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Exténsive and intensive use of wide ‘variety of inseeticides " for control of
e offered an array of problems concerning toxicity hazards, residues, resis-
atentiation ' etc. Foreseeing such problems, Knipling (1960) suggested the
“of utilising the autocidal principle for insect control in which mass
‘B :hast “insects is prerequisite. < .
@ (Hbn.) commonly known gs gram pod borer is a poly~
g serious damage 1o many important e, It is record
tituge and 40°
§sin.a number
_of cases, its control by insecticides otii¢ns.  For
this reason, a programme for the mass breeding of this insect &Ik, DY rasites was
initiated under.a P. L. 480 grant. - The results reported here comprise a part of this
programme.. o - : : I

%7

No work has been reported to mass rear H. “armigera ‘in the laboratory.
Barber (1936) .rearcd corn earnworm (H. obsoleta) in the laboratory ob milk-
_ stage. corn ears but found that the cannibalistic tendeqcy demanded their separation
. xffer third instar. , Callahan (1962) reared /. zea on corn slices” in galvanised tin
" trays havisg 72 gubicles. Vandersant etal. (1962) ase stically reared four generu-
_“tions of H.zea nn artificial diet prepared from cold-rolled wheat germ, vitamin
* free casein’ with jnositol, choline chloride, ascorbic acid, agar and water. However,
when reared on purified diet, H. zea Jid not survive beyond the larval stage when
their food contained no ascorbic acid (Vanderzaut et of. 1962—a).
: ‘Burton (1964) modified Vanderzant’s bollworm diet by adding alpbacel,
potassium hydroxide, formaldehyde ‘and inhibitor stock solution and reared H. zed
larvae in vials. The diet prepared in.a pressure cooker was directly dispensed
_into vials. Two_freshly hatched larvac were transferred in each- wisl and then
eloted by a sterilised cotton plug, The larvae were allowed to pu

MATERIAL. AND METHODS

. To start the Heliothis culture, a large number of larvae were collected from
lucerne, tomato, gram, pigeon pea cic. beginning from June 1963. These larvac,
- were ygared individually in 3"x 1" specimen tubes either on leaves or pods of the
prevailing host. The larvae were transferred to new vials containing fresh food
every day and those about to pupatc were transferred into galvanised iron sheet
trays measuring 12°x 8" and &" high containing 4° deep moist soil. The trays were
covered with suitable lid and kept away for the larvae to pupate. The trays were
examined after 5 or 6 days to collect the pupae. The pupae werc then buried about
1* deep in moist _soil contained in a glass jar. The mouth of the jar was covered

*This research has bean financed in part by a grant made by the United States Department
of Agricutture, Agricultural Research Service, under P. L. 480, ; .
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By a piece of muslin cloth bearing 6 to 8 strips of cloth draped into the jar for the
moths to rest. - The sex of the adult could be readily determined by the colour of
the adults (Ramiah 1966). ' .

The adults were confined in a mating cage baving wet urethane foam on the
vottom.  About 10 to 15 cotton-wool plugs dipped in 5 to 10 per cent honey
solution were suspended with-the help of pins from the sides of the cage or kept
in the ‘polythene caps of the rearing tubes and placed on the floor of the cage.
Maximum percentage of mating was obtained if 15 males were caged with § females
and removed on the third day before they start to lay the eggs (Ramiah 1966).
These females were held individually in blotting paper-lined plastic containers
measuring 4" in diameter and 2” in height. The top of the container was covered
by a piece of fine nylon cloth held in place by a rubber band. A cotton-wool plug
soaked with 5 1o 10 per cent honey solution was kept on the top cloth and covered
by plastic cap'of the specimen tube to prevent drying. Most of the eggs were laid
on the blotting paper which were utilised for further laboratory work.

' In the beginning, newly hatched larvae were reared until about third instar
on a:bunch of tender branches of tomato plants. The cut ends of the branches
“were wrapped in cotton-wool or muslin cloth, soaked in water and kept in one
gallon capacity glass jar. This methcd was not found convenient since it was
difficult to transfer these young larvae on fresh food every 2 or 3 days and caused
- high mortality among the larvae in the early instars. For this reason, rearing of

the-early instar larvae was done on pot-grown .p,l”antfs; 7 /Faﬂh"eppot}s measuring 10"

_in_diameter and 9" in height ~were filled- with-sottatd-50 to- 60 gram seeds were

“Sown in about 7" diameter area of the pot surface. When the plants grew about
4 to 6 inches in height, newly hatched one hundred larvae were transferred on the
plants. .The plants were then covered by 8 inches diameter circular cage made of
iron bars and covered all aroumd and on the fop by fine nylon cloth, Such pots
were kept in galvanised iron sheet trays containing about 1* deep watér so that the
soif 'in the pot remained wet cnough to support the growth of the plants and at
‘the same time ants, spiders and other predators could be prevented from going in
the cage (Fig. A).  The larvae were allowed to develop until third instar on thesc
plants.” Since the larvae develop cannibalistic tendency in later instars, they were
reared separately in 3" X 1" specimen tubes on any of the natural host plants. How-
ever, changing tubes and food everyday was laborious, time consuming and favoured
rapid dissemination of nuclear polyhedrosis. For these reasons, it was quite
necessory to develop an artificial diet for rearing the larvae. Since the insect
breeds on lucerne in nature, it was felt that use of lucerne leaf powder may suit the
larvae better then the wheat germ used by Burton for H. zea. Drawing from
Burton's formula, the following constituents were used to prepare the larval diet.

Powdered lucerne 100 g.
Agar ’ 3g
Inhibitor stock solution* 5c.c.
Acetic acid ~ - X XA
Formaidehyde . 4 drops
Multivitamin syrup 0.5 c.c.
Water 300 c.c.

*Inhibitor Stock Solution—4.Q g. sorbic acid, 3.0 g methy! parahydroxybenzoate dissolved
in 34 ml, ethy! alcohol. . :
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‘ To prepare lucerne leaf power, green jucerne fodder was obtained during
the best period of the crop and allowed to dry in open air under shade. When the
material was dry, it was shaken vigourously to separate the leaves and tender parts .
of the plants. This was then ground in a2 mill and sieved through 20 mesh screen.
The lugerne leaf power thus prepared was green and upiform in texture. [t was

 filled in plastic lined gunny ‘bags and stored for use subseguently. .

Preparation of the diet :  Agar was dissolved by boiling it in approximately
half of the water, - 1t was then thoroughly mixed in the lucerne powder. Inhibitor.
stock solution was added in one-fourth quantity of the water and thoroughly mixed
in the diet mixture.  This mixture was cocked for half an hour at 15 pounds per
square inch in a pressure cooker, taken out and allowed to coal. Measured quantities
of formaldehyde, acetic acid and vitamin syrup were added .in the remaining one-
fourth quantity of water and mixed thoroughly in the cooled diet. ,

The diet thus prepared was fitled to about one-half inch hegght in3 x 1”
transparent plastic specimen tubes and a third instar larva was intro uced in cach
tube. The tubes were closed by plastic screw caps, arranged in trays and held on
racks at 80 4- 2°F(Fig. B). The larvae fed and developed on this diet quite satis-

factocily. The  tubes were examined -everyday without opening the cap and those
containing the farvae that died of polyhedrosis or any other reasons were taken to a
distant cleaning place, removed and thoroughly cleaned to avoid the contamination.
- Slight carclessness and nepligence in the rearing procedure resulted in heavy morta-
ity of the larvae due to nucleag polyhedrasis. Proper care of the culture and sanita-
tiomrhas to be maintained to:keep the disease under control (Patel et al. 1968). After
completing the larval development, the tarva pupated in a cell made in’ the remain-
ing of the diet at the bottom of the tube or in a ccll made from pallets of excre-
_ment,  When the larvae transformed into pupae, the tabes were emptied to- collect
them. After this rearing proceduie was established i’ the laboratory -and nucleat
polyhedrosis was checked very sattsfactorily; difierent combinations of acids in the
diet were tried to determine the best combination for tearing H. armigera, Finally,
the Jarvae were reared right from the first instar until pupation on this diet. The
duration of larval and pupal stages as well as the egg laying capability of moths |

reared on artificial dict were studied in the laboratory maintained at 80 -+ 2°F. .
RESULTS AND DISCUSSION

Since the larvae had to be rcared on pot-grown _plants until their third
instar, it was necessary to ‘select a host plant which could be grown in pots relatively
easily and which ‘is preferred “hy- the larvae. Lucerne and Bengal gram are two
important hosts of which  onc had to be selected. Table 1 gives the comparative
development of Heliothis larvae ‘from first instar to third instar on pot-grown
hests,

than that on lucerne as ingjcated by 68.94 per cent recovery of third instar larvae
as against 49.16 per cenifrecovery an lucerne. Further, lucerne is dtfﬁcult to grow
in pots, takes moge time o develop and was quite susceptible to aphids and thrips.
- On the other hand, gram rould be grown in pots very easily and offered no problem
in rearing of the larvae, @ : - :

The resuits show :él:at lhe*ﬁi:w’:i;)pm&;fof ‘larvae on gram was much better

Rearing of first instar larvae on pot-grown gram plants had to be continued
since a very large number of first instar larvae died when they were reared directly
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on 'artiﬂcial diet. Over 25,000 Jarvae reared on pot-grown gram plénts from June
1966 through May, 1967, yielded 16356 third instar larvae. This worked out to
64.5 per cent recovery of third instar larvae. - '

Tapte 1
Comparison of development of Héli‘q’tkis 'Iarviel upto third instar on pot-grown
- lacerne and gram plants o

! v " Per cent recovery
! No. | R R L per cent | - O
5 " i : instar |  instar ecovery i
Host , Per:qd ‘ g sgfs larvae farvae. {totat (Set-wise)
e ; placed recovered 1. basis) e
; ' Min - Max.
Gaam . May6s 29 3660 2429 6.4 500 - 930
June6s . "33 4019 2865 71.3 27.5 96.6
Total 62 7679 5294 68.94
f.ucerne May 63 5 500 244 48.8 320 80.0
: June €5 14 1160 572 49.3 28.0 82.6
Total 19 1660 816  49.16
. [ J

earing Third Instar Larvae on Ariificial Diet : The Heliothis larvae after
" third instar were reared individually om artificial diet prepared out of lucerne
powder. 42 sets each having 16 to 100 larvae were reared during July and
August 1966. The average percentage of healthy pupac obtained from these scts
was 77.59. The remaining 22.41 per cent included 12.75 per cent dead pupae,
2.46 per cent deformed pupae, 1.43 per cent cracked pupae, 0.46 per cent dead
prepupae and 5.32 per cent dead larvae. The cracked pupae had improper scleroti-
-sation between the margin of the wing-pad and the fourth abdominal segment on
the ventral side. This crack like area remained very delicate and pale yellow and
slight injury in this part caused biceding. If this area was extensive, the moths
failed to cmerge. The average weight per pupa was found to be 0.240 g. Thesc
results indicated high mortality among the p#pae and the pupae also appearcd to
be smaller in size. To improve the percentage of pupation and the growth of the
ldrvae, ascorbic acid was added in the diet. Severatl sets of larvae were reared to
compare the effect of the diet withand without 0,25 per cent ascorbic acid.  The
results of these sets are summarised in table 2.

) The results in table 2 indicate -appresiable improvement in the suitability of
the diet when ascorbic acid was added. The percentage of healthy pupacobtained
from the larvae reared on diet with ascorbic acid averaged 85.91 as against 74.69
obtained from larvae reared on'diet without ascorbic acid. {ghe mortality in the
pupal stages dropped by 9.43 per cent when the larvae were gircd on diet with
ascorbic acid. The average weight per pupa also increased apgieciably when the
larvae  were reared on dict containing ascorbic acid, The morty fities iy the farval
and prepupal stages were also low in case of larvae reared o Qiet wifti ascorbic
acid. : i
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The artificial diet with ascorbic acid was therefore used to rear Heliothis
larvae from August 1966 onwards and 22 gencrations were bred in the laboratory
until October 1967. During the course of study, it was found that varying propor-
tions of ascorbic acid, hydrochloric acid and acetic acid in the diet showed marked
effect on the development of the larvae. - Studies were therefore made to determine
the best combination of these acids. The following variations werc made in the
general formula (without vitamin} of the dict as far as acetic acid is confecned,

. _ Tasie 2
‘Showing the effect of ascorbic acld in the diet of Hellothis larvae

Diet
Sr. Observations
No. Without With
Ascorbic Ascorbic¢
acid . acid -
1. No. of scts studied 13 ' 42
2. Total No. of larvae reared 1719 1724
3. Total No. of ealthy pupie oblained 1284 1481
4. Per cent of healthy pupae , 74.69 85.91
5. Per cont of cracked pupae , 2,34 T2.84
6. Per cont of deformed pupae 3.03 .07
7. Per cent cwerialities in--(a) larvae 3.90 ' 226
(1) pregupae --1.86 : 1.04 .
_ {c) pupae - - T 1431 4.88
8. Average weight per pupa (in g.) : b 0.269 0.303
Diet Type Details of combination of acids
A 1.35 9, Acetic acid (general formula)
B _ 1.5 9 Acetic + 0.25 % Ascurbic acid “‘
C : . 2.0 9 Acetic + 0.25 9, Ascorbic i
D 1.0 9 HCI -+ 0.25 % Ascorbic™ 0.5 % Acetic
B _ 20 % HC) + 0.5 % Ascorbic
F 0.75 % Ascorbic + 2.5 % Vilamin suspension®
G 1,09 HCH -+ 0.23 % Ascorpic o
H 1.0 °, Acetic + 0.23 % Ascorbic
{ 2.6 °, HCl + 025 % Ascorbic
3. ; 0.5 % Acetic +.0.5 % Ascorbic -+ 2.5 7, Vitamin
K 1§ o, HCl + 0.25 % Kcorblc R
L 1.35 97 HCI -+ 0.5 % Ascorbic
M 1.0.95 HCY + 9.5 % Ascorbic
N 14 9, HCI -+ 0.25 %, Acetic + 0.25 %, Ascorl ic

"Dissolve 12 mg. Biotin, in 100 C. C. water and ud Nicotinic acid {Niacin) 600 mg; Cialchm
Pantothenate 600 mg; Riboflavin 300 mg: Thiamine Hydrochloride 150 ng; Fotic ucid 150 ng;
Pyridoxine Hydrochloride 150 mg. and Vitamin B-12 § 2 mg. C o

23
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Several sets of larvae were reared.on these diets and the results obtained -

are summarised in table 3 below :

Effect of different diets on the dcvelopment of H . armigera larvae (Third insta
tiom) as Judged from percentage of i«)wlivﬁ and weight 'of pupa.

Tasre 3

rantil pups--

17 No. of Larvae:

1

= RN i T

Diet | No. of el : 9%
Type tzed!is“ ‘ . . | Deform- | ‘Hcahhy ?:pa
SWEICC | Reared | Dead | Healthy | Dead i ed and pupae b
| ) | : : i cracked -
A 75, 3468 200 2641 469 158 . 76153 0.2494 .
B 9 519 31 m 42 74 52.408 0.2592
c 4 243 1w 138 d! 16 56.790 0.2318
D 1. 621 3 468 48 80 74.641 0.2834
E 17 954 50 737 102, . 65 . 77.253 . 0.2684
F 18 961 73 758 102 .. 28 .. TB8% 0.2630
G 113 6153 22 5063 498 3T B85 0.2942
H 51 2629 2 2187 167 gy ‘834877 0.3009
X 36 S W45 42 1709 i8S . . W $3.569. - - . 0.2318
3 100 5262 - 203 4404 364 29t $3.694 02734
K B ALl 3h e MM e Moo BA6IL o 03618
L 5+ 257 .. AT g5.099  0.2694
M 9 733, 12 637 XIS ¢ £6.903 0.3158
N ) 1803 40 1596 7417 . 120 88.519 - 03176
C.D.at5% == 005I5g.

CV. %

The analysis of the results of rearing thie
tions has revealed significant differences in t

= 1898 9 for weight per pupas

{arvac on different diet combina-
he weight of pupac rearcd on these

diets. The heavicst pupae were obtained ‘when the larvac” were reared on a diet

containing 1 per cent HCI, 0.25 per cent acetic aci

The percentage of healthy pupac. obtained from thela

d and 0.25 per cent ascorbic acid.
rvae reared on this diet was

88.52 which was also the highest among all the pupae developing on other combi-

nations. Thus, this being the best diet.among all thec.com
gera larvae were reared on this diet for the purpose o
arvae after hatching til pupation in

procedute to rear the | )
ot-growh plants nd 88,32 per

per cent third instar larvae on
—instar latvae-developed into Hiéalthy pupae on wruficial diet.
57.1 per cent of the first instar larvae completed their d
* pupae when they are reared in these two phases.

‘Rearing First Instar Larvae on Artificial Diet :

Heliothis faryae in two phases was not convenicnt an

Thus,

binations tried, H. armi-
f mass breeding.
two phases _yield 64.5

This.

cent of these third -

on the whole, -
evelopment into healthy =

The method of rearing the
d since polyhedrosis could be.

checked very satisfactorily, it was possible to rear the larvae on “the artificial. dict
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until pupation. - For this purpose, a first instar larvd was
: with the help of moistened camel haic brush and’
laced in the tube containing artificial diet. The larva readfly -
et wnd fater began to feed on the diet, The results of 9 sets of
way are summarised in table 4, , _

Taptg 4

& from Sivit fnstar untiil pupation when reared on urttelal

of pupae obtained x
e | Cracked :
Deac deformed ! -
5 3 72.2 0.309

Its. in the above table show very satisfactory resuits yielding 72.2
lthy pupse which are much better than that obteined when the larvue
ed in two separate phases. During these trials, it way chserved that about
ent of the larvae: remained very small for several days. These larvae

tesumed growth when they were fed with host leaves.

Stuéics were also made to find out the effect of this diet on the larval and
tions as well as on the emergence of moths. The larvae which failed to
rtificial deit were not included in this study. The results are summarised

b S : Tanse § .
Duration of lirval and puphl stages &id emergence of mothy: whien'reaved on artificisl diet .

. contalaing 1 per cont HC1, 0.25 per coni ascorbic acid and 0,25 ger cent acetlc geid.

g & e et B0 D0 R my el v bl co M BB poy e wiiie
xesults in the above table indicate that the duration of larval. stage bas

5\;@3%1 ays with an average of 20.71 days. The average pupal period
5. 89.57 per cent of the pupae developed into healthy moths, Thus,
redring the larvag on artificial diet right from firstinstac  until. pupa-
q@gf. shcon ging.; Wioalihe Digne Frnsied & popng ) ; th

- Handling of Pupae.: -The pupae collected from -rearing tubes were trans-
 ferred toa 1. x 1'% 1’ wooden cage containing 1.5 deep moist soil.on the bottom and

.. Were covered over by about 0.5° deep moist_soil.  Three sides of the cage ‘were
. ﬂ‘tted with plastic shests and the fourth with a piece of muslin cloth having a sleeve

¥
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\ P with nylon-tined ¢age to reuy Hyelivthis larvie
upiil third tnstar. Be"Trayv contining plastic specimen tubes (o Tear
Holiothis tarvae from third tnstar until pupidion,

Fig. A~ Pot-grown plings covercs
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until third instar and then were reared individually on arhﬁclal diet in 3"x 1* plastic
“specimen tubes, The basic formula used to prepare the dict included lucerne
powder, agar, inbibitor stock. $olution, formaldebyde, multivitamin -Syrup ~and
water, Later the addition of ascorbic acid, hydrochlonc acid and acetic acid  in
the diet improved both the ﬁcveiopmzm of the larvde as well ag percentage of
pupation. A diet containing 1 per cent HCI, 0.25 per cent ascorbic acid and ;25
per cent acetic acid yielded 88.52 per cent: weil developed healthy pupae. - When the
Jarvac were reared in two phases viz.garly inStars on pot-grown gram plaats and
1;&:: img;s on amﬁc‘w& -diet, on&g S?J_w:: cent: Iarmc could complete 1%1: de-a:lop-

A Polyhe ;- Wak satisfacte 'ifw : the
impréyed, larvac could be irectly ‘on the atificial diet, 8o as to y:cid 72 2
per ceat pipac, When feared on hi fet‘at 801*«2" F. "'g,be average larval and

?a@aﬂy C-; angh, R. and - Pale!
ﬂemigew J. Econ. Ent.:

'@6;6 kspmduciwe ‘behi ‘.vdmliu.s armigua in mbommr S
’Sg.;f&gﬂ.}thcsw submitted to Sardar Pqtel Umversuy. Vallabh Vzd;amfgar R

: ;Q;grdsou £ D, and Fon:,’
¥ Feon. Eut ﬁsm 0.
7E, S.. Poul, M ‘C

ﬂy "D 1962 a. Thercleof.zsco:bc xd the
A Pirvxial. 8(3) 1287.9 3 t 3': in the



