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Abstract 
Biology and morphomatrics studies of lemon bune.rtly. Papilio dcmolcus L. were carried out on bael. Adu)( 

fornak laid eggs siogly on the under surface of cendcr leav�s and also on tender twigs. The pookd mean duration of the 
diffe.rent stnge� of lemon bunertly viz.. 1he incuhntion period of2.80 day�, larval period of9.23 days, pre-pupal period of 
0.99 days, pupal period of 8.11 day�. female adult longe,,i1y period of 6.95 days and male longevity period of 3.85 days 
respcc1ively. The ave.rage leng1h, width and wing expanse of male hunerfly were found 10 be 27.961 mm. 5.997 mtn and 
88.518 nun while fcnullc huu.:r.tly was found to be 29.0 LS inm, 6.327 m.m and 9 L.072 n:un, respccLivcly. The 
morphomctric varialions of differem life stages of 1he ciLrus buucrfly have been recorded. 
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lntroducUon 
Bad (Aeglt• manm•los Correa) bdong..'i co family 

Rul.lceae is an important indigenous fruit crop to dry 
forest in hills. plains of c.entral and southem parts as well 
as ar,id and .semi arid regions o.f India. 11 also called as 
Beng;tl quince: Qr Indian quince. FntiLS an: fa.Lm)11S for i1s 
medicinal vnh1c:s as wc:11 as edible frui1 qu:�lily. The 
diJferc:nt parts or hac:I are usi;:d for various therapeutic 
purposes, sucb as for treatmc:nL of asthma. auac:mfa, 
fractures. healing of wounds, swol lc;:n joinl.S and diarrhoea. 
Th� omipe dried fn1it of bac1 is a.stringent. digestive. 
stomachic and dysentery, Sweet drink prepared from the 
pulp of fruits produce a soothing effect on the p;,tients 
who havi.: ju.st rccovcn:d from bacillary dysentery. The 
bael is gaining popularity among the farmers of arid and 
semi arid areas for economic cultivation. However, the 
quality of fruits and productivity is not oblained up lo the 
standard (Samadia and Haldhar, 2017). 

One of the reasons for it is infestmion of insect
pests on the vegetative as well :is developing fmiL� which 
ult:imatc:ly leads to significant yield loss and quality 
attributes of the fruits. About 30 species of insect and 
mites have been reported feeding on bael in lndia (Lakra. 
2004). Various types of insect-pests are found to be 
infesting bael in which /'. demoleus is major one which 
defoliate the plant. Pathak and Rizvi (2002) r�po1·ced thm 
the P. demoleus is a serious ciu·us pest irl llldia. Amollg 
various insects of bael lemon butterfly commonly known 
as the lime or citrus swallowtail, has a succe.�sful dispersal 
and t>c.c0(rUng a major pc.st of citms planL� ttm)ughouL 
Asia. The infestation of P. Jemoleu.) · appeared from 
Augus1 10 Febmary. The highest egg. larval popula1ion 
and plant infosunion wl.!n:. observed L2.75, 6.l5/ l0 
brr-inches an<l 65.0 %, rc;:Spectivc:ly. The: re-la1ionship 
between lemon but1erfly egg, larval popula1ion and 

maximum tempe!'arure was negacively cMrela1ed whereas 
the maximum relacive humidity wa.s positively in add 
region (lhldhar e, al .. 20 I 0). P. de11u)lt'11s feeds on the 
foliage of citrus trees and is regarded as a major citrus 
pest especially in nurseries the lal'val rorms cause serious 
damagt: to ciLruS fam.ily by t'lt:.vouring large quantity of 
foliage du,;ng the later s1ages of their developmc:nL The 
biology rmd devi::lopmental pc:riod is mainJy di::pc:ndanL on 
1he climate, l◊t;:ition and plant specie�.:; on it feeding. The 
dc;:folia1ion was observc;:d 83 per cent in swee-l orangc;:8 
grown in the Southern ionc of Andhra Pradesh 
(Narayanamma er al .. 2001). Severe infestation res\llts in 
defoliation of the tree and leads to retarding of plant 
growth and dccrc.a.5(:S fruit yield. Keeping in vkw its 
economic importance. the study has been carried out for 
biology and morphomatics of lemon butterfly, P.

denwleus on bael to develop a tool for eco .. friendly 
management. 

Materials and methods 
The larval popuhHions of lemon butlcrfly were 

colJcctcd on bacl plants from cntomologic-al experimental 
field of ICAR-Ccntral lnstitutc for Arid Hortic\llturi.:. 
Bikaner (N 28 ° 06' E 73° 21 ') situated in western parts of 
Rajasthan and brought to entomology laboralory to study 
the biology and morphomatric of lemon butt-trtly. The 
biology of lemon butterfly on bael was studied during 
September lo November of 20 I 5� 16 and 2016� 17 in the 
entomology laboratory by collecting fifth instar larvae 
regularly from the bael plants from entomological 
experimental field. '11le larvae were J'eared in glass jars by 
providing fre.sh bael leaves daily. 'fhe male and temale 
adults obtained were released in cages for egg laying. The 
adult moths were provided with I() per cent honey 
solution ill conon swabs that we,·e left suspend�d in the 
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cages 1,hroughoul the period of egg laying in which tender 
bad lwigs wcrl! phlct:d in c(mical llasks c.onrnining Wf1te.r. 
"fhe twigs were changed after one day. The eggs were 
transferred 10 petridishes containing fresh 1ende.r leaves in 
petridishes at room temperature (28:t2"C). A moistened 
fihcr paper was kepi in each pe1ripla1.e l() prevenl the 
drying of leaves. The c:uerpillars were maintained in 
pctridishcs upt(l third instar. Later on they \Vere 
transfor1-ed aod reared in separate glass ,roughs a,ld 
aJlowed to complete first ieneration. 

Teo samples (egg. larval stages. pupa and adull) 
were used for obscrvn.tion and measurements. 'fhe larvae 
were reared under laboratory condition for measuremenl 
of different stages. The average Line-ar measu1·emcnts of 
various body parlS or male un<l re.male buucr0y were 
obtained under a stereo binoculars microscope (R;,dical 
lnSLrumcntS, Amb:da, Haryana, India) using Jcnoplic. Pr<> 
2.8.0 software. ·n1e 1crminology used to denote different 
parts of 1he body of the buuertly (Haldhar, 2012; Haldhar 
and Singh. 2014; Haldhar e, al .. 2015. Haldhar n at..

'20.16). Transformf'lti.ons wi:re used as ncccssftry to f'lcbfovc 
normalily in 1he data befol'e analysis. The data on biology 
and morphomatrics of fomon butterfly were- analy:icd 
through one-way ANOV A usiog SPSS software. The 
standard error of 1he mean was caJculmcd bv this 

s 

formula -fo. where, •.f is the sampk s1amfanJ <lcviiuion
3nd ·n· is lhe size (number of observ;1.1ions) 0L'1bc sample. 

RcsuJts :md discussion 
The fhdd experiments were conducted during 

2015-16 anti 2016-l? with bael (Aeg/e nuu·11u,los) I() 
de1ermine Lhe biology and ll\Ol'phomatrics s1Udies of 
lemon buucrlly. Papi/in demnleus L. On lhc basis of 
pooled data of 2015-16 aod 2016-17. adult fem,,k laid 
eggs singly on lhc under surface of lender leaves and also 
oo teoder twigs by cul'liog il,; abdomen. The freshly laid 
eggs measured 0.91 mm to 1.04 mm with an average of 
0.98 mm and smooth. spherical creamy yellow in colour 
;rnd they turned to grayish with brown streaks all over the 
chorfon before hatching:. lncubat..ion pcrivd ranged fmm 
2.38 to 3.25 days. There were only five larval instars 
whid1 lhe avcrage <lurnlion of fin,1 tO fiflh ins1ars were 
2.21. 1.03, 1.55. 1.93 and 2.51 clays respectiveJy. Newly 
hmcht!d c.Rlt!rpillars Wt!re It!$$ $piny, c.ylinclricnl io Shi'1pt!, 
light bl'Own lO brownish black in colour with thorax 
tbicki:r than rest of th.; body havi1.1g di.rty wh.iti: mark on 
dorsal side showing l'esemblance co birds excreta (Table I. 
2. 3 & 4). Rcsham et al. ( 1986), Singh and Gangwar
(19K9). Radke and Kandalkar (1989) and Ramakrishoa
Rao (2015) rcJX)rted lha� the incubation periods varying:
rrom 3-7 days. 4-7 days. 5days and 2.90 days.
rcs�ctivcly. The difference in the incubation period was
due to vo.rintions in the weatJ\er factors of different
regions,

�The first ins1ar larva recorded an average length 
and widlh of 5.56 mm and 1.55 mm respectively. The 
average duration of first instar larva was 2.2l day$ with 
range of I. 63 to 3.13 days. The secood iostat latvac were 
le:$$ Spiny and dnrk bn,wo in colour with a dirty white line 

present obliquely along lateral sides of the abdomen and 
wilh a break on the dorsal side. The avcr.tgc size of lhc 
second instar Jarw1c in length and width was found to be 
9.05 mm and 2.71 rnm. respectively. The average second 
instar larval period was found to be 1.03 days with a range 
of 0.75 l() l.38 days. Th.ird in$Ulr larvae wc:re re$embled 
the second instar larvae except in size. Third instar larvae 
wa$ recorded an average lcnglh ancl wid1h of 13.25 m.m 
and 3.659 mm. tespectively. The average thil'd instar 
larval pc;:-dod was l .55 days with rage: of 1.25 to l .88 days. 
The fom•th insrnr larvae were black in tl)lour with a liule 
greenish tinge and whitish bands could be seen on mcso 
and me1a lhoracic segmenL'> laterally. anlerior parl or

abdomen and on Jast anal segments. The average fourth 
inSLar larval period was founc.l l() be 26.56 mm in length 
and 5.74 mm in width. The average founh instar lar,•al 
period was foun<l to be 1.93 days wilh a r:mgc of 1.63 tO 
2.25 days. 'f'iffh instar Jarva were yellowish green or green 
in colour. The average lenglh aod width of lht! fif1h in$tar 
larva was found to be 42.86 mm and 5.74 mm 
ri:spcctively. The l'tvcn1gi: duration of fifth instar larva was 
2.51 days (Table I. 2. > & 4). The re. .. uhs of the present 
investigation arc also comparable. with Madansuri et <ti.

( 1979) who �corded the mean head capsule wid1h of firsl. 
second, third, fourth and fifth instars of P. demoleus as 
0.61. 0.95. 1.49. 2.33 nnd 3.64 rnm re.-.pec1ively. Shnrir et 
aJ. (1989) recorded the durntions for egg, Jarva and pt1pal 
stages as 3.24, 18.24 and 11.7 days respectively and the 
but-te-rfly had four generations in a ye-ar with a Lifo cycle of 
33.19 days fm<l simih1rly Jr1hn:1vi ct al. (2018) recorded 
duration of total larval period varied from 17 .16 to 17 .66 
ctays wi1h an average of 17.53 day$ on acid Ume. 

Before changing to pre .. pupa the caterpillar 
sb.runk in side and it hangs from the Lwig wiLh the help of 
a silken gitdle. The pre-pupal pe-riod was obsel'ved to be 
0.75 to 1.2.5 <fays with an avi:rage of 0.99 days. Pupae 
were naked and v::i.ried in coloul' from green. straw Ct) 
brown majority being green in colour with several black 
ma.l'k..ings on lhe body. The average length and width of 
the pupaJ period was found to be �0.48 mm :md 8.8� mm. 
respectively. The duration or the pupal period was 
observed to be 7 .38 days and 8.50 days with an average of 
8. l l  days. Adult bullerfiies were larie and beautiful with

wide wing spread. Head. thorax and legs "vere black with
cretlmy yellow Streaks l)n either side, whole abdomen.
The average length. width and wing expanse of male
butterfly were found to be 27.96 m.n:i, 6.00 n:u:n and 88.52
mm while female butterfly was found to be 29.02 mm.
6.33 mm and 91.07 mm, respectively. The female adults
were lived longe,r than the male adult. T1h�- longevity of
male and female was 3.38 to 4.25 and 6.38 to 7 .38 clays 
with an ave.rage of 3.85 and 6.95 days when provided wirh
dilute honey as a food ('I';,ble I, 2, 3, 4 & Plate I). The
va.ri:1tion in o<lult longc.vity was in ngrccme-111 with the
findings of Ramakrishna Rao (2015) and Jahnavi c, al.

(2018). Singh and Gangwar (1989) reponed the longevity
female and male was 5.80 and 5.10 clays. Smjth er al.
(2008) �LU(lied !he l::lx(mt)my and n:K>rphol<>gic.al
characters of 5 species or r. demoleus. P. demOllocus. r.

eri1honinides. P. grosesmithi, and P. morondawnw based
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on features of the wings. male and female gcnjtalia. The 
result$ n-Vdllc<l that the mil on hin<l wing vein M3 is 
rudimentary or very short, less than twice as long as those 
of neighbouring vc:ins in P .  d,:molt:IJ.$. 
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T a· able I 1oloc"·' of different life Stat!t:S of the lemon buUt:r th·, Paoilio demoleus in 2015-16 
s. 

No. 
I 
2 
3 
4 
s 

6 

7 
8 
9 
10 

Life slagcs 

incubation neriod 
1-" iostar Jarva 
2"u instnr la!'va 
3"' insuu: Jarva 
4111 instar larva 
5111 instar larva 
Pre�1,unaJ r1eriod 
Pupal ~riod 
Male ::adult lon2.evirv 
Fe.male adult longcvirv 

Menn ol Len snmple� 

Duration in cl.avs 

Minimum Maximum Mi;an SD SEm 

2.250 3.250 2.750 0.312 0.099 
1.500 3.000 2.150 0.444 0.141 
0.750 1.250 0.975 0.219 0.069 
J.250 1.750 1.500 0.204 0.065 
1.750 2.250 i.900 0.175 0.055 
2.250 2.750 2.475 0.219 0.069 
0.750 1.250 0.950 0.197 0.062 
7.500 8.500 8.050 0.329 0.104 
3.250 4.250 :umo 0.307 0.097 
6.250 7.250 6.900 0.337 0.107 
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T:tblc 2 Biolo .. -u of different life st�H!eS of the lemon butter flv, Panilio <lemoleus in 2015-16 
s. 

No. 

I 

2 
3 
4 
5 

6 
7 

8 
9 
10 

Life stages 

loeubatioo period 
J 51 iusrnr larva 
2nu instar larva 
3�' instar larva 
4 "1 inst at larva
511 insrnr larva
Pre-pupal period 
Puoal rw--1iocl 
Male adull l0J12.evil v 
Female a<lull I0m!eVilv 

Mean ol ten samples 

Duration in days 

Minimum Maximum Mean SD SEm 

2.50 3.50 2.85 0.34 0.11 
1.75 3.25 2.28 0.46 0.15 
0.75 1.50 1.08 0.29 0.09 
1.25 2.00 1.60 0.27 0.09 
1.50 2.50 1.95 0.28 0.09 
2.25 3.00 2.55 0.28 0.09 
0.75 1.50 1.03 0.25 0.08 

7.25 8.25 8.18 0.41 0.13 
3.50 4.50 3.90 0.32 0.10 
6.50 7.50 7.00 0.33 0.11 

Table 3 Pooled Lima or bioh)•h, of different life srn!::!es or Lhe lemon butter flv. Pam'lio demaleus in 2015-16 ancl 2016-17 
s. Life: SL.'lge$ Dumtion in dnys 
No. 

M.in.imum Maxjmum 
I Incubation ncriod 2.38 3.25 
2 1,$' instat larva 1.63 3.13 
3 2n"' ins1:1t larva 0.75 1.38 
4 3ra insuir larva 1.25 1.88 
5 41 

-instar larva J.63 2.25 
6 51

" instar larva 2.25 2.75 
7 Pre-ouoal oeriod 0.75 1.25 
8 Punal --dod 7.38 8.50 
9 Male aduh lon�evitv 3.38 4.25 
l0 Female adult longevity 6.38 7.38 
Mean or len samples 
T bl 4 L' " C mcar morohomctnc measurements o < crcnt 1 c sta�es o f liff f 
S. Life stages Measurement in ·mm· 
No. Minimum Maximum 

Egg diarnecer 0.91 1.04 

Leogrh of l &l iostat larva 4.78 6.91 

Width of I 111 instar larva 1.47 1.65 

Length of 2n11 instar larYa 8.45 9.78 

Width of2D(I it'ISl3J' larva 2.44 3.01 

LengLh of 3rv insLaJ' larva [2.05 14.89 

Width of 31
..., iostat larva 3.12 4.01 

Length of 41
' instar larva 24.59 27.89 

Width of 4"' insmr larva 5.45 6.02 

Lengthof'5' instar larva 40.15 45.78 

Widt..h of 51
.1• instar larva 6.52 7.14 

Leng1h of pupa 29.58 :11.25 

Widt.h of pupa 8.45 9.25 

L.::ngrh of adult male 25.36 29.68 

Widt.h of adult male 5.88 6.12 

Width of adult male with wing 86.99 90.25 
expanse 

Leogrh of adult female 27.28 30.89 

Wich.h or adult female 6.01 6.55 

Widdl of adult female with 88.97 93.58 
wing expanse 

Mean 01 Len samples 
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Mean SD SEm 
2.80 0.31 0.10 
2.21 0.45 0.14 
1.03 0.25 0.08 
1.55 0.23 0.07 
L.93 0.21 0.07 
2.51 0.23 0.07 
0.99 0.21 0.07 
8. l I 0.35 0.11 
3.85 0.30 0.l0
6.95 0.33 0.10 

the cmon b utter IV. PtJOi ;o emc eusfl I d 

Mean SD SEm 

0.98 0.04 0.013 

5.56 0.63 0.199 

1.55 0.07 0.021 
9.05 0.5[ 0.161 

2.71 0.20 0.063 

13.25 0.84 0.266 

3.65 0.27 0.085 

26.56 1.06 0.334 

5.74 0.l5 0.049 

42.86 1.95 0.616 

6.78 0.22 0.068 

:10.47 0.55 0.175 

8.88 0.2[ 0.066 

27.96 1.24 0,392 

5.10 0.09 0.028 

88.52 l.17 0.369 

29 .02 1.08 0.342 

6.33 0.19 0.060 

91.07 1.62 0.511 



P!nte I Different life stages of the lemon butter fly, Papilio de111ole11s on bael 
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