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Spatial distribution and enumerative sequential sampling plans of the pod borer, Heliothis viriplaca in rain-fed
chickpea (Cicer arietinum L.) fields in Lorestan porovince

A.M. AMIN=, M. JAMSHIDI? M. FORUZAN?, M.T. TOHIDI4 A. KHANIZAD?, A. JUZEYAN?®

1. Associate Professor, Iranian Research Institute of Plant Protection, Education and Extension Organization, Tehran, Iran; 2. Researcher,
Lorestan Agricultural and Natural Resources Research and Education Center, Education and Extension Organization, Khoramabad, Iran;

3. Assistant Professor, West Azerbaijan, Agricultural and Natural Resources Research and Education Center, Education and Extension
Organization, Urmia, Iran; 4. Instructor, Kermanshah, Agricultural and Natural Resources Research and Education Center, Education and
Extension Organization, Kermanshah, Iran; 5. Instructor, Kurdestan Agricultural and Natural Resources Research and Education Center,

Education and Extension Organization, Sanandaj, Iran; 6. Assistant Professor, Ilam, Agricultural and Natural Resources Research and

Education Center, Agricultural Research, Education and Extension Organization, llam, Iran

Abstract

Chickpea pod borer, Heliothis viriplaca, is an important pest of rain-fed chickpea (Cicer arietinum L.) fields in most regions of Iran.
During 2017-2018, spatial distribution and fixed precision sequential sampling plans of, H. viriplaca population were investigated in rain-fed
chickpea fields in Lorestan provinces. Regarding to the fitting of data with Taylor's power law and Iwao’s patchiness, parameters of these
methods were used to develop of enumerative sequential sampling plans for each region. Results showed that, Taylor's b and Iwao’s § were
significantly>1, indicating that H. viriplaca populations were aggregated in Lorestan provinces. Sample size curves were calculated and
compared at 10%, 15% and 25% levels of precision. Validation results of Green's and Kuno’s models showed that, to achive a precision of
0.25, which is generally accepted in IPM programs, it is necessary to take samples with an average sample number (ASN) of 58 and 66 samples
for green’s and kuno’s models, respectively.
Keywords: Chickpea, chickpea pod borer, spatial distribution, sequential sampling

< a.mohseni@areeo.ac.ir

©2024, The Author(s). Published by Iranian Research Institute of Plant Protection (IRIPP). This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0)


https://doi.org/10.22092/jaep.2024.359238.1445
mailto:a.mohseni@areeo.ac.ir
http://creativecommons.org/licenses/by/4.0)

f)l:w,‘ ol ] > g5 C)l}a BN Heliothis viriplaca )|‘,$4.1._e¢ 6; Cotaz ) ‘;:,Lc...: d‘AJL.JA S pdigas "a_l.v'ai @Jj 0, e &:«ﬂ e Y

Heliothis viriplaca Huf. (Lep.: s>s50 lsaly f;
Olnl g w3 050 53 3550 g <Ll 31 S Noctuidae)
5 S e (Sl i L dle des ol ol 53N el
o badls 5l wdis 5 LS 05 8 'C‘U”“ P R
b a8 ol ol oyl aS (g sbar 558 o Jguams 2alS
{(Hashemi Aghajeri et al., 1998) <owsl sl 55155 Ao s 4t
(3 3555 gl 53 3Tl (eslatl Coesl 4 s L
Geds 5 o oS sl (Ghls paises gy SO w pbiees
dlo dor b ) 5iS o8 okl jo ol (o520 Sl
3y hs s 0 gl 5o ATl JES L
.JJSJa ¢l>,=;\ Habrobracon hebetor Say (Hym.: Braconidae)
3555 Eole 03 Llaly oS Comer (SIS e Gl L
05 e ioles o3 s eslinl pale sla B, Sl s
U a5 3L s, e Hohebetor 505 slias o g5l el
0 s adls gl o ey p S Comar (SIS 4 Sae
sbslulay ol (Sas o ) Cules pde D50
Gladas o cpl ol 25 5 50 il B L edd ol
So3ro 3 o Sl 3T ) 6l SIS (5l el gl
Al e
55 pole D pons Coner S s s 3l sl
O & S 31 0l CusdS L cpzman ol s Jb=
5 5 ol G o (ES1y LS e il S
L8 o )3 Jase 55 Came K a1l OF bl oS
biinss 5 SIS ol Sl ) S S o
(Poole, 1974) Ll o Comnl 3l L g5 o 3 a5
ol a3 5 855 SR e S s e (ST
b ol bils) e ogb Lol ST e SO
S s (6l 1y bl DB 5 0l OT
Glp L (s phiges sl b (S Ll
Al Comerr Ay sladde 5 ol oy e (gmer (e
23 e Kol 3l oLas (S| (Tsai etal., 2000) LS o

4adle

GLIs Al oBes G s Lt G Coner 3550 5
AAledd B a5 MR b clie 5 YL 2B
Olseas (g,ls a5 5a3 (Southwood and Henderson, 2000)
(oSl @S eokss plaesls 03,51 sty slp sl
Sl ol 5 Al o o 2l 5 Jae A5 Sl
(Pedigo & Buntin, > S eoslital Comex sbs 3 Ol5
wlpy S os K5 Sldlas cpas 53 1993)
St i 5 o Dbl W Syl (515 080505
laaalr adsl b STy e 3 (5l paisal 355 0
ol G569 5S1 (65,5005 sl G e | s (ol g e
Pl Jgamn 5 BT Ll day by je DAL il
(Pedigo and Buntin, 1993) .S L;ﬁfr.:waj‘u.

W;cb.wﬁdawj'\.x@:)ﬁu’ Ol o8 Gble s
Ll oMo OF e 5 Slas Olpe 5 338 0 oS
Sr olew o Jolo 55 4 Ul SUOL Ol 5 g5
(uzeyan et al., 5515 bL3,I lsaly slap S 5 555 S
333558 S 5 e VE e mITAR ol Il s 2007)
olisle S Gladkinl .l sdd 3,155 S YVAL v Ol
S S B Ol 5 Ols S (58 Ol Ol )
V440 5 YOTE FAVOY (AYFY MW iS5 e L
b a5 iS5 e 02y U J ) glaplie jlsa
Slaplia (5 AYA 514410 AY e (V1T (£ Y70 SV
Llesls yolanstl s gias | 5528 53 5450 A = G Jdsl
3 b Sl e o Dlse G 53 Caeal B Sl J e ()
2555 5 Shas (:Kle 3503 S5 w4, 3 (K5 5
G 3 o) A2l SUSa 53 oSS £E0 s Ol
A3 eSS T s 5 Gl s Shas (Kl oS
ol ) Okl 53 ((Anonymmus, 2021) ol LS
e (=.L:§ (Cdda S g alldl Ol aolin el
i e LIl S Ol gea



@l}» 5 H. viriplaca (5 Lo L ls paises o
Cmor S0l oS a3 /10 sllast o 53 (S par S
Sl il W Gy et Y 5 Y ey s o
Sl oS NVANE 5 YVY G5 Sw 5L sy 4ged
.(Figueiredo et al., 2021)
5 L 35 gl b BT S pde glaw S
s LIl 31 pms 53 5 e Jgeame ol & 0T Lt
Helicoverpa slssS o 5l .(Khanjani, 2008) Jib e Lol
H. viriplaca (Huf.)«(=Heliothis) armigera (Hubner)
Helicoverpa peltigera s Helicoverpa obsoleta Auctorum
S8 e ol s gy 4 45 Schiff
S5 P ool Ol oy sble s H. viriplaca
Hashemi Aghajeri et al.,1998., Mashhadi Jafarloo, 2005., )
oyt 3Ae Yo o p&.;\ Olewl s .(Juzeyan et al., 2007
Lye doss 4F oay sde YAG (Sl el L;,j@?
se LS Jlua byye sue VA 5 Huiriplaca « S«
G e 3 Y sde an <ol ol golasl kil oen
Jls 53 o i ol .(Quzeyan et al., 2007) ol sl 55158
S5 A e SIS les 6 it Sa 5 axdls fd
31058 o i ol 4di ol eds 318 Ol ) B plas
iy (S a8 Wss Ly OIS (o OllS s,
DS Olisl (S BBl (b S
wlie jJags oo C’L“’ sl s odaline UL 5 (g5l
S Jose )5 asyie Ko Shae &5 das e 0L OllSL s
e 53 935 K 53 5 VYA (sl Haarmigera | (s le
WAL s s Shes olS 8 (g5 e 55 308 53 5>
B3 s G 3 bl il 4l Jhals JlSs s e S LS
380es &g o Gy dm o b 53 e Y 20 Gl
Ahmed and ) ol o3ls JZals LKa 53 5 AT Ll
.(Awan, 2013
Lo e Cal ol A3 AY s e Olis Slids

VEOF a0 ) oyled AY Wl 1 alE laslew 5 ST

0555 68 Jedd 5 Ad) F5  ols mll S
Sl Sss Aslpe ie Ko i 4y i Sl 5 45 K,
035 Sl Jaee Cilises dal 5y plas 28T 4 by e
Sy LS o pld e pals Olpen KiS e s
(S) s S IS 5 sbay (Taylor, 1984) 5,5 13 el
(Pedigoand Jas - )l 3 ﬁb Co 1y (ols gl slaaal
el S0 S plab iS] ) a a Zeiss, 1996)
SlaptomesST 53 1) ot OF mer bl Sl Oleney
=S Sl wSls e SOl 5 e ol b e
(Radjabi, 2008)

5035 oo 53 (BT Al Cy e 3 Jelse (e Sl
o 5 O 42 (5l i god slaaals s plad 53 il o ASL o 4 50
(s (gl pises 5, »» (Pedigo and Zeiss, 1996) > 4.2
Olo3 b (ol paigad bl S S ot 3 (58 e
2 et > A e sl J S e b J 58 (sl (658 e
s ¢ Jsame 5 i (5S4 505 Libe s s ) b anlie
03 (BiNNns,1994) das o Jals Lo s Y0-00 | 5L 5,50 4 ged
5550 4 g0 3ldad s S lial (ol 235 b (glalls (5,8 4 sa
S b 2l a5l s B 35 S Oy 8l 0
(Opitetal., 2003) sl ol 35

BT Gllis (sl paigad w3 & Gl 2l
b b o515 51l e 351 iz gl 255 0
b camesS 5ol Los g J 18 G e Lo 5l e il 23
35 B 5 (Sl i gas Jai 5 50 5 Mo ey O
S >l Camer e sl 3l 50 i,
W s, cpl 5,5 (Pedigo and Buntin, 1993). 05 oK
Ol oS josasa 5 (Golspaised ayze Jals Zel,
Elliott, 1979; Pedigo and Buntin, 1993;) 343 so (5,l3 514 ge3
bl ety el dadas -l 55 ((Young & Young, 1998
Sade O 3l s 5 0l Lo 5 4325 51l 5 50 sladute
Lted Solf 3 b (g S W gad Slade o S S 55 5 0 S

Lgd e b ol gl



f)l:w,‘ ol ] > g5 C)l}a BN Heliothis viriplaca )|‘,$4.1._e¢ 6; Cotaz ) ‘;:,Lc...: d‘AJL.JA S pdigas "a_l.v'ai @Jj 0, e &:«ﬂ e ¢

N=[Za2/ DP[S/IMP? alat y 3 o3lizesl b 5 axp S (a8 Yo 550>)
slaasn abaly pl s s Sl 5 5,5 adsl 4 sad sl
& yas o SSle M e g lms Ol 2l S ¢ ilo3T S35 D e gas
VAT L Of Sldie @ (gl o) S S s L Zan g
(Hsuetal,, 2001) L5l .

Lo 51 o258 5 (0) Jas o laeslal «tn sy ol 53
Lol S8 Sose 3 Ldd amloe 5L (@)
i 3 lab g5 ) osde 5l b 03y 5SS
o3l 5 O lie 5 g dalpt oSG L sl «aes
and Henderson, 2000., Tsai et (Soutwood s ,ls ui..w 4 gad
al., 2000)

by o Lailgy 5l oslinal U 35 slnl B oasls iomen
Soutwood and Henderson Pearsall and Myers, 2000) axwl>s
VOl 5SS L sl S5 B S S5 53 5 (2000,
5 D et lamis bocd e bases il
. (Tsai et al., 2000) by ol g ol | 2S5

b st ) O g 55 g o I 03 5 )l s 0505
t=(slope- s,lel KaSas V sde 4 cond Glsl B s L5kt
L oo oslope kel opl g o S plxsl 1)/SEsiope
JMie b ol amloen t e 5 O sline (slax SE 5 0o 5
Sop 23S 13 aglie 5550 3051 a3 N-L L s t
Ol edsdr ey Sl ol dsloen tldds Gllae ;06 O35
(Feng and <ol ol las I O35 e ek
Nowierski, 1992., Tsai et al., 2000)

(Ssze dle 55 53 slpT 5 5500 lae bl dlos 31
b dbe 53 s 5l (2,8 5 O S5 bt o sl
(Feng and Nowierski, L5l awglis wa b 5 Lol g 5l eslizal
Ol baoylol opl o golel sl 5425 oy so 3 1992)
sl Al g 5 e g Jl g glaesls o]

b, —b,)//(SE,” +SE, ")

t

slope :(

1:intercept = (al - az)/\/(SEalz + SEaZ 2)

el polez e s sy 05 51 8 L s clles
.(Purmirza, 1998) 5,
Muﬁﬁj‘ﬁﬂﬁwu&?&i@f&:&@&ig
(Subramanyam and AL e (IPM) <ol ial oo e
H. Sltaly o S (goladl Coanl 4 4 5 L Hagstrum, 2000)
ool &y a5 5 Ol J Sl 5 5 5550 ¢ 5150 3 viriplaca
Ul A Co e 3 Wamer mesS 5 (610 4 se
Gladis 5 Glig S1n o n sskea ol ek
ey o S oY Al e Camex Sl ldlis (5ol i ges
Ol Oleal 5l adkee g5 23 2 @\y 4> H. viriplaca

Ao Sl (Csaa S 5zl =Ll 4)

L gy g3l

H. viriplaca | s=-4l, ps ez 3 (6,15 e sad shauea
A =LT, ) adlate a3 Ol ) Ol 3 350 gl 3
Comlas &0 S5 3 0558 4850 V0 - (G2l S
g s obsl cal 4 Sa gl anle b Ls 556 G
asy50 O 53 (3l paiged 5ysliS Loy 4o lan
Gas ol 2 S S sl s 4z 5 B s
«) @fﬂﬁwu“%jjﬁmgﬁﬁ & 38 5l
s gy (mpe Sesle VEVIXVAVY U315 slay
A aslial (613 s ged

et 33 5 85 55 4550 Saad S 51 (S5l sl
e s U ler o e o3l i 23 S el ST
53 53 a3 S I3 e sy 8 S
S L bode (a8 laadls v el a3 ckw
A 5 s Flogw NS 5 4B S I E )3
Sl Olay U lagg,ls padsad s cdlosl 5 poled 5)Y
3l daelsl 5 s gladdle DUl

dadd 31 B B s ST sl = Ul azia 5l a1 e s
5% 35 505 0 BV lago)ls padpad o abiols 3L OLL L5

Sledie 4 sad (6315 as 50 o8 5l (S5l el ges ad sl sl



LT, 53 TR0 Jlu s e (5 sl e slaesls
oo bodaass oy 5kl J LAY oo b
() Jsd) sls 0L 55l sl Jhe b /A0 s

o33 o oms VWA JLa 55 Laesls Jows 5 4 35
oS oY Sl pliad s aS sl Ol SialesT gl !
g 3 A 5L s s a5 gl 53 s ey
O dsdr) ss olad g5 5l CldasS s 5 e
L2l s sl 53 1T Jle s el LS)}T@’-' slaesls
Gl sl Jde b csida S 5 slnl 5 55kG Jde 53
O Jsde) ols olis

Ao p S JAUL e (oldd w58 o 2 DS 3
93 G)'j})'\ oy ol Y oS sls OLEs u‘<‘.)“"ﬁ§
ol Cdllas Gl pl i a5 AS o ond e Gl
WAL ladle b G Kiass by bl ol b 550 5
ol 0 3551 5 1/YAN0 5 1/081 8 VAYY 3 s \¥4) -
wlie Loa ags opl glasysl o baslio 53 slie ol S
=l plld s o n Groees . (IMtiaz, 1991) AL o
Ol ol 565835 55 (Kb ax S Gap misde 650Y
JJ\,«)JJAl{@]wl&h@é@jjjéﬁlé:bdudw
(Shabanpor et al., Aab .  Bslad &) swmas ols sl sTaylor
LY Sl slize hlesT ol 51 ol il L S 2012)
ol o S L 58 dile (g3l gets Ol 5 oo M) -l 50
Al ey s Sl A Sy ddseme g
OLer 5 5a Sl Gl oy 53 W SO) ()1 4 5el
28 ol (Al Ry 03 (e e o e 53 5 1Y
sl OLE T 5IYAQ gladle s Adldoost (1391) (sls
S VAYA o a dle 53 ool 53 5hE S S5 bt i S
WA 5 Y0 e g5 b gla bl LaS s VA
23l alhs stk es 5s (VNY 5 VEW L S
sl Sallas

SLdlo e o s S b b palie el

B )2 Y80 Jle s cdda S Oliwed bzl 5 sl

VEOF a0 ) oyled AY Wl 1 alE laslew 5 ST

slan 53 5T b5k laoslal 0 5b YL (slaadasly 3
L dsdst oltde Lol acule t ki s Jgew S5
Sy S5 01 5l asslir 5 alie Nyt No=Y (3051 a0
S a5y sles 53 0 L b glaoylel o o500l s
3403 355 s e Sl (g el LS

ey LS bl 4 by oS el bkt
Ladls (55t A5l oshl et lE L () (el o o
53 s S &l Green) cp S colgiin By sl eslaal L
S bt Sl 5L 2 se 4 gad sliad Bl o S s
L sllos (s Sapms 5o iy lat 5 (D) ot s e
(Barrigossi et al., 2003) LS awlos Coll 3

Jo b () el oo bl s aesls &S (635050 53
@algeig sy 5l ealizad b odsls oo OLES (6 2 Lol o sl
Elliottetal. s Wang and Shipp (2001) ;I |& « (Kuno) sS
Sl Lt 5 (Nmin) 5L 3 50 4 505 3la5 314> ((2003)
Al &l aesls cpl gl s (Dep) Colb s cbd S 4 gl

Slaosls Sl ey S mda sl Je sl OLL U3
slpl 5 bl oo e gl S laesls) Bl
Jb0el s RVSP i5ale 5 5l eslinal L (il eslic
Lade ol slel 5 43 U551 (el L) sdame (6 S0 5o
Oy @ 33 e (Naranjo and Hatchison, 1997) 4% sl
(Desired 55 i 3 Cb“ Om Ol saalis
R ladas Glasl 5, 50 35 L precision)
Excel SASO.1 (sla)lsdle 5 5l baesls Lo 5 a2 ) shaiens

A eslawl RVSP 42010

oy mli
slaas ¢ Sledde (5513 5d s ck?;;‘j\m o5 ol e
54 @Lﬁ Al a S e s S 00 Cubsba &gl
DL il sl sl Jl i Y40 Il 5 Laosls ol
2055 ey S oY e plad s S sl



Sl J Ol ] > g5 C)l}a 3 Heliothis viriplaca Jlssay 6; ooz 5 eylad 1S (615 paiged 5 oLl &IF 0K g ol Swrms

(t=5.91, p<0.0001) LU @ ¢l VY40 JL. 5 Cbda S

Ll 555 I3 sme (t21.52, p<0.001) 5551 @ (gl 5 Jls sns
o lel (gl 5 (22,50, p<0.0001) | b @ (gl ,; V¥4 Jl s

t=0.63,) ;b b (gl 5 s sxs (t3.47, p<0.0001) 45l 51

- (t=5.12, p<0.0001) LG b ¢l o aee g3 ol g

35 )5 g=e (t=3.70, p<0.0001) j;‘yj a osbel ds o 351 l> g (1=6.66, p<0.0001) }j‘jjﬂ Sl

Ol b 2l 55U, 50 gla0li s oo W 51 25

5 AL ) Ol J ol 53 (alS S 53 5, S slass) Helliothis viriplaca s s 1 aky o8 s3lsl 5 50hE s S5 slaolol =) J g
AT 510 cladle s (Codda S

Table 1. Taylor’s power law and Iwao’s patchiness regression statistics (+SE) of Heliothis viriplaca (total number of larvae per quadrate)
in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar and Kuhdasht) in 2017 and 2018.

Sample unit Year Model b+ Sg Loga + S t Data series R?
TPL 1.463+0.07 0.413£0.05 6.58™ 21 0.97
2017
IPR 4,75 0.532 -0.404%0.30 7.05™ 21 0.73
Noorabad-Aleshtar .
TPL 1.13+0.032 0.12£0.019 4.06 23 0.98
2018
IPR 1.40+0.063 -0.046+ 0.045 6.35" 23 0.96
TPL 1.385+0.102 0.065*0.031 3.777 53 0.784
2017
IPR 1.192%0.053 0.076+0.10 3.627 53 0.906
Kuhdasht
TPL 0.843+0.046 0.058+0.016 - 45 0.886
2018
IPR 0.833+0.151 0.407%£0.114 - 45 0.390

TPL: Taylor's power law., IPR: lwao's patchiness regression., **. b has a significant difference with 1, at p<0.01
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Table 2. Comparisom of Taylor’s and lwao's regression statistics of
Heliothis viriplaca (total number of larvae per quadrate) between two

years 2017 and 2018, in rainfed chickpea fields in Lorestan province
(Noorabad- Aleshtar and Kuhdasht).

Taylor's lwao's

Region power law patchiness regression
b Log a B a
Noorabad-Aleshtar ~ 4.33™ 5.48" 6.26™ 1.18™
Kuhdasht 4.84 0.20™ 2.24" 2.18"

" and ™ means b, B loga or a have no significant difference,
significant difference at p<0.05 and significant difference at p<0.01
between 2 years, respectively.
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Fig. 1. Stoplines for Green’s (above) and Kuno’s (below) constatnt-
precision sequential samples to estimate of Heliothis viriplaca
population density, in rainfed chickpea fields in Lorestan province

(Noorabad- Aleshtar), at 3 precision levels of D=0.1, D=0.15 and
D=0.25.
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Table 5. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for Heliothis viriplaca (total number of larvae per

quadrate) by using a pre-set precision level of 0.10 (Desired precision=0.10, Antilogintercept=0=2.59, b=1.463, MSS=21) with replacement, in
rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations Sample size
Dataset  Observed density™ Density Precision (D) .
. Mean Max. Min.
Mean Mean Max. Min.

1 0.63 0.66 0.12 0.13 0.11 328 385 200

2 0.98 0.96 0.12 0.13 0.11 267 306 200

3 0.50 0.51 0.14 0.16 0.13 378 450 200

4 0.77 0.80 0.13 0.14 0.11 296 360 200

5 0.17 0.15 0.09 0.10 0.08 711 815 200

6 1.20 1.18 0.05 0.06 0.05 238 253 200

7 0.82 0.84 0.06 0.07 0.06 286 312 200
Mean 0.72 0.73 0.10 0.11 0.09 358 412 200
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Table 6. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for Heliothis viriplaca (total number of larvae
per quadrate) by using a pre-set precision level of 0.15 (D=0.15, Desired precision=0.15, Antilogintercept=0=2.59, b=1.463, MSS=14) with
replacement, in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations Sample size
Dataset  Observed density™ Density Precision (D) .
- Mean Max. Min.
Mean Mean Max. Min.

1 0.63 0.65 0.18 0.20 0.15 148 187 117

2 0.98 1.00 0.18 0.21 0.16 118 152 96

3 0.50 0.51 0.21 0.24 0.19 169 216 126

4 0.77 0.83 0.19 0.22 0.17 130 168 104

5 0.17 0.16 0.13 0.15 0.12 315 404 200

6 1.20 1.19 0.08 0.09 0.07 105 115 95

7 0.82 0.84 0.09 0.11 0.08 1 143 114
Mean 0.72 0.74 0.15 0.17 0.13 159 198 122

3556 el o8 SN Ul pe g e Sl 5 S Wsed 03 S Jibe aslitel ) sian sl (5 S W sai D Ve Sl Jols (Sl s -0 Jgder
VY40 Jl ys (il s Ul ol ,ed) Ol J ol 2 255 ol 2 (/Y0 gl c]a.w 3) Heliothis viriplaca
Table 7. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for Heliothis viriplaca (total number of larvae per
quadrate) by using a pre-set precision level of 0.25 (D=0.25, Desired precision=0.25, Antilogintercept=0=2.59, b=1.463, MSS=8)
with replacement, in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations Sample size
Dataset  Observed density™ Density Precision (D) .
Mean Max. Min.
Mean Mean Max. Min.
1 0.63 0.69 0.30 0.39 0.24 53 74 38
2 0.98 0.98 0.30 0.38 0.24 44 65 31
3 0.50 0.53 0.36 0.43 0.29 63 118 37
4 0.77 0.79 0.32 0.39 0.27 50 75 37
5 0.17 0.16 0.22 0.25 0.19 113 146 90
6 1.20 1.18 0.13 0.17 0.10 39 48 33
7 0.82 0.86 0.16 0.20 0.12 46 59 38

Mean 0.72 0.74 0.26 0.32 021 58 84 43
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Table 8. Resampling simulation used to validate Kuno’s enumerative fixed-precision sequential sampling plan for Heliothis viriplaca (total number
of larvae per quadrate) by using a pre-set precision level of 0.10 (D=0.10, Desired precision=0.10, a=0.046, b=1.40, MSS=40)
with replacement, in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations Sample size
Dataset  Observed density™ ; Precision (D
D,\%g;ﬁy ©) - Mean Max. Min.
Mean Max. Min.

1 0.63 0.64 0.15 0.16 0.14 209 266 155

2 0.98 0.98 0.16 0.18 0.14 151 192 116

3 0.50 0.51 0.18 0.19 0.16 252 340 192

4 0.77 0.82 0.7 0.18 0.15 173 279 120

5 0.17 0.16 0.09 0.09 0.08 709 848 200

6 1.20 1.18 0.07 0.08 0.06 130 149 116

7 0.82 0.84 0.08 0.09 0.07 165 193 149
Mean 0.72 0.73 0.13 0.14 0.11 256 324 150
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Table 9. Resampling simulation used to validate Kuno’s enumerative fixed-precision sequential sampling plan for Heliothis viriplaca (total
number of larvae per quadrate) by using a pre-set precision level of 0.15 (D=0.15, Desired precision=0.11, ¢=0.046, b=1.40, MSS=1) with
replacement, in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations ~ Sample size

Data set Observed density™ '\Dﬂeer;sr:ty Precision (D) Mean Max. Min.
Mean Max. Min.
1 0.63 0.66 0.18 0.19 0.16 157 208 103
2 0.98 1.03 0.18 0.21 0.16 112 166 78
3 0.50 0.54 0.20 0.22 0.18 189 279 116
4 0.77 0.80 0.19 021 0.17 135 196 94
5 0.17 0.16 0.10 0.10 0.10 546 658 200
6 0.20 1.18 0.08 0.09 0.06 99 118 85
7 0.82 0.86 0.09 0.11 0.08 124 152 106
Mean 0.58 0.75 0.146 0.16 0.13 195 254 112
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Table 10. Resampling simulation used to validate Kuno’s enumerative fixed-precision sequential sampling plan for Heliothis viriplaca (total

number of larvae per quadrate) by using a pre-set precision level of 0.25 (D=0.25, Desired precision=0.20, a=0.046, b=1.40, MSS=6)
with replacement, in rainfed chickpea fields in Lorestan province (Noorabad- Aleshtar) in 2017.

Average statistics for 100 sequential sampling simulations Sample size
P ; Precision (D
Data set Observed density’ Dlslnsny D) : Mean Max. Min.
ean Mean Max. Min.

1 0.63 0.71 0.30 0.34 0.24 53 97 27
2 0.98 1.05 0.31 0.37 0.24 39 64 23
3 0.50 0.55 0.34 0.40 0.25 66 110 33
4 0.77 0.82 0.33 0.38 0.24 47 86 23
5 0.17 0.16 0.17 0.18 0.16 181 274 133
6 0.20 1.20 0.14 0.18 0.10 33 41 26
7 0.82 0.85 0.16 0.20 0.13 42 64 31

Mean 0.58 0.76 0.25 0.29 0.19 66 105 42
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