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5g 45ml 20 min
1 30°C 36 h
1.1 (4] 10 g/L Sg/L 10 g/L
(N) pH7.0~72 20 g/L 121 20 min
6.1 g/kg (P,05)10.8 g/kg (K,0)16.9 g/kg 20 mg/L 40 mg/L
2) 20 30
20 30 50 SPAD
6.67% pH 3.64 179.1 g/kg
1.2 3) 150
Bacillus amyloliquefaciensSQR9(SQRY)
(7] 10 g 90 ml
1.2
170 r/min 20 min 15 min
LB (€] 10 g/L
5S¢/l 10g/L pH7.0~72 1217C 20 min
SQRY LB 1
1% LB
30C 170t/min 36h 1.5
Excel 2010 SPSS 16.0
5 BOF
BIO-1 2
10 g/kg BIO-2
30 g/kg BIO-3 2.1
50 g/kg BIO-4
100 g/kg 2 kg
100 ml/kg 1
1.3 10 g/kg
6 50 g/kg
(D 10 3kg 2.86x10° CFU/g
10 g/k
gke &b 35¢ a
2 30t b
S ast b
[
‘ T 20}
F1 A I]]\‘-!/ 151
Table 1 Information of treatments for pot experiments :& 1ol ¢ c
= L . . "
OF S 0RO BIO-L BIO-2  BIOS | BIO-4
BOF BOF yisl
BIO-1 BIO-1C 10 gkg ) (BOF BIO-1 10 g/kg BIO-2
BIO-2 BIO-2( 30 g/kg ) 30 g/kg BIO-3 50 g/kg BIO-4
BIO-3 BIO-3( 50 g/kg ) 100 g/kg
BIO-4 BIO-4( 100 g/kg ) £<0.05 )
1 AEEEHBHAEMMESEAELTEPINEE
1.4 HEWEMm
Fig. 1 Effects of different amounts of hydrolyzed feather powder on
1) SQR9 number of SQR9
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pH
10 g/kg OF( ) BOF
2.2
pH
2
F2 AR HEREL R
Table 2 Basic physicochemical properties of different fertilizers
(N, g/kg) (K20, g/kg) (P20s, g/kg) pH (mS/cm)
OF 6.7+0.1d 1.08 £0.06 a 1.69£0.03 b 8.05+0.01 ab 3.00+£020 ¢
BOF 6.5+02d 0.99 + 0.04 ab 1.73£0.16 b 8.23+0.06a 3.12£0.03 ¢
BIO-1 72+02¢ 1.07£0.05a 1.78 £0.14 b 7.95+0.04b 3.60£0.09d
BIO-2 72+05¢ 0.92 + 0.06 ab 1.82 £ 0.04 ab 7.60£0.16 ¢ 459+0.14c¢
BIO-3 8.6+02b 0.81£0.11b 1.78 £0.01 ab 7.56 £ 0.06 ¢ 5.93£0.12b
BIO-4 163+02a 1.06 £ 0.15 ab 1.69+0.04 b 7.12+022d 11.93£0.13 2
P<0.05
2.3 BIO-3
SPAD OF BOF 4
2.3.1 SPAD
20 30 SPAD
3 20 BIO-3 50 g/kg
OF BOF 3 BIO-3 100 g/kg
BIO-1 BIO-2 BIO-4 OF BIO-4 SPAD OF BOF
BOF BOF OF
SPAD 100 g/kg SPAD
BIO-4 OF
30 50 g/kg SPAD

*3 FRBBHEMRNEEYENBI A FHRkS . ZHEF SPAD EHF T
Table 3  Effects of bio-organic fertilizers with different amounts of hydrolyzed feather powders on plant height, stem diameter and SPAD
value of eggplant

(cm) (mm) SPAD
20 OF 7.73+0.25d 441+£034d 31.30+£1.51b
BOF 8.43+0.40 ¢ 5.01 +£0.06 ¢ 32.53+1.58 ab
BIO-1 9.50+0.50a 5.10£0.12 be 31.57+1.80 ab
BIO-2 8.67+0.21 be 5.29+0.35 abc 32.77 £ 1.00 ab
BIO-3 9.20 £ 0.62 ab 569+0.18a 32.80 £ 0.85 ab
BIO-4 9.10+ 0.10 abc 5.49+0.12 ab 34.63+2.58 a
30 OF 10.80 = 0.36 ¢ 4.97+0.13b 43.37+0.75d
BOF 12.03£0.15b 5.10+0.28b 4780+ 1.85¢
BIO-1 13.00 +£ 0.50 a 5.15+£0.22 ab 48.17 +£1.76 be
BIO-2 12.20 £ 0.17 ab 5.22+0.10 ab 50.37 + 1.44 be
BIO-3 13.07+0.59 a 5.56+0.37 a 50.73 +1.89b
BIO-4 12.50 £ 0.70 ab 559+0.19a 53.77+042a
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2.3.2 30 BIO-1
2
(OF) 50 g/kg BIO-3
OF BOF
30 35,
(A) a B) a
s 261 . b X @30 b b
gg n! ) \Eg 25| c g
i%* 181 220l d
4 < -
2 14} 25
1.0

Fig.2 Effects of bio-organic fertilizers with different amounts of hydrolyzed feather powders on above-ground fresh and dry weights of eggplant

OF  BOF BIO-1
b3

BIO-2 BIO-3 BIO-4

BIO-2 BIO-3 BIO-4

OF  BOF BIO-1
b3

B2 ARBMEBAEHRMEEY BN Fitt EEEEA). TEB)RIEMN

2.4 OF 1.15 1.19
BOF 1.11 1.10 100 g/kg
2.4.1 SPAD BIO-4
20 30 50 SPAD OF 1.10 1.12 BOF
4 1.06 1.05 50 g/kg
30 50 g/kg pH
BIO-3 pH pH
OF 1.16 1.16 20
50 BIO-3 30 SPAD
F 4 ARLCEXFEHMEKS. Z1HF SPAD ERIF NI

Table 4 Effects of bio-organic fertilizers with different amounts of hydrolyzed feather powders on plant height, stem diameter and SPAD
value of tomatoes

(cm) (mm) SPAD
20 OF 17.33£0.76 ¢ 542 +0.18 ab 4595+2.37a
BOF 18.10 £ 0.99 be 5.43£0.25 ab 46.85+2.47a
BIO-1 18.73 £0.97 abc 5.58+0.26a 4490+3.19a
BIO-2 19.33 £ 1.44 ab 5.51+£0.29 ab 45.50 +£5.09 a
BIO-3 20.17+£0.76 a 5.34+£0.34 ab 43.43+0.43 a
BIO-4 19.67 £ 1.53 ab 5.07+0.28b 47.63+£2.32a
30 OF 3533+£1.53¢ 571+0.12 ¢ 47.67+0.86b
BOF 40.83 £ 1.53 ab 6.01 £0.20 be 47.77+0.29b
BIO-1 4133+ 1.26 ab 6.32+£0.21 ab 47.40+0.17b
BIO-2 41.67+2.08a 6.49+0.08 a 4837+0.49b
BIO-3 4150+ 1.56 a 6.60+0.19 a 49.33+1.33b
BIO-4 38.67+0.29b 6.52+£0.07 a 5248+ 1.82a
50 OF 47.50+391b 6.21+£022¢ 42.80+1.06 ¢
BOF 49.00+4.58b 6.67+£0.07 be 43.53 £0.85 de
BIO-1 50.33 +2.52 ab 6.84+0.30b 43.97 £ 1.50 de
BIO-2 51.67 +1.89 ab 6.88£0.19 ab 46.87 + 1.87 bed
BIO-3 54.50+2.18a 737+030a 44.83 £ 1.52 cde
BIO-4 52.17 £0.76 ab 6.98+£0.17 ab 50.73+0.93 a
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50 30 g/kg BOF BIO-1
SPAD BOF 100 g/kg
BIO-4 SPAD BOF
OF BOF OF BOF 50 g’/kg 100 g/kg
1.19 1.17 BIO-3 BIO-4
BOF 1.99 1.36 1.88
1.40
24.2
50 3
OF
OF 50 g/kg
70 - (A) 9r (B)
® 28 2 7
g | ¢
=24l
OF BOF BIO-1 BIO-2 BIO-3 BIO-4 3 OF BOF BIO-1 BIO-2 BIO-3 BIO-4
b3 b3
3 AEMBPEMRMEENENENFit FEEEEA). FTEB)HIZM
Fig. 3 Effects of bio-organic fertilizers with different amounts of hydrolyzed feather powders on fresh and dry weights of tomatoes
2.4.3 1.33 OF BOF 2.36 1.35
50 OF 36.57% BOF
5 OF 76.95%
BOF 50 g/kg
10 g’/kg 30 g/kg
BIO-1 BIO-2 50
50 g/kg 6 OF
BIO-3
BIO-3
OF BOF 1.37
#5 AREBEFAEMRMNEEYENEXFARREL P
RE=EpEXy:0pA
Table S Effects of bio-organic fertilizers with different amounts of 50 g/kg
hydrolyzed feather powders on number of culturable microbes in
rhizosphere soil of tomatoes BIO-3 OF BOF
BIO-3 OF BOF
OF Yllf Egf(fllj é/tg<)i (1X‘;(1)7f(f.lzjége) (;;g“icoF‘I}JS/g: 1.84 1.36 OF BOE
BOF 1.17£0.03 cd 2.98+0.13 cd 347+£0.15b 3.56 2.14 OF
BIO-1  1.53£025abc  273£024d  3.63£021b 45.37% BOF 69.49%
BIO-2 1.33+£028bed  3.12+£0.12bc  327+031b
BIO-3 1.56 £ 0.21 ab 4.03+0.17a 2.67+023 ¢ 50 g/kg
BIO-4 1.76 £0.17 a 3.38+0.07b 2.03+0.21d




666 48
F6 ARBBEFIEMRIMEBENENENEM LKL BOF 76.95%
A 4% S5 B MR B
Table 6 Effects of bio-organic fertilizers with different amounts of
hydrolyzed feather powders on number of culturable microbes in soil &)
of tomatoes
(x10’CFU/g) (x10° CFU/g) (x10°CFU/g)
OF 1.90+0.19d 1.11£028b  20.63+£243a (1] , , s
BOF 257+£027¢  1.85+035b  1347£0.69b U] » 2008, 25(3): 270-273
BIO-1 2.31+0.50 cd 1.82+040Db 9.09+3.12¢ (2] ’ ’ ’ :
BIO-2 241+£025d  1.66+041b  474=1.19d 91- - 2014, 41(11):
2 353-2 361
BIO-3 3.50+£0.19b 395+1.25a 936+0.71 ¢ 3]
BIO-4 576+056a  339+0.62a  899+3.08c ' ' | ]
2014, 37(2): 85-91
3 [4] : S .
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[J. , 2004, 10(5): 536545
[16] [9] s s 5.
[J1. ,2003, 11(2): 78-80
k
20 ghke [10] : : o
50 g/kg 1. , 2010, 47(4):
798-801
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[13.17] Soil Ecology, 2012, 59: 13-19
[12] Wang B B, Yuan J, Zhang J, et al. Effects of novel bio-
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Developing Bio-organic Fertilizer with Hydrolyzed Feather
Powders and Its Promotion Effects on Plant Growth

DIAO Chunwu'?, CAO Liangliang', HUANG Zhongyang’, WANG Dongsheng'?,
ZHOU Xiaoping®, WANG Bei'”, LI Rong'", SHEN Qirong'

(1 National Engineering Research Center for Organic-based Fertilizers, Key Laboratory of Plant Nutrition and Fertilization in
Low-Middle Reaches of the Yangtze River, Ministry of Agriculture, Jiangsu Key Laboratory of Solid Organic Waste Utilization,
Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing Agricultural University, Nanjing
210095, China; 2 Nanjing Institute of Vegetable Science, Nanjing 210042, China; 3 Nanjing QinbangJipin Agricultural
Development Co. Ltd., Nanjing 211516)

Abstract: In order to improve the quality of bio-organic fertilizer (BIO), addition of amino acids to assist with the
reproduction of the functional microbe inoculated into matured composts though solid-state fermentation is demonstrated to be an
efficient way. An addition of significant quantity of oil rapeseed cakes could lead to a much better growth of microbial species
added during the BIO preparation, however, the higher production costs hindered severely the large-scale extension of BIOs. This
study investigated the possibility to produce bio-organic fertilizer (BIO) by using hydrolyzed feather powders as a solid-state
fermentation (SSF) medium. The results showed that the biomass of functional strain increased with the increasing amount of
hydrolyzed feather powders added in the matured compost with best additive amount of 50 g/kg. Pot experiments showed that the
produced BIO efficiently promoted the growths of eggplant and tomato; compared with the control, the new produced BIO
increased plant height, stem diameter and SPAD values by 19.02%, 29.02% and 4.80%, respectively, after transplanting for 20
days for eggplant; and by 14.74%, 18.70% and 4.74%, respectively, after transplanting for 50 days for tomato. In conclusion,
supplemented with hydrolyzed feather powders has certain advantages in solid-state fermentation of the PGPR strain and can
produce high quality bio-organic fertilizer for promoting plant growth. The above results provide the theoretical and technical
supports for the development of BIOs.

Key words: Hydrolyzed feather powder; Bio-organic fertilizer; Plant growth promotion



