.58 mg/ke, A 3L
W 5.24 mg/kg, AP 42.0 mg/kg, pH 4.2,

1.2 KWt 5%

R R 58 e AL T, i A 5 S %24 1
Py 3, R 7.5 vhm?, 235 4 FfAS [R] 09 Jit A Ak 22
7.5 t/hm? 7 5 A HUAE (CK) 7.5 vhm? 3 5 A HUAE +
1.35 thn? A7 543 (T,) 7.5 tvhm? B S A HLAE+1.8 tvhm?
Py (T,) (7.5 thm’ B fi A HLAE +2.25 vhm® 77 7
#3 (Ty) , BT, T, AT, o A AT ¢ 8 6 53 531 R A L
JE it FH f2 1 18% . 24% 1 30% , B A~ 4k PR & 4
W FmAIENETZE SRS AVIEARA A

(N+P,0+K,0>5.0% , f HIL 51 245% ) o A7 5y A ik
0.149 mm T /9 8 38 7 & A& AT 5 H o al390 IF i
T, 4% Hb e 2596 1 0.6 thm? 52 4 B +0.6 t/hm® JR %
3 A 3 56 2 [) A5 A, 4% Ak A 45 B it A
], 2 I I e UK, g R B PR R LAt A5 1 — 3
T 201847 H RAE IR A . BAKECRHZ 5
HURE , 45 B0~20 em 38, B £ A BUR R 5
F 348 ] S0 3 o 4% DXCHIORE i RS0 o fif 1
T80 ‘CUKAERAF , T+ BEGILZE Wy B v 45 F K
W, H Ay 33 KT 5 3 2 mm B, BT 4 38 3 1
A
1.3 MEmMB K FiE

+ gt Sk AU R 4R A0 A 0o B R+
8 TR 1 W TR B R FH X Y R B R — 88 (pNPP)
I R SR FH R T A - SRR AN L (ks R
it % A1 3,5- 6l oK A R L 7k, £ HE PLFA
5 2 B8 S % SCER[14-15]3E 17, 22 T C19:0
P bR 1T R Bl PLFA BV B2, IF B ¥ 524 B i iR
1 B 2R A nmol/g. VAR R 12:0, 14:0, 15:0,
16:0, 17:0, 18:0 FfiIF — K 40 & "5 L) i15:0, al5:0,
i17:0, al7:0 FE1F 55 2% [ BH M 175 LU 16:1w7,cyl7:
0, cyl9:0 3 1E = 22 [C B ¥ ®""; DL 10Mel6: 0,
10Mel7:0, 10Me18:0 FHF ikt £ "', DL 18:1w9¢, 18:
1o9t, 18:2w6, 18:306, 18:3w3 F HE L #H™; LA 16:
lowS5e FE AT B AR B "™ o
1.4 HiELIE

BOE 2 A AR I AE Origin 2018 w58 1, I %)
ASTA] A #R FH SPSS 19.0 #E 47 B 05 22 407, Ak
T jE] 2% 5 i E I EAT LSD IR Z AL, N T E—
T AN 7 A B AR B B TR S, R
Canoco 5.0 3K HEAT I 4370 BT (PCA) 6

2 R 5y
2.1 AR[EHERE AL 32 3T £ 5 EG i 1 AU B I

- S AT T RAL AL B, — oA,
S8 R TR TR R D RO I 0 5 e
P NHMCILRMEEA S A . R,

F1 TE MR AL XS 1 B A E 14 0 &
O3 PR PE R IR I g/ (g-h)] KB mg/ (g+24 h)] HEME B me/ (g-24 h)] i AL E B mg/ (g+ 20 min)]
CK 366.14+51.20a 1.50+0.16a 9.35+1.23b 0.75+0.26ab
T, 305.06+41.85h 1.32+0.26a 13.59+4.44a 0.51+0.21b
T, 302.70+29.82h 1.51+0.17a 12.83+3.80a 0.74+0.36ab
T 259.56+27.98b 1.70+0.49a 12.30+3.41a 1.00+0.17a

3

VE [ 50/NE FREAR R R 28 53 0.2 (P<0.05) , T 1]



66 AoAb A& e BE s

47%

- 58l I TS I AT e Ab B (T, T, RN TS ) B
AN S 2 B T A M TR M A Ak B PR
WETG TG VR4 5 T 2.95~4.24 D FAAT B IE T ST, T, ;
AR T MR M o R W VS ok P T, TR IR £
Xof A b i S A R AR T — R 5 it AT R
VA 5 ) - v R ) T
2.2 A[E 7 AB Ak T8 X 1 158 4R A W0 10 B2 0

X A SEAE A PLFA #E47 82 3L, I 5E C10~C24 11
PLFA , 85 B W], KN [A] Ab $1 [H] + 58 PLFA fEFERCK
Z5 o CKLUT, (T, MUT K I H () PLEA B 2 4351 Ry
69 Pl (84 Ffr 87 FFI 84 Fft . Hor, 19:30w6¢ {UAETE
T CK F5al7:1w7c . 14:1w5¢ . 16:106¢ AL F1E T T,
B 5 16:403c (NFEET T,H ;5 14:1 09¢.17:1 w3c.
10Mel9:1w7c A T, 454 B PLFA o X 45 Ab B b + 3
PLFA S 47500, il 1 fr s, 5 CKAREE, T,
T, F1 T, H /%9 PLFA S5t 3 B3 hn 38 1 T,>T,>T;,
Ho T, R K, T, B CK Y 1 3 PLFA s 189 i
62.41% , A 48.80 nmol/g , X Uit BH 7% A7 7% Ab B 438
T MY R YR

70 r ab
60 r
50 |
40 1
30
20
10 +

PLFAEE (mmol/g)

Ta T Ts
JiS:
E1 AELGETIENPLFAZE

HH 8 2 A1, WS AT R AL B T A S & 2R
FERY PLEA &5 1, Horp T, 39 8 A K, X SR s A7 o
SEFRIE TN T b A AR SR AR A (—
ik eI Rl AN VL Y S I e AN R G Y S DI N1 i
L, AR 5 5 PLFA & i 28 fb KB
[, 5 CKAHE, TARH 4B 3 R LGl
G PLFA 4 5 43 % A 79.01% . 107.82% . 57.02% .
100% F1 81.25% o ¥ fin A7y ¢ Ak BT 4 1 vp il 26 T4
PLFA £ H 52 9 3, 25 AL B 36 31 B K7 T, (T,
AT, 43 53158 h0T0.93 .1.30 .0.90 nmol/g .

T2 AEREEMEVEBEPLFASE nmol/g
Ab 3 A HEH R G* G
CK 14.39+0.70b 2.43+0.82b 2.28+0.15b 3.81+1.18b 3.20+0.49b
| 22.16+8.55ab 4.07+1.91ab 3.21+0.51a 6.65+3.50ab 5.03+x1.91ab
25.76+3.71a 5.05+1.49a 3.58+0.49a 7.62+0.92a 5.80+0.82a
22.17+4.69ab 4.20+1.45ab 3.18+0.49a 7.00+1.15a 4.70+0.85ab

2 /] %0, T, LT, AT Ak BRAE 4 3 AR ) A
W20 (F/B) A T, 35 1K R 7.20%~15.27% (T,>
T>T,) 5 825 B BH P B/ 2% IR B B (GG ) 1A
A7 B FE s, B TST>T, , 5 CK AR L, T, 4b 3

2 r a

HW /40

Ty T, Ts
Ab3E

G/G HIMEIE N T 19.53% , {H &b 3 [A] K ik 3] i &
IV, U B AR [R) A B E - 398 135 A W B U 45 R R
AR N, A ISR A SO W TR G, 1 S E
*H'ﬂ;{o

CK T T Ts
gz

B2 AREELENTEMEYER/MARENEZRAEE/ZEZRPEROIME

BE B A 3 20 B LA ) PLIA 3E 4T 5 22 4%
B, an il 3 prss , 5 CK AH BB, T, (T, F1T, Ak 2 b i
Jit 28 B 10Me16:0 5 10Me 17:0 #Y PLFA & & i %
T+ = (P<0.05) , 34 Wi 53 ) 2 55.00% . 68.21% FiI
49.33% ; 40.21% . 55.65% H1 51.56% , [f] i , 55 CK
A HE , 25 Ak 3 b R AE — B 40 B 1Y PLFA 15:0 F118:0;

L [CBH P al7:05 BB 18:2w6¢ | 18:1w9¢ H &
AR bR AR, VBT AR LA PLFA 16:1w5c
RUE I NI S R N LS = O
PLFA 4 16:0 (— B 41 B ) Al 18:1w9c ( FLEH ) , Higr
BAE CKLT, . T, #1 T, o 5 48 34.09% . 35.10% .
35.08% £ 35.48%



240 Z FG AT S UL X 2 el S 1 KU MR R R 67

oCK @r, OT, OT,

cy19:0
10Me18:0
18:00
18:1 w9c
18:2 wbc B
18:3 wée |
10Mel7:0 B
17:00 B
cyl7:0 T
al7:0 =3
i17:0
10Me16:0
16:00
16:1 wbe
16:1 w7c
15:00 B
al5:0
i15:0
14:00 B
12:00

PLFAZEWFRIC

PLFA (nmol/g)
E3 AEMEIELETTEPLFAEKESEMNIL

23 ITHENMEYHELEMNERS SN

g it — A HE R AS TR b B 2 [6) - S5 B A 0
SER Y 22 5, PR 20 Bl E G AR W) PLFA 547
WA BT, TR 4 BT 7R o 45 SRR L 5 — 3 Bl

<
—i

OT1

PCA Axis 2
]

10Mel7:0

-1.0

-1.0 PCA Axis 1 1.0
B4 tEMEmBE ST ST
(PCA Axis 1) B B2 i 19 62.6% , 55 — F 41
Bl (PCA Axis 2) A BE 8 5 50 19 13.8% ., 1E55 —
F A A 43 A ) R AT ey19:0 (22 QB Pk
W) 17:0(40 ) A 16:0 (40T ) 5 55 — 38 A4 il ke
V£ H B 3 2 R it 28 B PLFA " /) 10Mel7:0 £
10Me18:0, Hi & 4 nJ %0, AS [] b # 4l + 3 730 A= 9y
BE 7% A6 HE 7 25 ) rp Ak FOR R CK AR A T
PCAT il ity 70 3ty , 4% 5 &2 22 (6] BE 5 46030 , W8 n A ¢
AEEE (T, T, MIT,) K£5 CKIE & ®ix, AR S

CK X [T, X UL B 5 CKAH LL , B Ay J b A L
SRR A5 M S T AR o

3 3 #®

A W T A W R TR Y e K EH R
g7, HAE BV 23 55 0 DA L IR ZE
T8 RN RSO MRS T T R HEE EAE A,
A= W VR 20 PR IR B B R 5 i 2 AS Y U A
PPl AW 58 3R B, it AT o AT DL 3G A B8 rh
PLFA 1Y & &2, & s A= W iy = B2, L85 R 5 1A
WFFE— 2, 3K 1] 68 55 47 ok W BT i) % 43 R i 1)
pH A S 7 (14 Z2 AL B 45 46 AT L) oA A 4 44
AEAEA L, TR T REM R AERK . 5 CKAH
e, T, T, F T o A e 4R T8 PLEA 1 10Mel6:0 5
10Me 17:0 % 12 /& i 3, — MeIA oy, i Ze 7 vl LA
3 T [ A6 5 4, N N AR ) e mT LA 2 TR 1)
F= B X AE AR B 5E A5 LAIE S

TR ORI T IR A S A SE S
PR 5 4 8532 50 04k 5 706 30 2% UIAE G |, ik 1+ JE il
T PR AT LA R PEAS - 58 T KPR AR R B 5
i, AT it FH R ARG T 1 R M W R ) O L R
fe 1 B R A A T P X 5 R & R SR Zhou
G 4 SR AL . A R R I TT LAOK f A AL
BBk &9, IR B TR A S AN DB Y e L
B, o R W TR P R TR W 2 R R
TAEYI A R, A U 5% v R W 2 il 355 1 T & AT
BB & Tt A AT e AR T A g v s R i
AR T Wl PR Wl 5 1, L4500 A 1F i — 2D IRk .

H T, 7518 2 5ok R A5 b A= W ok 2 0
it B, AN 5 H A R ™, A B ST AR L 2R
5 IR E B A HLIE T (R AE i R AR
AW e AT AE A AILGR R R L TR, FE Z R
WEEE R, AW O 0 A F 10~50 thm? 2 8], 34>
AW A A B BN S8 PR AL R ME DL P S
B 2 77 v e FOuE D RS2 0 I R B BRAS o AR YRI5
F W, B At o 1 P e 5 A B IE T i B AT AR —
FE TR R b kAR 5k Pl - S AR ) B T A A XK X
AW A K AR B AE .

WS IMAT AL B R A D B T R AR A, 2
e SR R M TR R T A W S Bl R
A A R TAR - A BT A 53 e DA T B g 1 4
HE 3, Hox 3 A= AR BUR G S

CEPd

[ 1] JiL, WuZ, You Z, et al. Effects of organic substitution for syn-



68

AoAb A& e BE s

474

[2]

[7]

[ 8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

thetic N fertilizer on soil bacterial diversity and community com-
position: A 10-year field trial in a tea plantation[J]. Agriculture,
Ecosystems & Environment, 2018, 268: 124-132.

Jiang Y, Arafat Y, Letuma P, et al. Restoration of Long—Term
Monoculture Degraded Tea Orchard by Green and Goat Manures
Applications System[J]. Sustainability, 2019, 11(4): 1011.
KDY RALE SO E M AR ) e B R M LD
el L S 1 Bl 2 0 R B R R (0], o I 0 S AT R, 2019
(2): 68-74.

R BLEE AR AR S o R A N
FIVAM L AL A BIFRIL. 5 Rke7,2002(1) : 70-74,,65.
Yan P, Shen C, Fan L, et al. Tea planting affects soil acidifica-
tion and nitrogen and phosphorus distribution in soil[J]. Agricul-
ture, Ecosystems & Environment, 2018, 254: 20-25.

Zhang M, Muhammad R, Zhang L, et al. Investigating the effect
of biochar and fertilizer on the composition and function of bacte-
ria in red soil[J]. Applied Soil Ecology, 2019, 139: 107-116.
e At A 7 R IR A , 45 . AN [R5 AT A 4 o x 8 E FRLAE
PR R 545 NE T3 052 W (0], 74 AL AR R 2 2 4l (11 SR )
2 J),2019,47(11) : 1-10

Yao Q, Liu J, Yu Z, et al. Three years of biochar amendment al-
ters soil physiochemical properties and fungal community com-
position in a black soil of northeast Chinal[J]. Soil Biology and
Biochemistry, 2017, 110: 56-67.

B W, KRR, SRR T, AR AT SO S Y L
WEFEIN. 7 Az, 2011,30(2) £ 137-142.

W =35, I3 ARG, A RN Ot BE TR I R T
AL S GE R, e, 2011, 42(1) :207-210.
ARG IR, LI, AF L SR TR ] 5 I A g R
4 P 0 B EL D). o T AR A el 2A 4, 2016, 24 (1)
98-104.

Dick R P. Methods of soil enzymology[M]. Madison: Soil Sci-
ence Society of America, 2011: 163-168.

RANT . A W S FLAT 5T i (M. b5 - Al i b, 1983
274-276,294-297.

K DU, R, AR, AF AR A5 2R dUR b g | AR Rk
Xof SBR[, AR R S R R
2014,20(4) :923-929.

Bossio D A, Scow K M. Impacts of carbon and flooding on soil mi-
crobial communities: phospholipid fatty acid profiles and substrate
utilization patterns[J]. Microbial Ecology, 1998, 35:265-278.
Johansen A, Olsson S. Using phospholipid fatty acid technique
to study short—term effects of the biological control agent Pseu-
domonas fluorescens DR54 on the microbial microbiota in bar-
ley rhizosphere[J]. Microb Ecol, 2005, 49(2): 272-281.

L Z. Fatty acid patterns of phospholipids and lipopolysaccha-
rides in the characterisation of microbial communities in soil: a
review[J]. Biology and Fertility of Soils, 1999, 29(2): 111-129.
Linda T A, Van D E A L, Kurt S, et al. Simulated Nitrogen De-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

position Causes a Decline of Intraand Extraradical Abundance
of Arbuscular Mycorrhizal Fungi and Changes in Microbial Com-
munity Structure in Northern Hardwood Forests[J]. Ecosystems,
2010, 13(5): 683-695.
A O P. Signature fatty acids provide tools for determination of
the distribution and interactions of mycorrhizal fungi in soil[J].
FEMS Microbiology Ecology, 1999, 29(4): 303-310.
Wang S, Li T, Zheng Z, et al. Soil aggregate—associated bacterial
metabolic activity and community structure in different aged tea
plantations|J]. Science Total Environment, 2019, 654: 1023-1032.
Sun L, Xun W, Huang T, et al. Alteration of the soil bacterial
community during parent material maturation driven by different
fertilization treatments[J]. Soil Biology and Biochemistry, 2016,
96: 207-215.
Wang C, Wang G, Wang Y, et al. Fire Alters Vegetation and
Soil Microbial Community in Alpine Meadow[J]. Land Degrada-
tion & Development, 2016, 27(5): 1379-1390.
LN R, SR AR B AR X 4 ek 2
FREAE AR FE LI & AR B2, 2010, 35(6) - 32-36.
Kolton M, Graber E R, Tsehansky L, et al. Biochar—stimulated
plant performance is strongly linked to microbial diversity and
metabolic potential in the rhizosphere[J]. New Phytology, 2017,
213(3): 1393-1404.
Ali N, Khan S, Li Y, et al. Influence of biochars on the accessi-
bility of organochlorine pesticides and microbial community in
contaminated soils|J]. Science Total Environment, 2019, 647:
551-560.
Gomez J D, Denef K, Stewart C E, et al. Biochar addition rate
influences soil microbial abundance and activity in temperate
soils[J]. European Journal of Soil Science, 2014, 65(1): 28-39.
LWL A LR MR SE AN TR N X NS A L e
W PR RS A ). AR IR R 2016, 41 (1) : 50-53
Zhou Z, Yan T, Zhu Q, et al. Bacterial community structure
shifts induced by biochar amendment to karst calcareous soil in
southwestern areas of China[J]. Journal of Soils and Sediments,
2018, 19(1): 356-365.
Schmidt H-P, Pandit B H, Cornelissen G, et al. Biochar—Based
Fertilization with Liquid Nutrient Enrichment: 21 Field Trials
Covering 13 Crop Species in NepallJ]. Land Degradation & De-
velopment, 2017, 28(8): 2324-2342.
Ghosh S, Ow L F, Wilson B. Influence of biochar and compost
on soil properties and tree growth in a tropical urban environ-
ment[J]. International Journal of Environmental Science and
Technology, 2014, 12(4): 1303-1310.
Joseph S, Graber E R, Chia C, et al. Shifting paradigms: devel-
opment of high—efficiency biochar fertilizers based on nano—
structures and soluble components[J]. Carbon Management,
2013, 4(3): 323-343.

(WA T 245)



