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OsABT HEFfE/KFEE R 2 R iHZ R ERAHF
B AR, #EYSK, WM, WU

BUMIITAE R 2 A i S PR R 2724 B, WU 311121
E-mail:bshen65@163.com

TE: KEEERNREEY, $E KR Ay IR REFAE B 6 4 I AR L e A2 R R EMNEM . i
JERCKRE R B RN R —, Hk, TFRKRET AL H 9 S a8 B S N & L. & WD40 EE 75
(2R U 7E B AR 00 & B RIIREEE W i 2 AR, IR AT 8 R AR 15 B2 R S B 1 i, KR 3k 3
T—A4wi% WD40 T & % H W F A OsABT(Oryza sativa L.ABA Signaling Terminator) , i 3&ik OSABT /K FETELI T &
ok B ot £ A (T A2 1 G R, (R OSABT Wi 2 55 /K Rt 5 1 i A& T %0 o AR50 DL H A1 1 OSABT i # ik K A5
RERE, XEERAL AR R HATIR R S . AR T (MDA ) | Hy0,. O, FIANENES 75 4540 56 A PRI b
BRI A2 5 IR S 4 40 A7 L B qRT-PCR 43 #1, $k 31 OsABT JE[H 1l 62 5 AR KA 5 6 s 4% 5 R e B AU 38 5 52
AR S OsABT HAEMBE I, K5 OsABT e [K ZE /K R i AT 56t (9 /E AL . AFXAS R BoR, 5 HARRSH L,
OSABT i 2 ik /K RS 22 B B3 A it £6 74 , OSABT i ik KRk RAR R P IHIXT L T 5% . MDA & i H,0, &, 0, &
I EO LT HARRE , ARRIE SR K/Na" 3% 5 T HAHS ; Sk 4808 iR, H ARG FIl OsABT i 3% ik /K R 78
RER A FIER A 12h, 24h, 48h Z3M1A 1950, 1646, 3499 I 1522 25 FakFER , X 4622 F kB B 41
AR R | A R e R RN SRR AR SR GO AR H T, AR EEARUNE K FEEMYMRGE TS MY MAPK (55
1 SRR B A A 1 FEHETR A ) A A DG I ok A AR R A2 46 5 i ad qRT-PCR 25 k8L, 5 HARREHILL, OsABT
1 FKOKFER R o ABA A8k ¢ H OSNCED3, OsNCED4 fi ik i .3 R i, 1Mii ABA 20t i 3 A OsABA8OX2 [
TR B ETE, FE ABA 555 S ALK OsPYLs, OsABIL2, £ kit i i 4 5 3 [H OsRab16A, OsLEA3, OsHAKS
M OsSOSL %A B &2 5Kik; Mok, MRS E & B OsABT 55 OsABIL2, OsPYL4 il OsPYL10 {7 7EAH EAE M .
Zi 1., OsABT AJ LU SOS i P& /M 2R Na PVt , %R Bt X 7K A 7™ AE 1 B 715 ; OsABT &5 OsABIL2,
OsPYL4 1 OsPYL10 EAAHE AL, BiH] OsABT il il 5% ABA 5 5242 5145 OsRab16A, OsLEA3 %55 5 AH )¢ Jt
PRI 18 2 35 A 312 i v U1 A AR 0 i R 12 o

XA KAE; AR A ABA; H4LHr



HESEEA SNP AFICHF & RISH LR
EHB Y, MK, R, WA, BEAT

5]
1A [ RGO B ot i AT VE IR ST, ) AR RV 524088 2. 48 Fp Al K4 el Sk B, 1AL R 430070

FEEE: ST R SRR EA IS | W4 S s R Y S 48 SRR, ARBRSE LA 179 03 9 R B ALRL, AR AR Y
B SNP AL B E5 18, RS Fhric, Mg s i n e ar &g . 45 R RUIFEE S 25 SR FIA 171
A SNP FRIC o B, oAb Fh 34.2%, BRGFT 0.05, V15 MAF 24 0.38, PR ZHAE R 0.45, *F1 PIC Jy 0.35,
B2 FE T WA AR AR T 0.40, ZEMFEEERAT 037, BRF/NT 0.03, 2E5/NT 0.5 F28, ik
i 23 AN EA R SNP 73 FhRic, A4 g &R i sE IR i fe SOR . AT AR WoR, 179 (3RS AT 43 4 K
Js, FHRENE R B S BRI 54 B FR R IX 53 o SNP BRic (8 T A hy e 8 o5 e U8 1) S8 s RN S 03, ast A% PRI A s DA S S T
FE LKA hn i il B & b A SR AL 5T R

KW W, FURERIE; SNP; ML ZFEME; FR4UAIE
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L. R KRB IEEYRIAIGERT, T HRKS 525000

. HHM&E RSN ( Citrus Huanglongbing, HLB ) 2 /e 35 A e ™ 3 1 — R 5, ™SS2 e A Pl iy & e . b
1% ( Citrus reticulata cv Shatangju ) YE5] ARG EZRE M2 —, K2R RHERLE, B8 TERWETHL,

O AR 345 I 96 96 I T b S 9 490 B2 AT 5 ( Candlidatus Liberibacter asiaticus, CLas ). AS#F 5T W 1 520 %€ 6 2 # TagMan qPCR
FOA BRI 8 o 0 WA P PR T P SR AR S AR AL, W R TR A T R L LB T R AR o R A S R
SR 5 AN R B BB e A S i AR S O, SRR AR PR A i 4 <5 <6 A
<3 H<2 A<7 <8 A<1 H<9 A<10 A<11 A<12 A ; 245 5 AU e 745 & i 76 2.28x107~4.85x10° #% D1 2 il ,
4-6 J A B 1 BRI, 7 D -12 T i R G R, JRTE 12 A Onk B m g . AR A E I A bR 2R 7
BT o 5 o AR I <SR <R S U <R <2 S A

KB . BOWENG; BUEJNTE: TaqMan qPCR; ZhZS2E1L

Study on the dynamics of Huanglongbing bacterial content in
hosts based on PCR detection

WANG Pan"!

1. Guangdong Nongken Tropical Crops Scientific Research Institute, Maoming, Guangdong 525000, China

Abstract: The citrus Huanglongbing (HLB), caused by phloem-limited bacteria Candidatus Liberibacter asiaticus (CLas), is
one of the most devastating diseases that seriously jeopardizes the development of citrus industry. On Citrus reticulata cv.
Shatangju, a main cultivar of citrus in Guangdong province, China, the long-term damaging by HLB has resulted in huge
economic losses. In this study, the annual dynamics of CLas content in the leaves of HLB-affected Shatangju was explored via
TagMan qPCR-based analyses, where the variation of pathogen contents in five growing periods of the diseased plants was
studied. The results obtained in this study are as follows:The average CLas content in leaf tissues of infected Shatangju, rang-
ing from 2.28x10” to 4.85x10® copies per gram of tissue, varied in different months during a year, in a pattern of April < May
< June < March < February < July < August < January < September < October < November < December, i.e., a low peak in
April followed by a steady rising which lasted through December to the climax. Besides, the average CLas content in infected
plants exhibited an increasing trend in the five sequential growing stages: spring sprouting, summer sprouting, fruit ripening,
autumn sprouting, and winter sprouting periods.

Keywords: Shatangju; CLas; TagMan qPCR; dynamic change

MRS BRI 20z B — MY, RIEBONIEE (Citrus L.) @B ORHEA 20 MiZet, FRIE
et AR A A R, AR 1000 AT B XA MR IC S, Horp ER A PR X 2
AR PEAEHIX o A I B o A AR | SR L DA AR AR SRR, R — R AR R B AT R ALK
Feo MR R SR R A T B B PR R 4 S B A ] AR 55 AR A A e R AL &, B
FLR M2 s R A2t AT 140 AN GORIMb XA P MR , vl 0 8 P A7 fobe T LRI 7 B2 200
(EURR ol 3t 22 O T AR A, Sz IR TS RO 7 E, AP AR B2 ( Citrus Huanglongbing,

fEEEAN  EB (1998—), %, BULAIFA, AIFD M. MY ELREPE.



fi Ak HLB ) S 4D 1k B A RHAR = ML BT 1 s 1) fe o 2% T B — MO o I E LR T, HAY)
Wiy, — By, AR S Z BN A RO AR R BT 20 HHEAS 90 AR ARCHIIAE) AR
MCRBL, MG IR BESE  EAAE, JER SRS R A ) A R LR AR
REAS UL B e, BN DLAOAE S | MR R R S, ARDA W R RE R B X SO A TR 32, ELAE R
AR R R S AR A B B s D,

MG —AF R BE R R PR AL AL, ATl A= 3-4 DB, RIS . A . R AIZ RS . B 2-4 H e,
AR IR ZIEAY, EMATEIR, RWESE R 2R 57 ARSEEFEMA, K¥EA—,
TSI S QPR 2E IR0y, HIRI AR BYRR, SBRAI R AR | AR SN, A2 1 Z9RBR . BKAH 8-10
Ho AR, Al S ai R, RS A RO B2 o R b i R IIRBR B 2F, SRRk ro 1 i, 1A
FEMBARI RS R . 7EA TR K AARE DY, 11 HATR e A 4&m, e, BEFE, A%
B AR 2 IRE R A SR 52 9 5 B TagMan qPCR 57 AR BRG] — Hiy 3 X355 Jaoiis 1>
A P e R A P AR S AS AR AL, A B R A RO, AR AT R AR A R AR SRR S
SRS 5 AR R B B e S RSSO0, LAY oA IR 24 B D AR B e 1 S 24
AR 8], A E RO AR R el [ 3 o 3 £ e (R PR 1S 5 e

1 MREFZE
1.1 SEIGHH#
L1 kg

B A P BEAE , 430k B 4 ARG, REA SR e 4% TS BORE A R 10 BRI ARAE S (AR R
Sk 8 3 /D SR Bl 3 4R

BT . 2020 4F 1 % 2020 4F 12 HAE)ARAE ) N H = KA AT
113 F 2R AR &

EasyPure® Plant Genomic DNA Kit: Jt e &AW ARG R/ F]; PerfectStart® 11 Probe qPCR
SuperMix UDG: bt &N & EWHARA WA FeFET 10 A TAY TRERMG A RA RS 2xTaq
PCR Master Mix: 4 T Y TG ABRT ; D2000 DNA Marker: A= T.AEY) TN A BRA A ;
FastPure® Gel DNA Extraction Mini Kit: W#HERAYRE AR/ F 3 pMD™I18-T Vector Cloning Kit:
TAKARA ; P B3z 25 MM il & A0 & —2518 ) AL TAY TR RS A FR/A Al ; SanPrep A:UFiRl DNA
NEFHER AR & AR T A TR A BRA A
1.1.4  FZRAEAE

qTOWER3 qPCR {¥: 5[ Jena A H]; Bt : % Eppendorf /A Hl; PowerPac Basic HH KX :
J[# Bio-rad /AF]; T100 Thermal Cycler PCR ¥ : 3%[E Bio-rad /A +]; Centrifuge 5425 B.0HL: fE[H
Eppendorf 737l ; Gel Doc XR+H sl % R4 . FEE Bio-rad AH]; IMPLEN S 66 . 1l
[E IMPLEN /AH]; FastPrep-24 ZHZ125)3¢ %% : K E MP; Accu Therm fHilR 4 JE /KA : RIAKEA A,
12 Fi&

1.2.1 Rt

BEXTA AR L B E AR RO, T AR T M o KA R 1 4 AR AR R
B, SFEFAE SR S AR AR DR . SRAR AR I SE USRI B, 3T PCR X SR A AR A
R FEARHEAT e PRGN, Pl B 5 B A T S R SR e T AUR AR R RE 10 BRIBE D W AR A R A
FERIRER, AU AE R BT 40 #R . ARSI T 2020 AFEERLHRA (1 H 16 H ), HAHEM (2 H
ISH. 3 14H.4012H), B (SH1B3H. 6 140, 7H15H), BRI (8 A 13 H. 9
HI14H. 10 H 16 H) IRAMI (11 A 15 H . 12 A 16 H ) REMMFEFE . #2E0T A 5 DNA, H



TagMan qPCR %6 A B AR AT, ARPEAS 2% CT (A4 X2 bl , THFE S BN & &
NSRRI O, FREMEE N 3 NEE WA, BRGNP BAE 5 8 78RS 3 A SR S0 sl 5
AARIFEE B Ber sh A2k AL
1.2.2 EOWEAR B e 50 T o e
1.2.2.1 RAEES AL
FH )R AR e T i B RN SRAE B 5B S 4 S AR va b 5 N5 6n, &5 i 43 I BEAL R 42
3-4 A, R SRR 15-20 R FIRGVE N —EAS o SR S8 BUAE S ] S0 56 % 7 B AL B
SRR SN 4°CORAR, S TARUER 7 R, 76 B B ANNK K AR, AT e AR AE R ]
SEER AL . SCHGAE T AL B T T TS Y R R AT, R SRRRAEL AR BT A I R S S K R
BT, 205 P BT T B0 b kg bR, b PR IS 8T 71 HTRE T, Z SRR BT E 1 em
L, IRA, BAWESE hIEITIRLEN DNA S, AbBRAF A R AR ES RE i mT LSz B e A S 225056, )
R R A-20°CUKEE, WURDRAE, 1o 2 AT J 5 AF s B
1.2.2.2  MHFESLY) DNA $2H
XF AL A A DNA H2H, fii ] Plant Genomic DNA Kit i 7] &, #/EMF .
(1) K pab s g Bt iyt Brh ik 100 mg A THR S 5
(2) BRI E =N 2 mL iR, A 500 pL 522 Wik ( Resuspension Buffer, RB1)
Ji, A 15 pL BHEZ RS A ( RNase A);
(3) 55°C/Ki# 15 min;
(4) 12000 rpm, 5 min, EFEBRBEA 2 mL & T ;
(5) A 100 uL FJPTHEZE MK ( Precipitation Buffer, PB1 ), B A VK& 1 UKIA 5 min /5, 12000 rpm,
5 min;
(6) ¥ EiEWAZE 2 mL & d, fNA 375 uL 2542w ( Binding Buffer, BB1 );
(7) W AR = 1 mL B0AEE 5, 12000 rpm, 30's, FBRZE M
(8) JIA 500 uL JHFR %% ik ( Clean Buffer, CB1), 12000 rpm, 30s, ERZE M ;
(9) A 500 uL E¥e 2% il ( Wash Buffer, WB1), 12000 rpm, 30's, %5 ;
(10) HEEIMA WBI1 JFE.0;
(11) 12000 rpm, 5 min, EREEEW;
(12) BB 2 mL U5, A 100 pL G VERE ( Elution Buffer, EB ) 60-70°C,
12000 rpm, 1 min, M DNA.
1223 PCRY" 4
1.1 M5 1.2 24 PCR § R R ANAAE, MO, 2] O11/O12¢ 51 ¥y I Wik i g 575, 45
ST TSN -
OIl: 5’-GCGCGTATCCAATACGAGCGGCA-3’
OI2¢c: 5’-GCCTCGCGACTTCGCAACCCAT-3’

% 1.1 PCR ¥ 186 &
Table 1.1 The PCR amplification system

SV 43 Composition of reaction PARFR(uL) Volume (uL)
oIl 1
Ol2¢ 1
ddH,0O 9.5
2xTaq PCR Master Mix 12.5

5 DNA 1




PCR §" M52 WUm , K59 34 My it 1% R MR AT LK (30 min, 120 V1), 5€ Rl HTBE I %
BAWEE, IR 5 R i 326

& 1.2 PCR ¥ & 4
Table 1.2 The condition of PCR amplification reaction

TEIEL R RBE(CC) 1] (s)
cycles step Temperature (C) Time (s)
1 TAE P 96 60
35 AR 94 30
35 Bk 55 30
35 i 72 60
1 &5 fEfif 72 240

1.2.2.4  JFORIARE i 4%

AIRIG PSR Li 25 (2006 ) S AYBE Jo 0 B I DU ARG 0 1A 22 SR A AR o o B T G T & B R A TR
W, DL e 5 T A B R 2H CLas 8 B4 5'-GTCGAGCGCGTATGCAATACGAGCGGCAGACGGGTG-
AGTAACGCGTAGGAATCTACCTTTTTCTACGGGATAACGCA-3") MMy 14 B Be, s YT
1M 1.3 R,

® 1.3 HRBENERSTF
Table 1.3 Probe for HLB quantitative detection

AR HASEEN 51751 (5-3') P BOR/I
name Target gene primer sequence (5'-3") Amplified fragment size
HLB asf TCGAGCGCGTATGCAATACG 75 bp
HLB asr GCGTTATCCCGTAGAAAAAGGTAG
HLB Probe FAM-AGACGGGTGAGTAACGCG-BHQI

B E LR B AY BH I 3L R 4H 5. DNA AR R, #5775 3%38 PCR 74, PCR S 45 1F: 96°C AR Y 4 min;
94°C7A8E 30 s, 55°CiEBk 30s, 72°CHEH 1 min, 35 MEFF; 72°CHEEIE 4 min; PCR WA ZR (25
ul o SN ARZR U 1.4 PR .

* 14PCR ¥ #k R
Table 1.4 The PCR amplification system

S TRR(L)
Composition of reaction Volume (pL)
HLB asf(10 uM) 1
HLB asr(10 uM) 1
ddH,O 9.5
2xTaq PCR Master Mix 12.5
Ff:fit DNA 1

PCR ¥ MG WA G, B Wik AT 1.5%Bie M EEC LUk (20 min, 150 V), WMEEEY I H M
£ . R HMSAT G, dEATE R, {8 FastPure® Gel DNA Extraction Mini Kit &7 &, #/EUNTF .
(1) DNA HIKZSH G, RN FIEY) T &4 H i DNA FBEER o
(2) MMAZEAHAFY Buffer GDP, 56°C/KIA 10 min, {55 B 52 205 . K I A B fEIR &) 2
YN L



(3) FEE.O. <700 pL B 2T, 12000 rpm, 30 s, A KT 700 pL, KW FiAE:
BRIV RS W, 12000 rpm, 30 s,

(4) FUEW . JNA 300 uL Buffer GDP ZWFAEH . #HE 1 min, 12000 rppm, 30 s,

(5) FFUEW. MIA 700 L Buffer GW  ( ©MATEK 2.8 ) S WEHHEE . 12000 tpm, 30 5. (i1
B4 B DU A Buffer GW, BUHIA Buffer GW J5 35 56 S EIR A) 3 WA BY T b Beks I BE | 19343 )

(6) EEH 54,

(7) FFIEM . 12000 rpm, 2 min,

(8) KEMEBHAEE T 1.5 mL K E.O45 Y, A 30 pL Elution Buffer ¥ £ 7K 5 25 55 17K 2 W fff
e, & 2 min, 12000 rpm, 1 min,

(9) K445 2 /o v s EHT IS O W AR R, 12000 rpm, 1 min ( R PEAR ).

(10) FEFEWHAE, #2 DNA fRFFT-20C,

W 4lifk 5 1Y DNA #E47 JE R ¥, fdi ] pMD™18-T Vector Cloning Kit X7 &, 7& PCR & H it il T
SRR, 16°Ci#dE 1 h, ¥ HIHER F Bri% 33 pMD18-T Vector 24K I, RWVAKRNZE 1.5 Pk,

RISTHRENER
Table 1.5 The pMD™18-T reaction system

SRR PAB(uL)
Composition of reaction Volume (uL)
Solution I 5
pMD® 18-T Vector 0.2
PCR Product 4.8
Total 10

HEING T W Ak (AR T — 2 DR Az 25 A0 B ] AR (7 S - SK9307 )

B ORPkE AR TS, AT R PCR B A A 2R AR AR BER K B . AR PE pMD™18-T Vector
Cloning Kit i{5f &, 1/ T 25957508

MI3F: 5°’-CGCCAGGGTTTTCCCAGTCACGAC-3’

MI3R: 5’-GAGCGGATAACAATTTCACACAGG-3’

PCR J % &1 96°C A 60 s;5 94 CA8E 30 s, 55°CiEk 30s, 72°CZEM 1 min, 35 MEHF;
72°CIEE I 4 min; PCR JSUWARFR (25 uL ).

PCR AR R UNFE 1.6 Fin .

& LO6PCR ¥ ik &R
Table 1.6 The PCR amplification system

RO TRRL(L)
Composition of reaction Volume (pL)
2xTaq PCR Master Mix 12.5

MI3F(10 pM) 1
MI3R(10 uM) 1
Template ( FH# ) 1
ddH,0 9.5
Total 25

PCR "M S P45, Km0 2% IR MBI LIk (25 min, 90 V), MECRHY ) H Y5



Ao ST RN EXTIESR S, AN 10 pL B PR 1 pL B E) LB RS SR irh, THEIR SR R i g8
7 (37°C, 200 rpm ), ¥ HWHL 600 uL FIKEHA 600 pL Hil, K ERARER 1.5 mL B.0% . K
PR 2R TAEY TR (B ) B A BRARIEATINT, P45 R X IEf G, R AR TRk $E e
& B518191 SanPrep AUk DNA /)i il B2 1050 S P2 BUTOR
1.2.2.5 TaqMan qPCR #&53#r

PEICR Ty 19 SR AR UE i LAOWEZE K (ddH,0 ) 10 {586 BEFR B 2 5 A AR, 90 uL i BE+10 pL Jit
Kb AT 6 MU BERE B RS, 4T TaqMan qPCR AN, ARV BERS BEAM — AN R E A, i i Wl 5 e B
A AR UE A T S bR R 2, 20 uL ) TagMan qPCR J N AR R 404 1.7 s

3% 1.7 TagMan qPCR # &k &
Table 1.7 The TagMan qPCR amplification system

SR W AA(uL)
Composition of reaction concentration Volume (pL)

TagqMan Fast qPCR Master Mix 2x 10

HLB asf(10 uM) 10 uM 0.4

HLB asr(10 uM) 10 uM 0.4

HLB Probe(10 pM) 10 uM 0.4

ddH,0 7.8
Template(DNA) 1

Total 20

PCR ¥4 95°C, 3 min; 95C, 10s, 57°C, 15s, 72°C, 30s, 45 MEHJE .
SR B TRES, FEIGERE SR 96 FLBURAE qTOWER3 qPCR b7 s i, 5 HArERZL, LA
JECRL R AR UE Hh 26l AL i CLas LRI 45 D1 %L ( copy number, CN ),

2 HERE5HW
2.1 WHERRERERBR

HflE PCR I8 45 R, B BOWkEN:, BAREE IR (R, 0. B RO ) SREREZESE 10
PRE IR ARAE iR 5, AU AR ST 40 8k, USSR P BEE T FFm o S 7 h BRI, L
g B WEAG - - R i V0 B PEXT IR, PS5 R 1.1 B,

M Al A2 A3 A4 A5 A6 A7 ABA9 AIOB]1 B2 B3 B4 B5 B6 B7 B8 B9BIOCI C2 C3 C4

2000
1000
750
500
250

100

M C5C6 C7 C8 C9 Cl10DI D2 D3 D4 D5 D6 D7 D8 D9DI10 - +

2000
1000
750
500
250

100

. M i DL2000 DNA marker, Hi 6 S54F 585> F it W EE DNA H BEAL AL, Frid h B op 22 e
+ R BAPESTIE , - FAEXTIR, A1~D10 NEE SRR S .
& 1.1 CLas B PCR "3 7= %) 1%350 5 1 e 3k (&

Figure 1.1 1% agarose electrophoresis of PCR amplification products of CLas



ARG RE AR 40 Bk, JE4AEILARAT MRS, 480 177, JEI4F DNA HEEUREAR LT 1440 173, PCR A
SRR, ST R Y SE AL AR RE S AR R 2 IR AR BRSO I RO R Y BOR B RR, R
SRR o BERE 40 BB R I S 9 AR PN R R TR A e Y SR AR S AR Ak, PR R s T R R, R
BRI 2R A B R PR S K
22 RAIRIE

DUPE IR A A7 e BRI S PR 4 L DNA SRR, ] HLB asf/HLB asr 5| #4733 PCR §3%, §~
B E A, WE 1.2 P,

¥ : M & DL10000 DNA marker, F Bthnid: g & i 22 %,
¥l 1.2 CLas Y PCR ¥ 34 /=4 1%35 5 B L ik 14

Figure 1.2 1% agarose electrophoresis of PCR amplification products of CLas

Ik B AR B B aAk, ¥ HLBas/HLBr § 34 i BeiZE#28 I- pMD 18-T Vector 13%] pMD 18-T #fk, fifi
519 M13F/M13R ¥ 844531 211 bp H¢57 2547 . 7 J5 68 DNAMAN #4778 e X, 5 Clas &4
HRAR SRR R 100%, B UEZS SERG, K 1.3 s,

M1 2 3 4 + -

2000
1000
750
500
250
100

{f: My DL2000 DNA marker, Hi 6 52%FE 70T it i X0UE DNA B2, AR B Z2 e
R PHPEXT R, A BAEXTIR, B RS S
1.3 pMD 18-T ZARAYIEIE
Figure 1.3 Validation of pMD 18-T vector

% 1.8 HLB FRitE < #1&

Table 1.8 HLB plasmid correlation valuesn

ZFR name kL plasmid
VHFRKE 75(bp)
TR N 2767(bp)
bide 86.35(ng/uL)
AL 2.89E+10(copies/uL)
o it 5 v 1 DL 2.89E+07(copies/uL)

e [1)FRLVE B 355 43 2 (copies/uL)=(mol %/pL x 6.02 x 10 =] i (g)/2r T )/uL % 6.02 x 10%=[JF & (ng) x 10-9/
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GriE]/uL x 6.02 x 107 =1 B (ng/uL) x 6.02 X 10'4/53Fdik 5 [2]53 F =M 7 B HER +PCR P B XT) x 6505 [3]XU%E
DNA 4T 14> T GE /R )=t EE 0 50 H % 6505 [4]—1> DNA S35 XF (BhER) I3 73 F ik =650 18 /KW

23 FREHZLHHE
H LK HLB B6 LR BERE 5L B 38 A o i 26 25 SR & 1.4 FE 1.5 Fios

Amplification Plot

Bl 1.4 HBGZENBEBE R BERE i TagMan qPCR 473 i £k
Figure 1.4 TagMan qPCR amplification curve of gradient dilution sample of target gene

Standard Curve
34

33
]
3
30
29
28
27
26
25

cr

24
23
2
21

20
19
18

7

100 200 1000 10000 100000 1000000 10000000 100000
Quantity

. YABFRR CT {H; HEAAHR LogCO, LogCO 28 Log He T RIHHk FF iy %%, Slope=-3.078;
PR E=10"F-1=10"3078.1=111.283%; MERE: R*=0.999; Y-inter=40.63,

[ 1.5 CLas il 92¢ )6 5E f: TagqMan qPCR A if il £&
Figure 1.5 TagMan qPCR standard curve for Las detection

FrifE 2R y=-3.078x+40.63(R*=0.999, E=111.283%). y & CT {, x ¥ DNA ¥ JZ %1%k, DNA ¥ &
HEA J AR FE DL KK, 2457 copies/uL. 15333 Y=-3.0781g(CN)+40.63 (Y & CT {i, CN B2 Il %k ),
24 HEARREMAT SN AREZEHRWER Clas SENTHHE

FIFH IS0 E 5 TagMan qPCR K 40 AREDHERG 0995 I 0l & 52 AR 24k, 4R 1 H RS
P, 2-4 A NEAEI, 5-7 A WEAEN, 8-10 H BAHN, 11-12 H ARSI, 540 HrA 3 A SR s
BB 5 AN R & B B B ) Jos b W AR B e e TR AR AR A . AR b — A AR it A i A 5K
Y=-3.0781g(CN)+40.63 F it EIRWE R Y & &, Y IFES 1T TagMan qPCR #2751 9 CT {H, CN 4
DNA ¥, {74 copies/uL, qPCR KZRHHFES DNA ®4 1 pL, HTHRESEFL DNA B
M F B 0.1 g, MRS a1 U9 05 P55 45 S RE 20 4 P 3 o0 B =107[(Y-40.63)/-3.078]x 10°, Ffi}
M copies/g.

FIH Excel 2021 #7480 5 5403, FH IBM SPSS statistics 25 Xif k6 i 5 48 A 2. F 2% 7 22 704t
2 M P<0.05, {1 /] GraphPad Prism 8.0 1E &1, ¥ AN[R] H 1y S 4 A4 3 FER S iU i) b Wi As A% it DNA
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(15 CT ECRIRR ot i 3 D el 55 2 A A8 AL B AT AR SR P20 A, R HLB BYTRATRUAE . 4 R o

®19 —FRNTEAMHERESE CTEEZN
Table 1.9 Changes of CT values of bacteria in different months of the year

s —AE NN [RL H R AR B S CT P2
cultivated variety CT mean value of pathogen content in samples in different months within a year
1 H 2 H 3H
(24.65+0.12)d (27.37+0.18)b (27.35+0.18)b
4 51 6 H
o (28.74+0.14)a (28.59+0.18)a (27.03+0.13)b
7H 8 1 9H
(26.41+0.18)c (25.06+0.12)d (27.12+0.18)b
10 J 11 H 12 H
(25.07+0.13)d (26.06+0.16)c (24.19+0.16)e

T BUREFR THME £ AR MR (0=120), [RATEERE R IR/ING FEE:2 R 7E 0.05 KT 24 5 1 2 (P<0.05).

FIFHSZ 9 M6 22 B TagMan qPCR A4~ H Xt 40 FRESR G N & B 2R (b E A T 2 e A, 45
LW, A g RS 34 8 B (CT (H/hT 35); Bk m CT EAEARR A A B AL, BYG
WP R S 2 CT SEXEEHE N 4 AH>5 A0>2 A0>3 A6>9 Afr>6 Ar>7 Ah>11 A6y
>10 Hh>8 A>1 Afy>12 Afy. Hp 4 A s AW = CTHLREES, 2H. 3 H. 6 HM9
AW E&E CTEIREZES, 7AM 11 ARE&E CTEILXREZER, 1 . 8 M 10 AN &
CTEI R 25 (P>0.05); 12 HE & & CT B E MM THAMHA s 4 AR S HWw & CTHE
Fe T HAA 4 (P<0.05 ).

R 110 TR R ABFEREE CT EEH

Table 1.10 Changes of CT values of bacteria in samples at different shoot and fruit ripening stages

A AN RIS AT RISR S TR i 35 T CT {H A2 1
cultivated variety Changes of CT of bacteria in samples at different shoot and fruit ripening stages
] HH) FRAE ]
(27.82+1.94)e (27.35+2.01)a (25.75+1.87)b
@*%4:% 2z o S, )
A RS
(25.13+2.02)¢ (24.65+1.29)d

T B AoR PR EER R, AT EBdEE A F/NS FHRERORTE 0.05 KF 2253 13 (P<0.05).

SURE]: BRI E CT (ETEAN RIS B SR S S A TR 9784k, 2 ARG B 1 25 -2
CT {HAEH: FRAEHI> AR > A ISR S ], A . A ROR D). &R R
S A B RO B B A 5 T T2 CT (R 22 57 8.3 (P<0.05).

K1l BEREALFESEE—FNARRAGHNEE

Table 1.11 Dynamic changes of pathogen content in samples in different months in a year

ARG BN & A — AN R H i 3h 721
cultivated variety Dynamic change of Pathogen content of HLB in different months of a year (copies/g)
WhHE 1A 2 A
(24.51£2.47)x10"bcd (10.24+2.84)x10"cde

3H 4 A
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(6.71£1.28)x10"de (22.82+6.61)x10%
5H 6 H
(3.88+1.05)x107¢ (42.95+4.14)x10%
7H 8 H
(16.47+3.95)x10"cde (20.73+3.23)x10"bede
9H 10 A
(2.56+1.02)x10%bcd (29.7749.06)x10"be
11 A 12 H
(3.79+1.39)x10%b (48.45+7.16)x10"a

T BRI R bR R (0=120), FFTFEIEE RR/NG FRRRLE 0.05 K25 183 (P<0.05),

SRR WA PE TS R E 16S tDNA JEH 1Y) qPCR Bl ph e PE A 72, 3RS 1 5 9%
W CT HA AN R e RSN S W i . — 4R AR 0 P 34 B WG i B R T 1. 4
H<5 H<6 A<3 H<2 A<7 A<8 H<1 A<9 H<10 A<11 A<12 A ; S4ERBHE 4 va 20 208 Jo i 8 14
ERTE 2.28%10'~4.85x10° # UL 2 [], 4-6 H e 2 BUKIE , 7-12 AR B R o Kok, 3f7E 12 A
rikF K e, b 11 A 12 ARESELREES, 4 . SHM 6 AMM SRR E K THAMA
By, 11 R0 12 AR T & & 255 T HARH 143 (P<0.05),

R L2 AEHBAMRIAABNELRESESTN

Table 1.12 Changes of pathogen contents in different shoot stages and fruit ripening stages

AR A N [ R R S5 I 1) B e T A2 Ak
cultivated variety Changes of Pathogen content in Different shoot and fruit maturity stages (copies/g)

A A

(6.41£1.07)x107c (8.211.40)x10"c
ERAH ZAHH

M : }
(25.3744.65)x10'd (43.17£7.80)x10"a
(24.51£2.47)x10"b

T B Son PR EER R, R A AR/ ING TR TE 0.05 KF-22 57 135 (P<0.05).

SERIRW AN]SR S AT A s 0 WA 1)1 25 BT TR R I < AN < REEK
P < BRI < Z A1 AR D WG 15 58 L SUHOR T T4 5 B E 2.28%107~4.85x10° 5 L2 ], F ey
RIS 00 60 SR S A0 8 he o o % R I S 2R S, AR U R A B0 R e R G 3 22 5 (P>0.05) 5 &
RIS e o T B S v TN L R BRI AR S A, A R SR e T
FAR T RS . BRI A A A, RS A RO 0 1) 2 e T o IR A AR A (P<0.05)

3 iTig

AIFFE B T SRS DB A A N B R B AR Sh A AR LA, Fb A AT T A o R A 40 AR R S A
P 5 DAL T B BOE e o & AR 0, A e SR el FE R] S5 7 IR I AR 2 A Y B e A
Fs 30 R0 00 9 1740 i B 4 i BT 4R I 2 25 A o BRI R 98 45 SR i /s ZE AHE ARG B e e oA & A 10 H IS i
B, 3-5 HmHEMOR S A R R R T S R s e 10 AR 12 A, 3 ARS
H R A i U AR IR ST & BN RS P A0 B R R S AR A I A, R . BRIk,
KR B R s I et 2R SO B RE AR I A B S B R AR Sh RS, R BB S R
ARERTROESE, RN ESENEKERS, Rl w8, H2
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10-12 J {33 1 T 2 o TR K L A0 38 o AT 1) 2 G S 0 5 Sk B0 el e ARG 8l S 9 e 2
AR —E A S, SUTEROIRESRA MR ZAL, 16 10 AAF7m g, Mg A o e a2
BEAEAL SRR R R ORAGX 2 A B T I OCHEN 1 B 5T 45 S UG A U P 3 s
FTE 10-12 A A BT, SAPTEMESR KRB

ABEFE A G B e i o —AF INTE 4-6 A 2R B0, W 7 AmIT B, FH
SOLRN AU R AR T A ), 25 A, R RUBIUIRI RO S A B R o R T A
X i L S 10 WG P D9 1) B R T % R A S AN RO R A R P T RE R . R AR IS
ot il FU BT, PR LBl BN AR AR R A, AR, DA T RE A 400 ) 35 he o B 114 A i 5% 8 5
MEAAS KA SR IR g e, KA IR AR, R TR RRAIR, iR R SRR, G
PR E IR ox i R Rz i, AR IR A B R IR T 2 A s sis , k2 JE PR AT g 2 = Uk
TRRDHERE R 98 IR A . W IAAZSS, SRR TG Shnss, A IELIG] o edh, DR S ) 3t
HOE RS, TR B DX L RS [l A BTG R R R 2 25 S B 45 Rl ok — 2B . 2R b, BN
(19 4 AT L gk B IR fot A sk O B R HR AR, DN IR s O A AR AR R 1 8 SR IO A5 SR BE T, (2 EARS
PRoM AR, SSRAARDTVE, T URIG I HLEE, M R P A B, S e R o A IR 45 R ] O B
AL M L AR A AN LE S IR B p i AR —E S ARG, X O R B B —E 18 T
RO o AR B9 45 R n] IO S SR e o ) T[] 17 42 1) doe AR P 25 I T B (34 Akl , 10T 7
ORI S Z AT AT 2R Ak B

&% 3k
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Summary

e The smut fungus Sporisorium scitamineum causes the most prevalent disease on sugar-
cane. The mechanism of its pathogenesis, especially the functions and host targets of its effec-
tor proteins, are unknown.

¢ In order to identify putative effectors involving in S. scitamineum infection, a weighted
gene co-expression network analysis was conducted based on the transcriptome profiles of
both smut fungus and sugarcane using a customized microarray. A smut effector gene, ter-
med SsPelel, showed strong co-expression with sugarcane PLANT ELICITOR PEPTIDE
RECEPTORT (ScPEPR1), which encodes a receptor like kinase for perception of plant elicitor
peptide1 (ScPep1). The relationship between SsPele1 and ScPEPR1, and the biological func-
tion of SsPele1 were characterized in this study.

e The SsPele1 C-terminus contains a plant elicitor peptide-like motif, by which SsPele1 inter-
acts strongly with SCPEPR1. Strikingly, the perception of ScPep1 on ScPEPR1 is competed by
SsPele1 association, leading to the suppression of ScPEPR1-mediated immune responses.
Moreover, the Ustilago maydis effector UmPele1, an ortholog of SsPele1, promotes fungal

smut fungus, sugarcane.

virulence using the same strategy.

o This study reveals a novel strategy by which a fungal effector can mimic the plant elicitor
peptide to complete its perception and attenuate receptor-activated immunity.

Introduction

Sugarcane (Saccharum spp. hybrids) is a multifunctional crop
especially for sugar production (Marques ez al, 2017). It is
impacted by various diseases, including sugarcane smut, caused
by Sporisorium scitamineum (Ustilaginomycetes), which occur in
the growing areas all over the world (Marques ¢t a/., 2017). Smut
fungi colonize the apical meristematic tissue of the germinating
lateral bud or stem apex, resulting in the degradation of plant cell
wall, enlargement of the intercellular space, hormonal imbalance
and the development of a whip-like sorus in sugarcane (Marques
et al., 2017, 2018). The sorus is an elongated internode whose
growth is mediated by high mitotic activity of the intercalary
meristem at the base (Marques ¢t 2/, 2018). The underlying
mechanisms driving the cellular changes in the host tissue remain
to be elucidated.

Smut fungi are facultative biotrophs, as they can grow sapro-
trophically as yeast-like cells on culture media but require the
biotrophic infection of host cells to complete their life cycle (Sun-
dar er al, 2012). To establish a biotrophic parasite, these fungi
deliver large amounts of effectors to counteract host defenses.

*These authors contributed equally to this work.

© 2021 The Authors

New Phytologist © 2021 New Phytologist Foundation

Ustilago maydis and Sporisorium reilianum, which cause smut dis-
ease on maize, both produce more than four hundred putative ef-
fectors (Schuster et al., 2018). Many smut effectors have enzymatic
activities, such as mutase, peroxidase or protease (Dochlemann ez
al., 2009, 2011; Djamei er al, 2011; Hemetsberger ez al, 2012;
Mueller et al., 2013; Ma et al., 2018; Schweizer et al., 2018). How-
ever, many smut-secreted effectors, accounting for nearly half of the
secretome, lack known functional domains (Schuster et al, 2018).
The S. scitamineum genome encodes 622 proteins with signal pep-
tides, among which 537 were predicted as candidate-secreted effec-
tor proteins (Que et al., 2014b; Dutheil ez al, 2016), including the
orthologs of well-studied effectors in U. maydis, such as Cmul,
Pepl, Pit2, Stpl and Tin2 (Tumor inducing?) (Tanaka ez 4/,
2014). The transcription of these effector genes was significantly
upregulated in the infected tissue (Barnabas ez al, 2017). However,
none of the putative effectors in S. scitamineum has been functionally
characterized.

Different technologies, including metabolomics (Sdnchez-
Elordi ez al, 2019), proteomics (Barnabas ef al, 2017) and
DNA/RNA related-omics (Que et al, 2014a,b; Su et al., 2019),
have been used in identifying S. scitamineum factors that were
involved in sugarcane—S. scitamineum interactions. These studies
usually focused on either sugarcane or smut fungus, but not on
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both. Furthermore, most S. scitamineum transcripts or proteins
are missing from the published sugarcane—S. scitamineum mixed
transcriptome or proteome data probably due to the low biomass
of S.scitaminewm in the mixed samples. Weighted gene co-
expression network analysis (WGCNA) is a widely used systemic
biology method to construct gene networks, detect gene modules
and identify the central players within modules (Langfelder &
Horvath, 2008). In a co-expression network between the biomass
and gene expression levels in U. maydis using WGCNA, three
well-known effector genes Pepl, Pit2 and Stp1, and 25 uncharac-
terized core effector genes were clustered into the same module
and were speculated to be important for establishing biotrophy
(Lanver et al., 2018). An Arabidopsis thaliana—Botrytis cinerea
gene co-expression network generated using WGCNA revealed
that fungal phytotoxins, such as sesquiterpene botrydial and
polyketide botcinic acid, likely targeted host defense/camalexin
related components to inhibit host immunity (Zhang ez al.,
2019). To date, WGCNA has not yet been used to construct sug-
arcane—S. scitamineum gene co-expression networks and to iden-
tify key players in this pathosystem.

The first layer of the plant immune system consists of
PAMP-triggered immunity (PTI) that is activated by cell-
surface-resident pattern recognition receptors (PRRs), perceiving
pathogen/microbe  associated-molecular  patterns (PAMDPs/
MAMPs) or damage-associated molecular patterns (DAMPs).
PTT activates a series of immune responses, including produc-
tion of reactive oxygen species (ROS) and nitric oxide, phospho-
rylation of mitogen-activated protein kinase (MAPK) cascades,
transcriptional reprograming, changing of hormone homeosta-
sis, and callose deposition (Cui ef al., 2015; Liang & Zhou,
2018; Wang et al., 2020). PRRs consist primarily of receptor-
like kinases (RLKs) and receptor-like proteins (RLPs). There are
approximately 610 and approximately. 1100 RLKs accounting
for ¢. 2% of the coding genes in the Arabidopsis and rice
genomes, respectively (Liang & Zhou, 2018). In sugarcane, 427
RLKs and 157 RLPs are coded in the genome of the ancestral
sugarcane genotype Saccharum spontaneum (Rody et al., 2019).
RNA-seq detected 290 RLK and 194 RLP transcripts in modern
sugarcane varieties (Rody ez 4/, 2019). Among them, 18 were
significantly upregulated in a smut-resistant variety (SP80—
3280), whereas only six were upregulated in the smut-
susceptible variety (IAC66—6) (Rody et al., 2019), indicating
their involvement in resistance to smut disease. However, none
of these RLKs or RLPs have been functionally characterized in
the sugarcane—S. scitamineum interaction thus far.

In this study, using a customized Agilent microarray combined
with WGCNA, we discovered S. scitamineum putative effectors
that exhibit strong co-expression with a sugarcane PLANT
ELICITOR PEPTIDE RECEPTORI (ScPEPRI) gene. Plant
PEPRs are PRRs recognizing plant elicitor peptides (Peps) that
are DAMPs being produced primarily after wounding (Tang &
Zhou, 2016). We found that an apoplastic effector, termed
SsPelel, interacts with ScPEPRI1. SsPelel has a Peps-like motif
on the C-terminus and could bind to the ScPEPR1 extracellular
LRR domain to compete ligand binding, leading to the suppres-
sion of ScPEPR1-mediated immune responses. The works reveal
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a novel virulence mechanism of fungal apoplastic effector to sup-
press host defenses by competing perception of Peps.

Materials and Methods

Plant materials, growth conditions and pathogen infection

Sugarcane genotypes, NCo376 (highly resistant to Sporisorium sci-
tamineum), YC71-374 (highly susceptible to S. scitamineum) and
ROC22 (the most prevalent variety in China) were used. Robust
sugarcane plants with uniform growth from NCo0376 and YC71-
374 were collected from the field and cut into single-bud stalks.
These stalks were grown in an incubator at 28 £ 0.5°C 3000 lx,
with a 16 h: 8 h, light : dark photoperiod, until the buds sprouted
and the seedlings emerged, then three biological replicates were
injected with S. scizamineum at 5x 10° spores ml™" or water (the
control) (Huang ez al.,, 2018), respectively.

For testing the biological relevance of the 25-amino-acid peptide
of the C-terminal of SsPelel (SsPel25) in sugarcane-S. scitamineum
pathosystem, three biological replicates each containing green
sheaths from 10 ROC22 plants were surface-sterilized in 3%
NaClO (v/v, contained 0.02% Tween20) for ¢. 20 min and washed
with sterilized water. The outermost leaf sheath was discarded and
40 inner leaf sheaths were cut into 80 slices at about 0.5 cm X 2 cm.
These slices were divided into two equal parts and immersed into
the smut fungus solution (diploid-type Ss17-18 at ODjgqo = 0.008
in water plus 0.02% Tween20) only or containing the SsPel25 pep-
tide (5 uM), respectively, and then vacuumized (0.4 kgcm_z) for
10 min. They were placed on the filter paper covering solid
Murashige & Skoog medium, and grown in an incubator (28 +
0.5°C, 30001x, 16h:8h, light:dark). About 10 slices were
pooling-sampled at 0, 12 and 24 h for DNA isolation, respectively.

Arabidopsis thaliana Col-0 was used for sugarcane and S. sciza-
mineum gene transformation and protoplast isolation. Seeds were
germinated in soil, and plants were grown in an incubator at
22°C, 60% relative humidity with a 16 h: 8 h, light: dark pho-

toperiod.

RNA isolation, cDNA amplification and quantitative real-
time (qRT)-PCR

The sugarcane buds and Arabidopsis leaves were collected for
RNA isolation using a TRlzol kit (#10296028; Invitrogen).
RNA samples from NCo0376 and YC71-374 sugarcane genotypes
infected with S. scizamineum at 0 d postinoculation (dpi), 3 dpi
(Peters ez al., 2017), 5 dpi (Schaker ez al., 2016) and 7 dpi (Singh
et al., 2004) were used for microarray hybridization and qRT-
PCR validation. Total RNA (1 pg) was used for cDNA synthesis
and qRT-PCR using ChamQ™ Universal SYBR qPCR Master
Mix (#Q331-02; Vazyme, Nanjing, China) on a QuantStudio 3
machine (Applied Biosystems, Foster City, CA, USA). In qRT-
PCR analysis, the relative expression level of sugarcane genes was
normalized to the reference genes acyl-CoA dehydrogenase and ser-
inelarginine repetitive matrix protein 1 (Livak & Schmittgen,
2001; Huang ez al., 2018), and that of S. scitamineum genes was
normalized to the reference genes inosine 5 -monophosphate
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dehydrogenase and SECG65-signal recognition particle subunit (Livak
& Schmittgen, 2001; Huang ez al., 2018), whereas that of Ara-
bidopsis genes was normalized to Actin with 2744 method

(Livak & Schmittgen, 2001; Wang et al., 2017).

TagMan based detection of S. scitamineum

The fungal biomass of S. scitamineum in the infected sugarcane
buds and sheath slices were quantified using a TagMan-based
qPCR method as described by Su ez al. (2013). The cycle ampli-
fication of bFE, a . scitamineum gene related to mating (Albert &
Schenck, 1996), in DNA samples and the plasmid pMD19-6F
was compared (Su ¢t al, 2013). The primer pairs and the probes
are listed in the Supporting Information Table S1.

Microarray design, hybridization, validation and data analysis

In order to identify the differendally expressed genes (DEGs)
during the S. scitamineum—sugarcane interaction, a customized 8
% 60 K Agilent microarray (Agilent Technologies, Santa Clara,
CA, USA), targeting nonredundant sugarcane genes (20392,
Table S2) (Que ez al., 2014a) and S. scitamineum genes (6621
coding sequences) (Que ez al., 2014a), was designed. The probes
against the sugarcane genes had two technical replicates, whereas
those against the S. scitamineum genes had three technical repli-
cates. The microarray hybridization and the systemic normaliza-
tion of gene expression, general data analysis of sample groups
and calculation of differential gene expression level were pro-
cessed by Shanghai Biotechnology Co. Ltd (SBC, Shanghai,
China). R software was used for normalization per chip and sys-
temic normalization of sugarcane and smut gene differential
expression level with the QUANTILE algorithm separately. The
DEGs with expression fold-change >2 or <0.5 (£<0.05) were
identified using the LiMMA package (www.bioconductor.org)
(Bolstad ez al., 2003). All of these data were deposited in the
Gene Expression Omnibus (GEO, GSE140801). Data analysis
and figure illustration were performed using toolkit TBToOLS
(Chen et al., 2020). For identifying the effector genes, the coding
DNA sequences (CDSs) of S. scitamineum genes were aligned to
the effector sequences of other gramineous smut fungi (Laurie ez
al., 2012; Al et al., 2014; Brefort et al., 2014; Que et al., 2014a;
Dutheil ez al., 2016), using TBrooLs (Chen ez /., 2020).

Construction of a sugarcane-S. scitamineum co-expression
network and screening of key genes

The R package based wacena (http:/labs.genetics.ucla.edu/
horvath/CoexpressionNetwork/Rpackages/ WGCNA/) was used
for identifying the DEG matrix (module) that was significantly
associated with incubation time and fungal biomass. The param-
eters (soft threshold, 20; minimum module size, 30; merge cut
height, 0.20) were fitted, and the modules, including DEGs with
similar expression tendencies, were generated statistically and
equitably with a one-step automatic construction method and
indicated by different colors according to the correlation patterns.
The DEGs from those modules significantly associated with the
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increase of the fungal biomass and incubation period were cho-
sen. The connectivity value between genes was obtained from the
WGCNA. The top DEGs with the highest connectivity value were
used to generate the visible co-expression network in CYTOSCAPE
(v.3.5.0) software (Shannon et al., 2002; Cline ez al., 2007).

Gene cloning, plasmid construction and sequence analysis

Sugarcane PLANT ELICITOR PEPTIDE RECEPTORI (ScPEPRI)
and four S. scitamineum putative effectors, SsPE1, SsPE4, SsPE14
(SsPelel) and SsPE15, were cloned from genotype ROC22 (Table
S3). The open reading frames (ORFs) of these genes were cloned
into destination vectors, including pGBKT7, pGADT7,
pSUC2T7M130ri, pFastR06, pXCSG and pCMABIA1306
(Table S1), using a cloning Kit (#C112-01; Vazyme). Likewise,
the ORFs of ScPEPR1 and SsPE14 were introduced into
pCMABIA1300S-nYFP and pCMABIA2300S-cYFP, respec-
tively, to generate N-terminal YFP (nYFP) fused to ScPEPRI by
its N-terminus (nYFP-ScPEPR1) and C-terminal (cYFP) fused
to SsPE14 or SsPE14-Asp (without signal peptide) by its C-
terminus (SsSPE14-cYFP and SsPE14-Asp-cYFP) (YFP, yellow
fluorescent protein). The ORF of A#PEPRI without a stop codon
also was introduced into pCAMBIA1306-FLAG. The primer
pairs used for plasmid construction are listed in Table SI.

The sequences of the PEPR and peptidel (Pepl) were down-
loaded from Sequence Read Archive database (SRP192749) and
NCBI database (S. spontaneum genomic data: GCA_003544955.1;
Table S3). The alignment of PEPR, Pep1 and the effectors was per-
formed with DNAMAN (v.7.0.2.176) and Genepoc (htep://www.flu.
org.cn/en/download-47.html). A phylogenetic tree was generated
using the maximum-likelihood method with 1000 bootstrap repli-
cates in MEGA7 software (Institute for Genomics and Evolutionary
Medicine, Temple University, Philadelphia, PA, USA).

Yeast two-hybrid (Y2H) and glutathione S-transferase
(GST)-pulldown experiments

For validating the protein interactions, prey and bait vectors contain-
ing genes as indicated in the figures were co-transformed into Y-2-
HGold chemically competent cells. Positive yeast clones containing
two plasmids were selected from SD/-Trp-Leu medium (#630494;
Clontech, Terra Bella Avenue Mountain View, CA, USA) and were
re-plated on SD/-Trp-Leu and SD/-Trp-Leu-His-Ade medium
(#630494; Clontech).

After codon optimization and synthesis, the CDSs of
SePEPRI-N and SsPE14 were ligated into plasmids, generating
pCznl_ScPEPRI-N and pGEX-4T-1_SsPE14, which were trans-
formed into Escherichia coli strain BL21. The histidine (HIS)-
and GST-tagged proteins were purified and the iz vitro GST
pulldown experiments were performed according to the method

of Tarun & Sachs (1996).

Secretory function assay of signal peptide in yeast

The assay was performed mainly based on Xu et a/. (2019). The
sequence of the signal peptide was inserted into the vector
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pSUC2T7M13o0ri and transformed into yeast strain YTK121
(Jacobs et al., 1997). The transformed yeast was plated on the
CMD-W (minus tryptophane plates) (Xu et 4l., 2019), and incu-
bated at 30°C for 3d in darkness. For invertase secretion assay,
transformers were replica plated on YPRAA plates (1% yeast
extract, 2% peptone, 2% raffinose and 2 pgml™" antimicyn A)
lacking glucose. The activity of invertase also was determined by
reducing 2,3,5-triphenyltetrazolium chloride (TTC) to insoluble
red 1,3,5-triphenylmethyl nitrogen (TPF) (Xu ez al., 2019).

Confocal images, protein extraction, immunoprecipitation
and immunoblotting assay

The tansformed — Agrobacterium  tumefaciens  (GV3101)
cells with plasmids pFastR06-SsPelel-eGFP, pXCSG-SsPelel-
mYFP, pXCSG-SsPelel-AC-mYFP, pCMABIA1306-ScPEPRI-
Flag, pPCMABIA1306-ZmPEPR1-Flag, pXCSG-UmPelel-mYFP,
pCMABIA1306-ScPEPR1-N-Flag, pCMABIA1300S-ScPEPRI1-
nYFP, pCMABIA2300S-SsPE14-cYFP, or pCMABIA2300S-
SsPE14-Asp<YFP were grown at 28°C/200 rpm in lysogeny broth
medium supplemented with kanamycin/spectinomycin (50 pg
ml™") and rifampicin (35 pgml™"). Agrobacterial cells were col-
lected and re-suspended in MS salt buffer (MS-salt, plus 200 mM
acetosyringone) and injected into Nicotiana benthamiana leaves.
Confocal images of the fluorescent signal in the N. benthamiana
leaves were pictured on a laser confocal microscope Leica TCS SP8
(Leica, Wetzlar, Germany) after 48 h of agroinfiltration.

The N. benthamiana leaves were collected 48 h postagroinfiltra-
tion, ground in liquid nitrogen and lysed in extraction buffer EXB
(50 mM Tris pH7.5, 150 mM NaCl, 10% (v/v) glycerol, 2 mM
EDTA, 5mM DTT, protease inhibitor (Roche), 0.1% Triton).
Lysates were centrifuged for 15 min at 20 000 gat 4°C. Aliquots of
supernatants were used as input samples. Immunoprecipitations
(IPs) were conducted by incubating supernatants with 15 pl GFP-
Trap beads (#gta-10; ChromoTek, Planegg-Martinsried, Ger-
many) in 1.5 ml tubes for 2 h at 4°C. Beads then were collected by
centrifugation at 1000 g and washed four times with extraction
buffer. Beads then were heated in 2XLaemmli loading buffer, and
the proteins were separated by SDS-PAGE and analyzed by
immunoblotting. The antibodies used included ant-GFP
(#HT801; Transgen, Beijing, China), ant-HA (#11867423001;
Roche), anti-FLAG (#ab1162; Abcam, Cambridge, UK), ant-His
(#ab15149; Abcam) and anti-GST (#ab19256; Abcam).

Modified immunoprecipitation for detecting the
associations of peptides with SCPEPR1

After 48 h of transient expression in N. benthamiana leaves,
ScPEPR1-FLAG was extracted in extraction buffer EXB (50
mM Tris pH7.5, 150 mM NaCl, 10% glycerol, 2mM ETDA,
0.1% Triton X-100, 0.5% DTT and 1% protein inhibitors
cocktail) and purified by incubating the supernatants with 15 pl
anti-FLAG agarose (#A4596; Sigma) in 1.5 ml tubes for 1 h at
4°C. After centrifugation at 1000 g, the agarose gels were
washed four times in extraction buffer and then incubated in
1pg horseradish peroxidase (HRP)-conjugated anti-His
New Phytologist (2021)
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antibodies (#ab1187; Abcam) and 10 mM his-tagged peptides
(his-ScPepl, his-SsPel25, or both of his-ScPepl and SsPel25)
for 1h at 4°C. The agarose gels then were washed three times
in extraction buffer and transferred into a 96-well plate for
detecting HRP activity using chemiluminescence substrate

(#37069; ThermoFisher, Waltham, MA, USA).

Mitogen-activated protein kinase (MAPK) assays on
sugarcane, maize and Arabidopsis

For MAPK activation assays, 1 pM ScPepl or ZmPepl with or
without 5 pM SsPel25 was added into sugarcane (Wang er al,
2020), maize (Cao et al., 2014) and Arabidopsis (Yoo ez al, 2007)
protoplasts, respectively. Then 1 uM AtPepl peptide plus 0.02%
silwet-77 was sprayed onto the leaves of 4-wk-old Arabidopsis
plants. Total protein samples were collected at the indicated time
points and used for immunoblotting with anti-p44/42 MAPK anti-
body (#4370; Cell Signaling, Danvers, MA, USA) to detect phos-
phorylation of MAPKs (Suarez-Rodriguez ez al., 2007).

Transient expression and reporter assay in protoplasts

The mesophyll tissues of 4-wk-old Arabidopsis col-0 plants were
used for protoplast isolation and the transfection with DNA plas-
mids were performed according to Yoo et al. (2007). After that,
protoplasts were incubated at room temperature under weak light
for 16h, and then used for protein immune-binding and
luciferase assays.

Protoplasts isolated from 4-wk-old Arabidopsis plants were co-
transfected with proFRKI-LUC along with the indicated constructs
as described (Li e al, 2005). At 16 h after transfection, the proto-
plasts were treated with 1 pM peptides as indicated. The luciferase
(LUC) activity was determined at 2 h after the peptide treatments
using the luciferase reporter system (#£1500; Promega).

Generation of transgenic A. thaliana plants and powdery
mildew infection

The A tumefaciens cells (GV3101) containing plasmid
pCAMBIA1306_ScPEPRI-FLAG or pCAMBIA1301_SsPE14
were used for floral-dipping to generate the transgenic Arabidop-
sis lines. For powdery mildew infection, the spores of Golovino-
myces cichoracearum were blown onto the leaves of the ScPEPRI-
and SsPEI4-overexpression lines. At 0, 3, and 5 dpi, leaves were
collected for RNA isolation. The leaves at 5 dpi were collected
for visualizing fungal structures using trypan blue staining (Frye
& Innes, 1998).

Statistical analysis

Statistical analysis of the qRT-PCR data from three biological
replicates was done by Srss StaTistTics (v.22.0.0.0; IBM,
Armonk, NY, USA). Using two-tailed Student’s #tests, SEs were
calculated using the variance and covariance values obtained from
the linear model fitting. The expression level was shown as the
mean £ SD.
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Results

Gene co-expression network during sugarcane-S.
scitamineum interaction

We used a customized microarray targeting both the representa-
tive sugarcane genes and S. scitamineum genes to identify the
DEGs in the host and the fungus along with the progress of the
infections (0, 3, 5 and 7 dpi). The smut fungus grew faster and
was more abundant in the susceptible sugarcane cultivar YC71-
374 than in the resistant NCo376 (Fig. S1a), confirming the suc-
cessful 8. scitamineum infection. There was a uniform gene
expression distribution as revealed by a boxplot (Fig. S1b), and
all biological replicates had a strong correlation and good repeat-
able performance (R >0.90) (Fig. S1c). Subsequently, com-
pared with the samples at 0 dpi, we identified 3110 sugarcane
DEGs in YC71-374 and 2383 DEGs in NCo0376 under the smut
infection (Fig. 1a). Meanwhile 1491 and 1110 smut DEGs,
including 94 putative effector genes, were identified respectively,

after inoculation on YC71-374 and NCo376 (Fig. 1b). As shown
in Fig. S2, the expression tendency of 13 DEGs in qRT-PCR
analysis was consistent with the microarray results, indicating the
high reliability of the microarray data.

We then performed a WGCNA analysis on the microarray
data to construct gene co-expression network. It resulted in six
and eight co-expression modules in the susceptible YC71-374
(Fig. Ic) and the resistant NCo376 (Fig. 1d), respectively.
Notably, both the blue module in YC71-374 and the turquoise
module in NCo0376 with the lowest P-value (P=5x 10~ and P
=9x 107°, respectively) were highly and negatively correlated
with incubation period (r=-0.98 and r=—0.93 respectively)
and fungal biomass (r=—0.62, P=0.03 and r=-0.75, P=
0.005, respectively) (Fig. 1c,d). We speculated that sugarcane
genes in these two modules were likely involved in defense
responses, and that their expression was suppressed by S. sciza-
mineum. Then, 2959 sugarcane genes and 751 S. scitamineum
genes from these two modules were grouped together to calculate
the connectivity value between genes. The top sugarcane kinase

(@ ) Module-trait relationships in NCo376
Fig. 1 Gene co-expression network in Sugarcane
sugarcane-Sporisorium scitamineum 21 000 MEred I -0.47 -0.11
interaction. (a) The total numbers of g 20000 (127 DEGs) (0.1) (0.7)
differentially expressed sugarcane genes in E 19000 i MEturquoise
sugarcane susceptible genotype YC71-374 £ 18000 = DEGs (1699 DEGs)
and resistant genotype NCo376 at 3, 5, 7d g 17 000 =nDEGs MEyellow
postinfection with S. scitamineum. DEG, 16 000 (1041 DEGs)
differentially expressed gene; nDEG, not- 15 000
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genes and smut effector genes with the highest connectivity value
subsequently were selected to construct the gene co-expression
network, where the genes with a WGCNA edge weight > 0.15
were connected with lines (Fig. 1e). The four biggest dots repre-
sented sugarcane genes: mitogen-activated protein kinase kinase
kinase A (BMK.45382), mitogen-activated protein  kinase
(BMK.69601),  receptor-like  serinelthreonine-protein  kinase
(BMK.73537) and plant clicitor peptide receptorl (ScPEPRI,
BMK.75743). As PEPRI-signaling is an important component
in plant immune system (Tang & Zhou, 2016), we focused on
the ScPEPRI gene for further analysis here (studies on other three
genes will be reported elsewhere). The expression of ScPEPRI
was decreased in either NCo376 or YC71-374 after S. scita-
mineum infection, which accorded with the results of our
microarray data (Fig. S2).

ScPEPR1 is a phylogenetical ortholog to Arabidopsis PEPR1

The protein sequence analysis showed that SCPEPR1 contains N-
terminal extracellular LRR domain (a LRRNT_2, a LRR1 and a
LRR8), a transmembrane domain and a C-terminal cytoplasmic
kinase domain, sharing the closest relationship to PEPR1s from
Sorghum bicolor and Zea mays (Fig. S3a). The alignment of pro-
tein sequence showed that PEPR1 and its ortholog protein share
68.78% identity in amino acid sequence (Fig. S3b). And we con-
firmed that as a PRR receptor, YFP fused ScPEPR1 had a mem-
brane localization in the leaf cells when transiently expressed in
N. benthamiana (Fig. S3c¢).

We expressed ScCPEPR1 under the control of the constitutive
35S promoter (355-ScPEPRI) in Arabidopsis. Compared to the
expression of endogenous A#PEPRI in the control transgenic
line (transformed with empty vector), SePEPRI were highly
expressed in the 355-SePEPRI lines (Fig. S4a). We found that
the 355-ScPEPRI lines showed fewer fungi and significantly
fewer conidiophores on the leaves infected with powdery
mildew G. cichoracearum at 5dpi than the control line (Fig.
S4b,c). The fungal-induced expression of the defense-related
gene AtWRKY33 (Gravino er al., 2017) (Fig. S4d) and the SA-
induced gene ArPR5 (Sun et al., 2018) (Fig. S4e) were higher
in 358-ScPEPRI lines than in the control line at 3 and 5 dpi.
We concluded that overexpression of the sugarcane ScPEPRI
gene in Arabidopsis enhances plant resistance to powdery
mildew. Thus, ScPEPRI gene is a structural, phylogenetic
orthologous to Arabidopsis PEPRI and is functional in plant
immunity.

ScPEPR1 interacts with S. scitamineum effector SsSPE14

We then tested the possible interactions between ScPEPR1 and
the S. scitamineum putative effectors (SsPEs) in the WGCNA co-
expression network (Fig. le; Table S4). In the Y2H assay,
ScPEPRI specifically interacted with SsPE14 (smut.10005024)
(Fig. 2a). In the following protein truncation tests, we found that
the N-terminal extracellular LRR domain (ScPEPR1-N) but not
the C-terminal cytoplasmic kinase domain (ScPEPR1-C) of
ScPEPR1 interacted with SsPE14 (Fig. 2b).
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In order to further examine the protein interactions in vivo,
co-immunoprecipitation (co-IP) assays were performed after
transient expression of YFP-tagged SsPE14 and FLAG-tagged
ScPEPRI or ScPEPR1-N in N. benthamiana. As shown in Fig.
2(c,d), ScPEPR1I-FLAG or ScPEPRI-N-FLAG was co-purified
with SsPE14-YFP, rather than with the YFP control. Further-
more, in an in vitro pull-down assay, the direct interaction
between SsPE14-GST and ScPEPR1-N-His also was observed
(Fig. 2e). Together, these results demonstrated that SsPE14 inter-
acts with ScPEPR1 by its N-terminal LRR domain.

As SsPE14 interacts with extracellular LRR domain of
ScPEPRI, we intended to visualize the subcellular location of the
protein complexes formed by the two proteins using bimolecular
fluorescence complementation (BiFC) assay. For this, N-terminal
YFP (nYFP) was fused to ScPEPR1 by its N-terminus (nYFP-
ScPEPR1) and C-terminal YFP (cYFP) was fused to SsPE14 by
its C-terminus (SsSPE14-cYFP). Yellow fluorescence was observed
on the cytoplasmic membrane of the leaf cells upon transient co-
expression of nYFP-ScPEPR1 and SsPE14-cYFP in N. benthami-
ana, suggesting that ectopically expressed SsPE14 could be local-
ized to the apoplastic space, where it interacts with extracellular

LRR domain of ScPEPR1 (Fig. 2f).

SsPE14 is a plant elicitor peptide-like effector

The expression of SsPE14 is strongly induced during smut infec-
tion (Fig. 3a), suggesting that it might play an important role in
promoting virulence of S. scitamineum. In the NCBI database,
two orthologs of SsPE14 in Sporisorium species, four in Ustilago
species, one in Pseudozyma species and two in Moesziomyces
species were found through BrasTp tool. Phylogenetic tree analy-
sis showed that SsSPE14 was closely related to two orthologs from
Sporisorium (Fig. 3b). SsPE14 is likely a secreted protein without
a conserved domain in the NCBI database (https://www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi) (Que et al., 2014a). It also
is predicted to be an effector protein (Ratio 0.739) by EFFECTORP
(htep://effectorp.csiro.au/). Thus, SsPE14 might be a conserved
effector protein in smut fungi species.

SsPE14 has a predicted signal peptide on its N-terminus. To
functionally validate it, we used a genetic assay based on the
requirement of invertase secretion for yeast cells to grow on
media containing raffinose as sole carbon source. The predicted
signal peptide sequence of SsPEI4 was fused in-frame to the yeast
invertase gene in the vector pSUC2T7M13ori (Xu ez al., 2019).
The invertase mutant yeast strain YI'K121 transformed with
pSUC2T7M13o0ri-SsPEI4 construct grew on the YPRAA
medium (sucrose was replaced by raffinose, the YTK121 can
grow only when invertase is secreted) (Fig.3c). The invertase
secretion was further confirmed using an enzymatic activity assay
based on invertase-mediated conversion of the colorless dye TTC
into the insoluble red colored triphenylformazan (Fig. 3c). These
results demonstrated that the signal peptide of SsPE14 is func-
tional and SsPE14 is a secreted protein.

Next, a BiFC experiment was performed to test interaction
between nYFP-ScPEPR1 and SsPE14-Asp-cYFP whose secretion
signal peptide has been deleted. We found that SsPE14-Asp-
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Fig. 2 Sugarcane PLANT ELICITOR PEPTIDE RECEPTOR1 (ScPEPR1) interacts with the smut effector SSPE14. (a) SCPEPR1 interacts with SsPE14 in yeast.
The activation domain (AD) and DNA binding domain (BD) plasmids containing the indicated genes were co-transformed into yeast strain Y-2-Hgold and
screened on synthetic dextrose dropout (SD) media lacking Leu and Trp (SD/-Leu-Trp). The single colonies were serially diluted and spotted onto SD/-Leu-
Trp and SD/-Leu-Trp-His-Ade to observe the yeast cell growth. Yeast co-transformed with AD-largeT + BD-p53 or AD-largeT + BD-laminC served as a
positive control and negative control, respectively. EV, empty vector. SsSPE1/4/14/15, Sporisorium scitamineum putative effector1/4/14/15. (b) The
interaction between ScPEPR1 and SsPE14 in Nicotiana benthamiana, revealed by bimolecular fluorescence complementation assay. The N. benthamiana
leaves were co-infiltrated with 355:nYFP-ScPEPR1 and 355:SsPE14-cYFP. Images were captured by a confocal microscope 2 d after Agrobacterium
tumefaciens transformation. Bar, 10 pm. (c) Co-immunoprecipitation (co-IP) analysis of interactions between ScPEPR1-FLAG and SsPE14-YFP in N.
benthamiana leaves. Proteins in total extracts (Input) and after IP with GFP-trap beads (IP (YFP)) were detected on immunoblots using a-FLAG or a-GFP
antibodies. GFP/YFP, green/yellow fluorescent protein. (d) SsPE14 interacts with N-terminal LRR domain of ScPEPR1 (ScPEPR1-N), but not with the C-
terminal of SCPEPR1 (ScPEPR1-C) in yeast. The experiment was performed according to the same procedure in (a). (e) SsPE14 interacts with the SCPEPR1-
N, revealed using glutathione S-transferase (GST) pull-down assays. The recombinant ScPEPR1-N-his and SsPE14-GST proteins purified from Escherichia
coli BL21 strain were subjected to a GST pull-down analysis. Proteins in input and pull-down were detected on immunoblots using a-his or a-GST
antibodies. (f) Co-IP analysis of interactions between SsPE14-YFP and ScCPEPR1-N-FLAG in N. benthamiana leaves. Proteins in total extracts (Input) and
after IP with GFP-trap beads (IP (YFP)) were detected on immunoblots using a-FLAG or a-GFP antibodies. These experiments were repeated at least three
times with similar results.

nYFP
SsPE14-cYFP

cYFP did not interact with nYFP-ScPEPR1 (Fig. S5). This result
indicates that SsSPE14 must be secreted into apoplastic space for
interaction with ScPEPR1 LRR domain.

Arabidopsis AtPepl by AtPEPR1 (Yamaguchi e al, 2006; Tang ez
al., 2015). We wondered whether there was a sequence similarity
between SsPE14 and plant elicitor peptides. Hence, the conserved
amino acid residues from the plant elicitor peptides and fungal

The C-terminal Pep1 like domain is required for SsPele1 to orthologs of SsPE14 were aligned (Figs 3d, S6). We found that the

interact with ScPEPR1

The interaction between the SsPE14 and the extracellular LRR
domain of ScPEPR1 (Fig. 2d—f) is reminiscent of the perception of

© 2021 The Authors
New Phytologist © 2021 New Phytologist Foundation

C-terminal 26 amino acids of SsPE14 (149-174aa) and its
orthologs had several conserved sites compared with the plant elici-
tor peptides (Peps) (Fig. 3d). Hereafter, the SsPE14 was renamed
as SsPelel (8. scitamineum plant elicitor peptide-like effector 1).
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We then tested whether SsPelel interacts with ScPEPR1
through its C-terminal Pep1 like domain using Y-2-H and Co-IP
assays. We found that deletion of Pepl like motif (SsPelel-AC)
in SsPelel abolished its association with ScPEPRI1 in Y-2-H
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Fig. 3 The characterization of the smut fungal effector SsPE14. (a)
Quantitative real-time PCR analysis of expression of Sporisorium
scitamineum effector SsPE14 in sugarcane genotypes YC71-374 and
NCo376 at indicated time points. The bars indicate relative fold-change +
SD (n = 3) compared to O dpi. *indicates a significant difference between
the 0 dpi, and 3, 5 or 7 dpi (P < 0.05) determined by Student's ¢-test. dpi, d
postinoculation. (b) Phylogenetic analysis of SsSPE14 and its orthologs from
Sporisorium graminicola, Sporisorium reilianum, Ustilago maydis,
Ustilago trichophora, Ustilago bromivora, Ustilago hordei, Pseudozyma
hubeiensis, Moesziomyces antarcticus, Moesziomyces aphidis and
Kalmanozyma brasiliensis; Numbers at the branches indicate bootstrap
values. The accession number of the sequences used in the present study
can be found in Supporting Information Table S3. (c) Experimental
validation of the signal peptide of SsPE14 using the yeast invertase
secretion assay. Yeast YTK121 strains carrying the SsPele1 fused in frame
to the invertase gene in the pSUC2 vector can grow in the CMD-W media
(with sucrose) and YPRAA media (with raffinose instead of sucrose,
growth only when invertase is secreted). The secreted invertase also can
reduce triphenyltetrazolium chloride (TTC) to red formazan. The negative
control was YTK121 strains carrying the pSUC2 vector. (d) The alignment
of the conserved amino acid sequences of plant elicitor peptides
(Arabidopsis AtPep1, maize ZmPep2, green foxtail SvPep and sugarcane
ScPep-#1/#2/#3) and the fungal homologs of SsPele1 (from S. reilianum,
S. graminicola, U. maydis, U. hordei, U. bromivora, P. hubeiensis, and K.
brasiliensis) obtained from the NCBI database (Table S3). The highly
conserved sites are colored and marked with red triangle symbol on the
top row. SsPele1 and UmPele1 (Um01690) marked with purple triangle
symbol. The accession number of the sequences used in the present study
can be found in Table S3. (e) SCPEPR1 interacts with SsPele1 and SsPele1-
AC in yeast. SsPele1-AC is the fragment of SsPele1 with deletion of 68
residues in its C-terminus. The activation domain (AD) and binding domain
(BD) plasmids containing the indicated genes were co-transformed into
yeast strain Y-2-Hgold and screened on synthetic dextrose dropout media
lacking Leu and Trp (SD/-Leu-Trp). The single colonies were serially
diluted and spotted onto SD/-Leu-Trp and SD/-Leu-Trp-His-Ade to
observe the yeast cell growth. Yeast co-transformed with AD-largeT + BD-
p53 or AD-largeT + BD-laminC served as a positive control and negative
control, respectively. EV, empty vector. Three independent experiments
gave consistent results. Pele1, plant Pep1-like effector 1. (f) Co-
immunoprecipitation (co-IP) analysis of interactions between ScPEPR1-
FLAG and SsPele1-AC-YFP in Nicotiana benthamiana leaves. Proteins in
total extracts (Input) and after IP with GFP-trap beads (IP (YFP)) were
detected on immunoblots using a-FLAG or a-GFP antibodies. These
experiments were repeated at least three times with similar results. GFP/
YFP, green/yellow fluorescent protein.

experiments (Fig. 3e). Consistently, SsPelel-AC-YFP did not
interact with ScPEPR1-FLAG in Co-IP experiments (Fig. 3f).
These data demonstrate that Pepl like domain of SsPelel is
required for its association with ScPEPR1.

ScPep1-, but not SsPele1-, perception by ScPEPR1 induces
immune responses

Three orthologs of AtPepl (NP_569001.1) in sugarcane were
identified by protein blast against our RNA-seq data
(SRP192749) and the published genomic data (S. sponzaneum,
GCA_003544955.1). The sugarcane Peps, namely ScPep-#1,
ScPep-#2 (ScPepl) and ScPep-#3 (Table S3), were aligned with
the plant elicitor peptides (AtPepl from Arabidopsis, ZmPep2
from maize and SvPep from Setaria viridis, Table S3) to assess
their similarity. Clearly, the sugarcane Peps contain the conserved

© 2021 The Authors
New Phytologist © 2021 New Phytologist Foundation



New
Phytologist

amino acids in their C-terminus compared with known plant
Peps (Figs 3d, S6).

In order to test activity of the putative sugarcane Pepl candi-
dates, we synthesized three peptides of ScPeps, ScPep-#1, ScPep-
#2 and ScPep-#3, and monitored their ability for induction of
proFRKI-LUC in an Arabidopsis protoplast, which is a transient
reporter system widely used in studying PTT signaling (Asai et al.,
2002). FRKI encodes a receptor-like kinase that is rapidly
induced by PAMPs (Asai ez al., 2002). When co-expressing with
ScPEPR1, ScPeps, especially ScPep-#2, strongly induced the
expression of proFRKI-LUC (Fig. 4a). Thus, we named it as
ScPepl. ScPepl could not induce proFRKI-LUC expression in
the absence of ScPEPRI (Fig. 4b), indicating that ScPepl is

23

specifically perceived by ScPERP1, but not by AtPEPRI in Ara-
bidopsis protoplasts. Strikingly, the 25-amino-acid-peptide from
SsPelel C-terminal Pepl like domain (SsPel25) (Fig. 3d) did not
induce proFRKI-LUC reporter (Fig. 4a), despite its sequence sim-
ilarity to plant Peps.

SsPel25 inhibits ScPep1-induced immune responses

The interaction of SsPelel with ScPEPR1 (Fig. 2) without acti-
vating the ScPEPRI1-mediated FRKI expression (Fig.4a) pro-
moted us to test whether it suppresses ScPEPR1-signaling. We
found that the co-application of SsPel25 peptide significantly
suppressed the ScPepl-induced expression of the proFRKI-LUC
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Fig. 4 The smut effector SsPele1 suppresses sugarcane peptide1 (ScPep1)-induced immune responses. (a) Sugarcane ScPep1 candidates induce proFRK1-
LUC expression in Arabidopsis protoplasts. The Arabidopsis ecotype Col-0 protoplasts were transfected with proFRK7-LUC along with ScPEPRT. Sixteen
hours later, the protoplasts were treated with 0.2 uM ScPep1-#1, #2, #3, or the 25-amino-acid peptide from SsPele1 (SsPel25), then the LUC reporter
activity was determined 2 h later (LUC, luciferase). Error bars indicate the SD. Different letters indicate statistical significance (P < 0.01) determined by one-
way ANOVA followed by Tukey's honestly significant difference (HSD) tests. (b) ScPep1-induced proFRK7-LUC expression is dependent on sugarcane
PLANT ELICITOR PEPTIDE RECEPTORT (ScPEPRT). Col-0 protoplasts were transfected with proFRK7-LUC along with ScPEPR7or the empty vector (EV).
Sixteen hours later, the protoplasts were treated with 0.2 pM ScPep1 for another 2 h, and the LUC reporter activity was determined. * indicate statistical
significance (P < 0.01) to the mock determined by one-way ANOVA followed by Tukey's HSD tests. (c) The SsPel25 peptide inhibits ScPep1-induced
proFRK1-LUC expression. Col-0 protoplasts were transfected with proFRK7-LUC along with ScPEPR1. The assays were done as in (a). (d, ) SsPel25
suppresses ScPep1-induced phosphorylation of MAPKs (pMPKs). Col-0 (d) and sugarcane (e) protoplasts expressing SCPEPR1 were treated with 1 pM
ScPep1 or ScPep1 plus 2 pM SsPel25, and total protein extracts were prepared at the indicated time points. The phosphorylation of MAPKs was detected
on an immunoblot probed with anti-p44/42 MAPK antibody. (f, g) His tagged ScPep1 and SsPel25 peptides associate with SCPEPR1-FLAG (f), and SsPel25
competes the interaction between His-ScPep1 and ScPEPR1-FLAG (g). The transient expression of SCPEPR1-FLAG samples extracted and purified from
Nicotiana benthamiana leaves with anti-FLAG agarose, and then then incubated in 1 pg horseradish peroxidase (HRP)-conjugated anti-His antibodies
(Abcam; #ab1187) and 10 mM his-tagged peptides or no tagged peptides (his-ScPep1, his-SsPel25, or both of his-ScPe1 and SsPel25). The agarose gels
then were washed three times in extraction buffer and transferred into a 96-well plate for detecting HRP activity using chemiluminescence substrate
(ThermoFisher; #37069). The dot intensity indicates the interactions between ScPEPR1-FLAG and His-tagged peptides. These experiments were repeated

at least three times with similar results.
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reporter in the Arabidopsis protoplasts expressing SCPEPR1 (Fig.
). In the same protoplasts, we examined the ScPepl-induced
phosphorylation of MAPKs, an early event in PTI responses,
with or without SsPel25. As shown in Fig. 4(d), the ScPepl-
induced transient phosphorylation of MAPKs was reduced in the
presence of SsPel25. Furthermore, we examined whether SsPel25
inhibits ScPepl-induced phosphorylation of MAPKs on sugar-
cane. Consistently, we found co-application of SsPel25 signifi-
cantly suppressed ScPepl-induced phosphorylation of MAPK in
sugarcane protoplasts (Fig. 4e). Moreover, application of SsPel25
promoted S. scitamineum propagation on sugarcane sheath tissue
(Fig. §7). Together, these results indicated that SsPel25 inhibits
ScPepl-induced immune responses.

SsPel25 competes with ScPep1 to bind to ScPEPR1

We then sought to examine whether SsPel25 competes with
ScPepl for perception by ScCPEPRI. First, the FLAG-tagged pro-
tein SCPEPR1-FLAG or an empty vector as control was tran-
siently expressed in N. benthamiana and total protein extracts
were incubated with anti-FLAG agarose. After washing, the anti-
FLAG agarose binding ScPEPR1-FLAG were incubated with
mock, the 6X his-tagged peptides His-ScPepl or His-SsPel25,
respectively, plus anti-His-HRP antibody for detecting the pres-
ence of his-tagged peptides in the immune-complexes in 96-well
plates (details in the Materials and Methods section). Both His-
ScPepl and His-SsPel25 were detected in the ScPEPRI-FLAG
immune-complexes (Fig. 4f), indicating that both peptides
bound with ScPEPRI. To check for competition between
ScPepl and SsPel25 for binding to ScPEPRI, the ScPEPRI-
FLAG-binded and-FLAG agarose was incubated with His-
ScPepl in the absence or presence of un-tagged SsPel25. As
shown in Fig. 4(g), the presence of SsPel25 greatly reduced the
signal of His-ScPepl in the immune-complexes, suggesting that
SsPel25 indeed competed the association between ScPepl and
ScPEPRI1.

Overexpression of SsPele7 in Arabidopsis suppresses
AtPep1-induced immunity

We generated transgenic Arabidopsis lines expressing SsPelel
driven by 35S promoter (35S-SsPelel). As AtPepl is perceived by
AtPEPR1 in Arabidopsis, we questioned whether SsPelel inter-
acts with and interferes with AtPEPR1 activation. Co-IP experi-
ments in N. benthamiana showed that SsPelel also interacted
with AtPEPR1 in planta (Fig. 5a). We then evaluated the plant
immune responses to AtPepl in the transgenic lines. First,
AtPepl-induced activation of MAPKs was examined. The leaves
of 4-wk-old plants were treated with 1 pM AtPepl, and the total
protein was collected at the indicated time points (Fig. 5b). The
immunoblots with an anti-pERK antibody showed that the
AtPepl-induced transient phosphorylation of MAPKs was
reduced in the 355-SsPele! lines than in the control line (Fig. 5b).
We next examined the AtPepl-induced production of ROS,
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Fig. 5 Overexpression of smut effector gene SsPele in Arabidopsis
suppresses peptide1 (AtPep1)-induced immunity. (a) Co-
immunoprecipitation (co-1P) analysis of the interactions between SsPele1-
YFP and AtPEPR1-FLAG in Nicotiana benthamiana). Proteins in total
extracts (Input) and after IP with GFP-trap beads (IP (YFP)) were detected
on immunoblots using anti-FLAG or anti-GFP antibodies (GFP/YFP, green/
yellow fluorescent protein). (b) AtPep1-induced phosphorylation of
mitogen-activated protein kinases (MAPKs) on ScPele7 transgenic line1/2
and empty-vector (EV) transgenic line. Total protein extracts were
prepared from leaves of 4-wk-old transgenic Arabidopsis lines expressing
SsPele7 or an EV at the indicated time points after 1 pM AtPep1
treatment. The phosphorylation of MAPKs was detected on an
immunoblot probed with anti-p44/42 MAPK antibodies. Ponceau staining
of the blot shows equal sample loading. (c) AtPep1-induced H,O,
production was reduced in the SsPele7 transgenic lines. The results shown
are representative of three independent experiments. Each data point
consists of six to eight replicates. Values are means + SD. Different letters
indicate statistical significance (P < 0.01) determined by one-way ANOVA
followed by Tukey's honestly significant difference. These experiments
were repeated three times with consistent results.
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another typical PT1 response, in the 355-SsPelel lines. As shown
in Fig. 5(c), the AtPepl-induced ROS were compromised in the
358-8sPelel lines compared with the control line. Together, these
results indicated that overexpression of SsPelel in Arabidopsis
suppresses AtPepl-induced immune responses.

Ustilago maydis effector UmPele1 interacts with ZmPEPR1
and suppresses ZmPEPR1-mediated immunity

Ustilago maydis has an SsPelel ortholog effector gene, Um01690
(Schilling ez al, 2014) (Fig.3d). The deletion of Um01690
impaired fungal tumor induction on maize seedling leaves
(Schilling er al., 2014), indicating Um01690 is an important
effector for fungal pathogenicity. Um01690 protein sequence
shows high similarity to SsPelel with conserved secretion signal
peptide and C-terminal Pepl like domain (Fig. 6a). Thus, we
renamed UmO01690 to UmPelel. We then tested whether
UmPelel interacts with ZmPEPRI using Co-IP assay in V. ben-
thamiana. As shown in Fig. 6(b), ZmPEPRI-FLAG was co-
purified with YFP-UmPelel but not with YFP control, showing
that UmPelel interacts with ZmPEPR1 iz planta.

We then assessed whether UmPelel suppresses ZmPEPRI1-
mediated immunity. ZmPepl was synthesized and used to acti-
vate immunity in maize protoplasts. We also synthesized the 25
amino acid peptide of the UmPelel C-terminal Pepl like
domain (highlighted by red triangle in Fig. 6(a), named as
UmPel25). In maize protoplasts, co-application of UmPel25 par-
tially suppressed ZmPepl-induced phosphorylation  of
ZmMAPK (Fig. 6¢). We conclude that like the S. scizamineum
effector SsPelel, U. maydis effector UmPelel promotes fungal
virulence at least partly by interacting with ZmPEPR1 and
inhibiting activation of ZmPEPR1.

Discussion

Here we show that the smut fungal effector SsPelel and its
ortholog UmPelel contain a plant elicitor peptide-like motif in
its C-terminus (Fig. 3¢), by which SsPelel interacts with the
extracellular leucine-rich repeat (LRR) domain of sugarcane
PLANT ELICITOR PEPTIDE RECEPTORI1 (ScPEPR1), and
completes ScPepl perception, resulting in the inhibition of
ScPEPR1-mediated defense responses (Fig.7). This reveals a
novel mechanism whereby a pathogenic fungal effector simulates
a nonfunctional host-endogenous signal peptide to suppress plant
defense responses. Our work also contributes a first mechanisti-
cally study on a sugarcane smut fungal effector.

Plant PEPRs are LRR kinases and receptors for endogenous
peptides (Peps) (Yamaguchi ez al, 2006, 2010; Ross ez al., 2014;
Tang & Zhou, 2016; Xu et al., 2018). The PEPR immune sig-
naling is engaged in PTT and is required for systemic acquired
resistance in Arabidopsis and tomato (Huffaker ez al, 2006;
Yamaguchi e al., 2010; Ross ez al., 2014; Yamada ez al., 2016;
Xu et al., 2018). In tomato, a PEPRI ortholog is required for
systemin-mediated resistance to the necrotrophic fungus Bozryris
cinerea (Xu et al., 2018). In maize (Zea Mays), ZmPepl induces
the expression of defense-related genes, the accumulation of plant
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Fig. 6 Smut effector SsPele1’s ortholog, UmPele1, interacts with maize
PLANT ELICITOR PEPTIDE RECEPTOR1 (ZmPEPR1) and suppresses
immune responses. (a) The alignment of Ustilago maydis ortholog
(um01690, Supporting Information Table S3) and SsPele1. The N-terminal
amino acids representing the signal peptide and the C-terminal conserved
residues were marked in blue triangle symbol and red triangle symbol,
respectively. The accession number of the sequences used in the present
study can be found in Table S3. (b) Co-immunoprecipitation (co-IP)
analysis of interactions between (Zea mays) ZmPEPR1-FLAG and
UmPele1-YFP in Nicotiana benthamiana leaves. Proteins in total extracts
(Input) and after IP with GFP-trap beads (IP (YFP)) were detected on
immunoblots using a-FLAG or a-GFP antibodies (GFP/YFP, green/yellow
fluorescent protein). (c) UmPel25 suppresses ZmPep1 induced
phosphorylation of mitogen-activated protein kinases (MAPKs). Maize
protoplasts expressing ZmPEPR1 were treated with 1 uM ZmPep1 or 1 pM
ZmPep1 plus 2 pM UmPel25, and total protein extracts were prepared at
the indicated time points. The phosphorylation of MAPKs was detected on
an immunoblot probed with anti-p44/42 MAPK antibody. These
experiments were repeated at least three times with similar results.

defense related hormones, and resistance to pathogens (Huffaker
et al., 2011). We found that the overexpression of ScPEPRI in
Arabidopsis enhanced resistance to the biotrophic fungal
pathogen and promoted the expression of the defense-related
genes AtWRKY33 and ArPR5 (Fig. S3), indicating that ScPEPR1
is a positive regulator in plant immunity. The targeting of
ScPEPR1 by the effector SsPelel indicates its importance in
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Fig. 7 A model for the suppression of the PLANT ELICITOR PEPTIDE
RECEPTOR1 (PEPR1)-signaling by the smut effector SsPele1. The plant
peptide1 (Pep1) perception induces heterodimerization and
transphosphorylation of receptor kinases PEPR1 and the co-receptor BAK1
(Bri1-associated kinase 1). Then the activated PEPR1-BAK1 complexes
induce the activation of mitogen-activated protein kinase (MAPK)
cascades through a series of phosphorylation events, resulting in the
activation of PAMP-triggered-immunity (PTI). During the infection, the
smut fungus Sporisorium scitamineum delivers effector SsPele1 to host
apoplast, where the SsPele1 competitively binds to the extracellular
domain of PEPR1 to suppress PEPR1-mediated immune responses.

resistance to smut fungi. Further genetic studies, such as the over-
expression or knock-down of ScPEPRI in sugarcane, would illus-
trate the biological importance of ScPEPRI in resistance to smut
disease.

Ustilago maydis effector UmPelel, an ortholog of SsPelel, has
been shown to be required for U.maydis infection in maize
(Schilling et al., 2014). Here, we found that SsPelel directly
interacted with ScPEPR1 (Figs2, 3), and UmPelel interacted
with ZmPEPR1 (Fig. 6). With a functional secretion signal,
SsPelel is a secreted protein and interacts with the extracellular
LRR domain of ScPEPRI to interfere with ScPepl-mediated
defense in apoplasts (Figs 3, S5). Moreover, SsPel25 could pro-
mote growth of Sporisorium scitaminewm on sugarcane sheath
(Fig. S7). Thus, as a conserved smut fungal effector, SsPelel con-
tributes to the virulence of S. scitamineum.

Interestingly, the C-terminus of SsPelel and UmPelel show a
certain sequence similarity to several known plant Peps (Fig. 3d).
As the extracellular domains of cell surface receptors function as
interaction platforms and regulatory modules of receptor activa-
tion (Jaillais ez al, 2011; Belkhadir ez al., 2014), we investigated
the biological relevance between ScPEPR1MRR
a well-established reporter system in Arabidopsis protoplasts (Yoo
et al., 2007). We found that ScPepl-, but not SsPelel-, was per-
ceived by ScPEPRI to induce immune responses (Figs 3e,f, 4a,
b). Besides, SsPel25 competes with ScPepl to bind to ScPEPR1

and SsPelel using

New Phytologist (2021)
www.newphytologist.com

26

New
Phytologist

and inhibits ScPepl-induced immune responses (Fig.4). Fur-
thermore, transgenic Arabidopsis overexpressing SsPelel exhib-
ited reduced AtPepl-induced early immune responses (Fig. 5).
Taken together, these results allow us to present a working model
for SsPelel as shown in Fig. 7: During S. scitamineum infection,
SsPelel is induced and delivered to sugarcane apoplasts, where it
competes with endogenous ScPepl to interact with ScPEPRI,
inhibiting SCPEPR1-mediated immune responses.

It is interesting that both ScPepl and SsPelel interact with
ScPEPR1; however, ScPepl triggers the activation of ScPEPR1
signaling, whereas SsPelel does not. The underlying mechanisms
remain elusive. In Arabidopsis, AtPepl perception by AtPEPR1
leads to the stable association of AtPEPR1 with the co-receptor
AtBAK1 (Bril-associated kinase 1), eliciting immune responses.
Biochemical assays showed that AtPep1 induces the heterodimer-
ization of the extracellular domains of PEPRI™R-BAK1MRR
(Tang er al., 2015). In addition to AtBAKI, another small LRR-
receptor kinase, AtAPEX interacts with AtPEPR1/2"®R in 2
ligand-independent manner and is required for appropriate
Pep2-induced responses (Smakowska-Luzan ez al, 2018).
Whether SsPelel affects the heterodimerization of ScPEPRI-
ScBAK1 or ScPEPR1-ScAPEX is worth testing in future studies.

The extracellular space (apoplast) of plant tissue is an impor-
tant battleground between plants and pathogens. Pathogenic
microbes secrete apoplastic (extracellular) as well as cytoplasmic
(intracellular) effectors to alter host-cell structure and function,
thereby enhancing plant susceptibility (Wawra er al, 2012).
Apoplastic effectors mostly have been reported to function as
inhibitors of proteases, chitinases, or glucanases to prevent the
release of fungal elicitors (Lanver ez al., 2017). LysM effectors are
widely used by pathogenic fungi to bind to soluble chitin
oligomers that could be recognized by plant immune receptors,
to prevent the enzymatic hydrolyzation of host chitinase (Ment-
lak er al., 2012; Zeng et al., 2020). The maize smut fungus U.
maydis secretes the effector Pit2, which inhibits a set of apoplastic
papain-like cysteine proteases by its conserved 14-aa motif and
prevents the release of endogenous SA-associated plant defense
(Mueller et al., 2013; Misas Villamil et al, 2019). The work
described here show that the S. scitamineum apoplastic effector
SsPelel, and its orthologs UmPelel from U. maydis, prevent the
activation of the host plant DAMP receptor ScPEPR1/
ZmPEPR1 by mimicking its ligand. Besides UmPelel, the
orthologs of SsPelel were found in related smut species (Fig. 3b).
It is reasonable to speculate that such a virulent strategy used by
SsPelel might be common for smut pathogens. The intracellular
kinase domain of PRRs has been shown to be targeted and sup-
pressed by pathogen effectors (Heese ez al, 2007; Shan et al,
2008; Zhou er al., 2014). Here, our findings illustrate that the
extracellular ligand-binding domain of ScPEPR1 is targeted by
SsPelel, uncovering a novel virulence mechanism for fungal
apoplastic effectors.
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Abstract
Oleosins (OLEs) are abundant structural proteins of lipid droplets (LDs) that function in LD formation and stabilization

in seeds of oil crops. However, little information is available on their roles in vegetative tissues. In this study, we present
the first genome-wide characterization of the oleosin family in tigernut (Cyperus esculentus L., Cyperaceae), a rare
example accumulating high amounts of oil in underground tubers. Six members identified represent three previously
defined clades (i.e. U, SL and SH) or six out of seven proposed orthogroups (i.e. U, SL1, SL2, and SH1-3). Comparative
genomics analysis reveals that lineage-specific expansion of Clades SL and SH was contributed by whole-genome dup-
lication and dispersed duplication, respectively. Moreover, presence of SL2 and SH3 in Juncus effuses implies their ap-
pearance sometime before Cyperaceae-Juncaceae divergence, whereas SH2 appears to be Cyperaceae-specific. Expres-
sion analysis showed that CeOLE genes exhibit a tuber-predominant expression pattern and transcript levels are consi-
derably more abundant than homologs in the close relative Cyperus rotundus. Moreover, CEOLE mRNA and protein
abundances were shown to positively correlate with oil accumulation during tuber development. Additionally, two do-
minant isoforms (i.e. CeOLE2 and -5) were shown to locate in LDs as well as the endoplasmic reticulum of Nicotiana
benthamiana leaves, and are more likely to function in homo and heteromultimers. Furthermore, overexpression of
CeOLE2 and -5 in N. benthamiana leaves could significantly increase the oil content, supporting their roles in oil ac-
cumulation. These findings provide insights into lineage-specific family evolution and putative roles of CeOLE genes in
oil accumulation of vegetative tissues, which facilitate further genetic improvement for tigernut.

Keywords: oil crop, oil accumulation, expression divergence, orthogroup, protein interaction, synteny analysis
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TR YR E IR 4 N4, 00 16SrI. 16SrIl, 16SrV. 16SrXXXII, it 16Srl. 16Srll fif i Wil i . 7
P A HIT S5 7 06 1 B € %6 5 A IR 3 20 A, v 10 iR A o T IR S e i . R R LT L AR S A6 5 4 AT
SEF AR 2 3 b R UK R A 5, AT IR R B1EE 2 R Gk 100%. A RN REZr B 5 5%, H RTE o8 e B AL 1%
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BEX R A B AR AR P SRR AE , A SL 1 LAMP PRl AR I B AR, IR BORERAE R AR ()% (40 min P
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T 25 1000 fif; #HES7 T A BRME T 00 A AE F R LAMP it ol SR ARSI F A, 128 AR — 4~ B0 1A 2 mT ] B 4G 42 Bk
A 6 M7 B IERLIEA , HARI S AT 40 min, HORHR R 1K — 23R E IAGEE MR & RIS . A OCHA
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AR R PGERBEBEABRA R, TR 5113655 2. JTARA R B MW EYEHL L,
SR 5105075 3. JUARKR BRPGEEYIRART ST, AR 525100

OB NTEFHSRRT) AFEENERBEAT, REMNG T HASUE TR MPGE RS A, Bash a8
FLTAEE AR S R RRY], RIEASFEGHALIEFRHE: MS +2, 4-D 0.2 mg/L 1 6-BA 1.0mg/L * NAA
0.5mg/L; FILIFESMA IR MS + 6-BA 1.0mg/L; S5 MS + 6-BA 0.1mg/L; AR IR,

12 MS. L E 334G THG A RERE 30g. A0 6.5g, pH 5.8, HFRIEE K (25+2) °C, JEMREE 15001k, 4 HOLME
10h, FOEBAHER K T 528G (5: 1) MIRGHER ., BHGIET RN, B R=95%, 5 AR AR
B BCERRG, 50d 52 20em, MR E 4 XL, BERTH RS T R MR

KW R, AL T LE s Rk

Mass Propagation of Pogostemon Cablin( Blanco)
Benth via Tissue Culture

. . . * . . .
Ni Yanmei ', Chen Yehai'?", Lin Jieze ', Huang Meihua®

1. Guangdong Agribusiness Tropical Agriculture Institute, Guangzhou,Guangdong 511365, China,;
2. Guangdong Agribusiness South Subtropical Crops Science and technology Center,
Guangzhou, Guangdong 510507, China;

3. Guangdong Agricultural Reclamation Tropical Crop Science Research Institute,
Maoming, Guangdong 525100, China

Abstract: This study presents a comprehensive exploration of tissue culture production and rapid cultivation techniques
for achieving mass propagation of P. cablin. The paper systematically introduces the production process, highlighting
key technical considerations for successful mass propagation via tissue culture. Experimental findings reveal optimal
conditions for various stages of the propagation process. The induced callus medium demonstrated superior performance
when formulated with MS supplemented with 2,4-D (0.2 mg « L-1), 6-BA (1.0 mg * L-1), and NAA (0.5 mg  L-1).
Similarly, the optimal medium for induction from budding consisted of MS supplemented with 6-BA (1.0 mg * L-1).
Robust seedling growth was achieved using MS supplemented with 6-BA (0.1 mg ¢ L-1). Successful rooting was ob-
served with a medium composition of 1/2 MS, incorporating 30g of sucrose, 6.5g of carrageenan, and adjusted to a pH
of 5.8 per liter. Incubation conditions involved maintaining a temperature of (25+2) ‘C and a light intensity of 1500 Ix
for 10 hours. The optimal graft substrate was identified as a peat soil and perlite mixture in a 5:1 ratio.
Post-transplantation, shade and moisture were provided, resulting in an impressive survival rate of 95%. Water and fer-
tilizer management, along with pest control, adhered to conventional tissue culture seedling practices. After 50 days, the
seedlings attained a height of approximately 20cm, accompanied by the emergence of more than 4 pairs of leaves, sig-
nifying their readiness for field planting. This study provides valuable insights for the large-scale propagation of P. cab-
lin through tissue culture, enabling enhanced cultivation practices and potential applications in the industry.

Keywords: Pogostemon cablin( Blanco) Benth; Tissue culture; mass propagation; Rapid cultivation
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1. T RARBBGEVEYRIEOIE 0T, RN 5251005 2. AR B BAF L IR B A R AR, T4 510000

OB KA E T RANRAE TR, TG AR B R AR S R KBS o An T B e B R TR O, PR AR
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The rotary cutting electric rubber tapping knife was first
reported in the rubber planting area of Maoming

LI Fucun', XIE Lili', PAN Yuan',MA Qimingl,YANG Jiangbo2

1. Guangdong Agricultural Reclamation Institute of Tropical Crops Science, Huazhou, Guangdong 525100, China;
2. Guangdong Ag-ricultural Reclamation Academy of Tropical Agriculture Co., Ltd., Guangzhou,
Guangdong 510000, China

Abstract: Due to the low price of rubber and the shortage of glue workers, the rubber planting area in Maoming is fac-
ing the risk of large-scale abandonment of rubber. How to improve the potential of existing glue workers and quickly
train a batch of qualified glue workers will affect the development speed, quality and efficiency of natural rubber. The
traditional push rubber tapping method is a fine and highly technical manual operation, most of the Maoming rubber
planting area is used in this way for rubber picking, the use of this method has the shortcomings of high labor intensity,
long training time, high dead skin rate of rubber trees, and it is difficult to further improve the rubber tapping speed.
Mechanized, intelligent rubber tapping tools and technology research are highly valued at home and abroad, the up-
grading of good methods is inseparable from the introduction or creation of new core resources, this study by using the
more representative variety of Maoming rubber planting area 'Hot Research 73397' as the test material, 4CJX type rotary
cutting electric rubber tapping knife and traditional push rubber tapping knife comparative analysis test, the results
found: skin consumption is significantly lower (p<0.01), rubber tapping depth is significantly shallower (p<0.05), rub-
ber tapping speed is significantly faster (p<0.01), labor intensity is significantly lower (p<0.01), test tapping can be
carried out after 7 days of training at the same time, which has a positive effect on shortening the training time of glue
workers and reducing training costs. The diversified development of rubber tapping methods is conducive to the further
improvement of rubber tapping technology, and the rotary cutting electric rubber tapping knife controls the skin con-
sumption and the depth of rubber tapping through the mechanical structure, which can avoid the glue worker's ultra-deep
rubber tapping, not easy to damage the tree, and has a positive effect on the protection of rubber trees. Rubber trees



36

maintain health and are the guarantee for maintaining high and stable yields. The use of rotary cutting electric rubber
tapping knives and traditional push rubber tapping knives is quite different, and it is necessary to strengthen the targeted
training of glue workers to solve the problem of reducing production. At the same time, there is still a lot of room for
improvement in the machinery to carry out more targeted design. It is believed that with the further development of
machinery and the further maturity of technology, rotary cutting electric rubber tapping knife will become an important
tool to solve the problem of rubber tapping in Maoming rubber planting area.

Keywords: Rubber tree; Maoming rubber planting area; Rotary cut; Electric tapping
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37

Z W B3t A E A L 5 mh BT S i
TR 2 AROURK T, KU E R, KRR, REFM D, ML

1. [ B R L R 2 B i T BV E IR ST e, R BET 5240885 2 4B KRB 2B, TN 510642

W OB N TR R R SSRGS N S R MR A SE R 25-1000mg/L 24 A% Josapine” B 457
‘MD-2", ‘i 2157, ‘B 2257 AT, BRITNIR] R X A B SR AR . B SR A
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LR ; ‘Josapine’ . ‘MD-2°. ‘fifk 22 5’ YR, R EEILAIEPRAEAL PR EEHE 200me/L B2 T REEE BEEL
IRV BE BT, A AR AT T E R i B TR, LA M RDE A & AL RN S AR A, AN
A AN TE LIRSS N A WIE R A, o Josapine” X i Vi B Z M R R BURK , W Fde = iA 8] T 65.5%, il ‘MD-2’
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W OE AR SCE A SRR % L W AR A DU IR R AL IR, RE A AN WRUEIE (X CKO),
T 172 % Bt B+ R A= 047 WL 7 IE 125 kg/hm® (T1) FRtBCSRR A= 9045 HLEE I7IE 250 kg/hm® (T2), W58 SIME
S/ YA HLEC 7 BEXT SRR b+ 57550 . B RO . G DAL SRR AR ROIR DL SRR s e . 25 SRR . S
HCAEWABLEIE (T2) feif ﬂ%ﬁ%ﬁ%%%%ﬂ%.ﬁﬁé%ﬁiﬁ%%w%mWOMn@@,%Hﬁ%AE
ARG 0.35me/kg; IR, SRR EE P A HLEC I (T2) AYRRHLARXT & BUEAL (CK), A3dEm T S H +
HUE YRR A B i MRS R . DREEIE M . ok Ak SRS M S A, Wb T AR E AR A AR ﬁ%%%u
W, i A, BAEN T2 e CK 3 AIIA 2400.5 yuan/hm?, T1 kb CK #HICA 663 yuan/hm?, {2 ik &1k
My A fl R L R R BRI T — Bl RO T

KR SRR AR, AR, 5 dkzs

Effect on Sisal Growth and Soil Quality by Bio-organic Formu-
lated Fertilizer Consecutively Replaced Chemical Fertilizer

JING Fulin', FENG Xuejuan', MAO Lijun’, GUO Jiyang’, WU Ren',
LIU Zhigiang', ZHANG Manqi'*"
1.Guangdong Zhanjiang State Farms Research Institute, Zhanjiang, Guangdong 524000, China ) ;
2.Quality and Safety Inspection Testing Center for Sisal Products, MARA, Zhanjiang, Guangdong 524000, China

Abstract: In this paper, biological organic formula fertilizer was applied in sisal field for two consecutive years instead
of traditional chemical fertilizer. Three treatments were set up: Conventional fertilization (CK), application of 1/2 con-
ventional fertilization + sisal bio-organic formula fertilizer 125 kg/hm2 (T1) and sisal bio-organic formula fertilizer 250
kg/hm2 (T2) were used to study the effects of continuous bio-organic formula fertilizer on soil nutrients, microbial
biomass carbon and nitrogen, enzyme activity, leaf growth and yield of sisal. The results showed that continuous appli-
cation of bioorganic formula fertilizer (T2) promoted the absorption and utilization of calcium in sisal plants, the total
calcium content of sisal leaves was 0.67 mg / kg higher than that of traditional chemical fertilizer, and the fiber content
of sisal leaves was 0.35 mg / kg higher than that of traditional chemical fertilizer. At the same time, compared with
conventional fertilization (CK), sisal applied bioorganic formula fertilizer (T2), effectively improved soil microbial
biomass carbon and nitrogen content, sucrase activity, urease activity, catalase activity and soil quality, reduced the in-
put cost of chemical fertilizer, and avoided excessive application of fertilizer. In two years, T2 increased its income by
2400.5 yuan/hm2 compared with CK, and T1 increased its income by 663 yuan/hm2 compared with CK, providing an
effective way to promote the healthy and sustainable development of sisal industry.

Key words: Sisal; Bio-organic Formula Fertilizer;Grow; Soil; Earnings
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BLEL A [ N S RRAT L 1 24 s A SRR S iR 2R A R R A A, e R . TR
ForHIR, W 255N ER M, EEAERSES 27~30°C, LRE 40°C, THRE 16°C,
BRIRENT BT 7~10°C, EEMERE R 1200 ~ 1800mm, Hol W HERGR, W . WS, Hme, 8
ARk, ENIEEART, B TEAA . HOKRLE . HRAKAARMARR M it HOKAR . &
ORI B AP R . 9B AR, B R A AR B E M BERS . ESR N2 BOAEIEL . BRKE . SIRE
WHE . ST . AT ASER R, i _EAe2E AR A ik S SRR R AR 6 A R M AR 4 R
W, PECSURR A AR IR A O R, R ORI, ik, AR N AL St A
PUIE R AR RO T2 22, AR R (I, 45 4 SRR FH 8] ARk, Aol T Bl e il 1 A3 HLS CHLAE A 25 &
TNAT 35 T RE T A C 7 BURLAC , JFUEATHET N o R SR SRR A W LIS 5 BB R4 A% Gt A P it ik
X UK £ 4 L PR RO AT, R WLRGE, PRI, AN SO i SRt S R A A L
Beor BB AL AR NE R NEA K, A0 Bk H 38548 . AR . BENG SRR R AE R AP
AL, R A PLEC T IR PR AR S, o AR T SRR M ) f SRR R R R T — e RO

1 MR AE
1.1 #F#k

B GIRR S Pl . H-11648 JBK; HEHRAEEL . SURRAEYA PLEC B[ &2 hniE . A =20% (7-4-9) ,
BEHLFR =25%, A RMAEY=02121/g, Kir<20%, PHH 6.5, FEAFIAH, PRk, S
bR PV WA HLBC T IE o IR HLC )5 MBS AR E IOl A A BR A W1 A2 RE T TR
1.2 ik
1.2.1 050 b o,

R ETE T AR BRI RIGABRA T 3 BA 59 54— JIFE, T 1.79 hm?, RIE4LES K+
By F2 A br e B, RHEAHUT A i 27.90 g/kg, A FrKOE; &SR 1.35 g/kg, AT KR
Bl 2L B 121.41 mg/kg, A FH FAKOF 5 SEACHE & R 18.78 mg/kg, AbFH B AT 5 & 150.08
mg/kg, AT HIH KW seHerEss 439.54 mg/kg, AT FK¥, SHbEEE 31.68 mg/kg, 4 THL=;
TR 2, Ry, e, 3 PH{E 5.25, &b TuRmRME.

1.2.2 3055 7 i B [a) 3

KABEHLIX HBE T, 3 RER, MR 3 ang 1. CK XA, #HURiAL; T1 8 12 %
FUEAE+125 A Fr GURRA HLEC A 5 T2 it FH &1FRA HLEC T IE 250 27 £5/DIXEFLZY 0.16 hm2., {55
BUBK 2021 AFENEE =TI, 2022 455 U T] ko

* 1 EMAENERGREFEIT

Tabl Formulation design of bio-organic formula fertilizer

» - Phosphate fertiliz- . . . o bio-organic for- fertilizer cost
il Urea potassium chloride organic fertilizer e
o er mula fertilizer
fertilizer
formula (kg/hm2 ) (kg/hm?) (kg/hm®) (kg/hm®) (kg/hm?) (yuan/hm?)
CK 450 1500 450 7500 — 9900
T1 225 750 225 3750 1875 8981.25
T2 — — — — 3750 8062.5

e AEEMAHE: FRZE 3000 Jo/t, BEE 1000 Jo/t, SR8 4000 Jo/t, AHUEE 700 FT/t, HHLEITIE 2150 Jo/kt.

Note : Fertilizer price : urea 3000 yuan / t, phosphate fertilizer 1000 yuan / t, potassium chloride 4000 yuan / t, organic fertilizer 700 yuan / t,
organic formula fertilizer 2150 yuan / t.

1.2.3 G280 M ) 45 #
YRR CK.: SRAASHL DX 880 A MEAR ik, QURCREIM R G, —WRPENUME: L~ . T1, T2 #%
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FEF A B3 B TR VKA (-20°C) HITFIE B3t eas . &, HA RS KT T,
Syl (2mm ) J5 T 2 R + AL v SR A . FEREAE AT, AR/ N IXBEPLERLE 10 BREOURR A
B, IR BT LN AN, BEMCRAE | R R B TR A SRR R AR K RTI RE I A AR
SRR R 7= 3 S PRIR GE T

AR TN E D s R AL E SR R R A AR R A T, A R YLK 2R IR
A SR SR PRV ARR ™ 80 RN 8 o, A SR R TR - 1/2 BRI R AR B L sk, 8 SR
CPRAH 1+ 10 JETF WA Y RE v, A8 4k 5 A S 0t B T 7 R FH B W i o0 D6 6 B T i, pHL e
KA (25 CO2) B4 1 2.5 Sl HIEMUEYRRR . 2R AT EF#E-K,S0, BN H IS
PEFEFRALAE REREEE (CRA 3,5- AR /KR b sk s ). MR (R P 93 Al - Yk SR A He (ki 5 ).
BEERG (CRITA X R B IR Nt ik ), i SR EETEPE (R T A RV e e ), e
HES MY (SEEE RIS ). SRR FRES AR B L A5 BEIE . ARDER
H Hy SO4-H,0, 2 WLIGE A LR B E R Hy SO+-H,0, 18, PUHE P, A8 %M
H,S04-H,0, W, KMCE LM e 48 M4 & R IR AL Eh B i, TRl et
B,

¥ H Microsoft Excel2010 #4458 B S A g it 53 4, IS SAS 9.0 duncan #7 & ik 257
X A 45 SV A B R 1T 5 2253 #7 Fisher’s-test (LSD).

2 ERERH
2.1 EYENE FIEESEE R IEXT & fR it TR R0

S AETF R A WL T IR B AR IR IR0, 3R 2 Z5SRnT &I SRR 3k . P oo BfEE L
5, HEERNATHOTRAMES T HAAES, MAIEMERE =B E P ALK, Gl
JE S B 29.04 ~ 30.14 g/kg, HIEAR SR ETM 139~ 1.42 ghkg, HHOTEAME HHEF FE
FHAE: 2021 4F A0 AR A SRR B EES, 2022 4 T1 M T2 B3E & T CK, T1 A T2 Z[H
WA EZES, (BT MMA S eEe, N 148.59 mg/kg; I ARE &, 2021 4F CK f1 T1 B3
mT T2, CKFIT1 2% A BEES, (B CK, 4 109.35 mg/kg, 1M 2022 4F, CK 1 T1 ifj&
WERT T2, CK M TI ZERABEER, HEme T, 4 94.05mg/ke; THEPHAMTE, 2021
fE CK W& m T T1 M T2, T1 A T2 ZENEA B E 2SS, M CK, & 190.04 mg/kg, i 2022 4F
12021 4E 2 SPEARAL, W2 CK A1 T1 BEE T T2, CK M Tl ZHEABELS, HEEE T, XN
259.24mg/kg; HHOPASHAERS S, 2021 4F CK B & T T2, 5 T1 ZEREA BEZES, 1 T1 M T2
ZW A BEZES, e CK, J676.10 mg/kg, 1M 2022 4F, fmie T2, B3E& T CK A TL,
CK X RFH®T T1, T2, CK. T1, 435k 492.12 mg/kg, 428.70 mg/kg. 308.84 mg/kg; 3 Hag itk
BEARE, 2021 4F CK B, BES T TLM T2, T2 BFEm T T1, 1 2022 4F, e T2, D& T
CK Ml T1, 1ff CK X B3 & F T1, T2, CK. T1. 7%~ 34.14 mg/kg, 27.34 mg/kg. 17.39 mg/kg, +
HEPH (H: 2021 4F = MO ERAFE 2SS, T2 W@ T T1 M CK, 1 CK M T1 %A 225, 2022 4F+
9 PH (I AFEZEID 22 5, (F2 2021 4FF1 2022 4%, T2 4b3 + 18 PH fEf M, 430k 6.15 Fi1 5.62. A
U, A (CK) fe#e s HIEASCE TR & &, MG LB 7 I8 AT DL — @ F 5 46 v -4 PHL.
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K2 EMEVNEFIESERLIEIN LEF ST PH I IMEY

Tab2 Effect on soil nutrients and Ph by bio-organic formulated fertilizer consecutively replaced chemical fertilizer

ﬁ*ﬂfﬁ b frry = el 2 R e N
The organic 4 ol I:Jﬁiﬁike AR The 11{12 )&f SCAAERS SRR
G b matter . bvdrolvsi effective 'lpbll Y Exchangeable Exchangeable PH
year Treatment  (g/kg) nitrogen - hydrolysts phosphorus ~ 2V21avIe PO calcium magnesium
(g/kg) nitrogen (mg/ke) tassium (me/ke ) (me/ke )
(mgrkg) T (mg/kg) e meke

(g/keg)
2021 CK  29.86+1.12% 1.39+0.04" 149.04+2.38% 109.35+3.52* 190.04+10.22* 676.10+28.12* 71.84+10.01* 5.96+0.05°

Tl 30.14£1.57* 1.41£0.05* 150.09£3.59° 106.10+4.66° 164.29+8.92° 644.41£39.23" 37.75£5.69° 5.95+0.07°
T2 29.52+1.02° 1.40£0.04* 154.90+4.59" 90.10+5.79° 155.56+11.02° 613.06+26.30° 50.63+9.98" 6.15+0.06°
2022 CK  29.88+1.10° 1.39+0.03" 125.14+3.96" 90.74+6.88" 259.24+14.09° 428.70+28.23° 27.34+5.55° 5.54+0.04°
Tl 29.04+£123" 1.39£0.02° 148.59+4.97° 94.05+4.92° 232.92+13.07* 308.84+26.98° 17.39£6.68° 5.57+0.05"
T2 29.23+1.03" 1.42+0.04" 146.63+5.61" 59.53+7.77° 163.44+8.55" 492.12+34.15" 34.14+7.89" 5.62+0.05°
T RIFVECT IS AN R 7R 3R A B ) 25 53 W 3 M (p < 0.05,  LSD). FAl,

Note Different letters after numbers in the same column indicate significant difference between treatments (P < 0.05,
LSD).

2.2 £YEHUES A BEE S5 R L BEXT &1 AR Hb 1 58 50 4 ¥ |Bk O 82 1

A Y R R R TR SRR, A R A IR A A . A R
Wik . Ao wS5HEE . I MEYAERABVILR REihs R RAA DLUIE AL AL B S it D+
e A A i F e R o SR M R R B RS B R 2 A R (WA PLIE . REFFAE)
AR PR SRR S5 R SR AR . A beMEy, IR PR AR AU [ R R, R
REFEU, f 3 AT, 2021 4F, HHERUEY RS RAMA S B T2 &, 090 33.87 mg/ke Al
16.81mg/kg, #EE ST CK, Hih HIEMAEYERSEMASE, TI M CKEAWAEZER, (HT1 K
F CK, 2022 4F T2 HEMAY B SRS ER® T T1, T1 &5 T CK, 2050 384.80 mg/kg . 189.40
mg/kg . 21.40 mg/kg, H2HIEMAYRBASE T2 BF S T CKMTL, CK M TI ZHEABEES.
MBRE LT HSEE , T2>T1>CK, 2021 443504 2.01. 1.57 F1 1.52,2022 4F 6.06. 6.55 1 0.69, [Hit,
AHLEC T I Rete & HIERUEY AR ik . A A H.

x 3 EYBENE A BERLIBT &I 5 i+ E R YRR R0

Tab3 Effect on Soil microbial nitrogen and carbon in sisal field by bio-organic formulated fertilizer consecutively replaced
chemical fertilizer

Ay Qb3 T HERUE YRRk THEMAEY A CN

Year Treatment Soil microbial biomass C mg/kg Soil microbial biomass N mg/kg

2021 CK 23.62+1.22° 15.57+0.64° 1.52
Tl 25.75+1.57° 16.45+0.53% 1.57
T2 33.87+1.85" 16.81+0.71° 2.01

2022 CK 21.40+1.02° 30.90+ 1.23° 0.69
Tl 189.40+ 1.23° 28.90 +0.98° 6.55
T2 384.80+ 1.38° 63.50+2.11% 6.06

2.2 =M EHLEL 75 BB 2 2 2 R AL BE X & Ak 3th + IR ERE B 520

ST P SR TR IR ) i E R AR, R A 2 R G Y R PR A B
D7 R FE RN, R i T A AL U R AR R B RERAE R R A IE SRR AE
Lo MR ARt R, TN b S b A b A W Al S AR RS BE RN [ o FRVEWEMRG . REE . REWE AL
A AN R H A A PR AR AR, 0 B AL SRR A & — il XM R A, (2
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PR PERR AL A B AN IR R R R R i R UK R, AL P R BRI
AHLSSY,  HOEME S, AL B S E R ITEEA LAY E R R EY) ., E2BESRS D
TR R BTG MR S ik . . BEMIE Rk, CAIRA R, R R e ik
THEAVIBET L, RS IR A R, R 4 T, BRI RR A IS MR CK B, 2021 4R =AM Ab
ZSARIE, 43R 719.04 U/gh, 709.90 U/g.h Fl 705.76 U/g.h, #| T 2022 4F CK W 55T T1 Ml T2,
M T2 MET T, TR — MoK ARG, ARSI 58 0 MK M SO0, DO B ML T
TR B E S R R E R R (WENUR . A B ) SE, A EGE K A TR
FEYIAOC, ATVE IR AR S B R bR 22— 2021 4E A1 2022 4F, T2 #BEI & & T CK Al T1, 1M
2021 4E T1 WFE T CK, Hr 2021 4£F0 2022 48 T2 REWEEGTE E43 %1 10.53 U/g #1 8.91 U/g., TIEMR
s, 5 RN ECRE . AP R 2 RCRERE Y R IEAH DG, T2 A T1 ZEPIAE PN A
TEPERR 3 5 T CK, (BT =2 8] 22 S AN I W o oo ST Ui % 1 X o0 i ok S &, (ki M e 1k
HEEEMERY, T2 EPHENE TR 855 T CK, T1 78 2022 4 B 48T CK. Wik, Mica
PURC 5 IE— e BB f 1 I e . DR Aot AL G TE I, ol 1 R )

&4 EMBENE RS KL ARRT & 5t + FEEE 20

Tab4  Effect on soil enzyme activity by bio-organic formulated fertilizer consecutively replaced chemical fertilizer

A b3 T 1 W T e TR M Rt i A SR
Year Treatment S-ACP (U/gh) SC (U/g) S-UE (U/g) S-CAT (U/g )
2021 CK 719.04+23.15° 1.47+0.85° 807.26+59.13" 11.78+0.85"
T1 709.90+17.12° 4.5140.74° 916.86+45.16* 12.49+0.79°
T2 705.76+20.66° 10.53+1.76" 958.91+64.01° 14.90+1.03
2022 CK 1137.11+50.18" 2.03+0.56° 702.56+46.12° 10.59+0.74°
T1 892.69+68.14° 2.13+0.29° 936.91452.29° 12.72+0.81°
T2 922.02+45.12° 8.91+1.02° 969.51456.22° 12.88+1.12°

24 EMENBRAREEERLEXNGKH R X, PTERTESENZ M

5 T s — R B SRR R on R S L, R S ATAL, A HLE S IR XS 1
R 3B K . hOC R AR 4E S BAEAE I B, =BG 2R . el SRR R EER,
BRI B 28 A i 7E 2021 4E T1 i, BES T CK M T2, CK M T2 WA BEER, 2022 4E T2 B
BT CK AT, K% 2.55%. 7£ 2021 4 A1 2022 SEG R A 245 & T2 BE & T T1 FCK, 1 T1 X
WEET CK, 7910 2021 4F 3.22%. 2.87%F1 2.76%, 2022 4F 3.62%. 3.48%7% 2.95%., GIFEM F 4
BESRAE 2021 4EFN 2022 AEERVE A 25 5. 7E 2021 4FEH1 2022 ARSI AP 4E i T2 B E T Tl
FCK, 1M T1 X E R T CK, 23510 2021 4 3.87%. 3.75%7H1 3.62%, 2022 4F 4.03% . 3.78%7F1 3.68%.
SN A IN o i W2 e e e WAl 7 =i N W S| 4 g ==

RS EYMANRARERUEX SR X, FUEMTESENMN

Tab5  Effect on Contents of large, medium elements and fiber in sisal leaves by bio-organic formulated fertilizer conse-
cutively replaced chemical fertilizer

D b3 A& Ni- Wi B po- B Peiht LA I
Year Treat- trogen con- phosphorous tassium con- calcium con- magnesium fiber content
ment tent(%) content(%) tent(%) tent(%) content (%) (%)
2021 CK 1.16+0.04° 0.08+0.01* 2.49+0.04° 2.76+0.05°¢ 0.46+0.01* 3.62+0.04°
T1 1.10+0.03* 0.08+0.02* 2.57+0.03" 2.87+0.04° 0.45+0.02* 3.75+0.05°

T2 1.12+0.04" 0.08+0.02* 2.42+0.05° 3.2240.06" 0.48+0.02* 3.87+0.06"
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2022 CK 1.13+0.05° 0.08+0.02° 2.49+0.03° 2.95+0.05¢ 0.47+0.01° 3.68+0.05°
Tl 1.14+0.02° 0.08+0.03° 2.49+0.04° 3.48+0.05° 0.46+0.02° 3.78+0.04°
T2 1.11£0.03° 0.09+0.02° 2.55+0.05° 3.62+0.06° 0.45+0.03° 4.03+0.05°

2.5 £ B HE L ESEE R IE & BRH F £ KSR FE0 2
LA ML T IE)S , XTSRRI R AE R AEE—E s, FERIAE: W%k 6 /M, SURMHK .,

M58 S G SN, BRI 25 5, 2S5 EERIAE A AR, 7E 2021 451 2022 48R
AT T2 B E T CK, 1 T1 5 CK AW W25, 2022 4F T2 B T1 &; 7F 2021 45 /1 2022
ERURRI B R T2 BEEF CK, 1M T1 5 CK AR5, 2022 45 T2 Al T1 MERAHBES, T2,
T1 Fl CK 7E 2021 4EH1 2022 4EMJE4351 % 8.01lmm ., 7.32mm. 7.04mm A1 10.70mm. 10.25mm . 9.89mm.
SRR & T2 \T1 5 CK BA W 255, T2 . T1 Hl CK 7E 2021 4EH1 2022 4577 843 510 6.51 t/667m” .
6.45 t/667m>. 6.57 t/667m> Fl 6.11 t/667m>. 6.09 t/667m>. 6.16 t/667m>,

&6 EMBENETIEE RS SRRI &K R0 = 21 %00

Tab6  Effect on Growth traits and yield of sisal leaves by bio-organic formulated fertilizer consecutively replaced chem-
ical fertilizer

Ay LLELH 'iﬂfﬁ SRS M5 leaf width & thick leaves i ﬂf Fﬁﬁ
Year Treat  weight per leaf leaf length ( mm) ( mm) Increasing Yleld2
ment (g (cm) leaves ( i) (t/667m?)
2021 CK  423.26+13.12° 111.98+4.56 106.55+2.56" 7.04£0.51° 14.240.3 6.57£0.14%
T1 418.98+14.15" 113.54+3.69" 105.82+3.41° 7.32+0.32° 13.8+0.4° 6.45+0.21°
T2 442.32+10.13° 116.58+3.72° 109.95+3.11% 8.01+0.41° 14.140.5° 6.41+0.32°
2022 CK  490.02+10.11° 115.56+2.45° 125.21+3.56* 9.8940.52° 14.0+0.4° 6.16£0.22°
T1 507.38+15.19®  118.52+3.68" 126.48+3.54* 10.25+0.41%° 13.3+£0.6° 6.09+0.24°
T2 512.78+19.58° 117.8443.55" 126.12+3.01* 10.70+0.36 13.740.5° 6.11£0.13

2.6 BHLEL 7 BB 2 L8 K L BB X &1 ik 7= = 380 28 B9 22 1

T 3 e R S AT LB T B AT DA A AT, Wmakss, R 7 FIAL, T2, T1 ORI CK M4E4RA
(8 AS 43 5124 16125 yuan/hm? . 17962.5 yuan/hm” 1 19800 yuan/hm?, 111 B 4E WA 43 %1 4 78741 yuan/hm?
78840 yuan/hm® Fl 80014.5 yuan/hm?, )5 B4EIFIE %14 62615 yuan/hm*. 60877.5 yuan/hm* il
60214.5 yuan/hm*, PRFHAEN T2 H CK $MI A 2400.5 yuan/hm?®, T1  CK KA 663 yuan/hm?,

R EMAETIEESE L REXT & #7820 5% B R0

Tab7  Effect on sisal yield profit by bio-organic formulated fertilizer consecutively replaced chemical fertilizer

n 7 BABA FRA A Fili

A5y AbE . . .

Year  Treatment Yield input cost income Profit

(t/hm2 ) (yuan/hm2) (yuan/hm2 ) (yuan/hm?2 )

2021 CK 98.55 9900 38434.5 28534.50
T1 96.75 8981.25 37732.5 29126.25
T2 96.15 8062.5 37498.5 28517.25

2022 CK 92.4 9900 41580 31680.00
T1 91.35 8981.25 41107.5 32501.25
T2 91.65 8062.5 41242.5 33180.00

e SURH R = 1R 390yuan/t, W 7] BR R 450yuantt,
Note : The purchase price of sisal leaves is 390 yuan / t for three-bladed sisal leaves and 450 yuan / t for four-bladed sisal
leaves.
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3 itig

SRR A= P9 HLBC 7 AR5 AL-5 TCHLIE AR 25 A 3N 25 D BE P 4 IR — 2 te il n Tadokr, A L
PO, AECREFR AT AT LIS 18 B, il A e N, ISEK IR, FIH K5 CafEHufEA, &Y
WA, (REX RS e, SRS PIOURZEIINRE ST, DI R . AR SRS
A it T80 PR A 0 T TS 4D PR e - 38 5 355 0 R A 4 5 5 4% Gt A I it R A7 7 A i 2 S ik e 25 S SR B
2022 A it JICAC 7 IE A s A (163.44 mg/kg ) B E IR TAE G CK (259.24 mg/kg ), {H4)iE
JRCHE 5 NE - A8 40 EAS (492,12 mg/kg ) A1 & TR GALIE IR CK (428.70 mg/kg ), i iz 4 U]
JR AR A S S i, R B At L T IR SRR R S 0 S TR S AL CK, 2R — 4 R
M8 CK 0.46 mg/kg, 55 4 2t il Be 77 NE QBRI 74255 & i 52 S AL B ik CK & 22853 0.67 mg/kg.
MR 2SRRI, RS ERRNE R E2ZER, FH—F 2oy IESR T 45855 &
FEAEGAL LG L CK 0.25 %, F T8 “AERX N ZIRS] T 0.35%, Wik, i a pLEd s iR # T
P2 SRR E5 B W, DABOE I TR A AR 4

SRR 4t A= WA ALBC O B 38 —AF £ Wik & it 33.87mg/kg, B TH AR PG, R 145
AW R S RS T 384.80 meg/kg, R T 11.36 5, MIRAEGALALIG AL CK 58 —4F & 21.40mg/kg, 1Y
R RN 0.91 £, TR R RS &, MCE YA HLEC T I AR M ER —4F 16.81 mg/kg, FIEE
4E1Y 63.50 mg/kg, WK T 3.78 4%, WML G AL IR it BBk 55 —4E S 15.57mg/kg, 4 T A4FEJE 30.90 mg/ke,
HEER T 1.98 fif . Ui WA % 2 il A 0 HILAC 7 BB 6 3 45 v 3 ik A o i

Jiti A A LR A ) 1 i - BTG 16 0, T 3 S 2 A L I A T DRk 1 ik 1 15
g% , o 2 SRR 25 BT, R AR W HLEC T HE — s B R T AR I A . DR AN LR
B PR, ol T R T

SRR 90 LI 5 2 3 5 Ak 15 G G RRAL IR it s i, IR FE A MULBRARAE ML, i A o A — b ks A
WANLEC L, HANMOE . R 3 MR, 1 A A 3750Kg, Al 8062.5 JC,
ML GACIER R 1 AWTHA 9900 7T, @aTils, Pig = E%A BE 25, HHR G HBUR A YA HLAS
75 NE AL 55 A A it 750 193 4 1) ) 48 1 7 050 2400.5 yuan/hm?2, 53 FI B BR S8 AIFSE S — B0

4, it

I JFR 32 S it A A AILBC 5 HEAR 1 SURRRSES WA, R R A & s AR G AL IE ks 0.67
mg/kg, AR TR 4R S &, R PR E Em IE SIS EGE 0.35mg/kg, R, SRR %S
AR WA HLEC 7 BEAR DO AL ( CKO) 3B REAT A8 = SRR b T S U Wy i R AU . REWR S M . IR
BTG PE . A RS, R AR, WD TSRS RMASAS S AN R i R A R
AL IR, A IR 1 i ik SRR URE A BILIEE 5 N A SRR L FUMENE , SR 3 m TR 2400.5
yuan/hm2,

S ik
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8 OE: LT 2021-2022 4FE PG REX H A LB R ER OE W IEGE , T TRARG R AR, AT
PG RE DI AR SR MR A e A A, DR T IR BB RIR R . [FR, GEAR KRGS BRI, S H R 2UE B R
PRAL T R R RSB 200, WO B R XCH R i T RS R R B R X

KGRI WUUMLDC; HRE; ARWE IR W ZRE iR

Analysis and Integrated Pest Management Exploration Based on the
Monitoring Data of Major Pests and Diseases in the Western
Guangdong Sugarcane Region from 2021 to 2022

CHEN Shiwei'?%, WU Ruhui'?,LIAO Xihua®, XU Fusheng’, XU Yangyu'?,ZHENG Zhikun®*, YI Jianxue’,
XIE Yongyi®,OUYANG Si’,LIN Mingjiang®’

(1Guangdong Agribusiness Tropical Agriculture Institute, Guangzhou, Guangdong 511365;2Guangdong State Farms
South Subtropical Crop Science & Technology Center, Guangzhou, Guangdong 510507;3Guangdong Guangken Sugar
Group Co.Ltd, Zhanjiang, Guangdong 524002; 4Guangqian Sugar Industry Development Co. Ltd., Suixi, Guangdong
524348;5Guangdong Huahai Sugar Industry Development Co.Ltd, Xuwen, Zhanjiang 524132;6Guangdong Province
Harvest Sugar Industry Development Co.Ltd, Leizhou, Zhanjiang 524200;7Guangdong Nongken Torch Farm Co.Ltd,
Leizhou, Zhanjiang 524272;8Institute of Nanfan & Seed Industry, Guangdong Academy of Sciences,Guangzhou,
Guangdong 510310)

Abstract : Based on the monitoring data of Proceras venosatum Walker and other major pests and diseases in
the western Guangdong sugarcane region from 2021 to 2022, a systematic organization, analysis, and com-
parison were conducted. The study summarized the occurrence patterns of Proceras venosatum Walker in the
western Guangdong sugarcane region in recent years, and a monitoring and warning technology system was
established. At the same time, exploring comprehensive prevention and control measures provides scientific
basis and practical experience for the prevention and control of sugarcane diseases and pests, which is of
great significance for promoting the sustainable development of the sugarcane industry in the western
Guangdong sugarcane region.

Key words:Western Guangdong region;Sugarcane;Proceras venosatum Walker; Diseases and insect pests;
Monitoring; Integrated pest management
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Effects of LEDs Spectra on the Hormone Content of Pitaya

CHEN Shiwei'?, XU Yangyu'?, WU Ruhui'?, ZHANG Mangqi’, YAO Leiye’, WU Zhaocheng'?, DUAN Men-
jun'?, YUAN Zhineng'?, LI Dongyu4**

Guangdong Agricultural Reclamation South Asian Tropical Crop Science and Technology Center, Guangzhou, Guangdong

510506, China;2. Guangdong Agribusiness Tropical Agriculture Institute Co.,Ltd. Guangzhou, Guangdong 511365, China;3.

Zhanjiang Agricultural Reclamation Science Research Institute, Zhanjiang, Guangdong 524000, China; 4. Lingnan Normal
University LED Frontier Technology and Utilization Research Institute, Zhanjiang, Guangdong 524048, China

Abstract: Jindu No.l pitaya was selected as the experimental material, and LEDs with red, green, and blue light ratios of
23:75:2, 19:79:2, 18:78:4, 24:73:3, and 16:80:4 were used as supplementary lighting treatment. CK without supplementary
lighting measures was used as the control, and the optimal supplementary lighting time period (22:30-02:30) was set. By
comparing the changes of the contents of IAA, ABA, CZR, TZR, GA3 in pitaya fruit under different light quality LED light,
the regulation mechanism of flower bud differentiation was further analyzed.The results showed that under different light
quality supplementary treatments, the changes in the content of five hormones in pitaya were as follows: ITAA>ABA>TZR>
CZR>GA3. Among them, IAA, ABA, CZR, TZR were positively correlated with pitaya flower bud differentiation, while GA3
was negatively correlated with pitaya flower bud differentiation. The effect of balance interaction among the five hormones in
pitaya: The ratio of CZR/IAA and TZR/IAA in the light supplement group was higher than that in the control group. Conclu-
sion: Supplementing light can regulate the hormones content of pitaya, promote the synthesis of [AA, ABA, CZR, TZR, inhibit
GA3 synthesis, and promote the flower bud differentiation of pitaya. The best effect is to promote flower bud differentiation
when the ratio of red , green and blue light is 23:75:2.

Keywords: Pitaya; LED lights; Hormones; Flower bud differentiation
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Dynamic monitoring of sugarcane borers in Zhanjiang
sugarcane region

Abstract: Sugarcane borer is one of the main pests in sugarcane, which seriously affects the growth of sugarcane. In
order to understand the population structure and occurrence patterns of sugarcane borers in the Zhanjiang sugarcane
growing area, monitoring points for sugarcane borers were set up in the Leizhou high-yield sugarcane growing area and
Suixi Guangqian sugarcane growing area in Zhanjiang. Yellow borers, striped borers, two point borers, white borers,
grassland armyworm, and armyworm were monitored, and moths were used as bait to trap adult borers. The number of
each borer was regularly surveyed and the occurrence patterns of borers were summarized. The monitoring results show
that the dominant populations of stem borers in the high-yield sugarcane area of Leizhou, Zhanjiang are yellow stem
borer and striped stem borer, while the dominant population of stem borers in the Guangqian sugarcane area of Suixi is
yellow stem borer.

Keywords: sugarcane; borer;pheromone; monitoring
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Based on the domestic sisal industry situation, analyzes and
discusses the new development path of sisal industry in
Guangdong reclamation area

ZHANG Guanghui',HE Shao”, LI Deshan’,CHEN Xiaowu',LIU Hui’, DENG Yongzhong®

1 Guangdong Dongfang Sisal Group Co.Ltd, Zhanjiang Guangdong 524022 China
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Abstract Based on the traditional sisal industry, follows the principle of "Aims at industry, picks up for shortcomings,
improving efficiency", Guangdong agribusiness takes high-quality development as the general tone to construct the best
fiber raw material production demonstration base with new technologies, new methods and new measures. Combining
with the current production processing and sales, we analyzed the domestic situation of sisal industry and proposed a
new path for sisal industry development.

Key Words sisal industry; Guangdong agribusiness; development path.
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Probe into the problems and countermeasures of the development of
sisal industry in torch farm

Jieyuqi 1, Wu Kanjun 1, Ouyang Si 1
1 Guangdong Nongken Torch Farm Co. , Ltd. , Guangdong Zhanjiang 524000

Abstract This article summarizes the current situation of sisal cultivation management of Guangdong Nongken Torch
Farm Co. , Ltd. in recent years, this paper analyzes on the problems and restrictive factors existing in the development
of sisal hemp industry, and advances some corresponding countermeasures and ideas for its development.

Key Words  sisal hemp, restrictive factors, development countermeasures and ideas
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Analysis of the current situation of the brand of Zhanjiang Nongken
Group and the construction of thinking

Huang Zhuojiang
1 Guangdong Zhanjiang Agricultural Group Co., Ltd., Zhanjiang, Guangdong 524002

Abstract This study compiles the trademarks that have been successfully registered by Zhanjiang Nongken Group of
Guangdong Province through the trademark search platform of China Trademark Network of the Trademark Office of
the State Intellectual Property Office, and combines with the brand-related honors that have been obtained by Zhanjiang
Nongken Group, to study the number of trademarks, the history of trademarks, the featured industries and the brand
construction of Zhanjiang Nongken Group of Guangdong Province. The results of the study show that Zhanjiang Non-
gken Group has diversified industries, a large number of trademarks and a long history of branding, with a total of 12
units owning trademarks, 43 trademark names within the term of exclusive rights, and a total of 96 trademarks covering
30 international classifications and 92 categories of goods and services. Among the existing trademarks, the earliest
application for registration dates back to 1982. However, there is still much room for upward movement in the construc-
tion of trademarks and products, and the sales and publicity efforts need to be improved.

Key words Trademarks; Brands; Specialty Industries
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Present Situation and Consideration of Rubber Industry in Zhanjiang
State Farms

Abstract This paper based on the development of rubber industry in Zhanjiang state farms in recent years, refined
four achievements and four main experiences in rubber work in recent years, analyzed six problems,and six suggestions
for further development are put forward.

Key words Zhanjiang state farms; rubber; thinking
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Je A PR M BERE, AR T H R AR BARE L BOR B T AR AR T AR RO 2, AT
TAER RS, 20T T —2 KRR,

1 PR
1.1 BKER

YT A B 5E o MR Y, BUA IS AR 9.78 JTRT, 226.12 Jikk, mitikksk 23.11, HorrEIR
7.63 JTHT, BARE 178.54 Jitk, BiRREL 23.41; NI 2.16 T HET, 47.69 Jitk, mEiIREEL 22.06, R
P HEr R el o 2R A g (B AR 22 BRA B 125 1S B 22 OB T3S ISHRLITT RIS ), B
X T 28l (5 b 36.95%, 11 28Mehd (5 1 22.43%, 11T 250k (5 40.62%. 1. TT 25 bel 3 40 A5 18 BE VT
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BN IR, BIRGMBALY, 5 58.31%., FM . E BB NN AR . Hek .
H—RYy ., ks, JERY ., & RRGW R F2E RN £, H—.
W4 19.36%, 19.65%F1 60.99%.

F 1 ETIRE 2022 EBEKERE

T R e oy

wi R gy TRME TR ¢§§@ LN ;ff

(R Tk R G AHO0) A
Cma) (Jitk) (JItk)

K45 0.62 13.78 0.59 13.24 0.03 0.53 0.00 31.84 68.16
Bty 1.49 40.10 1.49 40.10 0.00 0.00 16.57 23.67 59.76
H—4kY 0.97 23.56 0.85 20.45 0.13 3.11 20.52 23.75 55.73
SERERY) 0.95 15.89 0.85 13.31 0.10 2.58 17.58 15.54 66.88
KIEL) 2.03 45.44 1.44 33.02 0.59 12.41 24.49 11.80 63.71
&R 0.15 3.79 0.06 1.46 0.09 233 59.43 33.65 6.91
Kk 1.57 38.76 0.63 21.24 0.94 17.52 100.00 0.00 0.00
KTk 1.20 24.87 1.12 22.43 0.08 2.44 6.08 77.80 16.12
B4 0.80 19.95 0.59 13.30 0.20 6.65 91.10 8.90 0.00
At 9.78 226.12 7.63 178.54 2.16 47.58 36.95 22.43 40.62

1.2 FEIER

2022 AESLFRITEIREEL 104.87 TRk, TFEIZR 94.04%., 5K 1R HIZR THR 2k 2 % BUS LI A1,
He 7 A A RIBUBOR B IE 2 o FIHI 7 18 - PUR—TI I 11.79 7tk 5 b 11.24%, H R —TJ1 %] 90.76
Ttk it 86.54%, NK—JIEIH 2.32 Tk, S 2.21%. TR =& 2164.93 Wi, FE¥rei& 28.38
ST, HRRE R 2.06 AT, BT K609 A, AFJ=He 3.55 i,

K2 EIRE 2022 £ AR EFTEFERR

5 bt H KJGF Q;I%TF ilﬁﬂF Pkl TR SEIR T jfﬁ%rﬁ BeTH e
LK 2 CTHE) Bt EIRRER ER WO (7 (7 B () i (T3 O (A
(JTkk)  (TIkk) (%) ) 7 ) ) /¥R

K4y 13.24 8.16 8.16 100.00  8.16 0.00 0.00 154.54 1.89 63 245
RV ] 40.10 20.34 20.34 100.00  0.00 20.34 0.00 621.13 3.05 135 4.60
Ti—4 20.45 11.56 11.56 100.00  0.00 11.56 0.00 293.30 2.54 95 3.09
SEfEAY 13.31 10.37 10.37 100.00 3.63 4.41 2.32 211.22 2.04 74 2.85
KHEA I 33.02 18.30 18.30 100.00  0.00 18.30 0.00 425.92 2.33 92 4.63
EREAY 1.46 0.59 0.59 100.00  0.00 0.59 0.00 18.81 3.20 5 3.76
Kiligess 21.24 14.13 11.31 79.99 0.00 11.31 0.00 196.46 1.74 49 4.01
A4 22.43 14.77 13.25 89.73 0.00 13.25 0.00 141.18 1.07 46 3.07
AUy (77 13.30 13.30 11.00 82.71 0.00 11.00 0.00 102.35 0.93 50 2.05
A1t 178.54 111.52 104.87 94.04 11.79  90.76 232 2164.93 2.06 609 3.55

1.3 MTE5F
R AR AR N2 KR R, BXEE
WM T LFIH, WRIFEKRETHRZY . MK, RREZFEAR T L5 . HRTAR T 20 BUEL 3|

e Del 1 B AIAS MBS B, ARHE R ARAR B ™l
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0.61 Jrr, HfEALE 0.56 i, WHIRE, IiEEbk, w858 EMRLEH 0.5 T H .

2 IERRX
2.1 ERTEBREFLEZERERET

2022 4F, AR ERENINER, BOERR, Wi, L EBITR XS, SN TR
JRE el & LR (2022-2025 4F ), BAHG T 45— BERHIIR R = b & B 5 ] .
22 FTRFEFXMI/\FiE

2022 4F, BRXSER T 2164.93 i, [6]HLIGHN 186.43 Wi, M4l 9.42%, T8 A4 R FHER LA
s, BRI IEAESSE, RS2 2014 245 R, PREN—44. /AER (HEBR 2015
AEFN 2018 AEPHASAREIAERE ), TR ERFHESH K, FHH KR 11.15%,
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Bl EIRE 2014 F£F 2022 FFREETHKE
23 FREREMNREEBEFRA
BXABTHSE4BRXFE L, t 2021 EH22 1.5%, 465/03 2022 4FH2 1.3%, 24/ 0.2%.
Hp K7 3T 5l 2021 419 27.6%, HEINE] 2022 4F 1) 28.2%, #41 0.6 4~ 4355, H90E 2.17%,
AN+ =AFUR A, AT SIS K sz —, SRR =1,
35 20215 FE (%) 202025 FE (%) [ 60
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B2 +=MREERKRIF 2022 EFETHIBER
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24 KREEMERENE

WRFERR I SERE I H 8%, BE Mk A e e 55m H, BRIX R A 2598.98 J1ot, H T
el =R —4 . TREIR AR T . R/ NE P AR 2k ik, B = MR—37 3.3 JiEr, JFE
IR TE 5.76 JiET, H/NEPLE 2.86 JTH, MTFAVFHEIBE 0.56 JTH . KFEPRKGRALRE S . e 45 B
i 19 BB K E R T

3 FERW
3.1 REEFEAN

2022 e Ae AR T B WIEE 2021 4E0E 10-15 KATFEE N R ZRIAFEZI T, #2021 5[ b
Hom 186.42 mli, JREEZ —gLRA A TR, B4R, BN BRI R R S S,
B A e b A 3 A AN, Il TR 2 4R i TR BRI, 2N, BRI E R TR, 1
BCARR T RANE (R 2kg/bk ), tSZmEIR TIA . 2022 4G, ZEBRETFERTHMW ST, &
AT L RN EESZTH, BiHEA 2598.98 Jioc, Sk —#r . X2 2014 S5 KG,
W A 2 0 —4F . BRI R T ERA R, FIRTHREES T, ma N ws s st,
3.2 MEFRAAEEIE

T B B AR AR e A - B rh 2 8 TAE . PN B A = 7. — 2RI T4
Mo 2022 FEFHAEIR T 95 A, Hp™E R TR LR . RILRIGMEBHL M 71 Ao HIK
TMERFESE, 5= AR Db =k e [ e im 77.19 mh, 30 21.28%. — 291
WS MBI TE o 2022 4F, KAFRGA I —RKGSANE T 8T 0 1A, g ST —E
R PASRIVE L, —RIMBMEA SR, 2022 48, AR 4 81 Fion, Xf 230 24 TF 70 #4445 B b1k
17 T RIRT AR R BRI, AR OR A RIS, AN AR,
33 EUMHERIE

il B R EEAEW I . — BRI A 57 B gk . TR B AR o sh e g, TR . B
B A F BTN LRI T AT IR LRI i, /A 4.5 TIouXt 2021 4 =AM Je i ALFT 10 44 553
AANIAT T H%, FEHEA 4.1 Jioe280 T —E K PR E R R RPE, BT . . Bd e
TAEGE . o2 B S A P LH] . & AL IR H R R A D L 45 I TR Bk A7 e 45
Ry R — RSN, BRI, TR AR BRI R BUK S S S AR 1)
W, R T3 K5, B0, TSR EEE NEI.
34 MIFHEMKE

WEAE R DR A T BE A LA SE i 8l . 2R H i 3 i Bl 2, 45 TRIEH AT e 4
EHRWAE IR KA, W W, (RS R AR, B .

4 TFHEEM
4.1 BMHHALF

H 2012 4E Lok, B it — B AL FARA AR, H 3 08 3 m mt ss UL - PR I 58 44 (IRSG ) 2022
AE 8 HF, % 2030 4F, RBKRIAMGBERINORFFHER TR ARSI, A B F gk i A T ik
T, WAL, MZE AR A= 55 sl F A . 5 A AR Lk, fETCHE S FRRBUR Y
BT, AR 7 e KRR I . Rl sk as A, HEIT S MRG0 IE 4 i 2 = 3 AP
42 BEBAERTR

2 T AR B B W B Ll AR BN, A S B IR R AR, R
TR, AR S . EXRER R T, MAAZTE IR A, RMEA FR SN A B M
1350, BRSO . PRI, BEE S FHRSIITRA, XS B R Wi, NS ER Y
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AL FEWED . B TGS RE AR 2022 E2 UMM A S RN T —HK T, FELE=
e, ARZ T s, (HMREARET) FT TS T8, oA Rk B, bEREHITE,
FESFOF IR, 8 TR SOk B E . RIS, FE S H LAY el R A R 55 B AR IR A T, U8 0 U 3
W, BRIRIK, Frimdmml, XA S 5 Mok S . it —qkdg 2 AR, LRSS0
P PR e F AR AR B B pR (2022 ) 534 SHE “B 10 AR TECE 1 A4S0, KGEHHEDEE 1-2
ZRETF 7, REHOEC B T R R 2, S R MBS A, BRI A . AR A A B LA
AR
43 BRIREARE

BT AL, FOAAERE . SR AR EAREL . A RORR B LR A . B RTIE R — S E S
BRI, FEORH TR TG S B AR TAE SRR A

KRN, A7 PRk OB AR .
44 HFEHELRS

FEDEWA T — 2 HR T H SIS B SOR MR T, xR TR FeRER, s
A PR AR I 35 7 AR R R R P TR e B A B AL AR, A A RN, R T A A5 el 4
PERSAS TR BT, X8 EER X b P AR A )
45 BAEAEERE

FECE AW — R BRAM T HORRE LT R RIWE I, rHCRW A S . IR, L
DL 10 J7 i AT NPK = FlOR SR IE R TR 2ok, 4FE 2050 3500 W, MUAZh 830 710G, £ 8RFEIK
5%, AT 41.5 JHot. B EI E SR A E, MR TG K, 55 A m o AR 6l
SEMRUIE T A, SR T, AR T A A S, 4 . BRI S AR50k, R
BT BT, W HARES T ARG A . HET) R B DGHEIRHET 3R088] 77%04 1, HHN AR
TR RIAE] 6.1 M, HARMRIX 81%. A= 6.3 fi; PHILEIX 100%, A7 6.63 ifi, BIX
ABAAT B H 2 TR A 5%, AIF=BRE] 4w, —JE W55 A HURAE P2 AR B R GE— B, X AR B
MEBRAE . AP BRI, B RO 16 T, 1 H AT S AMKR BEARIL XTI, i L PR A AR 5
W5 AN IARAN G —, HZ5 AR IR W 55 AR, AR BB S A= 7= S B o
46 EEDBERIT

H i i el 4 B SR B IR S sE 200 T . IR T R seE e, il K A BSHRIM ;e hed H %
(R HE B IR . BT K L it I A 4 B A AL SRR A S L SO A R o AR A AR AN
WERAEARIN, B TIAM KA E, RGBAFREARE, 7SR EAT .

5 IFEREIN
51 SEBHERZHF

RIS E R EE ISR, CRPNEREF @R, IR T MER @S, T AR M%)
ik, Nz B = BOR S FE, TEEEW T RERRE AR, BESA 2023 g 1 SO0 g
FIRGIEHRFFBOR” AR, DL =AU 37 X A E AR I P& o0 3, g
PME, RPN BRSSP BOR I &, TR EE TR T 3 A St AR R 52
52 FRERIBAE

— TR EE THA R Z R T AN, IFeh S5l —RETH B TICA, TIRERHK T2
TrR R, ks e E e TR REE . PR E R A AR, AR T o7 sk . R4k
SRR R T R4 5 51, S IR TS T, Bmmes| 41, FECie T AT .

53 EREERAERE
BURFCBURAE BALTFB, BOA ARTEIRERT] . AR FFRIT, B s (5 8, B E RS,
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TE B e el — i A AR AR
54 REEFHE

BRI 4 S04, g f AL B0 B AR A T B R TG, i ok B IR X — “ Rl T
[, ok Fr b Mo 0 i el B0 R B e B T A 7 UL 4 5 | 1 Rl s vt T, e 3h
Bz L1 IX A fie A 3 A LA Fb A8 B
55 SR AEE

— RIERARIET, RRALI L AR B REY R E T RIWEBIRR, A7 e,
YA R ER T, AR A SRS . R IR R ], AR R, R T SR RO
R I TN 7 A i ) I R, = S B — B A P B AR W 45 1, W95 AR ZE S 16 T B 3%
Az P AR FE X
5.6 EEEIEN

TS “PIgR B IR g R TR A A AR S A B, R SRR IR Y, X
AN BEAILAR AR A A9 DXl 3R, B e el 4 P 8 B AR 48—k, PR B TR . I T A B e,
A REZ =, IR Z, IR TIWAA & .

S % Lk

B, s, B M, & GRS DH XHE M2 SRR XA R RI]. T AR LLR#, 2015, 042(024):
80-85.

[21% &, W FKERRBIREAR L RIUK S R, hEBAF L, 2021 (01): 25-30.

[BIEXRFE, K B, ¥ W, %.4GXJ RIVEHE B S BIREES 5 E AR A PEBGE R, 2021 (06): 18-21+62.
[B1mscR, A, = B, S5 IREESCEIBCHT AN MM []. P EPGERE, 2021 (06): 5-10+58.
[S1SCR, BIEERE, R 7R, 5T AR B X R E B AR R MRS AR B M (0], TR E G Rk, 2020
(01): 7-11.
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RERBERT A /1 & FHRAE BB REHE

7 [E ¢
AR BRI A B A B

B E SRR E SRR N R R 2, MRG0 & RN & MRS EEINFZ — . BRE—Fh
FEM TR, R . IR MRS TN . T EAE AR SR, (FAR R R AR AR,
Kb o RBBRIETEBAE R S 3T, ARSCURI= A A B, FHE5E M ZH), B anfa i i & e R o=
W, BiJ1 S RS, BAREARRRGL SRR kR R R, BEHER AR SRS Rk
ZA 51

KW BRI SRR AR

FEGHRS F121.3 ERPR RS A

ULAER, D RGOS R P E 2 T R R B ETT [, SE R R R, A RE £ AR,
WA AR R T, WA S RS A, Wil S BRI, X dfd, LGRS oA
N — A REIZEE, RSN £ MIRMSTEAB MG 1o AR — P e Z A0 A™ i, 7R Hu X HAT
J7 R K SRR AR ORI 2 T o NI, sl A L A SEEER Al A R AR, BT HOR
B, —EA AL S M IRMEAYSREA . FEIL, AN SOI Al i o A AR Tolle, S AT 3t X 3R AT i)
A AT R R, P T — 24T Z A R I

1 4=l “sIkER”

AR R, RS ARG, R RIGEUE R A TSI ARBEAGE FEE
Z 5, MO BUR N T R IR AT RS L R AE S R . TE 2 R P SR I IR MBI B, BRAE
WA A B BT T BB A I Tl A8 44l o %A R &3 T TAR A R E OARK, A= A
SRAR . PR, RE. KREEEE R & 6 AFRURJE, EAERR IS AL AR PR E E A 8600 JT UG, XAE 2022
AR, A FEIME T 2536 JT AR E R RE, SEEL T 2096 JT UG E A, R K 10%, 55—
B S B IV & AR A BRI AR, BT Z IR E T B iR A AR e AR R R T
PR RPN A 5 A 7 i T AR Ry &y ), X #er= e i L HA T MR ME g S, MEER S
R =L i & R SRR S E R . sEoh, (7 T Eh G B sh PRl i A A 4 e AR 2R A F, BT
A FEROR 77X, S AR R RO B . 1N F 3N A AR AR R T R R R, IR
FARMFAS SN T, BAT, MERIBNH A FPIA 192 F 60T, BER™5E 5000 Jiot, 4475
529K 2000 117G

H G AT O, Sl (1 & RAX R AR FRAR AL T 58 2 (b AL, o S AT b X Ol 18 1Y) 26 D 38
K, M ks MRk, SR RAIECE il , RRFAT R RN DRER, [,
X BERE A P B 24 Bt A S M R B A T T RIE S, S T AR R .

2 fedrER “RRER”

Aok, POl A e . Rt E T A A I E, SIS IR BUR BOR SRy, 85 03T —4t
RAHET WA, AT AR TTER A T B E B R  A RE, E ad BUR BOR SR A
IR, AT Tt RAHE” B . i A R IR A, DUSRSRAAE, i BURF B R
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JISCRERA B 55 01, AWHRTE™ 6 B FR S KF, 5T EARE R 300 Ao MRS A
FIE S TR LR . R EOR, ORI TGN, PR 50 4 R R B

N T REA R, SR BUR S A SN R R, SRR IR, SR
I, TS 1. BONE A GRSy, BN B S8 BBOR, Bk R A AR T IR
I, ORISR SR 55k, IeRiEIAes &, RABCRE WAL EER S, &
G AN ARBHL BB A, SRS . BTN GAE, B0 LI 3G SRl BB B I A .
Jioh, FEARML R R RE T, A B BOR B BRG] RF L A R, AR T AR R EOR D
IREER, A BRI . BONIE R SR AL R SR IR AR | IR IR AR B
SRR, SR ORI AL I T HRLE AT

L R A SRR B35 07, BBl K R RRESRT, N AT R RIEA TRsh 1.
X LI Aol 1) e JE ANELRT LA Ay 25 i A A Bl R S 22 19 T AR B2, T ELade T DAY Sl AR A7l i A g
MTHES G A 257 R i, BB SR RS ok i S35 8, QI L “RRARE” AL
Al SAZETE R S FHR S TTER R A 4

3 HFHEKR “GIER”

B RO BOR R KR, I B FARMO™ S TR T 85 0 T HR BUE A IR, IR BRI AT
G F1 o ABATTAE = T BB A EOHEAR B AR i, MONEIRA i o KB RTT . MRS, il T iF2
SR, RED, ERERENRART LM RN, SR ERITE 2020 4, BfER R H S L
JEHLIE, A5 e RERA R . BB . LA PEREIL R AR BREH ™ ah, FFRIAES R MRS,
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1l R AV B 25 R M i 3 2 7= 4 R PR 2
BB EER HEL MER BEU Y ER XM

I JTREBREFARGARNT, J7HAEFEMN 524251
2 TR AR BRERGRAR, TR 524200

OB KPR bl DB EAE L e RO R SURRAT ) AR AR AR A L o R S (B 4 S R AR it 5%
G R TSRO A7, TR T R AR, 7 3 Ja S B AR A g 24 4740 2t 43 k2D 65.14% 1 49.06% , S JFRAF 1
7704 Wi/E, BT —EA AR, SIFER, EH T T AR 250G A 7 B ORTE SR A Y )
FIAR, S TR @I, RN 2B A B il e SRR ™ i & e BOR 42 (I Be Hdis

KBEIE SRR, HORBIA WUCWZ

JUARAR B2 TR [ i LI R SRR R AL R B i T Xk, SURRFRIE 24 0 A1 60 24P, J7ARK
BT R IX SRR R b B R ™ SR X o AR 2022 4R R, BRIXSURRE R BIAEIE] 4.6 J7HT
KLk, Z@EMERHAFETR, SURERSEN, I EiTaEk, SIRRMRIEE, #0881 248
A, REBCEREALIE . A2y, B UL MR 0, SEOR X em i | et 4 R
o R AR (R UROUR A o O E— B RV SRR T ) PR LA, I RAD RRTE, 4w B XTI
AT R ERRR, BEROAR, 2019 4582, BRIXTERITLRIGITIE “SURRAIER 25Ut R AR Ziai
Ko, il s T — B L RO, IR B AT R, U T R

1 AEFEFEARERX
1.1 MEHE RS

SEBUNN TR )L B Gl o 75T e s N I B B e e il e L 5 L B o SRV VN NE - ¢
SIRRAE 7 L HEAT AL I o I AN TR AE AR T R 21 DA BT B 8 Ok i (55 (046 I AR HE 1 )1 ~
20K, AEIED B IE SRR AR 25 15 FH R 70% L) 1, TR0TE S bR 48 €0 35 55 7 1 2 AR ME G 0 3 & A2 R
FRARZE S%LLF, XORBEGIRRER ™= S =k & J 1 2 R EHEAEA

JTARR R B EFCIRPURAN T 1500 28k, HETRME 4 T2, S E Y 0.4 WL L,
B AR IS 12.9%, AE ST %2 150 J0/RT, AR I ST 700 J5 G,
1.2 ML ERAHEERA

SR BN = P50 77 AR B AR BT ot il SRR L B A= i 7 ORI AR (A ALICHL S B A s5 s AE 9, JeHLLA
W BT RS ), i SCiEdUR e A, BUS B RCR . ZNERIERE Ty, NERMRI A5, B
FARCITIE 250 kg/Ri, 5HMAEM L, BRI 6.63%LL I, FRIRVEN KA 160 JC/RT, KB4, K
M. =AW HAR; ZIERTER AL Ty, AR e R IR RIS, U R SCEMIGL e s, B R
A1 A AZ R, HERNTARZE W, oo RIEMEY A, k. Meshne, wemkAEK
FRF TR0 o BRI CNEE & 25%0) b, (REERARIA N SR, fEdE@RbitE . 7 &, s
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YEZRN  BOR1965—), B, MBI,
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1.3 ALTENRF
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i i
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Effect on Sisal Growth and Soil Quality by Bio-organic Formulated
Fertilizer Consecutively Replaced Chemical Fertilizer

JING Fulin', FENG Xuejuan', MAO Lijun’, GUO Jiyang’, WU Ren',
LIU Zhigiang', ZHANG Manqi'**

1.Guangdong Zhanjiang State Farms Research Institute, Zhanjiang, Guangdong 524000, China )
2.Quality and Safety Inspection Testing Center for Sisal Products, MARA, Zhanjiang, Guangdong 524000, China

Abstract: In this paper, biological organic formula fertilizer was applied in sisal field for two consecutive
years instead of traditional chemical fertilizer. Three treatments were set up: Conventional fertilization (CK),
application of 1/2 conventional fertilization + sisal bio-organic formula fertilizer 125 kg/hm2 (T1) and sisal
bio-organic formula fertilizer 250 kg/hm?2 (T2) were used to study the effects of continuous bio-organic for-
mula fertilizer on soil nutrients, microbial biomass carbon and nitrogen, enzyme activity, leaf growth and
yield of sisal. The results showed that continuous application of bioorganic formula fertilizer (T2) promoted
the absorption and utilization of calcium in sisal plants, the total calcium content of sisal leaves was 0.67 mg
/ kg higher than that of traditional chemical fertilizer, and the fiber content of sisal leaves was 0.35 mg / kg
higher than that of traditional chemical fertilizer. At the same time, compared with conventional fertilization
(CK), sisal applied bioorganic formula fertilizer (T2), effectively improved soil microbial biomass carbon
and nitrogen content, sucrase activity, urease activity, catalase activity and soil quality, reduced the input cost
of chemical fertilizer, and avoided excessive application of fertilizer. In two years, T2 increased its income
by 2400.5 yuan/hm2 compared with CK, and T1 increased its income by 663 yuan/hm2 compared with CK,
providing an effective way to promote the healthy and sustainable development of sisal industry.

Key words: Sisal; Bio-organic Formula Fertilizer; Grow; Soil; Earnings

s hilly region [J]. Acta Ecologica Sinica, 2015,35(17): 5666-5674.
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B OE: O T AREH P P DX TR A A T KRR A OB K R R RO, DA X RO Y K A e
FEAR, DUV R /MR ULKARE o Bk RE /KRS 2 R I it 2 2 A LRI A, % 7 it A IS A [ K R e ey L
oo 7 BORE KA A o ZIRERET . M BT A XK AR bR . B TORLER RN R TC W 2 e, (EORTRIK A
A A RLAATE 5 2 5, R R iR P it 15 %5 . BIPIILERA & . DR D00 220 3 Al R o I T W B 7t JIE X 7K A
PRI E 2R, EARFEKRE SR AT B 2, Hoh R R B ER A L Thi L 15 5 BPELIIA 240
3 AR o RN R T AT, P TR A I T K R R B e B A I R ELA R T Y B SRR AP R 2R e,
HEFR LA 2Z . hERIE 15 5 U BFEOUI A 2208 3 AR R Al RE D B0 BT A TP e K R AR . LR A AT, 6
ZAUK R R LB P EE A 5 R 15 SRR . BRGSO R bR IR HR AR B, WO Y A
RO K R fe i 2%

R KAE; EAEERRAGAT, 7 A RER

Effect of Spraying Exogenous Selenium at Booting Stage on Rice Yield
and Selenium Content in Brown Rice

LI Xu—mingl, ZHOU Sheng—fengl, JIANG Bo', LI Fu—yanl*

1. College of Chemistry and Bioengineering of Guangxi Normal University for Nationalities, Chongzuo 532200, China

Abstract: Objective: To explore the effects of amino acid selenium fertilizer on rice yield and selenium content in
brown rice in southwestern Guangxi, and to develop a safe and low-cost selenium-rich rice planting technology. Method:
Six common types of rice in southwestern Guangxi were selected as experimental materials, and amino acid organic
selenium fertilizer was sprayed during the rice booting stage to explore the effects of spraying selenium fertilizer on
different rice plant heights, ear lengths, yields, and selenium content in brown rice. The results showed that there was no
significant difference in the agronomic traits of rice by spraying selenium fertilizer on the leaves. There were significant
differences in agronomic characters among different rice varieties, among which Zhongzheyoul5, Changliangyoufux-
iangzhan and Gengxiangyoulitsimiao were the best. There was no significant difference in rice yield by spraying sele-
nium fertilizer on leaves. There were significant differences in yield among different rice varieties, among which Chan-
gliangyoufuxiangzhan, Zhongzheyoul5 and Yexiangyoumingyueshimao were the best. As for the selenium content of
rice brown rice, spraying selenium fertilizer on the leaf surface has a significant impact on the selenium content of rice
brown rice, and there is a significant difference in the selenium enrichment ability of different varieties. The selenium
level of three varieties, Yexiangyoulisi, Zhongzheyoul5 and Yexiangyoumingyueshimao, reached the selenium rich rice
standard in Guangxi. Conclusion: Among the six rice varieties tested, Changliangyoufuxiangzhan and

HEETH: U ESSHEARPIEEME TRTE (2022JGA354); [ 75 REINITE 2R SHMTE (JGYB202314,
JGYB202231); J V4 R IM I = Be AR 2 BB i H (KCSZ202113 ); [ 74 R IM 2 Bkt 171558 ( MSYH20221201 );
SRR E (55%} FA2020019 )

EE®A: F0 (1983 ), PRI, @i, BT RV FEIE S35, E-mail: 77027971@qq.com_

BIREE: R, 0z, B4, R m: RLEFESHE. E-mail: 107870655@qq.com
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Zhongzheyoul5 had better performance in agronomic characters and yield, and had stronger selenium enrichment ability,
which could provide reference for local planting high-quality selenium rich rice.
Key words: Rice; Amino acid selenium fertilizer; Yield; Selenium Content; Brown Rice

A R BRI 45 = KM T R, B P2 E7 M RRMER mesld AglRat
PETT . R . BRIBERRG . A HIV R RVE IO, R e R AR 43.3 ug/dY,
BB R A U 60 ug/d® s FEFRE 72% 0 Hb AL 7 B i AR A A A5 BR s 2 oS cut
75 0 3R 3 e [ 7 2 A Bl 2 2 A AL 25 4 50 ug/d AT 60 ug/d I RILAE o AR TR (R
KIRTEY, AETGR: A TR DIk, %R 3 000 e 00 125 0 B B i 2 A MR 1) 7 3 K, i
ARHRE R F A2 R 8. P ile &8 Y A A AP, Bt A
ARG AN FE 38 70 1 SR - 5 BTG A I 7 i S A5 AT B 45 70 o A0 3o B 2R 1 I A S MG 0 77 [
1, BESSHE TCHURR (L G A B 8 . SRR A LA, TG LA A 0 AR 2 R 25100,

KFEREE N =RRAEYZ —, 1442 E DA 60% E i A G R#UFKIE R £, Himik
IR i R A BOA TR | IR W A Tl R M v ARG AC AT AR = MR i, b
VR AE 5 AT SRR | PR A e = Ao, AR A7 e A k)
i = e A P A VRGBS — 2 3k B & fAm v, BRI AR P A 1 B A ) R B Ak
Sl BE A K, TR 4 22 1) 2 I TR AR

PP L X R TGRSR, REEE, WEADERERE, KREFEE, L5
FIRWGE R, PR X I A M (A & B4 0.42 mg/keg, BT EMLEN | MiE
T K ARG 1 R ) SR, bR A FORDK R L 50, ER = AT Y & il K A
FPREHE AR, IKFEFEZL TN T o LA, 20235 1 FHAS [R) vk RN S [R]FG A i o o S
AR BB R K R TR, AKX . Feas . FREAATEC, FRA KA i FH A e
A R0 (RS XT 5 2 0 B — (A 5 R R AR A R, XA P R DX A S A
FUEEA RS . AHFSE U VT R KRR 6 AN RIKFE R RTTE S, TR ARG Z Ry, 3 o i
WEHE SRR AL, LAAR ZE SN AL X R [ R bk 5 L RGPk BB il o A S, o) 25 e bk
B OBEKORR . PERRES . ETAE R LR KRR SR, YR R IR, Ke . GEE
A K AR LS R

1 MR ERZE
1.1 Riewr e

PR RE AR P e X R AR Y 6 ASBRRE SRR, SEANE S LR 1 R H  E SR A ML A il
B ER T P A Bl 2 B B TR S IR B 5T B AdE, A HLE A =2 /L,

1.2 KA *E

R FTTEH A PE R ATV X MM IR AT X IXIARE S0 22.3°C, TERE WIS 364
K, AEFEH B 1634.4 /N, AEFEEKE 1200 22K, RIATLN AR, KETLE, ES
W R, WELR, #HZ23~300m, HEEFERSTERN: 2K 1.6 gke, 20 1.2 g/kg. 28 12.4
g/kg. AHLET 25.80 g/kg. 4=l 0.42 mg/kg . AR & 0.03 mg/kg (PR EGAML ) , 118 pH{EN 5.75,
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x1 #HiAEMER

Table 1 Information of tested varieties

F5 a2 FR A AR S AR
SN Variety Type Organization Year
1 AR GIEECS IR RN AL - B K R 58 e 2013 AFpkH
2 e 2218 HP = R 25K R JARBARHII & A B 2021 4F B
3 Ly w k24 HI = R I3 R T PGSR AT BRA 2017 AFAEH
4 PRI A 28 KR = R 5OK A T PGSR AT BRA 2019 4FAEH
5 e 15 5 L = R4S KA ﬁﬁ%g%ﬁ%ﬁﬂlﬁijﬁ;ﬁ&a N 2020 4F = 77

6 B AR o UL 15 28 2 5K A J P E A B A R T 2021 AEHEH
T R BRI E ZOK R oo

RIS R B X BT R 2356 vk, Hoh ER R A IS DAEDKRE SR, @IRZE B B (L Se
12 g/hm®) . CK XHHR (M RBHEE K ) , B 2 ASH, 34 S, MK/ 20m’,

A, RS RO EE R0 AR AR R . SR AR R MR SR, R A EZ 105
kg/hm®, Bt HFEFE L 105 keg/hm?2, BRE 4 HASRSAR, BB 21-24 JTkk, Wk— 2 B8, BT
FEAE 20 cm x 25 em 245 . AR E 4 450 kg, FHIEBEALLT 300 kg, BRERENZY 225 kg, AL 70%,
SYBENE 25%, FAE 5%, HE WA PR S IS o e by, A —3.

1.3 MEMBEFA*

KRG, BEA/NX S 3 AMUERVERE S, BEASEAUY 1 m®, ARARE S E SRR 10 /ORI A) )
KA, W bk . GRS, B BRI 3 KRB SRR TER, HEME G —
#©, 0T, A3 AR, A/RZERPUEREAS I TR K, FRHUERCKR, & 0.15 mm ffi, ft
an AT, TR R AR TR E B R AR SR AT 3 IRE R, RSO

BEKAN & DA . M EARYE GB 5009.93-2010 Ml , B HNO;+HCIO4 VRFR T 170°CF, R HL#A
TR T 0t A YRR SR SR AR A A - SR i B g e P
1.4 #HiELIE

H Microsoft Excel 2016 XX 5 s 474811, 4 IBM SPSS 3R FEXS /K AE ™= 1 . KK AN & &=
A B T SR DG R B A T 25 40 B RN i 2 1 A T

2 ZEREHSW
2.1 SMEBIEMIEX ARKFERT SRR A LEHN D

HIZ% 2 AlAL, CK SRR 7S A KRS i A A B S | B R OB 0 5 R R o AN T i A ]
PR AHLE, WCFIEDRE, B3 AR OO B A AT 22 99.2 em . BFEILAE 221 95 cm FIHRHRL 15
7 94.7 cm, HREFECAIZZ S HAD MR R F 2 SRR e BIILAR A 27.2 em | B
I 2278 26.2 cm FBEAILA, 2278 25.9 om = AR R BUALF o A A BOEEUL AL R
i 3 AN A RO B PR A & B A IOHT 22 A EF A U] 22, Hods R A Eas o 22 B, 45 A
() 25 57 AN 0. 3 o U T TR W S X A R A R L AR S A AR RO TE S R R, AT R PR R MG
JERRREC 24 T2, AT E IR A R O A SE MU 2l . ARl RL AR EE , BR T A 830RER, K
MRIRR R . BRI AR 225, P AROEBUR KR~ 2 I AN E R Z —, DB & .
P A 22 AN EF A U H 223 3 A4 i b 2 B U
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*® 2 SNRRRERR AL A EK R MR S K R AR E

Table 2 Effects of exogenous selenium fertilizer on plant height, spike length and effective spike number of different rice

varieties
K (em) FEK (em) B AT REFREL

AL Plant height Spike length Effective panicle number

Variety CK JhEL ¥ CK AbF ¥ CK AbF ¥l
treatment  Average treatment Average treatment  Average
g 79.0 84.7 81.8¢c 22.9 23.0 23.0d 16 18 17a
BB 227G 97.7 923 95.0b 25.9 26.0 25.9abc 17 17 17a
WE A 22 98.3 100.0 99.2a 24.9 25.8 25.4bc 24 19 22a
WP H 221G 93.7 94.0 93.8b 26.6 25.9 26.2ab 23 22 22a
R 15 5 95.3 94.0 94.7b 24.1b 25.5 24.8¢ 18 17 18a
E LR 5 83.0 84.7 83.8¢c 26.9 27.5 27.2a 21 22 22a
Y 91.2a 91.6a 25.2a 25.6a 19.8a 19.2a

T KPR (RS RE—17) JETAR/NG FRHCR A AR 22 53 B3, fa —1Ti0 7R CK 5 W Ak A
ZIE 25 W, H¥TE P<0.05 KF L T HE, LIFFE.

2.2 SINIR R HERE BE X AN [ 7K RS G FORF AL ST A9 520

M 3 %, SXFHRAR L, e A X BRI . SRR GG SRR BN —(H T B E R
AN FPIRIAH E, BRI, SR B, SERI e 22 5% . IWERECRE, it 155 (202 %7).
PEE 22t (177 kD) FIEFEOLIH A 220 (165 K ) KIEAE, SCRBOT H, RIVELRT 3 45 Fh
R AL 15 5 (155 kL), EWILEER S (134 k) MEFELIE 240 (132 %), BORDBOR Sk %L
i 15 55 R BB H AL G PP AT B 22 5 0 459K, B4R (84% ). BRIILAER & (83%)
MEFE A2 (82% ) =AM A RIEST . B E SR T Sl 15 S MBS R L WA & 2=

H5HARMY LR EES, BWREE ST ERAZL IS5 ERG LN AEREET . R
Jit A R ek K A A T B R B R AR K, ER ] KR R ) A7 e 5 25 5, P SR RO K R = i Y
KHAMBERZ —, UPWiit 155 . BWMREEE SIPFEILE 40 3 R R

R 3 SMNIRAM AR 3 A [E] 7k e GR M R 205 TH RO 20

Table 3 Effects of exogenous selenium fertilizer on grain number of different rice varieties

. SRR SR 59 (%)
Variety CK Ab 3 B CK Ab 3 ES[(EN CK osii By
treatment  Average treatment  Average treatment  Average
wAE L 145 137 141d 122 114 118¢ 84 83 84a
&R 4 176 178 177b 136 127 132b 78 72 75¢
g e 24 157 155 156cd 129 127 128b 82 82 82ab
Eﬁ.&ﬁ;;ﬂ ne 163 168 165bc 126 131 129b 77 78 78abc
Tl 15 5 198 207 202a 154 155 155a 79 75 77be
EWLREE S 158 164 160bc 129 137 134b 82 84 83ab
¥l 166a 168a 133a 132a 80a 79a

2.3 MR i A BE X AS [B) 7k F8 dR TR0 EE B 52 0
2 4 720, WUGMAEX KR TR EEZSALDE, B TEHFRAZ S5 E
4y

nRb, AR DO
Jit il A A B ) Tk B YA AE —E R B b T AN W AT A A BR AL, o R A 22 E W

DL 4 LA

i At
R
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KB A A 28 KIEER R, 258 3.54%., 2.14%F1 1.06%. ANEFFEML, SEE CK 2
[ WA AL B2 (8], 25 A FP R TR E AR EES, NS R TRENTEHEEE, Hhhinit
155 BWMAER & DL BRI AT 221 3 A TR EH R, %10 26.8g. 23.15g fl 20.41g, M
Jita A7 B X KR T A — R R THA 2 R B, RFKRE S Rh ] b A o 2 5, Hoh R
BAFHOZ L 1555 . BMILEET & DL IR A, 21 3

R 4 SNRIAEN T EIKFERM TR ER 0

Table 4 Effects of exogenous selenium fertilizer on 1000 grain weight of different rice varieties

F4iFE (g) Thousand grain weight

s
Variety CK Qb B CK (%) HiE
Treatment Compared with CK. Average
Ak 19.15 18.73 2.19 18.94¢
BE LI 22 20.06 20.77 3.54 20.41c
PR 24 20.15 19.97 -0.89 20.06d
PRI A 221G 17.99 18.18 1.06 18.08f
R 15 5 26.78 26.82 0.15 26.80a
E LA 22.90 23.39 2.14 23.15b
¥ 21.17a 21.31a

2.4 SMEBEMEXNAEKERM RN

& 5 nJ5l, SXTHAHL, Wl B X K FENX P ERMA—, R EE-3.36%% 4.48%
Z I8, HAEWREE L. P& 2 A 2 KRER S, 208 4.48%. 2.75%F1
2.70%, T 7 FET AL H] 22 1) BRI BE 53 0l 29 -3.36%F1-3.60%, {HIAAS B8 3% 2 5F .

AFE PR, PEAEREESR, HPRIEBGET 3 MR B WIS S it
15 SHEFEH 2%, %08 : 8.67 thm?, 7.77 tthm?F 7.15 thm2. EWILEEE SMHHL 15 55
HepRMm¥ArREER, WERWALEBR T SEESNHERGLEERAEE, SHAMNFY
GEEREER.

gE LR, SXTREAH G, WA AR G AR i T 25 S, U A I A A X K R R i R N R
AR S AEAE L, K- ERUA—, HAREES, HhRMBGW2EEMLREE S . Wil 155
DI BF A A 2207 3 A db

&5 HNRIAE S A K FE A BRI

Table 5 Effects of exogenous selenium fertilizer on yield of different rice varieties

P (thm?)  Yield

=) e
Vu;rﬁy CK LR féi;rij i HiH
Treatment CK Average
B 7.15 6.91 -3.36 7.03cd
iR XA 6.91 7.1 2.75 7.00cd
P 22 6.67 6.43 -3.60 6.55d
WAL 221 7.05 7.24 2.70 7.15¢
TP 15 5 7.67 7.86 248 7.77b
E WA 5 8.48 8.86 4.48 8.67a

¥E 7.32a 7.40a
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2.5 SR HENE AR Xt A &) 7k 7 qR A RS K A 2 B2

M 6 AT, SXFRRANEL, WA AE Ak B K RERE R AR & e HA W 25, el IR A B A 45 K
T b AR T X BR L 2 R RV R BE i 4, KB AE 0.191-0.289 mg/kg =2 ], 38K A 85 T 3
A S AR B AR FT 22 TRt 15 5 DLREPEDL A 2238, 535124 0.289 mg/kg .0.270 mg/kg Fl 0.269
mg/kg, MK BERMMEEE Y, HASE N 0210 mekeg, TP F 1A X 84 7 5 b KRS B
BARMEN 0.15-0.5 mg/ke™, I, S0 6 /KRS S A KT P8 B UK REROR bR e . e AT L2 ad
T e AP Ak B ) P R, HOR R R il e SN

AN T B4 b o 22 T AT i SO A St X0, DA AR B, A B AT 3 A il R O B A
Figz . B 15 5L L BFEOCIH A 228, 439 0311, 0.303. 0.286 mg/kg, HiH B AT 22 A0 i
15 S22 mBXEEES, A SHAMMEALREZES, BFERWHAZEMEMILREE &G EE 2=
S, SHAb S A B E 22 XA UL T AR [R] A% 3 R R K R A A I U 4 e B T A R

ZE LT, TOKREZ R UEA T T WA AL AL BE ,  BE A R THRE K R AT R, LSRR A SRR
EEE I AFAE B 25 5, A APl B AV E KRR R bR E 2 ] . R EP LA 22 . e 15
S L AR A 2278 3 A SRR E A AE A8

% 6 SNRRAL XA Bk FE M A RE K Al 2 2 B R2T

Table 6 Effects of exogenous selenium fertilizer on selenium content in brown rice of different rice varieties
& (mgkg)

A Selenium content
Variety CK AbE B CK (%) ¥ifE
Treatment Compared with CK Average
Y 0.019 0.210 0.191 0.115d
Bt 221 0.020 0.252 0.233 0.136¢
A2 0.022 0.311 0.289 0.167a
WA 221 0.017 0.286 0.269 0.151b
L 15 5 0.033 0.303 0.270 0.168a
B ILEE A 0.026 0.281 0.255 0.153b
¥iE 0.023b 0.274a

3 &ipSitie

M T R AR A X KA PR . B S i e R 22 . AR RIORTR , il 15 Sy, B
I Tt S JE X 7K R A A 5 85 LA 8 3 B2 W0 ELAN [ it MhOGER 19 5 SR RE A7 AE 8 22 7, L PP
A2z L 15 5 LUREP A UEI A 22 3 Al E N AE S R . 6 S UKAE ah A B LA A A
L 15 SAERE . BRI AN i AR B HURT AN AR Ty B, AATSERI, ToRRE AR AT i i
Wt A A Ak X A R bR g L REORI P S A JC A S RO, R A SRR A AN KR e T A R R T
B PR AL — B S8 A T A A AT 3 R e KRR K T (I e, LA [ ek i 7
B ARRE S BAFAE 5 22 5t o I VE S AN R] it o A 2R DA Pt 21 3 2 ) B8 i B RO RERERG 3 i ) RFF
LW T PTG R 13 1 S T LA DG,

ML HIME BB, AOF5Et, ZEFERAPUNALBEE 6 /KR AN, HRERAG S BI85 6 P
A KRR e . S5 IOHUAAR L, AR A DL A AR YA s . DO R L o P A VR P O
AR, O T P g DX K R A SR AN TR, E XA B R A R TR 15 5 P
NI it o 94 AR K A 7 B R B AT
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Non-invasive detective technology on phenotype identification of im-
portant agricultural traits of crops

Z e e Zae !, x| Frer 2
U B R R B TR, MR 571339,
2 R R A2 SR, 665000)

BEE DAL R, ARAED) B RAE 5 2R 7= e AR BSOS 28 VR S B BL . AR R AR
B AR T ISR A A L . HAT, Joia il B2 LOCTEEOAR N, 7 Al WA ZLAo6E | &
eIl g SR BREIR . FLEOEIE L X A O IR . KOS, nIRHE R E
TR BRARAE B B AR 25 5% B B S S AT A I . Biln, RS IR A TR BRI SR
et TN 23 38 S A OCHR VAR A AT o [RIIE, A7 L PRARRAE . SRR . BLAR LSS ~) S BORTE
VEY B T A MRS I o A5 DLW . Hoh, ALAS LS~ ~J © 0 T T E] A 400 B9 SE Ak A R MR, 3
K IR Al A= 7 Y 2 e B U T T, SR, ERIRT T AP 04 R S W RS BE DA AR KR 2, iR
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Sisal Industry Development History. Bottlenecks and Suggestions for
Guangdong Reclamation

Mao Lijunl’3 ZHang Manqil’z’3 Guo JIyangl’3
1 Sisal and Product Quality Supervision, Inspection and Testing Center of the Ministry of Agriculture and
Rural Affairs, Guangdong Zhanjiang, 524022
2 Guangdong Zhanjiang Agricultural Reclamation Science Research Institute, Guangdong Zhanjiang
3 Sisal Research Institute of Guangdong Agricultural Reclamation Research Institute, Guangdong Suixi, 524338

Abstract This paper summarizes the sisal industry in the Guangdong Reclamation sisal industry in agricultural produc-
tion, processing, business model, science and technology development and other aspects of the development process.
Analyzed the sisal industry in the reclamation area of the difficulties that exist in the development of sisal industry.
Proposed to promote the sustainable development of sisal industry in Guangdong Reclamation related recommendations.
Sisal industry for the reclamation area to introduce relevant support measures to provide a theoretical basis.

Keywords Guangdong Agricultural Reclamation; sisal; history; bottleneck; suggestions

SIRRSUFR e 5 22 JBRN 2t BB Ml X (G B SRR AT, SN & I BURR LT 4 29l 2
TR, BT, ET., FERE5AE, SIS 4R & G I A 2T 4 7 5 2%, 5t SR 5
YRR 23, NHARPAMTER . TR0 . I ol e vk A0 A R 2T i vh B AT B rER) 3k SR
FEXA VG, AR, B JARKRE)T ARAORERX, HERFAMELG T Lt 50 FRIAE
1963 ~ 1964 4EMARIAET I HEGIRR R AT H.11648 (R 1 9) FRAFM, AR K& B R ESEE L 5K ik 60
ZAE SRR SN EE WAL, T TECURME ., T, o= it &F el
RAEF =X, TR T SURRET 4E 2 QR R . JRK G IR B b, b 2 e 5 & it 1 85 2 sk
BI0 3 F RN 1k, AR A B (0 SRR AL TR B AL TF47 M A5 5 7 M 56 7= A RS 7 L P 26 S48 T i 55
Yo, B 30 ZAEFEMHX, RE RS AERK K 60 ZAEM LRI PBIG T RIFRRL, d
e T —SEIF R 29 R 2, T B0 DARG i sl BT, DA 7= b G SRR

BEBITHE SRR AR A R BTSRRI 5 W K 22 9% ( CARS-16-S13 ),
EE®N B (1984-), J, @GR, BEFTrm . B EY) @ R IFH AR5 5HE . 3@ A (Corresponding
author): K& H:(Zhang Manqi), E-mail: jmzx138@126.com,
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1 THRRBSIR~LERTE
L1 TERRBUBFRIEZRHE

JTARARE M 1954 AR5 HEFEGIRR, TR E R R SUR 4, B2450H 60 24D H ., WAL
TR T, PERAL, —BARRTE 4050 AT JRCRh R GIR, AR 2.25 TTATP 1963 4E,

RIXRFLARGMARIES HE T 22 ¥k H11648 FRUE R SR, 2038 R AR DR & S0, 55
aAP CTRITEL 157, IRRSE Y RO PR BAR L, (R R 30 SRR R A REYT R E] 1000 T RER S
JPRAE S LA ] 5 i) 1980 AR 75 B P4 B X & B2 2361 Jrkk, ibHE Eimg . )06 . RE . Wi,
=E L PR IX ) 60 ZAFEEARGAT KRARNFIRE, HEsh 1730 E S FRF L & P, 1989 ~2010
AR, TR BT B IX SRR MO I BUL AR ETE 7 R ~9 AP 2010 LS, Tz B . ok
RFRRE “ =R WfEE, IMZOURTAEMARATE, PR T, 2015 FE R RMA, FR
MR 2.4 JTRIPL 2016 AETFUG, B DKOE o a7 WU I S B IR R, SUifkeE B A . ARl B
B 5 YA LS A LSRG, BRI g . K IRG KBS T B B RCRDY 2018 4R, T
KA (SRR AL e . B R (SRR ) AL ML ™ b Fel 45 R H i e, B X SRR A A 1 A
BARE, 2022 FIE R XSRS EBGE R 4.6 T H . 7E/ 8710, 1989 ~2010 4F, | ARA R T/EE
LR X GIREM B a7, B 20400 M F44 329067 i, Hor 2001 4E35 B & 72 a6, S 390083 N, =
BN E R T ORI A I AR A3 Bl 2011 4E-2017 AEMEIT R X SRR F o BB AE TS, W
303806 M N [ 2 564546 i, HET K EZEIRRE LR N E, BEkmB™E FRED, 2022 4,
THT B X B REIM A B 5 136184 Wi, A 2001 4E F I 34.91%.
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1.2 TREBGIFRMI L RHE

JTARA R SIFRIN T Tl i g F 20 th2g 50 AR CH W1, 1957 4, RO RGHET T 55— SRR 4 4
TN, 1958 4E sy T eUpRHI4E), ST T SURRRPAE . I T — &AL Rk, BEESIRRA LYY
K, BIX A& SURERNAE BN 43 T — LSRR RN TAISURRHD S A Y 1979 4F, &R RINA SIRRLE
47204, HALBEGURRM: FBE oM 1382.5 Wi BR4R) 74>, HINMTZF4ERE )18 30.5 iy 7= LASI R
YRR N TP, 1979 ~ 1982 4F, KL RGHRITIT & MBI 8y BRAER | SRR HI DRI
FETE . BREEPHIE S5 501, 1986 ~ 1989 4F, |7 AR BIGE 51 SRR MBS A 72k . B RRET 22 4h 1 7=
4, T T —FRIME B EM G HEARNIEA . Wk, #E)T, FRESIRIEE . 2 kit &
L BRI, HEIRRYTSU T A AR TR Ak B 2 i [ KD, 1989 4E, kMg
¥E 400 JTJGHISIRR S 2 @, BHEE S AR SRR R 2 20 W, 22 LU T P 1990 4E LU,
RIXSIRR Tl A b i — P AT oM A, 5l KA Tiss, mBAE . BBtk . SR
6] & BB, 2000 4E, B ISR T25840 Va3 17 A4, T2 7575 . SIRRLT4E 17873 I, 1L 1979
4F 8256 MK 116.5%; kA48 4094 i, Lt 1979 4F 7692 i T[4 46.8%; SIREHLEE 36.2 J1F7kK; &1
R 16 Tk TolkE=E 13052 Jioc; ORI sS4 3280 Hoc, BN B X H O aNEK—4
FEATP, 2001 ~ 2011 4, B X GIFREF 4= BAE E 12000 ~ 19000 W22 ], il fh 47558 DL P48 o0
25 90% 0, SURMMEE . POLH . SIRRERIL L 10%0, )5, 2012-2017 4F, SRS 4k 5L % Wi AR
B, 2017 4EFAEEARIERAR, U4 2278 Wi, 2018 AR5, 16 ARE . ERS RS T, SRS 4™
HOCEAFRTE, 2022 4FREFSE e R A 5400 M, RN R E I 30%.
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Kl 31989 ~ 2022 4ET 7R A RIEVT B X SRR B £F 4 r- = A iR

13 TEKBUHFEILREEXNTERRE

JTARRBEGIRRAE =B Ak . BRI E . 80 AR LIAT, RIXMGIRRAE EE AT R
BRFL., 8. K, fi—. =, S, g+ A5RY, 843550 BT T SRS 4 FS1 R &
T, BRGNS LARRSE N F, PR G —is BB P RO A RIS SR, RS RAY
RS Kz, e EE AEP Bl T R, KRB AR SR 6 N R, 1986 4,
it — IR AR, SRR S 2 A, NS AR, SRR A IS, R RS B
Al BRXSURKG UG AR Y, | AR RTS8 T SR ™ S e (R — B 7 Ak B 61
PRI A T, p I N I G — 4 B A B (R B RR P2 b, SEAT AR 200 . KUt AR A5, 1992
AE, TECE N R SRR S TR T SR A /], SEATE N — & e 4B, 1997 4E, SRR
P R Z IR, B EFIREL A ERER, & KA KRR B AT AN RBUFHEAE, Kt
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KITCIRREMIA T . RITLASs . & RGBT AR B ) &35, H8 RE KI5 SR E R A
BN, AR B 4R PR 36 78 Sl B R AE AT, 2010 48 9 H, )R & 07 SRR 4 A1 A5 B W) 6] T
g BRI, MAERAF K ARNELE, LI RE R SURAE R A FRA /3 1 Tk A=
W b R HAL, BUETIE 10 BEGURREF4Ein T F 7 BEGURR S ) VE A e As, HA AR L
754 U T SRR A R A FIPY, 2011 4E 12 A 9 A AE KRR BRME R SRR #E T RBR
T GVRR AR AT B 77, v 5 A R Al 56 73 JBE A3 ol B
1.4 TREBUBF= LR ERLRE

B X SRR = B4 4 B e A BE SRR =l & e 4 ad B2 . 1965 4F 5 H il ad A 5|3k 5 =4It H.11648 &1
PR R HEAT IR, R A R R RS S R AT 4r 1956 RIGAR A TR, AR 5E
o 1956 AE oL AR AL ARBHIT ISR A, 11 57 B X SIRRREE IS S E AR T . 1960 X5 8Ch ) /R
B VTAR B RS I8 3 R 500 . 1975 I8 0 MON R LR G SURRBIE ST T o 1977 4F- S\ RRAF 55 T 2l oy
PNV BFFET, 2011 4R 2897 204N WF 58 B B 25 07 0 AR B . 1991 AR R A AE ) 45 B IX 7. Aol 4
T 8 820 PR ] ity o e W B A I I s, SR SR SRR B AT BT . 1994 4F AL T T AR A AR
BB, ATt SURBHIF SR TE, 2008 AR A& K38 (YT ) SRR R 7 IRE T R A TH
AR BB BTP, 2010 48, EIRBRIE L H AR R 7E B KBS SRR, ST X s A Rl
Wk 55 TAE. BIXBHENUE S LISk, Jela A=l H R % . BHARIE 40 250, (H

11648 FRG AR . FARMGE FURIEHE ) 46 3 WORMIF R A5 B R PRHE X, (SR R Bl E
BUM RIS 5 0 ) 45 10 RIEH R KT8 SRR , ARE R LR 20 4>, il E &b
#E 3T, AT ARE 22 3,

2 ITRRBESIR A R IGE
218 RmME—, MHAESLSX

MRMFIZR 15 (514 H.11648) B4R 60 245, O™ E REBI G, AR,
B IR A NI A K, BRSO R B AR B MR T 5 R DA TR, (AT SRAFTE R K
ER, GIRRBE D S0 2R F A kA, SR AE AN IE W KR 2 59 F A ¢, ARREL T sl 37 i
AHESE, TR T SRR L g AR RR 8 B M
22 FHEWK, HEASN

SRR . YCHISE SRR R RE AN IS8 B, 97 B S SURRARML AE 7= A 80% 254 o Bl 5 TRl Ak
A ML TN BN BER 1 8k, U5 I H k%K, 55 sl 1 AR SURIZE T, SpRAR ™ Tk HL
AR 55 1Ry 24 T 22 T o D %) ) A
23 FHIEN T ZHEHNH

GURREF AEFEIOA T P ERR . HERR . BURRSE TUF B 3hfk . 2 Re Ak ko w R BUIS 28, 2F 2 $ sk
REAR, WA o
24 SR RAEARE

SRR 5 EBEPLECIRRGE . GURRA . SURZD | SURMEE SR L AE S0, T TERAH 6.
e B = R, LR 7 s A AL R B AR SR

3 RHET FRREBSIRR AT H SR RAVEIY
3 RBIA, REMFLRETEE

—rEE SR RBGA AN . BRIXAHTHZ i E] AR BRA RS “EEN" AR, &R
O, REEPHL, IEHRREE LERR A P B E 5 A B I 45 28 4 N AR AR B MO TR v i A AR
WAE . 35 BRI B RALH, BUBSIRR & b T ARl F &, MR &3 T Al Rl 55 43
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BEALA, AEffSIRRZE HIAFE R, ISR R A E G R A 0F ;s BRI a5 .
AT AR S B A, R TR ST SRR, SRR S SRR i BT A A
B, RERMINE, IR G R EA A A AR AR, PR
AT RE ™ fh i, It S5 B E B4 S0, HESh™ah k" KR,
32 MBEFWMBEREEEHF

— e B G O AR R A [ 5 R T, A BORE SURR A BORPEAOML PR IS SCRpE L, s 81
JRAR N 9 T 8 O BRI IR s — 02 4 BORE SURRS A 22 B MR it R 045 T 28 AR b SRR BOR, FE ik ok
SRR M SOMERS A [T, AR IBCHE 22 MO B 4 S8 s — 2 dE— A0 IO IV O AR PE BT 6 504
5i 1 B DX R ol 32 7 Ml i A
3.3 MARTIRN, RFAFFUELRIHEE

LRI R 5 70 as & B AL, 515 B IXNANBHITHLA IR0 SRR A BF A . 584y
KA B IXAM AR EE (L) SURRAR B 5 R FEIR AL, SONRHUER G IT SRR B/, JHF) 20T
JEAKF SR8 . TR REE B X OURRGT U B 4 7 26, b 20 ik w8 B J5 Rl Il ) O e R T2
AREE AR, SRTHURAREC “rBrg it Jr et RURHLER | 4RI Z a4
34 mEMEAAMERIR, AFLRRRE®EE NXHE

— I BRI LA AR ANA R, SRR AR A, S EIDT 90 b RS [ L s
MEARANA, U AA SIS TEOR, R A “Heiai™ TAE, R AA LR,
ST IV B T AR BB G 3, 55 1 ol iR A AR LS AT 1 9 1 5CH

S % 30k

(1] A, P R 22 2000 e 7 2 BHE ) 72 IR R A 45 [T P HVERHE, 1997(01):15-21

(2141 #R 4 e 5 2013 45 v [ SR 7 b B 34 ot Bk J fa 3 A ol B . 2014,34(12): 111-117

B, sk AN TED) =l & B AT (M. R L RO B 43 R AR AE,2010,7

[4] BRuhifg, ZEEA. o B SR R AL S R B4 B #vis oll, 2005 (3) :19-21

ST R REMET RS, (RILRRE) 7 RANRHRH,2020

(6] Vil AR B X GURR =l & R Bk B o 30 Al TR2,2010(05):56-58

(716 B 2R 07 40 4% 3, 1 v BAERIF Y Be BVE BT e 75 22 R4 AH 2 11648 5 (H.11648) 05 | Rl 1% K H 28 B 8k 25 O 0F 9 v [ JjR
E. 1986(01)

(81 R FEE RN LA, A Hg PO MR 2 I 55 Be B FT 2T i 4 6 75 22 BRZ R 11648 55| Fial i i AR Wk Bt
R PR YIRFST. 1985(04)

O1FME . BRLH. EEFR SR SHA R E KRR M) F B R A B A, 2023.5
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50 125 SR A #E R 4 T T R B R AR SE S B AL Y

AEFH T, MR, B, EEE, BRI, ey, F2HH T
VIR A AR RS BT, BT 530007; 2 KIT R, SN 434025

T AR R R B AR AL ™ B R MR T R R R T, O R R B A T R T R A ST RN T i . A
TR P PR B FIR ST DU AR, AR SR TG A T8 M ik, XF 50 {52 R4 0] 40 T 14 2R B0 F1SR B9
il T BOBAE K F BEATIEAY 25 SRR W, H A 9 SO (3 12 SR AT RE I F 0 240 T 41 S BG4 0 R 321 08 100% 9 75 45 K07 43.7 ~
60 Z 8], MR 46 KO A U RS MEATER G VRO, BT SRR p SR DL A e e it if, - 2 i) Bk R B A
e, HAY 49 MFPRIRBUNEYR . Horb, B 1S HiEdE . SR SHICEE . AR BT 105 Uk
St BT 2 P A R A SR B o HERR Y 50 02 AR R B A0 BRI AT A A S 100% , TR R
HAE 28.89 ~52.59 ZJa], MRS AFORL S 48 B L BUR 0 BARMEETER S VA, A U R, R A B Rkt
B, 76 SEEMAZ A RIONPUR, Bt B 34 M RERBU BT, 28 S GA BT 14 AP REREL
g . e, MO AR A AR 1 St Bt SRACES . LD P A 2 e X A R PSR SRR R B R, T
TS REGE 10 5 AR 15 ISR BN o

KR PIRADRE AN PERRBER ; A PEIRAENT s DU TE

EE£WB JAKEEHES (2022GXNSFAA035438)
BIEE  BHA, W50, EEHTETT ) R S s E-mail: 65615384@qq.com
F—EE XNEH, EERBEEAE, TN AEYF; E-mail: 3102002866@qq.com
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Transcriptome profiling reveals the ubiquitination pathway response
to Banana bunchy top virus infection

Ji Lanl’z, Muhammad Zeeshan Hyder 3, Tao Chen 1, Nai-tong Yu L4

! Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou
571101, China.
? College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China.
3 Department of Biosciences, COMSATS University Islamabad, Islamabad 22060, Pakistan.
* Hainan Key Laboratory of Tropical Microbe Resources, Haikou 571101, China.

Abstract: Banana bunchy top virus (BBTV) infection causes severe bunching and dwarfing symptoms in banana plants,
however, the pathogenesis is unclear. In this study, 147 significantly differentially expressed genes (DEGs) were ob-
served by transcriptome analysis of healthy banana leaves compared with BBTV infected banana leaves, with at least 17
DEGs related to ubiquitination. Real-time quantitative PCR (RT-qPCR) of selected nine DEGs confirmed their tran-
scriptional levels displayed broad agreement to the transcriptome data. Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis showed significant annotations associated with protein ubiquitination genes in protein
processing in endoplasmic reticulum pathway and ubiquitin mediated proteolysis pathway. Transient expression of
BBTYV proteins in banana plants showed that the only BBTV DNA-N component expressing nuclear shuttle protein
(NSP) significantly up-regulated RING-H2 finger protein ATL53 (RING-H2), heat shock protein 18 (HSP18), heat shock
protein 22 (HSP22), heat shock protein 70 (HSP70), E3 ubiquitin-protein ligase SS3-like (E3s-SIS3), E3 ubiqui-
tin-protein ligase PUB23-like (E3s-PUB23), and down-regulated E3 ubiquitin-protein ligase RHA1B-like (E3s-RHA1B),
F-box protein At1g55000-like (F box) genes according to RT-qPCR, which had similar trend with the transcriptome data.
In summary, NSP of BBTV triggered the differential gene expression of the ubiquitination-related factors, and may fur-
ther inhibit the stress granule (SG) formation in banana plants. These results elucidated the pathogenic mechanism of
BBTYV infection banana plants, which provides an effective strategy to prevent and control banana bunchy top disease or
other plant viral diseases caused by nanoviruses.

Key words: banana, Banana bunchy top virus, transcriptomic sequencing, ubiquitination, E3 ubiquitin-protein ligase,
heat shock protein

ELTH: Hma ARPAEERERAATH (322RC769); A ERRHEAEMFATE (GHYF2023010 ); 2k
o> 2 PRI B T EE AR L 55 2% (1630052023003 ) .

EEEA: $5£(1999-), 2, WLHA . Ui . PEr Y SR E R, E-mail: 486917928@qq.com.
*WIRAEE , E-mail: yunaitong@163.com
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b IR B AR AR B 55 R F

Application of nuclear magnetic resonance technology
on oil palm research

ZqA !, X FrErc, 2EE s
(" EREE R R E BRI, W CE, 571339;
PR AR EY AR, S RSTH, 665000 )

AT, JGiEEARTEREW AN AT ZIRA, o, 3R (nuclear magnetic resonance, NMR)$; A 7E i A7 4H
KATIR BT S O 40 4R 75 50 o 7EA: FRES# |, 155500 NMR AR T IR 42 A b X ks 19 4 4 & & I 00 A7 )
T8 B O A T A R B B 45 R TR o S PR B ik, PR T AR G BB IR AR A IR R AR I, 18
AT DAGE 2T P AR W AR SR . AR L AR L AR T TRAR S SRR AR IR BN K R, RIS AA
7 FR A LR B E LAY AT B, NMR BT[R50 TH, BC. S PP SARICHIZE A, AR 418U AL AR B
RET R MR IR IEAT4 00 b, EE AT AR AL Hr, Xt BRI A R 25 4L 28U 3L 9% (basal stem rot, BSR ) %
95 R e AT I % T R RS BN . AR, ERTAY NMR A 32 B i b B R B R O T, R R
2 R B R ZBISEIHT, BHARAR N R . 28 BTk, NMR ST lAs 5 R0 T & R0 B B8 L, 7R k410
B TR AR M TEE T, NMR 1847 AR AAE Y A0 78 i 8 TR A o

EIRIA: VRAR; RN OBIEEAR; WA
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HiEERRARARE
PR, WEE, WAE, BNE, HHH

(A P EY BRI, B 363001 )
THE . ARG % 2 i AH A W] RE ST 18 Diaporthe citri 512 9 —FRE G S 25 2, ARG 327 XA &4, BN

RGBS AN (BRI BT D citri BYZF MR 2, 5 BRI D. citri S8 2 BTG Rl BT DUR G BUA A
F60 ST A A A it b, G L 2 A AT A i B o A SO [ N SRS R R S B AR S A L R R R | AR

FEPE . RYERR L A MU L BB 5 3k A5 D T P9 B o 9F 5 R EA T ER0A O XA AR PR B8R SR T AT 57 1)
HEATFRER, DU A A R s 1 9 4 SR AR (AR A R

REEW . MG, HBAUN, NIEEDESSE, ACERME, WEBNG

Research progress in Citrus melanose

LU Songmao, LIN Xiuxiang, LIN Ming-rui, CAI Kun-xiu, HUANG Chao-yang
(Fujian Institute of Tropic Crops, Zhangzhou 363001, China)

Abstract: The citrus melanose caused by Diaporthe citri is an important disease, which seriously affecting the market
value and quality of citrus fruits. Until now, this disease is widely distributed in the major citrus-producing areas in the
world. The host range of D. citri is unusually wide, and the all cultivated Citrus varieties are all infected by D. citri,
which the grapefruit and lemon are the most sensitive to it. This paper summarized the latest research progresses of Di-
aporthe citri including symptoms and distribution, pathogen types, biological characteristics, infection process, occur-
rence regularity, and prevention and control methods of citrus melanose at home and abroad. The future research direc-
tion of citrus melanose was also proposed, in order to provide scientific basis and reference for the prevention and con-
trol strategies of citrus melanose.

Keywords: Citrus, melanose, Diaporthe citri, occurrence regularity, disease control

& (Citrus) J2 2B — AR, WES4EER. 20, AR, S0, BEaqell MtE b
PRS2 K e 5 &, 2017 4E S ERME AR [ AL 1.73 /20, Rk 1.84 120, mifA
PR AR D FEFRIE, 2021 AEMHE A 5595.6 TTIECY, AEPERBITC00, R IER
FEEIHAE N, Ak, B AR AWK, DA S AR A . ARSI A R 5
A R SO 1Y e 2 AL 7 A PR R B 2 1, AEFR A AIAR 3272 X, Bd& )P . WImE . WAk WL
TLVH .t = F S A A, R IR RIE 100% , ™ H R M R AR e SR A UL AT S A%
M R TR I 2 TR ARG, o T A AR 72 ol Al 2 o s i ™ o A 2714

M 2 5% ( Citrus melanose ) WALFRAMAEES K5 ( melanose ). HHAEHAEH ( Citrus gummosis )
FIVRH A7 48 €4, J& 9 ( Citrus Stem-end rot ), Fi 22 #i1[8] 4272 18 Diaporthe 53 , H:H#i47% [A] )42 52 B Diaporthe
citri R A, JCMEAS R AR 25 2% Phomopsis citri 1), D. citri 27 =S, =Y A H
AR, PR A A S O, BRI R & BT D. citri 58 25 AR AP L R A 3 D 4 ) R

e B 383

HETH 8N i KRB I A BHIT L 100 (2018R1028-3)

YEZR A F% (1983-), 55, W-LBEGEA:, DF0T5m . A . 7 A8 4500 3 J5U T A 1 5 LA K B 5 R R B 5 il
fE# ( Corresponding author ): J5#4%, E-mail: songmaolu@163.com,
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D. citri F:PH 41 B E S E R R 22 S kB2 D. citri A2 Y BLE AR 53T A A 1 B i
AR L T RE A AT S o B X AR RSO e A AT ™ A LR MEAR Pk 19 fE 3, AR SOl [ P b

A 2B SRS E SR S0 A0 . RS . e bE | RYSRE | AT A LA K By 64 it 55 O T
PRI FE E AT LR IR R A S A A B A500 118 o) 458 3R e LA R AT T 1) S A T JB 2

| HEEZEARHERS S/

1.1 FE

A7 L A5 4R DR T AT S BT B B T R L A N | A PN 2R ™ i i S+ D, citri
fRYAMMES , TSR R ARER, AETEMEM R B FR SR TEIE R K28 (melanose ), 5
R G SR . RN @R (stem-end rot ) LA EMAGERAL . BT 7K ( gummosis ) BUA
Bt (blight ) FHERL.

TR . SRR, SR OB AN, AR SOREH IR Y & A
BRER R, SRR AMIARRACTEIT R, JE A 1) BB A L s AR R R X, Eledulk, 55
W50 SRR BO G R BESCI AN R o A, FEAREG B0 RN, A2 AR A0 R A SR PR A B L S A
e, Area A,

g REAR s AT IR IS, B0 2 BUOK AR M B 4 (e, TR S22 B I o a2 8l 5 s s
PR, B ARG o7 4 0 I A /AL, BT BN R S, TR (BOR ( R0IR L SR
B S R R

BAR BT AR REAR . HOAE AR R U R/NBE AL, 5 R TP s 4 (LB A B n0IR . 2k
BRI RS 2P MR 3 T R R R SR MR s AR, IR H DL citri FEMBERIS B
AR T A RO R R AT, P, AhSEA S TE Diaporthe citri j 46 1 S5 5 TR 2 A1
Mo Mehh, TERSE BRI b & 1Y 450 98901, (ARG E IR 4 2 b 7 4507 19 I8 Ul 00 i
AR,

12537

D. citri 43 7 tH S5 iR = X 1230 ARG S 1 A 38 1) 2 48 0 B 2 R AE 9 2 92 36 ( Systematic
Mycology and Microbiology Laboratory, SMML ) FI ML 5 24P F} 2= [E BR gy (the Centre for Agriculture
and Bioscience International, CABI) H#FER RN R, D. citri 32 MG R AR ILAF, IEHOAE
TR H AR P2 XA, G ds i FEEREE . HAC, s, ZE . gif . REEZE. LT, BEKET.
FH ABVEE, M, N ZKREmRE, BES . WERE . BNEHL. R EIAMZ IR,
CLPG . ZEV & . A BURRER ). Fou=2 . 4R, 3PN, . FESeres) . BHRel A
fi 5 A E R ET, Horb ) MR S SR AR TR AR A 7 XSG L WIS . WL . W TP fE A
SR BN EPE L TR PR R b A O B T A 0 3k R AR 7 L e e
i B E i 2 1O,

] )8 5E 7 Diaporthe ( JoPEZS ML % Phomopsis) A & MR ZREE, M E YRR E . TG
o v A R B O E E P . Mok HAT (2023 4 7 H ), fE Index Fungorum [ ki
( http://www.indexfungorum.org/Index.htm ) A LA ] %] Diaporthe J& ) ELI& 4 1218 4>, Phomopsis J&
B ICR 985 A [HJEFC I I AF £ LA EAR, []—Fha) A 5E I AR R 2 R0 25 A, e —Fb
P A bt Bl e e R T A A AP
2.1 mERE

A5 L A T S AR S A K 36 7 Diaporthe citril'™, D. citri 7] DL A2 A 28 19 T3 98 7 F G
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FERIM A BRI R A Pk g . FRBTIEE . MEMTIES . EIER R LA
J& Diaporthe J& H F#E 5% E M B BRI 27, D. citri B9 79570 R BB WAL B R, B2 T4
K, BRUERE, BERERRAIE, B, AR FRTH, FRRREE, NE 8 MR
B FRETEA 4 SMHEBEE, SR WREEREE, 2R, 75798 b S0 s ) HE
5|7,

SHEMATAREOY, WA THFRLAL D, BARRE, EMRAET, @A RS AN
TH, WAL R . sr AR To A, S, R, Joar . PR AR URADIR,, BRI
o BUOMER T ICREIE, o, e, SIEEMEIE, & 1-2 MR p R ER T A TREE M
W, Jot, KRB, BRKmMmFRG, REIgR, I HAB &P, SRifi, Diaporthe J& HE %
FAF 3 2 DL HERf % 5 5] Diaporthe Ff it 7k S22
22 fRIEFRE

B EHET, EMEEMY T % ER S Diaporthe FHOCHI AL . A T LA K B0 B 10 B 15 3
33 07, Horh 13 Fii Diaporthe H B Xt AH A G0 M A9 YA B L T4 20 ' Diaporthe B R H A7
A—EWEBE T, RIE R W EBBEEIER, (BT AN RN AR i 4 BOms ) AF 7 I 1825
12327491 " Hoehr | Diaporthe citris ( FoE 5 y Phomopsis citris) FOEUR J1 5, B Al DUE YL BT A 3 55 A
W, L4558 B AH A% Citrus reticulata, #H## C. sinensis, i ¥ C. grandis &%, C. maxima. #7145 C. limon I
%R C. paradisi ZFHHAG SR AORT L RSCAIREAS, 2T FE AR SRR B SRR Y T
UK A FL4E D. citriasiana. D. citrichinensis 45 B PRZEAAG AR BT dtAh LANH UL, Bow idess, B Rt
RYLFF R RSER AT Y AR, AN, EE . DEAL B . B, A
7. PEIF . £ HH . BRESE E K 4 Diaporthe foeniculina TS SR MG RIE . KA BU5 LU LR 2
SR, 285 5 Diaporthe citri 51 2 5006 FIH G IR G . tbAh, Diaporthe i 25 32 SRS B bR 1Y
R . F ARG . FRAAF Mo AR IR AL &% FE R RHITH Diaporthe FPir 4, 45
Diaporthe citri %4238 1l T 4R K ) R 2%, Diaporthe citri B #% #7444 D. medusae Nitschk( 1867 ). Phoma.
cytosporella, D. citrincola. D. californica. P. california il P. caribaea 2%, 47, HT 2 3 5
Fh AR N 5 S [R] BR IX.( rDNA internal transcribed spacer, ITS )., # 5% #Ef#i [A -7 1-a( translation elongation
factor 1-alpha, TEF1-a ). B-f#45 8 H ( beta-tubulin, TUB), Z1& H-H3 ( histone H3, HIS ) F1E5 & H
(calmodulin, CAL ) FIZHC % MAT1 JEF 459 L4585 RG R B TR 450, PR30 T {0 — 4l 1TS
J¥% 33517 Diaporthe Flifa] (Y43 T % 2 %, v Diaporthe citri fUER . bR % 5 LRI B AR T & )
ROLE B S % A S5 RT3 B PCR | SERT 266 E B PCR DA LAMP § B4 A 2502944 431
Shy EEL T) A A R s R A D AT 1) S I D DA B B A B A P T AR e, ARSI
TUBDeitri-F1 ( 5'-CCATTTGACCATCTGCAACAT-3" ) Fl TUBD-R1 ( 5-CCTTTGTTGACCCGGTTCC-3 )
HEAT PCR ¥4, W] LAl [X 4358 58 D. citri, {¥ D. citri fgd™ i 217bp &545, i HAth Diaporthe N4 &
o B B A S, K IR ik 10pg® . YR TUB W T XA RMSY
Dc-F(5'-CCCTCGAGGCATCATTAC-3")/De-R(5'-ATGTTGCAGATGGTCAAATGG-3"), %% ¥ PCR Fl
SEHT S 2 i PCR J7 35 RT-PCR ORI D. citri, 7T RAAER X 433 L1955 R 1R , 245 Diaporthe biguttulata.,
D. unshiuensis, D. arecae. D. biconispora. D. sojae. D. endophytica. D. hongkongensis. D. citriasiana.
D. citrichinesis, Diaporthe sp.. D. discoidispora. D. eres. D. subclavata. D. multigutullata 31,

M, CABRETIRERY, D. citri BERREIE S0 5 R PR 2 YA G, 15 R A A G
PEAK, JFH D. citri 2550 E 5w, 76 R D E A SR L, BRE FRAF RN FEE
BN RN a e O (92
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23 £EYERHE

CAMREREN, D. ctri WHZAK . M ERTFIIE R AT 8- w2 5 e m Ry
AL YIRS, Hoh A ALAR 2RI D. citri PR SCHACI Y, AN, D. citri BZmEK . H
KAV B =5 8 3240 TR . JERRUI K pH S5 5 3 UIM G o REME DL e b): . B AR DL AR B
SR EEIE S D. citri 24K, VS SRR FEIE (0A) N D. dtri @A KR ERF
HM DL ocitri 78 PDA BiFR3E E (25°C ., M &) KNS, WRLZA6, SUEREZER, WK
WA ESEOERINES R A6, PBIR, HeEKERE D. ctriasiana F1 D. citrichinensis (118>,
D. citri £ MEA Fl OA B3k F VK IEM R (0, F, AFENEIREZ, 5% ma i,
D. citri B 224 K Fal il Bl 26-30°C, feidi pH 451124 pH6-pHY, HOGEESCHA R TR 2Z4EK, ﬁ‘ﬁla_ﬁl%
TEIRE S T 35 CHUET 10°C LA KGRIR (pH2) BURM(pHI3 ) &0 Tk, KA, EEg0e™,

AR IR BSOS FR AR D. citri (A 1IE L. D. citri £ PDA 85372k FOCRE S 40T
K (25°C) UERL o 54108 (E SR U5 T ENEEAY B |19 Phomopsis citri ZERIRLAME FAEK, A
AT LR o A3 A AT, R ] DI B R AR AT, I AT AE S A ) iR B 119 D citri BRRA K
FHK B T BRI A 5% 8 T KSR B 32 3k F 555 D. citri, AlTERUREY B B0 7007, BB o B4)
AA U, B RR A E R 3R D. citri IR A B RN, Ah, D. citri 78 MEA . OA £
TR M G H B9 AR . Cajanus indicus ZEAT 1555 D. citri ¥ 0] P24k 0 A {0 788

D. citri ﬁfi%@?ﬁ"*ﬂi?ﬁiﬁﬂﬁﬁ?@ﬁ*wﬁi 50% 1 B 75 (A 5 AR YR IR TR 00 13 h, BOERE N
29.2°CEY . FRER L&A . WEMT 17CEE T 35°C, D. citri B4 1T ol F R 7 A feE e %5 01
{H D. citri %E%@?/ﬁ@klﬂﬁ%%ﬁ*ﬁ%ﬂﬂ%, PRAEH IR 15-25d Ji, o a] WU BEIE 128, 38, 52].
24 REHERE

R A7 B A5 05 R A T R 5 e ( gummosis ) FIAKE AL (suberization ) BRZ Y & AEAH T Horr,
TSR R EL I D. citri 43RG ( pectic enzymes ) B M I AN ML BE AU 25, ARR A2 MG Y% 32
3 R £E 4% L R B e w157 S 1T D, citri AR YA R, PR G W 2E VR 48 50 B B R AR, I
PHT R By 4945 X D. citri BA RS0 972 5 Pantoea asv90 F1 F ZE4F 4 Methylobacterium asv41,
ARk A W AMIE 2 R R 1 B B 2 DI BE Y S B - Sphingomonas spp. ),

F D. citri 2347 T R ER R A9, 36-48h J5 D. citri 2347818 & U W00 24 4 o
FrE A IRIZ , T 22 A M AR He 40 A A4 D0 B =2 ) 1) T B i 2 0 A MRS R 2 20, TR 220 R ), 4d
J&i D. citri 431 1) SR s Bt B At i 6 B AL L) T 6 2 HERE N A () A MO BE , IR FUAE AN, AR R TIRG
I HAEAZ YA T 20 R O RS PR R R U2 (B B (4 f B2 A s i et 7d JE A AR R 2 3R
B ILA 40 M2 X8R T i TG oAk, TR B, RIRHRE 28 T J fdt B 4 41 A0 T AR K S SUA R o I ik
S0 )2 DIBETOBCR Y, A8 R (T AR08, T USRI AR —RERURE AR B> >4 LA B i/ NRDIR A
o B s, ik, D. citri %%Eﬁfﬂiﬂﬁﬂ“@[‘“ﬁ%ﬁﬁﬁﬁkﬂfﬁﬁﬁ*ﬁﬁ%*&ﬁi%ﬂ@ﬁiﬁﬁo

1 D. citri 5 RS 86 B R AR Je R, DL citri (R R A R IR , T HUE YR
LHEFEMZW, FRE D.citri ZER EWREERE, HARIER . (AR RAH @, D. citri
TERR SR P o i) SRS ( pectic enzymes ), & 1§ ( proteases ). MEHZHF (amidase ). A5 ( eytase ).
HALW (invertase ). 72 ZFMiRE ( maltase ) FIFLALF] (emulsin) 5, {2#F D. citr ZER L NG KAz
Yell>36:37) - L BLAL IRk . R SR BRI 45 SR R, MRS 26 5 LA A B B L A . SR B
iKU&Z’EMHiE% D. citr PYBEIR, TAH AR 2 5z 10 v i A B s 1 3 1 SR T 23 il o) 3R B2 A SR PRI 31—
ARSI 201 BRI, D. citri 835 22 Rh AR B 00 A LAY 2> T IR ML A28, JF H D. citri %
T R mﬂ“?ﬁﬂ’]ﬁﬁﬂﬁ?ﬁﬁ&/'\o
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3 HBWERAEEMBEURRGIGHETE
3.1 REME

D. citri #9%F F75 BEUVR TG B ALY, L4 6 2% Citrusreticulata, 4% Citrus sinensis. il 1
Citrus grandis 5 Citrus maxima, 54 Citrus limon Fl13 %34l Citrus paradisi M5 & 27, Hod et fi
A 2 AT A A AT PR SO0 1Y S R S o MG R SR I R AR AT 5 D citri (R YLIRECR L SRR MRS
Fofr o AR L2 R SR B o i A T i 2 s ) R e 2800

MGG FERL 5542 D. citri BA MBI R LT, BRARKDIPE D. citri Y MHHGEEARS LIS 7~ 4
SRR TS, R TR R E R R E G R AT A 5 32 D. citri B9 RISy,
I 77 A TR T R VA 0, 2 T DA S R Y LR Y IR DY) RBER 4 EIE AL D. citri 94>

T T5Z D. citri fr Y MIAS SR 5%, I HAAG BB S A A2 ™ B A PEAL 45, o AR 4B L e i
FIMPY N TR AT, %2 D. citri 425 B RG AR FEAL 258 23 A 7S i i) fe DA 7 2 45-60d
(611 b 425 B s 5 i B A AE AR S BE 7 94%-100% L) B2 28°C 4544 F . LA K EL A2 K 3-5mm AR FE R
it A FIF D. citri M E Ao =R RS O Fge R, SRER D. citri /BT R AU 5T
20°C HY KRB AR OE, -5 M A R T R AR SO R, AR AR 9 B AR A R T D. citri 204
e AL ERITETR R AR, TR TE BOAT A B A R 4% B T AT A B A R AR B A T A 4%
RIEIATAT o LE A 725100 DRI, oAl R 02 A R S B A T 7 A0 e SR A T, 36 A 2 S
LZITE R e B0 T T A TPl R U BRI, A S S EE DL citri (RYL A IR 4 I T
i B9TH A S A B 1 TC R S R LES 0 S 1 il

D. citri B9/ £ F MR F I EIEEREAR . A EEE S WK IRE SHAER . Bl
MRSz, AR R e, BA M EE T oo=ER a0, i r4e i 7 i [ 5 i s 1
TR, IR R Y B, A LR I B A (s )

D. citri B9 £ T R UMR Y 2 £ 5 ARG B . R DL S R VI OC . AR A L R
PIKAE G 12 JRI N 4l SR AL F 55 B i, Bt 58 @ R IT e 8B e fa 12 JAILL i 4h 22 X} D. citri 1)
Pzt g . R A WA A E A S B Ry, (05 B 0 i R BH 8 55 I ) R IR
B, BNMFRGEREN, £ 25CHRMAET, D. citri 4047 iR B G5 10-12h WTEIE &4, 1
TE 15°C A PFR 2 18-24h IR A FPY . A THERP A AR IS LRI, 7F 24°C o 28°C AT, TR
Fr 24h DLb, MRS BRSO A A, A A BRI E N 4-7dP7, IR TR T 24-28°C,
T B0 K B R A A e R g, WA K RSN, SR REAT 22°C, A
JEV AR R A 8Oh I, R AR B A0 0 0K I BB O A, A S S A K S 4 7R 20°C
T ST 0 A T 5 AR S SSRGS, BB kA e PO R, A

FEAS R A Rl X, Pl P00 S A A B AR S P 25 57, R0 ™ EE AR B i e I A A 2 5
B S AHAE  E  DIAHOG, MAREYIR BRI A E, SEMERUIMEX, RIFIEERER 6
Wi, fEEE, 5 AR 8 H MBI R RA S 23 D. citri 4N, fE Eil, 6 A FAIE 8 A
ARG R AR R L ], o 6 A ) 7 H rfoR) i B ) S M AR R s A A i s e
Sl eI RS P2 X RN AN 4 A 2= 9 A XAt D. citri R4, fEIdEH MRS IX, WA
BIRTE 4-6 A 9-11 A RIREE, NAE) AR B 500 2 e il 7% & AR, 5o 55 UG R i 2R
bl g T 2OL L A, AR A (0 T 6 1 — e 7 X 5 A A, 7B T DA 5 0 e i %),
3.2 BhigtaiE
3.2.1 b2 BiiE



118

P RIAT AN A R EE 22 0 R TR AT 9K A2 By v A AR R o 1 S 07 o A TR R AR B T S DR A
P2 TR 79 ] PN A b A S 8 24 JEL A 1) T3 3 A 4 1 RS OO0 B 30— S AR A AR HAE 172 JR B
St AR, (EE 500 ) OB VR T BE R I 7 B8R S i AR R R R B8 T K ol T 25 B e 2k, e 2
WG AR R, AR LR AR, R HAE TS (KT 35°C) FHEEHAHIR, &5 L2 Em
YRR T, B RE A 100pug/mL A REERT 200 png/mL LAY (Zdh ) ME S WEHR
BRI, R EREET . eAh, AE b AR S R T A SR A AR A A O R (4 52T
OB K T i il (1.34 /L) 7)) U TR T [ (AR D Mz 7 B8 S ZR A A b T gtk 2515 081,
PR SR EN RN WES B RPTEMIAAE S e m 8, CAHE 0.1 vo/F+ 1% ik B fe
kresoxim-methyl F1 2 5a/Ft A5 g K IL R Y (elastic nanocopolymer film ) 5 1 o/ a9 2% 4 BF
HTRA BTG ECR, 5 2.66 55/ AR AR A I SRR R, 594k, b i e — R FIAC 24 4 &2 I
R — R ORI R R 68.75 % IR G AR IK A BIORE A S 97% A %20 Wil (vEELE IR /R A A IRE T,
XA A AR S I B A3GR 73% L, BRI BTG RUCR K 84.27%, [RIE KR By /b 14k 27 4k 24 iy i
FIEUH, BeAh, VRN 0.25-0.5%E il (LR81) B 0.05% 1A & AL MR =Rk Se (GE A+ ) n]
DA 15 A 2R i e A A7 2L A B B R

HAWRITHE H A LN TR RS strobilurin X AH A% B & HA BT BB AL, (HIR 27 5 7= A di 2
P, 1 AR NZR 1 2 O e Y SR R R TR A & B PR B 210 ) 71 (quinone outside inhibitor,
QoD AT HI, TR (1% D. citri A xt HAUR ) BEEENS kresoxim-methyl F15 &g trifloxystrobin 7£ 0.1
ng/ml FXF D. citri 384 70785 & B30 R 53k 100%7, 61257 5 v (14 18 B 5 (azoxystrobin) . MM ik B
fi (pyraclostrobin) 7 3¢ [E & 810 H F B G A A% A0 28 500 . 2B BERG . BB A B RO FAE BEs , (H & S BRIA
7SR P TR B TR TG, A IR P P 25 500 D7 38 B R S T it Ah, mEMRBE TS pyraclostrobin AHAL
T A E M5 copper hydroxide FILWMA FE i famoxadone H A 3 ORI FNAIT AR, Wi s f5
ROl 2 28 Al - - T ARSI 2] 400-500% 6, X DL citri ARA RS Ak, BURDIR A K A AL AR A )

it 77 SG6 Zinkicide formulations, ELABCRGEH), XAk SR A BIRL, Are by et
ITAESR, W B T — S8 TR BC 25 5, X AH A7 22 5 0 B IR A B IE SR . Kocide®3000 (& E Ak

#i ) Fl Nativo ( M tebuconazole+/i5 [ fig Trifloxystrobin ) JRHEC 255X D. citri & 224 K )3 5UCR
HA 8 U790, bk A 0 1) 5 S I R BRI | SRR B LR TR . E TR L e AR B I R S5 2 TR
BE 0435 77%0A BB BeAh, BN A HURE . IR AR e T RO M . AR R 7 5
TR A XA SR R B 25 B B R, KR BR AN D citri IR BN AR i N,
AR R benomyl 1] LIIIHI =96, WAMZYLIR, (HE RS 2 S I B 6 R0R 2215,
3.2.2 A YIBIA

SR B TR e AR 0 7 R AR, AR AR 24 0 2o B 25 5 i B T e R
B2 R O iy i P EE 7 i N W N R R AR o A et ] R IE L L b ST M = e D RN O R = Y AW S S E
BB P AT R AR A A A N D R S SR AR B R

O 8 5 B0 7 R Burkholderia gladioli TRH423-3 fil. MRL408-3 Fbk . %5 {5 Ep i
I Pseudomonas pudia THI609-3 F12¢ ¢ R ¥ i i Pseudomonas fluorescens TRH415-2 X D. citri B4 Ht
B PEPY ) CERE AR P putida THI609-3 FALFERIAE M H-, WE R D. citri 43 A= 70 T8 & K,
FED. citri ZEEHAFH, HEFLW D. citri SR AR YEY . KR ZEFT B Bacillus subtilis KB-401
AL D. citri -4 175 &), AT Thiobacillus species =4 (4= M1 bio-sulfur b BRAAE - H
Joi, B ARG SR i & e R BB DT R 2 AT 1 Bacillus velezensis CE 100 B k™ £E (1) — S8 3% 4
PEYI S D. citri A, I H CE 100 RARIE TR R ™ A 1) Z i 41 M BE A Ak g AN QI % DL citri
(Y BRT 22 IR 40 A 0T & i K BT SE Ry ZEALAF B Bacillus amyloliquefaciens Y1 T k5 3% B84 D.
citri A9 KAMHIRCR B3, MREZAEE, B TRELZAERD, fEHmscsd, s, wiiE
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B 2~3 om. WHE 2/3 . 4RSSt A 5 2EFLFF B Bacillus subtilis M-23 B AR, XA
B B9 (9 B JA R A 74.02%7 0 e Ah X R4y B8 % 5 (AL R B Trichoderma asperellum il
Trichoder ma asperelloides 4= b5 TR # i 70 WA Bl , AN EA BEMATEAS R VET, @ BA I ER K D.
citri ZEAHAE ARG AL I A S A S REPY,
3.2.3 R Bk X FEFHEY B

TSR AR A SR e AR R B, A PR, ORI E A, PRI R Bt ML B A,
A RUIE 5 BB 37 3 0 H Al T A A A SR A PO 0N IR, S R R A B e L
G, 16 Oxycom, Serenade, ReZist, Aliette. Nutriphite, Actigard 1 Benlate %, 7] #2/5
MG IS0 7, LA S BRE v A A7 2L 55 (R By P SR 2

4 RE

MEENEZNETAEY, el Fpstk erp A EEAER, (DA AE 2B 500 7™ 5 29 4 A
P fBE &, D.citri BUZF 572, HETHBL= X D. citri 5820 Be ARG S Rh . R4 (2015) #@r7
MR b B9 DR DT LR SR AU PEAN 7 i, AR IS HO Rl R S TR AR B HUG B R RCRIR Bt T RS R
i, 5% D. citri {Z YL MECHE I THURI TSR 32 ARk, 0 20 HEATG il o 114 226 IR £ 580808 12 S bl
522701 9f H D, citri Bk NFHF-8-4 5:P8 43 & i 5 FvE R, SH#F5E D. citri SHHGRYI2>
T HAENLHI LA S# BT D. citri (Z YR SoRPLEI L REZ -5, Bk, T D. citri S5HEEA/ERN
BTN, DL A I8 AR B0 58 R 45 5 AT A R AESE .

BEAR, A2 PR AT 2 i B 4 A PSR P B T B, (R B M b AR 5 5 38U S8R
IR, LA BT 24 1 1 14 5 () BT PR A Al i vl R & i, s it B S SLAME 1 A Y B iR
PR 1 i S AN PRI, D RO B i s (A B W W42 0 5 0 R A D T, 24 I M AR SR U B fs He R
RIS 2 —
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W 2 Mangiferaindica LJg 3k [F# 4 B K R, JEAF R 240 B0 35 & A2 H . 2020 4FE-2021 4R X074 1 (B IX
B SR AT A B, R R T PR IR S S A M BB TR S A, — R 30%~60%, 7 HE AT ik 90%
DL b o ABEGE e e Mzt IXOR [Rl P RIRSE R AL 2L by B A5 3] 36 HRANE . RIEIEA | EF/ERFRME . 16S tDNA J¥414)
B, Horb 15 BRAn R % MG R 5 T R B 25 A ( Xanthomonas citri pv. mangiferaeindicae), %4k 21 #R40H 4 &
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P2 , B H 435 % 2 S Pantoea vagans, P. anthophila. P. dispersa Fil P. cypripedii, 1 && 9 [E 7 X i i B P. anthophila,
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9 555 34 Iy AR AN R I T, 28 5 A EARSE 14 3R s X PR R th Bt DL B KT B AL f 2R
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Identification and sensitivity detection to bactericides of the
pathogens of major diseases in Guangxi, and screening of
mango resistant materials

CHEN Xiaolin, SUN Qiuling, Huang Suiping, TANG Lihua, GUO Tangxun, LI Qili*

(Institute of Plant Protection, Guangxi Academy of Agricultural Sciences, Key Laborato-
ry of Green Prevention and Control on Fruits and Vegetables in South China Ministry of Agriculture and Rural Affairs,
Guangxi Key Laboratory of Biology for Crop Diseases and Insect Pests, Nanning 530007, China)

Abstract: Mangifera indica L. is one of the most famous fruits in China. Bacterial disease has been occurring seriously in
recent years. A bacterial necrotic disease mixed with bacterial black spot disease on mango were observed, with incidence rate
30%-60%, even up to 90%, in our investigation of mango disease in Baise, Guangxi during 2020 to 2021. Thirty-six bacterial
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isolates were obtained from the mango necrotic tissues of the region successively in this study. Fifteen bacterial isolates were
classified as Xanthomonas citri pv. mangiferaeindicae, and tweenty-one another bacterial isolates were identified as Pantoea
spp. based on the morphology, physio-biochemical characteristics, 16s rDNA sequeces analysis. Furtherly, the 21 bacterial
isolates were identified as four species: P. vagans, P. anthophila, P. dispersa and P. cypripedii based on the fu-
SA-gyrB-leuS-pyr G-rlpB-rpoB concatenated sequence phylogenetic tree analysis and pathogenicity test. This is the first report
of necrotic disease caused by P. anthophila, P. dispersa and P. cypripedii in mango in China. The sensitivity of X. citri pv.
mangiferaeindicae and four causal agent (pantoea spp.) to 12 bactericides was tested. The result revealed that the sensitivity of
five pathogenic bacteria of mango to 12 bactericides was significantly different. Among them, all tested bacterial strains exhi-
bited the most sensitive to albendazole and tetramycin, followed by benziothiazolinone, ethylicin, zhongshengmycin and xin-
junan acetate, while were the least sensitive to copper bactericides and zinc thiazole in vitro. The resistance level of 50 mango
germplasms to both the bacterial black spot and necrotic diseases was evaluated by infiltration with sterile needleless syringes
in this study. The results showed that among 50 mango germplasms, Myanmar Qiu Mango showed moderate resistance to
bacterial black spot, while 49 other germplasms and varieties such as Hai Bao Mango and Long Mango showed susceptibility.
No.76 and Bai Xiang Ya showed resistance to bacterial necrosis, 34 germplasm and varieties such as Mango No. 43 and Mango
No. 9 showed moderate resistance, and 14 varieties such as Mango No. 28 and Jin Bai Hua Mango showed susceptibility.
Myanmar Qiu Mango was the only one with moderate resistance to both diseases. The results would lay the foundation for
studying the occurrence and prevalence of the major diseases of mango in Guangxi, and provide a theoretical basis for
agro-chemicals control of mango bacterial diseases.

Key words: mango bacterial black spot; mango bacterial necrosis; pathogen identification; sensitivity to bactericides; resis-
tance evaluation

T Mangiferaindica L& 3 44 (G SR, T2 BRI T B RE | v 60 R 25 ] 5 PR R 0 i [ ¢ 121
2020 4F)PUERMAEE AL 11.2 J7 hm?, P2 EE 95 77 t, MR EH— KSR X B A2 s
ML, CRAE MR E LA L, R E AR, EE R B AR, R4
PSR A R S

EL 0 5 RS o SR A0 B 5 5 e S B, A 5 A o SR AN B T BB ( SRR T SR A0 B A B )
A A7 P T 1 SR B A8 Flr Xanthomonas citri pv. mangiferaeindicae™® | 7| £ 5 20 B 15 3 YR B S
)T M Pseudomonas syringae pv. syringael” . 5| 5 i BEs (4 A4 ¥ I X, arborico-
lart™ | 5 | R 40 T TR 1 a1 5 2B P T Sphingomonas sanguini s’ ORI 5 | 1 SR 41 SR ST
S5 192 T4 JB 41 T Pantoea ananatis ', P. agglomeranst? #il P. vangs!' ¥4 #h2k

2020 4F-2021 AEXFTPE PR F oA A AR R . HBHE | A5 VDR R AN ] S el 0 3 A T
o, RIS R A — MR AN PR SR B IR A, B RIR G kA, — R R R 30%~60%,
JEERT AR 90%LA 1o Shit, ASHIEGEX H R A M F AR S TR IR B B Al b 2 SR R G L B
BT RVESCRT DU 2, 00 52 9 D S ) 3K TR 790 1) 240 ) et A Bkt 5.0 47y 14 SR o 8 U5 T I I 1)
PEATPEMY, B AERA AR PG AN B I e R B e 2A R O SR B A ) B AR AR BT R, IR A
A 5% HL A B R B 9 AR B AR B

1 MRS F*®
1.1 ##4

R E R . 2020 45-2021 AEFESPE PR B A ORI FME X ( AR . HARE . HFH
ERATITIX ) SRAEATR] St Rt SR R4 B 15 35 AR

PEIR s SRR R . PC SRR IR S0 4y, )P B E AR e P SR T B R R A,
Pt B R e R SR T A

LB 5. BEREEIUY 5 g, MR 10 g, NaCl 10 g, #4liZk 1000 mL, pH=7, [E{A&&: 3500
BiERY 15 g/Ls

HERZG7] . 46% A AALHTK P HORIR , 22 EALIRA T 3%WEEFRFLA , VLI LA 25 ety
HIRAF; 4%EREZRAKN, BEIGEZ TS AYRHA A 50% E4 T Bk, TR a0 T
WHEBRNF]; 30%IE A AL ER M B PER ], BT FF AR AL TABRAE; 1.2% BB TR+
KA, IR BEIRERET L2 A BR AR5 3% P AR TR, AL AR A FRA F] 50% TR
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SERBRTEB R, R AR R A RATR; 0.3%MWERAKN, LT MEVEY TR G A R
oHl; 80% LR R AL, TRER A ALY FHCA PR A A 20% N A E R, 51 E STAE Y ER A R
INHEL; 20%MEMEREETER], WIVIHTAR AL TR A IR A A .
1.2 A%
1.2.1 R R 143 B S5 ik

VRO Fr 8 R SR, YIBUR S B2 (5 mm x 5 mm ), 75%ZBERH 10s, 2% AMRNIR
M1 min, KEKMPE 3R, B TR, AR AR | mL KEK, #4758 000, I 100 pL
LW E 534 900 uL KE 7K 1.5 mL B850 83T RAVER EERG B IS , I 10-3 ~ 10-64 D HHE £ 100 pL
WA T LB AT I, 28 CEIREFAM IS, B AR HEIE SRR 1| tRiElT
RAF S
1.2.2 WARI 70T LE W20 S 5E

W B ARAE LB WRAARSE SR 3L R 5% 24 h, SRATAN B IE A 41 DNA 2 HGAR & (6 RARA (LR
A RS ] DFEHUE AR B DNA L AT 16S tDNA (13 H 514 27F( 5°-GAGTTTGATCCTGGCTCAG-3")
1 1492R( 5°-CGGCTACCTTGTTACGACTT-3" )X} 36 MR bk F: P 4 DNA #£47 PCR #4401, 20 uL
PCR W& % : 2x PCR buffer ( plus Mg*") 10 uL. dNTPs (2.5 mmol/L ) 0.5 uL. DNA ¥4z 1 pL. I
W54 (10 umol/L ) 1 uL, Fi##514 (10 umol/L ) 1 uL. Taq i (5 U/uL ) 0.1 pL, ddH,0 6.4 uL. PCR
FR A6 AR 94 CHUEYE 3 ming 94°C7EME 45 s, 57°CiB Kk 45s, 72°CHEMH | min, 3L 35 PEFR; 72°C4E
5 min. Z B Z00 8P FIALTELEM A T EF-G & [H (fusA). DNA el (gyrB). o2t (RNA
AR (leuS), CTP A MBI (pyrG), BREMHIERE (rlpB) F1 RNA A B W HEILR (rpoB)
P 365 15 B L B KR R e RN L 111, PCR §7 38 7= 1.2% B Mg R I 46 00 45485 )
FEEA T A TR (1) B A RAET . W7 25 88228 NCBI 226 sl A7 R IR L X, i
Mega X (IR BSRIE R G L TR, B 3 S 240 1 DA PR 1 4 2 Ao

®1 ATVHzEMSIMBEERET

Table 1 The primers and sequences for amplification of Pantoea spp.

HEA 31(57-3) 1B K/ C FrBERJE /op
Gene Primer (5°-3) Annealing temper- Fragment length
ature

leus CAGACCGTGCTGGCCAACGARCARGT 60/50 642
CGGCGCGCCCCARTARCGCT

fusA CATCGGTATCAGTGCKCACATCGA 60/50 633
CAGCATCGCCTGAACRCCTTTGTT

gyrB GCGTAAGCGCCCGGGTATGTA 60/50 417
CCGTCGACGTCCGCATCGGTCAT

pyrG GGGGTCGTATCCTCTCTGGGTAAAGG 60/50 306
GGAACGGCAGGGATTCGATATCNCCKA

rpiB CAGTTGTTGAACGTCTTGAGTACGATCC 60/50 333
CACCACCACCATGYGGGTGRTC

rpoB GGCGAAATGGCWGAGAACCA 50 501
GAGTCTTCGAAGTTGTAACC

1.3.3 & SAMA RS E

W B AR RN T LB AR SRIE [, 28°CHig% 2.d, MEWHEIEAS . K/, B . Rl A%
A BYEGRE; MU TR S Y, WA S (AR 408 F ) (BB
AT A FRA AR PRI E - 3% Rk . ALl R AL SR E PR . AR R B . VERI K . WIRCUR
. AL E AR DA SR (RERE . D-2RE . b . o-BILEE . PR ER R ) RIS
1.2.4 TR B 3500 PR

B A IERCRIEE R 1 BRI T BORIENE o B A BRERN T LB MR R 57 4 28°C 538, Wtk
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B, JOR K BB I ODgoo=0.10 BEHL T SO FOBAY BB R, GRS 2 Sk it - ik
PO ), R KO I REA IR B DR VR R 0 15 1T, 28°C fRIB KT % 48 ho FEAh 25 41 1a 1 BE Bt
BRAE A BHPEXT R, TR KR A 2s X B . RS S R R R 0 o R AR IR (8 v %« 6 S0 1 R SR stk
AT BRI RP I E B RREOWRTE . R STRERN AT 75% BB TR 10's, 2% KSR 1 min, JCHE/KIHYE 3
W, BT, ARG RATCE SR ET X 4 AN B AT, B S 8 A5 T, IR R A R
BRI A T 0, 28°C PRI HE R 48 ho XFHEFN A (25 LA LA T SR TR P-4 i L dlifb 558,
ST R A EC I B AIE . 2 % HER P R 9 i 0B AT AL B

1.2.5 5 J5E B G AS Ti) 2% B 7] %) et )

FHBUEY BoE AT RIS, ms A ekl ¥ LB 5353 3535 24~48 h (9 At B ik 1 TS T K Bk
Jid, TS G S A 1x10° CFU/ML WY B, S8 HIE 50 °C 19 LB FFR 2408 1. 20 KB IR 21 )5 1
E A LB Br g, 8 mm FTFLARTE A 15 77 38 vh Je 4T L o B A R Ot X 7% 11 790 4 F iy i o g AR 11
AR B P B R ARG ) BRI 1~ 2 AR ECE AR 3 ~ 5 SRR, FHA A W E 100 uL
AN BE AR AT & 0 LB 8532 LN, BRI E 3 ESE, LI 100 uL JCIE7K R 28 FIXT IR,
BB IR IILE T 28°C (T EEE FRAA P 15 35 24~48 h, JH 728 Ok 4% Ab B AG I P8l B4, s
R A= (b BEZH 10 B P B — X PR R P AR ) A PR ER P AR 100% ), BdE R DPS
BHRAE R G RE, DORERIMRE X BUE A A28 x, DR ARERE S R & y, 75257
FORE ST I 5 . AHDE BB o, 2450 X0 B B 1 ik B BCsol'® 1),

1.2.6 AN [A) 25 A 5 0 R 6 I B A B 1k ¢

KR R R T LB 859538 |, 28°C 1535 24~48 h, JHICTAE /K sk J5 e B Al 1x10° CFU/mL 1Y B
W o B ShFRBENLAEAR S5 DA BOR /N TR, f B TCHR BE IR SR it Jr, (i FH e Bt Sk i JC B iR S 2% (AL
O EHAK/NG 2 mm) #EA7HF, MO ERSHE D AR KNEAR -, KBEMEMYIEN, 4
BRI R S R, BRI R R 2 AN, B ER 3R, R REKIE XTI, R B E
48 ho TEHEFNEINEE 3 RIFLAULEEH B Y i o0 AR BEY % . RmiE ke )a, 538 kil &
PRBE RS, BTSSR, B S PARAERY 0 2, BRI E AR X=0 mm; 1 %, X<2.0 mm;
3 %%, 20<X<4.0mm; 5 ¢, 4.0<X<6.0mm; 7 Z%, 6.0<X<8.0mm; 9 %, X>8.0mm, PISHHE
HARE R b e, THERITEFEEC (D), TSR A =01E, DI=[ X(Nix i)/ (N x9)] x100,
KX DIIETEFR A N8 R BEE; iR IEZONE ; N—I A e B .

iR PR AR IE . DI=0, i (1); 0<DI<I5, & (HR); 15<DI<30, #i (R); 30<DI<45,
HiH (MR ); J&(S), 45<DI<60; /& (HS), DI>60",

LUK ] DPS BAFHE T 77 22071, SR DL CRMMERIER ) S FER,

2 BERESH
21 REREESFRERSS

2020 42-2021 AFEHEPEE LM, JAEGHEARE . HEE . ALK A MRS AR R E G R -
R — BT A0 TR M SR B IR BEG o I B T AR K BRI L R R TR B2 A TR BN
LR 0 BAB G BE, JH IR TR (B 1 a~e); RSCBURWIM EEXRINE A/ S, FY R
R TR R ) AR (B BXE, ™ S S B 15 0 R AT TR s (T 1 £~ )o S5 DA [) S el SR 95 3 A
A28y, L LRMETHEE  WHES AR5, B S B R BV T A AR R PE R AR | BRIETTORAE
HAR15 36 bR (£ 2, Bl 1k~o0),
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a~j: TR R AR SR I RIAEAR 5 k~o: 44K S B9 0 B T PR TR VR T 25
a-j: The field symptoms on mango leaf and fruit; k-o: The colony morphology of the isolates post-purification

B SR RSN E) EE ) AE PR N 43 B R B R R

Fig. 1 Field symptoms of mango bacterial necrotic disease and colony morphology

22 BN FEMFLETE

FIFH AN F 514 27F/1492R XF 4K 16S tDNA JFFIHEATH 34 . E, 4435780557 NCBI
$E4T BLASTn [RIEPE LR, % 36 LR B 165 DNA FEAISIETT 25 % T 4007, 4IR30, 36 ik
W, 15 ANTEARIY 16S tDNA 351525 S5 20 B 4 DA B0 B 110 R 2 7 20 [R) e e i, 36 99.5% DA 1, 5
PR TR TR AN R A SR AE— A K433, 5340 21 ASTRPERY 16S rDNA J¥51 57 4)& Pantoea 48 1 J3 41 [7] 5
PEE R, ik 99%LL L, S REBEBARFRES —AKaZ (K 2), #f—LrkE. MFZEE 21 N E
BRI 6 3L B (fusA. gyrB. leuS, pyrG. rlpB il rpoB ), Jf-#47 BLASTn [ 4% L X . FI il MEGA-X
AT ORISR (maximum likelihood, ML) ## 6 DMEER BB TR RGE K EM (K 3), 458K
W, L) Tatumellaterrea HAMEE, 21 DR FIRAE 4 SARFRMS 2, #%ExE N 4 4-F: P.vagans, P.
anthophila, P. dispersa fl P. cypripedii. H:H', 8 /NE#E M P.vagans, ikt 38%, J&fL#F . kA
ORISR SRR, W) — R AR TR BB AN [l P a7 B s 5 40 T B TR 5 & ZE M i (3 2),
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G10-2

G2-1

Panroea anthophila LMG 2558 (NR. 116113.1:18-1359)
Gl-1

G3-1

Gb-1

Pantoea delevi LMG 24200 (NR. 116114.1:11-1352)
Pantoea ananatis (AB004758.1:73-1414)

Peomtoea ananaris JCM 6986 (LC462185.1:78-1419)
\Partoea vagars LMG 24199 (CPO38E33.1:491133-492474)
Gl2-1

Y12-2

¥i-1

G7-1

Y10-1

Pantoea agelomerans FDAARGOS 1447 (CPO77366.1:1495829-1497170)
Y2-1

Yi-1

Y1-2

Partoea septica LMG 5345 (MT776723.1:27-1363)
G10-1

G10-3

Y11-1

Gll-1

62

G2-2

Pantoea cypripedii DSM 3873 (NE. 041973.1:87-1428)
Pantoea cypripedii LMG 2657 (NR 118394.1:80-1421)
Yi1-2

Pantoea dispersa LMG 2603 (NR 116755.1:2-1343)
Gl13-1

Pantoea dispersa DEM 30073 (ABS07780.1:78-1419)
Gl3-14

[Xanthomonas oryzae pv. oryzae ICMP3 125(CP031697.1:4610642-4611986)

32

Xemthomonas arboricola pv. juglandis NCFPB 41 1(NR. 113167.1:82-1426)

Xanthomonas citet pv. glveines CFBP 2526 (CPO72263.1:4707873-4709217)

GFY1-1
¥13-1
JHY1-1
GFGI-1
YWZT1-1
TYYZ1-1

Al

Xemthemonas citri pv. mangiferaeindicae GEZ09 (CPOE4891 1:469121 7-4689873)
¥3-2
Y10-2

TNGL-1

YWG1-1

Xemthomonas citei pv. mangiferaeindicae GXGOT (CPOT3209.1:c5058931-5057587T)
TNY1-1

XNanthomonas citri pv. mangiferacindicae (EF989732 1:82-1426)

TYGS1-1

Yi2-1

THG1-3

Xanrhomonas citvi pv. vignicela CFBP7112 (CP022267.1:44453307-4446651)

YWY1-1

2 JET 16S rDNA 51 AT R LR A I 36 40 18 7> B MR I R TR B Y
Fig. 2 Phylogenetic tree of 36 bacterial isolates based on 16s rDNA by maximum likelihood
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Gl2-1 P. vagans

P.vagans LMG241997
Y2-1
- Y1-1
. Y1-2
P. eucalvpti LMG241977
100 100 P. agglomerans LMGI12867
P. deleyi LMG242007
Glo-2
100 P. anthophila LMG25887
~Gl-1 P. anthophila
95 206 G2-1
LGS-I
991Gi6- 1
100 P. allii LMG242487
P. ananatis LMG2665T
99 [P. stewartii. subsp. indofogenes LMG26327
WO0%p_stewartii. subsp. stewartii LMG2715"
P. septica LMG53457
58 . calida LMG253837

Oy

00— gaviniae LMG253827
99;G13-1
THIGI3-1A
1001 y11-2
P. dispersa LMG2603"
—P. cypripedii LMG2657"

P. dispersa

931G 10-1
_‘—Yll-l

P. cypripedii

99 G2-2

—
0.02

Tatumella terrea CIP1056007

B 3 #F fusA-gyrB-leuS-pyrG-ripB-rpoB & EkE B 3 R KR B K Pantoea JB 21 MNEMRMN AKX EH
Fig. 3 The fusA-gyrB-leuS-pyrG-rIpB-rpoB concatenated phylogenetic tree inferred by maximum likelihood using the 21

Pantoea strains
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Table 2 Information of bacterial strains isolated from Mango bacterial disease samples

FRabS WS 7 REEME o KU ER YIS
RAEH A : sl . .
Sample  Isolates Collection Location Collection Varieties Source Isolation Fre- Species
No. No. Date ! quency
1 G2-1  JHEHGHEEMEEE SR 2020-06 S4B R 63/82 P. anthophila
G2-2 U EEMAEMERARI R 202006 Hogy g b 19/82 P. cypripedi
2 Y2l HEEEARSMERA A 202006 fe1 s W 48/48 P. vagans
3 PP A AR e AL 2020-06 LA 15/15 P. anthophila
G6-1 , By
X
4 G5-1 7T T (0, PE L R e 2020-06 Eir B 17/28 P. anthophila
YWGI-1 )7 6 B L 5 el 2020-06 ¥ S 11/28 X. citri pva_mangifereain-
icae
5 Y13-1 PR E ORI R 2020-06 4ot - H 134/134 X. citri pvairrcgggifereain-
6 Y5-1 7V £ PR R 2020-06 Ex A 8/16 P. vagans
7 Gl-1 TV (0, BH LA Y 2020-06 &L 12 Rz 52/52 P. anthophila
8 Y12 PR GHBEEME  2020:06  fofe 1B IHA 8/92 P. vagans
Y1-1 7V B L 2020-06 g1 pHA 84/92 P. vagans
9 V32 T 6 T B LR A 2020-06 e p i 13/16 X. citri pvdirrcggglfereal n-
10 G10-1 JViE G MHE SRR A 2020-06 g e 32/55 P. cypripedii
G10-2 [P E @ EHE R A 2020-06 . 18/55 P. anthophila
G103 PG HME RGN 202006 grgE R 5/55 P. cypripedii
11 G7-1 [P EGOHEE TR A 2020-06 LB RaL 18/29 P. vagans
120yl P EEEEEE R 202006 s BRR 8/41 P. vagans
e 2020-06 e MR 33/41 X. citri pv. mangifereain-
Y10-2 PG A I T XU A e dicae
13 V12-1 PP AT K R LT X 2020-06 Lol A 45/50 X. citri pvdirrclggglfereal n-
YI12-2 JHEEOLATLEEORIEX 2020-06 L1 B M 5/50 P. vagans
14 G12-1 TP EOATREORLX 2020-06 & 15 Rz 128/128 P. vagans
B Grel pmmemmAEREiy 202000 g R ST Xdtipy mangifereain:
16 GFY1-1 J P 6 1 BB o R < A 2020-06 P HH 69/70 X. citri pvainclgggifereai n-
17 TNY1-1 )P F 66 I B R R < 2020-06 Lol A 100/104 X. citri pvdirrclgggifereai n-
18 TNGI-1 [ 767 66 I B B 6 RV < 2020-06 Lo 12 LS5 200/228 X. citri pvdinc\gggifereai n-
19 Y11-1 I E A TR AZ DR TE X 2020-06 Lp MR 65/73 P. cypripedii
Y11-2 P EHGEATLKEORIEX 2020-06 4k M 8/73 P. dispersa
20 JHGI1-3 P E 6 HHE EREEE A 2021-06 4 Hsg 64/86 X. citri pv. mangifereain-
dicae
21 JHY -1 p g7 (o 0 B R s bf - 2021-06 Lk R 113/127 X citri pv. mangifereain-
dicae
22 Gll-1 T HEOATREOREX 2021-06 4k Rae 128/128 P. cypripedii
23 G13-1 I E A TR AZ DR TE X 2021-06 4k R 53/53 P. dispersa
24 G13-1A [ HAGOAITEZORTEX 2021-06 4ofs MRS 9/11 P. dispersa
25 YWYI-1 P A PR R 2021-06 Ee MR 8/16 X. citri pv. mangifereain-

26

dicae
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TYYZI-1 )P (6, B e 5 e e 2021-06 & M 77/817 X. citri pvaggglfaean-
27 TYGSI-1 )P 6 F B 5 e el 2021-06 & S 26/30 X. citri pvdirrclzgglferea n-
28 YWGSI-1  J T (6, B A R 2021-06 E™ & R 133/141 X. citri pv. mangifereain-

dicae

23ISR ELISHLEE

A o5 B 1 SR O AR A LA DL LR A RRAE . YRR I, F2 QYL BATE, AEME 3%Eh i %
TR, AR, JAEREYE, nTRA R R, v ARk, AEAE A RILEE S, A
AIRA A A S, BT RO I, N REA R . S A . PR IENE . HEEmEAE ik
U8, ZHIE 4 R EER R R A DU L RHE . BRVE R, BN LR, RETE 3% ERIRIE T
AR, FAREERAME, R RBGHE, RNREIRJEAERREL, AT DAREMEVER, REAIHRERE . bE . AR
B HEREAE . ULAh, 4 DAV RN B B Ay, EAT DT AR AR BR P
vagans, vz & HA 3 AR AT DIAI 22 ZE0EVE kR s BR P. cypripedii 41, HiAth 3 /4NFl FERZT S i 1
Sy P
2.4 Bm N E

A3 AR HL 4 B AR NE RS 1 BRI T BOR M R o X< B SO SOHAE A R i R SR T g
FRUL IR, 28°C fRIBEESE 48 ho A5 /R, M S d)a, MR IR B IE- RO/ NS, #Fh 154
J& . ANIRIFR R R B & R BN, (R R IR T R] F AR & R A — 3 (] 4 a~f),
SR AR TR 77 300« 6 300 SR S B AR A T IR AR B0 R S . 25 R o, EERVARSE 7d )5, RIER S
] A SR AR R ER AR, (B 4 g~1)o XAV T B/ B i, faifb Moy, 408 31 5 40K
R RIFRAN R, B00E T RHBRE N

a~e: M A 43345 FF X. citri pv. mangiferaeindicae Y13-1, Pantoea vagans Y12-1, P. anthophila G1-1, P. dispersa G2-2 and P.
cypripedii Y11-2 15 d JRIFEMR s g~k: 435 EeFh X, citri pv. mangiferaeindicae Y13-1, P. vagans Y5-1, P. anthophila
G1-1, P. dispersa G2-2 and P. cypripedii Y11-2 7 d J5 B95EIR; £, 1 $EFh ddH,O
a-e: The symptoms on leaves inoculated with X. citri pv. mangiferaeindicae Y13-1, Pantoea vagans Y5-1, P. anthophila G1-1, P.
dispersa G2-2 and P. cypripedii Y11-2, respectively; g-k: The symptoms on fruits inoculated with X. citri pv. mangiferaeindi-

cae Y13-1, P. vagans Y5-1, P. anthophila G1-1, P. dispersa G2-2 and P. cypripedii Y11-2, respectively; f, I: The symptoms
inoculated with ddH,O

Bl 4 TR RURSC FIEE R 4 MR R B R

Fig. 4 The symptoms of mango leaves and fruits post-inoculated with four pathogens
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2.5 5 MERBRERARES 12 FREF AR

TSR BRI PR B TR 12 R R R A SRR PRI R AR, R B R X 12 B

A% TR 7 4 B PR A7 A

WEZER (F3), Hp, JGEEX R WERE I PG USRI fo®, ECso 20314 0.3180 mg/L .
4.7232 mg/L 1 34.2519 mg/L; HK ¥ HMEBREL . T AERRMLFmR, ECso 20520 123.9084 mg/L
130.2890 mg/L 1 232.4740 mg/L; % JF & X HA R BRI AL TS 3 Fhai il 570 0 2 F1 3895 2% .

TR AN PE IR BT 12 S B0 B SRR I s 5 R AR, R SRR 12 AR B A G SR AR A
FERE 2SS (R 3) Hirdr, 4 i J5 B0 A A e 1 DU 85 3R B BURE . ECso 43907 0.0027 ~ 0.0828 mg/L Al
0.5869 ~ 1. 4340 mg/L Z [a] ; HUCHWERR . L7553 AR R FI-E BT REL , ECso 7377 235.6015 ~
338.8698 mg/L. 348.5349 ~ 505.3786 mg/L. 7.7228 ~ 285.5396 mg/L Fl 235.1859 ~ 431.7184 mg/L 2 [f];

o L X 2% T R ) U e 5

& 3 RER R E X 2 7 B B E 45 R
Table 3 The sensitivity of different pathogens to different tested bactericides

=
AT SR EDIUITE g (o) Comelation o
Bactericides Strain number Toxicity ri;gorrelzswn equa- coefficient so(mg/L)
= Y13-1 y=1.2081+1.0121x 0.9563 5580.5120
= Gl-1 y=0.2153+1.177x 0.9851 11617.8700
n G2-2 y=1.3192x-0.8646 0.9723 27889.0300
. Y11-2 y=1.5012x-1.6198 0.9548 25682.3600
i Y5-1 y=1.0778+0.9394x 0.9812 14974.8800
B Y13-1 y=2.2914+0.7556x 0.9700 3842.8483
Wi Gl-1 y=1.6991+0.8351x 0.9816 8970.5203
i G2-2 y=1.9246+0.7480x 0.9994 12922.8869
. Y11-2 y=1.8956+0.7577x 0.9995 12506.8832
5l Y5-1 y=1.4902+0.9120x 0.9919 7055.7904
Y13-1 y=1.4868+0.9123x 0.9734 7095.0930
Gl1-1 y=1.0216+1.0089x 0.9539 8776.4980
+ G2-2 y=2.2603+1.5402x 0.9945 51756.2700
| Y11-2 y=3.1608+0.4129x 0.9852 29917.4200
Y5-1 y=1.1874+0.9732x 0.9426 8272.2990
g Y13-1 y=1.0754+1.0305x 0.9788 6433.1784
s Gl-1 y=2.0592+0.7748x 0.9941 6246.0754
e G2-2 y=2.0087+0.7885x 0.9883 6219.1205
Y11-2 y=1.8156+0.8655x 0.9937 4776.2515
Y5-1 y=1.2591x-0.3917 0.9988 4571.0808
Y13-1 y=4.6268+0.5535x 0.9991 4.7232
Gl1-1 y=2.7291+0.8976x 0.9845 338.8698
158 G2-2 y=3.9045+0.4461x 0.9863 285.5396
= Y11-2 y=3.1715+0.7648x 0.9864 246.0341
i Y5-1 y=2.9434+0.8670x 0.9970 235.6015
Y13-1 y=3.3712+1.0613x 0.9938 34.2519
5] Gl-1 y=5.4983+0.1946x 0.9435 0.0027
i G2-2 y=5.4792+0.2450x 0.9807 0.0111
s Y11-2 y=5.3419+0.3161x 0.9843 0.0828
Y5-1 y=5.3948+0.2368x 0.9819 0.0215
Y13-1 y=2.9710+0.8574x 0.9988 232.4740
4 Gl-1 y=2.9470+0.7899x 0.9960 397.2115
s G2-2 y=3.0182+0.7330x 0.9847 505.3786
4 Y11-2 y=3.1633+0.6992x 0.9952 423.4635
Y5-1 y=2.9469+0.8076x 0.9907 348.5349
* Y13-1 y=2.4089+0.7609x 0.9595 2541.9078
= Gl-1 y=2.6856+0.6784x 0.9318 2579.4160
= G2-2 y=2.4852+0.7278x 0.9691 2855.1572
Y11-2 y=2.4716+0.7141x 0.9547 3473.8086
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£ YS5-1 y=2.07+0.8101x 0.9752 4137.5059
28] Y13-1 y=3.7784+0.5776x 0.9706 130.2890
H G1-1 y=4.7165+0.3193x 0.9765 7.7228
i G2-2 y=3.9045+0.4461x 0.9863 285.5396
Y11-2 y=3.7140+0.5306x 0.9665 265.1557
= Y5-1 y=4.1369+0.3976x 0.9969 148.2305
Py Y13-1 y=5.2292+0.0486x 0.9838 0.3180
5 Gl-1 y=4.9354+0.4127x 0.9903 1.4340
= G2-2 y=4.9813+0.4161x 0.9864 1.1088
Y11-2 y=4.9644+0.4021x 0.9875 1.2263
Y5-1 y=5.0906+0.3914x 0.9836 0.5869
¥ Y13-1 y=3.031+0.9407x 0.9977 123.9084
[t G1-1 y=2.8352+0.906x 0.9481 245.1453
fHie G2-2 y=0.9095+1.5908x 0.9917 372.7046
i Y11-2 y=1.2307+1.4303x 0.9896 431.7184
?ff YS5-1 y=2.4099+1.0922x 0.9913 235.1859
= Y13-1 y=1.8899+0.8231x 0.9957 6006.9705
" Gl-1 y=1.9603+0.7422x 0.9918 12463.0482
g G2-2 y=1.6947+0.8056x 0.9946 12669.4024
1=
= Y11-2 y=1.2998+0.9090x 0.9945 11769.8991
JK
fix Y5-1 y=1.7617+0.8016x 0.9952 10959.4823

2.6 50 £ SR 5T 3 IR X 240 I 1 B BRI S B U TR

Xt 50 470 SR A R B U A4 A B SR B AR AU TV BEAT PR o S52RRWT, 50 432 SRR 5T BT U5
g e B X R PR R B R B R, RIS e TR AR 49 IR R AR R BN BN s 76 S AIH
ZIFXTAEER IO R ITUT, 43 5. 9 T3 34 MAPR AR R B T, 28 5 &AL 14
KI5 X PR Bk R LK RO R BRE (3R 4),

&4 FRTERMBHIUEITENER

Table 4 Evaluation result of different mango materials resistance

. 0k 4 bR 1 A BT Bacterial black spot A PEYRSENS Bacterial necrosis
5 Mango g ot T e itk ¥
No. germplasms (%)Incidence  Disease index Reilstance (%)Incidence I Disease index  Resistance
evel level
1 Britbzd s 100 55.56+0dD S 100 40.74+3.92defghBCDE MR
2 JeFE 100 49.62+1.48hH S 100 37.78+4.44 efghDEF MR
3 AT 100 57.03+0cC S 100 36.3+1.48fghiDEF MR
4 AE 100 52.59+1.48fF S 100 37.78+2.56efghDEF MR
5 KK 100 54.07+1.68¢E S 100 37.78+2.56 efghDEF MR
6 gifa)ts 3 45 100 55.56x1.67dD S 100 40.74+1.48defghBCDE MR
7 i fa Rkt 100 43.7£0.33jJ MR 100 43.7+2.96bcdefgABCDE MR
8 et 100 60£1.34aA S 100 34.81+1.48ghiEF MR
9 T 100 60+0.33aA S 100 34.07+3.23hiEF MR
10 FARE i 100 55.56+0.33dD S 100 34.81+1.48ghiEF MR
11 EP et 100 52.59+1.68fF S 100 40.7+2.96defghBCDE MR
12 A 100 57.03+2.81cC S 100 28.89+2.57{F R
13 76 S 100 52.59+1.48fF S 100 28.89+2.57iF R
14 HERE3E 100 55.56x1.15dD S 100 39.25+2.96defghCDEF MR
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15 P‘j@;; 811 100 58.52+1.15bB S 100 42.22+0cdefghABCDE MR
16 Kkt 100 55.56+0.33dD S 100 39.25+1.48defghCDEF MR
17 FEHRTE 1205 100 57.03+1.68cC S 100 47.41+0.74abcd ABCD S
18 87 Tt 100 48.15+2.96il S 100 37.78+2.57efghDEF MR
19 101 54 100 55.56+0.33dD S 100 37.78+0efghDEF MR
b EHTIH 235

20 i 100 52.59+1.48fF S 100 42.22.56+0cdefghABCDE MR
21 TR 25 100 57.03+0.33¢cC S 100 45.19+1.48abcdefABCDE S
22 Fk 100 54.07+1.82¢E S 100 40.74+2.96defghBCDE MR
23 H#E279 5 100 55.56+0.33dD S 100 45.19+3.92abcdefABCDE S
24 R 100 54.07+1.68¢E S 100 42.22+0 cdefghABCDE MR
25 et 100 49.62+0.33hH S 100 43.7+2.96bcdefgABCDE MR
26 B 15TE 100 57.03+1.34cC S 100 36.3+1.48fghiDEF MR
27 iy (i 100 54.07+1.68¢E S 100 39.25+1.48defghCDEF MR
28 KA 100 54.07+1.68¢E S 100 37.78+0efghDEF MR
29 15 100 52.59+0.33fF S 100 52.59+1.48aA S
30 AR 105 100 55.56+0.33dD S 100 51.11+2.57abAB S
31 AW i 7 i 100 57.03+1.34cC S 100 49.63+3.92abcABC S
32 ES'a 100 55.56+0.33dD S 100 46.67+0abcdeABCD S
33 LR 100 55.56+0.33dD S 100 40.74+1.48defghBCDE MR
34 MEE4ETE 100 51.11+0gG S 100 46.67+2.96abcdefABCDE S
35 & EAE 100 51.11+£2.86gG S 100 51.11£2.57abAB S
36 K Eﬂ B 100 54.07+1.68¢E S 100 39.25+1.48defghCDEF MR
37 HEF285E 100 57.03+0.33¢cC S 100 45.19+1.48abcdefABCDE S
38 F N 100 51.11+2.86gG S 100 39.25+1.48defghCDEF MR
39 e 100 54.07+1.68¢E S 100 45.19+2.96abcdefABCDE S
40 AdLEIRT 100 51.11+2.86gG S 100 37.78+2.57efghDEF MR
41 TR 100 57.03+1.68cC S 100 37.78+0efghDEF MR
42 DU 100 58.52+2.81bB S 100 39.25+1.48defghCDEF MR
43 FH PR A 100 55.56+0.33dD S 100 39.25+1.48defghCDEF MR
44 SfETE 100 52.59+1.82fF S 100 45.19+5.34abcdefABCDE S
45 55T 100 55.56+0.33dD S 100 51.11+0abAB

46 28 S 100 52.59+3.14fF S 100 52.59+2.96aA S
47 43 5= 100 54.07+1.68¢E S 100 43.7+3.92bcdefgABCDE MR
48 951t 100 57.03+2.86c¢C S 100 43.7+1.48bcdefgABCDE MR
49 15 53 100 52.59+1.82fF S 100 43.7+4.45cdefghABCDE MR
50 6 51" 100 52.59+3.14fF S 100 43.7+5.34 bedefgABCDE MR

¥ : R: Resistant; MR: Middle resistant; S: Susceptible.

3 itig
AWy [ A1 R ARGE 72 & P. anthophila., P. dispersa il P. cypripedii 5 |5 5 40 5 P R FE 5% .
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2020 45-2021 FFAEMIAA LB, R EE T E O LA RE, HF SRR BRI A &4,
Bo o B BURYE , (EAFHE— 200000 o MY I 40 TR A% 58 19 53 AR IR 5 2002 R AUAFAE A AR BRAE AL Re 1k
IS VAR A . M S QP EONEE . BURMESE . | T S E 2 SR 0 B S MR BT A5
T ZR AT (R /Nl P S B0 A P AR LR XE LI A0, 4595 DI AT 1 DR v i A S A SR 22 IR
AT A BRAE AL RRE G RAIE S H A IX Iz W B 4 DA, BEE -1 LR i & e
A B 2025 3 AZ 45324 (polyphasic taxonomy ) FrEE?2 . 16S rRNA HE P 791 2 20 14 43 25 S 58 1Y
CEi% i I = N 1 W O 1 SO B ) N O O = AN (€ 5 =R U o Y N N iy 8
SO RIS A . ARFSE P ST 16S tRNA ST HIHEHS 36 R AR IEATIE K10 X 4y, (HTCIEFEF K
S E T AR E . HET, T fusA. gyrB. leuS. pyrG. rlpB Fil rpoB £ 575 B s ) 12 R
2R AN 2 SE T ST, PR R . ARG, TEANTE 2 o B AR A AR
LR R, JET fusA, gyrB. leuS. pyrG. rlpB Fil rpoB £ 3t H 55 GE A & IX 2012 B (A 6]

Jit AL 24 25500 2 B iR P R AN s e E M B TR — . IR R —FMIEEE . IR, gk
MILZWRZ T 1 AWGAE, X407 B VE LIS 3000 G 00 40 i o> A G, RS HI i e 7 2448
1 (FtsZ ) BYZR AR, BIF5 2 A DR BB 3 P8 ) 4 SR 20 5 1 S B A LA BB i i s v, 9
BRI R O AT P D RV IR AR gtk BRI Bk A S O T 1 P, S A AT st SRt e Ak —
o HeAh, WEFEE . R, PAERERULOFEREN 5 P E AN A B s . e R
SEFRE A F AR, VR TR 58 A % VR 20 PR S I TR 1 200 R 5 ) AR BEL A L AR A T e
PETS, BAEA . KRR, ESORMIRER S i Y AR A N . SR A A A 20 R L
N LRI ZE AR 36008 7 TR %ot SR 40 i SRR B R AT 2 P B I E A 8 ECso M 0.103 mg/L,
FH ] B 2803 72.83%°% AR A 39608 5 i % 1 S 40 B 1 SR BEAG BT (19 ECso 7 4.7232 mg/L, XIHE
TSR A TR A R R BE T o DU RN S WK 4 R AR M Streptomyces ahygroscopicus
subsp. wuzhouensis [ % B QI =8y, %o 35 22 FC BF PR T DA R 22 R BHPE B A 3 R KR P, Hp £
N HF B A B . KRS A . AHDE T A BERS . AR AR . N ARERR R U A (b A
Z{E B o T AR TR R R H TR B A TR e S AR A B — R AR TP AE R i A T B A TR
Vo BRI A A S DN T A 1 PR A MR B, AR SRR T kot SR T SR N T A AR
FRIMHIE DY, 2R R KR RN IR R Y, HAE FAPUE S [ BT 45 P i R SR P A
JE B T A5 R v B SRR SO, e S A P AR, PR L BN RRAE L TSR SRR R RS
WG . R . PRS2 FEYR F AR gD P, g hAEREM RN UER
SCHUAERATAEYSS, NP A B HAA R AR e e, A e AT — 20 X R AT [ AR 1 R
Wro AWFIE LU . BEHFRIRTE IR B 1 T B MR OR A 22, SR AT Se g SR — 22, i T g SR A
RATRIRERA T I ik B 2 4 8 B P b, — o TR v & 8 3, Wit 2R
KiJg, YRS T, S8R 4R e M &R SH0 B a1 a0 v
5 B H 25, AR R, (BRI S, 55| R BEIEY  RI 2 E | SR R AR R
WEMR RS —FhE AL . R . R RORTENO, Xl SR AN A SR G LA B i R B O e
Rl SHE R A

1 FT ] P L SR SR ol I %o 40 T P S B B AN B A SE IS , O M B PP B AR AR,
ZHURE R O R 2 e ik A T e . RN H ) 5 3R, AR SR AR ULy S SEAE R AT T ekdE, R
B, BAER A DB, AT 3 BH FE 9B b vk R J00 75 24 T DAAE R X o KRG A R sk 22 52
W B FRSEPIIRRAER 15, I, B30, 4E., B, ARG 35 SRR EYE A, 5
AR R— XRKRSEANEREGR 15, B 1 S Rhhhuifh, a2 hiuminfh, KixHqa
RESFY FREBPR— S NEPL, WE R, SEONTPER, AR TGN E R e A
BT BUEIAGE 3 SAEM R RSN RN P, AFRIELMAGR 1 5, BT 15 249, K1
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T REE L SISO R AN, 5 IR SCERIRGE AN — 2[R — AR AN R A I RO R, B 2
SRR, ANTR] it bR (5 A DGR B4 R R DU GO AR 22 S o T K 26 22 S ) S IR ] R AN (]
PRI SRR T AR S, A a2 IR S OO e SR AN T e BT R R . G T
TR PR RS DU PPN, A RBT T 8977 12 AR B e AR — e i 22 b, OF BRI FR K
RIPEOT B 1 B GE— R o bn i, (S S — PR R PR AR B i, el I 2 AR n AT 25 50
WA e M LR A ER T . TR AR HEAR TR, RS AT SEEUR SRT AR 4 R r e —E 22 5, A
X TR PO B R EA —E R EE TR R S BeAh,  HET RSN SE T2 R A0 PSR A0 1A ik [ 4
S, MTBAPUEPPOT BRI SCHRIE , A MR A PO AN (5] i oo 2 SR Al B PSR AR i B . 4
Je IO T i %ok 2R 240 B A R R AN UK S B S M A B e SR B BT PR RO, DR R BTN RS
%
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FRREREERHEF NS REN

U HRERRBR, JTHRTM 510612)

B E OACEH L EREAR B BORTT RN, 450 AR BRI TR H iy . %G RAFER, R
WRKRBREE R R HE MY L, FF4R A L,

XEER O HE; BEN, RE

RESES  Q949.748.5 XERFRIRAD A

KR HEM; REEE: &l

TR R R ARE BUNE S SRR Tk, EZMNF R EE ., gegih. WMs REs5—=
KEN. EHEkK, J"RKBREG Lz E K = M S, 2T et = b e i s, i
BT 2477l AR SR X 24 iy R 5 %) R
—, BHRE R

RUENEK, REREZEHETFHEER ML 2022 4 ge—5 304X 4 I f & A4 7= FlE
BN | SPAERAREE R R S L RIRAMEN T 2miE, i E AL 2022 4R &7 Fhm U
FEERREAE 1.3 AT VAL, 0 14 {22 T E O RS 2R [, 2020 AEE SR A A T (O TRTEBE
M CHERRALT RRUE AR AR AL ) (O T IR M 1k Bk “AEAR AL AT R ), BRI S8 il Bk
“HEARAL” CdRARAR” AT, BROREEHL IR TR R, PREEIR ER A Bk b AT 4R

Z Ak TR IR 2 ORI FP R AL 25 B RE R, /INEE L KRS AR TR S R Ak S e s (R AR /N L MERE IR, T
HEHNE ™8, YRAZEM ST g, ErhE PG Z M, ERE CREYI” M ERR
RIS YT, HEEREEImEENAe, ERERESLENELEY.

HAT, JHRBIEERADERHE L, HET (AR HE =82 T390 % (2023-2026 47 )), ¥
Wit . %) 2026 4F, &8 HE7E I 2022 F8 5 20%. HERFMHEFERRE L5 E, G6a5
FE R AU PR AR AR B R I A, H SR AR S R s, H LAY Sh R )
S, JERCH SR B R T B e BE A PR AR R A 1 R R R AR R, SEEE
A, KRR,

. TTRRBRBEERR

(IRERBRAZF S KRE A" %0 Wk T RRREEEN : EER R 7R R
ARAO 51 . SRR RIS I BRATH o AR R 2021, 2022 4R TAEM A #F— DAL T T AR R
RIETrm, T “13397 TAEERE, A “MEKPTE . KA. MERSsT = KEN, TR
TREFIF R TWAT8h . Hod, B E A RAT S, R SRR A, R b kR
S BRI T A R

JARARMA R 70 2, EEEPEFMEE (463 I ), HAKINS N R, e
B ENEORE ST, BUITRERERERIEY . HEENRESE S KREEY, &I
EHEE, HXTES AT, BalEE RN T, I RRREZEBREEY N EEEREZ — HERHE
EHRIHBERE, BB A RUGE H IR R A BRAL, (Rl nTRe2e &
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=. WHFTR KRR

R E R RERE R H A = E, A 4045 TR, IR 29.8%; HEE M RIK 4783
T, (HHAE 53.8%. T HEERTEE, (EDIREMR MRS 9 # G, FE A4 & KT
P, PRAEAOL e B H BT R O, R B AR e . BeAh, HE TR
T, AR RAEE KT asm . o, B HSm TN, AR ENET R RS UE
UL b, R E =S AR T AR, e AN AR N A TE A TR . TR ETER I T TR R
SR H S EORMIE R, KA H B AR E K R R A ],

2022 4F, TR HERMETG AU 225 E, PR A 300 10, A FILAR . WL Wdbz)E,
EEHEA S ARG A XA A, EE A TSP REAR, B 5 L 32% ., AR 30%,
PR = AR AN, E R 21%H1 17%. VERMEVEY, HER U= R, 1 I M
EH NS A B LK, KRR RS Wik, Pl m AR, AT
P, B A A A 1

— R A E RN H A EE R R TR, BB . SO . AR BRI S A A
e, EERARZ ARG FB, MAER 2 W ETERE R, R SR R B AR,
T HBESRZ AR0FE () BEERR, BB N R 8%, HEHZ N ERAZEAFH
B, PR, A SRR RE, R RN, TS g R, R
XoF it Fof ity o RN B AR R R R . AR EREF T — 2SS TS RN T nY B R, (B
JUHEENS, AT TASEIN TS A SR 2, WIEY TN T R R, DURH T SRR T AN A
TN TRELDEMINT S22 . B s 3, SRS R, winTHl&2, W=,
Al b RS, kR Rt — 2P Ak
. REBUIAS

H A4 ARGE i H 2w 3 30 280, FRECHGENH BREA 20 250, mIk EHZREY
(AL FH AN 8%, H 28 B 7™ F Ml 29 T 7 b 9 o o i R 8 o H S o 2 B I H S8 s 1) B A UHE e
Z— (R, —RRERR m H T 15% 0 o D, O AR H 3 R T S 5 %6 (1 2023-2026
AEO) R, EEERU A HEEEMTEEE P ORNES . NAEZXEER T ZEE 00k %
B IHORICH 1N R EF R, TR E XY @ g — sl 5 ol 4 EE] 2026
AETARAE WA EARY KE] 290 7w, - MEEFh i ae s g 27 /O L, AN B 2
30%. AH L HATAL 8% H S5 Wi se i W FH 46, Kok 3 4R H B 8E ik A B Kk e as i)

Ak, HEED R EEANKREEY, EEIEl, HERENTgHERER, Fi KM
BB = ER s H SRR W MAE A UGS . s . SRy, FRZORE, BERAR, F
A BT B ER HER SN SR SRy B R, S ENE SR, Ak
Wkl gk, FE, RATT E W XEFTHEREY, ok RIARER L, 6 AR E
“BURLO 145" R RBEN . Wik, ALEUHEREN EEIEN RRBERELEHZ ™
IPIA B
7S\ A REW

W R R L RS, BRERRE, AR X T RETE™ L ARGEEE, UHE
WRRH EF ANUIAL, BATREHZEr L ke —E; RFEE H SR EF 0, FEaE 1
FAERMH EF hOME N KEEEEM ., FE, JTARKBRMANE TKAAEX, EeEDH WG
FAE AL H 2 X B, B AR SR LS HAEdth BXEMRT, @Rt Eiibieei. N
RIEIRAR BB B 35, WVET AR M XA R H S b o /R H S i i g, e b, kb
H, $EmH SRR, g m LR, BAFEFRE R 2R RBEAT £ AR 46
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ERMBERE MR EREREE N REQ R ARFR

s, B, mes !, mAE, B, EAL! AT

LT VEHE 5 YA AR R Bt Al 0 DR AP B 5 e/ R Ml AR AR 8 4 e SR 8 At 0, B 1 T A S 0 =5/ P VR B
ARG SIRE, TP T 530007; 2. KYLR2A @Al E2RE, LM 434025

OB ok, REVFZSERFRH X R E T E R E RN, RECREEM I IR MR, ™
T2 T 3R E Rl 0 R TR TP A DAY 1 48 AR X 100 4 2R R IS L B R R R AR
TTRRE R B aifh, R15 295 MRERE., T EFEIESM TS JFlmEEe, nah 15 N8 HpmSEnehion
WE . SRR SR, a5 57.0%. 13.2%H1 9.5%. G ZRERGE LT . TEA LR B0 MM & 1) I ik
X =AMHIBEHR— LT, S5REREREE KN 8 Fi: Colletotrichum aeschynomenes, C. celtidis, C.
fructicola, C. gloeosporioides, C.siamense. C. karstii, C. phyllanthi #1 C. plurivorum, HH C. fructicola R {L#Fh;
JIHEEE N 8 #. F citri. F. humuli, F.ipomoeae. F. pernambucanum, F. sulawesiense, F. concentricum, F. fujikuroi
A1 F. kyushuense, H:H F. sulawesiense 4L # b ; M55 )8 B B %€ N Phyllosticta capitalensis, B# T S 283 E ) 754
T 1V DRI 1 4 = 2 7 DX ) 2 A 8 B M 3 1) G 8 D o 26 R R 93 A

FF ApMAT J@aliseit th 1 X & X395 R C. fructicola F1 3 X4t XF C. siamense () PCR $: 5744514, RS i mv]
IKF] 100fg-pL", FIFH 4 L1514 HRE M T30 A 25 B R EH [0 23 A R B i DRl R A 00 95 DA o IO 25 | 4 Xt
A T s ] FE (] 248 B f) C. fructicola #1 C. siamense #iF B i L BEAT AN, 255 & B, 2022 4F 3 A 2 7 A RAE M2
FREsR T, 3 7 By BRI HE i ST BORE S BCRA D, 4-6 i Rl BRI, 6 H Oy i il TR IA B R . ASIESY
ST YRR SFPE PCR R 32 A 5 AE e i B8 8 2 ST T 50100 2 o ST 5 P V) A AU 0 94 | a2 B 13 T B0 R S8,
R ZE R 1SR 7 4 SR 14 T SRR TR AR

RAERIA] . IR E A E , RIS, RAERIHE, BE R, RE R

E£mB JVWESVIARITEE (R AB20159041 ),
EERIAN AL (1999—), &, WAL, DFoE 5 RABHE E PG E RIS ; *l{5/E# ( Corresponding author ):
Z2HA (LiQili), E-mail: 65615384@qq.com;
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X E e EER R R HE LS ITEN
FKIL, REH, &%, B#K, Z&X, FEHU

W KA R MEBE, 507228

WE: &g e, ReE g, & UERR AR, 500 A S PREE 15 YL 55 (), AR Ak it AT & 1 Al 2
e AT RESE L R R . ASBFISE A 2017-2022 AR AE BT 4 it AT BRCAR B 3 8 3R A0 A P B LR L, R
I R At AT I A AR, 45 G 0T RN SRR R AR (A S, Wb A T O A A A R R,
Az i JEIATT AR (0 05 0 FERTRESE MR AT T AT M . S5 R S EENCAEAE T R, AT A L AN £ B )
PR A K B LR B R Y BT R iR 2 0 By, A B PRSI R SRR Y 70% s T S A I
9 N 450 ~ 600 kg/hm*, P,0s 120 ~ 225 kg/hm?, K,0 525 ~ 675 kg/hm?, HAG A7t 0 4 1 W0 AT B 35 32 w5 0k 8 7
FAN, FERARTIE R SERE b, FHA HLIE AN 30 23 BIERAR 20% 0 15% L IE REDE — A 48 i 3 e, 3 ml o ot 25
o MWIRERIIER, WEEMT, N WA JER KGRI SRR 38 I 32 i R R & U HEOE ;s fifk
it T BE k& AR AR AR % . BB I B R b s AL R AT IR B B R AR AT DL Ak it A 384 o e 35 7 5 L R 2R
BTG, BRI E A ; HAVERENR T ESSFHE R, ARErs. WA, S, ol RRLk i g 2t e
P
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0 A B R S R S R B I T BT

N 1* s 5E 2 B A A
Thm ", FEE -, KR!
1. HE G RO B B9 U, MR SCE 571339;
2. R EPGE OB A BRSSPSR, R 571101

M OE: AERT 1967 AR RARGHE , BT RO SE 3L B PR A R A R e e, HRTAR R E 585 37 4 16Sr
Y1F 48 AAHJFAAMEERT, S A2FER 1000 Z R EARRT %, I 3R 1 O 4HE FE A0 55 2 200 v, B i X AR W) 2 B
PR, I EE 5 TR A (R S UG Ry, RO 2 5 R B R AR E I 2 — . BRETEE M SO E . )
TE S|P E AR 4 A4, 439100 16SrT, 16SrIl, 16SrV., 16SrXXXII, HH 16Srl. 16SrIl fr (5 EBil e . A&
P AT S 7 96 P B2 8 S8 5 AL ISR 3 20 4, Hor 10 APl IS4 1 R i IR S E I o R [FIREL XS | A8 S5 s 43 A
SRR R A 32 v R DR PR ) R R 5, AT AR R RS 3R 100% . ME AN BE B B3R, BT % I AL 4R
FEGE A Y S R R R RS R A AR A s R R, R AR S BOR I JRAEAN [R) A (AR SR AR AE BAR
W, EWNINCA ZWsERY, HRAAR T BER R A7 A A AL RS, S BRI A A A R R I & A AT .
2% AT AT 0 A A8 s s e P S ST P, S BRAE 7 P A A0 1 e D 5 0 e A O A A D L < S TR e 31
IR 100% , 45 G AR el &0 g S0 | i & JRe S e, DU e i v e 7 L o RIS M AR ) 27 32 TR AE B ARG DR
TERH 5 28 5 A e i % S5 3 55 R 1Ak s B s ik B v, oo ) SR — AN AT R B R, AR A I 2 R
SEOLLRE AT E Ve SR By ¥ 0 RXEE o [ Sh— S BOEPERFRE e, W ARSI N R W R iR
T, (A2 IEEE X 2B, mRTENE (BEE 100% ) MRDEARMR R E N CAAAE, R, Wik, &0FRE
BN SRR E AR SR IR T A B KT, WA R SETE A SR A T AT R R AE, X T AR 54
3 T ARG Y 55 A S B s LA TR

KR MR RGrS; BEZREE P R F AT

HEWH A ARRERSEERAATH (No. 320RC743 ); AT AL Bl B v Je 90N 25 PERHIF B i SE A R
Wk 45 2 2700 (No. 1630152021005, 1630152022004 ),
fEZEB N *W{51E# (Corresponding author) : F/Uf (YU Shaoshuai) , E-mail: hzuyss@163.com,
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2023 FLEMRFENFARF LR E-—- MR EFHELKE R LRI

B R SRR R S FRIFR

W FEMBRO AR TR R R R, R EE S TN, AR R AU PR
M R N B L A A R P SE B BB AR, TR AN B HA B s 20k, mHATS I &2 n
T FPREAG I B AR R B b RS IE . S350, TR ZOR A S 2 A HN, H AT — B A A R AG
WMo F R ZR . ARFIEAE 4 E A 7 X 37 AT, 87 MR (X)), 203 DS H ARG REFEMBENS, 5B
A7 BN ZE M T 423 B, ST 1 el ARG v [ A AR 2 T R B DU o A B A ARG 22 o [ B vfE VCG R BRI,
W 1 IR EAAAER B AR ZEN T VOG B/ 11 A, JRSEM T B A MR EOR P 2 . #E—2P 25T SIX. RPB Fil TEF
EZAFENRNT T b E A A AR 2R . AR L, RSB R E R I 103 BRAFAEAG 2R U
BRITIEAFR CL ARG 10 X PCR Rl 5 [ Wy b4 1 3d FHAE AN o 00 3 P T i ] R ) 20 25 Pl T ) 2 o AR 28 A 114
—E51Y), IFRE T TR EMZER S TRIAR, TR —& T A Z AR I 0 & o DFTEas Rl o fr AR 22
o 1) T 8] B 42 SR IR R S8, I 0 — 20 A AR 22 B AL 1 TR AR AT RT3 70 1) 8 7 2 5 Al

WENEN: AT, B, WL, B IR R ARSI R T A DR T s A, FERE
PRI TE N . TR EY AR | VAR I ST . LT  RERAR R
R BB e A 2 S0, KA RRE R G  )TPERREGT R H /BRI LK
FENEFES () B EYRE 00k R LAEYBHaIsE . ik, LERS IR A 27 I,
Hoh % A AR AR 2 T AP H 10 31 ZRAGBHCR IR 6 T, Horp ) PU R P4 — S84 1 10
Mg pARLMY B 2 5T TR R 2 I, E AU S ERIT R A 1 T, Rk
RIEL 735, Hbh SCUIESC 14 R o Tgth AR 7 %8 PAFEANE LA 5 00, WA S ) Py Ty
Prifi 2 100,

BERFR: K E-mail: fugl10@gxaas.net; FTHL/MAE: 13977155450
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FEL L X B HR B 75 AR il

¥

G

EM

OB HEdR R R AE Y~ PRE R AR, R VL DR R R A S R AR R, L
M R ORE X B GR UR ) RIE X A% 5 B R W, DA AR TR R M SR SR RO ke &, i
FHIS PR 75 0 B R e, SO A A O R, SRR R R R R ISR W, MRV M S AR DX e A
FRRE R B | RUE, SRIR S IR DX UG SRy B

RBEIA . HE; EEE; PR W

Dynamic monitoring of sugarcane borers in Zhanjiang
sugarcane region

Abstract: Sugarcane borer is one of the main pests in sugarcane, which seriously affects the growth of sugarcane. In
order to understand the population structure and occurrence patterns of sugarcane borers in the Zhanjiang sugarcane
growing area, monitoring points for sugarcane borers were set up in the Leizhou high-yield sugarcane growing area and
Suixi Guangqian sugarcane growing area in Zhanjiang. Yellow borers, striped borers, two point borers, white borers,
grassland armyworm, and armyworm were monitored, and moths were used as bait to trap adult borers. The number of
each borer was regularly surveyed and the occurrence patterns of borers were summarized. The monitoring results show
that the dominant populations of stem borers in the high-yield sugarcane area of Leizhou, Zhanjiang are yellow stem
borer and striped stem borer, while the dominant population of stem borers in the Guangqian sugarcane area of Suixi is
yellow stem borer.

Keywords: sugarcane; borer;pheromone; monitoring
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N SSR #1 InDel #ri2 EEEM 2 Z FREE L E

FLU, EWE, HEE, FaME?, KwES, am!

1 E B RO B B AT PR 5T T, R A Al TR ST 0, SCE, 571339; 2 g AL R,
PATEYIBE, W, 650500; 3 gl K# B AR B, I, 430070

M E ORWIE I EARNA 225209 SSR Ml InDel 514, X 2 MRG0 F BERA BSe AT 58 % o R A AR
38-17. ‘97-7" NEAZZARE T 178, ‘G179 Fl ‘G192 JyEAZL3Z 345 T8 94 #k . SR P B PR 43 Tk e 58 st v,
VKIEAE 4 DSEA PR Y 34 W . FaE It LA AR T I BUAR R A 15 1, T 24 sc AR e . it i 3 X
SSR 5|#)# 3 X InDel 5IMH T *38-1" x ‘97-7" JRACHG FREE, BRMILEN 94.00%, Gkl 3 % InDel 5[4
T “G1797 x ‘G192 MR H A FREE, EAFIER 100.00%, FREKY], ABFFRTHER SSR ##I1CH InDel
BRic AT O N, T AR A8 S5 AR L S S, SRR A 5 B RD B gt A i R B85 T AR

KR PSSR InDel; 7> TARIC A Fh 4 5E

TEZ A5 (1982-) , %@, By 6, Whosiym, FEfpssii & MaFst. E-mail: qilan013@163.com.
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mEERREKFaEERA
EEE BRI FR R BTk kiE !

o E e R B e AR B AR S T, RS, 5711015
[ #ar Rl Bl BE A S P AR R R R B, MR, 571101
W], E-mail: gjmhust@163.com

W FRsg PR AR SRR, P E R 2 T MG s HE SR RS OB PR aE 2, RIRRTE . L
AL | st s M T 29 H AR (FLARZY 0.7 222K ), TR, TE T G780l sl =1 1 1) I 22 3 4ir i 5
RWOE , FEMITINY f R B ERERAR, ROTREE, AUM)E, BOB-ERUAE, iR S E SR IE, RIE A
VU EAR AR K, SRS L ERIEE s BOA PIEERIMT, SRUCS, TR USRS AL . AR 1 OKEE 1k, I HAG A
W R RO, A TUSRRR . AR RPRAE Y, BRI, EEEE S 29 HBT A . KR S —
AT 4%
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