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Abstract: The objectives of this work were to clarify the spatial distribution pattern for the Fusarium wilt disease in the
banana field and the amounts of Fusarium oxyporum {. sp. cubense population inside the banana plants. An investigation was
conducted on the diseased plants in banana field. The spatial distribution pattern of the Fusarium wilt disease in banana

field was studied by determination of frequency distribution, aggregated indices, the Taylor’s power law and Iwao’s
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regression equation. The reasons for the aggregation of the Fusarium wilt disease in banana field was analyzed according to
estimation by aggregation mean A. Meanwhile, comparative investigation was conducted on the amounts of the pathogen
inside the healthy plants and diseased plants. Results indicated that the diseased plants in banana field belong to negative-
binomial distribution and neyman distribution, and the aggregated indices of diseased plants met C>1, I>0, m”*/m>1, CA
>0, K>0, so they presented pattern of aggregation distribution, and the fundamental component was the individual that was
mutually attractive, and the individual colonies characterized with uniform distribution. The degree of aggregation increased
with the population density of diseased plants. The rate of relative aggregation change of fundamental component was
(11.0962+0.1752) m, which changed with the population density of Fusarium wilt disease in banana field. The greater the
population density of diseased plants, the greater the change rate of relative aggregation degree. Aggregation mean A value
indicated that the aggregation might be due to the combined actions of the environmental factors. The optimal sampling
formula was built up. The sample number (n) negatively decreased with the pathogen indeces increasing, and it could be
estimated with the parameters of ¢t =1.96, deviation D =0.1—0.4. The sequency sampling procedure was based on the
equation. It was necessary to take actions to control Fusarium wilt disease when the plant numbers were higher than the
upper limit numbers according the index list for sequential sampling of infected plants in banana field. Chessboard type and
diagonal type sampling were the best method for sampling technique. The application of spatial pattern to data transfer was
discussed. In addition, the amounts of the pathogen in the bulbs were more than those in roots and leaves. The pathogens in
different parts of banana plants were significantly different due to the disease severity of the fields and sampling parts of

banana plants.

Key Words: Fusarium wilt disease; Fusarium oxyporum f. sp. cubense; spatial distribution pattern; sampling technique
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[G]1% 6 He FHEAT 98 A, A e F I AR 2908 1334m?, FhR 7 42 5 AR B V5 28 ( Musa AAA Cavendish subgroup
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x1 BERERABEBKRRFEESRITE
Table 1 Standards of Fusarium wilt disease in banana field
KIRHA Grade SR UE Standards
0 FERRAERRE , TEIR
1 TR RRBRZE PG ZE I TR, 25% LA AR ZE ( <25% ) (BATS AT IEF A K
2 TR IR WAL ZE R AR Y L 25%—50% 87 (£U35 50% ) , 50 A 25
3 FARRERZEW AR Z2I R AR S, 50%—T5% A (L% 75% ) , KB/ F A 25
4 MECRERZE AT ZE R AT (2L, T 75% W75 (>75% ) , kM ZEAET

1.2 Z3[A) oA R
1.2.1 PR AR
165 T 0 3] i oy BB () 50 2 HEA T 30000 A JARA 3 Al B I3 AT A S A o X SR 23 A1
AR AR X738 A MR B0 MR 2 7535 6 0 (o] o o A A R 2 10
X = 2[(0—6)2/0} (2)
K, o WIIE , ¢ HIIBAE
122 RIEFEIEIRG L
THERR S B K R SE B m FEAR Ty 22 SSRIPE I EE m ™ M4 Bell ¥ HUR %L C SR
I, Lloyd's BEEFEFEE m ™ /m A Cassie $5b5 CA R I35 ) K (B R SMAT K BSRE Y SR A i 1020
1.2.3  Taylor &M
Taylor 5387 T K E VR BE G TSRS, R BUREA- 9 8 m 505 22 87 B9 X HU(E = [ A7 78 1115 56 &
AR,
1gS* =lga+Blgm (9)
T, o & — DN SRR 2 SR 1, 52 PREE 5 SR R 5 0 5 8 SR iR 58 ) %8 B8 A P 1 — 1>
MR, 1ga=0,8=1,BEHL0 A ;1g0>0,8= 1, MHETE— VI B T B2 A AT, (HAS HL AL B0 255 8 A AR
lga>0,8> 1, FRE A RS0, (HH ZRAE B0 5 B ORI ; 1<, B< 1, IR 25 B B v Bt 5
1.2.4  Twao ) m”™ -m B S m ™ -m [B1H 3Bk
Twao 42 H T K643 AU G [a] )T 53
m” =a+bm (10)
Mm" 5 m WX R, a b PTHERFPEE A RRIE
a NI B REA BT S EEE  a = 0 I 3 AT B BEAS 10 S BRSNS s 0> 0 ISR IR B 5 1, A FY
BEAR TR AR, RINREEA] s a<0 MR Z A EHE o b WEEA R r 92 ) o3 AT AL b< 1 I N3 53 70 A
b=1 B RBEAL G, 6> 1 B R REE T
FFH RGN m ™ -m ALy
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o, o S B FEA LS T ASARE) 20 A 0 SR BT R, B SR TR AR BE T B A o3 O AE X SR |y +26m 2
FEAS B3 (R A T SR A I 1R 285 8 T 722 A 1 23R 26 S RS B A3 B9 A RT 2R A2 32 T P 4 8 A 1) o
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Table 2 Formulas of aggregation index test

REELRR 2 P Wi i /e
Aggregation index Formulas Standards Remark
SEHPEF EE Mean crowing m* =m+S>/m-1 (3)
§ R Diffusi ficient C=52/m C<1 A5G, C= 1 I R BEHLA i, C>1 I R IR 4E (4)
ES iffusion coefficien = e
A5 Moore PRy Z%Hﬂ‘ﬁﬁ]/}l%?ﬁ,lzoHﬂ‘)ﬂﬁiﬁﬁlﬁ??ﬁ,bo Ik 5 4R (5)
e o i m* /m<l MM m /m= 1 R BEHLAG m* /
WAEFEFEEL Cluster index m*/m=1+48%/m*-1/m e (6)
KB Ca #5475 Cassie index C/l=(52—m)/m2 %;ﬁ%ﬁi@’ﬂ%?ﬁ,CA:OEﬂ'ﬁﬁﬁ*}l%?ﬁ,@4>0 Sk (7)
G A K AH Negative 5 o K<O I I 50 A5, K+ oo I8 BEHLII T, K>0 Iy 28 (8)
binomial distribution =m/( m) 5310,
125 RERPHKLE
A=my/2K (12)

Ao, A CHRVEERGE I, K A I AR S5,y I EA H R 2K 1Y X, 5534 i pR A, 5 2K R/INER,
AL FH A PR A (BT TR XG50 24 A <2 B, BB () SR A T Rl by S S P54 T T 5 [k, 1A 2 bR 1 K
HRA B AR Y A =2 B MR R T ik 2 AR R 1 AR RSN
1.3 fFERARBIR
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Twao $EiH , YFIHE m ™ -m BN R S, W R RS o b RS BB TIFE RO A | 8 5 AN [ 15 55
G AR 22 50 1 Bl BLS AR S 7
n=t*/D*[ (a+1)/m+b-1] (13)
Kb, n AEGEMEEE I —EBIEE p FAMIGFE (Y p=95%KT,:=1.96) ,a b A m™ -m [HIHBHI Y
I RPRAE, D N AVFHXHRZE(D=S,/m) .
R, BRCHE A ™ -m B A
n=t’/D*[ (a'+1)/m+B'—1+y m+6m’ ] (14)
& AR RITA
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FEERRI S R R AR
T Tom= nmyxt{n] (a+1)my+(b=1)m,>]}"? (15)
KA, Ty s To FAMBELS I a b 2 m ™ -m [BIAREHY b R REZRAE, m Ry I 1 0909 1 5 9 (B i
FehR) 0 N—EBEE p PRI FAE (24 p=95%0F 1 L 1.96) ,n Jy BEUMEERL,
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X'=sin' [ (1-0)X/(a+1)]7"? (17)
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TEARR AR FEEE (5 b ) AOREAS B 5.3 .6 REMLIEEBE PR (0 Z0) Fabk (1—4 ) 45 10 Bk, HFTHL
IFERR AEAN AR Ar (AR K28 R ZE bl (R ZE T & 0 O ) 858 BRE Ak s g 5 Sk A gt e 2 21 43 3ol BBOR:
I ANMEAFRZ ) F B4 MISL IR = FRBURE A T 5 75% MRS AL BE 25, 2 J5 28 0.1% T+ R A # 2—3min,
TR TCE K h e 3 38 , WS J5 A 100mL JCBR 7K, il B0 A7 25010 ot i s TR 100 50 2 908 P ol o B TR A8 1 A
9cem 1) PDA AR (7% SO/ mL 8% 2 Al 200we/ mL R FREERE K ) b, BENL 0. 1mL, 3457040, 1F 28°C K5 3746
B35 3d ), RIER VR B0E S H T K B (ofu) |, 8 AH 7 A 7o e d AR S AR & T A
RIS LAEE R AR X B A b PR EE R 3 UK
1.6  HlEtr

K H Excel PETHEIEALZE | 15 F SAS9.0 B A IIE A 22, R A Duncan [ AR 20T £ E
s,

2 HR55%H

2.1 FEAHIHYR bR A1 O

TR (4 6 B H 2 5 2 A E BN 1.0667—1.7833 , Hirp AEAR HI B 6 4 T 0 o, B & TH B A
o, RT3 44.58% 40.42% s FEAS B 5 Ao 5%, W8 IR T e RE ML, IS 18 B0k 26.67% , 157
FRTEFEE(X) 5 RIFHINIIE m(Y) Z IR L f /N 1A 7 AR G I A OGO Z i ik 3, PRI ] g FH Uty
FEAG AR 5 X0 B AP (R 3) .
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Table 3 The prevalence situation of Fusarium wilt disease in banana field

ﬁﬂimi}% SRS R IE ﬁﬁ‘fﬁ%?&/% IEIEDWF% . 622 R
Field No. Mean of grade/m Disease index Regression equation

1 1.2667he 31.67hc

2 1.4833h 37.08b

3 1.4167h 35.42h Y=-0.0013+4.0037X R=0.9999

4 1.6167ah 40.42ah

5 1.0667¢ 26.67c

6 1.7833a 44.58a

[ 5B 5 A [F)/NE F-RERIR 4 Duncan OB 25 4G 5625 5+ . % (P<0.05)

2.2 REJRBRA 73 A & 5 PR

F 4 HERRW] 6 LA T L AR o A5 B B AT & T A B TR 15 TR AT 67 I 53 A A
A FEAS T 2 AT G 4% 2 Al REAS IR 3.6 [R] AT SR FA 0 A 57— I00 0 A Rl A% & oA, REAS TR
4 TRIRAF A AR A RS 2 A1 o DRI, e A 85 DR T R £ T[] 8 30K 73 A 3 20 SRR 23, F ) e B
R VASIGIR A G A | A% SR SRR
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F4 BEHERAARKZTELSHESHERT
Table 4 Goodness of fitting test for the spatial distribution patterns of the infected plants in banana fields

FEAS TR — i THF I A i i wE oA
Field No. Binomial distribution Poisson distribution Negative hinomial distribution Neyman distribution
1 <0.01* <0.01* 0.2341NS 0.2503NS
2 <0.01** <0.01* 0.0425 0.1022NS
3 <0.01* 0.0810NS 0.1531NS 0.1685NS
4 <0.01** 0.1326NS 0.0396 * 0.0861NS
5 <0.01* 0.0251* 0.2813NS 0.2927NS
6 <0.01** 0.2136NS 0.3277NS 0.3514NS

s FRATE R, P<0.01; * F/R AR, P<0.05;NS FRi& 4, P>0.05

2.3 REEIRB

KR ARAE 6 kAR M Hh A1 P87 A2 B sl AR SR R B0 T 1.3538—1.9446 Z ], § HUR KL C>1, A
HEFRRL 150, REEIRE m ™ /m>1, KB Ca $885 CASO, T2 " T43 45 K>0, PRIt , HoAe el 623 [a] B 457 5 R4
G3AT . BEAN ARYE G I K R /NAT LA R AR B B b 1.2 5 WO SRAERE I 0 3 i T e ke
(%£5).

R5 BERERXERKTESHHREEER

Table 5 Aggregation index of spatial distribution of the infected plants in banana fields

. JizE SRRk PHERE EFEEL RETZARI AKBF Ca $5h5 iyiS i}
Field N Variance Mean crowing  Diffusion coefficient Moore Cluster index Cassie index Negative binomial
e $? m* c I m*/m cA distribution K
1 1.5548 1.4941 1.2274 0.2274 1.1796 0.1796 5.5693bc
2 1.8133 1.7058 1.2225 0.2225 1.1500 0.1500 6.6672bc
3 1.5692 1.5243 1.1076 0.1076 1.0760 0.0760 13.1609ab
4 1.7658 1.7089 1.0922 0.0922 1.0570 0.0570 17.5300a
5 1.3729 1.3538 1.2871 0.2871 1.2691 0.2691 3.7160c¢
6 2.0709 1.9446 1.1613 0.1613 1.0904 0.0904 11.0576b

2.4 [AIABALS T
2.4.1 Taylor ZE¥EN

KRR S2-m [1H56 2K 1g5° =0.0916+0.97431gm ( R=0.9490, B FEAH %) . Hh,lga>0,8<1, H C>
1,m>1,#8H Taylor #1498 RGN, S ALEE D5 1L 22 BP0 S22 1 AR R G0, M OCSEUE 2 K H
SR T IR AR A, L SR AR TR W o o 288 B 1) T o i i
242 m*-m FEFSHr

KHEFEHRID m ™ -m FHEZR N m™ =0.2560+0.9774m( R=0.9648 , . EA ) . Hrp a>0,b<1, £ K H
S R A AR AL AH B 5|, 225 [R] 5307 AR LA 2 AN AR RE  BIVINREE A sk R REAE T R #2450 40 A0

KHFEERAY m ™ -m SRR m ™ =20.9145-30.0477m+11.0962m>+0.0876m’ ( R, =0.8997, . EAH)
Hrfr a'>0,8'<1, FRBAK IR BIAE EW 5|, 25 (8] 5340 10 A B2 A A, BI/NRAE T i bk ISR 7E
FEI (188 T 3450 43 A o AR AT B AR X SR 40 B i o 285 88 1T A28 Ak 7 TR (11,0962 +0.1752m ), IR, i bk
AT 2880 TR, P X R 2 i 2 T A2 A 1 T B, FOn sk %28 0.1752
2.5 REFEH T

T 6 BeREA T A (2058 1.1919 ,1.4080 ,1.3807 . 1.5811 ,0.9677 \1.9717 , ¥/ T 2 R IA A,
9 R o R 1) SR A S P PR B AR R BT 350, A2 R R A B ) SR AR ST 1k
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2.6 HhFERIEL> Y
2.6.1 FLHHIFERIR

HF 95% EAT X IA] AR R UEAE 1= 1.96 R AFGE FRIS IR A n=17(1.2560/m—0.0226) /D* , i] £ Hi AN [F]
SR A ROR U R BRI SRR, A RSP8I A5 G ) BB Bt A oV 18 22 1 35 K, T e b A 45
T 7R R — SRR 2 (T, ST X596 17 S5 5 v %) FE B JIT 0 10 e AR 0 o 2 /0 1S M 19 45 G IR A T e T
TR (R 3,5 6)

R 6 BEMERAHMRKHEICHELY

Table 6 Optimum sampling number of the Fusarium wilt disease in the banana field

AR N IRIRE A BT ER A B8 RE 44 Sampling number at different field (n)/#k
Permissible variation D 1 2 3 4 5 6
0.1 372aB 317aBC 332aB 290aBC 444aA 262aC
0.2 93heB 79bcBC 83hcB 72beBC 111bcA 65beC
0.3 41¢B 35¢BC 37¢B 32¢BC 49¢A 29¢C
0.4 23cB 20¢BC 21cB 18¢BC 28cA 16¢C

[RIZNEHE G AR/ NG FEE R IR 4 Duncan [GHT R R 226K 50 25 5 10 35 (P<0.05) , RIATEUR G AN R RS 51 2 7R 4 Duncan [GBT 5 M0 22 LA
9525 5 W3 (P<0.05)

WAV D=0.2 B, FTAREEGE S, LR R

AN 6) L HH BN A RS SO X1 g S o0
TEATRERCT L, SRR ST, BTl RERC 604 5 5 400
B 2RO 259 0 BRAREEECH 119 B, 24t = 2 300
BHOH 4590, BRARAIRERCH 65 Bk, T, BER RIS 3 100
e 5 Jﬁ‘%éﬁ%ﬁzgisease index/% »
$5m ™ -m WL AR BT AR B A N A AR 2 2O n o=
12(1.2560/m=0.0226+11.0962m+0.0876m’ ) /D* , YEA B 1 R RS S o Ry B2 e e

% '43 , 7{ fl:l’fF i;% %7@ E] lj‘] 5F|J FHTZ /L \\:T‘«ti +%1§f ll:lj FﬁFﬁ% E’:J IE Fig.1 The optimum sampling number for each disease index
WHIFE B 2, DAREHE 1 B3], JC 30 4l A 25003 501l o
5826(D=0.1) .1456(D=0.2) .647(D=0.3) 364(D=0.4) , Kt , I AE T (] 3 25 AR IE 5 22 10 2 08, AR
5T R A Iwao BISHHAE A X R BLSHIFEEL,
2.6.2 P UHRERIR

S22 X AR B 1 T TR 2005 B TR FE AR m A6 175 98 51 25% It 9 &6 R N A8, 15 AR 58 my, =
0.9996, K a bt .m MRARALAZ A BN 1R AR A 7, Ty, = 0.9996n£2.1763V n, HEILAT 3
SEEEA T AR R R (R T) . A BIDRIEFIE T ERATE A BAE R A BIHRE SRR T T
BR AT ARG L, 27 B IS SR e R B 0] DT 4 e 4k 2R 4 R, DUBRS Fl R A R v ) B
KRR R e,
2.6.3 L LR

228 R IE U RN TT 15,6 FRmFE 7 7E 0 u (EHYI/NT 1,96, MOX BEEURE Jy 1349 ] T a5, i — 25
PR u (B R/ NAT N AR B A e SUG AR 2 BURE J A iR 22 R 2 I T O ik, AT 45 5 S B g 22 5
HEFE(FE ),
2.7 BIECH

KT Taylor FvE AR FRARAGICHLA R A X = X" | FET Twao [F] RS B R HG R B4R A W
X'=sin""(0.0180X) ">,
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2.8 RN R TR AR AR N 14204

N[5 2R T A 14 R R AR R ) P 7 AR I 005 ST, A B R AR REAR LB 5 R AE S bR B
ZE Ty A 00 28 D TR, R e v A5 A AR AR TR 3 R A 2 A D0 280 i T, A e JEE T A R A TR 6 1
I AR Ty PG 81 Dt T , 2 AN [ 8 e A M MR A D D ) A A S35 22 5 (R 2) o A T
PRAN TR B G 81 B4 S ALl ) B 132 35 A7 A S 25 22 57 SRR A bR Bk 5 A 24 38 i 2 v Tl
A2, AR TS 10 i B 50 00 v T BSOS B Pt P D 55 i, S (ARG 1 D e i A BRERRAR G
(BSR40 5 40 S A0 T R A R 7 (o S B - 14 5

KT BERERFEHBERER

Table 7 Index list for sequential sampling of infected plants in banana field

Ty PHERREL Plant number (n) /£

To(m 10 20 30 40 50 60 70 80

[ B Upper limit 16.8781 29.7247 41.9081 53.7481 65.3688 76.8335 88.1802 99.4334
T FR Lower limit 3.1139 10.2593 18.0679 26.2199 34.5912 43.1185 51.7638 60.5026
Ty P BREL Plant number (n)/Fk

To(n) 90 100 110 120 130 140 150

BB Upper limit 110.6102 121.723 132.7812 143.7922 154.7616 165.6943 176.5941

TR Lower limit 69.3178 78.197 87.1308 96.1118 105.1344 114.1937 123.2859

Ty P HREL Plant number (n)/Fk

To(u 160 170 180 190 200 210 220 230
- FR Upper limit 187.4643 198.3075 209.1261 219.9222  230.6975  241.4536  252.1917 262.9132
T FR Lower limit 132.4077 141.5565 150.7299 159.9258 169.1425 178.3784 187.6322 196.9028
Tiiny P2 AL Plant number (n) /K

Tocuy 240 250 260 270 280 290 300
BB Upper limit 273.6191 284.3103 294.9878 305.6523 316.3045 326.9451 337.5746
T FR Lower limit 206.1889  215.4897 224.8042  234.1317 2434715 252.8229  262.1854

* 8 AEIMEFREN UKE
Table 8 Mann-Whitney U test for different sampling methods
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Sampling methods Sampling methods

L5 Five points type 1.9239¢ >0.05 BT 12k Single diagonal type 0.9553a >0.05

BT Ff 28 Double diagonal type 0.9124a >0.05 FATEL Paralleism type 1.3046b >0.05

4% Chesshoard type 0.8651a >0.05 LT FIRIT type 1.6587bc >0.05
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Fig.2 The result for the average amount of Fusarium oxyporum f. sp. cubense inside banana plants with disease index

ANEFBEF IR L Duncan FORT R M 25 4G 56 25 5 8.3 ( P<0.05)
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