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Spatial distribution and enumerative sequential sampling plans of the pod borer, Heliothis viriplaca (Lep.:
Noctuidae) in rain-fed chickpea (Cicer arietinum L.) fields in Lorestan porovince
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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, Noorabad-Aleshtar and Kuhdasht. Regarding to the fitting of data with Taylor's power law and lwao’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 B 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. Also, for each model, Green's or Kuno’s fixed precision
sequential sampling plans or both models were validated using 7 independent data sets. Validation results of these 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.

Key words: chickpea, Sequential sampling, Spatial distribution, Chickpea pod borer


mailto:a.mohseni@areeo.ac.ir

4o
(Southwood and il el o auja 5 5,5 Slbie bl 5 Vb 33 shls b sl K s Lty SO Comer 3550 5
O oles 5 e g o sl le (GBS ST ol alaesls 0355 s 4 sl sl Olse 4 (5l 245 503 Henderson, 2000)
al G O 553 sS1 Oladllas ¢ e s (Pedigo & Buntin, 1993) 5 S eslatul Comaxr obss 53 O3 o0 DDl )l 51 5 wiL o
sl e Slaaal Aol ol 5 BT e 53 (6513 i 0l L35 o S e 5 o Olisal LB ¢ guol (6513 a5 g0
(Pedigo ,\swéﬂfwwwwwjgm@wgLﬁfQuwlwuﬂ)w\&i;};\@,iij,da?aug%mﬁ}
and Buntin, 1993)
Olien 5 S s o O g > Slas Oljn 5 23,5 o0 S nes rhane 52 SO Sl iy 055 0Ll o8 Gbla
=44 els L s (Juzeyan etal., 2007) 5,05 bLI ey glap S 5 555 S35 O Solew e Jole 53 4wl S,k
Olomli)3T 5 Olws S g2 Ol s3T 0l J olile S Glaoliwl ol s 55158 JlSa YVA v+ Ol 1 3 5550 C2S 5 mlaul £
b oo a5 iS5 e iy B Il slaplie SLSa 1VA40 5 YUOYE FAVOY CATYY MWW S 5 mlaor b oo 5 a0 35
rl i lesls polanstl s g a1y 538 53 358 Ay oy B sl slaplie (5 AIYA 510410 1aF e VAT (£ Y80 SVl a5
L0 550 Olpl 355 s Shee (S0le 315 13 pgm ad 3 (S5 3550 5 L) 5l e (Sl w03 Soeal Bl Sl J pases
Anonymmus, ) ol JUSs a 55 0 SIS VYo ssi s Sler s Sles oSle &S el s cpl b e S s 0SS
Al e B S Ul e 55 5 S e S Al O sladlin g Ol S Ol 55 (2021
dan 31 nl 5N Ll Ol 2 s ol e 3 355 e BT 31 S Heliothis viriplaca Huf. (Lep.: Noctuidae) 555 1 yaly o S
sl 4S5 35 o drazs AL o Ladils Sl i 5 LOME 035 Hlopm ot 4 IS i Sl wdis Ll
(3 2555 e 5o ol ol (g3laml Coenl & a5 L (Hashemi Aghajeri et al. 1998) ol ol i3S A3 40 b a8 il -l
ol IS e dle ki (b jsiS o8 b0kl ol (5)5 00 Dl G855 43 oS eale (ol paised Sy SO ol
ps oo VSLJ e 8 Ll .>ﬂ§da rt};.” Habrobracon hebetor Say (Hym.: Braconidae) 5.3 law s =3 3 455 G\Jw 33 sl
53 3k 5,50 Hohebetor 55 slaad o5 lgmaly oS0 (re s Sles 53 358 e sl seke (Sla i) 51 s 35 polie o Ll
sl slagsslala, o SR Gxoye sl Culey pde Dy 3 5 iy polie o Ay S Lomer SIS 4 N S s
Al o S350 5 e Sl ST nl Sl SIS (S5 e sad ladibe g cplply 335 sims s S Ledd
g e el 505 O w4 SIS 51 0Ly CBd8T L e el oS J 3 psle s 0 e G2 35 e 31 5l
Sleogas 51 S8 (S ol LS a3 e 5> Comer S OT el S el 55 5 o (S e ST
548 33l oy SRS op L aom (AS|  (PoOle, 1974) AL e Coedl Sl B g5 e IS cnd b 5 (S5SST bl
Sy s Sl 1y bl DD 5 0ds OF Gy Jamen 5 0,0 Lails) i ogh ool SES| e g bl el olSa 5
(Tsai et &S o ool b Conesr Ay Sladde 5 STy e (Cmosr (oS S Ml (s i gad sl 1 b ¢ S L Lad
el e el ot il e e s se 45 (658 ST Dlus st A e O e 55 Comanr ol olas (2S], al, 2000)
Ll s olas ST 6 b gl Shs il it s Jud o hd 515 S5 S5 sl 050 8 el 5 5 4S5 £
SsS S b w (Taylor, 1984) 5.8 515 exlital 550 bas S oy plad (gl el Olge 4 Llg o 5000 Sl Jaoes Cilises
&by g Ly oyt S ol ST e e (Pedigo and Zeiss, 1996) s pa 15 U S 1 (6l e sad (slaael o ST
(Radjabi, 2008) 1S (5 xSe3l w5 o SO 5 2 215 L 5 b St S 53 1 o i 0T e bl Sl Olea

A\f



a5 Ol 4 (1 pised slaaalip plad 3 el & Wibe anja 5 S35 Jale o3 (ST Ladl S pte 5> belse on Sege
LSJSM O3 B (615 4 s bl O J 58 o guast o 6;('.:&..,05 (sl o> pagad (S, 3 (Pedigo and Zeiss, 1996) 5 5.2
L 5L 30 5m 4 ped sliad  Jpams 5 Culi (680500 dile S0 sla iy b alie 13 s 53 b o alsl J S pe b J S ol
@ Odewy Sl 3L 3550 gl sl pnd IS bl (ol S35 b glallis (5S4 sed 5 (BINNS,1994) das e ialS Ao s YO0
(Opitetal., 2003) Cowl Culf S5 SO L T Camasr 3 335 L 5551 5 S

Sl 35 51 o L (ST 5 51 alaireass 03550 s 4 Sl 2t plonil SUT I GlLs (5ol e ped e 53 oS Slikos i
308 bty ol o e Bste (SHls paisad Gl sy 5e 5 sllan mhan 4 Oy b e S 5o (AL s s J 1S e S 51 S
513 pged s 2aS Cel s i, opl 5,18 (Pedigo and Buntin, 1993) 13 oKius 3 G 53 Sl Camer e 8l 9L
Laosls ol dlad e L)i\ > . (Elliott, 1979; Pedigo and Buntin, 1993; Young & Young, 1998) Sph o S5 0 gas Ola U:ALS PSR A
ol 5 U (Sl Gladde o Spge 4 55 5 0 8 ladie OF 5l day 5 otd o 5 s slnl 5 sLE ladie ulal
L e b LOT gl diten

VY a3 0B Conex Sole aSole /10 (glax s 53 (S a8 gl 53 Hoviriplaca (55 xSl (5015 25 55
.(Figueiredo etal., 2021) 3 5 daly oLS VAt E 5 YVoY 5 5 a0 3L 5,90 @ g0 3ldas L G40 2 (55, 3det /oY

Wil o ks Sl bl 51 adny 3 5 we Jpramee @ LOT Sl 5 a5 50 gl e ST 5l sl laa S
s Helicoverpa obsoleta Auctorum H.viriplaca (Huf.) Helicoverpa (=Heliothis) armigera (Hibner) Lgl.mu'jf o ) .(Khanjani, 2008)
Hashemi ) 5,05 (s 5 i <oslest Ol o8 Gble js Huiriplaca 458 (i se ol 5 450 @\Jw 4, 45 Helicoverpa peltigera Schiff
YAO (S 3l e ‘_g)ﬂcv,- o i 3o YoV oy 3l PU Ol s .(Aghajeri et al.,1998., Mashhadi Jafarloo, 2005., Juzeyan et al., 2007
55 Y ade ¥ sl ol ol Bl uoen 3 p LaS e w0 by e sde VA s Huviriplaca <55 4 by e o ys A L sds
plod Sl 5 LS o SI 0k o il S a5 ails fd S Jle 53 o yi ol .(Quzeyan et al., 2007) sl sl 55058 =
(AR B ey (S xS O 8 b OIS ()3 OlalS (55, 51 058U 6 ke cpl wdis el 0d 218 01l bl
S Ses 8 e e OLE OluSL Hs wlie s 55 st el el sdalie OLSLlr 5 (6l LALS Obinl (kS SBL o 5
Wls 5 ,Slas olS 8 o) aw o 5uY 308 53 5l Sy 53 53 LB s 5 VYA sl Harmigera 31 s le 4S5 50 43 a5 5
VAT €ls 5 Ses g 2 S o b 33 e 90Y e SO i S0 s SO s bl il jmals s s cjfjl:S\/\‘\
.(Ahmed and Awan, 2013) ol o3ls Zals L 55 o

LU J xS Slles 655 8 opl by b o 215 2T L3l e bas,Y w0 bg e il cojlat o s AY das e 0l Slidss
.(Purmirza, 1998) 5 .S el o slez e o Lo, g5 51 S

L (Subramanyam and Hagstrum, 2000) LiL . (IPM) ] I IGINVR VPV | s bl e K ST Cra b
Wurar (e 5 (610 g 50l Sl a5 L 5 Ol J Ol 03 5558 gl o H. viriplaca )l y=-aly ¢ S (g3laBl Conal s 55
oS oY o Comar 51 Gl (51 p 503 Sladie 5 Slargy (S ) sk 4 ol sl (BT A Sy pe 5
A3 Sl (Casa S 5 il =l ) Ol 3 Ol Sl adlate 53 o 5550 gl5+ 5> H.viriplaca | yal



L by g3l
<MM§)M\-J[;T));)MJA)} 4Qh~u‘}} QLZ.A‘ r.;b ))}v.: C)‘JA)J HVlrlpIaca)‘Pdﬁ V;WJ‘ L;)‘Jf{;jm)jhmm
Loy as i pilaw S 5 LS glﬁ;ﬁ\&éi@;;_}ﬂ@bl{)wjbu&C&Wd{&j&ﬁs 395 as e V0 syl

Al ealanal (6 ls pd sal Al g Q\}'&«{(cjﬁ Sagtle VO/VIXV/VY s 1s sl 4) ij:.ﬁ(wc,a-twa

3,0 J’SJ‘H’K o3 b Hlgm a s e o3l a3 S <=L>.u'\ ‘f‘}ii)'):‘“‘")"ﬁ@f: a3 el S 5l Sl gslalels
_5Wﬁ)‘}w‘)jJ))ﬁ&)bbd}b‘)btsdu‘\?&l}-w‘)jch@)JAc}dM)JJJK)‘JEJ.wl)‘wuﬁ)‘}w‘)f
sl Wiy 03 3 55 0 B Y lagls phiped o 4kl (5L UL L5 aeg 3 3 G s LT sls 2 Il asia Sl b ,ls g
5550 ad sl & sad sldad N=[Za2/DPSIM]? alasly 5l oslinal b 5 a5 8 (oS Yo s50) Sledie € sad (solad 4530 o 5l (5ul5 el ol
L.S‘J” o/ JU;J‘}G")JL’ Zu/ZJAJ}QJ w.i.ll.:dm ‘Mja.!)ln&ﬁ &J‘JW‘SQJ:.;LA)TC,:B)D LM}N Sld=s n d.k.sb Ui‘)'; A JL;))‘)L:.’
(Hsuetal., 2001) .ib e /AN 5l of Jlis @

)‘ bub‘})ﬁ&};%é‘ju cjgf)_).: Q)j«ﬂ)} LAS M\}u)j.l.iu (a) (.,\.ua)\ fﬁj(b).}é}gﬁ:ﬁaduo)ui g&.&jﬁ L)'i‘)"
and (Soutwood 3,15 Siw 4 ses o311 4 50 O Hldie 35 al e Cl oSG b balial ¢ ezl i 5 @ o] wbad w5 sde
Henderson, 2000., Tsai et al., 2000 )

45, 32 3 5 (Soutwood and Henderson 2000., Pearsall and Myers, 2000) 4culws ab 4 10 Lol g5 5l uwg}g,lﬁiﬁ P E IV
(Tsaietal., c.ils dalp sl Gl oSS 5 dolal  raxs Slamis b e laaised (il 3 5SS L gsles 555 B
. 2000)

plxil - t=(slope-1)/SEsiope oolel SaS 0\ s 4 e Glal By 5hl b asls) s S, o s Ol O34 ls sre Ol
))}A 6J‘JT&JJN'1bJ)J}tJ‘J\}JboM w\:;ﬁt)\JiajuT)l.:M dUG?SE}Q)?w;).}a}W S|0pe ‘4.h.ﬁ|) dﬂ“).} C,J;
(Feng CM‘CAT&W@)}JQ.)_,;MoMJQLJocJ}J\}tMWonWtJU}.&&M)J:BQb}Jg)J;CJ;)‘J.;M_U.&
.and Nowierski, 1992., Tsai et al., 2000)

Loty 5l eslizad b dle 53 1w 51 (5,8 5 O S5 bghast ol glao,lal ¢ Jlgze Jloo 55 55 slal 5 5500 (glaoslol apuilous 51
3525 Jle g5 glaesls & Ol (e Lol oo Sobel sl 3429 &y s 3 (Feng and Nowierski, 1992) L0l 4 lis - Lo,

dls dal

t =(ay — )| \(SE,.” +SE,.”)  tuee=(0, —b,)/ /(SE,” +SE, )

Nr=Y (o034 5 b Jsdom tlie b ool dpusloms t polis cditeon Jgane S5 sles 53 5151 b 500 glaoslol O b VU (slaadal; o

intercept

3 s e OVl (golel a1 S S sles 53 a b b glaeylol o o0l 3 g 5SS OF 5l asslin 5 anslis Nyt

Sols
oo Sheslial b dalls 5 he 23le sshE atla L (D) el w4 5 LS gleesls 4 by (5 S el Lol
b5 L 5 (D) @Ugésclad&@wg;m Sl L 550 @ ged sl JE\Jo-Ong Soay 3 s S &1 (Green) o S salgii

(Barrigossi et al., 2003) LA arsloes Colb S35 L ldlos (6 84 gl o



Ji 4 (Kuno) 58 kgt (s 31 ealinad b isls o 0L (5 2 (3510 slal Jobe b () s o jod oll 2 Lnosls S (53550 3
ol ods ck.u S pbtes gl b5 Lt 5 (Nmin) LS 5550 45500 3ldas J3l0> Elliott et al. (2003) 5 Wang and Shipp (2001) ;|
A &l esls ol gl (Dexp)

3 eslizal U (Wlois slizul slasT 5 5Ll (ol o eesd Sl o5 _slaesls) S1as slaesls 3l es 8V slins (Jda ;o sl OLL s
(Naranjo and A& jaseie ladde ool slasl 5 a S 513 ob3o) 5y (0 30le L) sdoee (5 ,S4ises L 000l 5 RVSP BSIS
] ladde el 5,40 35 L (Desired precision) 5 5 i <33 Ch.ﬂ e Nt edalin oy g 53 penw Hatchison, 1997)
A eslizal RVSP 5 Excel 2010 SAS 9.1 (slajlsile i 5l Laesls Joloi 5 a5 sl & 0L s ik

C.’u_;@\.b

Jl D3 baesls Lo 5 4 520 il S as S ey S 00 ol e gl sldes ( Sledie (5415 el ge el 5l e a3 nl o
otk J ol s 23 5 @\},«)J 35l gtaly ¢S oY e olas @jjjéa\; oL u:iuj sl dsl Jl oas VY40
O ) 35 rens £ 50

Lo/ e o b diasS 53 5 5l e L o/AY s oo bl 5 sl s 53 VY80 le s eld (5550 g slaesls
O Jsa) sl 0L sl sslal Jue

03 a5y oS @Y ol e olas i oS sls Ol SialesT gl > ps3 dlo s VAT JLe s laesls o 5 4o ol
WAT Il 3 0l (sl o sla o315 () Jsir) 50 olas ¢35 5 Cda S 3 5 mams psi 3l 20l 55l 3 s 3550 e
) ) sls 0L 350 sl Jue b ciian S 5 oslsl 5 55l Jde 53 8 b 230l 5 5lT, 5 s

Sl alax 53 35 Slen ot cal oY 5 e oS sl 0L (S5 a5 1 osee 08 LG e plas 55 ) LS o
w4 WA S AYAR Gl b Gp SCtasy by skl cal s 25500 a0ls Cllas Gudow cnl mmli L oS S o6 Cond e
. (Imtiaz, 1991) b e wlise Loi 2ass ol glas,sl o b oanolie 53 slis opl a8 ol ol 5,51, 1/7470 5 1/0818 (1/VAY)
255 G S 5l 0L DldS Ol wl5 5l 55555 50 (Kb a8 s rsals Y Sl Ui 55 e p ies
J’;J“LAJ ol 3h Jels i L oS (Shabanpor et al., 2012) AL o Balad s 4 sl 5 Taylor ke 55 ,a L ool gl alad
P 5 SN g wged has (e £ ol a8 L 68 wle 3,050 4 Ol5 o Ml ol 55 LY Sl el sline
35 oLl ol fags s S e e 8 5 TN OLa 5 55 Slad Gla ) 53 G0 ) (Guls 50 dges Ay
VAA 5 VYA (o5t dle 33 ol 53 55L0 S S5 ot o S 515 0LE3 VW4 5 VTAS sladle 3 Adidoost (1391) (gl a5

il Cllas 235 sl 5 slaokie el 53 O 5 VETY (5 ) YTAT 5140 Jla 53 b Lo sla bl L oS 5

(t=3.47,p<0.0001) 551 1B (2 1720 Jlu 3 Cida S Ol g b 2l 55UT, 55 (sladlio g pm Ogane S5 Lot ol alie acylis
t=5.12,) ,5kUb ¢l o adlaie 55 oyl o O gens S5 Lt o VYA Jl s Lol o5 Sls sme (t20.63, p<0.131) 5 5LG b (gl 5 5 l5 sme

Ol e b 22l 5 3LT) 8 (slabo s (s s 31 5,8 oslal aylin 55 13 sine (15666, p<0.0001) 55151 B (sl wa 5 (p<0.0001



g 05 gme (23.70,p<0.0001) 5551 @ o bl (gl 5 (t52.50, p<0.0001) LG A sl

Slew J oleal s (sl8 SSs 5,Y IS slaws) Heliothis viriplaca > g )l galy 0S5 salsl 5 5500 S S slao,bi=) Jsas
AT 510 cladle s (Codda S 5 zadl-stl5)

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.

~ Year  Model b+S_ Loga+S, t Data R?

Sample unit series
2017 TPL 14632007 0.413-0.05 656~ 21 0097
Noorabad- IPR  4.75:0532 -0.404+0.30 705" 21 073
Aleshtar 2018 TPL  1.13+0.032 0.12+0.019 406" 23 098
IPR  1.40+0.063 -0.046+0.045 635" 23 096
2017 TPL _ 1.385:0.102 0.0650.031 377 53 0784
PR 1.192+0.053 0.076+0.10 362" 53 0.906
Kuhdasht 5018 7pL  0.843+0.046 0.058+0.016 i 45  0.886
IPR  0.833+0.151 0.407+0.114 i 45 0390

TPL: Taylor's power law., IPR: Iwao'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).

Region Taylor's power law Iwao's patchiness regression
b Log a p a
Noorabad-Aleshtar 4.33" 5.48™ 6.26™ 1.18m
Kuhdasht 4.84™ 0.20" 2.24" 2.18"

ns*and ™ means b, {3, loga or o 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.



200 -+
180 -
160 ~
140 -
120 -
100 ~
80 -

60 -
40 -
20

0 T T T T 1
0 20 40 60 80 100

cumulative number of pest

number of sample

Heliothis viriplaca sy 154l S sso¥ -l CMWMJJL;»@}SU:,)M_@U S35 L ladlis (6,8 ased Jue Y IS
('/YO)'/\O;'/\)Uﬂ}ch.ﬂmbub)gblw.kﬁjs@ﬁbb}m@‘f)é

Fig. 2. Sequential sampling stop lines for fixed precision levels (D) to estimate the density of Heliothis viriplaca using Green's (above) and
Kuno's (below) models 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 Sample size
Observed _ simulation.s_ .
Data set density™ Density Precision (D) . Mean Max. Min.
Mean Max. Min.
Mean

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
S 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 Sample size
Observed _ simulation_s. _
Data set density™ Density Precision (D) . Mean Max. Min.
Mean Max. Min.
Mean
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
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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 Sample size
Observed _ simulation.s_ _
Data set density™ Density Precision (D) _ Mean Max. Min.
Mean Max. Min.
Mean
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 0.21 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, ¢=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 Sample size
Observed _ simulation_s. _
Data set density™ Density Precision (D) . Mean Max. Min.
Mean Max. Min.
Mean

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=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 Sample size
Observed _ simulation.s_ .
Data set density™ Density Precision (D) . Mean Max. Min.
Mean Max. Min.
Mean

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 0.21 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, 0=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 Sample size
Observed _ simulation_s. _
Data set density™ Density Precision (D) . Mean Max. Min.
Mean Max. Min.
Mean
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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