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Abstract

Tomato Fusarium wilt is one of the most serious tomato diseases, and early identification of to-
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mato Fusarium wilt is of great significance. In this study, the roots of tomatoes with Fusarium wilt
were used as the experimental object. Through image processing technology, the tomato roots
were edge detected by using the extended difference of Gaussian (XDoG), and the tomato Fusa-
rium wilt was detected in the HSV color space. For samples with no color change at the root, the
root shape parameters related to the disease were extracted, and combined with the parameters
obtained from the root system scanner, a Random Forest (RF) detection model was established,
and the recognition rate was 92.64%. In order to shorten the running time of the method and im-
prove the accuracy, Principal Component Analysis (PCA) was introduced and a PCA-RF model was
established. The running time of the model was increased by 62.13% and the average recognition
rate was increased by 2.62%. The results show that the PCA-RF model has higher detection accu-
racy than the commonly used recognition algorithms. This study provides an efficient and stable
method for tomato Fusarium wilt identification.
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oA A EEE RGN, HOATHE 3 A R B RS A S 10% A5 [1] [2]. BEE
TSGR A AR AR, AR I BRI W RN, (HARSEIEAE 2 TR AR 2N R A
[3], MEASAA™ P . WA i o CLZeBAG T 3P A R, SRRV R TIR KRG ik, B
U Tt 2 A B AT B R

WRAREYI E ST, el 178 70 [4]4 Fe iz 2 Y B AR AL, DLORIERE IR A K
B, WFRMEYIR RESSEA T VB ARG IEEk, BHE AN TR RERARKIAE, s
FARENTTAET, TRV IR R QG KEG 2] 7 A E I EL.

FAT, S22 a0 R IR AR R AR R AE KR DL FEMA[S], X R BUR RARFAL A 5 k48 4t 7 —
LR VR IL6] o FEAR BT T T T AT AT LU, — e D2 T FEALEOR B TAR AW
HAT, RZESEIZGUREAT T IRZVETETT, 50 SR B[], BanscE i GIA R4[8].
WRRHE (S 2 IRARHOR, INERE ET-100 AR ARSI RGE, M IZEH ORI FR EHE AT b3,
A DA I A B AR RS

FEE P, BRI - ARB ] HH —Fh =ZERAMIR R R XN JE W T TAESR
TARKIIER] . BIF5 R [L0DRE HH AL EAE DR — AL E AR FAR RS2, B2 TEER
RIS ST BB FAE A s 5%, st 1 M PR R SR BUR R R k. A, E
BELLFE S IR R A [ G R AE A JE At b, Bk RSl 7 — i T il 2R 2 1) e BB AR I EAR U S5, R
figg PR 2 ) T ARAN AR AR o AR AR R S 1k DA A KR BE I 2 AL, A AR AR R 4R I
TARAR R T — AR IR BA SR T AR

TR R BB AL BEROR K N B AR ARIE B BIRES, Dy 7S S T SbRap s, I8/ B AT i
—IBHIE T, H AT TR A B S E A SRBUR RS HORIEIT, W RER SRIIIR R S 5H 1
PERRR, AR EA SN E. ARSI T — MRS B IR R 2400 T HIWr ) /2 75 O R JE 2%
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2. MBREH*®
2.1. BEMmIHERER

ARG ZERI[12] [13] [1412 — MR R E . —FORUL, FhZI7 8 2 A8 T AT R4 R I3 S i
AAERRAIHRES,  SRJ5 T B EARAR G ZE AR o Al AL 2200 AR AR IR BLAEIR IR R 2>, IR
R R AR NG K WA, MENEER MRS, AR PRI, e 2R
AEIR; BEEWIE A H o, AR T a8 1 hakAe sy, AR A IS B E R,

22. BIERE

A SZIG T T FION R A, SEIOAE S B E T AL AL K A P S A B S, S B U A R 2 A
F BETE AR B G . $EFIIN 2021 4E 4 H 6 H, BB & MR TR E RS, SRR
72 BRFE G, AL IR 7:2:1 I LR R . BRRRAE AR A LT AR . R E R RIEAT 12 /N A
HGRE, BORIRESE 23 Chts, WIAMRRELE 13°CHAr, FHXREE A 60%.

Rral K BN W I — 0, SR AR AR A TG 2S00 0 T e A AL B . S0 — SRk AT T 28 K, R RAEAH A
BT[] B PR 2 0 A 7 R, AR TSR T AR S A TS T, T S R AR An AR 4 AR
—HORAE 110 BRERRIOEIE, o SRS 2505 1) an R R A A 52 i, 6T REZH I 2 i AR 0 A48 A5 58 i .

3. B/RESH
3.1 RAFREGDGIRE

N T HER ISR IR RHE, & 2R R B R T A G4 I 3 miili 243 [15] (XDoG) & 7E

e 22 AR B EAT OBk . XDoG AT e e T RSO A =y 0 22 23 45 SR A 88, firBL XDoG it
HITEA R R A (D).

D,..(X)=G, (x)-7-G,, (x)=(1-7)-G, (x)+7-D, , (X) 1)

T B B A S5\ G R AP35 B, i DLEHR P25 B B « i3S I B AIC, 39 0n <
S S N 25 5 R S AR R Pk — T3 7

N T 84K XDoG JEB s IS HEE s, AT RA T BRI EHR S LRI SH S %M K
vk WERENSEOTUE NG ERATMES; wrdiE, BIRTDAERT IH S Ees (a ok 4. @’ A
KOBR 7 -1, FUrT AR B L IX L TR ZH, 15 XDoG g s 2/ il # f5 1) BUR Btk iz AT,
(EEIASM P
D ‘k.p(x)

Sa,k,p(x) =—

1 =(1+p)-G, (X)= PGy, (%) @)

FT p B e o A 45 W] DL I AN AR 42 1) 32 25 (K B A R R T AN 20 B ™ AR 52 o p e SRR AE AR SR Y
BIME, AT LS BB E A N S5 .

AAE LI TR R AKX QRIS H o M 0~2 HIKIK, K ZH e N-0.1~0.08 KU, IEFHH R i
EHRIES R RGNS E . 51 RE 2 JBoR T H—S S50 i 51 1 EHE AR AL .

EE L, (EINEE, BEE o KK, BIGREROUGHERAER IR, BIEGILZ KRS
W2 KA, o =02M o =2 FTFIL T LEERIE R RR AN, 2o =121, AMULZGEN
HER, T ELE A A R A58, FTUAASCOR o MMEBRE N 1.2, 18] 2 oR 1 280 AR SR - R A2 4L,
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X & FIE AT AR AR A2 26, RAE IR oK, A SCEFR & IEBLE N-0.1.

(a) JRE (b)c=0.2

Figure 1. The image change caused by the parameter ¢ from 0.2 to 2
B 1 2% 0 M02Z 2 5|MEKRETL

(@ J& (b)e=-0.1 (c)e=0.04 (d) £=0.08

Figure 2. The image change caused by the parameter ¢ from —0.1 to 0.08

El 2. 2% ¢ M-0.1%]0.08 5/EEAIEHREN

3.2. ETF HSV R = E ML EHEN

Fe AR R E, AN E AR RS LE &%, AR5 AT B AR S S A2 Ju 3 it
TR 2N Fr o — Ok UL, T ARG 2508 J5 HAR R32400, BT RS, 0 ™ 5 (1 3 A
MR EB A AR Rt TR RS A AR S B B POt BT DA S St i B G AR AE SRk AT 7 At i 2
R o F T e ISR AR B 1), 44 i 11 5 00 R TS A P G PR PR A 0, R o ) R A VR A
], BT LA REZH 0 7 AR AR iR €. T SR 0 (M B AR DURE RO IR 1, 76 RGB 23 [l Mk LAIX 4,
Jt LLAS A A HSV [16] (Hue Saturation Value) i 425 (8] %} 7 iR 2 434 UG 3547 2047

HSV B3 [a] 2 5k T B BV VE R, AHEG T R A ) RGB 75 (8], HSV B3 (8] B ) FH P o
HSV ZE[EZ i A, R. Smith B 1) —Ff A IR LS 1 B WA AR Bt 25 18], HSV AR (1 S 800y
AR B RN DL R . R H R TR AE AN A I K R IR R, N HRBSZ B AN [R5 MFT S A2 48
ERMALRE, FEA MR R ER AR, A A A F B STV R GBI, BAER,
A, HFE M RBG Fite 25 a5 HSV B 23 (B n A x0(@E) (4)FI(G)FR:

V =max(R,G,B) 3)
V-min(R,G,B) V20
0, V=0
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V-min(R,G,B)’
Holio, 0(B-R) o ©)
V-min(R,G,B)
240+M, V=>b
V-min(R,G,B)

AREB)s @FE)H, R, G Boillhea., 4. #os. Ho SV il il Mg, SE &,
Hermax HR. G. BHHHEKNE, min AR, G. B /M.

AR SRR BRI 77 4 R By N R s — AT HSV R 25 (A1 4, o) o P Tl I R AT [ A5 R
AbFE, ot oL RSB R AT 3E B L BB AR ER, o A B S AR K R PR 4 B (B T B 46 [7] RGB
R AR S5 AT BE 5

3 F0E 4 oy B R T 0 B ARL 2595 Z5 AR R 7E RGB AU HSV AL RIS . miEl 3 FllE 4
IR EE T4, 78 RGB RS T 3 UIX 20 I 20t HSV MY (I, R AE B o H . 205t A 23 A6 U
T =B R AR . T HERE Dy EASZER IS I E R F AR R S RIS ]
WSR-S, BT LRI 45 B B 7s 155 1) 107 DN AR REEARAT F— 2 1k

(a) FiZEHMAR (b) XTHEZEMR R

Figure 3. Root scan image under RGB model
3. RGB #HE TR A MWE &

(a) HHZEIIR A (b) XIRALIR &

Figure 4. Root scan image under HSV model
4. HSV RET IR R E &
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3.3. MEASHIEM

HRIEAEZE I AR, ASCRFER R MG P RIE R 7238, PHKE. KRR
FORARFE BN B NMERE TR, JF DA NN TR B0 v L g B1Co i 5], 48 R 470 T AR S B 29 A 0

331 RAGERERER

ARG, BBREARS LT SRR R B RS aHE kR, Fre BB AR LU G S
BEEFIR . MRS T, RIARE A BEREERE S, W ARTHAEOR, AR B P 7 R
B . BTSRRI MR, A B AREA R 2 DS A AN R iR 22, BT BAAT A
FHEZR S AN BRI BT R T AR

3.3.2. MASNHMFIKERN

I3 XAUBAL B SOR AN Z 70 SR AN KL, AR SR IR P 2 (07 ZOR TR R A 8. B BB
HHREI F AR, BUAE AR ERENA E, s B AR RN A EAZ AT IE 0 (0 BUP A2 NFERE . 3 g
BEERITR, BRERNAL. NMasA T ENEREDT - DEERERR, %R EN
Ml HERITHERTZGERATEON -, FIER S MEEER KT L EAE, RIS
73 RIS H RN 73 3K

BT AR ARG R, ARRRFEA S, IrCASOH B AR IX IS ER 5 20 CEU BB R DR
TR

3.33. RERPMIMEIER IR

ASCR N R SRR R R/ INMERE R [17] WD 2 B YN ENPIR 5 x 5 y J7 AP s
FVINE, KWK E T 2R MMESETY, U2 0AE — %R E8UKFRan, SRR ANT7
AP XMIB LI IR A R A B R R AL, AN ZLIRE 0 MG, e R
FEIEH A BRI Frs

1) HHEZ BRI S, 458 xminP, xmaxP, yminP, ymaxP.

2) IS RPN RO IE P DY T2

3) tRVIZ S — il E G, VUK LNILF AT LA E — MR, o5k T UL AR AR, JF Hok AR
NE/MERAE TR, BN HAMENTETT K.

4) NG BT i L, BB H AN Z AT —F L E S .

5) THEWFIRREA, I HAY AT MA LU W N T 4w A ME N T, IR ORAE /MBI R Y

6) EE DR 4 FLIE 5, HBheE R A RT 90 .
FR A RSB W SR B INIMEAE T, Bl — R AETE, HE R R AL, R R AT AR,
PR T AR 5 /N B AN T it A B I e % e SV SRS i e NIMEERE T, GBI 5 BT .

3.3.4. RAESMEFREER

TS RN AMEFE TR LT G, SRS UL O 5 o 280 e 52 9 B AR 0 /R g
BN R I4A209 132 I, ROREE,  ERSZRIA Ak (AR B AR AR Y, of A AR P 7 5
HNIEB IR 22 o RIS A RE A i Al 290 2 i (R AR A JeiR B i AL R AR R 1] 6 AN 7 s

R A FEARR B AR Ay B, TH SIS AR

R AT MATRRISH G 94, a0y KE. B, KRR, AR ER%. 1
B RREL XM IR R AR T ORI 9 DS HONZ BT B A RECH R 6 A4

DOI: 10.12677/5€a.2022.112033 313 B TR R


https://doi.org/10.12677/sea.2022.112033

B &

SR RIFE AR, XA R R .
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Figure 5. The smallest enclosing rectangle renderings
B 5. sAMEIEERSRE

Figure 6. Circling the root of tomato with Fusarium wilt

6. MHHERBEMRIBER

Figure 7. Circling the root of the control group
7. 3%t EREE AR BDEE
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3.4. BELARMENEB RAE

N TR BATREZR I3 i MREA R it R, AR ST FHREATLAR MO ST 1 2 A AR R A AR A g A dl
SRR, R AR IR T A, 45 3.3 THREL 15 DN SEUENBENIARAR[18] (RF)FIHIAAL
B, DEBBENmLARRE. & 1NPRRE.

Table 1. Classification label

=1 DERE

HEA PREE
R 1
Xf HEZH 0

XFUNZREE P 72 S B i BENLARMBRY, 14 8 D9 Tk ikl Testl ABEHLARMR S0 ML/ 7
REi R, EIFHH “o” REFEFRMEARMSEIRIGN, W “*7 REFRBEIRMI KGR, i 8 UEH,
PSR ZIR P A R ARSI, AT — X R AR IR 20 .

1 ®% ® O ® ®0® @ ® B BB *

O SpRZ)

* RPN AR

0 5 10 15 20 25 30 35
A
Figure 8. Test sample label category

[ 8. M AR A

4 2 TP, A BEALAR MR R HE AT AR A A PR IR 2

Table 2. The accuracy of random forest model classification
7 2. FENLARMREY 55 KR ERRE

A PUNZEI%
Testl 92.11
Test2 94.74
Test3 92.11
Test4 92.11
Test5 92.11
averge 92.64
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farey
=¥

ME 2 aLUEH, (8 HBENTARAM B VERIEATAR S A0 8 . Ak 1P Y HE R 2 O 92.64%, FENLARMAX
OEVRFY)Is 4TI E) A 28.5367 #b, R E R, FyLBTREREIAEE K, T IhE ST
Bt
3.5. PCA-RF #MiR B s 4058

I F R T [19], AR BN 2 AN F G, DIBUDERE . 4 R DR IA B EOR N, g3
FRAVE N BENUARAR BN, KR 15 0 ERG Z0 ARAE A BEHLAR PRI S e, #8 PCA-RF I Al AR F A
B Z AR AT I 15 MR RAFIESEUL 3008 2 A F2 5, FR6 32 B B N B B L AR AR SE IR R 4025,
SERR I E A T 2 A 8 o] DU G AR SR 1) 15 MRFIESR RIS S, ANIMCKE 15 4545 Eskb
B2 4 fF5E

N HERR, BESMRGE RN A, S/NMEFIZ A B, &/MMMERFERKIL R C,
KL L, #EHAILN PA, BRI P, REAILHN SA, HEHLH V, FHEZILHN D, &
Hidh NC, 7 a#id A N, RRE00 8 TN, 40 XEdh BN, 2 XHid N CN, 43 R4E30dh FD. id
T RBTTER AR 85% MRHIEE T 5, tHE R 8ANTG 5. BJa 3BS85 BRI T AN E S
239125 PCL A1 PC2, #R4E PC1 Al PC2 (KL [ B A5 31 35 il 70 BUA A Y

PC1=096*A+0.92*B+0.92*C+0.97*L+0.95*PA+0.973*P +0.94*SA+091*V +0.84 *
D+0.92*NC+0.87 * N +0.58 * TN + 0.90 * BN + 0.88 * CN + 0.77 * FD;

PC2=-0.11*A-021*B-0.21*C—-0.03*L—-0.216*PA—0.15*P—0.23*SA—0.25*V —0.23
*D +0.30 * NC + 0.44 * N + 0.70 * TN + 0.28 * BN + 0.08 * CN + 0.15 * FD;

F=12.1*PCl+1.2*PC2+0.6*PC3+0.5*PC4+0.2*PC5+0.1*PC6 +0.09 * PC7 + 0.08 * PC8 +
0.03 * PC9 + 0.02 * PC10 + 0.009 * PC11 + 0.006 * PC12 + 0.002 * PC13 + 0.0013 * PC14 + 0.0012 * PC15.

% 3 NERS TR STERE A BT TTmk R .

Table 3. Eigenvalue and contribution rate of principal component analysis

3. ERS OITEFHEEMSIER

PC1 PC 2 PC3 PC4 PC5 PC6 PC7 PC8
REEA 12.1000 1.2000 0.6000 0.5000 0.2000 0.1000 0.0900 0.0800
TR 80.46% 8.24% 3.94% 3.13% 1.63% 0.99% 0.59% 0.53%
BHTIRE  8046%  88.70% 92.64% 95.77% 97.40% 98.39% 98.98% 99.51%
Table 4. Eigenvalue and contribution rate of principal component analysis (Continued Table)
= 4 ER S SITERFHEERI ST (ER)
PC9 PC 10 PC 11 PC 12 PC 13 PC 14 PC 15
FHIEAE 0.0300 0.0200 0.0090 0.0060 0.0020 0.0013 0.0012
TTERR 0.22% 0.13% 0.06% 0.04% 0.02% 0.01% 0.01%
BTk R 99.73% 99.86% 99.92% 99.96% 99.98% 99.99% 100.00%

W 3ME AT LA W, RHEE 1 ARHEE 2 KT 1, BT 0 Rt orik ik 2 88.7%, Ui
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TRy W] LA SE S SR A 15 MRFIEFEAR 045 2, MR 15 445 SRtk umigE, 2 PC1 A1 PC2 fE vk
LRSI, 7> RERZEAE i, AR
AR — I 107 K, HrP ORE BRI R AR A AR A 49 2%, MTRAGE MR A AE G 58
%, KX 107 SR BRI 2:1 1 ELBIBENL D BN ZREEAIR SR, XPUIZREE P 69 - daty i PCA-RF 45t
Mo P9 T Testd [f) PCA-RF X INREE M0 KA, B H] “o” RETRFEAMSLERIA, H
“+7 RIS PCA-RF p2R45 R, W& 9 /LA, A DXHRAIREAPER FIRE 2 .

1re+ + +e+d £ O+ ¢ DE+d B tEDE £EDEE

SR
+  PCA-RF/IHELER

T 25 30 35 40

o s 10 15 20
LUIERERZN

Figure 9. PCA-RF test results
9. PCA-RF it £5 R

3.6. &R

PR A Kappa 22 BRI IR0 AR Z00 T M o IR 22 Fa e A IE R 70 A 20 L
BB E Iy Kappa $RFr 12 Tk — 2Pk, Kappa BITHR AR U2 K (6) M2 X(7) Fis:

kK=te—Fe (6)
1-P,
N
- a
&=Z%¥ @

Hr K &R Kappa 2%, P, N IRBIRHERAZE, P, JySeBRAn FllRe A () e A AR DR A 2 301777, n
NREASEL, NOAEEL, a NREAY | RIER I

IR A2 Kappa PFA PCA-RF B IR AR, 5 BN (RF) SCREMIEAL[20] (SVM)AIT K
AR [21] (KNN)BEAT EL s, #3315 5,

F 5 ALLEH, PCA-RF BEYTERTA 5 I A6 26 7E 94% LA I, ~FIHERhZE 94.74%, TEIX
HIZR A Kappa R%0 L, PCA-RF BAIENASE Eo AL T HAh =&k, HAHBENARAREIEEITIR R
KD R4 O S T 3B AT I [A) g 28.537 £, A FH] PCA-RF RERL BEAT AR Z AR (A% 00 B35 P B 38 47 1) )y
10.806 #b, IZATHIAIFE R T 62.13%. S5HFKM, F RS HT T DR R E S HOE AT BURIRIE, T E
A3 R BEATL AR MRS B LA R 20 5 40 5 e
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Table 5. The comparison of recognition rate and kappa in four models
2 5. MAEEIAYIR A2 Kappa XTLE

WU 2 1% Kappa
MR
RF SVM KNN PCA-RF RF SVM KNN PCA-RF
Testl 92.11 84.21 81.58 94.74 0.70 0.40 0.35 0.8
Test2 94.74 86.84 84.21 94.74 0.50 0.50 0.40 0.75
Test3 92.11 84.21 81.58 94.74 0.50 0.40 0.35 0.80
Test4 92.11 81.58 81.58 97.36 0.40 0.35 0.35 0.85
Tests 92.11 81.58 81.58 94.74 0.70 0.35 0.35 0.80
average 92.64 83.68 82.11 95.26 0.56 0.40 0.36 0.80

4. BLSR

i AR A A DA T 7 i e 2 I AN B Ve BT LR L. AR SCH] PCA-RF BRI F AR AR
702, AP RS 2R A . S BEHLARMB AR L, PCA-RF B P B0 23R 1 T 2.62%, A% 0>
BT RIS ATI (A3 1 62.13% . 4% PCA-RF #5784 5 37 55 [ B A LA K AR SV HL, 72175 3R Kappa
3L, PCA-RF BN B T HARS % ABFFCEY, PCA-RF fAI{L 1 R, 47K
T BENLARAR LSS BAIRBRIZ AR TR H b, 7T LA DI A S R 7 58 . R TREA SR ATR,
ISR T LA S IHER R FHRELRA 28, AR TAET, ROz R AR A 5 NIRBE 2
AL

e HE

1) B BT RN KB B3 & I H i . 21326903D);
2) AR EFE SO A S TR B AR 7 S s TE (U H % 5 . 20326901D).
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