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2 300; ) 5% 25% 30%
53 250+ a 93.79% 14.79% 22.09% 116.01% 10%
[«
% 200} 15% 0 5% 10%
E 150l b b 25%  30%
% 100 + d c ¢ 16.19% 11.09% 5.69% 11.39%  28.29%
2 sof [f] i H H SPAD 35.19%
R O s 0 0 25% 30%
LIRS I (%) 42.69% 37.29% 105.02% 0 25% 30%
( (P<0.05) ) 26.69%
1 FEEEHRBREM KB ESKETERIGE 28.09%  8.69% 20%
& SQRY HE KT )
Fig.1 Effects of different concentrations of compound liquid amino
acids on numbers of SQRY after solid state fermentation
20% 20%
0( SQR9 2.51x10° CFU/g
F1 TEERLEENRKS. 8, HEERMETE
Table 1 Effects of different fertilization treatments on biomass of cucumbers
(%) (cm) (mm) SPAD (& (€9)
0 54.17+2.93 ¢ 8.03+0.21¢ 36.77+5.02b 56.28 £3.00 b 5.54+047b
5 91.51+4.58b 8.39 £ 0.52 be 41.83 £4.93 ab 72.53+792a 6.69+0.49 a
10 101.01 £4.58 a 8.83+0.32b 44,13 £ 2.18 ab 78.83+2.14a 6.65+021 a
15 101.27+1.50 a 9.03 £0.25 ab 45.57 + 1.87 ab 78.63 £0.63 a 6.88+0.15a
20 105.29 £5.46 a 9.33+0.38a 4969+ 141a 80.33+544a 7.02+047a
25 86.01 £ 1.65b 8.36 £ 0.40 be 48.03+1.32a 5849 +6.29b 548 +0.74 b
30 48.66 £3.79 ¢ 7.27+0.64d 42.97 £9.68 ab 39.11+11.60 ¢ 3.75+0.83 ¢
(P<0.05)
go 3 a (AA) 55.39%  32.69%
5301 25.29%
S 25+
i b (CF+9)
£ sl u b P CF+9 AA+9
) C
2 0] SPAD
o5l o4 "I" AA+9 OF OF+9 AA
foke)
% o LE . 6.01% 5.41% 4.02% CF+9
0 5 10 15 20 25 30 4.02%
BHEBUK IR (%) eso
AA+9 OF OF+9
2 MASARKERBESERAFMEYEIESER
. . . 6.02% 3.21% AA  CF+9
L IRE T h AL E SQRY MK B ° ’
Fig.2 Strain SQR9 numbers in cucumber rhizosphere soils under 3.01% 2.02%
different treatments amended by bio-organic fertilizer produced by 3 SQR9
adding different amounts of compound liquid amino acids
AA+9 SQR9
2.2 1.45x10°CFU/g SQRY
2.2.1
2
(AA+9) SQR9
(OF)
(OF+9)
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D160 a 41.19% 15.59%  8.49% AA
= 140 F E3
o 7.19% SPAD
= 120
= 80 AA+9 OF OF+9 AA CF+9
g 60r ¢ o 80.01% 56.02% 34.01%
Z 40t b
" oyl © 23.02% 65.01% 38.02% 16.01%
= i ' ' ' 14.01%
= OF OF+9 AA AA+9 CF+9 ’ °
st 4 SQR9
3 FESEERZHRE L HIEE SQRI WA E AATY SQR9Y
Fig.3  Strain SQR9 numbers in cucumber rhizosphere soils under 1.65x% 106CFU/g OF
different treatments
CF+9 12 3 SQRY
2.2.2
3 (AA+9)
OF OF+9 AA CF+9 SQR9
38.49% 31.69% 25.01% 9.89%
AA+9 OF OF+9 AA CF+9
x2 ATREEAEBHENMKS. 8. HEENETE
Table 2 Effects of different fertilization treatments on plant heights and diameters, chlorophyll contents and biomass of cucumbers
(cm) (mm) SPAD (2) (2
OF 9.67+0.58¢ 1.99+£0.05¢ 41.93£4.93 ab 5.52+0.05¢ 0.53+0.03 ¢
OF+9 11.33+0.58 b 2.13£0.07b 44.13 £2.18 ab 5.68+0.07b 0.54 +0.02 be
AA 12.01+£1.00b 2.14+£0.06b 45.47+1.87 ab 570+ 0.04 b 0.55+0.02 be
AA+9 15.03+£0.15a 2.44£0.08 a 4990+ 1.31a 586+0.11a 0.58+0.02b
CF+9 1433+ 0.58 a 2.23+0.02b 48.03+1.22a 5.74+0.05a 0.57+0.01b
= OF OF+9 AA CF+9
E 250 123.01% 56.02% 56.01% 27.01%
O
S 200 . 107.01% 40.02% 40.01% 24.02%
n]: 150 5
% 100} AA+9 SQRY
S 5ol b b b 1.25x10°CFU/g OF
= b ﬂ ’—Z—‘
E N e B [ CF+9 12 1.7 SQR9
R OF OF+9 AA AA+9  CF+9
‘ b
4 ARELEHBERRELTIIEE SQRIMEE
Fig.4 Strain SQR9 numbers in pepper rhizosphere soils under
different treatments
223
4 (AA+9) 3
OF OF+9 AA CF+9
31.89% 19.29% 18.09% 12.19%
29.59% 23.39% 19.69% 17.79%
SPAD AA+9 OF OF+9 SQRY
AA AA+9
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R3 AEEELEMFEHOGS. ZH. HEEMSTEZN

Table 3  Effects of different fertilization treatments on plant heights, stem diameters, chlorophyll contents and biomass of peppers

(cm) (mm) SPAD (2) (8
OF 24.07+0.90 f 2.62+£0.02¢ 40.87 +£0.38b 7.82+0.18 ¢ 0.84+0.05b
OF+9 25.30+£0.26d 3.19+0.10b 41.73+£0.90b 9.05+0.24 ¢ 1.25+0.22a
AA 26.67+0.58 ¢ 3.45+0.92 ab 43.77+0.25a 10.51+0.40 b 1.27+0.05a
AA+9 33.33+0.58a 3.71£021 a 45.17+1.16a 14.11+£0.69 a 1.47 £0.06 a
CF+9 30.33+0.57b 3.41+£0.059b 4393+1.02a 1411+£0.70 b 1.29+£0.06 a
H
® p
2 140 a
o
O 120f
[l
— 100
~ 0
i 80F b 20%
% 60F c c
g 40 d [2]
‘_Q_ 20
f}é 0 |%| L L L L )
= OF OF+9 AA AA+9  CF+9
h ib SQR9
. e = o
5 RRISIEERZHARE L HEEHE SQRY A E 20%
Fig.5 Strain SQRY numbers in maize rhizosphere soils under
different treatments [19]
[2.14.17] 20% SQRY
pH 20%
x4 TREMEIBAEERMKS. =H. HERMETEZN
Table 4 Effects of different fertilization treatments on plant heights, stem diameters, chlorophyll contents and biomass of maize
(cm) (mm) SPAD () (&)
OF 20.01+0.19d 496+0.15¢ 34.23+0.15d 6.56+0.17d 0.76 £0.02 ¢
OF+9 22.09+0.52¢ 5.21£0.19 be 35.17+0.16 ¢ 9.37+0.059 ¢ 0.97+0.03b
AA 22.33+£0.76 ¢ 537+0.28b 36.10+0.95b 9.41+£0.12¢ 0.99+0.02b
AA+9 2637+0.51a 6.43+£0.09 a 37.23+0.59a 14.66 =1.96 a 1.58+0.12a
CF+9 23.50+0.50 b 546+0.17b 36.60 = 0.10 ab 11.49+1.21b 1.11£0.19b
SQRY
OF OF+9 SQRY
AA+9 CF+9
SQR9
U618 AA  OF
PGPR IAA ACC
[20]
AA+9 211
AA  OF+9
SQRY
[22]
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Plant Growth Promotion Effect of Novel Bio-organic Fertilizers
Produced by Solid-state Fermentation with Amino Acids Hydrolyzed
from Animal Carcasses as Additive

BAI Guoxin', LIU Shanshan', ZHENG Yu', SHAO Cheng', WANG Dongsheng'?,
LI Rong'", SHEN Qirong'
(1 Jiangsu Key Laboratory of Solid Organic Waste Utilization, 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 Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing Agricultural
University, Nanjing 210095, China; 2 Nanjing Institute of Vegetable Science, Nanjing 210042, China)

Abstract: Animal carcasses hydrolyzed by sulfuric acid solution to create compound liquid amino acids is an effectively
strategy in environment protection. However, how to efficiently utilize these liquid amino acids does cause public concern. In this
study, compound liquid amino acids from animal carcasses were utilized as additives into matured composts to create novel
bio-organic fertilizer (BIO) containing plant growth-promoting rhizobacteria (PGPR)Bacillus amyloliquefaciens SQRY, after that
the effect on plant growth promotion of novel bio-organic fertilizers were investigated. Results showed that the optimal
amendment concentration of liquid amino acids was 20%, which resulted in a maximum biomass of functional strains with the
number of 2.25x10% CFU/g (dry weight, the same follow) that was 3 times of the control without adding liquid amino acids. Pot
experiment results showed that the effect on cucumber plant growth promotion of the novel BIO were superior to the other
treatments amended with different concentrations of liquid amino acids and the control. The number of strain SQR9 in
rhizosphere soil reached 2.5x10° CFU/g soil. Results from pot experiments of different crops showed the novel produced BIO
resulted in greater plant growth compared to the treatment amended with BIO produced by adding chemical fertilizer as additive,
the treatment amended with BIO produced by adding none additive, the treatment amended with organic fertilizer and the
treatment amended with organic fertilizer amended with liquid amino acids. Meanwhile, the treatments amended with the
fertilizers with strain SQR9 showed better plant growth than the others, indicating that strainSQR9 exhibited plant growth
promotion effect. Moreover, compared to the treatment amended with BIO produced by adding chemical fertilizer as additive, the
treatment amended with novel BIO is more beneficial for the function enhancement of the strain SQR9. In the rhizosphere of
different crops, significant higher number of functional microbes were observed in the treatment amended with novel BIO. To
sum up, adding 20% of liquid amino acids effectively enhanced the growth of functional microbes in the organic fertilizer, and the
produced novel BIO showed outstanding plant growth promotion effect.

Key words: Bacillus amyloliquefaciens SQR9; Compound liquid amino acids; Animal carcasses; Bio-organic fertilizer;

Plant growth promotion effect
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