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OB RE, AHAE Z ARG R A B AR AR A SRR TR T R R EAT AR E A UM
Mo (et BE)VREARLIE T, DR BAARBHEEIHEAGHARTHR, £F, AH 4%, HEAH 3K, 4
GHEAMNBEEYSGAEBRA I AR(AM®R2]), 2RABHBSRANFRHRIN, Bk 2.1 BHEE Penicillium, &1
FERAME AR pH 5.0, 3R 30 °C, AN 5d, IR AAEEEFH 2500 g-L7, RBRAFHF 2.50 g-L,
Tk h A%k (FeCly)0.01 g+ L A= 8 B2 = 8047 (KH,PO,)1.50 gL', B 4 % 3 4 20
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Selection of strains used to degrade organic mulching materials from

Phyllostachys violascens forest and optimization of its enzyme production
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Abstract: Severe degradation of a Phyllostachys violascens forest has occurred from organic mulch residues for
years. To artificially promote decomposition of organic mulching material and promote regeneration of bamboo
forest, seven cellulase-producing strains, including 4 fungi and 3 actinomycetes, from organic matter and soil
of a Ph. violascens forest were chosen using a Congo red cellulose identification culture medium. A filter paper
enzyme activity (FPA) as well as colony morphology and biological characteristics were used for the analysis. Re
sults showed that among all selected strains, the FPA of Penicillium spp. (Strain 2.1) was highest. Optimal fer
mentation conditions were as follows: an initial pH 5.0, a cultivation temperature of 30 °C, and a fermentation
time of 5 d. The optimal cultivation medium for Strain 2.1 was chosen as: straw powder (25.00 g-L") for the
C source, beef extract (2.50 g-L™") for the N source, and FeCl; (0.01 g-L™") and KH,PO, (1.50 g-L™) for
important inorganic salts. [Ch, 4 fig. 3 tab. 20 ref. ]

Key words: microbiology; Phyllostachys violascens; organic mulching material; decomposing strain; cellu-

lase; enzyme production
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PR &5 L0035 13.34%, 26.66%F1 46.67%, AIBALATHAL G 13.33%, FZIBALATMILT- I 5™ i
T MAF B TR AT AR e A A ELL B AR R LR BR AL (CIN), W SRR R R A LB Y,
e P EOM A A B A AR e S A T R 2 — o R, DAZEPObR B i 5 P A A R AT
g B Hbsth Ak, DAURBGE . T is R M A LB S e W1 . H AT, BA Y sk
AR Ap 5 M B TR W © T 2 T T e Bl R LA R M R I R AR RE IR A 77 )™ sk A 7= SR RS AT Id
LR R T T, T T AT AR AR B A DL S W AR A W T e | R T L i AR A SR ST
) R WA IR o AW 58 A S TS LB 3 0 0 T F) S [ D A R P A A e L 75 B i T P bR P O
Ve B IR HAT o 21 AE R A RS VR RO R Y, R HO B 2R PR EAT Ak, & A A AT oMk st 77 B A L
atic 0 55 8 T o 50 P A ) B 116 S B R

1 MoKF T %

1.1 kst

PRI LR B W VLA 22 T R U5 BE (30°24' N, 119°32"E ) iy A brobh ity 24 i 14 A [) JE3 A i B2 1) 25 00
TR B m i AT AR e, 280 . RERER T 2 i HORE VL, BUR & A i 200.00 g, 38R FLAUBRORE L, X
0~10 cm +HER A FE M 500.00 g, FEGCRETTHATRAEN, B T okaw iy n S5 = 4 CLRA7

Xof BB AR s ok K25 (HC) Trichoderma harzianum, 28 K% (LS) Trichoderma viride W B |~ 2548 W)
WF5E I b DR PO o
1.2 ExHHE

ARSI (IR AR S22 ). 1 em x 6 em BHAEE RIELR . BEIR A8 (KH,PO,) 1.00 g, 5
fEh (NaCl) 0.10 g, Bt iR (MgSO,4-7H,0) 0.30 g, fiff 2 4M (NaNO;) 2.50 g, # A2k (FeCl;) 0.01 g, # Ak
#5(CaCly) 0.10 g, 7k 1 000 mL, pH 7.2,

W7 1 77 35 (WSR2 LR 2 R AR BE  58 ) . R W R 2F 4E 2 41 (CMC-Na) 2.00 g, NI4T 0.40 g,
2 % [ (NH,),S0,] 2.00 g, Hifik%h (MgSO4-7TH0) 0.50 g, #ifR — & 8 (KHPO,) 1.00 g, A {64 (NaCl)
0.50 g, BEfig 20.00 g, 7K 1000 mL, H4k pH {H CAHEAT A 55) "

S 0 K A O 27 bR AT IR AR B 3R 4k ) - A s RO s SR 3 7 Rk rh B AT
1.3 EHRFE

I3 N IBCREE  ) 5R . RE E SFR AT AR LI AE AL 4 10.00 g, A 90.0 mL JC I K M R Y 150.0
mL =i, 180 remin™ 437 30 min fFFF G 78370, BUEMIK 5.0 mL #2570 T 45.0 mL & 4L 55 57
Hr, 28 CF 120 remin™ PR 15 5% 2 do FRICH FRIBE RN B0 6 ol s SR G e Bk b, O R 3 1K

BB 3 R AR5 IR 100 pll S5 IR A AE MR DR I BR 4 e 2 P A F 4k |, 28 CTR 85 5%, kUK
fiff Pl s BN [ 5L, K P EAR S TRV ELAR Z HR I AR AT S AL ST ORAE o K0 0 AR AT 09 TR R 0 0 HE Eh 4%
AR (PDA) (HW) . mIR—5 ORER ) H 7 Bilfk, WER 1 em fTLESER KA K5 4Ak
HUR P T2 i s g7 e, 28 °CF 120 remin™ R 5595 5 d, W@ & Wk B 4R BE G ), ik A
2T 24 R I P 0 TR PR
1.4 JE4KEE (filter paper activity, FPA)&EAMllE

UE ARG G 00 R 3,5- KA R AR BB 10 kgemin™ B0 10 min, BB IE W
RIA A B o BB A f U AR BT A 1 em x 6 em /NF&, A 25.0 mL ZIEE A, inA 1.0 mL #7415
B2 -7 B R 4 2% v (pH. 4.8) A B B 0.5 mL, 50 C/K¥ &R 1 h, finA 3.0 mL 3,5- 3 K 1% R
(DNS) 50k /K ¥ 5 min, & 253 25.0 mL j5 0% 540 nm PG, TR JERE R, (R E & TR
IR SRR R, DA S TR P R SRR S R RV T R SR R S S ) . SRR 3 AEE . DL
h 1.0 mL J5U R A AL IS (DEA0) H6 A6 1 wmol 4 %5 W A B 1 /> ETG ) 5442 (16.67 nkat)

1.5 FEE&ZMEMRK

151 2R EEE  RAHGFIRAEIEFRE, wEAMRERNME A, 2, 3, 4, 5, 6, 7d), pH(3.0, 40,
50, 6.0, 7.0, 80, 9.0, 10.0), (20, 25, 30, 35, 40 °C), BRUA[VER . MAM . 5 A %
M. FEFEAR . JEM RIS AER K (m s m=1 2 D) R AT AL SR LT R A (m 2 m=1 2 1) ], AR (8%
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BEFF B AN . AT . BRER AR Z A R IERLER (LB R 0.01g-L, SALAE 0.10 g- L7, Bis—
S0 1.00 gL, Wik 0.30 gL AL G 0.10 g- L) HEF7 M 20508, 40 3w 5 T bk 10 05 £ 2
Sl
152 ERFEBH YR E RS A E S0 B R SR LR . U % T HLER AT IF 28 928
[Lo(3) ], W EbR bR LA 3 4 0
2 ERE5HM
21 BNBZEMENEBEKITE

LR RS, MR AR HE AL R R R O N RS B L 6 T AR PR A R e AR 38 #k
TR HEAT 3 TP L 2T 4 22 A % = A 1 W1 K 0 P T, 220 2 6 0 1 32 W) /K A BB B L, 7k
i P B A 5 T 9 AR A CHC ) B R RO T RE 7 Bk (32 1), L, B0 4 Bk (031450 11, 2.1, YOQI
FIYQO), HLkE 3 k(04 e 1.2, 22 F13.1),

1 EREBEFRSJIERKBESEHEERILE

Table 1 HC values of 9 strains after 3 days cultivation

w

Wk RS HAZ M kGRS HAZ
1.1 274 12 3.12
2.1 2.83 22 2.18

YQI 1.67 3.1 3.58
YQ9 1.65

Bige S dJa, T AEARIEAUES M AWl . B L1, 2.1, YQU EG Jy bR i 3 st i T 4k i
LB YQO Fouf HR B R WA 9% AR %7 (3.93 x 16.67 nkat) 54 {5 K85 (4.64 x 16.67 nkat), H DL 2.1 15 & (14 38 4%
RS ) e, % 10.80x16.67 nkat(1&1 1), #fis€ #kk 2.1 %8 H AR #E o
22 HEth2.1 EWEEH

MNTE R 2.1 fY T V& 55 TR AR AE (3R 2) M2 WA M AR AE (181 2a) 3R W], T bk 2.1 20 AE B TR A T AL,
BES-U, wREOOUEE R, A 3 ek sk s AR 2~3 >, 13.0~20.0 pm x 3.2~3.7 pum, R ILIHE
RN R4 I I B BURCIR AR, S A EE R, SE R, ST IREDE, 4.5~5.5
pm x 3.0~4.0 wm, BEF-3  fKHE 2.1 WIETEA (K 2b) B itk i s i AeiE, A EER &) 5 & L H
R A PERLE ) (B TSR 53 2 ) S 45 AH DG BEORL Al 4 5 T Bk 2.1 )& 75 %5 )& Penicillium
2.3 HE® 2.1 ERATE, BBBREE (pH E)IREZERL
230 ARBTN BRIRUIM G R 2.1 K VR IR ARG T ) BB SR A R K R T, L, 2 KRR

—
SS]
1

S

T T
BH >
HH >

HH >

C c I% C
L[ A
1.1 1.2 2.1 2.2 3.1YQIYQ9HC LS
LE7S : :
AN ] 7 B s 22 v Al 8 3 (P<0.01) a

A 8] 7 RE7R 22 7 A i 3 (P>0.05)
B 1 455 HAHkGEREEN B2 HH219EEBEI()AZHREHM(D)

Figure 1  Filter paper activity of 9 strains Figure 2 Colony morphology and microstructure of Strain 2.1
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®2 HHK 21 BEEESHE
Table 2 The colony morphology of strain 2.1

Bigr ik B4 B4R /em 2N i [GEEALN AT (RGTRCE S
BRICHE IR I 2.0 Rl ERIN Ff - 3 o3
I S 1.5 Frkgede Sk, Rk SR Kk, K& o3
PDA 2.5 -3 E5RIN SR K, K G

UE AR IS 74y Bk 2.72 x 16.67 nkat, 3.32 x 16.67 nkat, HElE{L K 22.51%., 55 3 KEGE Il 42 5
4.95 x 16.67 nkat, %552 K¥GN T 49.01%. % 3 KLAG, BES Am@SIaks, S5 5 K& IR
15 J1iRIE(H (5.62 x 16.67 nkat) , )5 BIE J) BABAERFTE B KT, (HAECHE S KA TR (&l 3a) . B
PERE 2.1 77l AR RE SRR R 5 d

232 MIGEBI(pHAL) PR 2.1 KB IEACHGETE 7 bk b IR 0 (pH (B 19 78 £k 2 S8 T i S5 BRI Y
(K 3b) . RRIGRRE Sy pH 3.0~5.0 BF, BAKREGTS 12218 B, HEBON PR, 4RGN pH
5.0 IF, PR UE ARG I ) 3k B0 E (4.90 x 16.67 nkat), FJ5 FERR 6% EE (pH {8) 19 T mi B G 71 2218 B A,
MR IR B0 EE B ik pH 8.0 I, G Jy R N, AR GERGHE K pH 10.0 B, K& IR IR ARG TS 1Y
H 222 x 16.67 nkat, JUEEHY 45.31%., VLI R 2.1 55 357 09 fe B W BR B8 8 pH 5.0,

233 RABA FEERIRRENTEE, R 2.0 PCEERE T 2 e TR S AR A AR LU (B 3e) . fE 25~
30°C X [|) PN % ) S i T, 2.36 x 16.67 nkat $8 & 5] 3.67 x 16.67 nkat, ¥ #Ek 55.51%, 15 i &
Tk TR, CHIREE 35 CHF, B§IS J1°4 3.83 x 16.67 nkat, HJ5 15 J 05 A FEAL, 40 CHY IS 77 F K
y 3.68 x 16.67 nkat, HSK 35 F1 40 Chf &k 2.1 BYEGNG S 34w T 30 CRUBEIS 71, (HZ5G R MRS 7= AT
AP, e 30 CCONTR B 2.1 i IR TR IR .

50T 67 =5

= ki b s c

=5 =5 C4_

(5 o~ [

\0.4 \0,4_ °

9 = 23t

R3 =3t R |

272 g’ £

g1t £t Sell

0 1 1 1 1 1 J 0 1 1 1 1 1 1 J O 1 1 Il J
1 2 3 4 5 6 7 34 5 6 7 8 9 10 200 25 30 35 40

B 7 1 [a)e/d pHHE R R IET/IC

A3 e (a), A4S pH A (b) A3 0B (o) x A Ak 2.1 IR ARBE7E 1 09 % va

Figure 3 Effect of time, pH and temperature on FPA of Strain 2.1

24 BREHEMA

240 R R 2.0 EA BRI SR R A REIE W AR, HAEAR R BRI A AF N RIS 0 AR RO 2
(& 4a) . DAGIZEIWE . JERY . LFEER B0 —BRURIN , KRR UEACHE TS 714370 0 1.67 x 16.67 nkat, 1.98 x
16.67 nkat fl 1.35 x 16.67 nkat, 4 FIH &AL E R (m 2 m=1: DILEVERBRIFES , & BEBIEAR R 15 )
W $3.08 x 16.67 nkat, 355 L] 45 Wi B 2T 48 5 A B — BRUR IS S0 1 84.43% 1 128.15% ., ekn 5 4F 4E 3%
(msm=1: D)ICFEVEBRIRIT , A R I8 ACHEE J1 00N 0.56 x 16.67 nkat, I F (- — f— i i 4b 2
TEBR BRI, LR BORS AT A5 Sl S 2 ek i AR i I ) 95 75 (5.03 x 16.67 nkat) .

242 R 2.VFEZMRBKM T HRIER ER, EA PRI LRI 4NRE 1 i & T
FEALRIR (B 4b) o Hovbr, A= PR O RS 7 bk A I 8 20K I 15 ) o 75 (5.95 x 16.67 nkat) , JLUC it e B
¥3(5.19 x 16.67 nkat), A R ZIR AT & B2V GG (4.59 x 16.67 nkat) W A% T 245 A5 FEEEE R Ry TR
AbFR DL R B R DR 2 Oh ORI TS 1Bk, 45 3.13 x 16.67 nkat Fil 3.18 x 16.67 nkat, {{ k4K
T R Y 52.60% H1 53.44%
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5 ° = A b 500 A 5
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= a4t =

R3r B Rl 2 2R3t BC

| BC 4 e

&2r ¢ ol g2 C

= =X =

"0 E ',0 \-0
BOR & O % K o2 8 B i xS N B F
'R &£ 4+ + & N | & NN &R O® N
= F E R B B 8 B ®B BE £ ®

Tk Jii FUE TR

AN T BE R 22 e i B 35 (P<<0.01), A A7 BEoR 2 2 AN | 3 (P>0.05)

B4 #mE(a), LB (b)ALAME(c)THAWK 2] BEHHOHE
Figure 4  Effect of C (a), N (b) source and inorganic salt (¢) on FPA of Strain 2.1

2.4.3 ﬁt#}biﬁ R 2.1 2 T VR U0 20K T8 0% 1 DA B 7% Rk o R 0 R — AU B (KHLPO,) 19 3% 51 (5.40 X 16.67
nkat ), H U IR NS AL 2K (FeCly) B9 AL (5.19 x 16.67 nkat) o X 2 Bl JoHL #h 4k B 45 30 & T U5 0 54 4
5 (CaCly), S ALHH (NaCl) F4% B2 5 (MgSO4) 14 48 BE (43511 2 2.98 x 16.67 nkat, 2.13 x 16.67 nkat F1 1.26
x 16.67 nkat, ¥ k& MG /109 55.18%, 39.44%H 22.78%) (I 4c) . 1 W W R — S40 5 S 10 2 0 B bk
2.1 Bl g2 AK

244 RAARAEMA N3 MER 2.1 FIRIEMBIE (R EREFT) . RIR (4R ) XIEHLER (FeCly), %
PR — AUV IR IEAS S BT R B, O o B R BEC U5 Y TR RR BT ) die i (11,19 x 16.67 nkat) . %ﬁﬁﬁ%ﬁn

2 AR X B R TETG ISMAE, BRAEAY Hh 5.69 F 1.00, Ak R IR — AU B 0T ARBTG5,

B33 041 F1027, FRECFSFE. AR SAb8:. SRR MY EE KK T334 As, Bs, Gy, Di éé
Ti 2530, & PRI ZR AT B bR 2.1 B AREG IS ) 52 M K ak R 0 2E KO . R BE 2.1 P RS B R AL AR
AsBCiD,, EIFSFF 25.00 g- L7, 4= 2.50 g- L7, 404k 0.01 g-L7, B &M 1.50 gL',

T3 L(F)EXZWIRITREBEAREHAGEK 2.1 BiEN

Table 3 Design and results of Lo(3*) experiment and FPA of Strain 2.1

R A FEFF/(g-17) B 4E A/ (g-L7) C FeCly/(g-L7) D KH,PO,/(g- L) it 1% Inkat
1 1(15) 1(15) 1 (0.010) 1(1.0) 492 x 16.67
2 1 (15) 2 (2.0) 2 (0.015) 2 (15) 480 x 16.67
3 1 (15) 3(25) 3 (0.020) 3 (2.0) 5.84 x 16.67
4 2 (20) 1(15) 2 (0.015) 3(2.0) 5.68 x 16.67
5 2 (20) 2 (2.0) 3 (0.020) 1(1.0) 5.56 x 16.67
6 2 (20) 3(25) 1 (0.010) 2(1.5) 7.12 x 16.67
7 3 (25) 1(15) 3 (0.020) 2(1.5) 10.55 x 16.67
8 3 (25) 2 (2.0) 1 (0.010) 3 (2.0) 10.87 x 16.67
9 3 (25) 3(25) 2 (0.015) 1(1.0) 11.19 x 16.67
ky 5.18 7.05 7.64 7.22
ky 6.12 7.08 7.22 7.49
ks 10.87 8.05 7.32 7.46
R 5.69 1.00 041 0.27

(R WS As B; C D,
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3 HZWHWi

AR5 38 A8 W R LR T AT R AR AR, BRI 55 R 2 . R R R S TR AT AR LI 2P
i e A5 2 1T 38 ANt AR LA ML 5 B RIS T AR, SRR TR AT T BRAE NIRRT A K
Tkt FoK g BARRK, H AT ) B AR (EL0 4 bR, B 3 Bk), i, BERR 11, 2.1, YQI 74X
A PR TP B ET 2 22 R E— B U 1 M SR TR Y AT 4 R OP A AR IR, DB ARHEEE o, i L RATE Bk 2.1
g 1% 3 e, G T IR SR R BRI XK . th FURAUR R G M M m “h a5 erdgEtEpt
B, MEARERIE R A W T AR R G 3 KRR LR A ACRY . B, T RAHERT R RE 2.1 v RE R A R4
TG R, K e BRI R . ST I B SRR AR R S P R IE LS, bR 2.1 B A .

Bl RS TR A RE K, B RR 2.1 JEARER TS 2 e T s E MR s, 13RS5 d SIS S . Rk 2.1
TR IR R B8 5 4 pH 3.0~5.0 75 [B] N JE 4R HE G 4 5, BROI @ it pH 5.0 J5 U 4RA S 1 I TR, X 5%
AR I R 25 A R B = 4 e R 2518 — B0, WL W SR TR R HER 2 oh ATl 4T |
e, BRRMED, GEEEAE 2.0 R R REN A AR B AEEEE W, Wk 2.1 7 30 C
Ze AT B RS Dy, LA T AT FR X R R R 40 CAE A, BRR 2.1 38 A L i PR AE B,
REAZ N FATMAE B A ILE S Y A WIRE . R R ITCHLER 35 0 A B R A K W 75 37 0 BT, TR AR
2.1 EAERIE A R, BN 2.50 g+ L7, ST RS, Wk 25.00 g- L, % @& ik ™
BTG A B R Y JCHLER g S AR Bk I IR — &80, RN 209 0.01 g+ 17 1 1.50 g+ 17,
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