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Table 1. The nutrient mutrient componient bacterial number and feather degradation rate (%) after
incubating with Arthrobacter strain K10 in BHF medium at the fourth day

N g Feather
EC NH, Tot-N P K Ca Mg cfux10 .
Isolates pH degradation
(mS/cm) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L) /ml
rate (%)
K10 8.71 3.64 472.5 0.539 61551 7445 0.9 10.0 6.4 63.7
+0.13(SD) +0.28  +98.5  +0.02  £66.5 £799  +0.15 +4.32 +0.50 +2.08

Blank 6.81 1.27 12 0.015 419 747 1.6 17.3 - -
+0.01 +0.06  +0.15 +0.0006 +£1.88 +1.00 =+0.0058 +0.61

ARG 2 R AL 16S rIDNAEFF » E A EHRK10FF 5 551,395 bp » MCP3FHIEAE
F5 1,359 bp > & Fp 4l bb  H &5 SR B R B MR K10 By 4% B 6 AR B & 0 H B Arthrobacter
nicotinovorans DSM420 type strain (NCBI accession number: NR_026194)4H Ll &£ 98% - i
Arthrobacter ureafaciens strain NC (NCBI accession number: NR_029281)4H{LL £ 98% - HFECP3
By § {8 B J& B Streptomyces diastaticus subsp. ardesiacus strain NRRL B-1773 (NCBI accession
number: NR_043486)FH A& F599% o )2 W ad fif 28 B Ak Ry i8R BT
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Fig. 1. Degradation of pitaya cladode by streptomyces sp. CP3 (left) and control (right)
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Table 2. The bacterial number, pitaya cladode degradation rate (%) and phosphorous released amounts
from Ca-P and rock-P of pitaya cladode hydrolysates by incubating Arthrobacter sp. strain K10
and Streptomyces sp. CP3 in 10% pitaya cladode medium at the third day

Isolates Bacterial number Pitaya cladode Ca-P' solubilization ~ Rock-P' solubilization
(cfux10®*/ml) degradation rate (%) (mg/L) (mg/L)

K10 6.4+1.9(SD) 12.1+4.0 29.7+7.84 3.04+0.092

CP3 0.135+0.025 20.9+5.4 - -

! Determination of phosphate solubilization by adding 100 pL pitaya cladode lysates to 50 mL phosphate medium
and incubation four days.

F= - HIREEEE K10 SHEREE R CP3 B2& Y 10%AI R R &R E5 3 X > pH ~ EC KT
REITEESN
Table 3. The pH, EC and nutrient componient of pitaya cladode hydrolysates by incubating Arthrobacter
sp. strain K10 and Streptomyces sp. CP3 in 10% pitaya cladode medium at the third day

EC NH," Tot-N P K Ca Mg
Isolates pH
(mS/cm)  (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
K10 8.07a' 1.24a 32.5a 0.036a 73.4a 389.2a 6.53b 29.6a
CP3 7.88b 1.25a 5.8b 0.015b 5.6b 364.0a  21.83a 33.3a
Blank 5.52¢ 1.08b 10.0b 0.016b 75.3a 339.6a  18.60a 42.6a

!'Significant in comparison with control at P = 0.05 (LSD test).

B~ SEHCHISU R R CP3 sy fiidiiaf (Bl 7o) K RIB (B ) RE T (EHT )
Fig. 2. Cellulose and pectin degradation (clean zone) by Streptomyces sp. CP3 in the plate test
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Table 4. The pH, EC and nutrient componient of pitaya cladode (10%) and feather (1%) hydrolysates by
incubating Arthrobacter sp. strain K10 and Streptomyces sp. CP3 in PIF medium to the fourth

and sixth day

Isolates EC NH," Tot-N P K Ca Mg
incubation 4 day pH (mS/cm) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
K10 8.54a'  2.77b 418.5b  0.44b 95.4c 403.3a 13.4b 6.6¢
K10+CP3 8.54a 2.85a 489.0a  0.47a 133.5b 380.0a 24.1a 16.3b
Blank 5.91b 1.15¢ 32.0c 0.037¢  195.0a 370.5a 16.5b 45.4a

Isolates EC NH4+ Tot-N P K Ca Mg
incubation 6 day pH (mS/cm) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
K10 8.68a 2.88a 515.5a 0.50b 32.3b 335.2a 15.5b 7.4b
K10+CP3 8.71a 2.98a 542.0a 0.54a 18.8¢c 359.0a 21.7a 10.8b
Blank 5.91b 1.15b 32b 0.037c  195.0a 370.5a 16.5b 45.4a

! Significant in comparison with control at P = 0.05 (LSD test).

B ERK10+CP3 Z KLRE RIS 0k fe P o7 R SRE » BRI R i PRK 10 Ry (2 > HEM
B PRk CP3 30 A B K103 28 AH w2l 08 A 1T 10 0 162 Bt A2 & - R WIT S il 88 2 B PR K10 fJR & B iR
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K10+CP3 53 fEALRE SR AL Ik K P B 2 0 i > HE 8RS 1 B 1 G A E M AV TR Z &
BROBBEERRERL) > BN B o MEREUR > BRIERMEVEN Z BRI >
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Fig. 3. The filtered residue of PIF medium by incubating actinobacteria strains K10 and CP3 to the fourth
day (left), and the control (right)

T IR ER K10 SR ER CP3 B2ETY 10%4THERRL R 1% P ERER RS 4 R 6
Ko ITRERIE L ~ R RCPIE oy AR gk = $5 BB oy VA R B
Table 5. The bacterial number, degradation rate (%) of pitaya cladode and feather, and phosphorous
released amounts from Ca-P and rock-P of pitaya cladode and feather hydrolysates by incubating
Arthrobacter sp. strain K10 and Streptomyces sp. CP3 in PIF medium to the fourth and sixth day

. Pitaya cladode and Ca-P! Rock-P!
Bacterial number . e s
(cfux10%/ml) feather degradation solubilization solubilization
rate (%) (mg/L) (mg/L)
Isolates Incubation 4 day
K10 1.12+0.11(SD) 24.50+6.4 73.17£1.8 7.085+0.39
K10+CP3 6.44+0.64 35.34+7.7 69.36+0.5 8.069+0.92
Isolates Incubation 6 day
K10 2.14+0.09 31.01£3.1 70.90+10.7 5.624+0.68
K10+CP3 7.27+0.71 41.5244.1 58.19+11.0 7.252+0.05

! Determination of phosphate solubilization by adding 100 pL pitaya cladode lysates to 50 mL phosphate medium
and incubation four days.
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SRR Z 1 THE AR - Hoh & B Rycysteine fzmethionine » cysteine 51 8 85 H H i
i 4HRTY - PR RRERE PRI IR AR - AL H S 8RS - WERKI0Z 2R EY)
V03 B L I FH = 1T 1B 43 A1 Fymethionine ~ valine ~ leucine ~ arginine ~ phenylalanine * isoleucine
lysine }z threonine ° BEfEE & B RK 10+CP3 R H 47 fif ] 7 i BERZ AL 4 [k asparatic acid 2 cysteine
o EREEFEKI0E RE > HA S AR S 8 B s  Hop R E RS N3 > Avaline
H419.84 ppm ~ leucinef4 f[19.5 ppm ~ phenylalanine¥ f[14.49 ppm X arginine?¥ fi13.91 ppm ° 455
BUTOR G BEIPEK 10+CP3 1] 5 5 %0 77 AR 4T HE SR AL M0k B )6 T B8 b A O 26 e e e BL B = -
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Table 6. The contents of free amino acids in the pitaya cladode and feather hydrolysates by inoculating
the strain K10 and K10+CP3 (incubation 4 days)

X ) AA contents (ug/g) by AA contents (ug/g) by
Amino acid (AA) . . . .
inoculated strain K10 inoculated strain K10+CP3
Aspartic acid 1.84 1.77
Glutamic acid 3.55 8.00
Serine 1.06 10.37
Histidine 0.55 1.05
Glycine 4.41 4.94
Threonine 0.48 2.06
Arginine 3.14 7.05
Alanine 10.48 15.95
Tyrosine 0.93 4.86
Cysteine 102.45 85.33
Valine 14.05 23.89
Methionine 70.70 72.63
Phenylalanine 3.07 7.56
Isoleucine 0.98 1.14
Leucine 4.86 14.36
Lysine 0.94 2.11
Proline 1.19 1.92

AT A 5282 5P Bk i Ry sRREAR I - F R E B8 B 2R H Gk = Eh )00 7 e BL R 40
methionine - lysine ~ histidine & tryptophan®s » [ffj [ & HAF Ga R I0 2 EEW - 8w DLAKSA
BOERREDP R IS BN nDS b2 R R 2 0 AR R A AR B B TR R R HY R A
lysine + methionine K tryptophan2 "> » 3% DUy 3B 5 R 2 i BE P B B AT BB B E 0 2 45
T - R S B HOE (R 2RI H AR & i 4 fialanine & lanthionine » 75 iR G 38 77 R
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Application of Actinobacteria on Development of
Biofertilizer with Utilization of Wasted Pitaya
Cladode and Feather *

You-Hong Zengz, Wen-Lung Lay3 , Ya-Wen Kuo” and Hong-Tang Chen’
ABSTRACT

In order to recycle using wasted pitaya cladode and feather, the bacterium isolated as
Streptomyces strain CP3 can efficiently degrade pitaya cladode and the bacterium isolated
as Arthrobacter strain K10 had dual functions including feather degradation and
phosphate solubilization. Feather used as the sole carbon and nitrogen source for strain
K10, the feather degradation rate was 63.7% after incubating in medium contained mineral
salts and feather (BHF medium) added to the 4th day. Feather can also be efficiently
degraded by incubating strain K10 in 10% (w/v) pitaya cladode and 1% (w/v) feather
medium (PIF medium), in which more ammonium ion and amino acids was producing to
combine with EC value increase in the feather hydrolysates. The results showed that the
nutrients in pitaya cladode substitute minerals during feather degradation. At 4th and 6th
day of incubating strain K10 in PIF medium, the bacterial numbers in feather hydrolysates
were more than 10% cfu/ml and were able to solublize calcium phosphate and rock
phosphate. Cellulose and pectin-degrading Streptomyces strain CP3 can be used to
increase degradation efficiency of pitaya cladode and feather by co-inoculating the strain
K10 in the PIF medium, among the various amino acids produced, the concentration of
sulfuric amino acids were higher. The inoculation of CP3 and K10 can be applied as
relatively fast-released nitrogen fertilizer and enhancement of soil phosphorous

bioavailability for value-added in the wasted pitaya cladode and feather reutilization.

Keywords: Actinobacteria, pitaya cladode, feather degradation,
phosphate-solubilizing bacteria
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