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Abstract: [Background] Compared with single microbial agent, microbial compound agent is more
efficient and stable to promote crop growth. [Objective] To develop a microbial compound agent that can
significantly promote the growth of rice, and build a mathematical model for the construction of microbial
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compound agent. [Methods] Bacillus amyloliquefaciens FH-1 was mixed with one of the seven plant
growth promoting bacteria, in a biomass ratio of 1:1. The high-efficiency compound microbial agent was
screened by rice pot experiment. Biochemical methods were used to determine the growth promoting
characteristics of compound agent. Based on the analysis of the correlation between the plant
characteristics and the growth promoting characteristics of the strains, a mathematical model for the
construction of microbial compound agent was established by using the general linear equation. [Results]
Compared with the control, microbial compound agent FN (Bacillus amyloliquefaciens FH-1 and
Brevundimonas sp. NYM-3) significantly increased the rice shoot length, root length and fresh weight of
rice by 20.79%, 26.67%, and 74.84% (P<0.05), respectively. The microbial compound agent FN was the
best microbial compound agent among the seven microbial compound agents. Partial correlation analysis
showed that the abilities to dissolve inorganic phosphorus, to produce siderophore and to secret ACC
deaminase might play more important roles in promoting plant growth. According to the results of partial
correlation between the plant growth promoting characteristics of microbial agents and the characteristics
of plants, the mathematical model for the preparation of microbial compound agent was constructed and
the prediction accuracy was over 97%. [Conclusion] We have successful developed a high-efficient
microbial compound agent to promote rice growth, and constructed a mathematical model for the
construction of microbial compound agent, which could provide scientific guidance for the development of
the microbial compound agent.

Keywords: Microbial fertilizer, Mathematical model, Plant growth promoting bacteria, Rice, Pot experiment
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LB WA SR AL . OSSR AL . AL
HE | R SR AL | BT DL [ A5 SR AL | PDA B 5RE
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30 mL FRAKAENZS FIXTIR(CK), 30 mL F N
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Figure 1 Effects of different microbial compound agents on shoot length (A), root length (B), fresh weight (C) and dry

weight (D) of rice seedlings

T AR NG FEHCRBAEAEA [ b B K RS R A S 35 25 5:(P<0.05).

Note: Data followed by the different lowercase letters are significantly different due to rice characteristics of different groups at P<0.05.
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(DIATE 1.29-2.43 Z[a], HHAGEE F G ICHLBERY
AE S dRct o A AR IRy PRI B RS B 3 b
VIR IS P G RG22 0% 08 . IR T . RSB
IRETT, Z5ARRUIIG TR F AN T X 3 e I
WATEPIRE ST, FEPLRETITE 60.00%—68.29% 2 [A]
HAPRRE T XARBERITR M IEPIRE S os . R
Salkowski’s Ho a2 58 BEAK 7= TAA [IRE T, 453k
B A ERE N FILG 77 1AA, 7R 518 2.36 mg/L
F112.81 mg/L. RF CAS Kk & itk r= 4k
MIBE ST, HATERE F N AL L A 7=k AR EE S1(DId)
A3 2.38, 2.48 Fil 1.83, HAEERE N Fgkakikng

F1 EWRRIRERE

AE 1 dmeom o AT 5 BRETRR HA 7 ACC I iERE
71, ACC 2B LS JI7E 0.01-0.042 U/mg Z[f],
HARR F A ACC B2l LG S8
23 EREFESEYSERE XS

UE— 2L A ARSI 8 PR R A I AR R
(52 A TG A P A 52 TE 1Y) P R B o ) e S o 11
4500 G AERUR A (n=8) , AR OC R AT
SRR, i TCHLBERE S (IP) S K REL B A
HAG | B AT IR IEARSC, Jorp IP XAR K AH G
PE (e, KRB B E IEA X (P=0.023), ik
SRR (SD S/KRELN W B . ARG BEE AT

Tablel Plant growth promoting characteristics of microbial agents

PeAE R

Growth promoting characteristics

A R

Strains

[E R BES) + + -
Nitrogen fixing ability
fBNAE S +
Potassium solubilizing ability
fRTEHLBERE
Inorganic phosphate solubilizing
ability (D/d)
A HLBERE - - -
Organic phosphate solubilizing
ability (D/d)
PR RRE
Siderophores production
ability (D/d)
77 TAA BEJI - - -
Indole-3-acetic acid producing
ability (mg/L)
ACC BMgELTS )
Activity of ACC deaminase (U/mg)
Eienik AN D)
Antagonistic ability against
Fusarium oxysporum (%)
ORI HRE
Antagonistic ability against
Fusarium graminearum (%)
FEUUSL A 22 A% R RE T
Antagonistic ability against
Rhizoctonia solani (%)

2.430+0.210 1.290+0.000

2.380+0.190 —

0.042+0.002  0.022+0.005

65.690+1.698 60.000+0.000 —

62.750+1.700 68.290+0.000 —

60.420+4.773 60.000+4.330 —

1.530+0.06

2.400+0.350 1.430+0.060 1.400+0.000

1.830+0.620 2.480+0.100 — — - -

2.360+0.140 — — 12.810+0.330—

0.010+0.001

0.037+0.002 0.022+0.000

TE: Bl H 3 AR + AFRAZRES; — FORARAZAET; D BRENERE;

- YIERES EAR; Dd. VR

Note: Data are means (n=3); +: Means having the ability; —: Means having no the ability; D: diameter of solubilizing zone; d: Diameter of

bacterial colony; D/d: Ability to dissolve.
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FIELIEAR, Hrp ST R KRB KARSCE r (R .
FE0 3 FMREIRIR TR . R T . R
I RE 1 (AP)-S5 /K FE LI v (B R AN e 2 2 0
HIE, SARKATERGAAMSE, Hhb AP KRR E
FHICAE r B, R B TAHSE(P=0.015),
77 ACC JBZBFRE J1(ACC) S KR4I (1 B K ANt 55
BHMXK, SRKMTERIEMKE, H ACC XK
FERRA AN r (Bl =Ml IREE TITAA) 57K
FERAJ B A v I AT T S IR ARG, SRR B S f A
%, Hor TAA SRR T EASENE r 4o HE R (K 2).
24 WEMESETHFIREME

30 38 R R 2 A e - R W R AE 4 A DGR A A
SERATHL, AR AR SR RIS . P
U, PR A RIS T

n n

Dyi=kY (bx)+1

j=1 i=I

R FEARERIE s xi: BRRROEARAE; bi: MR RELCH:
PRAE R B A FEAR AR B AR DG r (ELZ A ; &
MERE [ SR

AR A4

F2 EFRYRERFEREREHLRARE XD (n=8)

5

i=1
4
Y=2y
=
X: BEWRIRARRTT; Y. BAEFIMIEARCER,
PEASCL I I WA C R EOE AR, 15
X=2.685%IP+3.203xS51-0.603xAP+48.8xACC—
0.078x[A44,

Y=SL+RL+FWDW

IP: fEICOLBEREST; SI: F=#kakikge)r; 4P: 540
3 PFEYIE I R O AR A% TR . RIS . Rk
JIEDRIRE ST ACC: 77 ACC IRAERE ST 144. 7~
Wbk LERIIBEST; SL: WK RL: WEK; Fw. fif
#H; DW. THE, Irfif A BRAEERLL A B3
LTI m A, HIAZ G WA AR A (W)
— B, LAk R B 114 52 1 AR A R
AINERRE R BOR B L5 S Al AR A S A )RR AIE
PIEZR, JE Y ACC EITEBR 0.02 Umg, 1AA
TR 10 mg/L, 2.685, 3.203, —0.603, 48.8.
—0.078 43514 IP, SI. AP, ACC. IAA XJ#eAMHl

Table 2 Partial correlation analysis between plant growth promoting characteristics and promoting effect of microbial
compound agents (n=8)

AHCE B i3IS fif TE
Correlation Shoot length Root length Fresh weight Dry weight
IP Pearson correlation coefficient 0.785 0.977 0.812 0.111
Significance (bilateral) 0.215 0.023 0.188 0.889
SI Pearson correlation coefficient 0.789 0.869 0.754 0.791
Significance (bilateral) 0.211 0.131 0.246 0.209
AP Pearson correlation coefficient 0.376 —0.985 0.452 —0.446
Significance (bilateral) 0.624 0.015 0.548 0.554
ACC Pearson correlation coefficient —0.221 0.901 —-0.470 0.766
Significance (bilateral) 0.779 0.099 0.530 0.234
IAA Pearson correlation coefficient 0.112 —0.654 0.493 —-0.731
Significance (bilateral) 0.888 0.346 0.507 0.269

T IP: fECHLBERE ST SI: PPRREUAREST; AP: 503 FMEYIRIARE /) ; ACC: 7 ACC JBLANRE S ; TAA: 77 IAA BEJ).
Note: IP: Inorganic phosphate solubilizing ability; SI: Siderophores production ability; AP: Antagonistic ability against three plant pathogens;

ACC: Activity of ACC deaminase; IAA: Indole-3-acetic acid producing ability.
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PRI I R4

MASZES 8 Ll P BELAMIR 5 42 A w5
Bt 82 A TR LA Be ) SR AERUR I — i
ZRMEARRL, N 2 Ff/R . ¥=0.340 8X+23.963, ZAf]
KRB r K5, 24 0=0.05, n=5 I}, EEMERE
i FE rmin=0.878, FTLL 1=0.945>rmin, FE SR
FIRIEAE RE T S8 AR SCR A AR B R A DG REE
F K618 F=25.13>F,05(1,3)=10.13, Bz i EA
S ILRME G FR o DAL RS 6 24 2 A g 7 ) —
MBI HAT R S, BV A TR AR BE (A oK
FAE AR AT

AR B SR B AT 3 A 0 T R R R AR
P, TG E A R A KRR R AR . AR
i ARy PR AT A A M A2 G TR B G

Y=0.3408%(2.685xIP+3.203%S[-0.603 x4 P+48.8%
ACC—0.078x[4A4)+23.963

Y: KFEMRARCR; IP: fETCHLBERE ST ST Pk
KfEST; AP: ¥5BU 3 FIHLYIE IR B QLA A%
IAPRITH . RAHRIITH)WEES); ACC: ™ ACC
JiR ST RE ST -

T34 3 LB P LA BT 25 43R 3 R,
T 0 25 S 5 ELE A A A X IR 22N T 3%, 1B
TR T AR 55 R A2 TR R0 1 IO R SR TT R 97%
Lk,

34 ¢
y=0.340 8x+23.963

R*=0.89
P<0.05

33 r
32+
31+

feARIR

Promoting effect

30 ¢
29 +

28

14 16 18 20 22 24 26 28 30
fie L fig

Promoting ability

B 2 EE5EFMERERNSREARUEH—MEE
2

Figure 2 The general linear model constructed by the
plant growth promoting ability and the promoting effect of
microbial compound agents

*3 ESEAHFRINE

Table 3 Test of mathematical model of microbial
compound agents

Group X Yp Yr |Eg| (%) Accuracy (%)
FK 21.50  31.29 31.84 1.73 98.27

FJ 18.46  30.25 3044  0.62 99.38

F 1506  29.09 29.93 2.81 97.19

W X WRIRMRAERET T Yoo BIRITINEARIGMEAERUR; Ye:
R SEPRAIEAEROR s Bre AHXTIRZE.

Note: X: The growth promoting ability of microbial agents; Yp: The
effect of microbial agents promoting growth predicted by the
model; Yr: The actual growth promoting effect of microbial agents;
Er: Relative error.

3 WikE4w

3 3 X R 7] P AR A AR P AR A R 1 i A DG
PRI, e BTCHUBEREARRE 1 (IP) . P2k A RE 71 (ST)
A= ACC B FERE J1(ACC) 5K RgLE K S EM DS,
T =15 £ BR BE 1 A AR P 3 FRE 9 R B (O
W22 B0 . JARHRTITH . RAHRIIH)RIRE T1(AP)
LKA R AASE ., P FRAT R i A 4 v ) mT
AE F- SRl o TCHLBERE AR RE 1 (IP) . P kA RE
(SHFN™ ACC BEEFHRE 1(ACCY UK REA K. TC
PUBEREMERE I (IP) . S BkEIARRE J1(SDFI™ ACC it
S RE J1(ACOR HER ) A= K 5 A IR 24
1, Nimer 252V LR 1995 4E 3R H ICHLBE RS iR AE 11
(IP)JEAHLER, o2 403 3k WV R TS 1) 5 7,
AL A i A DO R R, AR R
Z R, Wity AR E S . MyRA R
WREEBR AR 55 AR s S A 4 20 3R A B 1Y
BRESE, AR P OUER RO AT AR, (e B
R RER T ICIE BAT, TR BRI, BAYIA
WA A R G POTR, TS A ESR
WRILPT ACC BB EA Wi 27, SRR R
KA KRR AR W R 3RS gl 2
(TAAXHEPIEAEAE T HCOE AR Z , EFIPLE W
BT, (B A —sediaE S5 RAT 45 R — L,
RRGAE ) Ik R IR I A G, I i
SEPOL B ARSI B 5% 20 MR TAA TR, 2
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TAA WEALT 8.54 mg/L SR FEAK, BT
SHEHE B T R IR KA A I o XS BRLAS 1o 14 i
A LB T 5] B £ R (IAA) B9 RE ) (73 i 5 R
9.27-14.72 mg/L) 5 2 B N E T MR . MK S 5 10
FK o M|k 2 TR (TAA) A A=A FH 25 32 B Wk JE 1) 52
M, fIRHREERY TAA REAESERIYIZAE K, BRI TAA
Bl i A KB, (B 2 R BE 1 SR
ORI AR SR KA A o Pk — 2 5 . S
Y IR AR R AR MR B AR 2, Ak
PR AT P — SR RTE M T, AR 2. TRAL
AL WRWE L TSN TR SRS PR IR R, TR A
R, EHEVEY A KPP AT RE IR AR SCAEAR S
WA BRI SRR, BT DL S AN S BT 3 i
JE R RE T (AP)X K AE O A S AR AR o Ak,
A AR R AN E N ES RGP T
RV &2 2R 2 A ARy R s,
ATRER I R AN 7 TAA RS0 R e vk
K MEER . Bk, SRATRMEME S
FRIAR AN, A R Fill—2 o

T W 526 TR 70 AT 8 R B — T A W R R FE AR
b H AT SRR R, AR RS AR R T
Pz s B BRI, B R R R A T
BRI IS AR o E NI E Y 2 AR
R RS 2 EEA LR BIR . (1) KEZHRIEHEE
FIARTRIHRELL 1:1 (R He sk M Ho) e 2Upy
WAEME AN (2) LAMHRMTIRE I, Ei
PRI W 52 T R B TR X6 5 5 TR R ) 4
e FEAEA TRIFSE o B RAE 90 52 A BRI A P A A
H P E A EF PR O RE R A —, fEfE
5 BRSSP R — B s PR A RE R T A T
FgE, S AR AR A 2R A A B
[P A A KA L o ARSI S A TR R Bl A
[yl S (A B G W T D e S 1 5
Wi, o SN2 R AR B 22 A AR R A URE T
fil PR AE 5 TR AL

AHFFEHR IR Y 101 (0 He ) 8 e i oy 2
G, TR E A TR AR RRE A 2 P A R

PRITRES MR, IR WAL A Rt SRR
AR EL G FR o MR i A DG 205 5 vl R T 0] (e A e
SRR B VIAROG B b 5 5 BT A R e
A, RMEAEae ) SIRARCR TR B SR TS
SE0U AR SRR | e i ARG 56 T Ry R R
FEARNHA W o PRI T AR s A AR A e
FIHAS ST B R R 8 5 5 TR 0 R (b
—FhE RN, SRR A, TR HERR {2
AR LR G TER], PRI A TR 1Y e A
FEIC, WE —E AR M —E R AT Wy,
PR E SRR RPCER . BRI AR It
8N GG RRAIE 2B Rk 5 AR P REAE o R A R
Wy 526 TR B B TR D 00 75 4 K A A K R
G, FTAARDFRRIA HE AR, [R5 SR [N 3R A
AT REAETE—SEBFGE, InSEge ol % IR TR
XoF 5 A TR 719 A 194 5% i) R T AR 2 () 8 R B DG R 0
HAANEER RIS BIRA T M RGENE 8
B A TEANETER S, BT 2R Fe LI
FEM AR o AU A TR B B 28 G 0 ] 5 ]
TAARKE, (HAT REAS IS T AP Ak B
5, QA AR ] T AR s R R, A
SC A ARE A B TR D Ay 5 B T AR ) 01 TR R At
T R, AT ) SR AR TR R A
PESHEYIRAE AR SC R BBy , P BB TR e
HERE T 55 08 AR RUCR A o 2tk BRI e v (BT )9 AR D
A, AR SOR& B RO & 52 A R SR oA
—EMIEREM . WAL, EE SRR ESCR S
R A5 R AR R R 2R AT 22 oo AR Gk [l UE 43 At ]
RESs AR BHARINRCR , IR EEsR . A
WA E G TR FN HABKMN I 1, (R
3o FH R — 28 B e A A ORI AR e P o

ZE L RTIR A SCK R UE R ZF HUFT R (Bacillus
amyloliquefaciens) FH-1 55 HAl 7 RRAE DL A= T 2 BE
AW 11 BRI BCRAE Y B G, s A
Rk S I U 32 HE — b B AR K R A K A Y
A PN B AR R R KRR i A DG 1 235
B, fETCYLBERE J1(IP) . F=EkEARRE J1(SD A
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