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WE: BN TR &34 A4 R F 5 X (internal transcribed spacers, ITS) 57 541805 ik, kS 2 E 4K F
# Phyllostachys violascens # X3E P LM G AR W, FRIHEMEAETF XL LM MEXLR, SR LW, LIEH
P BIMARR GG LA K REHR G Trichoderma, 35 ABEMB) R EEFR EEBAVNZKBBRGAA S H
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Abstract: This study aimed to screen high efficiency decolorizing fungi for degradation of structurally different
synthetic dyes. Fungal strains were isolated and screened from soil of bamboo plantation (Phyllostachys violas-
cens) using conventional separation, cultivation methods, and sequence alignment analysis of nuclear ribosomal
internal transcribed spacers (ITS). The bamboo plantation for isolating soil fungi consisted of bamboo forests
aged 1,7, 12, and 15 years, which applied no heavy fertilization and organic mulch until year 5. Result showed
that Trichoderma sp. had the highest isolation frequency in the cultured fungi from topsoil based on morpholog-
ical identification and phylogenetic analysis. Decolorization capacity of the five isolated fungi ((P7-2-1, P7-2-2,
P1-2-2, P7-2-3, P12-2-4) to the five different synthetic dyes (Congo red, orange G, crystal violet, fuchsin acid,
and methyl orange) showed that P7-2-3  (identified as Mucor circinelloides) and P12-2-4  (identified as Tri-
choderma spp.) had the strongest capacity to decolorize the five kinds of dyes. The decolorization efficiency of
P7-2-3 and P12-2-4 to crystal violet was similar at different crystal violet concentrations below 500.0 mg-L™;
however, crystal violet inhibited the decolonization reaction at concentrations of 300.0 mg-L™ for strain P7-2-3
and 400.0 mg-L™ for strain P12-2-4. The fungal biomass and dye decolorization had a positive relationship for
different concentrations of crystal violet, and strains of P7-2-3 and P12-2-4 have potential value for application
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in decolorization and degradation of dyes wastewater. [Ch, 4 fig. 2 tab. 31 ref. ]
Key words: soil science; soil fungi; dyes decolorization; screen; Phyllostachys wviolascens stand; decolorizing
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T AT Phyllostachys violascens & 7 [E K VT LA RE 3L X V2 40 A0 (9 0 R S5 AT A, B 20 42 90 4R A4
DA, DAL ZRA o AR RE A S AR R A AR 0RO BOR B AE AR BRI AU KIS 5
T3 pH (HRIE R R, FR4T OB 8 . BRIEPE SRR . TR W R A W IR R A U A b
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TA BT o3 A 7o B D R K AN T A AL e L H HE A BT, Serh 3 U™ T R BRI S o R 2 W) LA
M2 5 1 R AT LA K HRAR IS B RO QeRH B O ROCR , B s B 5t w5 2R S R B RE IR, JF Ho W™
Az —SEA BE R S3 WDAE DT R R R ] 1 3 6 5 B 78 Tl B G R /K Ak B 1) S B e ™ o AR W27 5 12
BRI BRI T AL, AP RE, SR . AR AR ARk, BhRE T —
SEN T . BB RE NS B AN R R S GBI O R B E TC A AR B € AR 2SR — AR 2R R A A
AU, [R]I SCH S H B S e, X SR A PR R BRI A0 T TE AL BER A R GRE Tk K
MR o PG, BOR B R BESE N SR TE B e T HE B A, AT E 2 N —r 0 B H
BT f e 1) 4 B 2R I LB A P R R RS . WA . BRSO E A, ek R
e T YR 6 S AR LA R R SR B i T R R e AR R R B ANEE R Y
R R RZ . GBI @ R i RO LR BT IR, TR 22 (A5 [ i R i 3R — 4 4E X AR Y fE
TN BTANMIIE A, B 0 AR B R W B R O AR IR L — PR, 53D B 20 B A1 X 22 iR B 3R R AN G
HA i A AR AR s i T 5 g e 2540 5 R BUR - O a5 AL, B 23 AR 5T 3R BB 1 L
AW AR R S AR R RE D BT, ©A VIR - b 43 B O O 8 B 43 A BT O R 4T 4 R
fiff EL D ARG, (TR B S A AR T A AR IR R b AT A3 Ao s O A, X R AT AR
e e o 3 ik L T 110 97 B R R IO R OB R B D o G, ARHIR ST A [ AR 45 R A 47 bk 1 35 Dy
FARE, SR L -7 M 53 5 1% 5% i A 5% i [] [ X (internal transcribed spacers, TTS) 78143 i 75 ik, fif
B PR S8 TR R AR AR U e SR I iR D BB TR PR L e O A I8 A LA St (T ) Y LR BT
SR EN G P2 7K 0 W W A B Rk

1 AR5 7%

1.1 TEHEMXR

b SERE AR WA e 2 T ORI R B (30°16°N, 119°34'E) o b b B ot R B RYZLE 126 .
TERFFE X N L PR S PR AR — B, REEPT s 1, 7, 12, 15 a BERATARRE . SR 2R B 00 -
TATERUG A 1~5 ARG S = E G, NFTREE A 6 4R IT ba it 294 i AR
11 A FME 12 A BAEHEAREEE S 15.0 em FEEA/E N A BERIR)Z, FE % 20.0 em I 2ZEE N
PRRZ VR FATE R R . HAR R B2 S Y20, N2 MR RN C A A . RIF4E
T3 5 PTARBEALIE L 3 2B R —BUm B AR, JEE T 12 4> 20.0 m x 20.0 m [ REHE, %A FE T T
MUBRE R AR 0~20.0 em H3ERE S, [l —FEH BB ERESEAMIR SIS, RBR ORI A YRR a1k, it 2.0
mm G A 1AR G RER, JEiE 12 A R AR B, A KA ISR E . SRRSO 2 B,
LR T 4 CHTERE DB S50 L TENBRKT, DR T R A B 5T o34
L8 pH ECR UK R IR L 115 [m (1) m (K )=1.0:2.5 5 T3 PUBRIT B R IRESMMPGEN & ; LiEe
FORHYLIRGE RE M E 3 AR08 R Bray B:005E 5 USRI e SRR 32, TR 78 XML Bl E ™
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Table 1 Soil physical and chemical properties of Phyllostachys violascens stand with different culture years

IR 2 pHAH AP/ (g-kg) RR/(g-kg) BRALL AR (mg-kg™)  HEE/ (mg-kg!) Wki/% Wki/% Fiki/%

1(—) 6.66a 18.60 be 1.71 a 11.03 b 39.87 b 74.67 ¢ 3849 a 25.64a 3588a
7(1) 493b 20.07 b 1.74 a 11.72 b 107.93 b 273.67 b 42.13a 2481l a 33.06a
12(4) 440 be 28.14 a 2.00 a 14.14 a 207.27 a 286.33 b 35.67a 3038a 3395a
15(10) 4.01 ¢ 29.09 a 203 a 14.20 a 211.00 a 346.00 a 44.12a 2337a 3251 a

VLW - [ B A ) 5 B 2R 22 S5k 1 25K SF (P<<0. 05) .

12 TEEFENSE

SR P S 0L 32 P2 ol P 21 85 3 5 b3 88 BT . B 10.0 g B i = 38 RE 5 im A 51 100.0 mL K B 25
Bk, 225 remin™, 30 min $8 5745 LA R B ERR BRIV, MR 0.1 mL A EEAG B (107'~107°) Ui A
FHRINPLLEARRE R L, 3IKEE, BT 28 CHOLKIF 5~7 do Kigrid i Raf g, PBUE 45
AEAS— B0 B Y5 45 Fh T A4 S A A M R (PDA) AR KE 35 58 L alifl, ELETE S 2R IR 5 5K 4 (L e
Yo T o slifb e iy BR e T PDA SFAR |, 4 C ORass .
1.3 EEMERHITETE

ITS 4> F % 5 Hok 1 #2 % B Schoch 25 71, B 4 ikt =0 i (PCR) P W45 4y . 1TS5: 5'-TC-
CTCCGCTTATTGATATGC-3", ITS4; 5'- GGAAGTAAAAGTCGTAACAAGG-3', 44 = ¥ F| F| pMD 18-T
WARPEAT R S I (B4 T, BRI T S5 A GenBank, 55 B Y S1 (1) BL R 3k IR 3 51 47 5 4] HE X
(BLAST) He4%, % H i e AHALPE R 1 o I Clustal X #5008 % 328 B ik 1 2 HE B A SE 64T TS 3L (1 £
FEoxs 55, AT Mega 4.0 B4, R F AR #3% (neighbor-joining ) i R GE K F W o 7085 FL TS JF¥ 5111
GenBank % 5 2k KP027644-KP027648 .
1.4 EEB &N

i ATALE (B AR 6.0 mm) VF BC B B8 22 (B 7% ) L& 4T 4L, B A 6.0 mm (¥ 1 J 4% 70 3 & 47 100.0
mg- L™ R 1 PDA [ERIE SR |, 28 °C kBRI W45 4 B T B B e 0 o AR TE AL P I K e P 1) 22
WA T &4 100.0 mg-L™ H ALY R (WIS, B85 G, 455 %, MMM B/ ) M PDA K H: 3%
B b, B HAD YR L RE T o XTI SR RN AL 2 | RR BRI B A TR A A A 5 M
ITS J¥ 303 F %%, IEHT a8 azsURim s .
15 AEMERRENEFEREBESRNE M

] 250.0 mL HEJE A 100.0 mL 27 2 25 84-45 i SRR G R 0, S0 3 IRE R, B ER
BCJ7 e BERR — &8 (KHPO,) 1.0 g5 S44LH1 (NaCl) 0.1 g5 LK & B EE (MgS0,-7TH,0) 0.3 g5 fiF R #H
(NaNO;) 2.5 g; A1k (FeCly) 0.01 g; 4 A6 45 (CaCly) 0.1 g5 45 & %€ 1 & ¥k B2 86 52 24 0, 100.0,
200.0, 300.0, 400.0, 500.0 mg-L™" 3 6 4~ A% f 5880 B2 1 35 55 B fe 5 OB K (ddHL0) 2 5 &
1 000.0 mL, FIAZERMA: e 40ESE , 121 Crp il m oK T J5 4 o R0 8 0 I B AR Al s 3% 4.0 d I, 61
B TR ML A (B 22T TSR A3 (3 IR, 6~8 s-3k7), HEFMBIRRE SR 2L, A 10.0 mL, 25 {5 X
HEAMA 10.0 mL EH K, AR, BT 28 °C, 140 r-min” $EH5 55 3E 8.0 d, 4 K IURE I 46 0 4% 4b B 11 1,
JEHE D(A)AEAL o 2l 45 b 58 (WO B —Joit o W BE A v T 2, B30 S A RO B D () (48 55 Sk A 1y o
GEt— s B[] B 5 B vh Rk A v B2 AR AL, TR B UL R A 1 A A 0 o B RS U A i A ) R RO BE D
(A) B BEbR o il 2R 40 55 R BE o, ZRURIEN ¢, FRUNF AZGHRB @3 . YR 8 =[ (co—ci)/leo]x
100% .

P 22 42 i W 2 B i A 2 I O i, ARG BN RS AR, R R SR T DB O 2R IR OK vh k4
W, HAS RS A T (140 °C, 100 min) ZfE &, FRbE BRIy R 222E W) 4t
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2 HERG M

21 MHREITEBEEESEYHNERMBRE

WA B I R W R B . A KT . BB RE, MATAR 158 rp 0 215 2R SRR B
ANTE Y EL TR 2> B ) 61 Bk o W& B B S e SR R 2 DNA, PCR &35 345 29 550~650 bp 1 ITS
Fe3), it BLAST FoXF AT 000 iR e S0 . SRR S EE 2 1TS 74 S AL A g, 4
A AREE Trichoderma sp., L AR%E T. virens, T. crassum, AR T. asperellum, HPIRAKE T. hama-
tum, Hypocrea flaviconidia, Hypocrea cordyceps, JAEFEET Aureobasidium pullulans, HTH 1 Fh, EHk T
% Mucor circinelloides %5, 43 )& T2 W.[] Deuteromycotina, FH#ER W.[] Ascomycotina Fl4%& B W[ ]
Zygomycotina,
22 BB eEERMIE

W FR IR 2 B LU SR 1 07 5, Bedh B0 e i B 3R 2k B AT Wb e, RIA S MR LI 0 B
YIRETE B I S A K A P — 2B I 5 Rk LR T 5 A A R TR B A B R— I SR 2T/ GRS .
S5 ERIRYEM AL (=R P BE) . WL AE ) o TEBIRRE SR 8L b, 3% 5 kP X 45 a5k . B
G, MIZREL. F A8 (0 RE ) A B 1804 22 59 (36 2) o X 3 Bl [R] SR B AL 5 A5 gL RHIE B RCR KB . 5
PR L TR 40 15 ) 6 R P ol 21 I 8O R B i, HEUROR S b 55, RTRIRZL . B2 G A P R I g ) — i
BT 45 S B YE it £ Rl 8 = R WU GE S e, U PG 5 Bk BT 40 25 00 =28 B e 28 olHA B 1 I €534
R, E K S T R S A B 2 I e e 8 AR i 0 7R R AR RETE B SR K A B, R B B A O 5K
A —E R &R

x2 SHERASBEVNEHERMMEHR
Table 2 Decolorization screening of synthetic dyes by five isolate fungi in agar media

N[ 4 (20.0 mg- 1) i £ 450 2

T BT B T Wt 21 I
P7-2-1 -(+) + + ++ +
P7-2-2 - —(+) +++ +++ -(+)
P1-2-2 + —(+) ++ + -(+)
P7-2-3 +++ ++ + +++ —(+)
P12-2-4 + + ++ ++ ++
Uil -, BREREEAHE; -(+), JLPAROEBBQ; +, BERG; ++, PERG; ++(), TERO; +++, 5%
2.

23 BMBEESFHEEE

R 5 BRETE 3 B ) ITS J7 51 BLAST T4 REW . 73 eg¥) P7-2-1, P7-2-3, P12-2-4 73 5| 5 R %
Aureobasidium pullulans , #:4{ T8 Mucor circinelloides, K% & Trichoderma sp A0\ & i, #H
LB R 99%~100% ;5 ifif P7-2-2 1 P1-2-2 5 1 MAERUE R &, 43008 97%F1 90% .

MR bR HE Py 4 L X 1 45 5, N GenBank $#is B iR M T 8 /N2 LU BRI )7 41, 715 31 S e 15 1
HEHEKR S S HERZ B S RTERRNRGERER (B 1) o TS FH s R 58 & # &Y,
P7-2-1, P7-2-3, P12-2-4 5 BB . BREE . REWEEA TR DR E, 45i5EEEELR,
%3 BRELR AT 3 e N R . BACEEWN .. REWIE ., M P7-2-2 F P1-2-2 Fkk B S AR IMER R ,
SRR T B W Penicillium oxalicum SE%Z 5 RAXEIT, AH 4> FFh & Febk A 68 WA o 75 F — 20 %, itk
LI 73 5 2 28785 7R PrbR - 398 AT 2 40 R R i FL TR WS IR A T )

24 FMREBIREXNEKBR BRI

BT 5 BRER T BV A G RHBE € B RCR IR FRLE S IS RE ) B ) AR P7-2-3 Fi P12-2-4 ([
2), Gy A B AN [a] 5T R E 4 2R R AT A R B IR 5 . B AR P7-2-3 420 10.5 d A
B AR a8 3 s, #5045 d 5, 100.0 mg- L™ 1 200.0 mg- L™ 5t v 25 19 10 62,32 B Sk v T AR
3R, H 100.0 mg- L™ F1 500.0 mg- L™ 55 2 > 5 v B2 1 il (4 3 SR A T 12 7€ (18] 3a), R ik
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73P7-2-2(KP027645)
100 P1-2-2(KP027646)
32 fungal sp. (GU566256.1)
27 92* fungal sp.(KC506219.1)
—Penicillium oxalicum (GQ376104.1)
‘ 100 [P7-2-1(KP027644)
Aureobasidium pullulans (FN868454.1)
Fusarium oxysporum (AY928420.1)
Trichoderma asperellum (AJ230669.1)
99 P12-2-4 (KP027468)
99 Trichoderma sp. (HM000037.1)

ﬁIP7-2-3 (KP027647)
100" Mucor circinelloides (FN650645.1)

99

—
0.10

Bl F22BELRRAKRITS RI AL ARG L FH
Figure 1  Phylogenetic tree of isolate fungi and reference strains based upon aligned sequences of ITS sequence
JoT i v B YRl S R AR BRI B R B R R A e Rl 105 d S B AR P7-2-3 %) 100.0 mg- L Al
200.0 mg- L™ J5 5 Vi B A6 45 i 28 e b 1) JB6 € 36 43 501y 94.1%F01 83.0% , Tfii %t 300 mg-L™, 400 mg-L~" Al
500 mg- L™ 5B U E B 45,3843 1) H5A 3 46.0%, 41.0%H1 33.0% 7545 . BT VL. &% b 28 ek} o 5 ik i
53] 300.0 mg- L™ LA 1B X Ak P7-2-3 A9 5 €068 00 8 2 W 5 40 £ A, 5T o 3k B2 4K T 200.0 mg- L

A I A
b

.

a

P7-2-3

P12-2-4

a. WIEZ Congored; b. PG orange G; c. 5% crystal violet;
d. PRYEMNZL fuchsinacid; e. 1 AERE methyl orange.

B2 P7-2-3 = P12-2-4 F k3 5 F A & 24 (100.0 mg- L) 69 Bl & & R
Figure 2 Decolorization effect of synthetic dyes (100.0 mg+L™") by P7-2-3 and P12-2-4
PR R P12-2-4 0 A [a] J5T i B2 A6 B2 1) 205 it 5% G I €0 4 il 1% 3 I I ) S KT 2 g, 456D 4.5 d I X
A Ta] Jo ik JBE 6 J3E e R Y I (5 A R B S T R P7-2-3 LAY (EHERN 6.0 d J5 300.0 mg- L7 i ik

_a b
100 P7-2-3(a) 100 P12-2-4(b)
80 80
X X
= 60 £ 60
=l
= 40 = 40
20 20
of 0t
1.5 3.0 45 6.0 7.5 9.0 10.5 1.5 3.0 45 6.0 7.5 9.0 10.5
t/d t/d

——100.0mg * L"'; —o— 200.0mg *+L™'; —&—300.0mg+ L
——400.0mg L ; —o— 500.0mg L%

B3 Hik P7-2-3(a)fe P12-2-4(b) 3 R F R B AL Ko BLE F
Figure 3 Decolorizing rate of crystal violet with different concentrations by P7-2-3(a) and P12-2-4(h)
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JEAR B2 1) G o B0 € % B 15 SR IO AN BT 42 8, JFAE Rl 9.0 d B 55 200.0 mg- L 5t St e B 19 JBE €5 3 40200
AR 10.5 d B €0 3w = T 200.0 mg- L i VR BE A A FRE T JC i 2 5 (I 3b) . R 105 d s
P12-2-4 G kkXF 100.0, 200.0 F1 300.0 mg- L™ 4§ 3 > 7 5 1k 32 45 i 25 G ORI €032 43 1) ik 3] 88.1%, 78.8%
1 82.0%, {HX} 400.0 mg- L™ F1 500.0 mg- L 5 5 4 BF 19 G RH (0,343 51 B3k 5] 47.3% 1 44.3%, W] 1L4%
A28 YRR B2 35 1) 400.0 mg- L DB X TR AR P12-2-4 (1 5 €5 68 ) e 21 B i il
25 FRBEEYIRESELEVENXR

IR MR R BERE AR 10.5 d )5, WPASE S S SR R T R VR N I T 2 AR e EA T I , kbR
R 5E B PT-2-3, P12-2-4 /Yt R ANE 4 iR o bR P7-2-3 23 10.5 d K557 I 3R B 45 i 5
RN TR (B 4a), 22BN R RN BTl BBk P12-2-4 208 10.5 d #5535 5 i
TESS i SRR 15 5] 400.0 mg- L7 5 B2 R e (I 4b), 10 TE 22 42 W) i 7 OB o 2k B2 34 3] 300.0 mg- L I}
REN K o R HER AR GRS [ BT i vk B N MR CBOR S R £ AR ZE M E R, IR T B4k
JIEN B AR 45 A S0 GBI BT B, O 5 NS I T R R B R T 22 AR W AT AR OCAr BT R WY, Ak PT7-2-3
Rof i OBk T i 5 %00 IV P 22 4 ) 4k 2Z 1] Pearson £ 5¢ 2R 0.972(P<<0.01, n=15), i ik P12-2-4 i35 2
li1] Pearson #f5¢ %N 0.983(P<<0.01, n=15), KU PRIE ML & 2500 i 5 18 2 4 ) & Z RAF7E .35 1
IEAHR KR,

0T Dpes Seps) 00r PMpme Eapg |3
80 = B | 80 1 60
£ 4 = B E |V =, = = 2
B = B E1°% ¢ = Hl40 -
g 40 == EH30° 9y Slm= g
= =B = £ 0= =| B S
= E| E 1% = | B2
20 =SS0 M[|E = | S
= = = 0 0 | = = |
100 200 300 400 500 100 200 300 400 500
p un/(mg s L7 p o/ (mg* L)
A4 FRRARZTRETLERESRBEL A/ PT-2-3(a) % P12-2-4(b) A Z0 X &

Figure 4 Dye-decolorizing rate of P7-2-3(a), P12-2-4(b) and its biomass under different concentration of crystal violet

3 Wi

KI5 22 A R ECR TR )Z LR E L R, B SR Ak
TR IR BEAEERY . ME SR EMARRE LA L aNERY, B TER5
g A I E L B AR A, O SO R R AR R | R E M S AR i R 2 ARG R 4
T AN FER R EIARE)ZE L, ARTER TR BT, A pH BERR S AR BR B B G R, LA L
e A A RSO A AR BB AR IR A T G, [ AR 2Rk B 4 a(12 a) F1 10 a(15 a) J5 -0k
RICRER S, EHE AT EE R . il x B W0 B Y0 AL BB S0 Mo T s S e R, Jr s
W o e W LT AP 2R R R . R R B ) 2 o0 A T 38 L AR PR o 5 82 0 AR R Al KR o
o, PRI MR Y, S T e el Ak G AE, Rl R A5 D AT Bl A 2% i e R R LR AR K BB Y. HT,
[l N AP R A 85 EL TR D RE RO BIE T R WY, A8 ] 7 AR A5 000 JB R T T DA T 40 ) A s R T i AR G, e T
77 A 2 2 2R A K A 2R T KIS 2 B AT ML S ARk B R R R AL B R,
Ay 0 0 H A e 2580 W e 18 00 1) L TR R RR B0 T Rl

AEYITE B SR AL 4 R IR Fe bl CBE A £ 2], Hrh ER M oTskiR ok, MOALRA RER
Trichoderma sp.” 1 % J& Penicillium sp.™ % . AWFFE I35 . Aife 5 5] 10 BB 20 25 40 D617 W i 5 i
BHOTHRETR L . S5 RKH: 5 MREL XS 3 2R3L 5 M ykbB OLRE ) M A r 22 5, X AR =R e 28 iy
BRI 2L NS A BRI R . RIES 5T ITS By oy TR e a5 KR . X 5 ekl 22 &5 5
03 R B U1 P7-2-3 F1 P12-2-4 AR 3 N 58, B8 W Mucor circinelloides, K% Trichoderma sp.. 3¢
T A PO PRI A 0 A i v e g b, g LA R AR R A R D Y 2R R B R B A
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T LA AT MR 55 AR 250 . R OB SR T AR S R, i RAR A BT IR R B 1 MR AZ I B AL A
Trichaptum abietinum , % ¥ T8 A8 % 76 WA 5 75 56 120 BTl i 430 9 Fh & ekt wIme s oy B 1
PRUBACHE TS ) = AR, 28 B VR 15 IR R AL A S A 2 A R AR WL % I8 5 85 & Penicillium, 7] WA AR 75 2808
A b ) R R LR B 2. REEKE AR WAk P7-2-2 F P1-2-2 5 R PR T F A Penicilli-
um oxalicum JEZ K FAIX BT, (HHMERFHETESE - LEE, CANHREY . RRESERIENZ
REF, YA SRR ERCY, ot — B RA K8 R TR B h B S AU YRR R A
i FLR PR ML TR

SRy S B TE BT 0 8 B BRI L RE T, EERRAERE SR B X 5 R GUORLZR G B RE T BT I TR B PT-
2-3 F1 P12-2-4, #E47 10.5 d PIAS ) ot v B 465 it 58 e R IR R e B0 (I 9% o 45 SR . Ak P7-2-3 I
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