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PGPR ffl i 38 B 57 i & Ko EL 3 E R AV e E R TFMN
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O OE: [Bf)] I THRSHYERRE TR (Plant growth-promoting rhizobacteria, PGPR ) X ) 12 4k 1 FH #h £ 52
W 1 2L PGPR & A& WA R R I R B 7, A Tk AR AR . [ ] TR bR e 515 3
2t PGPR BRI 25 2 A AR B o 40 M I BEIR 88 (SA) il CaCly /E b AL LR R sc 6, %t & & W 1T 6
I A I B TR R o DA SR W 0 T R % 1 M ) R R A R A R 8 T A A B R TR T SO T A 4
B, B S 2 AR A 1 I AR A . B TR TR AE AR R R & B & . WE . pH. FAAAIT R LA K #h &
TN B A AR A B Ok A KRR R A A 52 W 1 F PGPR MU B R AR, (&R /@ sl T 28k
PGPR Wbk, H A ZHAEY MR AEDIRE. 8 H B E BN 1%SA-3%CaCl, il £ Ok 28 1 7 e e vy, mi Rk
91.27%, HIFH G 19 TKE 4 TR T AGA T 8.73X 10 cfurg ', HIBH 7.79 f% . BURZEERAEARIR T 5. WA, pH. F7A&
FER Uk JBE 4% 1 F % PGPR T Ak B AT B B4R 4P VE FH o PGPR WU 4 T 700 X 6 R AT S0 35 002 A= 10 T, 6 A e 4 T )
i FoR MR . T EAMR T E AN 91.83% . 81.82% M 29.57%. [F] Ao i 3 B At i 35 4R /) T EOR BAR K L R
WA RFEWEE RIEBARARE . [4i8] I T —F PGPR fU5 28 w57 19 il # 77 %, Jifi 1% PGPR Uik 28
FIBens w2 EoRAK L UGS FRBRTES, W B AR A RORE T AR 5

X Bk WRBRIRAER; fRAERCE; BURRREH

FESES: S541 NERFRRRES: A XEHS: 1008-0384 (2024 ) 03—0266-10

Microencapsulated Rhizosphere Bacteria for Promoting Growth of Corn Plants
LIU Wenjia, LIU Tianyi, ZHANG Limin, XU Chang, MO Jixian
(College of Life Science, Agriculture and Forestry, Qigihar University, Qigihar, Heilongjiang 161006, China)

Abstract: [ Objective] Microencapsulation was applied to improve the stability of PGPRs for promoting corn growth.

[ Method] Rhizosphere bacteria that promote corn growth were isolated. The bacteria in broth were encapsulated using
sodium alginate (SA) and CaCl,. Based on operation efficiency and PGPR survival rate, optimal conditions for the
encapsulation were determined. Properties of the microencapsulated agent were analyzed for field applications with respect to
the bacterial proliferation under varied artificial dehydration created by using polyethylene glycol (PEG) and salt, temperatures,
pHs, and storage times as well as the growth and root morphology of the treated corn plants. [Result] Two PGPR strains
with multiple plant growth promoting functions were isolated. The microcapsule microbial agent prepared with a mass fraction
of 1% SA-3% CaCl, had good stability. The embedding rate of the microcapsule microbial agent reached 91.27%, the number
of live bacteria reached 8.73 X 10’ cfu-gfl, and the proliferation was 7.79 times. Significant protection against the imposed
adverse conditions was observed. In comparison with the virgin PGPRs broth, the encapsulation also significantly enhanced the
growth of the treated corn plants with a 91.83% increase on plant height, 81.82% on seedling dry weight, and 29.57% on root
dry weight over control. In addition, the total length, surface area, diameter, volume, and tip number of the roots of the corn
plants grown with the encapsulated PGPRs were significantly increased as well. [ Conclusion] Microencapsulation
significantly improved the stability as well as the root morphology and growth promoting effect of PGPRs on the corn plants.

Key words: Corn; rhizosphere bacteria; growth-promoting effect; microencapsulated
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(CUIEIS-9"0 IN PO (/I PR (VB ER7IB =P N 2
A B HG b A T A 2 i 3 T, 3 e T R
fb . AR A, LA R B B 22 R0 4 1R Ak 4 )
B UE YRR TE R L I AR L K
VEDPU 08 PE R0 B 38 7= 45 Oy T B W AR, IR
3T LI B AR AT X o T ERBE AR IR %5 Tk 0
JIES 1 75 SR T 1S K, A% ORI B B A 0 TR R AN T
B A% G0 B A TR R S B YRR R R OR B
F o g 2 M [ A AR o ) B 2 TR
TEIB i . BEAF . o T R R G2 R A T I 5 A% 4 TR R A
A RS, RN &M EY RETRC
BB TR s . CRT AR FEE R o A AR P AR B 2
H (Plant growth-promoting rhizobacteria, PGPR )
VS NE B2 52 BEA O ] 5 22 4 2946 1) — Fh A= W) 7
WP, VFZ 3T PGPR [ 4 R — M B B A £
b, PGPR WMkSy AR AR IS . L5
25 8] 5 B 2 530 PGPR B FIE AR AR e . 795 )
B ASCREEMN SR BCRAR, Y T EY R
FUAEA P ity 73z B DRl 0 e A g
$E7& PGPR 1715 Fll & 454 FH B OG5 . WF 5%k B T
A 200 if0 1 5 7E A 38 I R b, RERS A RUE  BR Y
TG RMGERAED . (MR 2 H AR S — R BEASIE SR BEIR
S5 AL IR E A SRS M AL B TE N IR, B
SEUIE IV, T A5 1 A 20 e g 1 0
DTN Z AN R SRR (SA) %
JEBE RN Fy o — R R AR, B A YR A MR
PUB RS e Mo, ELRUREZ) AR, MAR KB . g
T A IS 2 9 1 4% T ZSARX T B, S5 Ca™L Ba®.
Fe' 44 i B T-HEAT AR R SE R4 . o LI 8
AL A S AR . AL T BRUB AT LU
SA R, LA CaCly 1E R A BRI il 35 e 2, 4%
FHH SA-CaCl, e % FL A7 5 w8 110 o5 78 AR A o i e
Ve BRIREED ) SA i B IR AL A5 A T, R L
P10 SA BB e BLAT B0 i = L AE 01, T AR
M) 25 2 TR SR N ARG . HRT SA B & BE 2
AL MORRRE L 2SI . B S 2R A
FMAL, BAT MR, URBFR A R]
WRB R o TRE 2 | T PR A iy L K8
RO 32 45 5 ) A5 DRV R BRI 1 L VS L i LA
SA Shy BRI £ 1) SIS 2 TR ) )0z g T 2 R
R, BN AR A 7 A, A Ik PGPR
B 08 TR 391 %) 1) 4 T8 B A A AR A A Rtk —
AT LR D i G ) 0 ] AT 5% 0030 3o 3 B

(4 B4 BETC L B 2 — B e A S S5 OR AL B AR E R Y
PGPR f i % 1A 77 il ¢ 125, a2 i 3 5 43 A7 PGPR 7
JI52 486 T 9] A BRGSO A AR AR, B
PGPR f#f i %8 1 7 09 00 R RF Pk, B 78 kil & o 2
PGPR T4 Y B AR AL BRI A 4l 15 17 B 4 b R 4 1k
A= TR A AR iy I L
1 MRS5S 7%
1.1 RIEHRY

T KRR PR A HER AR T BRI SR R T — Ak
EKM (47°21'16" N, 123°55' 6" E)., R EK
mAP AP, FORF AR Lo

FEARAEAS . T AR R A, & 12.8 cm,
FEZ 145cem, T HAE 103 cm, FIEHBFLA 10~14
A5 mm LA A FB K. NBEiFEE (1L): NaCl
50g, FHWH30g, HEHMK 100g, pH7.0. PKO T
MLBERE 2 5 (1 L): MgSO,7H,0 0.3 g, 7 % 4k
10.0 g, (NH,) ,80,0.5 g, NaCl 0.3 g, Ca; (PO,) ,
2.0 g, MnSO,-H,0 0.03 g, KCIl 0.3 g, FeSO,7H,0
0.036 g, pH 7.0, Wil K& R#FHEFHEEL (1L):
B 5.0 g, MgSO,-7H,0 0.5 g, Na,PO, 2.0 g, CaCO;
0.1 g, FeCl;6H,0 0.005 g, #KAH 1.0g, pH 7.0,
TRIEFRE (1L): HEEE 10.0 g, KH,PO,0.2 g,
MgSO,-7H,0 0.005 g, NaCl 02 g, CaSO,2H,0
0.1g, CaCO;5.0g, pH7.2, BAREIFIE. 1 LKA
R FE RN BG 20.0 g A WEERRE (SA), 4
Mratiid#l (AR ). sCBEHI: CaCl,-2H,0, AR, ZZop
W FrEERRHN 02 mol'lL ', AR, ¥R TH . —WE
TEGTES, BiA% 10 mL.
1.2 RIEHE
1.2.1 PGPR #9 i it

B EARMR R A RIARER 85, IR KK
MR E B 0RO R, B0 R RRE 1 g + 4
5 9 mL TR KIRG 70 il B, FnA 10
mL 5T i 53 F0Ch 60% 3R & —BE (PEG ) -6000 15 41
TR, 7630 °C, 140 rmin 4R 72 h, HEK
BBRERSBEZE 10 A 10 CWRBEE, AR 5IWZ IR 0.1 mL 3 Afi
T PKO JCHLBE B 37 36 A A g 11 KRR 7 56
5 o e e A R AR B . 30 °C SRR NS 9% 5 d. R
T e 2 L R e 0 L R/, O A TR R AT 43 5 4t
163 F—20 C . KA EaibiE"" 255 E A
B o B 10 mL B & O A 90 mL AR TG A B 57 3
H1, 30°C. 140 rmin K53 5d, W1 mL 53598
Fl 25 100 mL WK TC A KG 55 B h a5 9% . B 3 d e 4z
Lk, EEEE ARG, BERBIFRMIEEE T A
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BRSO L, ik . ARG T-20 °C R
1.2.2 PGPR M 4512 & 45 M 547

KRBT @k (AT LA
752N ) W T R AR AR s OB R T ook E I
B ISR, FP6410) T 5 T AR A 49 g
F15 SRR A A A CEAT FLER B R A,
multiNC2100s ) Il & B A% [ &( € /1 5 R JH Salkowski
B b 3 1) 0 R 2 N W 2 R RE T 5 R
CAS A IR v ) 00 5 B bk Bk B IR T . B
2 i 3o 2810 50 7 v D R R G 1R SRR T - 1-FR R
( 1-aminocyclopropane-1-carboxylate, ACC ) i % fif
Wt
1.23 BsAKdgZa e

W PRI 1Y) BRI B 43 AR T 50 mL NB I8 77 3%
30 C. 140 rmin R FE 16 h Gk, RIGHES
100 mL NB WA 3G F2FErfr, [A] 3R 451 1555 24 h,
B3 BR 2 ol AR RO AE (ODgog ), 45 il 25 T8 1R
AR
124 BRI R>T SR E LR

WHRIE SRR e 5EMAMKR T ES S (F
WA RGN T ) " BEA TR . 168 tDNA I F
TAEM LA TAY TRA AT, RAEHASY
27F I 1492R #E47 PCR ¥ . Kl 7745 5 T NCBI %L
i 2 v HEAT R UM L XS, fFH MEGA 7.0 A4 #E 1A Bk 3=
Gt et o B A5 51 I AL 2 GenBank 35 15 1R A% 5%
*5.

1.2.5 fl & B A A9 H) &

W 2 Fh AR 4300 T NB RAR BE 55 2P 15 3% 24 h,
6000 r-min ' 550> 10 min YRR AN . F5 U4 I
2 Foft T BE A B B ODg=0.5 J7 45 L iR & WL 5 &
W, HEFRESEDINN 2%, 4% M 6% 1Y AL HE 5]
SAHE 1:1 (V/V) W R A 15 8] SA Ji i 43 B0l
1% 2% F13% MR GYI . K IR G050 DA & A i
BN 2% 3% 1 4% [#) CaCl, I F, il & I
PTER . WU R & RN . A
SRR 3 FhOR [ RS0 SA-R ARG Y,
B3k B B CaCly WG T O, DRFR I S5 4
SR B 5~10 em, 1248 HE S B AR 100G 2E, TR
BV TR 0% it N CaCly ¥ T B LT T E 4 °C
VKA A2 I 24 b, 3 B R BR M AN A BORS i Y R 3K
PR BE TR o 44 1] 25 1) F P 38 R B T NB R A 85
FRIEL TP HE IR IR 24 h IRAS G B S5 A0 B0 2 1R R AR
T 4 C okaEt
1.2.6  ffis 4 B 1) 45 ARl 2

Bl ML 36 B 20 A0 3 T 39 BROBKS AT HE B g —

He, bR R RO S B, TH B A A T 2 T
BRI RIS AR (em) o FIURLAIL AR 58 B 4% 4n R J5 vk
W s R 4R/ IN— S0 7 e 0 28 T 391 5 AE 7K
PR AR b, [ A X R B UKL b i — A R}
RN, B s s g2 b p B, L 20K T 4R
BRI, MR RIS R (G) . R HLA R
V¥ /g= G/4. UGB Ry A0 3 5 J5 04 JORL TR 70 45 S Ok,
A 0.2 mol-L" B F7 5 R 7 i, & %% 10 mL,
iR IR A AR T, EBORLSE R R . (AR
TR T4 A AR 0 0 L G g R g
5 WO B R S B (cfurg ') R (%) A
SEABRC . ORI R AU (cfurg ') = TFARiT 5
VR B/ T A 5 ) 20 = UK B R R A I R A
S5 TR TS TR A K 1005 19 58 A% 550 = 19I5 0K 74 711
R T T/ O 1 0 o
1.2.7 TR HAARIR &R F 690

P2 AW 1 mL M A 1 mL B B 48 TR
FUORL 3 2P T F 90 2504019 NB R iR 52 58, F
37 C. 140 rmin ' 52 % H 3% 24 h Il & ODgy W Ot
B, DAPPAN T 54 MRBE . pH R X UK 3% 1 77 1) 52
M o SRR B R BN 10%. 20%.
40%. 60% F1 80% PEG-6000 1) NB W& 1A &5 37 3t ;
pH 251 75 NB K5 72 5219 pH 4351 5.0, 6.0,
7.0, 8.0 1 9.05 KA. K IEFN S 1Y NB WK
FRILANE T 10, 20, 30, 40 C BREFAEP; $Hhak
fF: A S DD HHN 05%. 1.0%. 1.5%.
2.0% Al 2.5% NaCl (1) NB AR 3756 o K3 Fh 5 1
NB ¥ {4 5 75 3L 0 Gl i 47 12, 24, 36, 48, 60, 72
h B ODyggo WA B 77 A A7 fifi R
1.2.8 B A B AL A R IFN

T BRI 10 5 HL R /N — B0 B oK R B T 150
mL R, IR vk 3 . T 75% kS
3% By U R B4 43 32 6 5 min X KA I B
PRUEJE BT AR AR P A 10 mL JCEE K,
JERE IR T RFP TR 2F . BRI K E —80W K
7 R A% 22 ARk b, 43l i 20 mL 1Y) JE TR K
2R (CKO) . WMAMAEWER (JY) A %
AR W B R (N UKL B 770 75 % 0 5 1T 580 20
mL A5 i P RURI I ), TR B A it N T TR K AE R A
SR (CK). i 25 C R EKEK 15 I E
IR AR o A8 20 RO o K A [ R e BE A R bk
s A R R AR T S A AR T T E
AT AR RN (B8 24K GXY-A) Ml
B EOKRIRE . RREE ., RS ERE . ARRECRH
HRAKRA,
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1.3 BEZEITS SR

K H Microsoft Excel 2019 #K 4 X $ic 4f # ¥l 5 4t
i1, FH SPSS 27.0 BAF#AT K R I 225341 (one-way
ANOVA ). HHaAE K 5 434 & ] Origin 8 4F . fiiHH
MEGA 7.0 /i AR A B W R R E LB
FrhBE L meantSD LA F R (n=3).

2 ZRE554

PGPR 1E4{e & 45 14 53 4
TS KR P - 8 v 0 25 B 32 50 R AR B 42 A=

2.1

71, 3MREAFARES, MERNE 1 K
WS EE N P, 7dREER A B S B
33.50 pg'mL ' SRR E AR K5, 7 d R
K9 Bl 226 ngmL . [ A R 0 bR R
NI, 7d&EERP NITTE SR 1.96 pgmL ' [F]
Pl LA AR H NITE SN 144 pgml ', I
AN, S RREMREAT P ME L BRAVRE T, PR R A A
P PL, 2 d A IR b sl W & TR Jo i vk B Gk 3] 78.06
ugmL s 10 BREHREA & AR IRE Ty, P iR s
PR PL, 2 d REERRERIAE R 55.72%; ACC

B, o o tkEAEMICHLBERE Sy, 5 tREA e fE SR E Y KS, BRI AT 0.34 pgml
F1 ERREFOEFFENESRESENERRRES LS
Table 1 Strains and properties of corn growth-promoting bacteria from rhizosphere soil
itk MBI R R HIREEL B ACCH i
Strains Phosphate sohil;'nllzmg/ Potassium reljasmg/ Nitrogen ﬁ)(jltlon/ Indoleacetlci 1ac1d/ Siderophore activity/% ACC contfnt/
(ng'mL ) (ng'mL ) (ug'mL ) (ug'mL ) (ug'mL )
P1 33.50£0.37a — 1.44£0.16b 78.06+0.51a 55.72+0.67a 0.19£0.07¢
P2 31.4910.51b — — 65.74+1.61b 44.19£0.94d 0.30£0.07b
P3 31.34£0.58b — — — 49.12+0.35b 0.27£0.05¢
P4 30.85+£0.59b — — — 46.47£0.27¢c 0.224£0.14d
PS5 30.12£0.03¢ — — 46.23+3.25d 40.48£0.44¢ 0.14+0.07f
P6 31.13£0.04b — — — 39.65+0.38¢ 0.20£0.06e
N1 — — 1.96+0.35a — 33.54+0.527f 0.27£0.11c
N2 — — 1.27£0.21b — — 0.1410.02f
N3 — — 1.23+0.10b — — 0.22+0.03d
K1 — 1.2240.09b — 55.631+0.54¢ 31.524+0.39¢g 0.1410.02f
K2 — 1.17£0.07b — — — 0.30+0.06b
K3 — 1.26£0.07b — — 29.3410.35g 0.25+0.13cd
K4 — 1.354+0.28b — — — 0.18+0.07¢
K5 — 2.26+0.07a — 63.43+2.9b 50.46+0.71b 0.34£0.05a

RISV SRR B RoR R BE (P<0.05): —FoR IR A6k,

Data with different letters on same column indicate significant differences (P<<0.05); —indicate no growth-promoting function.

22 BirERIHRBE

A A5 T R AR A R DL K T RE 2 REME B R B 2R
SyHT, BERE P1 LA S 0 el A= i) Wk 2R R L
) i B A A Wk 3 R R = ACC RYPER . R KS B
A SR A BE RN ACC BE ) HL IR IR B AT A Rk
A AR 7 I W 20 R I 1 T PR G AS I 9 B P LA
KSR BRIk . FEBiias 22 0 2 4 B ik A AH B G
e (E 1),
23 EMEBLAMHERSTERMELE

AR P1ONFLEGARE RB A G AR, %
HOGHRIE, A% (K 2-a). BHKkKSAHE

B 1

Interbacterial antagonism between P1 and K5

E#k P1 #0 K5 BRI a5 ik I8
Fig. 1
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A -’x b n; *‘: Yad . s

2 HE#P1 (a) FK5 (b) WEMES
Fig.2 Microscopic morphology of P1 (a) and KS (b)

ISR, RmEei T, hgEss (K2-b),
B BE PR KS (9 A B A A3k 56 40 A 45 2% dn 3 2 iy

7R o KF 2 BR TR R Y 3 DR A E G RN AR A AR 4 E A
(K 3, 4), g5 FRM, Hk PLAIKS 55

Pseudomonas silesiensis strain PDEC9 ( MZ496605.1 )
F1 Bacillus sp. strain IRNBI-25 ( OP364514.1 ) 4t F [A]
— Iy 3L, AV 5350 R 99.63% HiT 99.30%
B, ERR PLATKS J3 5 TR R A 2 ST
J& ., f 4 N Pseudomonas silesiensis P1 M Bacillus sp.
K5, 2 BRI R )T 51 I f% GenBank 3815 i % 55 43
B2l OR889160F1 OR890438, T #k P1 il K5 & H iR
G, EARE A BUE RIIE, A KB
i, 18 h EAAE PRI (181 5).
2.4 AR FEE T E AR AR M AN AR BR 1

N TS5 i 4B SA R CaCly e b rh 5V kR

F 2 THEHEP1F0KS B TR (i

Table 2 Physiological and biochemical characteristics of P1 and K5

e o e e o O ¥ [ e A R-LsE
. Methyl red . Indole L Catalase Volt-P

Strains Starch Sucrose Lactose Glucose . Citrate . Gram staining . .

. . . . experiment . experiment . experiment  experiment

hydrolysis  fermentation fermentation fermentation experiment experiment
mme Pl - + - + - + + + +
Strains 5 _ _ + _ _ + + + _
+o PAMEs - B

+: positive; —: negative.

VUL PR S M0 B Pseudomonas silesiensis strain PDEC9(MZ496605.1)

B FLIR MR 1 Pserdomonas anvaldensis strain 20TX0172(NR 181875.1)
IS KA LML Pseudomonas canavaninivorans strain HBOO2(NR 181810.1)
TR ML Pseudomonas zeiradicis strain PIT16(NR 181890.1)
KM Pseudomonas soyae strain JL117(NR 181891.1)

TEE P Pseudom onas germanica strain FIT28(NR 181838.1)

TER AR F i B Pseudomonas boanensis strain DB1(NR 181770.1)

FAbZERL T Moraxella catarrhalis strain ATCC 25238(NR 118775.1)

98 A= ZF AT B Bacillus rengingensis strain REN2(NR 181497.1)
69“_—E@Wﬁf@ﬂ 1 Bacillus salipaludis strain WNOG6(NR 180481.1)
39 TR EAUAT I Bacillus suaedaesalsae strain RD4P76(NR 181631.1)

K5
90 _|
SEMFT IR Bacillus sp. fin: Bacteria) strain IRHB1-25(0P364514.1)

12 K SEUAT 1 Bacillus aequororis strain M-8(NR 181752.1)

HIBI B 13-63 Bacillus rhizoplanae strain JJ-63(NR 181926.1)

75 BL 5 R 1E AK72 Bacillus shivajii strain AK72(NR 179622.1)

K HFE HBSO6BM Escherichia coli strain HBS 06BM(OR 821811.1)

—
0.01
3 EIHR P1 B RGHLH
Fig. 3 Phylogenetic tree of P1
99
e —
0.02

4 E¥K KSR G R
Fig. 4 Phylogenetic tree of KS
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0 2 6 10 14 18 22 26
B4 FE0 ] Culture time/h
B 5 Bk P1 A KS BIEKBhE
Fig. 5 Growth curves of P1 and K5

BRI B & SA 1%-CaCl, 2%, SA 1%-CaCl, 3% Fil
SA 2%-CaCl, 2%, F MK 5 #/E H lisRe &4y . b
SRR SCTOREE . SA Wk EERARET, A ORL AC HE R
JER AT KA RIS SA I CaCl, ¥ B[] i i
e I R 95 2 HLAT o3 OB B (R 3)0

=3 AERREDH SA-CaCL EL Lt TR ERIRIEM K

Table 3 Microencapsulation of PGPRs with varied SA-CaCl,
combinations
FCLLd & (e BRERTE
Varied combination Operation Sphericity
ShF, R, okl
wicac, £, e, LR
Easy Better, trailing, no sticking
B g, iR, AERNE
0, 0,
1%SA 3%Cacl, Easy Better, trailing, few sticks
T , EREE
4%CaCl, U B i"@% /i*l{il_
Easy Better, trailing, few sticks
2%CaCl, s Bk, TS, TR
Easy Better, trailing, no sticking
B g, iR, AERE
0,
2%6SA 3%Cacl, Easy Better, trailing, few sticks
s , EREE
4%CaCl, U B i"@% /i*l{il_
Easy Better, trailing, few sticks
A &N , E
wcac, o, e, L
Difficult Bad, no tailing, few fragile
A ez, iR, DEE
0, 0,
3%6SA 3%CaCly Difficult Bad, trailing, few sticks

yiid 7, fufR, DR, ZHiE

4%CaCl
#CaCl, Difficult Poor, trailing, few fragile, sticks

2.5 WREETOEBAMR

KA ) J5i i 20 B SA AT CaCl, 204 1 45 F 13k
52 44 T 70 A 1 SR B8 80% LA b, e e B A A B AL A
H SA1%-CaCl,3%, ¥ 5 20 G 1) e 208 T 1 1 34
#2311 mm (K 6), “FHLMERE N 321 g, F
P 483K 91.27%, 3458 J5 T 28 1R R I A M Rt

6 SA1%-CaCl,3% fif% B BRI 7S
Fig. 6 Morphology of 1% SA-3% CaCl, microcapsules

REFEATIY 7.79 4%, LT H A SA Fil CaCl, ¥k B2 1 2H
G (£4),
2.6 FEBEEHXHARERTINRN

Bl PEG-6000 ¥ B2 Ay 57, 900 1A 181 700 R g 8
P ODgoo (E 34 35 F B, {H4 PEG Mk B fUIE
FETR 7 1) ODgoo 34 5 TR TR 1), 3R BT 52 Wi 5%
T, R EEX A W B A —E R EH
(& 7-a) o AN TR] L BE AT Y000 T 790 R AR 208 7 )
Bk K 2E R B2 (K 7-b), 2 Rl 55 5 bk e B
Wi Tk 1) T e 2 R S T S B AR A R R
30°C Hif, VAR TR 790 R AR 4% 1T 59 TR Bk ODggo 34134 2
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Fig. 7 Effect of environmental conditions on proliferation of PGPRs in two different dosages
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Fig. 8 Effect of PGPR dosage on growth of corn plants
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Fig. 9 Effect of PGPR dosage on root morphology of corn plants
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