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identical to that of S.francesae. Since 3 parvalbumin loci
are present in the genomes of nearly all goodeid fishes
(Turner, unpublished data) we assume that the common
ancestor of all 4 Skiffia species had 3 parvalbumin loci, and
that the 2-parvalbumin phenotype of S.lermae resulted
from the loss (=mutation to silence?) of 1 of the ancestral
parvalbumin genes. Our sample of S.multipunctata is
apparently polymorphic for the number of parvalbumin
genes present or expressed.

The number of loci that apparently encode the homologous
groups of proteins in each species are summarized in the
table.

1 Supported by NSF grants DEB76-20958 (BJT), DEB77-03257
(EMR) and DEB77-17315 (RRM).

2 Acknowledgments. We thank B.L. Brett for helpful discus-
sions, D.L. Grosse for technical assistance, and A. Esen for
editorial advice.

3 Present address: Department of Biology, Virginia Polytechnic
Institute and State University, Blacksburg (VA 24061, USA).

4 Present address: Department of Biophysics, College of Medi-
cine, East Tennessee State University, Johnson City (TN
37601, USA).

5 8. Ohno, J. Muramoto, L. Christian and N.B. Atkin, Chromo-
soma 23, 1 (1967).

6 K. Bender and S. Ohno, Biochem. Genet. 2, 101 (1968).

7 1. Klose, U. Wolf, H. Hitzeroth, H. Ritter and S. Ohno,
Humangenetik 7, 245 (1969).

8 J.Schmidtke and W. Engle, Experientia 28, 976 (1972).

9 S.D. Ferris and G.S. Whiit, Experientia 33, 1299 (1977).

10 S.D. Ferris and G.S. Whitt, Nature 265, 258 (1977).

11 S.D. Ferris and G.S. Whitt, Biochem. Genet. 15, 1097 (1977).

12 F.W. Allendorf and F.M. Utter, Genetics 74, 647 (1973).

13 F.W. Allendorf, F.M. Utter and B.P. May, in: Isozymes IV:
Genetics and Evolution, p.415. Ed. C.L. Markert. Academic
Press, New York 1975.

14 F.W. Allendorf and F.M. Utter, Hereditas 82, 19 (1976).

15 Y.P. Altukhov, E.A. Salmenkova and G.D. Sachko, Dokl

. (Proc.) Acad. Sci. USSR Biol. 195(3), 711 (1971).

16 G. Bailey, G.T. Cocks and A.C. Wilson, Biochem. biophys.
Res. Commun. 34, 605 (1969).

17 G. Bailey, A.C. Wilson, J.E. Halver and C.L. Johnson, J. biok
Chem. 245, 5927 (1970).

18 G. Bailey and L. Theye, in: Isozymes IV: Genetics and Evolu-
tion, p. 401. Ed. C.L. Markert. Academic Press, New York
1975.

Experientia 36 (1980), Birkhiuser Verlag, Basel (Schweiz)

19 J.W. Clayton, D. Tretiak, B. Billeck and B. Thssen, in: Iso-
zymes IV: Genetics and Evolution, p. 433. Ed. C.L. Markert.
Academic Press, New York 1975.

20 W. Engel, J. Op’t-Hoff and U. Wolf, Humangenetik 9, 157
(1970).

21 7. Klose, U. Wolf, H. Hitzeroth, H. Riter, N.B. Atkin and
S. Ohno, Humangenetik 5, 190 (1968).

22 S.R. Landrey, R. Applegate and J.M. Cardenas, Comp. Bio-
chem. Physiol. 60B, 383 (1978).

23 E.J. Massaro and C.L. Markert, J. exp. Zool. 168, 223 (1968).

24 E.J. Massaro and C.L. Markert, J. exp. Zool. 179, 247 (1973).

25 G.L. Reinitz, Biochem. Genet. 15, 445 (1977).

26 A.P. Ronald and H. Tsuyuki, Comp. Biochem. Physiol. 39,
195 (1971).

27 H.H. Ropers, W. Engel and U. Wolf, in: Genetics and Mu-
tagenesis of Fish, p.319. Ed. H.H. Schroder. Springer, New
York 1973.

28 J. Schmidtke, N. Atkin and W. Engel, Biochem. Genet. 13,
301 (1975).

29 H. Tsuyuki and A.P. Ronald, J. Fish. Res. Bd Can. 27, 1325
(1970).

30 N.P. Wilkins, J. Fish. Res. Bd Can. 25, 2651 (1968).

31 N.P. Wilkins, Biochem. biophys. Acta 274, 52 (1971).

32 S.N. Williscroft and H. Tsuyuki, J. Fish. Res. Bd Can. 27,
1563 (1970).

33 U. Wolf, W. Engel and J. Faust, Humangenetik 9, 150 (1970).

34 F.W. Allendorf, Nature 272, 76 (1978).

35 W. Engel, J. Schmidtke and U. Wolf, in: Isozymes IV: Ge-
netics and Evolution, p.449. Ed. C.L. Markert. Academic
Press, New York 1975.

36 S.D. Ferris and G.S. Whitt, Syst. Zool. 27, 189 (1978).

37 S. Ohno, U. Wolf and N.B. Atkin, Hereditas 59, 169 (1968).

38 S. Ohno, J. Muramoto, J. Klein and N.B. Atkin, in: Chromo-
somes Today II, p.139. Ed. C.D. Darlington and K.R. Lewis.
Oliver and Boyd, London 1969.

39 8. Ohno, Evolution by Gene Duplication. Ed. Springer, New
York 1970.

40 S. Ohno, in: Animal Cytogenetics 4: Chordata 1: Proto-
chordata, Cyclostomata and Pisces. p.92. Ed. B. John.
Borntraeger, Berlin 1974.

41 R.R. Miller and J.M. Fitzsimons, Copeia I (1971).

42 D.E. Rosen and R.M. Bailey, Bull. Am. Mus. nat. Hist. 126,
3 (1963).

43 R. Hinegardner, Am. Nat. 102, 517 (1968).

44  G.S. Whitt, Experientia 26, 734 (1970).

45 E.M. Rasch, R.M. Darnell, K.D. Kallman and P. Abramoff,
J. exp. Zool. 160, 155 (1965).

46 J.F. Pechere, T. Demaille and J.P. Capony, Biochem. bio-
phys. Acta. 236, 391 (1971).

Effect of different food plants on the development and reproduction of Heliothis armigera (Hbn.)
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- Summary. Studies on the rate of development and reproduction of Heliothis armigera Hbn. on 8 different food plants at
2612 °C revealed that cotton was the most suitable host and tomato and sorghum were the least suitable,

The gram pod borer, Heliothis armigera, is a polyphagous
and notorious pest causing economic damage to several
crop plants. Outbreaks of this pest in cotton crops are
closely associated with the availability of other host plants
in the environment!. So it is necessary to study the suit-
ability of alternative host plants for its development, using
some economically important plants. The net reproductive
rate, weight of the pupae and percentage of pupae and
moths formed were the criteria used to compare different
host plants.

Materials and methods. The food plants used for this study
were bengalgram, (Cicer arietinum L.), redgram (Cajanus
cgjan L.), lab-lab (Dolichos lab-lab L.), (Gossypium hirsu-
tum L.), tomato (Lycopersicon esculentum Mill.), sorghum
(Sorghum vulgare Pers.), maize (Zea mays L.) and sunflow-
er (Helianthus annuus L.). A laboratory culture of H. armi-
gera was used for this study. A known number of adult
pairs were released for egg-laying in cages (30x30 cm).
Eggs laid on white muslin cloth were collected with a wet
camel-hair brush and 100 eggs were kept for hatching.
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Table 1. Development and reproductive performance of Heliothis armigera on various food plants

Host Mean Mean Mean Mean Mean pre  Mean Mean No. Percentage Percentage Net
egg larval pupal weight of oviposition oviposition of eggs  pupae moths reproductive
period period period pupae period period per formed formed rate
(days) (days) (days) (mg) (days) (days) female

Bengal gram 3.6 19.2 132 181 2.7 7.6 518 76.6 75.0 208.56
3-4)* (18-20) (13-15)  (160-195) (2-3) (7-9) (297-619)

Redgram 3.5 17.0 12.5 202 32 6.7 398 80.0 80.0 164.85
(3-4) (15-18) (-1 (189-220) (3-4) (5-8) (186-452)

Lab-lab 2.9 19.0 12.9 234 33 7.2 628 78.5 78.0 236.98
2-4) (17-20)  (10-14)  (220-251) (2-4) (6-9) (493-782)

Cotton 32 18.3 12.6 273 38 9.8 1346 84.0 84.0 537.05
2-3) (16-20y  (10-13)  (262-280) (3-5) (7-11) {889-1562)

Tomato 43 20.0 13.0 162 34 6.7 387 78.0 76.0 140.63
(3-5) (17-22)  (12-15) (142-179) (3-4) (5-7) (112-429)

Sorghum 3.6 19.8 13.5 157 33 6.5 434 70.0 70.0 145.26
(3-5) (17-24)  (11-16)  (133-156) (3-4) -7 (341-513)

Maize 42 18 128 230 2.5 8.3 651 80.0 80.0 260.48
(3-5) (15-20)  (10-14)  (220-240) (3-9) (7-9) (511-828)

Sunflower 38 19.5 133 262 3.0 82 781 81.0 80.5 306.56
(3-5) (14-23)  (11-15)  (249-279) (2-4) (6-9) (319-917)

CD (p=0.01) 1.153 NS NS 4.818 NS 0.925 13.109 0.999 2.011 -

* Figures in parentheses are ranges. NS, not significant.

Table 2. Correlation between different developmental criteria of H.armigera on different food plants

Correlation between

(Spearman’s rank correlation coefficient)

Weight of pupae and net reproductive rate

Weight of pupae and percentage of pupae

Weight of pupae and percentage of moths

Weight of pupae and mean number of eggs per female
Larval period and pupal period

Oviposition period and weight of pupae

Oviposition period and net reproductive rate

Oviposition period and mean number of eggs per female
Percentage of moths and net reproductive rate

Percentage of moths and mean number of eggs per female

0.9286%*
0.8809**
0.8808**
0.8571**
0.8334**
0.8333%*
0.9286**
0.8809**
0.7619*

0.6430%

* p<0.05,** p<0.01.

Immediately after hatching, the larvae were transferred on
to various feeding materials kept in plastic containers
(5% 5 cm). The feeding materials were renewed daily in the
morning until all the larvae pupated. All pupae were
weighed within 24 h of formation®. The adults emerging on
a particular day were paired and released in separate cages
for egg-laying. The fecundity of the females on subsequent
days was noted until all the females died. The number of
eggs laid per female was divided by 2 to obtain the number
of female births (mx) (sex ratio 1:1). Observations from the
hatching of the eggs till the emergence of adults were
recorded daily, providing the values (1 x ) used to calculate
the net reproductive rate (Ro=X1xmx)’. Spearman’s rank
correlation coefficients (rs) were calculated in order to find
which developmental criteria were significantly associated.

Results and discussion. The egg period was maximum on
the tomato (4.3 days) and minimum on the lab-lab (2.9
days). The larval and pupal periods were maximum (20 and
13.5 days) on the tomato and sorghum respectively and

minimum (17 and 12.5 days) on the redgram (table 1). The -

larvae developed most rapidly on maize silks and slowest
on sunflower corollas and receptacles®.

The weight of the pupae, percentage of pupae and moths
formed, mean number of eggs per female and the ratio of

total female births in 2 successive generations were max-
imum on cotton. The weight of the pupae and the percent-
age of moths were less on the sorghum. This agrees with the
finding of Pretorius’. The differences in these parameters
among the hosts might have been due to the nutritional
qualities of the various diets.

Correlation between different developmental criteria are
presented in table 2. No significant correlation was found
between the following: percentage of pupae and pupal
period; weight of the pupae and pupal period; percentage
of pupae and mean number of eggs per female; pupal
period and mean number of eggs per female; percentage of
pupae formed and net reproductive rate.

The results of this study thus show that cotton is the most
suitable host and tomato and sorghum are the least suitable
hosts, among the hosts tested for H. armigera.
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