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The microbial seed coating and its application

HAN Xue”, GAO Xinzhu”, GONG Weijun, SONG Jinzhao, ZHAO Liangzhou, LI Haiyan"

School of Medicine, Kunming University of Science and Technology, Kunming 650500, Yunnan, China

Abstract: Seed coating is an efficient seed treatment technology, which combines exogenous
materials with seeds to improve seed performance and further crop yield and quality. Plant
beneficial microorganisms (PBM) refer to the microorganisms that can promote plant nutrient
absorption, enhance its tolerance to biotic and abiotic stresses, promote plant growth or reduce
the agricultural chemical input. Therefore, PBM can be used as a microbial seed coating agent.
As an innovative technology, microbial seed coating can significantly improve crop yield and its
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economic benefits, and maintain sustainable development of the agricultural system, which was
thought to be a promising alternative to conventional agricultural technology. The present paper
reviewed the microbial seed coating technology and its application in crop production, and its

limitation and inconsistence were also discussed.

Keywords:
germination; biotic and abiotic stress

ARIE & HORRIAR P AR 27 8 K fef ™ 8
YRR HIERUKRIR, B SRGEAY)
ZREE, BIRAEERTZCEN, ARk,
T EHE RO ECR, RIDEHERA I, 7E
FEEARE = SRR, J KA AR
WA, VUBHIRET . IR RERE AT, B &
HIERR, RS RS RS L R,

T A ARAG HE LM BUR 1) — I B R
ERERA RN RAH L MR IEREA i
DG/ S S WA TE Sy e e TR s e R
BCEA — 8 DRI BT 9 B 1 DRI 2 (R AR
SEIARLO PR AP Rl LA 0006 B B B H
TSR B B FA AT ARy R 3 A & Bt p
T B TR, AT LURAP YR S 32 LE W AR A=
Yot i, P AL s

HEAf 7 6 B3T3 B0 AT Ao A 500 g kg B AR
FOACH] . A2 RIRNAGH]  AE W RIRNAH] L FE Sk
Fofi A 5510 R 245 TR oA ) 28181 E 4 B R o 4 5]
S B X8 7K 3 IR SR AL AR R DT S
RFPF 2P A2 AT B0 5 e A 8
T YLt AR FE AR A W A — 2T 55 AR W 7 R AN R Y
e, 1A A AR 27 A e, AT i AR 2
AU MR, R R L 4
A IRORFN N B OB R, A 2
YA 255504 W (plant beneficial microorganisms,
PBM) B H ) 5 AT DA/ R0 ) & 5 REFERE
FED BN, TG sRFh 1% 7, dEmimb
REHEAE R B A&, W/ NSRS R st it
Ab, B B2 AT A HER R R AR 1, A
AR RIFE R R, DM SEE sl g L, fiff

seed coating; microbial seed coating agent; beneficial microorganism; seed

ERIR T AR BAT R TR,

1 BEGHTEK

YA e A YRR e Y AR K P
JGER AR A A2 - AT g G s A %t A= )
JEA= Wyt (it 3z 1017 SR, B R SR
At WA A RO, TR RE A R TR
TGP A Rh AR 0 A A AR A i U,
T 38 2 Fh LA ) 7 3T LA 3R PBM, it
HERII A K. BT, de Gregorio ZEVH YN KT
AEEMEERKRGHF, 5 T KREMA
2F4(98.9%=1.1%), fEdE K G A K . Oliveira 252"
KB, TEMA 100%%) Hoagland &5,
| FH AAS; T8 M L 7 (arbuscular mycorrhizal fungi,
AMFP)HIVERFAIAC, AT 22 B0 . WA B
P 2 5 R 4 i % BEORE G 3 0l 2 &1 (50.1+
1.54) g/kg . (3.0+0.20) g/kg F1(72.3+10.43) mg/kg,
1M Hi2 R AR AR AP HAR & AMF 1)
ETHR S EEMAEY I LR EER, RY
AMF [P E1 A< AT DU RO AR B FA HUR Y
i o BRI, A g A VR A R AR FE RS A
D7 THEAT RAFA 1 RIS
L1 HENMTERES

P LA e T R M B A T i 2
— o TAEMFIAG AL — G 3 A
ER et 7/ = 2 N1 |t R S R R G /b |
FAIA P BARFT LU ARG T Fh -, B R Fh -1
KA KB VA SILAERF F A TS 20 L
PRI o F i DL I A BB ARG 4R — 4 Ak
RERIAEI 5P, Glodowska UM, DI
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YER# AR, S54RI (Pseudomonas libanensis)
IRATEAARTOKFIF, SXTREAALL, FEY)
i 2-10 g, BREHEIN 4%—26%, FRWFLL4E %
(carboxymethyl cellulose, CMC)FIEEFRERATE Fy 5 L
HIIA IR AH IR, BT AR ER B 2
4, W AT R PR Zhou VR (1
HLJRE R AL FE AR TR R B R B, I FH
BREL ARG A4 Wi R GR), MR E R
0.2%HHF, HEFMHUR B/ ACCC 17631 HYE &I
A GRS RRERRIR R, bk
ik 42,01 cm, YRR 3.04 g/itk, BRHE
R 22.89 /bE, EORHYEE R 0.057 g/bk. HEY)
A AR TR RIE P e, Ma 5P
AR AMF PR {485 (Rhizophagus
irregularis) BEG140 Fll BEG 140+ 4741 4= 7 (plant
growth promoting bacteria, PGPB) 1% F. Jitd 5 (P.
libanensis) TR1 #Fh FEL G R, HAERIRRARAAY
PRI E TR B R 21.7%F1 24.2%, TR1 fig 54
I T (L1 %) FLEAE R T (101%), DLK
Mo EIB ST T E H(83%). Zhang ZEPVRTHAEY)
2 A R K R fEUE B 2 A FF B (Bacillus
amyloliquefaciens) Ba . #fi & 2F 71 4T B (Bacillus
subtilis) Bs wy-1. Bacillus subtilisWXCDD105 , %%
YA B i (Pseudomonas fluorescens) WXCDD51
1D S 2R HIFT R (Bacillus velezensis) WZ-37 #bFH
B 2 A AP TR B (9.95+0.73) em . ZE 4% (1.88+
0.15) mm. H1:(6.01£0.28) cm. #fF(2.71£0.08) g
FTE(0.172 7£0.01) g ¥ B3 1w TXHHR
1.2 REFHFERIFH
A7 3 2 B - A R M B 1) G
%2 —P71 BARBUEYIFE R F A FAETE Y
T AEA M AN B, AE AT R A A7
JUAR R AR . 7K 53 AAR R RS YLy <5k
5 T 58P, Georgakopoulos 25> A T X} =2
RS TP 1A P A R AL S bl , Rt
Hr Pseudomonas adaceae & A3 HILEYIBT IR

F, FEE EIIEIE T BV R BT Al fEg 2 4F.

PERAE , A AR B TT DURREA 25
AAF R RERU S AW M IR AC R
AR, b8 AR T K TR YR TR (Bradyrhizobium
japonicum)fE RN, AT LR =E R 4
FIRERR 4 1 H, X BRGS0 Rkt s L Tripti
SEPIESE T A A R R FE G T (Burkhol deria sp.)
IR L2 AP A Tt s, 252596
B, Burkholderia sp.E#ifk L2 7EAE W o () L A7 IS
[ERE E] 240 d, AW AMUBBIE SR T &
AR A, 1T H BRI N2 i ™ i Rk 1 1
NEJ7. PR, REREGEIE S A A TR R B
FETF R BRI A A 3R

2 WAEHMTERIEN N A

WA FIEREW PR KL, n/h2P
KPR Y, DU VGLIR . BN FIEHSE
FHRP, AR EN, SRS
i AR W AR I AT AR R A A
K e i Mg RN EGER 1, B 1P Hoseini
SEUOIEE gy R WY, 42 R G % K % (Trichoderma
harzianum) T36 HFh T4 5 A4 i R
#1(89.44%), 5XTREAH L3N 37.2%, ZFRFIAR
Kr5 AT 3k 4.17 F1 5.75 cm; Coninck 208 TR
%3 K75 (Trichoderma atroviride) i A fh 1Al 7L
g2 6 A1, JF HILW E 3808 T 4iht
5 {0 8% 7] I (Fusarium  cul morum)ji 5 {4 J8% 4 iY
fit J1; Mhada %5V Fi HGHT AR 5 7 (Rhizobium
tropi ci) VA ST A T A, X REZH Fh - 7E
50 mmol/L Fhie FE N S IEERAL T —2F, 1M
R. tropici FHEBME LA AP PR TGV, g
IR ER P R R B B s e R, PR AR
W3- HE 1 = T 52 P ) G 0 T R RO > 1) £
07 B I DR A D A A AR K RN R R AR
VEWILE P 07, AT DR R A% A 4 5 AR A= ) ik
TP A= 25 FR BE D RE Y 171 T 5200
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Table 1 Microbial seed coating for sustainable agriculture

REMEY 6 F Y A1 raZeRl e YEH 275 Sk
Functional microbes Host plant Coating materials Stress Experiment Function References
MR AT [EikS LR EIN = e S U R R fEHERI A (R ZF 3R [36]
Trichoderma Foeniculumwulgare Bk Drought Potting HAKE)

harzianum Mill. Vermiculite, Promote plant growth

kaolin and perlite

FEICAR AN A €S WEAT Rl A TR AR
Pseudomonas Cuminumcyminum 2 IfE Drought Potting
fluorescence L. Vermiculite,

kaolin and perlite

RERART BN WAk /NERR HiZE R
Trichoderma ZeamaysL. i FR 4 Damping-off Potting
atroviride Talc, wheat bran

and calcium

carbonate
ES 1Y) /S Tk LRI 5 T AR
Metarhizium ZeamaysL. Diatomite and  Plant diseases Potting

hydrogel and insect pests
LRARA BRI K FILLTHER | B AR
ZeamaysL. JEEE . 3P, Plant Potting
Metarhizium or fzid - FNi-E# diseases and
Beauveria bassiana Methylcellulose, insect pests

xanthan gum,
rapeseed oil,
bentonite and

talc
il B 25 AT I oK, sk FOKTEH | - AR
Bacillus subtilis ZeamaysL., F S 2 ATl Potting

BrassicanapusL.  Corn starch,

chitin and

glycerol
MR AT i LR R, I AR
Trichoderma Solanum KRG L Potting
harzianum lycopersicum L. Cellulose and  Disease,

cassava dextrin salinity and

temperature

Pty AU T B3] BN hE Ak
Rhizobium tropici haseolusvulgarisL. Trehalose Salinity Potting
EENONT] /N BEA - Ak
Pseudomonas Triticum aestivum L. Bl 1 i Potting

Zinc and

arabic gum

(germination rate and tissue
length)

fdes AR, BRI [37)
R AT A A RS
Obtain a high emergence

rate, increase plant soluble
protein and antioxidant

enzyme activity

FEARIR T SR A= AR [38]
By, el A A

n

Extend microbial shelf life

at low temperatures,

reduced the occurrence of
seedling diseases

BCERE YR AR RE, 8 [39]
g HLE

Improve plant growth
characteristics and reduce

pests and diseases

W/ b P L B JEUAS R A [40]
TR 2

Reduce plant root decay

caused by fungal pathogens

e AR, B [41]
FER 453 18] 22 JUREL I B ik
Promote seedling growth

and reduce the release of

dust particles during

mechanical wear

{EHEF T & [42]

Promote seed germination

Rz, TIEESEL [43]
Increase germination rate
and adjust morphological

parameters
R, IRFLAE S [44]
AR R B

Increase plant yield,
endosperm zinc content and
enhance bioavailable zinc

- RIEK

—: Not mentioned.
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Microbial seed coating .~/ ,"-f";, T~

Af"‘ i)

Resistance to biotic stress (insect pest)
il e
e 4
NP J'f;! (2]
| a7

Resistance to biotic stress (pathogen invasion)

o T O

Resistance to abiotic stress (drought, soil salinization, etc.)

Absorption of nutrient elements (nitrogen, phosphorus, potassium, etc.)

1 eI TFERMER

Figure 1 The function of microbial seed coating.

2.1 WEMTFAIAEME

Fh AR T A Tl T TR SRR QRN |
i PARAISE, $EE/ KR RIAME AR
MR HREFIPERE , AR T UK R R I F i
DREFREE M S T R R, DASEBURS TEAR
W, Ryu ZEMOEGY R, FH 2L 2R AT
(Paenibacillus polymyxa)fu &K FfT-AEfg I infh 1k
AN, AU B A RS B B, IR R P RE Y S
AR FAAR R E . Javed 2N i AR
WL A SRS R - A A TR AR
AR THURER, WARA, Bt m 7 &
PR 25
22 REMTRE

Tl = I 1 S ) o A A 0 3% o T AR 1)
BHNER, SHA MR DL ik
Tl A BRI, 42 1 46 AU S 20 A B
Vo, s Y - =™, &F
7KW I B Bl A A ) R0 K RN s Ras o
DA B i B R bR 5 ol R SR A B B oA 4
T B & T 1100, Wa PR BRI A AR B T R
1% 72 [CFF 17 (Kl ebsiella oxytoca) Rs-5 FilZFE AT

A BCL-8 (Bacillus sp. SL-13, SL-14 #l1 SL-44)
12 WA AL T T AT A, R AE R 77 ER i
Mo ) R ZEFRBEE T 11.3%, Singh 258 &
B, MR AR IS A AR AT DR A
B HEYITERE , SRR FAHLL, TR
12 A1 J5 Hwg &0 1 MGG 1358 B .
A EARFF ) 22 25 R
PRUET= i, WA L BOK L UL HAE . FAH
RG24 03
2.3 RFEMKRERINEFRWIYK

T A i A R URT T
R RZE. G AR, IR FT LA
VE X5 37 0 2R W WS e 38 fin A 0 vy Jo o
1P Rouphael %P1 AMF [#R PN HE 0 48 55
(Rhizophagus intraradices) BEG72 F1/EE 7445 1 5
%% (Funneliformis mosseae)] LA & T. atroviride
MUCL 45362 X} PR F{HEE & i Fl“Romolo” Fl“Istar”
AT AT R, 45 5 R I E A
$em T R AE FRNE, HhURRTE R, &
TS, WG 45 7 R R 21 T 4 I 2 4 5. Colla
D5y kP, Wit AMF (Glomus intraradices
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BEG72 #l1 Glomus mossae)#il T. atroviride MUCL
45632 HA RPN HE D & /N E ST
A K CEFRR A LA R 500 I3 23%
64% Fll 29%) 77 i (AR 4 A 1 2= T B
8.3%—32.1%) 1 4% W) Jot it (45 11 J5t e BE 8
6.3%, B, W, PP G N) . 7R AR
R, ¥ T. atroviride LR A 198 X A0 2]
T, ARSI SRR, PULIA RN PG
FETEA MG 167% . 56%. 115%. 68%7F
58%, TEH [ A5 T A 2 2 AL % J1 43 51 3 fin
61%F1 57%; XTI, HERh R AE PR A
Bk #E %5 (Glomus intraradices) 1 T. atroviride J5 H:
T R R B R 59%F 15%7, A
A IAED R FEARTEARIE AR ML 77 SR 8K
K, A AT Reps AR A o P i B
Fir{d. Rocha PR BITERMIEMER T, #
Flt AMF R. irregularis fit 140 4 a] fi FEAR 1) 3t
EERE SR B A . B BRUEE Y 43 3
110%. 93%. 88%# 175%.
2.4 ESEMFIAEYIIE R EE

s U E Y A E R AR A K, B
RAEP =i m s i . B RTE ARG 7247
FAS Ty TG P ARG A2 AR 2 Wit , 17T Al e A
A A 2 A P HE D BAR ) Hhn] LU S 4
PUe B o N L, SRR e R R BE
J1, IR AR AR, ik
R, DA Ik B IR BE &4 B RGN
Kthiri 2% T. harzianum F 742 4K A] {347
M) o 2 A ZE M A, 0 28 5 0 REUME LR
i 245 50% ; 1 Wang %5 0] % 3 B.
amyloliquefaciens FS6 FIe i . H di R | Hl
i ()R - AL A N 2 K 5 B B B G A
Fl. Mahmood Z5Y& B, 7@ Ak,
Py B A TR R TR R XT A Z0  T YR
HRILTFAEE, H T. harzanium Fl 5B # 7) £

T 28 A P - AR s R = F) 93.75%,
F B it FH SR A A, Javed ZEIVL R, 5 ALK
AEFR R AR E, ] Bacillus sp. KS-54 fuA& 7k
Tt b —F BB A R A1 1] AR oA 2ok 7R 2% R 1 A=
Ko i, AR TRIEY ERA
AIAT . 2RV RN A A 1) gm0

2.5 ESEFNFIUIEE RN IE BY RE

W R, FenilE T 58 7 g A& B B ]
LA Tt (00 5 L DT AT A 0 1 W K R 4
TeH, PRALAY A A A SR Y R
H R AT LA S AR Y T SRR T . Ah Rl
B BHIREBONAE KBRS, S BT 5 e
A w0 iz —1% piri FEPBRABL, T
BWa T, A T. harzianum fil P. adaceae X} 4
SR T AT ELAC, AT LA 35 b1~ 1Y 4 2
S I 7 e D = W R O
LA A

FH A5 FEEE T A 3o it T AR 2 1R B S5 5 i
F) 3 B, e 2 A0 X VEY A
KA Ty FEERRBIK 2 S0
T 38 L AR AL A AL T Y R R RO A
2, THFRSEE, FH-2EEEY 0 &P =
BLANB B N 70 BRI T R SR
H R TE R b8 T AT LU S AR A ) A
K . Shahzad 27" B, FFH b FE 25 I AF 5
(Bacillus cereus) Y5. Bacillus sp. Y14 Hl1 B.
subtilis Y16 55 FL TR & X /N Fb 5 HEA TR0 AK
RE A IR R b 2 SRS e . B & i A AR
b, SARIEROBRALE, PR . B PR
MRS AT 7 R Bl B 14.57% . 16.75% .
23.77%FN 22.74%

AL, 5 BRI FE VS B AR i T B2t 2 VR A=
FERE SR HI N &, Rakesh %72V R BLER A Y
FEE A A BIRLEE O AR . AMF W] L2 fifg A
YT EE R, S R G W AR S A AR
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T DA SRy el A A0 T 1o v A s TR R
&R AR AT AR R Z —, R —
Sen] DL E 4 A 0 TR R R B, AR A
@ MHE N EiF AR, IF BAERIEEY AT 2
PERTIR T, SRR E E A E TS Y e
Singh ZFFSE KB 3 Rl SR 40 B KL E A
FIA AN FEIT AL R E A5 T R A, [l
PRI SRR LR

R2 TREMEMBEDTHTFEK

Table 2 Different microbial seed coating

3 RABAEAF/TEREENA

Wik AT ER Y PBM AT LU ERR T K 2
R AP RE KO AR 1 (g JEL AR 3 ) AR A=
Yocandh . TR FE G R WA B2k, (R
A AL R VO R 2) HAT, AREH .
ZEFUAT A S E Pl -0 SR A T %) I FH A X
Iz

TRERAE) & FAEY) 1 275 3CHk
Functional microbes Host plant Function References
I R AR Fok PER R TR AL R U ARG [77]
Trichoderma harzianum Zea maysL. Improve the germination rate, germination speed and root

length of seeds
KE BB T SRATC TR AN b B [78]
Trichoderma Ricinus communis L. Enhance antimicrobial activity and seed quality
R T A% KA A [79]
Trichoderma koningiopsis Oryza sativa L. Increase leaf length and dry weight
Fili B ZF SR IR Lipia REmAh ¥R 2 AR K [80]
Bacillus subtilis Gossypium hirsutum L. Increase seed germination rate and promote plant growth
FAUFF R INAE fE AR A K [81]
Bacillus Triticum aestivum L. Promote plant growth
WA ZF AT T BN, R PEFEAE Y A KIFHAT™ IAA DI [82]
Bacillus cereus Cucumis sativus L., Promote plant growth and exhibit IAA production

Capsicum annuum L.

BRI T GING PR A SR [83]
Pseudomonas libanensis  Migna unguiculata (L.) Walp. Improve grain yield and nutrient content
PR NETE EiSi] Hhnbker . 22, K BEEMTH [26]
Pseudomonas fluorescens Solanum lycopersicumL.  Increase plant height, stem diameter, root length, fresh

weight and dry weight
SRET R T UY e AR, REAETR P SCRE L AL (84)
Pseudomonas Triticum aestivum L. (peroxidase, POD) . #A%Afb#E: fL B (superoxide
chlororaphis dismutase, SOD). %A b &ifi(catalase, CAT), AN

IR fi% A i (phenylalanine ammonia lyase, PAL)F 22 I} 45

AL (polyphenol oxidase, PPO)AYE

Promote seedling growth and increase the activity of

defense related enzymes peroxidase, superoxide

dismutase, catalase, phenylalanine ammonia lyase and

polyphenol oxidase in seedlings
EENONT] JE W & FEARAE B A 38, M AR P il b oo o ek [85]
Pseudomonas Cicer arietinumL. Reduce the incidence rate of plant diseases and increase

the aboveground weight of plants
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3.1 KRZEJE(Trichoderma)fhF £ 4

K% J& (Trichoderma) J2& H3 s fi & UL 8 J65 A=
HEPR, EERATAYARLGE. EH b
9% R B L ELA TS BIA A FCAE 95 i TR 4R 38 DA S A
PEE EAEY AR RE S, Dogaru 2R
JA T. harzianum KUEN 1585 ()7 13,4 A i
KT 1Y e ZF B SR A g 21.3%F1
14.9 cm, Chandrika Z&U8F1] A %5 (Trichoderma)
e RBE R R A R A O R4
KFATUCA, SR T UG PEFRP i BT, (R
W AR S A T AR R AR KA
K %E—Z G K, Cortés-Rojas 257 % FHs
HLRR T A% (Trichoderma koningiopsis) Th003 &
FE S TR T2 EM Ak, A
8 °C FARFMIIER % 154 H, 1 18 °C T4
9~ H . Swaminathan Z£* % B A il 77 Ff R} A
IR FREE 7] LAZE K T. atroviridae #1 7 HU 771 2,
R TR b, WA ES ok
F, AR W R A S AT LUK R A S
AR mg A 7 b, AR 2GR, REAR
XF IR AEY G Y
3.2 FHIFEEBacllus)fhFE 1K

ZEHILFT i (Bacillus sp. )& WF 5T i) 12 A
HRBR A P 2 — , TEAR N 7 T A ) [ 4 by T i
o HETZFEAT W SO AEY), TERG
TR N SN {1\ 9 A AL 7/ | 73 AN - K 351 )
S AR, Tu %5H B. subtilis
SL-13 Tl B e 2 A AE M A< 5] (encapsulated
microbial seed coating agent, ESCA)Lb LA LR
T KRR 28.74%, MHHMkE . BRI,
SRR E R T E G N 52.70% . 25.13% .
46.47%H1 33.21%. Ain 2B UF] ] Bacillus sp. AZ6
TR R R WA, SXTHRME, Ntk R
KA BB B 24.6%. 17.8%F01 23.3%,
Jetiyanon %5525 B ] B. cereus RS87 il Jii i b1

A, X REAR LY, AR PR = FARES 43 33 i 2
25%F1 50%, [FIISFRE RS87 A f7=A: K idk IAA.
Pt , USRS kR, R 2R il AR
IRV AE K R T HA SRR,
e A7 FBA RAFRY A
3.3 R E B (Pseudomonas)ff F £ 4%
{5 i 1 (Pseudomonas sp. ) TEFRE R {2 73
i, Hrh—de G AW FaTaTE . YK
T S S RGP RN S RE Y Xu A5
P Pseudomonas chlororaphis YB-10 il B/
FRFAAREVERHE 107 CFU/mML Al 10° CFU/mL
iF, BEfg WML L AR, R R /N2 )
B B AR DG L S AL P (peroxidase, POD).
ALY AL B (superoxide dismutase, SOD) ., i
A Ak A i (catalase, CAT) . N % R it 42 i
(phenylalanine ammonia lyase, PAL)FIZ B4 1k
fi#(polyphenol oxidase, PPO)AE M, 384 A ¥y %t
9 JFAR B BTPE . Hameeda 25050 5 Fh 1A% )7
X} B St |l Pseudomonas sp. CDB 35 Al
BWB 21 SEHEE )5, AP AEY & (T ) m
(18%—30%), 7EHEH CDB 35 &b B P18 &
R 47%. PRk, B v s Tk P sl iy
A DR B BRI AR A AR A 77

4 WMEIHTERERERS
— B

K it 5% e B AL W Fh AR I 3 RO
G Rk S R T B A IR, MRS
b HEGEHE S AR RO IACS Y M, AT
F 5% 2 B GIUE Db 1004 1 2 Fh R A sl
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