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Table 1. Hydrolysis analysis of multiple protein-rich materials by Arthrobacter ureafaciens TC4-1C

pH EC NH," Tot-N P K Ca Mg Bacterial number

Treatment'
(mS/cm) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L) CFUx10%/ml

BHF-TC4-1C 8.4+0.2 (SD) 4.0+1.0 534.5+6.4 0.50+0.00 418.3£72.4 750.9+0.1 1.6+0.14 1.6+0.6 3.1+1.1

BHF-BK 6.8+0.0 1.7£0.6 11.4£0.9 0.01£0.00 413.5£7.8 717.6+41.7 1.9+0.4 17.4+0.1 -
BHB-TC4-1C 7.8+0.1 3.9+£0.1 190.4+11.5 0.20+0.00 322.9+9.8 593.0+3.0 7.0+0.0 16.5+0.5 3.4+0.4
BHB-BK 6.310.1 2.6+0.1 43.7£7.2  0.06£0.00 320.0+20.1 772.7+18.8 17.7£5.8 36.7+2.3 -
BHG-TC4-1C  7.1£0.1 3.5+0.0 46.0£2.0  0.30+0.00 309.5+14.5 904.5+5.5 8.5+0.5 33.0+2.0 1.9£0.1
BHG-BK 7.140.3 3.4+0.0 35.5£2.5 0.05+0.00 382.5+55.5 944.0+57.0 8.9£3.9 42.0+3.0 -
BHC-TC4-1C  7.0+0.1 2.9+0.1 23.5+1.5 0.03+0.00 300.0+8.0 785.0+11.0 9.0+0.0 26.0+1.0 1.2+0.3
BHC-BK 6.6+0.2 3.0+0.0 7.543.5 0.01£0.00 353.5+50.5 836.0+51.0 6.3+2.7 25.5+0.5 -

'Basal mineral medium with different organic materials such as feather (BHF), rapeseed meal (BHB), chicken dropping (BHG) and
cow dung (BHC), -TC4-1C means inoculation of Arthrobacter ureafaciens TC4-1C, -BK means no inoculation.
The pH, EC, nutrients and bacterial numbers were analyzed after incubating the isolate TC4-1C at the fourth day.
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F H TC4-1C FENAE S LHVRRE 2 NB BPE AR 24hr 2 B580% pH - EC KR T
Table 2. The pH, EC and bacterial numbers of NB culture medium after inoculation of isolate TC4-1C
and incubation for 24 hours

Conc. of NaCl % pH EC (mS/cm) CFUx10°/ml
0 7.9+0.2 (SD) 3.3+0.1 6.30+0.30
3 7.240.2 55.8£0.9 4.30+2.20
4 7.240.2 67.4+0.5 3.10+1.90
5 6.7+0.1 73.944.2 0.17+0.08
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THEPIBRE ST o AR A AR R BRI 0 R B S = B AR R (0 g BN R AR EE T2 8
ZREEES > GIHIER S R RN BRI S IR RS RN & 1% 6 BERTE 157 2 3P
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Table 3. Nutrients content of feather hydrolysate of isolate TC4-1C incubated in different instant

chemical fertilizers-contained media

pH EC NH," Tot-N P K Ca Mg  Total amino Bacterial

Treatment' acids number
(dS/m) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  CFUx10%/ml

8.3 17.7 14123 1.5 739.8 26319 0.1 0.1 1541.1 1.4

F5-TC4-1C
+0.3(SD) +£0.5 +£185.8 +0.01 +£56.6 =+£172.9 0.0 +0.0 +24.0 +0.4

F5.BK 7.1 152 1100.0 1.1 614.1 2477.1 0.6 10.4 689.0

+0.1 +0.3 +19.0 0.0 +66.1 +65.1 £0.3 +3.6 +12.0

8.4 134 9585 1.0 428.7 25065 0.2 0.1 824.0 0.9
F6-TC4-1C

+0.3 +0.3  +548 +0.02 +64.5 +619 +0.0 +0.0 +25.3 +0.3

6.6 10.7 4535 0.5 550.6 24828 10.0 46.0 280.9
F6-BK -

+0.3 +0.3  +255 +0.03 £85.6 *£184.8 £7.0 +3.1 +13.1

'Different instant chemical fertilizers such as 1% instant fertilizer NO. 5 (F5) or NO. 6 (F6) in culture medium with
1% feather and 0.5% plant ash, -TC4-1C means inoculation of Arthrobacter ureafaciens TC4-1C, -BK means no
inoculation.
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Fig. 1. Demonstration of feather hydrolysis via incubating isolate TC4-1C irrespectively in 1% instant
soluble fertilizer NO. 1, NO. 5 and NO. 6, 0.5% plant ash for 4 days
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PRTCA-1CZ 7y iR 2R 1 E FOBBRAE TT > BB AP 0 i AR IR R A RAD - PR KBEY E &
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Table 4. Bacterial number and nutrient content of MB medium after incubating isolate TC4-1C for fourth

day
pH EC NH," Tot-N P K Ca Mg Total amino Bacterial
Treatment' acids number
(dS/m) (mg/L) (%) (mg/l) (mgL) (mg/l) (mg/L) (mgL) CFUx10%ml
5.0 1.8 10.5 0.02 4.6 344 76 41 3333
MB-TC4-1C 3.4+0.2
+0.4(SD) +0.0 0.5 +0.00 =+0.6 +10 +1 +0 +43.3
3.7 3.9 30.0 0.06 165 486.5 137.0 535 337.3

MB-BK -
+1.1 +1.2 +2.0 +0.00 +0.5 +11.5 +£3.0 +0.5 +47.3

'MB means cultured medium with 1% molasses and 0.5% rapeseed meal, -TC4-1C means inoculation of
Arthrobacter ureafaciens TC4-1C, -BK means no inoculation.

R~ Bk TC4-1C BFEf° FH B 2 WA 73 3 i

Table 5. The bacterial number and nutrient content of FH medium after incubating isolate TC4-1C for

fourth day

pH EC NH," Tot-N P K Ca Mg  Total amino Bacterial

Treatment' acids number
(dS/m) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  CFUx10%ml

8.8 7.1 806.0  0.94 18.6 12632 6.3 5.5 1654.2

FH-TC4-1C 5.3+0.9
+0.0 (SD) +0.6 642 +0.07 +24 +859 +0.3 +1.6 +12.5

8.7 3.6 17.7 0.06 254 11976 2.6 6.5 153.8

FH-BK -
+0.0 +0.2  £134 £0.02 +39 +£699 0.6 +0.6 +5.5

'FH means cultured medium with 3% feather, 0.5% rock phosphate and 0.5% plant ash, -TC4-1C means inoculation
of Arthrobacter ureafaciens TC4-1C, -BK means no inoculation.

RN BN A ERCRRE 2 BRICE B A

Table 6. Investigation of broccoli growth in different fertilization treatments after harvest

Formation rate Plant height Whole plant Weight of flower ~ Weight of flower
Treatment of flower head weight head with stem head
(%) (cm) (€3] (€3] (2
Rap-FH 94.4° 30.3° 1,254.2° 492.2° 235.1°
Rap-MB 95.0° 31.8° 1,140.8"™ 440.5 202.4%
Rap 94.2% 29.1° 1,105.8° 388.2° 168.5°
CF 97.6" 31.3° 1,279.2° 481.3" 220.7°

Significant in comparison with control at P = 0.05 (LSD test).
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Table 7. Nutrient content of broccoli flower ball in different fertilizer treatment

N P K Ca Mg Cu Mn Zn Fe
Treatment
% ppm
Rap-FH 2.7 0.52°  3.5%® 0.65° 028"  5.0° 22.0°  33.7°  50.7°
Rap-MB 2.6° 0.48*  3.1° 0.60° 026°  43° 20.8°  31.0°  47.5°
Rap 2.9° 0.48* 3.3™ 0.67° 029*° 5.0 213%  32.8° 443°
CF 2.9° 0.54* 3.9° 0.66 029° 45" 195 31.0°  51.3°

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

ARelEpie & B 2 FH G RRE T A ) A an 2 /\Fror » B pHLACFiZ BE4H K Rap-FH
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SR e E 2 PIB/KBEE(FH) - FEEE R SRE T EEY A e - SR e 8
T PR S R 2 B R I AR T S AR L R A MR TR AR -
=/ s e tR i A 1o i

Table 8. Rhizospheric soil nutrient content in different treatments after harvest

EC

pH
Treatment (1:1)
(1:1) (dS/m) (%) mg/kg

OM N P K Ca Mg Cu Mn Zn Fe

Rap-FH  7.8° 3.5 28 016" 153° 67.8° 50208 477.5° 6.0° 208.0°  7.3* 110.5°
Rap-MB  8.0*  3.1° 28" 0.16° 11.5* 76.8° 4303.3" 3443 7.5 169.3*  8.0* 92.0°
Rap 8.0°  3.6° 29 0.17*° 173% 853° 4364.0° 3933 7.8 1763° 8.8 94.0°
CF 7.7° 0 37° 25° 0.15%  67.8° 167.0° 4,708.0° 329.3°  7.5° 1450° 11.0° 131.8°

Significant in comparison with control at P = 0.05 (LSD test).
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FE o
Y=



10.

11.

12.

13.

14.

EENREFARE IR TC4-1C LI B4 RAREB TER A R MR 9

Z2ERR

SLIESE 2008 FREEZE  p.67-69 TIEBEFLELOATFM(—) HIEEEMES hELEE
AR E 4R ED -

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

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.

Calvo, P., L. Nelson and J. W. Kloepper. 2014. Agricultural uses of plant biostimulants. Plant Soil
383: 3-41.

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
Biol. Biochem. 37: 1970-1974.

Colla, G., S. Nardi, M. Cardarelli, A. Ertani, L. Lucini, R. Canaguier and Y. Rouphael. 2015. Protein
hydrolysates as biostimulants in horticulture. Sci. Hort. 196:28-38.

Du Jardin, P. 2015. Plant biostimulants: Definition, concept, main categories and regulation. Sci. Hort.
196: 3-14.

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.

Han, X., N. Rusconi, P. Ali, K. Pagkatipunan and F. Chen. 2017. Nutrients Extracted from Chicken
Manure Accelerate Growth of Microalga Scenedesmus obliquus HTB1. Green and sustainable
chemistry 7: 101-113.

Johansson, A. 2008. Conversations on chelation and mineral nutrition. Aust. J. Grape Wine Res. 583:
53-56

Keeney, D. R. and D. W. Nelson. 1982. Nitrogen-Inorganic Form. p. 659-663. In: Page A. L., R. H.
Miller and D. R. Keeney. (eds.). Methods of Soil Analysis, Part 2, 2nd edition. ASA, Madison,

Wisconsin.



10 EPREENEGTERERE 0 B

15.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.

16. 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.

17. Michalak, I. and K. Chojnacka. 2013. Use of extract from Baltic seaweeds produced by chemical
hydrolysis in plant cultivation. Przem. Chem. 92: 1046-1049.

18. Moore, S. and W. H. Stein. 1954. A modified ninhydrin reagent for the photometric determination. J.
Biol. Chem. 1954, 211:907-913.

19.Ni, H., Q. H. Chen, F. Chen, M. L. Fu, Y. C. Dong and H. N. Cai. 2011. Improved keratinase
production for feather degradation by Bacillus licheniformis ZJUEL31410 in submerged cultivation.
Afr. J. Biotechnol. 10: 7236-7244.

20.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.

21.Popko, M., R. Wilk and H. Gorecki. 2014. New amino acid biostimulators based on protein
hydrolysate of keratin. Przem. Chem. 93: 1012-1015.

22.Radkowski, A. and I. Radkowska. 2013. Effect of foliar application of growth biostimulant on quality
and nutritive value of meadow sward. Ecol. Chem. Eng. A 20: 1205-1211.

23.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.

24. Srivastava, R., M. Aragno and A. K. Sharma. 2010. Cow dung extract: a medium for the growth of
pseudomonads enhancing their efficiency as biofertilizer and biocontrol agent in rice. Indian J.
Microbiol. 50: 349-354.

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

26. 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.

27.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.



FEENREIRE R TC4-1C BRI R R TR A R Z 5T 11

Research on Feather-hydrolyzing Characteristics
of Arthrobacter ureafaciens TC4-1C and
Application in Promoting Broccoli Growth '

You-Hong Zeng’, Ya-Wen Kuo®, Hong-Tang Chen® and Hsin-Yu Lin’

ABSTRACT

Arthrobacter ureafaciens TC4-1C, with phosphate-solubilizing and slat-tolerant
ability, can use multiple high nitrogen contained materials as carbon and nitrogen sources
for reproduction. In liquid culture using feather, rapeseed meal, chicken dropping or cow
dung as nutrient source, bacterial numbers higher than 10° CFU/ml can be achieved. Strain
TC4-1C can degrade feather in the medium contained one percentage of the instant soluble
fertilizer Taifer NO. 5 (10-20-20) or NO. 6 (5-18-18) after 4 days of incubation can
produce liquid fertilizer containing amino acids and high concentration of phosphorous
and potassium. After four days of incubation of strain TC4-1C in liquid medium contained
3% feather, 0.5% rock phosphate and 0.5% plant ash (W/V), the produced feather
hydrolysates were applied to broccoli supplemented with rapeseed meal used as base
fertilizer in the experimental field. Experimental results showed application of the feather
hydrolysates can increase 66.6 g of fresh weight of single flower ball compared with
treatment without feather hydrolysate drench and showed significant differences between
treatments. However, the fresh weight of single flower ball followed by feather
hydrolysate drench was not significantly different with that applying chemical fertilizer.
Application of feather hydrolysates showed potassium-increasing tendency in flower ball
and increase plant available Mg, Mn and Fe content in the rhizosphere soil. Feather
hydrolysates containing amino acids produced by strain TC4-1C can increase nutrient

availability of rapeseed meal and soil to increase broccoli productivity.

Key words: feather-hydrolyzing bacterium, Arthrobacter ureafaciens, broccoli
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