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Optimization of bio-organic fertilizer production by
Bacillus subtilis CY1 solid-state fermentation

LI Bintao, WEI Xiaomin, LAI Hangxian, LI Yulong, WANG Xudong
(College of Natural Resources and Environment, Northwest A&F University, Yangling, Shannxi 712100, China)

Abstract: Bacillus subtilis CY1 is a plant broad-spectrum rhizosphere bacterium. To promote the resource uti-
lization of agricultural waste and improve the propagation capacity of Bacillus subtilis CY1 in the production of bio-
organic fertilizer by solid fermentation, this study developed a new bio-organic fertilizer by solid fermentation using
pig manure compost as raw material and bran, soybean meal and corn meal as auxiliary materials. The optimal ratio
of raw materials and excipients and inoculation amount were determined with the number of viable bacteria as refer-
ence index. Plackett-burman experiment design was used to evaluate the effects of eight factors on fermentation,
and three factors — initial pH, fermentation temperature and water content with significant effects were selected.
The steepest climbing test was used to approximate the maximum response area, and response surface analysis was
used to determine the optimal fermentation parameters. The results showed that the solid-state fermentation condi-
tions were as follows: initial pH 7.51, KH,PO, content 0.75% , MgSO, content 0.15% , MnSO, content 0.15%,
fermentation temperature 36.10°C , glucose content 6.00% , (NH,),SO, content 0.75% , water content 26.33%. At
this time, the number of viable bacteria in solid fermentation products reached the maximum, reaching 4.57x10"
CFU - g™'. This study provides a new way to produce low-cost and high-quality bio-organic fertilizer by using agri-
cultural waste in appropriate raw material ratio and technological conditions.

Keywords : Bacillus subtilis; solid state fermentation; bio-organic fertilizer; response surface analysis
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TRbE R 2 B U5 P B3 2 o W% U A B A 2B ) S 6 =5 0
B A IR

KRR B A 2 L BT, pH 8. 21, F K &=
11.74% , AL &+ 254.71 g - kg, MA & &
13.40 g - kg™',

RIERRL : 2K B TR B KRy, M TR A
AN B RIS I A T g, Horp 8k K pH
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Table 1  Factors and levels of Plackett—Burman experiment design
KIEHZE Fermentation factor
Zi@‘%k? Vi KH, PO, MgS0, MnSO, it KR CikaL (NH,),S0, Aokt
Fermentation - G e MnSO Fermentation GRS GRS Water content
level Initialp H(A) KH, PO, MgSO, " E4 o temperature  Glucose content  (NH,),S0, d(e[z)c;)(r; o
. o
P content(B)/% content( C)/% content( ) /% (F)/¢C (H)/% content (1) /%
-1 5 0.5 0.1 0.1 30 4 0.5 20
1 9 1.0 0.2 0.2 40 8 1.0 30
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Fig.1 Single factor test results of solid fermentation
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Table 2 Results of Plackett—Burman experiment design
ISt R
Treatment A B C (D) E F (6G) H 1 @) K Actlve”?aclena ci):ml
/(10" CFU - g7')

1 1 1 -1 -1 1 1 1 -1 1 -1 -1 2.03g
2 1 -1 1 1 -1 -1 -1 -1 1 1 1 1.57h
3 1 -1 -1 -1 -1 1 -1 1 1 1 -1 2.00g
4 -1 1 1 1 -1 1 -1 -1 -1 1 -1 2.88d
5 1 1 1 1 -1 1 1 1 -1 -1 1 3.32¢
6 1 1 -1 -1 1 -1 -1 -1 -1 -1 1 2.34f
7 -1 -1 -1 1 -1 -1 1 -1 -1 -1 -1 1.511
8 1 -1 1 1 1 -1 1 1 -1 1 -1 2.39f
9 -1 1 1 1 1 -1 -1 1 1 -1 -1 2.77e
10 -1 -1 1 -1 1 1 1 -1 1 1 1 3.78a
11 -1 -1 -1 -1 1 1 1 1 -1 1 1 3.53b
12 -1 1 -1 -1 -1 -1 -1 1 1 -1 1 2.72e

DG J R TR AT /NG RIS A [Rl— I R] T AN (R 2 3R A 22 53 .35 1 (P<0.05) .

Notes: D, G and J are dummy variables used for error estimation; Lower case letters indicate the significant difference between treatments at the same

time (P<0.05).

&3 Plackett—Burman i385 = 57

Table 3 Results of variance analysis of Plackett—Burman experiment

K (-1) K (+1) YA ES 4
Z Facl ) . .
3 Factor Low level High level Effect size Coefficient P
A W1lE pH Tnitial pH 5.0 9.0 -0.5900 -0.2950 0.0335
B KH.PO, i i 0.5 1.0 0.2133 0.1067 0.2701
KH, PO, content ’ ’ ' ’ ’
MgSOﬁi%
Cc . 0.1 0.2 0.4300 0.2150 0.0726
MgSO, content
MnSO, 5
E 0.1 0.2 0.4733 0.2367 0.0580
MnSO, content
> yH i
F Z—Zﬁg(m&‘ 30.0 40.0 0.7067 0.3533 0.0209
Fermentation temperature
g A L
H A it 4.0 8.0 0.4367 0.2183 0.0701
Glucose content
1 (NH,);50, & i 0.5 1.0 0.1833 0.0917 0.3302
(NH,),S0, content ’ ' ’ ”
A~ =N
K oK 20.0 30.0 0.6133 0.3067 0.0303

Water content

VE R P=0.0453,R?=0.9621,
Notes: The model P=0.0453,R>=0.9621.
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Table 4 Results of steepest ascent test
s o T A%
B REERE Ak AR
L Wik pH R Active bacteria

Serial - Fermentation Water

number Initial pH temperature/°C  content/ % count

) ST o /(10" CFU - g7")

1 8.5 32 22 2.76

2 8.0 34 24 3.28

3 7.5 36 26 3.91

4 7.0 38 28 3.03

5 6.5 40 30 2.49

A5 5 G T 33 1 40 A 2 1 v 0 55, AW IR pH
(A) RBEREE (B) & /KiE (C) o A28 &, 1% W 4L
(Y) AN {E , >R H Box—benhnken H02H A 1% 113t
By (K 5) T 20 Mgt e e s & (R
6) . ZatMHIA A5 E] I

Y=4.66+0.06374+0.1375B+0.2012C+0.1625AB
-0.25004C-0.3325BC~-1.094>-0.8885B*-0.5610C>

R R XA ROE ALY ) 520 A5 R 5 7K &
> KWL > WG pH, H13R 6 A4S, Jy FE 82 A0 [a] )5
PIE W2 (P<0.001) , RITA 3 (P>0.05) , H
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Table 5 Results of Box-benhnken experiment design

N R . . Experimental factor VR
VT B MO R T 45 I 2 15 0 O (22 ) £ 05 I e b ot
3‘&/% . ﬂﬁﬁ ?ﬁﬁ% @%ﬁ@%{%lg%'f*o Treatment Coded value Actual value /(10" CFU - ¢™")
2.4 AR ESH A B C A B/CC/Y%
B s , N 1 -1 -1 0 70 34 26 2.64f
P 2 I8 A 8 R RCB 2590 06 pHL, 52 ERL Lo T S
i R Er K B G K38 5 S G KA W i R % 3 -1 1 0 7.0 38 26 2.57fgh
O A R PR, 24 15 A T 2R A0 s 110 80 % 2,066
pH 7.507 R BEIR BE 36.097°C | & /K & 26.325% I, Z '1 g ‘1 ;3 jz Z‘ i‘o‘;”‘
- . . e
- g TEWIEA pH 7.51 K EIRE 36.10°C &K & 8 1 0 1 80 36 28 3.09
N N — 3 N -1 -1 . 4 24 2.61f;
26.33% A i 2 88 4 P VR B 8 S o B MR B 190 g o ;z ig " : ;dg
4.57X1010 CFU - g_l , i?ﬂ“ﬁ'ﬁ?)ﬁ?)ﬂﬂﬁ%iﬁo JHS&I\, 11 0 -1 1 75 34 28 3.52d
M 7 55 FUI0 1L 9 AR X 152 22 24 2.45% , 76 7T S i/F i 12 0 1 1 7538 28 3.15¢
% 5% 2 ESE TR A A R, oLy e o
>, e ~ S, S I . -16c¢
P EA R B e A i ik, TR AR B 16 0 0 0 75 36 26 4.78b
RATAOR AL 5 R 4 m_ 0 00 753 % 473
2R 6  Box—benhnken iX3& 77 ZE 9 Hr
Table 6 The results of variance analysis of Box—benhnken experiment
g+ 3 Rl A eh ¥y F1E Prob>F ITE 2
Source of variation Sum of squares  Degree of freedom Mean square F value Significance
R Model 11.9500 9 1.3300 Prob>F 0.0002 *
A 0.0325 1 0.0325 0.5781 0.4719
B 0.1512 1 0.1512 2.6900 0.1450
C 0.3240 1 0.3240 5.7600 0.0475
AB 0.1056 1 0.1056 1.8800 0.2129
AC 0.2500 1 0.2500 4.4400 0.0730
BC 0.4422 1 0.4422 7.8600 0.0264
A? 4.9700 1 4.9700 88.2900 < 0.0001
B? 3.3200 1 3.3200 59.1000 0.0001
c? 1.3300 1 1.3300 23.5600 0.0018
5% 2% Residual 0.3937 7 0.0562
AT Lack of fit 0.0532 3 0.0177 0.2084 0.8858 ns
2% 7% Pure error 0.3405 4 0.0851
JERT Total 12.3500 16

T« RRERDE ns RRLHEESR,

Note: * indicates significant difference, ns indicates no significant difference.
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Fig.2 Initial pH, fermentation temperature and water content interacted on the response surface of effective viable bacteria count
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