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Abstract: Five potential plant growth promoting rhizobacteria (PGPR) strains were screened based on their proper-
ties of phosphate dissolving, nitrogenase activity, 3 - indoleacetic acid (IAA) secreting, antagonism of pathogens and
growth rate, and the rhizosphere inoculant was produced by mixing these strains. A field experiment was conducted in
2009 and 2020 to investigate the effects of the inoculant on growth of maize by replacing part of chemical fertilizers. The
results showed that the quality of the composite microbial inoculant complied with the standard of Microbiological Fertiliz-
er of China (NY227 - 94) . By applying the inoculant to replace 20% ~ 30% of chemical fertilizers, the plant height,
above-ground biomass, ear length, ear diameter, ear number per unit area, grain number per ear and economic yield of
maize were all raised. In the demonstrative fields in 2010, the inoculant treatment (inoculant + 80% fertilizer) could
increase maize yield by 9.86% , reduce cost by 620.1 yuan-hm™?, increase income by 2 291 .4 yuan-hm~2, and in-
crease direct economic benefit by 2 851.5 yuan*hm 2.

Keywords: plant growth promoting rhizobacteria (PGPR) ; inoculant; maize; biomass; economic yield
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AT, &2 L EBAE Y R A RR R AE Y LA T4, i
R ERESERARBERI Y RBEF IR, E
HEEATFMRMAEYSRAE I EREEERMAE
A, EAER, BRI RS Y RIS R
4 B (plant growth promoting rhizobacteria, PGPR) , iX 2§
HREZHETUEESPHASR, ~HHEHRAR
LT AREEY EERRFANRE. o WHE
YA KA (0 TAA F1 GA %) R H#FHE YR R
ERAT YRR EBEY RS RED
F A 6] BR85S (7] 8 9 2 V8 AR B 20 B9 O 8 B9 40
R A B B S 1 e e ) (A R R ) AN UEV A AR K
YER, ARl & 4L £ 38, W LAY B, W
@RS BRE L EANES BN R
Hoo AN T LA A P AR AR 2 AR R AT
FEMEREREEFEEERERAE. B, 28K
HE 8RR Y E 1) A B RO SRR L SR 1 R R B
RIBZ—,

EK(Zea mays L) B H LR ZHR
BEYZ— MEERNK FAERMKE, HTH
RERE=HENER BREFEFRYR . KEE™
far= ALIE R kX —RERM ERERE, AW
FEAFREZXBAENERBX, K& HALER
BEHE T R A=BANREIFERERTGER,
[F] sF th, B 25 A s S 2 A 388, o B T R B LA
FRRRERSL ., Bk, BT HE B REURS
BRAECEERBRE, ik, AP RERE TR
Bt b, o — 25 A0 R AT, B R IR A T AR
£ BTRE A R EERR, e HE  B LA A
itV A B S TR, A B A 0 AT TR o = AR HE LA
W W KB B, SE B 1) R R AR AE W B TR R
B RE B HE
1 MR %

1.1 #ikEs

BHAB B N RTRI BT R DM H A S BT R
WM EEEDONE EXE)RBFECEEE
L) R B B KR 10 BRIR AR Azoto-
bacter sp. 1x191. Pseudomonas sp. Jm92.LM4 - 3,
LH12 - 3, LHS11. Bacillus sp.170.LS1 - 1,181 - 2,
1S3 f11M4 - 3,

1.2 HRR{REEHIE

W A T ok AR AR R Y A
K& R RERS T Y R R SRR, 7
AL BB, IR R AR B 2 e R AR AL E
1.2.1 B RK&EFHEK  F|H NFM(nitrogen free

medium) 35 F£ 3£ F1 1B( Luria — Bertani) 5555 5 , ¥ SCEk
(118 B B BHR BBk 23 AR T EH 5 ml 2 F
& NFM S FEMOER T (BRKSANER) .58
S M B3E Y (Trace GC2000, Lialy) , Fil Fi Z, B 3& R %
(acetylene reduction assay,ARA)EﬁfE%’l‘ﬁk%@ﬁ Eil)
EEE T TR E AR

_ hxx CxV
T hs x24.9 x ¢

Horf, ha JgRE SR EAH 5 hs PRIE CH, WE(H ; C AT
C,H, #FE (nmol - ml™"); V G F AR A (mL) ;¢
MRE LSRR B (h) s N B A CH, ¥ E (nmol -
ml™' - h™Y),

1.2.2 EAENE %K Pikovaskaia’ s''2) , % it i
BkE S M F %A Pikovaskaia's R EMTFM
hoEN4ANER, B—FHK4IINL,BF 28CTFHF
10d, MEZHEKRARS LEVHBEERLEALER
KN, B E AR E TR E DY A LA R
EHBEEANBTFR(1x10° M -mL™ ") B 1 mL
Btk EFREMN T 50 mL RiAEFE S (B FAK
SAEE),BETHHEEEK L (28C,160 rrmin~") 3
F10dZ/STE4CTEL (10 000 r*min~") 15 min,
BU b ¥ P AR BR B L o 1 T E B RUBE (P) I &
B 3t RBRAEMERIN S LEAR.

1.2.3 o ERF(AABRRENET BH
CCM( combined carbon medium)?&%i%%%[mo 1
ml R B A B (1 x 1084 - mL™1) HEFp T %
A 50 mL CCM BRI FREN =ARTP (B—FEK S
AEE), BTEKEQ8C)HEH 12 do FHEFRM
ZREB R, B LERE T KGR TRCH %S,
HA 1 mol-L-' HC1 8 pHIEE 2.8, LM ZERR
BUIAA (Vigsnn * Vomem = 1:3)0 REBEMRKER
THEEZETHR,FH1.5ml 100% ZEER GG B2
mL BOEH, SRR AEMNEKISLERER,
[F) BT AR 50 pgeml ™'Y TAA ARUEWR . FIFH = RO A
@iE L (HPLC) & 3CAR[12] 89 5 B FI 4 TR I 2 1AA
ER.

1.2.4 RABHARAAELEAMNE K LR
7 6 1 OO0 B B R L R T AROR IR 3 U 2 H SR TR
HERETER. B PDASE FAWEE
BT PDA AL, 25CHESE 5~7 do AR
£ LB W52 H,150 romin ™' K5 5F 48 h, AN A
BRE 10° pg-ml "2 . B EHBE S 400 R o4&
fh7E PDA PR b, EPARFPLEFMEE  BHERRAN 6
mm;BEH 1.7 ~1.8 em ALEEFRAE , R A T &
(BNABBAE EEBREERNESREYE L), B
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FAGI N ERE., 25CHFOJMBEREHAFH T
WFGE SRR T E Mg R
1.3 EREHAHERRERLN
1.3.1 S48#AMNHA4E BER12HEENE
B AR A4 B4 94E# F LB(Luria — Bertani) ¥ 44 55 5%
Her F28C . 125 r-min " $EF 48 ho FFEMTSTE
K, FAEN A E T E S ERBFR OD
(Optical density)fE , FH LW /K H OD {5 0.5, 34
EHRNBRFBE -ENEBRLEBES FRAWKR
NEREEBRTEA 150 mL LB BAEFEN=/A
MWK, T 28C,125 r'min "¥HF2~3d, MEBEHRK
OD fH,2 OD AR F 0.5(¥ K 660 nm) &, HH K &
AR EAREEBRPEREHRTE. HEH
MEMNEREER R LA SEERSE
HATRIH
1.3.2 BHMNRELMN RABBRERE BRA
EZRBERFA A B 30.60.90.120.150.180,360
d &M E—-KABEES; RARREAEZREEMN
DHENEE, RARENERNRE B EE
REEBEZ(WNMEE MBHELR) BEEERERTEM
L%,
1.4 SEREMAMEWERBEIE

2009 A 2010 FF, A E R AR R, L S
FRABEEVEE AHEMEBOLERE
20% .30% , R Z IA BT HI M E & %0, W&
HEERIAEN ERERKMF BB,
1.4.1 RBEaREAL RBRREHRERET
RA B FBFTETR LG e . 2% A7 T 75 5 S R
Wi, PR 1 506 m, FFEHHEKE 156 mm , FE %
A8 2400 mm, FHR 7.2C, LELEY 156 d,4F
HER$H 2945 h, TEAREER:  BEIESE
12.52 g'kg ' 2ASE0.68 g-kg™ 2BAE 1.4
g-kg™ s
1.4.2 XEHH EAHFF.RBZS(HFER
BT AR BT T I SO R AR ) SRR T B IR E (X
HKR) B 4 (EEES ) ERE 1.4 m; HH:
AP RAEERA
1.43 &ABi&?+ ABR3IANLHE PO XNHE
(CK, M #h & FILAEiEFH &, 100% fLAB) ; © 4bH A
(B +70%4LHE) ; A2 B(EHAE + 80% 4LAR) ; &5
W IANER, 9 ANDPX(FEILHEET) , BN /PRE
28 m?, $BMEN 79.5 kg hm ™2, &3, BREE 4T
54 30 em,
1.4.4 AA4BMFAIAIERF & BRHEER

F(EBEEAERARACR) AERNBEM, B THL &
a2 h(EHE M EEMFRE) BT HERM,
EFRHER 1000 ml # 20 kg EXRFF, XEL
B R F T KRR

1 RE it AE & < %t BB (100% 1L AR ) FI B M BR & 600
kg hm ™ 2FIBE 8k 495 kg-hm 2, H & & 4b B4y B #%
BB ALIEE A E . HhRER BECKR D
BHATTAES) B H g 3:7T(ERAE - KWWl O J 36 AL - FF
EHBE =3:6:1),
1.4.5 BEAAF  FAELEEAR P E KK
L B R, BRI RO A T B A
B ANENZT RS, 2F BB &
HENXER -, FERBEEXNTEERES R
BEAPRLSATIE T B A,

2 R4

2.1 ERREEKRGE

i i W B R i B R AR TE A W
HYAERKBEE SRR ENEIERRERE R
HE L MELT S R EARFRARENMT R EK
(F Do MEH Jm 92 BA B A 5855 A o WAEY
AR B Ix 191 3 8N H E E ( Fusarium
oxysporium f. cucumerinum ) B H M H SR, FE
BB A WY A K R R LHS1 XA 2 K
B ( Rhizoctonia solani ) F1 79 JI\ 22 ¥k 8 B ( Fusarium
oxysporum f. niveun ) ELLF P KR (M E R A5
FI80% A b, W73 31, e LB A I B 4
MYERK R, S BREHR A KB EHRR,

2.2 EMARHERE

L& BREHEHUR NI E , 5 BT BB bRk
B A & A &GO, AT Hok R — € W L BIR & 3%
FHBEYREESEMAN(CHBRENRAEH,
FiF 5 : 200910135681 . 1) , H 3 43 B B 6 0 45 J% .
%2,

AREHR L ER R TR E T R RRAEEM
FMABNEER. £ 2 X\, AR HEIEMEMN
FEFTERT,EWE S RBERNERTEERE
THe#aE BT 210 d AEBIEEEIITE 10° cfu-g !
Plt, BEGHE, & AR DYNY227 - 94 45
L, HP 45 d EMARERBES AR E.
240 d J5 , HAMIEHBORE FFEZE 0.81 x 10° cfu-
g CEHEREGLEMEEAR. EIWKERNE
e REEL A NER, BREMRNEE,
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Table 1 Characteristics of tested PGPR strains

B L T BRE SIBERE

W RS R 33 2.3 4 o . MHHRE
Strain Strain Growth Nitrogenase activity Phosphate d.l ssolving 1AA als)(.elt?retmg Antagonized
code origin rate /(CyH, nmol*ml~'+h~") , (C:Z?C;‘t_yl) , (yg'lnlxt]ij_l) pathogen
* 1M4 -3 BHEE Alfalfa o — 235.3 17.24 -
* LHI12 -3 =M Red clover + + 4+ — 272.2 — —
Azotobacter sp. /N EXK EEETE _ Fusarium oxysporium
Lx191 Wheat, maize, alfalfa A 200.2 1.98 f. sp. cucumerinum
Pseud?;lu;r;as P ’gﬁfiffﬁf 4+ 75.34 132.6 3.72 —
— N Rhizoctonia solani
* LHS11 Rfj- J;t;im?zze + + + 239.32 58.42 0.86 Fusarium oxysporum
’ f. niveum
H:x %%, NOte: * Unidentified strain.
*2 WREEAMAHEIRE 2.3 EMAXNEXREKOZE
Table 2 Quality check of rhizosphere inoculant 2.3.1 H#HEFHEHSY HKEEHEYNELSER,H
XY AREES - BE K, EHTERBEEEY ™ & . 2009.2010 4
Stor: Number of effectiv . 2 —
o bactotar (10 g1 Comtamination 16 B 55 X M6 FR A A R ) IR O 0 A BB G R R
- — - W B R TR AR T R0, 25 R L 3.
454 25.6 - MZFE3ITLUFEY, 2009 F, AMEDEHFN=E
60d 15.0 - REFEHALEHALE(LHE AB)S2ELAELAE
75d 10.0 - (CKH, FRYEYR, EXU4EREER, HE
90d 7.50 - RAREE(P=0.05), 2010 F MR 5 2009 £
t20d 74 - oL, {B 2010 4E LT BCEAE T + 80% LI ) 3K 5 13 1
150d 5.32 - . N
o . HMENKRE SN RESBE, FES ERHRK
stod 3'16 . BS54 A RMBEREE(P<0.05), 4
” o ) B 350 ROHR | FF 2 0 SRR B 1
|
P ——— CK 7+ 5I3& N 1 16.5%.8.0%.5.0%.10. 6% H
Note:“ + 7 Contaminated; “ — " Uncontaminated . 11.5%

R3 BEVENANEXREUEBEBHIRME cm

Table 3  Effect of inoculant on plant height of maize in different growth stages

s ] WY Jointing M Heading FFAER Anthesis FER W Filling AW Maturity
Treatment 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
A 59.7a 70.3b 139.9a 168.4a 195.9a 213.4b 214.8a 221.9b 215.7a 235.5b
B 56.4a 75.6a 146.1a 172.0a 196.9a 235.9a 225.7a 236.9a 225.8a 248 .2a
CK 56.6a 64.9b 141.3a 159.3b 202.7a 224.6b 217.3a 214.2b 218.8a 222.5b

T ALTE ACEER + 70% 40 R ; 2L TE B EE + 80% LAECK: M H AL A& 10% KE. BAMHRINEFRERERRAEE, ARF
BRRERKSHBEKT. TERRA.
Note: Treatment A: Inoculant + 70% fertilizer; Treatment B: Inoculant + 80% fertilizer; CK: Normal fertilizer application (100% fertilizer) . Different

small letters in same columns denote significant difference at P = 0.05. Hereinafter the same.

2.3.2 sRLEpEHYH HEYBRSMETRE  AEMEEVBERADE RBLHE B KT

BYBEREEPRENN BEFINERGRE H200F ARYEHFLHEE FHYBYET

BRI, AR ANEDESTEAT IR MAEBERM EHEYEVES THML

SHREXS ok E Y BRI ELERILE 1. H, BI4bEE B AT LARE 20% (L AE , [F) B iF BT A2 B 4
ME L ATLUE H,2000 R HIRGFEM S RR OB BARE TAE AR,
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Table 5 Effect of inoculant in demonstrative fields

N T ESE S D

23.5 BAMESBANAIBZFLESN K
WA TEAEIR RIS RTIR T, &7 B MK
BARKNM HIR, A0 58 LA Py 8 75700 0 B

A3 .

Toamen WOy v GLHLB) SO 0T T B Ay B 0
PP p— B NG BB SRRV AL EHF MM
Inoculant (Treament B) /-0 1% 1383986 WHERRI L B) , AL B A = A A i

%3 B8 Control 6153 — 12237 — LI&(%&&}SIJ% 620.1 ﬁ'hm_2\2 291.4 fD'hm_Zﬂ:ﬂ

I - B ey BB AR B 22 BT ST AT SR A

Note: The data are from Wuwei Institute of Agricultural Sciences.

2851.5 L-hm 2(F6),

®o EXBAMENRMNFAERSFREHRA

Table 6 Economic benefit of inoculant application for maize

B RA

W e i 4

P A .
Benefit of fertilizer reduction Income of yield increase rh HED) &it
x® weA S0
Wi s wHFE ANt 54 = Hris 187 A Costof - Tnoeulant (g
Amount Price Cost reduction  Subtotal Yield increase Price Income increase °¢° coangz cost s hm™2)
/(kg'hm'z) /(yuan'kg")/(yuan'hm_z)’(yuan'hm_z) /(kg‘hm_z) /(yuan'kg'l) /(yuan'hm_z) /(yuan+hm™*) /(yuan* hm )
B
(NH,),HPO, 3.90 386.1
99
R 620.1 1206 1.90 2291.4 20.0 -80.0 2851.5
CO(NH,), 1.95 234.0
120

(1) FRBEA S 7 204 4 H 0 3T 4 (8% — 8% 50 ke, 195 TC; IR E 40 ke, 78 78) 5 (2) MABEHAMM FARTELK:(3) BMAEWEFH 1 000 ml
FEAP 20 kg FKFHF, 13 1 000 ml BAE 20 765 (4) 7= AR R B AR B E B 50 BT R AR , TR ML LWl i B,

Note: (1) The price of fertilizers: (NH,),HPO,: 195 yuan-50kg~'; CO(NH,),: 78 yuan-40kg™'. (2) The seeds with inoculant do not need to be coat-
ed. (3) 1 000 ml inoculant can be used for 20 kg seeds of maize, with a cost of 20yuan. (4) The yield data are from Wuwei Institute of Agricultural Sciences,

and the price of maize is based on the local markets.
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THEE BMERZEFSEREIRILR R,
HERETS,74% K8 6k BE, B+ |+ 95% LA b
MBEENTHS AR Y EFHANEN 5% ~
25% , KEBHBEE S LEPH € F¥* Fe'* (ALY
S AT A E R R Y . B, TR L3R
FRVBEE A FHMEC B AT R AR R
HAl, HASEEEN—BEBZNED KO-
ryza sativa ) \/NF ( Triticum aestivum ) H B ( Saccharum
officinarum ) 1 1 £ ( Anemone vitifolia ) % V£ Y 4R B i
EHREBRBRAEKR, BIERC A TROLILE
R, FER W AT RIEEEE/EM. W Malik
EMASEBRAAREYRFOESEAHF 4
zospirillum brasilense K — 1. Azospirillum brasilense sp -
7. Azotobacter sp K — 9 £ Kallar B & B, bR B
A fEEAR R EAF R FIEN 10.0% .51.3% .
11.5%;8.9%.23.6% .1.0% 1 9.0% .28. 4% .
2.5%"15); Pishchik 5 WX & A, 7£ & 2 & ( Solanum
tuberosum ) W Br 3 # B & B ¥k Klebsiella mobilis
CIAMS80 1 CIAM853, NME R & E =B 1.2
~1 45, FNATRESHERECEMERSF S

), M4 Erwinia carotovora CIAM884 5| EN LHE
HE RS ; Hussain 256 2 55 B H B ( Saccharum offic-
inalis) BRI E A EHKR (EE P BHEPEE)
Herbaspirillum ZM176 | Herbaspirillum SS1. Herbaspiril-
lum 8820 Azospirillum SR10. Acetobacter SR23 . Aceto-
bacter SR46 BN T HBE, W& A HEF RER
AR TR 2 3 O BB ORI 148.6 % .139.3%
125.3% .206.3% .97.9% M 155.3%; 119. 96% .
10.79% .36.68% .98.59% .99.07% 1 142.01% ;
52.9%.-20.1%., - 11.4%.29.1% .24. 7% Al
31.5%"7); Mirz %45 40 B8 B KRR AR B 9 B R B Bk 4-
zospirillum N - 4 B:FF F /KRG ( Oxyza sativa ) R BF , W15
KFEMAME 78.1%, EFFHE 5900 k2%
i ot ot AR A AR R AL, R B R + B
AL S5 2B 2EAMHIEWBOR, BIZE % X DL
“BRAEREE + R BEE AT AT LS —
A (56.25 kg'hm_z)[m ; Yanni 25 MK B AR PR 43
B H BE A [ A 40 B8 ( Rhizobium leguminosarum bv. tri-
folii ) IR T KRG, KW B EH mE TAYWKHE
BEHAE(P<0.05), 1% B3 83 0k hL ™= 8 FF R
B [ & B K RS WK 15 (P < 0.01) 75 Biswas
HEANERAHEMRSERAESTELTENR
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ERESNEM3.6 t-hm 2H 19% ~ 28%2',
Yanni HZ7EH B H 13 ZRHEMBEESHEHA(R. =ri-
UDHEERRATKE KB TSHEH2Z2ERE (144
kg hm ) YW TE, MY TVAEE 96 ke
hm 22 Govindarajan %5 % Burkholderia MG43 £ f
T’a‘# EREAAE— LR, 77454 2L 70 kg-
m 22 WNEREERTRRARRTE SR
i%ﬂﬂﬁﬂﬂlﬁlﬂﬁfﬁ?aﬁ%ﬁﬁﬁﬁﬁﬁﬁo HFE®
FHEHEBARSESS EEHY REEMEL . £
BRAMEM X EELEEEH L E T \mHE
FEHRBIMRCE . B, ks mtE T, Uk &
HEMHEAEMRRLTESR - S HEARR.

AR F,A—YEHERES B LAY
2010 SF 3R th 2009 B MR B 2 — 2 2010 4F [H %
TRRE , L ) 85 2009 4EME 25 1 8,

AR HRBEATE EWBESHHEYIB
PRIBAEESIT TEEM®E, KB T SRR Bk, 3%
BE~EB<Jtt%ﬁ“h?%}’ﬁﬁl“’ﬁ%ﬁ%i%ﬁﬁ?ﬂ,

PR — b S H RS K H ) 28 i A
2t 53 B ) B9 4 A 0 2 b 5N T LA R A0 AL RR B R B
20% ~30% ,[FET AT LASEBL EOKIE = 9.86% . WE
BRERSE LA, FRARHNMEDEHRN(GE
B), B AT PRI E A (BALIE) B A (F 6),H
HRHEMFEHAK, HERFE, BB I &
T A58 4k BB 7E 2 7= 5 P 5% B AN TS e R R R, R
MERERINE SRNEL2EMTEERS. 8%
EaNERASHELSTREENBE R ;N HE
HEMAERRZBBRMN ., 0 FMAEYERR
W E A= R RS AL IR A Sk B 3R 8 95 e At
MR B B AR EF A RE T Y
KE W BB E AR ES T EEKRY
YA R LIRS MR RS %
IR, M FRERRIVAIHELBAA —ENE
Xo B, FI R A 9 —1E B 3% 5 %8 08 W) 8 B
F X BBACTE IR AR A 7= — R
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