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7% ¥ ¥ [Rice leaf folder, Cnaphalocrocis medinalis (Guenée)] & K45 £ & E Az — » Ao ARAARGER
ALY R SR - MR ARG R0 A B K o AR RENR IS 4h SR IE R AT IR R 7 AL
HRE o AT G R FRTRHE SRR AN 0 R RETH AL 54 (ASSESS 2.0) 2R E 477 I3 A
Emfeynl g o L& RMFERE (ATHERE) BTEAEGG— B (p, @7 0.983)  w HL& 8 5 o5 br
BB A AMEE R  soh 0 BRI T AR Y 29% A L egRIE R 0 Bl 2 AR AT TR A

PHE IR RS E AR T A o

RABEE | KRS - REAE - BvRmEiE - WE - e -

IS

7K (Oryza sativa L.) EHF FHEEDN
BEEY 2 — #8895 [EEREME K AEEK
fEo B 2KAE - FEUEANOMEKERE
H P 75 V& 0y 2 AR [Counce et al. 2000;
International Rice Research Institute (IRRI)
2002; Coats 2003]  J&4 BF i= [Rice leaf folder,
Cnaphalocrocis medinalis (Guenée)] & 7K
THEEHZ — LEHESEKELEREZ
TEAE > DL %5 B B e S S5 R 07 s
% H %5 Bt B (Dale 1994; Nathan et al. 2004,
2005) - EEFIR s G E BKEER (VEERH
& PEOLEIFHET  HILEKEZR
{& o Padmavathi et al. (2013) AYRHZT 240
B TR B E 4 s R KR Rl BEEU R 0 S R EE
LREIBL - RO EIFAREEHKEE  EiE

BOKIEEERAN T ZHFER - LGB ZW%HE
o HPDEEVIERE » TR EERER
2 18-24% (Yen 1981) ; [T £F TR Y HH 3K FE 47
B Z 5 » BURR IR 2 7T DUE R 11.18%
MV E &8 (Shanmugam et al. 2006) o

T H A AH BE B 22 - B0 S il e B IR S
A& KIS E BIBA 8 - B2 HR IR
Pl sy B Z R E st il > 2 FEBEHE
T FE TR — 20 73 R W52 (Selvaraju et
al. 2007; IRRI 2013; Padmavathi et al. 2013;
Manikandan et al. 2016) » R FHE 77/EE S
SOAEHE ~ DO & R BT I Y B B T R i —
HEHRE - DY B REIEN e Er N E
ZRAMAET K L HEEH N e & 55
A TEH BT E& (LETEITE (Bautista et al.
1984; Cheng 1987; Dangar 2008; Mohapatra
et al. 2009) » S AR A& J7 A 5] 1E FH
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I$s 8 (Helicoverpa armigera Hibner) (Sel-
vapandiyan et al. 1998) K E fih & & (Lowman
& Heatwole 1992) B EM&E I - FHEYHE
FHE L B (image analysis; 1A) F
Tt amae o] DA o] 5 B IEHER A 5T FE 9090 = iR
(Lindow & Webb 1983; Martin & Rybicki
1998) M4 » R Hri#E ASSESS 2.0 :
image analysis software for plant disease
quantification (American Phytopathological
Society, St. Paul, MN) AIIAH ¥} 2 #48 FH 18
Y95 2 T fE I & F (Bock et al. 2008, 2009a,
2009b, 2009c; Xie et al. 2012; Yadav et al.
2013) » Hrfr Bock ef al. (2008, 2009¢) :mze{H
FI ASSESS 2.0 73t 2 &5 SR i B AE RS (accu-
racy) NI HE (precision) - 325 73 A 45
RRBEEWRERERELETREZ 71T
HermE Al REE R ERRAZG
IERBEERERERE - HATTNAF]
Fi ASSESS 2.0 it & F HEME -2 5%
(Mirik et al. 2006; Perovié¢ et al. 2008; Prior
& Hellmann 2010) » {HF]{E &8 F FHIWTEE
E PRI ASSESS 2.0 fE R HIE B EFEmKZ T
H o B30 R 3 HOH S 45 SRS B TS SRR T
D IVERES » RILART T LUE B A B8 A b
SRR T A AEEE RS -
(&2 Ak ZE a] £ DAJT A& AR 48 KOH A
YER ZBEEE > FaaEHRE FEEZHE
i (Bautista et al. 1984; Lowman & Heatwole
1992; Selvapandiyan ef al. 1998; Dangar 2008;
Mohapatra et al. 2009) » EHE45 R EHEN
RFENM: - M EEREY 775 T REFH SR R B
FE AT - ER AL - ASSESS 2.0 #AG REZR
ZWHEEMANEYREANE L - BREDE
a5 E L 2 [ R Y ORI 2 7 56 PR L BAG » RIE AR
W72 & JORF ASSESS 2.0 7 F it Jeg B7 #E Hi & 7K
MERBEANE 2R sHE R R IER R %
AR YRS B R R AR WEEE A T (07
AR RN R) Bsp g i Z Rl =R -

MR TE
AIERVKIBERS
A TE 53 1 0 R A L HE T A 67 98

rere

]

66 % 541

(‘TNG67)) DA Fe Fill ¢ & T "5 o AE 2k 1 5%
(‘TND) HEMRIR LR ET IR 1 2 5 iesha e - At
S K AR REHEE 5 IR (E VI S T+ (http://
www.afa.gov.tw/publish tree.aspx?catid=
70) - HUEE Z B R KoK HG oy B2HA (30 DAT 5 1%
fE1% 30 d) - L EER I & &P EER
s b MDA BRE R 0 SR E N | T
TERRESS (& 1) » PEZR T - 2o
PR 7 TN Ao sh e UG (£ 4 EES - Hek
W Fy 5 ETE o
NEEEZAIE

EWMBEER ZHREER R  NE—X
sl AR % 7 B PEFp At A L7520 (manual
approach; MA) 2514 73 #t 73 j5ll 4 5 AU & 1
B HEHE AR Pt BHAE 2 - BREHE
fEIRE 1 wk PLE 58 DUERR BT AL 5 HY SO IR SE -

AT AATTHEAETHI R - o hlfisE
RETE T T ERZ ISR & TR EE
ZITHEEL 0 WA 1 TR E A P 7 A%
BWHEEDE MRS G
AR AT HEE IR (BRAUHERNR) - BB
TR B R BB &IPS T B ML
Hora & 1 e ERAHE - R AT
O 8 AR IME - BB AIUH 2 RN IR Ry 58
RO SR e REny (B 2)

EETHEAER ZG WA AR
2 17 48 [&] i # PhotoCap 4.0 (http://www.pho-
tocap.com.tw) & 2% 52 G #ETT K& R > DL

i 1.

Fig. 1.
folder.
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The image of damaged leaf caused by rice leaf
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Image analysis

Images of damaged leaf

y

Remove image

backgrounds
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By ASSESS 2.0:

(1) The damaged portion was selected,

All time taken
D e R

and the pixels of selected area was
counted.
(2) a NT one dollar coin selected, and

the pixels of selected area was

counted.

2.
Fig. 2.

R EFHE AR PR -

Procedures of different assessment methods.

{58 ASSESS 2.0 A] DARE Z Wi 8 1 sk (1
TCHER R EE ) & R B BE AR A 2 — A
P} ASSESS 2.0 #iEAZE R 2B R - WA H
H HIS (Hue-Saturation-Intensity color model)
5 RGB (Red-Green-Blue color model) TEEE
EGENEHE - ERE - REEEE T E )T
Sl A B T i TR P DA B 2R 40 e T
gy R 1 ThE e o B — H AR e Rl R B A
StEZ &G R (pixel) » BEFEE 1 T
KA EER # o 2GR LPIERE R &
T o Ihoh o SHEREITIF IR TR R 5I0E
TEBEREGI MR Y - Z5EEG
ST SRRERF R R e BN ERR P G - 2By
T FERE B BTN 2 AR (8 2) -
et o

By TR M & 7 AR B S Rl
£X A Lin (1989) £2 Hi Y — S M AH B 4% 2 (Lin’s
concordance correlation coefficient; LCC) {E &y
i £ A o HL B (SR 450 A P L B 0 AT Y 4 SR A
Ehi > BURH E B dE R 2 A R —E
(agreement) » F2{t—({E 7 B o] & (LAY M7
7% (Bock et al. 2010) - Hoor > Ry — 22
FENES R M EE - Kite2—EE

D TR

awll] jJuswalinses|\
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Manual approach

Images of damaged leaf

By hand:

(1) The damaged portion was traced
on graph paper, and the total
lattice was counted.

(2) The diameter of a NT one dollar

coin was traced on graph paper,

and the total lattice was counted.

5B & AR R T RO MG 5 S Y A &A] (Lin 2008) «
FA 2Rty 2 {18 07 025 B W T A — B MRy
LCC (p.) AR A
pe=rxCy (1)
r B HBGE > ARNEBEE - Hik
BN E 8 2 AHRE B TR EOIE T AN
o] §E 1% (intra-rater reliability) I @ B 5 33 14
(reproducibility) ; 1 C, & ff 7= f =A% H
R & A AL R L 45 [ A E S ER
L P AR B A AR RS = p. FIHSVAT 0 8 B e
VENAS T ESR (R 1 #BEER 0) (912
EopHENR-1E1 2/ &p by 1 FEFR
B ETEEN—ENE 0 p. K 0 BFRIRRTE
R Z — M T p /N 0 2 Y RS B
BN 0 C, XATHERTR Sy
Cb=2/(v + /v + u?) (2)
Efv=o/o, LR u=(n, - p)o, x csy)”2 )
T o, 1, 53 B8 x F y 89755+ o, B o, 53
= x fl y BYfE#E 2 (standard deviation) © v #%
TR RE R 7= (scale bias) BERIRRHE - H
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ERTIERR x My 2B REE2MHE S M w
o7 fy fiL B 2= (location bias) » & H A/ 0
R x fl y 2 PHESE M E -

BN EDTANEN R MR ER
KT ek P BE A 1 R A 3 A A 2 e i L L
BHEEA/NZEE A o Bt LA & 05 734
fE— G IREARRNT CETTE - KREmiE &
T B ISR I) B E GG R SRR YU > 1
VR
3)

Yo =t mtv,ta te,

By, BonE— R ER HEFRVER ERE
FEEHVIGRE > m, R MR T 7ERVE (i =1, 2)
v, RK R U (=1, 2) > o B E IR R
SARIE (k = 1-5) > 1M1 &y AR EBIL HE A
[543 76 (independent and identically distribut-
ed; i.i.d.) AYEABRER S o #E— DA R/ NEZE
# B fg 1 7% (least significant difference test;
LSD) » $+#H I8 7574 ~ KR o R e B i
HIR TR E » RS B RS
Y5 5 AW BT A SAS
V9.4 HRF R 4TS 3.2.3 WRETT

rere

]

66 % 541

R

# 1 EHUH RS R 2w Jolisgst - BLE
BHEMS MEZ&K - m/NMEEATLT
7 (0.02-21.89 cm?) 152 {% 47 #7 (0.03-22.01
cm®) [ 2 ER A > (B P H R A 2 J B R
HGROTEAEEANIRE - SUNE TS
MiME » AL RTERER R
RARFE 1,106 s 5 [ &5 5 M & P& iy R
iR NT ARG Ed3-9
& o DAZCHIE 2 P FERF AT LRI - BURTE
TERNEREFFRERIEERT - AT HAEERY
RN 62.5 s ¢ B4 ERERFLLER T o HIEE
W 144 s - HAEZBRAEEFELX T H
BRGNS R T ETEE R TR
B SESMENE T AETRENERF
ERERARNYER - BESEIEMNE 0 WA
Frl g iUEmE L ERAK (EHZEL 031
cm?) o TREE B R ATRBUR S 6 o B B A
TIALI A EE 29-67% (£ 1)

N 77 20OH &= B & B Y R4S R
48 SR B B 0 5T B LCC AH R 2 &iat & (18
3) BUNAUAEESIEF AT A5 EAm 2 HER
ifii 7~ Cy Kz p. 53 Al By 0.997 ~ 0.996 K 0.999 »

T 1. ZEIOMRALITES 49 FoKREER ETHIHREE - HFENEER P - &R m/MEK
e -
Table 1. The minimum, maximum, mean and standard deviation of estimates of damaged leaf area, all time taken
and_ measurement time taken for 49 rice leaves measured by image analysis and manual approach on two separate oc-
casions.
Item Measurement method Min. Max. Mean Std Dev
Damaged leaf area (cm®) Manual approach #1 0.02 19.48 3.20 4.70
Manual approach #2 0.02 21.89 3.22 4.86
Image analysis #1 0.03 22.01 3.50 5.19
Image analysis #2 0.03 21.61 3.53 5.33
All time taken (s) Manual approach #1 40 1,106 212 193
Manual approach #2 34 984 215 193
Image analysis #1 50 307 153 56
Image analysis #2 64 333 149 61
Measurement time taken (s) Manual approach #1 40 1,106 212 193
Manual approach #2 34 984 215 193
Image analysis #1 35 151 71 21
Image analysis #2 25 188 68 30
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Manual approach
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Fig. 3. Intra-rater reliabilities of two separate assess-
ment dates by manual approach were measured using
Lin’s concordance correlation (LCC). The concordance
line is indicated by the solid line, and the dashed line

shows the actual relationship between the two assess-
ments.

FRALAAMEEREAIEE S EANT]
S BRZTCHNE4ERIRE & R K —5
M o B A T 5 2T TR 280 B I B A B T
EUSBFWENEH L LA ELS
BEANTHANEEASENHENTIENE >
AUEHEBATFRIEER T AESEE
(s B B {H) (Lin 1989; Bock er al. 2010) » ifi
DABL Ryt - AT P05 215 o0 A 2 R A TR B I
W& EEH &2 T

BN ERBEIEER - B
EITH LA IS (B 4) > RIZROHE4E R
INEME S —EUE (p. = 0.991) » FrIs2 B
ST ESS R EA S B T AN TS -

BATHXMELE R o S E—
HiEEEE LCC T2 s G o
AN E A —5 - B S5 5RIEH
WA ORI & 7 AR — B LR &
I B 45 SR S A o < T A BN HL R 7 O R R
(C, 47 1l K5 0.993 ~ 0.994) K AEHE (r 53 7 By
0.992 ~ 0.989) » B —EMEIEE S (p. 7751
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Fig. 4. Intra-rater reliabilities of two separate assess-
ment dates by image analysis were measured using
Lin’s concordance correlation (LCC). The concordance
line is indicated by the solid line, and the dashed line

shows the actual relationship between the two assess-
ments.
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Fig. 5. The accuracy and precision of damaged leaf area measurements on two separate assessment dates were eval-
uated by image analysis when measurements of manual approach were regarded as true values. The concordance line
is indicated by the solid line, and the dashed line shows the actual relationship between the two assessment methods.
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Fig. 6. Relationship between manual approach and

image analysis for all time taken during measurement
processing. The solid line is the best fitting line.

Relative difference of time taken (MA vs. 1A) (%)
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Rating time taken
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Fig. 7. Relationship between manual approach and

image analysis for measurement time taken for dam-
aged leaf area. The solid line is the best fitting line.
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2. HEEH - seBNER AR K AU E AR 2 87 0 ireiR -

Table 2. Variance analysis for damaged leaf area, all time taken and measurement time taken.

Mean Square

Source DF Damaged leaf area All time taken Measurement time taken
Variety 1 12.9° 4,396.4 1,960.0

Instar 4 1,081.6™ 462,126.2" 333,734.17
Method 1 4.6 191,468.8™ 1,011,317.6"
Error 189 2.6 10,908.0 12,225.5

" denote significances at 5% and 1% levels, respectively.

ISRt EEAmBEE R - Wit AR
ST G R - BUR A TN R o i
HU & R YA & A S At st L2 S - TRERS
SHAEFAER -

#E—2F th LSD g € 25 [ 1 ¥ B & 1 B
EERMFERAER - SRR AN S > £&
G A B SF- $ H R T A e 2200 s R A 7 Y
MELER > HERRELSD ZRENE (0=
0.05) » B Wi 8 I & 7 7% A A& i A M0 &
GETAER (R 3) 0 MAEMRRAREL > AT
FAIECRMERE Rl - B ERRZ
FEESRIEF G TE L 41.5% (% 62.5 5)
J206.3% (% 143.7 s) (& 3) - gh/KRE an i M
5 > TNG67” fy- P e i i =t 31.1% (2
TNI> % 0.9 em?) (& 4)  {fif {E FE 5 9 80 fE |

A2 5 - b BB IERENS > &
NeamE - 2SR AN EEGEH
—EFE R (R 5) 0 TR R E Y hOin A &
[EIfE - R SRR 2 HE 2 0 5 4h e e R
F “TNG 67 R flifeg TN 17 7K b e 59~ 35 HY
BB E 19.01 & 16.29 cm® (3£ 6) 5 4-5
1% 4y & Y & T FE 97 A SR BB &Y 92.16%
K 94.90% -

E:J-EA
aYJ af

W = T A 2 v /KR e A Y 2R B R (LB HE
BEREHA - RERTIERES AN RENE
JKIEEE 4048 fEEKIEE 2 28E (Sogawa et
al. 2003) > GEZL WIS AT 17 & 47 o A8

3. AFRMETEE G - SCRNER AR R AU B R 2 LSD e siR -

Table 3. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent measurement methods.

Method Damaged leaf area All time taken Measurement time taken
Manual approach 32A° 2133 a 2133 a

Image analysis 35A 150.8 b 69.6 b

LSD (a=0.05) 0.5 29.4 31.2

“Means within each column by the different letters are significantly different.

4. ARUKREGEE P EEER - e SRR R AN BN 2 LSD e s -

Table 4. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent rice varieties.

Variety Damaged leaf area All time taken Measurement time taken
TN1 29B° 1832 a 141.8 a
TNG67 38A 1809 a 1412 a

LSD (a.=10.05) 0.5 29.4 31.2

“Means within each column by the different letters are significantly different.
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% 5.

A EREE AR H HA ST P E B IR ~ SN AR P RE S BRI B A6 2 LSD AESS IR -

Table 5. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent instars.

Instar Damaged leaf area All time taken Measurement time taken
5 129 A" 3573 a 282.0a
4 3.7B 23270 199.2b
3 09C 141.7 ¢ 1044 ¢
2 02D 107.0 cd 703 ¢
1 0.1D 89.1d 65.5¢
LSD (a = 0.05) 0.7 46.6 49.3
“Means within each column by the different letters are significantly different.
6. AFEIFEIEEIIEFER “TNG 67 KAl ‘TN 1" /Kig iR P H & s -
Table 6. Means of damaged leaf area of different instars for ‘TNG67” and “TN1".
Damaged leaf area (cm®)
Instar TN1 TNG67
1 0.06 0.05
2 0.16 0.21
3 0.61 1.23
4 3.57 3.83
5 11.89 13.69
Total 16.29 19.01

AR AT 2 2% » BEKBEEWR
2R 2 DAL B H A Ry FLEE (Bautista et al.
1984; Cheng 1987) » 13 E- i 78 HI 1 T8 B I 4y &5
N EBEERE > ZLIJTHRAL (Cheng 1987) 5
B EER KRR HEERERETHE
(Heong 1990) - #:{EfE P MH BHRERE & > H
R ERR G R - BEIEERR (‘TNG 67,
30 DAT) 27 EHgHlEHEfE B 21.4 cm® (17.0-
26.9 cm?) » BIARHIZE (‘TNG 67, 30 DAT) 245
AT (19.01 em®) (3£ 6) 5 ifi fillfE (‘MR-84’,
40 DAT) b HU&TERE (24.3 om®) HIIELANTZE
(‘TNT’, 30 DAT) 24558 (16.29 cm?) (E6) H
HL2 PR > R4S R TTEE R 2 EKRE AT « KAEE
B FREEE (EREHE) RNETTEE
(A2 5% (Cheng 1987; Heong 1990) °

HE D T RERH G TIES SN ER
& HETIETEEER ZEEE - AR FERE
B YRR K AT > T BL ASSESS 2.0 #k
BEMETT AR T 50k > AT DU D 29% DL B

HERFR (3= 3) > BLAMEZE T T E RS SRS
TR EREEEES AN T HRX—2 FHLM
ASSESS 2.0 S EIT G 7 > HEEGHE
B R R I IR B R AN W T A - AS-
SESS 2.0 fff 78 T4 28 F A #E 17 &3 5 2 1A AE0OH
=AMt EERERNES RN E—TH
Srifratam e o MR DRI R4S RAVKE E S R R
FE Uk — 5T 5 (Mirik et al. 2006; Perovié et
al. 2008; Prior & Hellmann 2010) o A &iff 5% £
Fi ASSESS 2.0 7R 7 28 % 4= HY & 2% [y A Y OH)
& Wamee it )7 7A B A HE SR %S K AT
£ o BEiF R AR EE A E £ R VRS 0 BhAh
HERFETEREGEEHREMNTMESH -
ANLHXHMEE AN SEEHEENS -

MG R T AN AT SEE IR A MR AR

EMHEREAEESREISA Z0 R &E
Z o HBTRARENEN RS > S5 FY
HAEME SHHERE - BB ER IR LA
RRKEHENREN  PIOARHENZGS
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AR > HEAEARTENRTER B
WrEREEA o NS R - NREE B
ASSESS 2.0 G ET R G 0T > R EE A
M EERNESR  ERtE2E I
T TR (R

G 5 A R LA e 8 Y B AR
BN B B R IR RS > £
TEAE B A B i BRI M — 2 W] DASSCHE R FT 2
RO EHEANE ¢ (e X5 g B YR EBCR
b BRTEEREHERE IR GEETEE
RSN ERERZEEER LG > TEE
REOHE R EENE > R A EA
A e BA R G aEEEE > TEUEE
RFAE > ATHEEIM AR RES > &
FEOHZEERERBACMHE - SHEHRRERE
RFE > FyREOAsGER > MFE—F
BERTEENR LR 2R HILRA R
Ee IR EARE W HEEAEGRELNE
Fh o EERA S0 R R R T
% WSS EMON RS R > MkdE
EEBRETT R > BHRERER BN O R
iR bR -

REEE ROKMEER RS F T EE
SRR o TR R BN TR B AR o A Z B
MEAE /KR EE R RS BER E& 2 E
MeEHHREEIE  HME8E (UETE - |
JBE) - WE (B EEVHEGES
PR RE G R B o i ZRR A S AT R EL A A
o~ BRRFE - BEGON ERENRLOEE
g

ARBETHEAZHES - HERGE
$E S/ NERIED - EEERE LUERSER > £
B —f e -
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A Rapid, Accurate, and Precise Image Analysis to
Measure the Damaged Leaf Area Infested with
Rice Leaf Folder

Hung-I Liu', Shou-Huang Huang”", and Kuo-Szu Chiang™"

Abstract

Liu, H. 1., S. H. Huang, and K. S. Chiang. 2017. A rapid, accurate, and precise image
analysis to measure the damaged leaf area infested with rice leaf folder. J. Taiwan Agric.
Res. 66(4):307-317.

Rice leaf folder [Cnaphalocrocis medinalis (Guenée)] is one of the major pests of rice. Injury to
flag leaf caused by rice leaf folder larva will reduce the efficiency of photosynthesis process, thereby
leading to serious yield loss. Traditionally, the damaged leaf area of rice leaf folder has been measured
using manual approach. However, the traditional method takes relatively more time and manpower. In
this study, the image analysis via ASSESS 2.0 was used to measure the damaged leaf area. The result
showed that measurement and analysis of image was highly consistent with that of the manual ap-
proach, which is regarded as the gold standard (p, higher than 0.983). Moreover, the variance analysis
showed that the two methods had no significant difference. In addition, the image analysis can reduce
at least 29% measurement time. Thus, image analysis can be recommended as a tool for the damaged
leaf area measurement infested with rice leaf folder.

Key words: Rice, Oryza sativa L., Rice leaf folder, Cnaphalocrocis medinalis (Guenée), Measure-
ment, Image analysis.
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