TR A SR IR Nov. 20, 2021, 48(11): 4087—4099

Microbiology China DOI: 10.13344/j.microbiol.china.210120

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

EHFWHTE QHZ11 MO ERERBERTR

FE4? AR REZV KLV RV AsE? BN
1 Hlt Wl REAVEIR S50 HoR A T RAEEEYF A= Hlr 22H 730070
2 BB & SIEFY AL AH TR hG HE 220 730070

3 HRgl Rezah2#Be  Hlr 22 730070

H OE. I5x)] 54FZERAH 14 L E (Rhizoctonia solani)i| #4—Fr A L 4ERF, B A
AR E AN ISR TR AL, M AREGIS AR B2, [B 6] A L4AE ZE
Fa 9 JR ) Ak AL H (R, solani) JT18 #9353 QHZI1 xF LA F ARy AR, B+= QHZIL xt
ERERG ST EME, [Fik] EXRE LIEF 5 348H R. solani IT18 (CK), R. solani JT18 Fa-&id
A #UBE(Organic Fertilized, OF), R. solani JT18 F2 & kB A AAL(AA+OF) A R. solani JT18 A= QHZ11
4 WA HAE(BOF11), 44 %Bf KA EF PCR (Real-Time Fluorescence Quantitative PCR, RT-qPCR)
EFxk, IR LALELSAFHRRELAIE R solani JT18 £ LA AR R Aotk R B 3015 69 202 T AL A SE
#H QHZ11 5 R. solani JT18 6942 K KAE, Fl B Hudx R 4 22 2% I 64 o 1 48 2048 B 64 b7 24
[4XR] RT-qPCR £ R AW, ML4E A 7RIk, LHFIARR. R AFH & Z R solani JT18
R FAELENE P ZINLIZERZIERIB| LI E T EHH#YE, M BLE&3L R, solani JT18 #)
¥ H CK>OF>AA+OF>BOF11 HARFR>AR £ >#] & 3#; £ H QHZII ¢94 & T/ H 5 R. solani
JTI8 AB R , A2 AE fE 3 T s A, 7T BLF) Bf BB — 31 4% QHZ11 #9 T I 23 % &5 T R. solani JT18,
EE2Z 2 HFR, WY QHZII &AM T —EHERFTRAASLE, PEWH T R solani JT18
W ERFHIA. RS REAN: CKAHIESRK S, OF. AA+OF #» BOF11 & ¥ 2 FKF CK, &£
¥ BOF11 &3 & # b2, AR NAR, % BOFI1>AA+OF>0F 432, #Lo-E@A e, RAR
A MR DA AN T R AR B 6 HHhFEBRER, KPAEADAIIEERREE. [£#£]
QHZI11 VA LA BAREN LI, TrAid il LA ZARIR ZAAMR B 3L 58 fife b B4 5,
M A 34 BAESR TR R A R. solani JT18 )4 GA %34, BB FAB R, X QHZIL A
HABe LR Al ;- B EHEN, FAH#—FHR QHZIL 49 A AU L E T sk,
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Abstract: [Background] Potato black scurf is a typical soil-borne disease caused by Rhizoctonia solani.
At present, the bacterial resources for biological control of the disease are relatively limited, and the
researches on the biological control mechanisms of corresponding strains are more lacking. [Objective] To
clarify the biocontrol effect of QHZ11—an antagonistic bacteria of Rhizoctonia solani JT18, and reveal its
partial biological control mechanisms on potato black scurf. [Methods] R. solani JT18 (CK),
R. solani JT18 and ordinary organic fertilizer (OF), R. solani JT18 and amino acid organic fertilizer
(AA+OF) and R. solani JT18 and QHZI1 biological organic fertilizer (BOF11) were inoculated
respectively into the sterilized soil. Using real-time fluorescent quantitative PCR (RT-qPCR) method to
study the quantity changes of R. solani JT18, and law of quantity’s increase and declining between the
antagonistic antibacterial QHZ11 and R. solani JT18 under the different treatments in the rhizosphere and
different parts of the plant during the whole growth period of potato. At the same time, we compared the
disease index of black scurf of different treatments and the corresponding control effects. [Results] The
results of RT-qPCR showed that with the progress of potato growth, the quantity of R. solani JT18 in
potato rhizosphere, roots and stolons under each treatment increased to the peak in the tuber expansion
period, and then decreased. The quantity of R. solani JT18 in each part was: CK>OF>AA+OF>BOF11,
rhizosphere>root>stolon. The quantity of antagonistic antimicrobial QHZ11 showed the same trend as
R. solani JT18, but its peak appeared in the tuber formation period, and the colonization quantity of
QHZ11 was significantly higher than R. solani JT18 in the same part of the same period, even two orders
of magnitude higher. It showed that the existence of QHZ11 occupied certain nutrient resources and
niches, which severely inhibited the growth and reproduction of R. solani JT18. The results of the disease
showed that the disease index of CK was the highest, another three treatments were significantly lower
than CK in which BOF11 had the least disease incidence. The results of biocontrol were just opposite,
which were BOF11>AA+OF>OF. It showed that ordinary organic fertilizer, amino acid organic fertilizer
and bio-organic fertilizer could control potato black scurf to varying degrees, among which bio-organic
fertilizer had the most significant effect. [Conclusion] After QHZ11 is made into bio-organic fertilizer and
applied to the soil, it can effectively inhibit the survival and reproduction of pathogen of black scurf by
competing for nutrition and niches in the rhizosphere and different parts of potato plant, thereby achieving
significant biocontrol effect. It is of great significance to the application and promotion of bio-organic
fertilizer of QHZ11, and lays a foundation to further research the biological control mechanism of QHZ11.

Keywords: potato black scurf, Rhizoctonia solani, Paenibacillus jamilae, niche, biocontrol

LSS R PR 2Rt PR R R, R dRIE, 2009 AF NS P IX A I T 2R AR 85%
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TR E P T R TR AR AR BO E, fe
P, ML B HRRIE 10%-20%, FEH
HR R 75%0h 1P, SRR S i D4 2
&, ZE0E . ARE MR R, I BRI
PR S A, R R Th A A e R T
W, R F iz A bR SR A 2R AT
Biih, ARG F, il I Ty
e, PN 552 SRR LA AR BT
woE,

AR, MEA—MATHR ARG, A=A
HUIE (A LIRS 847 25 SR R & )™ 8
AR Z . LRV HUIEZ BT LARBAS A 45 A B
YER, F29545 THARYZhREER, BIARPROEAETH
(Plant Growth-Promoting Rhizobacteria, PGPR)[g]O
PGPR K AEAF R R HAEE AR RAIAR 2R A AT
oEm!' M, e N EARE, KA
BB, PR A EE PR ERAIE, XL
BA ZHE S5 B Y mT LR it S50 1 e 5 PR
AL BRI, SRR A E A S S EYE
KIEFRY O HRG] 7 RE . RN, H
H{F56 IR I PGPR; YA UAE I TE RN 2800
JLE 5 BT kR A A A ARl 5 TR 22 AR S5
Je A B A AR ME PR U P X AN S, X
PGPR 3 iof 5% 4 il S5 o g — A HLE ),

AR S 25 i 4 DA AR R T 4% AR PR 0 Bt —#k
XN AL 22456 (Rhizoctonia solani) JT18 45 & 254111l
ORI ZE T B (Paenibacillus jamilae) G1, 4
PRYLBETE T8 , Xt R. solani JT18 M HKIKF] 66.7%;
BB AELTHE R . MG R, Fe 2RI W
LIR, B HA—EMRUERE ) BERIEE R, Gl
AEfli R. solani JT18 R 22 KEWGIE | 5 | 285 FITH
sl R AR G1 LA HLIE k] LITE
LR BB A ROE A, T AT S8 B A UR R
U, AUREHTEN BRI T OORI . ¥ G1 fndahy
QHZ11V™ RAEARIA £ 4% QHZIT Myfiek:
BORMAT TAREAIE, (50 QHZ11T X Sh4 S RE
9o A2 97 5 T O RIFFE T LA AR K

E, RGP QHZ11 HIFFEX4, 5T
il LA A HIUIE 5 o By B BRE 1 R B RCR , JF
WATHFSE QHZ11 5 R. solani JT18 1E A AR BRAN
PR RO AR TH R R /R QHZ11 B4 B
ML, DAASh QHZ11 A=Y MLAE R N AN 3
HERe S, IRt —0F5E QHZIT AYA BFHLE
B A
1 RS
1.1 ##l
1.1.1 &

NG 22 R (Rhizoctonia solani) JT18 ., JSZEFEAT
W (Paenibacillus jamilae) QHZ11 Y3 A SZEG % 4y
B SRR

T8 RHER A TR AR KA e ) R
B AE 392, o PR PEA TS TR K AL B (1} 10° Pa K
30 min), M52 h J5 T RSEFMATHT 0K, &
Je BT EAL B ARIT . SEARBAER R AL
21.24 g/kg, 2% 0.9 g/kg, WfRA 123.2 mg/kg,
B 97.98 mg/kg, AP 64.23 mg/kg, pH 8.2

st B U e RRRIIRR £ ST AR 224
W 224% 1 g/kg (BB RBSFEAKE L.

T A AUIER S e R A FR A R R
fit, HhEHUR 45.23%, A 1.22%, P,053.15%,
K,0 1.67%.

QSRR : P IBO A= IR AT BRA Rl
fit, %1231 g/L, 2081 g/L, 28 1.71 gL,
TER 2 LR 16 B, 23 5 R AR 150.224 pmol/mL
IR 30.673 pmol/mL . 2224 i% 47.315 pmol/mL .
%2 101.553 pmol/mL , H 22 225.112 pmol/mL .
PZIR 109.933 pmol/mL /it 22 1.232 pmol/mL
851241 28.501 pmol/mL . AR & R 15.154 pmol/mL .
SE5e IR 13.065 umol/mL 52 R 47.204 pmol/mL
4822 18.568 pmol/mL RN 2R 41.024 pmol/mL .
2R 44.974 pmol/mL . ZHZ4 1R 24.790 pmol/mL
K% R 41.413 pmol/mL.,

FIEBRA NIRRT BOEEANUE 7 kg
TR (N 56 cmx36 cmx28 cm), % 15% (&
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Jo A3 O N A IR K IR S) , BRI
PitEE pH T 6.8 Bl Ao HILARBALME N
HOLE 47.74%, %A 2.16%, P,0s 3.29%, K,O
2.02%, pH6.8.

WAL K QHZ 1 TR 5%
(RBUR R BOER B Z IR A VUL, R ER
PEFE, EHESKERN 60%E1%, AL 8 d, i
AP AL . AT R : AP 46.88%,
2R 2.21%, P,053.50%, K0 2.16%,pH 7.1, QHZ11
MR 10° CFU/g (B ).

112 FEAFFNUERERE

P4 DNA $2BGAH & H R
DNA PG #] & ChamQ™ Universal SYBR®
qPCR Master Mix, F§atIAMEREA DR FRA H
9¢E 7 PCR X, Roche 247,

LB MR35 (/L) H M 10.0, BehkE
5.0, AL4H 10.0, pH 7.0,

PDB 355706 (/L) 25 44 200.0, HERE
20.0, pH 7.0,

1.1.3 QHZI11 FEE&rHI&

PG QHZI Fh-FIid% 5%/ LB
Wk 5d, 30 °C. 170 r/min 3555 48 h, 4p3
F 50 mL .04 )5 T 4 °C .8 000 r/min #.L> 10 min,
EBRIGFRAL, HBERRSE 0 R IR A 3 UOT AR
o, MIIREE EEGAF] 10° CFUML,

1.14 REREZLH &

PR S AR A HAR 5 mm fTHLART
L, HEPHERZIE 300 mL PDB /Y 500 mL 4
W, A 25 e, T 25°C, 180 r/min K555 3 d, 1
W22 G R G I E WS A i 08, BRI TR
&, ST
1.1.5 fitmeh

LR B RVGHE TR IR, P P T AR B B L
1.2 Rt

YA BRI 2% 4 AMEH, CK: R H[R.
solani JT18 ¥ 1 g/kg (T 1) ¥I5HEAKE 1]; OF:
i+ I A HUE; AA+OF: 5 ++EERA HUIE ;

BOF11: J§++QHZ11 AW ANAL, B abHHZ e
BHE I 1.5%M LB SIREARG 1, 385 F 24 K%
Pl #ALBRM) N, P, K 23 HRIBRNST, fEa
T+ 6 kg, RRALIH 25 F. WEFPHTFHUCERREAX i
FRIEA TR . AR RATHARAR . fE2FFFFFREE S
FEFl, RRAh 8 bR, THIMIEA 4 ¥k, LEF W 120 d.
1.3 HittEmRE

HR R = FAERRFE S R IR M R . 43
BIE TR IR AN S 1055 7 RCGEAIN) . 5 27 RGH
). 5 47 REZBIERU) . %6 67 RZEIZIH) .
55 87 RAEMBLRMNAL 107 KR RAEMRPR
AR RS TESS 47, 67, 87 Fl 107 KRR
FIZERES . BWEANIIR 3 4, B 3 B,

SREERP R DA R R e A S, R EEAR
FZEZRML, FAXERAEHEERE 1-2 mm
(T BRI ARBR AU, B RS R AT A 10 mL
THE G ET 4 °C K& H L%, F i+ 15
& DNA JE -1 T—20 °C, R4/ E T80 °C Ik
FEPRAT o B R SEAR PR - AOAR R AE 28 18K R whisk
T, FEACRKMTE 3 8. KR 2 A2/
DA FFIFBI AL 0.5 em K HI/NEE, 43 HIFRE 5 B
F 2 mL BOE PRI AR, A7 T80 °C vKA
W T2 DNA,
1.4 R.solani JT18 #1 QHZ11 FE 55 Z R, 1R
AMEEENEENTE

14 DNA Fiikk DNA (3BT V45 B4 1g
AL ATME R AR R A RN R R HESE R 4 DNA
FEBGAF & AHE Y FE K 2] DNA S5O0 £ Ui B 45
i A

DA H B S T ST A Z2AZ TR (R, solani) JT18
f e IR R G T K QHZI B SE
LU Xt VA RS PR AT I o 40 A
AFERFERBIMPR A . AR A A EZEA DNA N
KM, ] R. solani JT18 Fl QHZ11 H4FF4ES 9
(Rs3F/Rs3R ., gyrB-F/gyrB-R, 3 1)y M9 44,
R IR KB BOEE DS, SRS S vy I
HACSRYOUE S A . Fea IS A EA R A bR
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Mk B2, BRI AR AR S P R solani JTI8 R R 1 FTASIMER
QHZI11 fy3t EREZANESS Table 1 Information of primers
Pri 5'—3' Size (b
QHZI1 #&tsE#t PCR KBIAR! (25 L) rimers seduence (573) L)
™ X ® . gyrB-F: CGAAGGCTCTCGTGACACGATTC 150
ChamQ ™ Universal SYBR™ qPCR Master Mix 2yrB-R: AATAATCCGGGTTAATGCACTC
12.5 uL, I, FUHF5197(10 pmol/L)%% 0.8 puL, Fifk Rs3F: TTGGTTGTAGCTGGTCTATTT 500

DNA 1.0 uL, ddH,0 9.9 uL. RT-qPCR JZJij 514
95°C300s; 95°C5s, 60°C10s, 72°C20s, 40
fE¥R; 95°C 10's, 60°C 60s, 95°C 1s; 37°C30 s,
R. solani JT18 HYeiE it PCR J i fA 22 2
(20 uL): ChamQ™ Universal SYBR® qPCR Master
Mix 10.0 pL, b, T#F5 (10 pmol/L)#% 0.8 pL,
Bt DNA 2.0 pL, ddH,0 6.4 uL, RT-qPCR J )i 5%
f£: 95°C30s; 95°C5s, 60°C34s, 95°C 155,
40 MIEFR; 95°C 155, 60°C60s, 60°C 15s.
1.5 ARIFTHEAZAIE BE BERAIPATR
R T4 RS MR (% 2), 2
TERGFIE (05 47, 67 F 87 RGeS AL HH T 2L
FZERETEN, 1655 107 RETHHEER AL
T 1 18 B=T (45 v ik (B 25) B A U (B (A
2 SRR B R AR (E)]x 1005
B 3850 (Yo) = (kT BE 99 155 4 50— Ab B A 9o 15 45 50/
XF BRI 45 < 100,
1.6 FESH
K H SPSS 23.0 #{4:(IBM Corporation, NY)43

*2 DHREEERFRIRINE

Table 2 Classification standard of potato black scurf

Rs3R: TATCACGCTGAGTGGAACCA

Mg . T B T IR S PR 22 57 R
FA TR E 22047, H Duncan FOBTE W25
K2z 5w, ARFEVNG FREF RN 2 5 5
#(P<0.05).

2 HR540
2.1 AEIRHIRALIE R. solani JT18 BIEE Tk
2.1.1 R.solani JT18 EEREFIRFRAKELT L
MEL 1 ATE Y, A S84 T R
3, KA R, solani JT18 FEARPR BRI 2 P4
FHE BPCEERE KA (67 d)BEE(E, FEE TR
o, KHHH 4 NAEPR R, solani JT18 Bt 43510 -
CK>OF>AA+OF>BOF11, 4b# (a4 & 2% 1%
S, CK 43 R. solani JT18 BB E LS T
1.18x10 copies/g, Lt OF (4.07x10° copies/g)fil AA+
OF #bFH(1.62x10° copies/g)s3 515 i — 04,
e BOF11 #EFE(3.97x10° copies/g)mith T 2 4Nk

Y

S UERME HF 25 G Pk

Grade  Representative value ~ Underground stem Stolon Tuber

1 0 No scabs, normal plant growth No scabs, normal plant growth Tubers without sclerotiums

2 1 Scabs are 0%—5% of the total Scabs are 0%—5% of the total The area of sclerotiums are 0%—
area of underground stems area of stolons 5% of the total area of tubers

3 2 Scabs are 6%—35% of the total Scabs are 6%—35% of the total The area of sclerotiums are 6%—
area of underground stems area of stolons 35% of the total area of tubers

4 3 Scabs are 36%—65% of the total ~ Scabs are 36%—65% of the total The area of sclerotiums are 36%—
area of underground stems area of stolons 65% of the total area of tubers

5 4 Scabs are 66%—95% of the total ~ Scabs are 66%—95% of the total =~ The area of sclerotiums are 66%—
underground area of stems area of stolons 95% of the total area of tubers

6 5 Scabs are more than 96% of the  Scabs are more than 96% of the The area of sclerotiums are more

total area of underground stems

total area of stolons

than 96% of the total area of tubers
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N W B2 L N X
T

Ig value of copy quantitity (copies/g)

7 27 47

- mCK =OF

=
1

IAA+OF mBOF11

67 87 107

Sowing time (d)

1 Rhuizoctonia solani JT18 IE B ZEIRIFHIEET L

Figure 1 The quantity change of Rhizoctonia solani JT18 in the potato rhizosphere

I AN FRFRZESFEE. TR

Note: Different lowercase letters indicate significant differences. The same below

2.1.2  R.solani JT18 TEB5SE IR RFN B B EHIE
=T

ME 20T LLEF, R. solani JT18 £ 452 2
AH] ) 25 Y RO 7 A A [R) B2 S AR B — 2L,
WAETZE NG R IA BN IR E 5 H . AN RN 25 A
PE R. solani JT18 W¥wA W #E2 R, JFHAE
BAEFINRIEEERR B ERECR I &

THEZE, XMEFESREE AR IHE, It
MHIfEAR &2 F, CK 43 R. solani JT18

B IAF] 2.72x10° copies/g, BEE T AA+OF
(8.11x10° copies/g)F1 BOF11 ZFH(5.12x10* copies/g);
M [FIEHHFE R B Z2E -, CK ALHE R. solani JT18 M4

H#h 1.83x10° copies/g, WETRR, HEEET
H4y 3 Mk, JtHHE AA+OF (5.14x10° copies/g)
F1 BOF11 4bFH(2.46x10* copies/g)5 il &t T — 44k
YR B
2.2 A[EIFHA R. solani JT18 1 QHZ11 B9 2
HEKXR
2.2.1 R.solani JT18 1 QHZ11 ZERPREVEE H K
Kl 3 JZW T R. solani JT18 Fl QHZ11 7E 4455
MPREENKER, ATAEN, “HERERE
B 2T T RS, REF R, solani
IT18, QHZI1 [ th AEPETE (47 d)e AN

s CK »OF = AA+OF mBOF11

lg value of copy quantitity (copies/g)
S = N W e N
S
&

7 27 47 67 87

abc
ab § ap
2¢ I q ic a?c
d d d d
107 47 67 87 107

Sowing time (d)

B 2 Rhuizoctonia solani JT18 EERERAFMBAENHET K
Figure 2 The quantity change of Rhizoctonia solani JT18 in roots and stolons of potato
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ZEZM(7 PR, QHZI1 IR R. solani JT18
B ECRY, H MW E Z R 125 5 R Y
UK, 2RI, TERT R IHI(87 d)FIS
(107 dyfge/)y, BEHHEHUE QHZ11 TEMRPRIA BUE
FEANE TR R. solani JT18 AR FNESH, f#
R. solani JT18 [HCE 5 FHADAL BIAR Hb & 25 FRAIC .
2.2.2 R.solani JT18 1 QHZ11 ZER AFNE 1=/
HEHKXER

ME 4 0] LIFEH, R. solani JT18 F1 QHZ11 7E
I % TR A ) ) 25 ) B0 R Ak A R AR PR —
H, JFHAEEANETY, QHZIT FEMR R M EFHEL
i [f] R. solani JT18 —AFH & T 76 # &) 25 A EME
Boim, A Z MG 2 RTER R IR K
Wit , BAMIRAL, JF BN BRI XK
1, QHZ11 WEHECRIILL R. solani JT18 &M
MEGED, TR SRIATE M AR R S — o
P EMEELEMNERSRAR FEA-F, AFH
RO RERZEIE R, QHZ11 %R R. solani
JT18 mith 2 AR, HARBHBE S — 0
Y. R. solani JT18 F QHZ11 £ h44 AR Z F11H) &
EMBERTHK SRS UH T QHZ11 LIAHLUE
REA, R DATE Eh A AR 7 RN 2R R A
SO, DI 7 S50 D P 7E 3X LA 9 A 25 AL
MEFYIFT, YRR RS AR EvER-.

mR. solani JT18

a

23 AEMAZSLENDSRERERMGE
R
2.3.1 AERAZAIEDHRERIEFREARENAY
B3

3B T AN S AP T 25 #)
T ZE PR TG HR B AR R, R 3 ]
DIE H, MY U R A, 4 PR A
TR R 225, T ELAS B AN ()9
156 501} CK>OF>AA+OF>BOF11; ik H
BOF11>AA+OF>OF . Jif f46 8w i it BL7E S 22
KA EZE I, K57 60.00 (CK AbHE), fefiki
MAEHSE U T 25 |, (Ul 6.40 (BOF11 &b
B s B AR S IE SIS B N 2E |, 35
T 82.16% (BOF11 AbF{), 5 fIf H BRAE e 25 I KA 1)
WEZEE, AU 4.17% (OF 4038, B T H298 mi
) CK F1 OF AbFRAL, LAY DL ) 2L n it
FEECE T IR T 25, (HAEXT Eh 4% B B 1Y)
BiAk A A, A L, NS R
B MR RIS OUESR, MR,
RO T =& Z 0] WA RE (LR
I 3 T 2SR 2E) . BREENG R R f ™ B
BRI R A B e . 26 3 A4S R T S5 AN
FEPUR A A A — 30, DI Ry s AR it T
I SCHE

QHZI11

I

Ig value of copy quantitity (copies/g)
S = N W R LN

a
I I a

I f ) b b B

a
L b

I b
| I I

7 27 47 67 87 10

7

Sowing time (d)

3 Rhizoctonia solani JT18 71 QHZ11 EDHXERMMBEH K KR
Figure 3 The relationship of the increase and decline of the number between Rhizoctonia solani JT18 and QHZ11 in

potato rhizosphere
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L a

I " N

N W R N N ®
T

Ig value of copy quantitity (copies/g)

r mR. solani JT18

4 a
L bbb g

| b

QHZI11

.

a I
T b
. b .
F b b
0 1 1 1 1 1
7 27 47 67 87

47 67 87 107

Sowing time (d)

&l 4 Rhizoctonia solani JT18 1 QHZ11 ED R ERAZAMB A ZHHEE KX R

Figure 4 The relationship of the increase and decline of the number between Rhizoctonia solani JT18 and QHZ11 in

potato roots and stolons
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Table 3 The control effects of various treatments in different periods on potato black scurf

SR 4 Ab B GIGIES Pz
Sampling period  Treatment Underground stem Stolon Tuber
A ELR Bk A ER Bk N EIR BiiAL
Disease index  Efficiency (%) Disease index  Efficiency (%)  Disease index  Efficiency (%)
289 B CK 35.87a = 25.00a = = =
Tuber formation OF 28.00b 21.94 21.74b 13.04 = =
period AA+OF 12.50c 65.15 18.42¢ 26.72 = =
BOF11 6.40d 82.16 8.00d 68.00 = =
SN N CK 28.57a - 60.00a - - -
Tuber expansion OF 23.81b 16.66 57.50ab 4.17 - -
period AA+OF 17.54¢ 38.61 40.15¢ 33.08 = =
BOF11 11.11d 61.11 18.18d 69.70 = -
VEKTFR ZLHH CK 15.38a = 56.67a = = =
Starch OF 12.50b 18.73 40.00b 29.42 — -
accumulation AA+OF 11.11c 27.76 26.67¢ 52.94 = =
el BOF11 7.63d 50.39 19.05d 66.38 - -
it CK - - - - 42.94a -
Maturity period ~ OF - - - - 36.00b 16.16
AA+OF = = = = 22.25¢ 48.18
BOF11 = = = = 18.83d 56.15
VE: - JRUE

Note: —: No value
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Figure 5 Comparison of tuber incidence in different treatments at maturity

Note: A: CK; B: OF; C: AA+OF; D: BOF11
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amyloliquefaciens) V% | BJEAEIZFHUFF I bt R
UK SiE

AW D E AT, AFEACEE T S
W2 AZ TR (R. solani) JT18 7 E 45 ZAR BRANFE AR AN [F]
PRI AE AL . F5BUR QHZI11 5 R. solani JT18
BT, DARREAS [] ik B SR 1 5 BCFn
B n e, A B S A B bR AR, #5300
¥ R. solani JT18 Fl QHZ11 MR S BT 8 )5
TREfaFE, Hd, R. solani JT18 Bl IE(E H 3
TEPCERE KW, A5 RAEAF R TS et s il
Z5, RIERZEIG M A el ™ W) 24 B 55
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