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T 4 FArthrobacter enclensis TCC-22
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5 R i B P B DUE By BRI » ' R EL B 45 #E 1 1E » #methionine ~ lysine K tryptophan 52
B o T BB AR BRI B B E(E IR Y o AR W OD) T B Y T o i R s
B3 > ATHE LA 2 (B S o A S 3 > VB B it 4712120

Bk B EVIAE RN 2 BT AR I 2 1 8818 B T R iR 85 ~ BRI 55 R ik I 6%
DL P (B 2 A R o 25 IR 2 A )7 S T K B P R AT R S A ok
RSB0 H SRR ER BT < Bk AT AL AR ~ $H & K E(L B R %08 R i s i s s 10
AT 2 FH 7 FEIHE % 1 3k e JEL At 78 26 S B iy 35 K I 0 > SO e Ms g ain ~ A EEEIERA - 8
P ~ aeES e mEMES 2R EEANEEEE - Wi - AUF9E ENZDUSEE
BT e A DR EEMRI R R - BRI ERE Y R EERE? -

TEbT R B P R R ST 5 0880 5F -
MTEb R B R B S A -



58 ETEREL RS E—=—

MEETTE

EREEAMENZHENREMRERET

ABH ST R A BB R USRS 2 38R 0 ORTIN10 glh95 mlE A 1%%E P B (U E Sk & i
B PR ) 2 0.5%*# % = $5(Calcium phosphate tribasic, KATAYAMA) ~ LB+ /K > 88 %00
B SR DL (5 MR R R BHF (2 1%11E > w/v)[EREREEE | » BHFE A 25 BH
HAWYEEERS  WEERER T A ILESET/KEH i@ 5 - | gt — &5
0.2 ghfi B% (& T{E 45 & 7K) 52 0.02 g FALFSIIRN1% (w/v)Z P& « PR &HT] R VB (R
ZETIEMDMO) U EI L2090 1& A - &KEFE3~5KR1% » #ETALIEE T ER - F 5 HER R
FEREIE = §5 S0 HR ) (Rock-P, CCM FERTILIZER Sdn Bhd)#5# 5 - 485 B4R 1% DUSHES 74D
AT/ & B b DUER S VA BE B AR 0 A7 HUABE & - Wik =858 B Ak R o i 55 &
B e 5 2 IR R B 5 A (0T 5 R RAFS3183-1) » PETE AR5 > IS AR B — 7% £ BHF R AE
BEAT  NEIREEARBEZON B IR - DUEREE T BISBERE 1 2 IR E - AR5
ol 2 a RS & e B EREE - B W EVAE AN & T ER R R T
T E
PENEEEZpH » EC ~» TRED REZH T

AW R AT R AR 2 B — B % 250 ml BHFESEE T » jA30C 120 rpmE Z I E4LR
% > DIHREEEMEL > BUBE100 plZEHE A nutrient broth (NB)ERERFE R » BEE3I KB ETHE
EE R o SHHIEEIR& TS LLT70°C iRz 2 [ B 2 Whatman No. US4 8% - HIER LB MR 5
MipH K EC » $8E & K & S LA M EEECE &Y o 89 DUOK WG E FE 510 %2 (Sherwood  flam
photometer 410) » & DLSHEE 201 2 » 1145 & # Hi FH W U 3% 584 (Hitachi Polarized Zeeman
Atomic absorption spectrophotometer Z-5000)477#7  JE4K _FIEEY 2 PB4 70°C ez 2 L TR FE
H o KEIHEEECRER 2SR 2 BYEELER®E - StETE R - D EEESLBE
Wi TR o 485t Hr DL Least Significance difference (LSD);E#EFTLLER » FHMHEFREFE R
82 b ] dE 21 2 72 5 (p=0.05)
WA TCC-2Z PE D BT REL BB 5 A

AR FE T E— ER N BHF P B B A BAKREG BT EE R AL B oA DA fft fii 258
Bk 2 P o7 BRI R U R HA B F 2 278 R 98 2 Hh 3 2 KB B o0 A B Rl HE ik
BT T -
B KT B A4S 3 4

ARHHFEECELO0% ~ 3% > 5% ~ 6% ~ T% 8% FALIN I NBEE AL (S mL) » &L F#fd i S E PR B
—EE N IR R K EIREZ (110 rpm)EFE 24/ NG 1% 0 E BB R pH M ECHHE » W7 AE R 2R
PRIANBIEI SR AL » B3R BRETHETER -
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Bk L IAA (indole-3-acetic acid)BE /1 4T

PR A BRIAARE F) 70 i DABC B A B B BE By 10 g ~ 1 ofR s ~ 1 ol 8 ~ 1 glél
B 9~ 0.2 ghfit B85 (3 T{IE 45 & 7K) 52.0.02 g & L#50 ~ 0.001 ghfi Bk oo #8(& 7 {45 & 7K) #10.001
gt % $ (2 48 45 & KO 1 LEEEF7K - 67 248 8 R Z tryptophan » {3 H 5 #ORTE K1
mg/mL (&) - HECHEE 1 mg/mL tryptophan.Z NBEF AL (B8 AL2) » &LRRE PRI S mL
B AL IR EAS/NIG M R BB A2 558 12/N\F 1% > DL8,000 g (0155788 1% » HU1 mL
FIERIAR 04 mL2 Salkowaski reagent ' > JEE A 15 Y R = T R 303 0 64 HT 540
nmZ W SEAE > BHIEAE By 1 mLAR R B B4 mL 2~ Salkowaski reagent © A5 TAAZE B Rl B 2 7]
[ g%~ BREAEEAT - W EFAES540 nmZ WSEERIRE N o 55 DATA AFC B4 300 B4 (A5 248 fify 43 DL i A
540 nm ' H BIAAEFE -
BENERNEAEREERSHBZIPESBR R

AWFZERCEL 1 %52 BB ~ 0.5% 5 785 (Rock-P, CCM FERTILIZER Sdn Bhd, 30%4& )
B20.5% F AR CH i DI B 2 IR (3 A PR 22 1) 2 50 mLEL500 mL/RRERS E AL > 50 mLEFEELIR
0.5 g1 ~ 0.25 gl ) 520.25 g E ARG A150 mLE#ET7K » 500 mLEF B EL4H A R 50 mL
B EAHR10fE & » BEEEIRTCC-2 2 B — B 1250 mLEFER AL » JA30°C ~ 120 rpmifE4KR
% > TR E 7 78T ~ BRI (O3 D3 A AT Al ) BLA Bk S M o A B T ASE
Ak B 5 A (J7 VA 4R 5RAFS3183-1) » HU100 pLE NI S0 mLiE R = 85 Bkl o kp B A
(5 g/L) > #A30°C ~ 120 rpmiEEZITES K% - HEIRKHELBLEER - DUHEEAE BIER 2
Bie g o WIRE SR EREE R - B B E DA ET o BB E R E R 2 nA RS
R EH R AR E o S5E50 mLE R EBURREE Y500 mL 2 558 AL R ER 110
rpmiE R AKRZHH -
BRI EERE AR

AEE LS E RSB ARSA REE & T - SBETET HEAE o > S HE S
ARAE ZRREE > 43 B EBNO ~ N60 ~ N120 K N180 kg-N/ha » DASEFFHA(7-3-1.5) 88 A =X CEFFFI i
HE=2ZHAE- S HEE S E2-80%HMELE90% YR )T EREEZEE2E - Aite
& Jiti FH 65 kgl B 87 (30% A8 W T )/ 77 L K2 £ 8RB 2 Skl &1 - B A W 7ERE - B
ZR M IEARE > BER120 cm > BER 4947 m > EEEFEME 2T > HREESO cm > EERE 82K
& BORER RS - IH N EEAT—XK  ZEI00EHERK > WINEERKRFELS ~ 2331
REMZFEEI0EMHEE K100 mL - 35K HETERIGEE FEEREE T T - HEELDURN L
FEEACH SR EAMERERCENE"Y > BiHtbeEE &% SHELERE
(Sherwood flame photometer 410) > §5 5z £ Rl FH JE 1 W UL ¢ 5% 5 (Hitachi Polarized Zeeman
Atomic absorption spectrophotometer Z-5000)57 4T - flE TCZ 8 ~ §f ~ $F K FRAIDL1 NESE 7 &
GO DJE F-UR L B 3 M7 o LI BT B i S A SR EZ R B > 452 mm T 4 B 1% 4 B & £
EACEME » LEpH N EHEE LUK - LR FRIDIEBENE - TIEARE SERH%E
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10 53 17 % (Elementar vario MAX C)JIIE » LUIMBSR&##(pH 7.0) » £ 7AREET: 105 17 -
JE K F L TE A & B A 5L 43 #7145 (Inductively Coupled Plasma-Atomic Emission Spectrometry;
ICP-AES, HORIBA JOBIN- YVON ULTIMA 2)M] - 3= a8 ~ §5 K #E & & o DIBray No.1J5
SEAMELCY o R FE AR & AT LR o T BN R A R o IR E T R LL0. 1 NEEREREH
A LA ERE & BHOERE D HTEHE -

SR BAEY A
EREEMZ BEETE - PEDBRIUSBE N
R B ELEBRE 1) 2 TIE B RTCC-2 » AT EEEIHL16S tDNAFFFI(1506 bp)8i

Arthrobacter enclensis HH{EAS 2£99.1% » B f## & Sy Arthrobacter enclensis © E A TCC-2BE—
EITE B =85 KR ol B R T EAR > HEERE =85 2 A MERE F58.51+0.01
mg/L [T E W58 0k 72 2 0] /A MR £52.34+0.22 mg/L o B PRTCC-21E B A BHF B A £ 564
K> HPIB R F565.3% > B EAT 2 10° CFU/mL > HpH » ECEL 4 F & B Al B

ERPIEE( bR -

F— ~ Wk TCC-2 55& 1) BHF £5&84 4 R Z TR E DR - BECPB R 2 %1k

Table 1. The variation of nutrient content, bacteria number and feather degradation rate (%) at 4 days
after incubated with Arthrobacter enclensis TCC-2 in BHF medium

. ) Bacteria
EC NH, " Tot-N P K Ca Mg Degradation
Isolates pH (mS/em) (mgl) (%) (mglL) (mglL) (mgL) (mg/L) te % number
mS/cm) (mg 0 mg mg mg mg rate % LO**CFU/mL
C-2 8.32 4.09 53595 0.55 53343 7675 1.8 4.7 65.3+£0.7 4.37
+0.06  +1.11 £38.25 +0.015 +£11.92 +13.44 +0.14 =+0.57 +0.45
(SD)
CK 6.78 1.69 11.4  0.014 41350 717.6 185 174 - -

+0.04  +0.59 +0.85 +0.001 +7.78 +41.65 +0.35 +0.14

BEMTCC-2Z PP ERZ T REIREBE N

KU HTE R TCC-282 | N BHFES B A 2 By gk b - Foh i B B B 4 Al SO S
W= FoR 0 45 BN & i ELBE W methionine Fz cysteine & & 2 F » Al AW IR M & B e
B sigEE A RS Rt oERNEER  SAE BRI & 2 EMA - HAMLERS
SV 4y R T Y ST L BRI & & ¥ (branched-chain amino acid, BCAA) > #llleucine ~ isoleucine
Bidvaline » By LB PR 70 #8 P18 2 FiBh o BT AWT2E 45 ) 4= HRIET Y /N - 5 5 RIRR /R B 205
T R0 B R S 2 BB 0 VBRI (1B S B A S IR S S A SR B S AR
FEC S SRTAN S R LR LR P B S A E R R - s sy REQY
gk g RESE 5 H g B B ER AR > RS DUEE 0 EaRURTIBCAARI H 4 H F15
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b BB R AR PR B B (VB e R A I E 2 RO AR AR RE

B EREAR IIBCAA BT 42 = 5 3 o2 9% ) I 3 56 8 45 R ©9 > BEURBCAARNFE E 8RR I 2 (8

H - RItFtEi B E R Z P E R T - A HESEZBCAARSERREFEERFIZ

JER R G > AIE RIERISTERN Z2% -

T~ EibR TCC-2 853 hY BHF 85EEL 4 KIR 2B 5 i o1

Table 2. The variation of free amino acids in BHF medium at 4 days after incubated with Arthrobacter
enclensis TCC-2

Amino acids Conc. pg/g
Arginine 3.27
Asparatic acid ND
Cysteine 55.4
Glutamic acid 8.57
Glycine 0.29
Histidine 0.25
Isoleucine 16.80
Leucine 85.33
Lysine ND
Methionine 99.32
Phenylalanine ND
Proline 0.34
Serine 3.31
Threonine 1.39
Tryosine 1.62
Valine 45.34

R FRTCC-2:2 M4 B8 BE 1 EATA A B BE DRI AT

AW ST ERE 2~ EifkArthrobacter enclensis TCC-248 B8 17~ & /A tryptophank A W 1) i B &
B B2 EA48/ N\ % - B[ AR RRIAA 10.8+2.29 mg/L > [ HF & Y & tryptophan Z NBEF&E FL 12/NHE 1% -
AJ A RRTAA 134.6£26.4 mg/L > 45 R ERE PRTCC-2 7] F] H tryptophan Fy J4 8 A A= Bl (& #EAE )
A RZEHEFEIAA » A ZEYRE > EABNEEEYRALER  EaBEFAHRE - AiA
W ZEHE R B R B o E Y B B S ATAA T (R AR 2B R IIEM A EE Y - 57 2 H AW BE
T2 PR E A Bacillus subtilis S8, Bacillus cereus TS1EiBacillus cereus PM2 & B A5 A= fk
IAARE S13139 > HorfiBacillus cereus TS1H5%E 2 4:0.2 mM tryptophan” NBEF &R E 52K » |
£ H10.21 mg/LAJIAATM Bacillus cereus PM25% 2 2 &7 500 ug/mL tryptophan2” minimal salti
BEEPAKR > Al R21.0 mg/L TAA » AHEL 5 A 52 & 258 iR TCC-2 1] JA s 4 55 e I [H AR il
¥ 2 & ZIAA > FUEME R ERIAAZEET] » AN S HAE R A ARREARGES -
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Arthrobacter enclensis TCC-2#f# X K B & LIRS 2 REENBIE & A - &H=24/ N\ »
HERZpH » ECHE AR =Frr » &5 REUNER B 24/NF1R > HEEMRTCC-2A {2 5 NB
B ER Z pHIE - HEHI AT RE Ry LB AR B oy i 8 B B B E SR E TP 8L - RIRINE & A 3% EAE#Z
FrE AT HEETEI0° CFU/ML @ MRIIE(L I ZE 6% L BB 10" CFU/mL » &5 REBUR
ERRTCC-2 5.7 i B 45 M > o] i F % ,J[:*E—E’HEJerbHﬂZ %17 - Arthrobacter enclensis (type strain
NIO-1008") Ry £ 5 M0 FE ) P B a8 > Wi B » BUACHIE 92 B B I MR TCC-2. 2 it B R JE L
A b AR M
= WPk TCC-2 BN A R E(LINET &4k 24 /NF 2 pH ~ EC R EEIHT
Table 3. The variation of pH, EC and bacteria numbers of NB broth with different concentrations of NaCl

at 24 hrsafter incubated with strain TCC-2

NaCl %/Inoculant
Item Treatment
0 3 5 6 7 8
0 CK 6.88 6.65 6.51 6.53 6.56 6.46
P TCC-2 8.28 7.65 7.49 7.11 6.66 6.53
CK 1.48 37.2 57.6 67.2 76.6 82.0
EC (mS/cm)
TCC-2 1.84 40.2 46.6 63.8 69.5 84.2

Bacterial number

8 TCC-2 37¢2(SD) 11£0.3  3.65+1.35 1.214+0.05 0.34+0.07 0.42+0.01
10°*CFU/mL

ETCC2 /A MAEMEHE R REEERBIEAEZER
BEFRTCC-282 B 1% B +0. 5% 1% A5 +0. 5% A K » &8 E4R% - HPBOBIK >
BRI R » HOMK 2 EEAE#10° CFU/mL B A PR ik b 2 Bk TCC- 2E
7% BREETT - AR LE ERB AT DB D OR AR - L¥pHIRE TR - BB E
A BR h B A e R B M@Pﬂaiﬁiﬁ DR & DR EY AR 2 & - 18
L B AR AR A 7S BT R E DANT80BR B4 £ 155 > PAN120+TCC-28% A% > #R B LANO+TCC-2
A (& > 10 A i A e B AH (NO) 4K 58 78 B IR (N O+ TCC- 2)@7%5%&-%%)% # > 1t i A R P 4 e A
GBS TR S R o o i e T 4H 4K 3 I O e TE T B SR S Rk &
(NO+TCC-2) - ﬁﬁNéoréfizﬂ,iiNl8oﬁfiﬁﬂiﬁiéiiﬁ%§ﬁ§zﬁtﬁa‘ﬁZﬁ%#@%ﬁ%ﬁ& » N120j2
AH R PRV S B VTR T B S B 1 e e L B v 5 248.9 g/plant o S B SR I A T e AN [0 A et
£ (NO ~ N60 ~ N120EIN180) /& i frf &8 > Z*%gﬁﬁﬂﬁwﬁﬂraﬁmﬁﬁii'm%ﬂmﬁ*”*@zﬁézw
R A B HE R DR R e 1 78 25 51 B AT PR (KSR 20 R SCR AT B - AR S B e R
(NO+TCC-2 ~ N60+TCC-2 ~ N120+TCC-28IN180+TCC-2) » FIl B 5 jie 4 (N O) K B By AT 2 - 1
EffE SRBENEERATEESEELE
BEERBDOMEROEFLTH R RERBSERBEER KA LIRS - M LAN6OE
HAH OB IR DT R ER A R o N R AW SIS R IIRE AT R > AR & & D
N120+TCC-2E H4H i /= > TE RS = 2B AR SR INm 8 A0 - DAN60Z & e B 4H = A R B
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R PRAH - THAG #E = B LIN1200% F s HAH B E S R R m BRAH - THAGE - §5 - SEE S En
HRA IR ARREFESAEE Z R - AR RBURELEH 1200 TR R/ AEHZ
FAABICREN BRI Z S E RS BRI EEER -
FUU ~ EPREEERY 1% I8 ~ 0.5%R A1) K 0.5%E AR ESE 4 K2 PIBSERICEE D ~ BHEK
BT (L
Table 4. The variation of bacteria number and nutrient content at 4 days after incubated in culture
medium contained with 1% feather, 0.5% rock phosphate and 0.5% plant ash

Soluble Soluble P
P from from bH EC NH;" Tot-N P K Ca Mg
(10*CFU/mL) Ca-P Rock-P (mS/cm) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
(mg/L) (mgL)
2.8 54.9 4.05 8.6 430 20533 0.274 822 12184 553  3.77
+0.3(SD) +0.89 +0.22  +0.02 +0.50 +41.79 +0.037 +0.87 +122.7 +1.80 +0.64
8.85 3.27 12.00 0.052 582 12289 243 290

+0.25 +0.39 £2.00 +0.016 =+0.26 +105.8 =+1.01 +£2.14

Bacterial

Strains number

TCC-2

CK - - -

R~ RS HsBRRT RIS

Table 5. Chemical properties of soil in organic farmland at the beginning of this experiment

pH EC OM Tot-N P K Ca Mg Cu Mn Zn Fe
1:1 1:1dS/'m % % ppm
7.59 0.21 1.9 0.134 38 29 1164 178 5 77 7 473

TN NIRRT R AR S E A RER 28
Table 6. Effects of feather hydrolysates on growth and yield of organic lettuce

Plant height Plant width Leaf number Fresh weight Yield
Treatment 2
(cm) (cm) per plant (g/plant) (g/m”)
No* 15.7bc’ 23.9a 24.2b 176.9d 402.3¢
NO+TCC-2* 15.7bc 21.0b 28.0a 208.5bc 474.2bc
N60 16.9ab 24.6a 27.8a 203.4bcd 462.6bc
N60+TCC-2 16.4abc 24.4a 29.6a 229.6ab 522.2ab
N120 16.8abc 24.2a 27.3ab 201.2bcd 457.6bc
N120+TCC-2 15.4¢ 25.3a 29.0a 248.9a 566.0a
N180 17.2a 25.1a 28.7a 197.0cd 448.0bc
N180+TCC-2 16.6abc 24.8a 28.8a 223.0abc 507.2ab

"In lines, means followed by the same letter are not significantly difference at P = 0.05 (LSD test).
N0, N60, N120 and N180 represented different nitrogen amount used in organic farmland.
3TCC-2 represented feather hydrolysates after incubation with Arthrobacter enclensis TCC-2.
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T AREE 2 EERER TTRES O

Table 7. The nutrient content of lettuce leaf grown in different treatments

N P K Ca Mg Cu Mn Zn Fe
Treatment
% ppm

NO? 2.30a' 036b 3.80ab 1.22a 043¢ 10.7bc  26.3bc  30.7cd  375.3b
NO+TCC-2° 2.18a  0.40ab 3.78ab 1.21a 0.42c 10.0c  25.0bc 29.7d  316.3b
N60 22la  037b  3.57b  1.20a 0.46bc 10.7bc  263bc  353bc  671.3ab
N60+TCC-2  2.40a 045a 3.66b 1.18a 0.55a 11.7ab 32.3ab  39.7ab  756.7ab
N120 243a  037b  3.6lb 140a 0.56a 11.0bc 29.7abc 35.0bcd 624.0ab
NI20+TCC-2 2.5la 0.42ab 4.4a 1.69a 054a 123a  353a  42.0a 935.3a
N180 2.53a  0.40ab 4.12ab 1.46a 0.50ab 10.3c  28.3abc 35.7bc  478.7ab
N180+TCC-2 2.55a 0.42ab 3.66b 1.30a 047bc 10.7bc  22.7¢  35.7bc  360.0b

'In lines, means followed by the same letter are not significantly difference at P = 0.05 (LSD test).
2N0, N60, N120 and N180 represented different nitrogen amount used in organic farmland.

3 TCC-2 represented feather hydrolysates after incubation with Arthrobacter enclensis TCC-2. incubation of

Arthrobacter enclensis TCC-2.

PN

SIESE 2008 PHEHEER  p.67-69 THIBMEHURIOT () LEESEWESN PEL
BRI AmED -

Alam, M. M. and J. K. Ladha. 2004. Optimizing phosphorus fertilization in an intensive
vegetable-rice cropping system. Biol. Fertil. Soils 40: 277-283.

Anwar, M. S., M. T. Siddique, A. Verma, Y. R. Rao, T. Nailwal, M. W. Ansari and V. Pande. 2014.
Multitrait plant growth promoting (PGP) rhizobacterial isolates from Brassica juncea rhizosphere:
keratin degradation and growth promotion. Commun. Integr. Biol. 7(1): e27683. doi: 10.4161/
cib.27683.

Bertsch, A. and N. Coello. 2005. A biotechnological process for treatment and recycling poultry
feathers as a feed ingredient. Bioresour. Technol. 96: 1703-1780.

Bushnell, L. D. and H. F. Haas. 1941. The utilization of certain hydrocarbons by microorganisms. J.
Bacteriol. 41: 653-73.

Chung, H., M. Park, M. Madhaiyan, S. Seshadri, J. Song, H. Cho and T. Sa. 2005. Isolation and
characterization of phosphate solubilizing bacteria from the rhizosphere of crop plants of Korea. Soil.
Boil. Biochem. 37: 1970-1974.

Choi, J. M. and P. V. Nelson. 1996. Developing a slow-release nitrogen fertilizer from organic

sources: II. Using poultry feathers. J. Am. Soc. Hort. Sci. 121: 634-638.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

JR&R B Arthrobacter enclensis TCC-2 2 2 Lfjae P sl R fREHE A PR i B AR R 2 BT 65

Dastager, S.G., Q. Liu, S. K. Tang, S. Krishnamurthi, J. C. Lee and W. J. Li. 2014. Arthrobacter
enclensis sp. nov., isolated from sediment sample. Arch. Microbiol. 196(11): 775-82.

Gyaneshwar, P., G. Naresh Kumar, L. J. Parekh and P. S. Poole. 2002. Role of soil microorganisms
in improving P nutrition of plants. Plant Soil 245: 83-93.

Gulati, A., N. Sharma, P. Vyas, S. Sood, P. Rahi, V. Pathania and R. Prasad. 2010. Organic acid
production and plant growth promotion as a function of phosphate solubilization by Acinetobacter
rhizosphaerae strain BIHB 723 isolated from the cold deserts of the trans-Himalayas. Arch.
Microbiol. 192: 975-983.

Gupta, R. and P. Ramnani. 2006. Microbial keratinases and their prospective applications: an
overview. Appl. Microbiol. Biotechnol. 70: 21-33.

Hadas, A. and L. Kautsky. 1994. Feather meal, a semi-slow-release nitrogen fertilizer for organic
farming. Fertil. Res. 38: 165-70.

Jeong, J. H., Y. D. Jeon, O. M. Lee, J. D. Kim, N. R. Lee, G. T. Park and H. J. Son. 2010.
Characterization of a multifunctional feather-degrading Bacillus subtilis isolated from forest soil.
Biodegradation 21: 1029-1040.

Keeney, D. R. and D. W. Nelson. 1982. Nitrogen-Inorganic Form. In: Page A. L., R. H. Miller and D.
R. Keeney. (eds.). Methods of Soil Analysis, Part 2, 2nd edition. ASA, Madison, Wisconsin,
pp659-663.

Kim, J. M., Y. M. Choi and H. J. Suh. 2005. Preparation of feather digests as fertilizer with Bacillus
Pumilus KHS-1. J. Microbiol. Biotech. 15: 472-476.

Kundsen, D. and G. A. Peterson. 1982. Lithium, sodium, and potassium. p.225-246. In: Page, A. L.,
R. H. Miller and D. R. Keeney (eds.). Methods of Soil Analysis. Part 2. Academic Press, Inc., New
York.

Lanyon, L. E. and W. R. Heald. 1982. Magnesium, calcium, strontium, and barium. p.247-262. In:
Page, A. L., R. H. Miller and D. R. Keeney (eds.). Methods of Soil Analysis Part 2. Academic Press,
Inc., New York.

Lowther, J. R. 1980. Use of single sulfuric acid hydrogen peroxide disgest for the analysis of Pinus
radiata, needles. Commun. Soil Sci. Plant Analysis 11: 175-188.

Meudt, W. J. and T. P. Gaines. 1967. Studies on the oxidation of indole-3-acetic acid by peroxidase
enzymes. I. colorimetric determination of indole-3-acetic acid oxidation products. Plant Physiol. 42:
1395-1399.

Olsen, S. R. and L. E. Sommers. 1982. Phosphorus. p.403-430. In: Page, A. L., R. H. Miller and D. R.
Keeney (eds.). Methods of Soil Analysis. Part 2. Academic Press, Inc., New York.



66

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

EPEEEN RS RRE =

Onifade, A. A., N. A. Al-Sane, A. A. Al-Musallam and S. Al-Zarban. 1998. A review: potentials for
biotechnological applications of keratin-degrading microorganisms and their enzymes for nutritional
improvement of feathers and other keratins as livestock feed resources. Bioresour. Technol. 66: 1-11.

Opapeju, F., D. Krause, R. Payne, M. Rademacher, C. M. Nyachoti. 2009. Effect of dietary protein
level on growth performance, indicators of enteric health, and gastrointestinal microbial ecology of
weaned pigs induced with postweaning colibacillosis. J. Anim. Sci. 87: 2635-2643

Patten, C. L. and B. R. Glick. 2002. Role of Pseudomonas putida indole acetic acid in development
of the host plant root system. App. Environ. Micro. 68: 3795-3801.

Pinto, R., A. S. Ferreira, J. L. Donzele, L. F. T. Albino, M. de Almeida e Silva, R. de Soares and C.
A. Pereira. 2003. Methionine plus cystine requirement for growing japanese quails. Rev. Bras.
Zootech. 32: 1174-1181.

Reddy, M. S., S. Kumar, K. Babita and M. S. Reddy. 2002. Biosolubilization of poorly soluble rock
phosphates by Aspergillus tubingensis and Aspergillus niger. Bioresour. Technol. 84: 187-189.

Ren, M., S. H. Zhang, X. F. Zeng, H. Liu and S. Y. Qiao. 2015. Branched-chain amino acids are
beneficial to maintain growth performance and intestinal immune-related function in weaned piglets
fed protein restriction diet. Asian Australas J. Anim. Sci. 28: 1742-1750.

Rezaei, R., W. Wang, Z. Wu, Z. Dai, J. Wang and G. Wu. 2013. Biochemical and physiological
bases for utilization of dietary amino acids by young pigs. J. Anim. Sci. Biotechnol. 4:7.

Shahab S, N. Ahmed and N. S. Khan. 2009. Indoleacetic acid production and enhanced plant growth
promotion by indigenous PSBs. Aftr. J. Agric. Res. 4: 1312-1316.

Silva Junior, R. G. C., G. R. Q. Lana, C. B. V. Rabello, S. R. V. Lana and W. A. Barboza. 2006.
Requirements of methionine plus cystine for female broilers chickens from 1 to 21 and 42 days old
on tropical climate region. Rev. Bras. Zootech. 35: 497-503.

Sivakumar, T., T. Shankar, P. Vijayabaskar and V. Ramasubramanian. 2012. Plant growth promoting
activity of nickel tolerant Bacillus cereus TS1. J. Agric. Tech. 8: 2099-2111.

Vassilev, N. and M. Vassileva. 2003. Biotechnological solubilization of rock phosphate on media
containing agro-industrial wastes. Appl. Microbiol. Biotechnol. 61: 435-440.

Wang, X. and C. M. Parsons. 1997. Effect of processing systems on protein quality of feather meals
and hog hair meals. Poultry Sci. 76: 491-496.

Watanabe, F. S. and S. R. Olsen. 1965. Test of an ascorbic acid method for determining phosphorous
in water and NaHCO3 extracts from soil. Soil. Sci. Soc. Am. J. 29: 677-678.

Wu, X., Z. Ruan, Y. Gao, Y. Yin, X. Zhou, L. Wang, M. Geng, Y. Hoi and G. Wu. 2010. Dietary

supplementation with Larginine or N-carbamylglutamate enhances intestinal growth and heat shock



35.
36.

37.

JR&R B Arthrobacter enclensis TCC-2 2 2 Lfjae P sl R fREHE A PR i B AR R 2 BT 67

protein-70 expression in weanling pigs fed a corn-and soybean meal-based diet. Amino Acids 39:
831-839.

Wu, G. 2010. Recent advances in swine amino acid nutrition. J Anim Sci Biotech 1: 49-61.

Yoshida, S., D. A. Forno, J. H. Cock and K. A. Gomez. 1976. Procedures for routine analysis of zinc,
copper, manganese, calcium, magnesium, potassium, and sodium by atomic absorption
spectrophotometry and flame photometry. p. 27-34. In: Yoshida, S., D. A. Forno, J. H. Cock and K.
A. Gomez (eds.). Laboratory manual for physiological studies of rice. IRRI. Philippines.

Zhang, S., S. Qiao, M. Ren, X. Zeng, X. Ma, Z. Wu, P. Thacker and G. Wu. 2013. Supplementation
with branched-chain amino acids to a low-protein diet regulates intestinal expression of amino acid

and peptide transporters in weanling pigs. Amino acids 45: 1191-1205.



68 EPEEEN RS RRE =

Study on the Feather-degrading Efforts of
Actinobacterium Arthrobacter enclensis, TCC-2
and Its Stimulating Growth Performance on
Organic Lettuce*

You-Hong Zeng’, Ya-Wen Kuo” and Hong-Tang Chen’
ABSTRACT

The tested feather-degrading bacterium was isolated and identified as Arthrobacter
enclensis TCC-2 in this study.Through the incubating the strain TCC-2 in basal medium
with 1% feather (w/v), the result shown that the feather degradation rate was 65.3% and
various free amino acids were detected in the feather hydrolysates at the fourth day.
Among various free amino acids detected, the relative higher contents of amino acids were
sulfuric amino acid and branch-chain amino acid. Strain TCC-2 could also produce 134.6
mg/L TAA 12 hours after incubating in tryptophan-contained nutrient broth which is the
reason the applied potential for stimulating roots growth of crop. The bacteria numbers of
strain TCC-2 can reach to 10® CFU/mL by incubating in 6% sodium chloride medium that
showed the salt-tolerant ability of strain TCC-2 and can be applied to mix with chemical
fertilizers. Strain TCC-2 incubated in medium contained 1% feather, 0.5% rock phosphate
and 0.5% plant ash (F+R+A medium), at the fourth day it found that the feather structure
was totally degraded by TCC-2 and the EC and soluble nitrogen contents in the feather
hydrolysates were significantly increased. The bacteria numbers of TCC-2 was reached to
10° CFU/mL in the feather hydrolysates (F+R+A) in which soluble phosphate ion was
detected to testify it from the medium source of calcium phosphate and rock phosphate.
Applying the feather hydrolysates (F+R+A) with rapeseed meal (amounts equal to 120

kg-N/ha) in organic lettuce farmland could also increase the lettuce yield.

Key words: Arthrobacter enclensis, feather degradation, phosphate solubilization,
indole-3-acetic acid, organic lettuce
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