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Development of bio-organic fertilizer based on agricultural waste and ap-
plication in bok choy

SUN Xu, LIU Chen-wei, ZHANG Long-jiang, SU Liang-hu
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Abstract: To resolve the problems , such as single function, low utilizing efficiency, existing in traditional compos-
ting products, the compost test was conducted using mixtures corn straw and cow manure to prepare bio-organic fertilizer
(BOFs) with the technology of second fermentation, which inoculated Bacillus subtilis and Phomopsis liquidambari B3. And
then field experiment was used to evaluate the BOFs quality. The results showed that addition of Bacillus subiilis and Pho-
mopsis liquidambari B3 inoculants could improve the highest temperature of compost, shorten the time of reaching high tem-
perature( >50°C ) and extend the high temperature sustaining time, accelerate the composting process and maturity. Com-
pared to those in traditional organic fertilizer treatment, the content of total nutrient and organic matter in BOFs with micro-
organism inoculation treatment increased respectively 21. 1% and 23. 8%, meanwhile, the number of bacteria and fungus

increased respectively 626.0% and 160.0%. The field

7S B #:2017-10-13 experiment results showed that application of organic
E4TE . EERHE KL W8 (2016 YFDOS00601 ) 5 1 s /A 35 % fertilizer could promote the quantity and quality of bok
Tl ( GYZX170301) choy, while the effect of BOFs with microbial inoculation

TEER AN 7D JE(1986-) , 5 WdLFHE A, 1 BhBRWFS 6, W5 was best. Compared with that in the control and traditional
Jriml kol B2 FE %I Ak R B R, ((E-mail ) organic fertilizer treatment, the fresh weight per plant in
sunxu98418@ 163.com BOFs with microorganism inoculation treatment increased

BIAEE 75 R W, (E-mail) sulianghu@ 126.com about 95.2% and 43. 2% , respectively, and the content of
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soluble sugar and vitamin C were highest. Therefore, in the view of compost and field experiment, addition of Bactllus subti-

lis and Phomopsis liquidambari B3 could speed maturity of the compost and enhance compost quality.
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Table 1 Basic properties of maize straw and cow manure

B /R AR

At

L RS R o7 SR 5 S L
FRAEFF 40.88 1.28 31.94 11.92 6.69
42 38.61 2.36 16.36 16.72 8.56

AR b AR VLT = AR A R F SR
(119°24'55.17"E,32°0'42.19"N ) , M. 32 i © 1% 4% 3
AF it IS ARG A Ve K e A LIS . 138 i A e,
pH 1H & 7.65, 4 & 0.88 g/kg, Bl fi# & 76.12
mg/ kg, W 2. 32 g/kg, AL BE 10. 57 mg/kg, &4
14.21 g/kg, ML 164. 14 mg/kg, F HL I 27. 85
g/kgo

IS RO
1.2 RIS
1.2.1 WAHE A HE  BIZENHE B3 DA EH
PR ARBE FR B 3% | Bacillus subtilis VLA B EH
RIS FE LB 55 . DL 10% F2 M 38 IR B% 5%
e A IR K R BRAFESTIR A ) (L&
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b 6:3:1,BKIEN 1.0: 1.2), FEEEIELE
28 CHE ISR 7 d J5, PIZE 5% B3 ARG R
1x10° CFU/gZ: 47, Bacillus subtilis 5 50 B 80K 2|
6.5%10° CFU/g,

1.2.2 3AEXIE T 20164E5 H 1 HAEBITH =
B A WA B RIENE T BEAT FORFE AT R4 ZE M 441
KT, 1452 000 kg £ KFEFFFI 400 kg 4 25TR
AU KE R 70% B/ AL (C/N) Sl 29 47,
P 6 AN 1.5 m HAR 2.0 m (RIBE, BEE 14X
HE(TA) M1 AR IR BRAL (TB) , B4 3
AT, AT 60 d IR I, AN TR E T
30 d B 4 d @ME 1R, BRREHHER RN RIS = K S
30 d % 10 d BHHE 1 ¥k, ARFRZH R A kA 7 X
KW, Bacillus subtilis F140LZE 0 8 B3 245 7% [A] (A 42
g 2 LATITR 4 Ry 422 o 227 701, HC 2 i o M 4R o2
1Y 0. 2% , 55 1 AR T S HENESE 0 d, 56 2 k4%
Fis E] A MEAE S 56 30 d.

1.2.3 HamkfEESax HASEHT 30 d &2 d
R 13000 5 M 0 ] R ) X350 30 em RA 1) L
B BOF A R B 5 30 d AR 10 d
HEDRIR B, RRREHMERTIUR BEY) 100 ¢ £ IR T
=20 °C, HU3 o HERERE S F2 08T « 10 B i A ZE
K, iR B0 5 I F3sW pH, R CHN-
O-Rapid JCZ 7 Hr {0 & HENEFE i iy e/ AL, B+
REFRE(CDH ST R SR ™ e, HAth 3
FEFEFR BN E TS BRI 19 ], 20 B FN L 4
W R AR50

1.3 i

1.3.1 R¥&#%+ T 2016 459 A 26 HAEHLT =
WA W BR S w4 7/ SRR B e, 0 3
AREEA, B 1 ASASHE AR A% BRAH (CK) AT 2 AN A HL
NEAFRA , BN IG A 3 AN FAT AR X B (15 mx 1
m) , AHVUAERITIE 1.2 KNGS A PUE(TA) F
AYHEDUE(TB) A EIEN 2 vhm® . /NESRAE
K4 60 d, B A A AR PG IL | £5 Ab /K A4S 21
PR — 2, AR R3S I pe K, SEr W fED A A=
KeRE L, 10 A Rl it A A B VR AR K 7= e DA Rt
REYE

1.3.2 #FsmckfSalz PokAK 60 d /hNASE,
/NN B 2B 1, K ik, 2625
TR VeI 25 . 335 ok H A 45 X SPAD X
(SPAD-502) {32HX SPAD {8, DN & bk v A58, AT

VEVERER ] LH-T32 BUEHE TR E iR R C
FrAE R TOLIE I E 7] I SR 2 5 BURE ¥R
S5 IEREN, S IRSCHR 21 ] X - B kAT 4%
Br, IR MRV 452K ] Tlumina Miseq (7 18 &
W2 AT A , AWFSE H Tlumina Miseq 7
RAHHIFF)TE NCBI Sequence Read Archive (SRA)
B FES h SRS1608166

2 gE W

21 FIMNEMEYWTEXEFSSFEESYHE
BE Tt 78 Az HE BE 7= & B 840

2.1.1  APEARR W Hon TR S SRR AT
FREM—AEESE, HERRCE YT ERASFT
HAIREY AR R E 1 s, b
(TB) i iR EE ik 3] 65.4 °C, M IRAEHER S 55 11 d,
BT B (>50 °C ) FFZEmT Ik 26 d; % R4 7E
HE 55 16 d HEMAIREE B R w1 56. 1 °C,50 °C
PLERFEERT AR 10 d, — AR HEMRIR BEFE 50
CULEAREE 5~7 d A LR EHE N A 2] T A 2= 48 Fr Al
JE A NS e A A T ) v M
TR TR HER B R A 22 ]

IRZ (0)

2010 20 30 40 30 60
HEdil 5 KEL (d)
—— MR, —— XHE(TA);, —— BRI ALLEL(TB)

E1 ERBEFSFERSUHEETERBEETH
Fig.1 Changes of temperature during the composting process

of corn straw and cow manure mixtures

2.1.2 pHAL# A WK 2 Fr7s , HERE o 7 o o) HE
41 pH B LT T RS ALy 7.7~
8. 8, MIEFN AR By T 70) b B4 I 2R 203 pH 97284k
B EE— A B pH YK T X IR 4L, 4 Fh
AR B R0 T 0 R A ) A T R K 2 (A AL
JREEAC N A HLIR , FEARHEAE 1 pH™ 22 60 d K82
Je R R ARG LA HLUIE pH 4358 8.1 A1 7.6,
A A UL E bR (pH 5.5~8.5) 1)
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Fig.2 Changes of pH during the composting process of corn

straw and cow manure mixtures
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PUF AT HERE E ™ s 3 foR, BERP i
WAL /N FESE 15 d EFRMRE 20 IR,
T AR ZH 5552 30 d; 48 60 d K% , %t BB 2H Finkb
PRZH C/N YI7E 13.5 & 16.5 ZJA], D52 &g o, &
BRI BE W R REAE I ERFEFF 542 IR E Y &
Ji% , 46 5 35 3] B ]
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Fig.3 Changes of C/N during the composting process of corn

straw and cow manure mixtures

2.1.4 AT AFHE T T RIFRRE(C
BRI S SR B4 22 T, R SR AT S A A
JE R E B EY) R b — R EAL G {HIX 2] 80%
DA JUA R AR 56 42 J 380 %o B2 Ak 3 41
GIEY RS TG EIray s (18 4) . fedEdl)s
5 d, A0 BREH G EIR TR IR iX AT RE 2 T4
MU WA bR T A HLB R A, R T R
WA TP B (BARGAR IR ) , i T M1

(R 2E0 5 15 d BEAL R4 6T (KT 80% , 1
X HREATES 30 d BF A A2 80% ., £83d 60 d K EE, X%
MR FIAE BRAL GI B 53 50 83% Il 85% , 3% W % Fil
f A B TR AT I R A AR
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Fig.4 Changes of germination index (GI) during the compos-

ting process of corn straw and cow manure mixtures
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37.9%F1 33. 0% , A AL N T 23.8% , 20 o A1 L 1
K 7 DR E 626% F1 160% , 25 I 322 Fh i3 2E 9y 7 77
PETH T AP &
22 EAEHEFEERESYVELEEIIRMEDNSE
HUEERT/MEFEE R

R SAL B A HLIE R A A HLIE B IR 3%, 76 K
A FH#EAT T 60 d /NSRBI K, MR 4
ATLAE it A HLIE 9 /s S g 2 RAO0 T A it
NEf/NASE, LG A HUE A YA HLE R /NA
SEPA RN 1M 20. 89 t/hm® 1 29. 91 t/hm?, B AN it
HEXT R 23 S HE 78 T 36. 4% F1 95. 2%, A= WA HLIE
VBTN E Py E 2y N OB IV N & B i o N
5 BRR R B UIAHOC 38 5 AR & A G, AL
T /N 13, it A% G A IUAE W] ff ke o5
T BTN 33. 3% F 17. 1% , 1 it FH A= 04 HLAE D)
Ay 4R 55. 4% F1 37. 7%, SPAD {2 R HE/N
HAVERM—AEZSH, AR AL AL 2 1) /N (58
SPAD {HK/MIRYK A A= WG HLIE AL 28 > 4% 52 4 HLIE
Aab B > AN it A X FE



P TBEE AR B T 4 L WA AL B HAE /N S B i 1337

R2 EABERELERSMENNEZENRMENEINRNFSSENESRESE

Table 2 The nutrient content and heavy metal indexes of traditional organic fertilizer and bio-organic fertilizer by composting corn straw and

COwW manure

T L S e B0 HO60) BB/t
: (%) (%) fif K ki i %

g AP 15 42.8 8.3 1.40 1.12 1.79 2.34 0.041 18.2 0.2 100.0
WA DL 19 53.0 7.5 1.93 1.49 1.80 2.63 0.034 11.6 0.4 21.5
FRAY <30 =45.0 5.5~8.5 - - - 15.00 2.000 50.0 3.0 150.0

F3 FEAREFHSFERSUEHNNEEEIIRMNENBVIENREY

0N
Table 3 The microbiology indexes of traditional organic fertilizer
and bio-organic fertilizer by composting corn straw and

COW manure

FERIBTHERE WL IRAE

MR AR

AL

(MPN/g) T3 (%) (x10° CFU/g) (%107 CFU/g)
AL 3 96 1.33 8.35
WA DL 39 96 8.33 13.30
FRAH <100 >95 =0.20 =0.20

F4 TREMEELENNERREZERIZ N

ATVA MR R R AR/ 13 TR SR Y
—IEESE, 4B C(V,) ST s/
S BRI I e B B RS ME™ . E
5 AE Y, SANHEALAL BRI /N SR B i S S
PUIEFIAE P HUIE A /I ST I P 5 150 S 4 55
22. 1% 47.1% V. & 13 5 A0 52. % 1 82. 1%,
Tt A HUIE T4 /N S AT PR R V5 2,
Jiti FH A 0 A LI 047N 1 25 it B 0 it A AR e A L
NER/NESE

Table 4 The effects of different fertilizer treatments on the agronomic characters of bok choy

ok

b P 5

¢ T )
b3 )
i (2.1 H) (g.1H) (%) (Vhm?) (cm) (em) SPAD fA
pagLe 31.87+3.47a 5.18+1.85a 83.7626.1a 15.32 11.56+1.51a 8.15+1.11a 45.0+4.0a
WEAEGHPUIE  55.6042.63b  6.10£0.97ab  89.03+3.2ab 20.89 15.414+2.33ab  9.54+1.11ab 48.0+3.0ab
WMEAEMARLE  199.70£11.90¢  17.20£2.78¢ 91.39+4.1h 29.91 17.96+1.58bc  11.2220.94b 54.0+6.0b
[Rl—% W [a] 7B 6 25 7k 31 i 3% K- (P<0. 05)
300 5-
* 3
~ 250 # - S gt *
) - ) T
%= 200F b x
g 1 3r T
= 150F g T
i Mo 2F
4 100 p
|}
> sop =ooar
0 1 2 3 0 1 2 3
A3 Qb

Lo ANHEAE RS B 2 3 AL GEAT HLAE ;3 i FHAE A LIS . = R S50 HEAR HE 22 53 1.3 (P<0. 05)

B 5 AEHERALE/NERERRHE

Fig.5 The effects of different fertilizer treatments on quality of bok choy

23 FEXRBEFHEHEREGUERENRNEDE
HLAE X - IR T B S AT
THEFR P E R ERIE IR W EES R

—, WNESTTLFEH, SAA VUL HEM L £5
A HLIEFIAE M1 HLAEAL 38 ) + 3 HLT & 0 1
Jin 56. 4% F1 68. 3% , +3E R AW S E W
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I, 56 AL S A HLIEFLAE YA PLAE Y £
HER SR 124, 3 wS/emFll 66. 8 pS/cm, 435l
AN Jit AR Kot BE - 33 1Y) 85. 6% (P<0.05) il 46. 0%

x5 AEMERLETEFS BRI

Table 5 The effects of different fertilizer treatments on the soil nutrient

(P<0.01) ., KIAHVLICHE B E T H 3R h
BT, o AR IR O , A= A HILAE B35 SR
THEGAH L,

hE Ep & oH FEE’P% g X X AL
(%) (mS/cm) (g/kg) (mg/kg) (g'kg) (g/kg)

Xof HR 15.4 7.87 145.2 0.09 414 1.00 10.10
e g A UL 20.1 7.56 124.3 0.13 497 1.30 15.80
i A= A HLAE 20.1 8.16 66.8 0.11 457 1.47 17.00

A2 - S W) J5T RN RE S 106 P Y B B A2, O
P& /N SR B AR KA S, A& 6 IR,
ST IR - AR L, it FH A HLIE 5 4 38 &R 43
PSR K AR B A, TR0 20KF it FH AT L
FEXS 2SI B 1) A0 R %o = 8 Y 52 i AN R, g4 1
TR AT TR DRI 25 T 1) 200 B AR OGS =5 B8, R AR 1 2 5
BT VARG ARS 2R bt FH AR W0 A HLAE AR B £
eI AT R 1T 20 TR AR X = B I 2 26.3% , 298 A
TR X B b 1) 2.2 A% 5 2 5 T 1) 40 T R X B
MR FER] 5.19% A5 ATEAL R B 451 36.1% . 1E
532K it A AILAE Ak 38 4 38 v FR AT R TT Y
Acidobacteria-6 F1 Chloracidobacteria #H X} 3 & 15 |
vy, T 24 B TR 40 200 TR X = B2 S T AE Y 11
1% RS 3.0% 7547, R HUAC BERR L -3 40 T4
FEVE AR, HH IR S P R LS R A=

3 17 i

PR 358 it AN S Bl A 7 AR I A5
R B, U3 JOR Al 25 P L SRR TL 55— R BRI
R, APUEHEATESFRUR 0, i R 5305
A VR A S5 1, ™ 2 3t P 3l A ™
o AR HLIE TR & A SR RS, TR A L
AEFR I3 i, SR AP FIL R AR $e THA
ATUAC ™ it BEEINAEL, PRIk 45 2 B A Sl A 0 v 5 oz
AU X T4V R B8 AL A T S A HILIEA Tl
KIEAAEEMIRLE L,

ASBIFFE LA KA AT FI 2 2R 5 W0 o 80k >R
TR BEROR S0 A A TR S8 0 S R —
A 2 AT TR U ZE R B3 IR A AT, 48 60
d B R LA SRR R 5 S BEME A AT HLAE . 45 2R3R
W RIA £ (A MU RERS T FORFE AT AN A JER &

(1) HE N JEF A A A AILIE SR 0 B i, X S R )
WFFRas R —5, W EEHLR , RO BT 5 ff
ff A o = A A K T S A L A i v T
HEREJERE =ik 45. 0 °C LA L, Bt K 50t 9 i i
ZURBE A BN T R A DL R B AN B
HENE IR B2 ARG J U N A W B A TR AT
TRTHERC A 30T, 06 R AR AR > B2 21 45 i 4
AN FEHES] 35 d 53R A LR 4B & =
1.0x10* CFU/g, HLF N5. 0x10° CFU/g, 43 3 A HF
R AW AL E M EE S &N 1L.2% A
0.003% , X ] RE-5 42 b 2 0 v 50 b 2 R 42 vk
BOR G ATl B A B ZE AT I 2 A A TE
BB A ML, TR &2 60 °C il 7E
120 °C I N AELEIE 20 min, F2 HE AT 7= J6 i BE Y
RERVEAE Y, DL 25 5% B3 JE NE B 43 55
SN — MR N A FLI W] B A AR T e
% B3 HEAE IS B , {2 0 2T 2k B v, IR
ARIGTE YR ARG R R0 R HEAE )
SRR R ZEFAT B RO 25 0 B B3 1T B4 i HE AR £
AR R e AT T, A AL Y R
i, A T M A S R 5 S T S B A o 2 9 AT
PRFIADL 25 %5 B3 REME i — 20 [ Ml M R A ) o, 38
I BT AL, ST A DL i BT

Jite A= 00 BRI AL 3 1 /)N P 5 Pk i T 3k )
199. 7 g, 435Il J& A it A Xof & 134 38 A 1L A Ak 4 i)
6.3 5 (P<0.01) F13. 6 £ (P<0. 01) , AT #HH Fn 2k
A C Ao B AS it IR X RE R R 47, 1% R
82. 1% ,/INFASR ™ £ A1t 45 21 Wl 4R T, AT
SEIR R A A VU R & R A3 Ve R
A NSRRI R PR R T R R i
b TR AR A B TR R T e K RE RS T A 3
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A: [1KF, W KRFIH; [ others(<1%); [ Verrucomicrobia; [ Proteobacteria;  [[] Gemmatimonadetes; [®] Cyanobacteria;
[ Chloroflexi; ] Bacteroidetes; [ Actinobacteria; 5 Acidobacteria. B: 47KF-, [ A% ; O others (<1%); ] Gammaproteobacteria;
Deltaproteobacteria; ] Betaproteobacteria; (] Alphaproteobacteria; Fd Gemmatimonadetes; B Gemm-3; [[] Gemm-1; [[] TK17;
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Fig.6 The effects of different fertilizer treatments on the bacterial community structure of soil samples
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FHLEARAL A A WU, rT 3 /N SR A K
AT, FL BB o i RN AT PR 2530 90 ¢
F 1. 3% , 43 AL A AS B 55 v A 0 A AL AE Ak B /)N
FISRHY 45. 1% Fll 56. 5%, X A GE-5 00 B9 A= 9
FRAT G, A B 5% v bty B 28 AT B A48 25 055 B3
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