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ABSTRACT 

The population parameters of the cabbage whiteflyAleyrodes brassicae 

CW1k4have been estimated under controlled laboratory conditions. The 

capacity of the populations to increase was assessed in relation to leaf 

age, variety, and species of Cruciferae. 

Leaf age had no effect upon adult survival. Young leaves were more 

favourable for both total and maximum fecundities. Fecundity and longevity 

were influenced by the species of host plant, but these differences did 

not extend to varieties. 

Life—tables have been prepared from weekly fecundity and survival 

rates at three constant temperatures. Temperature and longevity were 

inversely related. The intrinsic rate of increase was generally higher at 

higher temperatures because of faster rate of development and early 

attainment of maximum fecundity. 

Rates and temperature thresholds of development of immature stages 

were determined. High larval density prolonged the mean development time. 

Both longevity and fecundity decreased with increased adult density. 

Virgin females reared on Mustard lived longer and laid more eggs than 

mated females. 

Reproductive diapause was shown to be a function of photoperiod. 

With LD 14:10 and a temperature of 20°C, 100% diapause occurred. 

Continuous light (LD 24:0) and a temperature of 25°C respectively prevented 

diapause. 

The critical photoperiod at 15°C was LD 15Z:8i with 60% diapause. The 

photoperiodic cues were monitored by the egg stage and instars I, II, and 

early III. Chilling facilitated diapause termination. 
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Flight behaviour of winter and summer females was assessed in the 

laboratory. Both morphs responded differently in their ability to take-

off with age. Take-off and flight of summer morphs were enhanced by 

mature leaves and food deprivation respectively. 

The mean durations of first flights were 14.42 minutes (range 0.57 to 

133.67) for winter morphs and 0.31 minute (range 0.03 to 1.13) for summer 

morphs. The mean rates of climb in the first five seconds of the first 

flights were 12.57 cm/sec. (range 5 to 21) for winter morphs and -8.92 

cm/sec. (range -2b to 7) for summer morphs. 
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GENERAL INTRODUCTION 

The cabbage whiteflyr Aleyrodes brassicae (WlkaR was stated by Walker 

(1852) to be possibly a variety of the Chelidonium whitefly. Haupt (1935) 

and Trehan (1940) have both indicated that brassicae is a synonym of 

proletella.  Since recent authors have used brassicae, it will be used in 

this investigation for the sake of consistency. 

The cabbage whiteflyiA. brassicae,is a pest of considerable importance 

in the southern counties, it occurs sporadically in the midlands, but is 

almost unknown in the north and in Scotland. 

In Europe the greenhouse whitefly,ThialeurodesmaposarAmEsis the 

most important pest in the family Aleyrodidae. In tropical and subtropical 

countries whitefly are important on a number of crops e.g. citrus 

(Aleurocanthus woglumi, Dialeurodes citri, Aleurothrixus flocossus), sugar 

cane (Aleurolobus barodensis, Neomaskellia bergii), coconuts and cashew 

(Aleurodicus cocosi). On cotton, tobacco, cassava, and pepper, Bemisia  

tabaci is a pest both in its own right (Mound, 1965c) and as a virus 

vector (Tarr, 1951; Beck and Chant, 1958). The cabbage whitefly, A. 

brassicae, has not been reported as a virus vector and it failed to 

transmit a mossaic disease of broccoli (Caldwell and Prentice, 1942). 

Adults and larval stages of the cabbage whitefly, A. brassicae, feed 

on the undersurfaces of leaves by inserting their stylets into the plant's 

tissues. Butler (1938) alleged that A. brassicae damages its host plant 

by the removal of starch and sugar. Peairs (1947) also considered the 

loss of the sap as the cause of the damage. Mathur (1941) attributed the 

damage to nitrogen starvation but Husain and Trehan (1942) found higher 

total nitrogen in infested plants. 
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The honey dew secreted by adults and immature stages of the cabbage 

whiteflyiA. brassicaeldoes not only impede photosynthesis but also proves 

an excellent growth medium for such fungi as Cladosporium herbarum and 

Alternaria sp. 

Different types of host association can be found among the Aleyrodidae. 

Two species are almost certainly monophagus, Siphoninus immaculata on 

Hedera and Tetralicia ericae on Erica. At the other extreme are A. 

fragariae, polyphagous on many herbs and shrubs in EUrope, and B. tabaci 

which is found breeding on a very wide range of host plants. Husain. and 

Trehan (1933) list 44 host species in 12 families of dicotyledons from the 

Punjab; Avidov (1956) lists 49 host species in 17 families, and the host 

records in the Nigerian Federal Department of Agricultural Research refer 

to 29 genera in 10 families. 

Some whitefly have a host range which is basically limited to plants 

of known botarical affinity such as Pealius quercus on Corylaceae and 

Fagaceae. In other species the host range is not associated with botanical 

relationship e.g. Aleurotrachelus jelinekii on Viburnum tinus and Arbutus 

unedo. These two plants belong to widely different families but have hard 

evergreen leaves. A similar relationship exists between the host plants 

of A. brassicae, but the leaves are soft. 

A. brassicae shows seasonal developmental rhythm which synchronizes 

with regular variations in environment during the course of the year. In 

summer, new host plants are cultivated and the overwintering ones produce 

new foliage. The mean daily temperature at this time is generally near 

the optimum for A. brassicae and consequently breeding is at its height. 

The number of generations produced per annum is variable depending on the 

sum of effective temperatures and availability/suitability of food plants. 

The generations overlap considerably. 
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In general, the inability of insects to stand low temperatures during 

growth and morphogenesis has given rise to specific resting stages in 

their life cycle. El-Khidir (1963) pointed out that the last generation 

of A. brassicae which emerges in autumn, does not engage in breeding 

activity. Butler (1938) attributed this cessation of breeding to low 

winter temperature. However, temperature is only one of the various 

factors of environment that regularly change during the course of the 

season. Other factors include humidity and the quality/quantity of food 

source. But the most reliable signal is that provided by the seasonal 

change in the day-length, the course of which is not subject to chance , 

fluctuation during the year. It may well be that the short-day in autumn 

rather than the low temperature is the environmental signal that triggers 

cessation of breeding in A. brassicae. 

El-Khidir (1963) observed seasonal dimorphism in A. brassicae and 

studied their daily flight rythm in the field. The summer morphs are 

sexually mature on emergence and usually fly from the old lower leaves to 

the fresh top leaves of the plant. Williams (1935) and Butler (1938) 

observed mass distribution flight of A. brassicae in autumn and early 

winter. 

This thesis represents a study of A. brassicae with special reference 

to: 

(i) The population growth statistics on various host plants at constant 

temperatures; 

(ii) Longevity and fecundity of mated and virgin females, larval and 

adult density effects, rates and temperature thresholds of development of 

the immature stages; 
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(iii) Photoperiodism as the environmental factor that induces reproductive 

diapause; and 

(iv) Plight behaviour of the seasonal morphs in the laboratory. 

The cabbage whitefly1 A. brassicaeywas chosen for study not only 

because it is a pest of crucifers, but also the great economic importance 

of its close relatives in tropical, subtropical, and temperate countries. 

Its availability all the year round, high population growth rate, and ease 

of rearing make it an excellent insect for laboratory and indeed field 

studies. 
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SECTION Ia: STUDIES ON THE POPULATION DYNAMICS OF THE CABBAGE WHIT2LOIY, 

A. BRASSICAE, ON DIFFERENT HOST PLANTS 
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A. INTRODUCTION 

Insect/plant association has been in existence for millions of years 

and the association continues evolving (Southwood, 1972). Consequently 

much work has been done on their biological relationships (e.g. Davidson, 

1925; Painter, 1936; Trouvelot et al, 1933; Kennedy, 1953). 

The more specialised the association of insects with their food 

source, the greater is the insects' dependence upon the plant. The 

dependence is usually influenced by the vicissitudes of changing bio_ 

chemical composition of the insects' diet resulting from the plants' 

interaction with the environment. 

Host acceptance by many phytophagous insect species is known to be 

strongly influenced by the presence of 'token substances'. The crucifers 

contain the best known example of 'token substance' - mustard oil which 

occurs both in a free form as well as in glucosidal combination. Mustard 

oils may play an important role in the association between A. brassicae  

and the crucifers. 

Extensive work has shown that different species and varieties of host 

plants can have great effects on the longevity, fecundity rate, and pop-

ulation growth of the insects feeding on them. The webworm, Hyphantra 

cunea (Drury), is larger and lays about 10 times as many eggs when the 

larvae are reared on the best host plants as compared with less favourable 

plants (Bohm, 1960). Adults of the grasshopper Melanoplus bivittatus (Say) 

tested on 29 different types of plants, produced nearly 8 times as many 

eggs on some plants as on others (Tauber et al, 1945). The egg output may 

vary with the species of plant, even if these belong to the same genus. 

Thus the fecundity of the Colorado beetle, Leptinotarsa decemlineata (Say), 

varies from an average of 35 eggs/batch when the food plant is Solarium 
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edinense to zero when the food plant is S. commersonii (Trouvelot and 

Grison, 1935). Within the same species different varieties of food plant 

influence egg production, as when the chinch bug, Blissus leucopterus 

(Say), is fed on different varieties of sorghum (Dahms et al, 1936). The 

cabbage whitefly, A. brassicae, can live and breed on some varieties of 

Brassica oleracea e.g. spring cabbage and purple sprouting broccoli but 

not on B. campestris (Butler, 1938). 

Different parts of the same plant under different conditions and at 

different seasons vary in their biochemical composition. This variation 

affects the fecundity and the longevity of the insects feeding on them. 

Van Emden and Bashford (1971) found that with increasing age, Brussels 

Sprout plants become less suitable for the cabbage aphid, Brevicoryne  

brassicae (L.), and much less suitable for the green peach aphid, Myzus 

persi.cae (Sulzer). Kennedy and Booth (1951) observed that the growing and 

senescing leaves of certain plants were more susceptible to the aphids M. 

persicae and Aphis fabae than the mature green leaves. The fecundity of 

the cabbage aphid, B. brassicae, decreased with leaf age whereas that of 

the green peach aphid, M. persicae, increased (Van Emden, 1969b). The 

oviposition rate of the greenhouse whitefly, T. vaporariorum, declines 

with leaf age (Hussey and Gurney, 1959). 

Living species exhibit a great diversity of patterns of such life 

history features as total fecundity, maximum longevity and statistical 

schedules of reproduction and death (Cole, 1954). The rate of increase of 

any species of insect is determined by the intrinsic rate of increase (rin),  

and the restrictions imposed on the intrinsic rate by the environment. 

The intrinsic rate of increase depends on fecundity rate, speed of develop-

ment, and longevity. 
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Some authors have used the intrinsic rate of increase to compare the 

effect of various environmental conditions on different species. Slobodkin 

(1962) pointed out its use in delimiting the physical conditions under 

which organisms are able or unable to survive;  Lamb (1961) used it to 

compare the population growth of the cabbage aphid, B. brassicae, on 

different host plants; and Messenger (1964a) as a measure of population 

growth as well as index of the effectiveness of parasite. DeLoach (1974) 

compared three aphid species on the basis of their intrinsic rate of 

increase. 

Among the Homoptera, very many publications are available on life 

tables and intrinsic rates of increase of aphids e.g. the green peach 

aphid, M. zsaisat (Barlow, 1962); potato aphid, Macrosiphum euphorbiae  
(Thomas) (Barlow, 1962);  spotted alfalfa aphid, Therioaphis trifolii  

(Monell) (Messenger, 1964b);  the black bean aphid, A. fabae, the vetch 

aphid,Megoura viciaeland biotypes of pea aphidlAcyrthosiphon pisum (Milne, 

1971); the black bean aphid, A. fabae and the pea aphid, A. pisum (Frazer, 

1972; Siddiqui et al, 1973); cereal aphids, Metopolophium dirhodum (Wik.), 

Rhopalosiphum padi (L.) and Macrosiphum avenae (F.) (Dean, 1974). 

Despite the importance of some whitefly notably B. tabaci and T. 

vaporariorum as pests, there seems to be no published work on the life 

tables and population growth statistics of the aleyrodids. 

Since one of the primary objectives of investigating the biology of 

insect pests of economic importance is to determine how rapidly the insect 

population will grow, the main aims of the work described in this section 

were to determine the effects of 

i. leaf age, 
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ii. varieties of Brassica oleracea; 

iii. species of Brassica, and 

iv. temperature on longevity, fecundity rate, and population growth 

statistics of the cabbage whitefly,,A. brassicae. The life 

table and population statistics of the greenhouse whitefly„ 

T. vaporariorum were also computed for comparison with those 

of the cabbage whitefly. 



19 

B. MATERIALS AND METHODS 

1. Plant types 

The following experimental plants were selected: 

(a) Brassica oleracea (var. Earliest) 

(b) B. 	oleracea (var. Large Blood Red) 

(c) B. 	oleracea (var. June Star) 

(d) B. 	oleracea (var. Golden Acre) 

(e) B. 	oleracea (var. Purple Sprout) 

Cr) B. alba Mustard 

(g) B. raga Turnip 

Seeds were obtained from Suttons Seeds Ltd., Reading, Berkshire. 

Plants were grown in 10 cm pots. The soil used in all cases was John 

Innes 1 0.1). Plants were raised in glasshouses under natural day-length 

in summer and artificial lighting by fluorescent tubes connected to time 

switch to ensure 16 hr light in autumn and winter. 

Since the total nitrogen of Brussels Sprout plants decrease after a 

peak at 6-9 weeks (Van Emden and Bashford, 1971), only plants within this 

age range were used in all experiments. 

2. Assessment of leaf age  

The arbitrary scale of leaf types described by Kennedy and Booth 

(1950) for classifying leaves by age was used: 

(a) Unfurled leaves but paler-than the darkest green leaves were treated-

as young leaves. 

(b) The darkest green and most glossy leaves were treated as mature 

leaves. 
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3. Leaf cages  

Clip-on leaf cages were made from rings of perspex (2 cm. inner 

diameter, 2.5 cm. outer diameter, and 1 cm. high). Each cage was provided 

with a tightly fitting but detachable lid covered with Terylene muslin. 

4. Whitefly culture 

Laboratory cultures of cabbage whitefly were started with over-

wintering females collected from field plots of Brussels Sprout in Silwood 

Bottom. Cultures were maintained on Brussels Sprout (var. Irish Elegance) 

enclosed in cages (45 cm. x 45 cm. x 45 cm.) with muslin walls and kept in 

rooms held at 25 °, 20°  and 15°C respectively. Lighting was proVided by an 

array of fluorescent tubes and a 16 hr photoperiod was maintained. 

Cultures were renewed monthly during which old host plants were discarded, 

cages cleaned, and new cultures set up. Regular availability of newly 

emerged adults was ensured throughout the duration of the experiment. 

5. Host preference  

(a) Variety  

Eight potted plants of each of the four varieties of cabbage were 

selected. Each plant was pruned down to two young leaves and inserted 

through a hole in the cork into a tube (7.5 cm. high and 2.5 cm. diameter) 

containing tap water. Non-absorbent cotton was used to keep the plants 

erect. The plants were arranged in a cage (45 cm. x 45 cm. x 45 cm) with 

muslin walls, in a completely randomized design (Cochran and Cox, 1957) 

and were approximately at the same height and non-overlapping. About 200 

newly emerged female and male whitefly were released into the cage. The 

source of light was a set of fluorescent tubes above the cage and the 

temperature was 20°C. 

After 48 hrs the experiment was stopped and records of the number of 

eggs laid on the various plants were taken and subjected to analysis of 
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variance. Differences between the mean number of eggs were compared using 

Duncan's new multiple range test (Steel and Torrie, 1960). 

(b) Species  

The method used was similar to that described above for the varieties. 

6. Leaf age experiments  

To study the effect of leaf age on fecundity, longevity, and 

statistical schedules of reproduction and death, one newly emerged female 

and one male were reared throughout their life either on young or on mature 

leaves. They were confined on the undersurface of the respective leaf 

types by means of leaf cages which were supported with forked sticks. 

Cardon dioxide applied from "Sparklets Corkmaster" was used to anaesthetise 

the insects during handling. 

Daily egg counts were made with the aid of the "ZEISS" hand lens. 

Occasionally females sat over the eggs making it difficult for them to be 

seen and counted. However, with a gentle blow from the mouth, the females 

were displaced and eggs rendered visible. 

Insects were transferred to new leaves of the same physiological age 

usually daily at 250, every other day at 20°1  and at 4 day intervals at 

15°C. To effect the transfer, insects were induced to withdraw their 

stylets from the leaf tissues by prodding them gently with the edge of a 

small tube into which they hopped. This regular transfer of insects 

ensured accurate counting of eggs and also reduced any undesirable effect 

of high egg density on oviposition. Any male that was accidentally lost 

or that died before the female, was replaced. The record was completed 

with the death of the female. 
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7. Construction of life tables 

Population performance on the leaf and plant types was assessed by 

constructing life tables at each temperature regime. For experimental 

convenience, figures for the mean developmental periods and the age - 

specific fecundity of the adults were determined separately. Mortality of 

immature stages was negligible except, however, at very high densities. 

Life tables were constructed using the method outlined by Andrewartha 

and Birch (1954). 

The developmental cycle and adult life were divided into weekly 

intervals. Egg laying and death were assumed to occur at the mid-point in 

each week (Howe, 1953b). For example, the duration of development at 20°C 

was 3 weeks and oviposition by adults commenced in their first week of 

life. These eggs were assumed laid at 3.5 weeks. 

In the life tables, 

is the age of whitefly, 

is the proportion of whitefly still alive at age x, 

is the total eggs laid per female in the age interval x, divided 

by 2, because the sex ratio of the cabbage whitefly is 1:1. 

lxmx 	is the expected female offspring of an average female at age x. 

Elxmx  is the expected lifetime production of female offspring for a 

newborn female. This quantity is called the net reproductive 

rate (Ro). 

Effix 	is the expected reproduction of a female that lived through all 

of the age groups in the table. This quantity is the gross 

reproductive rate (G.R.R.). 
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8. Calculation of intrinsic rate of natural increase (rm) 

Using the values of lx and mx„ the intrinsic rate of increase can be 

calculated by iterative substitution of values of rm  in the equation of 

Birch (1948): 

Ee 1X lx mx  = 1 

In practice both sides of the equation are usually multiplied by ek 

Thus, 

rix e7 v• e-rmx mx  = e7 

Ee7-rmx lx mx  = 1096.6 

The values of re  calculated from the formula 

loge Ro re  - 	To 

were taken as possible values of rm  and then two provisional values 

arbitrarily selected on either side of them, differing in the second 

decimal place. 

The values 

rmx 

7 rmx 

e7-rmx 

e7-rmx lx mx 	were calculated using the Hewlett-Packard 

HP 45 calculator. 

e7-rmx  The values of 	e 	lx mx  departed from 1097 by an extent 

depending on how close the trial rm  is to the true value. The true rm was 

found graphically by plotting the two provisional rm's against their sums 
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(Birch, 1948; Watson, 1964; Southwood, 1968). The values of rm  derived by 

interpolation were taken to the third decimal place and this was considered 

appropriate for detecting slight differences between leaf and plant types. 

.9. Generation Time (T) 

The mean duration of a generation is the mean time from birth of 

parents to birth of offspring. It is calculated from the equation: 

T = loge Ro 
rm 

10. Finite nett rate of natural increase (X) 

This is the number of multiplications per female per week. It is 

defined by the equation: 

= errn 

11. Population growth curves (theoretical approach) 

X increases in a geometric manner, hence the population growth 

resulting from it is said to show a geometric population growth. 

Curves for various values of X for different leaf and plant types 

under different temperature regimes were drawn to illustrate how small 

differences in the values of X could cause enormous differences in the 

numbers that would be reached after several weeks. 
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C. RESULTS 

1. Preference for varieties of cabbage 

A summary of the results is shown in Table 1(a) and the analysis of 

variance in Table 1(b). Table 1(c) is the comparison of mean number of 

eggs by Duncan's new multiple range test. 

The highest mean number of eggs was laid on Large Blood Red (101.67) 

and the lowest on Golden Acre (37.5). 

The variance ratio f (F) for effects of variety was not significant. 

The differences between the means were also not significant. 

2. p2nmyltznsLstsa22Lsaaas su3a 	un and mature leaves of cabbage varieties 

at 25°, 20°, and 15°C. 

(a) Longevity and age-specific survival rates (lx) 

Longevity of A. brassicae females on young and mature leaves of 

the varieties is presented as mean longevity (Table 2 and Fig. 1(b)) and 

as age-specific survival rates (Tables 10-21 and Figs. 2-6). The average 

time for the populations to reach 50% mortality (1250) is shown in. Table 3. 

The mean longevity results increased with decreasing temperature. 

Analysis of variance showed that the effect of leaf age on longevity was 

significant at all three constant temperatures (p<.01 at 25°, p = .05 at 

20°, p<.01 at 15°C) (see Tables 4a, b; 5a, b; and 6a, b). 

The variance ratio (F) for effect of variety was significant 

(p = .01) only at 25°C. 

Comparison of mean longevities by Duncan's new multiple range 

test showed that at 25°C the value on Large Blood Red was significantly 

different (p = .05) from the values on June Star and Earliest both of which 
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Table 1(a): Number of eggs laid by A. brassicae on four varieties of 

Replicates 	 No. of eggs 

86 58 59 10 

102 30 20 29 

86 18 144 24 
92 426 37 15 

78 22 74 79 

75 56 33 68 

519 1 	610 367 J 225 

86.5 L 	101.67 t 	61.17  w 37.5 

1 
2 

3 

5 
6 

Total 

Table 1(b): Analysis of variance for Table 1(a) 

Source 	I 	Degree of of Sum of Mean Variance 
variation 

SV 
freedom 
DF 

squares 
SS 

squares 
MS 

ratio 
F 

Varieties 3 14385.8 4795.27 0.67 (M.S.) 

Residual 20 142415.2 7120.76 111 

Total 23 156801 

N.S. denotes not significant 
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Table 1(c): Comparison of varietal means by Duncan's new multiple range 

test 

Value of p 2 3 4 5 

Significant Studentized 
Range (SSR) 2.95 3.10 3.18 3.25 

Least Significant 
Range (LSR) 101.63 106.80 109.55 111.96 

1 

Ranked means 

Golden Acre 	June Star 	Earliest 	Large Blood Red 

37.50 	61.17 
	86.50 	 101.67 

Any two values underscored by the same line are not significantly 

different. Any two values not underscored by the same line are signi-

ficantly different (p = .05). 
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do not differ but differ significantly (p = .05) from the value on Golden 

Acre (Table 4(c)). 

At 20°C, the values on Earliest, Large Blood Red, and June Star 

were not significantly different but were significantly higher (p = .05) 

than the value on Golden Acre (Table 5(c)). 

At 15°C, the mean longevities on Earliest and Large Blood Red 

were not significantly different. They differed significantly (p = .05) 

from values on June Star and Golden Acre (Table 6(c)). 

The time taken for the populations to reach 50% mortality 

increased with decreasing temperature with the exception of a few odd 

cases (June Star and Golden Acre at 20°C). 

Survival at all temperatures was longer on young leaves than on 

mature leaves except on Earliest at 25°C and on June Star at 20°C where it 

was equal. 

At 25°C, there was no difference between the survival rates on 

all young leaves (3 weeks) except on Golden Acre (2 weeks). 

On mature leaves it was longest on Earliest (3 weeks), followed 

by Large Blood Red and June Star (2 weeks respectively) and shortest on 

Golden Acre (1 week). 

Survival on young leaves of Earliest and Large Blood Red at 20°C 

was longer (4 weeks respectively) than at 25°C, but shorter on young 

leaves of June Star (2 weeks), and equal on Golden Acre. 

Mature leaves of Earliest and Large Blood Red had the same 

survival time (3 weeks respectively) June Star (2 weeks), and Golden Acre 

(1 week). 
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At 150, survival times on young leaves were 12 weeks on all 

varieties except June Star (11 weeks). 

On mature leaves it was longest on Large Blood Red and Golden 

Acre (11 weeks respectively) and shortest on Earliest and June Star (8 

weeks respectively). 

The times taken to reach 50% mortality on the leaf types of all 

varieties at different temperatures were subjected to analysis of variance. 

The variance ratios (F) for leaf age and for variety effects were not 

significant and the differences between the mean times were not significant 

by Duncan's new multiple range test. 

At all temperatures the survivorship curves (lx) on young leaves 

were higher than those on mature leaves with occasional overlapping of the 

two. The shapes of the lx curves at 250  and 2000 were similar and 

correspond to Slobodkin's type IV (Slobodkin, 1962) in which mortality 

acted early in the life of the adults. At 15°G, the lx curves were of 

type I, with mortality acting on the old individuals. 

(b) Fecundity and aAe-specific fecundity rate (mx) 

Fecundity was consistently higher on young than on mature leaves 

of all varieties at the three constant temperatures. On both leaf types, 

fecundity increased with decreasing temperature. The results at different 

temperatures are compared in Table 2. 

At 2500, the mean numbers of eggs laid on young leaves of 

Earliest and Large Blood Red were highest (63.1 and 62.6 respectively) and 

least on Golden Acre (24.9). 

On mature leaves, Earliest had the greatest mean number of eggs 

(34.5) while Golden Acre had the lowest (19.5) (Table 7(a)). 
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Figure 1(a). Mean fecundity of A. brassicae reared on young and mature 

leaves of four varieties of cabbage at 25°, 20°, and 

15°C. 

CO. Mean longevity of A. brassicae females reared on young and 

mature leaves of four varieties of cabbage at 25°, 20°1  

and 15°C. 

Vertical lines indicate standard deviation. 
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Table 2: Mean fecundity_2E4112nEaLty91 A. brassicae females reared on xmas,  and mature leaves of four varieties  of 

cabbage at 22°, 20°  and 15oC. 

2 C 
Host plant 
(variety) Leaf types 

Earliest 

Large Blood Red 

June Star 

Golden Acre 

No. of females 

R no. of eggs/ 
;1 longevity (days)/ 

No. of females 
R no. of eggs/ 
x longevity (days)A 

No. of females 
R no. of eggs/4 
R longevity (days)/ 

No. of females 
x no. of eggs/ 
longevity (days)/ 

Young Mature Young Mature Young 
,----__ 

Mature 

11 
63.1+6.04 
21.9+1.17 

10 
62.6+9.42 
27.8+2.88 

10 
34.5-J.36 
15.8+1.84 

8 
21.8+3.56 
19.2+1.42 

10 
80.6+ 5.26 
48.o+ 5.58 

12 
78.8+10.29 
37.8+ 2.69 

11 
42.2+7.79 
28.3±5.25 

10 

31.9+3.7 
22.0+7.74 

16 
224.3+13.92 
126 	+ 9.65 

7 
115.5+ 8.09 
105.8+10.99 

11 
108.9+ 8.01 
82.4+19.25 

7 
83.9+ 8.68 
80.4+ 9.50 

10 9 '10 15 11 8 
55.3+9.49 19.8+2.36 77.0+ 7.60 28.5+3.50 101.2+ 7.54 58.1+ 8.29 
25.7+4.92 13.3+o.4o 36.5+ 5.17 20.7+7.05 97.7+ 4.5o 57.o+ 6.22 

10 10 10 10 8 10 	• 
24.9+4.5 19.5+2.61 44.7+ 7°9 23.9+4.23 98.0+18.52 37.7+ 4.06 
10.2+1.69 6.6+o.68 19.6+ 3.42 16.8+4.68 87.9+ 4.94 55.6+ 8.36 
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Table 3: Duration (weeks) for populations of adult A. brassicae females . 

to reach 50% mortality level on both young and mature 

leaves of four varieties of cabbazaat three constant 

temperatures. 

Varieties 

25°C 24°C 15°C 

Young Mature Young Mature Young Mature 

Earliest 

Large Blood Red 

June Star 

Golden Acre 

3 

3 

3 

2 

3 

2 

2 

1 

4 

4 

2 

2 

3 

3 

2 

1 

12 

12 

11 

12 

8 

11 

8 

11 
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Table 4(a): Longevity of A. brassicae females on young and mature leaves 

of four varieties of cabbage at 25°G. 

Varieties 
AGE OF LEAF Varietal Varietal 

means Young Mature totals 

Earliest 21.9 15.8 37.7 18.85 

Large Blood Red 27.8 19.2 47.0 23.50 

June Star 25.7 13.3 39.0 19.50 

Golden Acre 10.2 6.6 16.8 8.40 

Age totals 85.6 54.9 140.5 70.25 

Table 4(b): Analysis of variance for Table 4(a). 

Source of 
Variation 

SV 

Degree of 
freedom 
DF 

Sum of 
squares 
SS 

Mean 
squares 
MS 

Variance 
ratio 
P 

Leaf age 1 117.81 117.81 61.04* 

Variety 3 249.24 83.08 43.05* 

Residual 3 5.80 1.93 

Total 7 372.85 

denotes significance at 1% level 
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Table k(c) 	Comparison of varietal means by Duncan' s new multi le range 

test 

Value of p 2 3 
,. 

if 
I 

5 

Significant Studentized 
Range (SSR) 4.5 4.5 4.5 4.5 

Least Significant 
Range (LSR) 3.13 3.13 3.13 3.13 

Ranked means 

Golden Acre 	June Star 	Earliest 	Large Blood Red 

8.40 	19.5o 	18.85 	 23.50 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 5(a): Longevity of A. brassicae females on young and mature leaves 

of four varieties of cabbage at 20°C. 

Varieties 

4 

AGE OF LEAF Varietal Varietal 
means Young Mature totals 

Earliest 48.o 28.3 76.3 38.15 

Large Blood Red 37.8 22.0 59.8 29.90 

June Star 36.5 20.7 57.2 28.60 

Golden Acre 19.6 16.8 36.4 18.20 

Age totals 141.90 87.80 229.70 114.85 

Table 5(b): Analysis of variance for Table 5(a). 

Source of 
variation 

SV 

1 	Degree of 
I 	freedom 

DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 365.85 365.85 13.43* 

Variety . 	3 402.01 134.00 4.92 (N.S.) 

Residual 3 81.75 27.25 

Total 7 849.61 

* denotes significant at 5% level 

N.S. denotes not significant 
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Table 5(c): Comparison of varietal means by Duncan's new multiple range  

test 

Value of p 2 

. 

3 4 5 

Significant Studentized 
Range (SSR) 

4.5•  4.5 4:5 4.5 

Least Significant 
Range (LSR) 

11.75 11.75 11.75  11.75 

Ranked means 

Golden Acre 	June Star 
	Large Blood Red 	Earliest 

18.2 	28.6 
	

29.9 	38.15 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 6(a): Longevity of A. brassicae females on young and mature leaves 

of four varieties of cabbage at 15°C. 

Varieties 
AGE OF LEAF Varietal Varietal 

means Young Mature totals 

Earliest 126.0 82.4 208.4 104.20 

Large Blood Red 105.8 80.4 186.2 93.10 

June Star 97.7 57.0 154.7 77.35 

Golden Acre 87.9 55.6 143.5 71.75 

ti 
Age totals 417.4 274.8 692.8 _ 346.40 

Table 6(b): Analysis of variance for Table 6(a). 

Source of 
variation 

SV 

Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 2437.97 2437.97 39.54* 

Variety 3 1316.20 438.73 7.12 (N.S.) 

Residual 3 184.97 61.66 

Total 7 3939.14 

* denotes significance at 1% level 

N.S. denotes not significant 
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Table 6(c): Comparison of varietal means by Duncan's new multiple range  

test 

Value of p 2 3 4 5 

Significant Studentized 
Range (SSR) 4.5 4.5 4.5 .5 

Least Significant 
Range (LSR) 12.5 12.5 

o 

12.5 

t 

12.5 

Ranked means 

Golden Acre 	June Star Large Blood Red 	Earliest 

 

71.75 	77.35 

  

93.10 	104.20 

 

        

        

        

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 



40 

The variance ratio (F) for leaf age effect was significant 

(p = .05) but that for varietal effect was not significant (Table 7(b)). 

The differences between the varietal means were not significant by Duncan's 

new multiple range test. 

Results at 20°C followed the trend observed at 25°C (Tables 8a, 

b) 

At 15°C, the variance ratio (F) for leaf age effect was signi-

ficant (p = .05) and the mean fecundity on Earliest was significantly, 

different from those on Large Blood Red, June Star and Golden Acre by 

Duncan's new multiple range test (p = .05) (Tables 9a, b, c). 

The age-specific fecundity rates (mx) (Tables 10-21) are 

illustrated in Figs. 2-6. Fecundity rate on all varieties at all three 

constant temperatures reached a peak early in the reproductive periods of 

the populations, followed by a decline. 

Peaks were reached within 2-3 weeks of the onset of oviposition 

on both young and mature leaves at 25°  (Fig. 2) and 20°C (Figs. 3 and 4). 

But at 15°C, (Figs. 5 and 6) the peaks of mx  on the varieties generally 

were erratic, occurring in the 3rd week on Earliest, 5th week on Large 

Blood Red and 9th week on June Star and Golden Acre respectively. 

The age-specific fecundity curves were higher on young leaves 

than on mature leaves in almost all cases. Early in the reproductive 

Periods, mx  curves for both leaf types rose sharply, being quite close to 

each other at 25°C, but separating gradually with decreased temperature. 

After peaks had been attained, mx  curves for young and mature leaves 

separated considerably at 25°  and 20°C but closed up again towards the 

termination of oviposition. However, in some cases e.g. Earliest and 



Large Blood Red at 25°C, the curves kept wide apart to the end of ovi-

position. 

A feature common, to all the longevity and age-specific curves 

was the rather abrupt termination of mx  curves. This was because of no 

obvious post oviposition period as most of the females died with the ovi 

• position of their last batch of eggs. 

3. Population growth statistics on younz and mature leaves of cabbage 

varieties at 25°, 20°, and 15°C,. 

(a) a:t2ssr2pmchstiLerats(G.R.R.) 

The age-specific fecundity rates (mx) on young and mature leaves 

of all four varieties at 25o 20o, and 15°C are indicated in mx  columns of 

the life tables (Tables 10-21). The sum of these values which represent 

the gross reproductive rates are presented in Table 22. 

On both young and mature leaves of all varieties, the gross 

reproductive rates increased with decreasing temperature, the highest 

values occurring at 15°C. 

At all temperatures the gross reproductive rates on young leaves 

of Earliest were highest (58.2 at 25°C and 111.5 at 15°C) and lowest on 

young leaves of Golden Acre (44.9 at 25°C and 75.9 at 15°C). 

The gross reproductive rate on mature leaves of Earliest was 

higher than the rates on other varieties except at 25°C where Large Blood 

Red was highest (36.6 and 52 respectively). Golden Acre had the lowest 

values (27.8 at 25°C and 33.3 at 15°C). 

(b) Net reproductive rate (Ro) 

The net reproductive rate (Ro) increased as temperature decreased. 
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Table 7(a): Fecundity of A. brassicae reared on young and mature leaves 

of four varieties of cabbage at 25°C.' 

Varieties 
AGE OF LEAF Varietal Varietal 

means Young Mature totals 

Earliest 63.09 34.50 97.59 48.80 

Large Blood Red 62.60 21.75 84.35 42.18 

June Star 55.30 19.78 75.08 37.54 

Golden Acre 24.90 19.50 44.4o 22.20 

Age totals 205.89 95.53 301.42 150.71 

Table 7(b): Analysis of variance for Table 7(a). 

Source of 
variation 

SV 

Degree of 
freedom 

DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 1522.42 1522.42 12.48* 

Variety 3 766.79 255.60 2.09 (N.S.) 

Residual 3 366.06 1 	122.02 

Total 7 2655.27 i 

* denotes significance at 5% level 

N.S. denotes not significant 
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Table 8(a): Fecundity of A. brassicae reared on young and mature leaves  

of four varieties of cabbage at 20°C. 

Varieties 
AGE OF LEAF Varietal Varietal 

means Young Mature totals 

Earliest 80.60 42.18 112.78 56.39 

Large Blood Red 78.83 31.90 110.73 55.37 

June Star 77.00 28.47 105.47 52.74 

Golden Acre 44.70 23.90 68.60 34.30 

Age totals 281.13 126.45  397.58 198.80 

Table 8(b): Analysis of variance for Table 8(a). 

Source of 
variation 

SV 

Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 3997.19 3997.19 28.95* 

Variety 3 646.o0 215.33 1.56 (N.S.) 

Residual 3 414.20 138.07 

Total 7 i 	
5057.E 

* denotes significance at 5% level 

N.S. denotes not significant 
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Table 9(a): Fecundity of A. brassicae reared on young and mature leaves 

of four varieties of cabbage at 15°C. 

Varieties 
AGE OF LEAF Varietal Varietal 

means Young Mature totals 

Earliest 224.31 108.91 333.22 166.61 

Large Blood Red 115.50 83.88 199.38 99.69 

June Star 101.18 58.13 159.31 	, 79.66 

Golden Acre 98.00 37.70 135.70 67.85 

Age totals 538.99 288.62 827.61 413.81 
t 

Table 9(b): Analysis of variance for Table  9(a) . 

Source of 
variation 

SV 

Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 7835.65 7835.65 11.37* 

Variety 3 11673.77 I 	3891.26 5.65 (N.S.) 

Residual 3 2067.54  689.18 

Total 7 21576.96 

* denotes significance at 5% level 

M.S. denotes not significant 
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Table 9(c): Comparison of varietal means by Duncants new multiple range  

test 

Value of p 2 3 4 5 

Significant Studentized 
Range (SSR) 4.5 4.5 4.5 4.5 

Least Significant 
Range (LSR) 59.07 59.07 59.07 59.07 

Ranked means 

Golden Acre 	June Star 
	

Large Blood Red 	Earliest 

67.85 	79.66 
	

99.69 	166.61 
	AMMI■11•••■•••• 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not' 

significantly different. 
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Maximum values were obtained at 15°C (Table 22). 

Leaf age affected Po with higher values on young than on mature 

leaves (Table 22 and Fig. 7). 

Though highest Ro values occurred on Earliest at all temperatures, 

the differences between the varieties at 25°  and 20°C were not particularly 

striking. At 15 , however, the differences.became more apparent with 90.9 

on Earliest, 60.9 on Large Blood Red, 48.2 and 47.2 on June Star and 

Golden Acre respectively. 

Similarly, on mature leaves the Ro values were quite close with 

Earliest and Large Blood Red approximately equal at 15°C (48.9 and 52.3 

respectively) and June Star and Golden Acre also approximately equal 

(21.5 and 25.1 respectively). 

(c) Intrinsic rate of natural increase (rm) 

Values of the intrinsic rate of natural increase (rm) on young 

and mature leaves of all four cabbage varieties at 25°, 20°, and 15°C are 

presented in Table 22. 

rm  values decreased with decreasing temperature, highest at 25°C 

and lowest at 15°C. 

Leaf age affected the values of rm. Higher values were 

consistently recorded on young than on mature leaves at all three constant 

temperatures. 

Among the varieties, highest rm  values were obtained on young 

leaves of Earliest (1.040 at 25°, .775 at 20°, and .429 at.15°C). The 

lowest values occurred on Golden Acre at 25°C and 20°C (.903 and .807 

respectively). But at 15°C, the rm  on Golden Acre was higher than that on 
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June Star (.330 and .299 respectively). This was due to a shorter mean 

generation time (T) on Golden Acre (Table 22). 

On mature leaves, Earliest had highest rm values at all temp-

eratures except at 25°C where Large Blood Red was higher (.921 and .963 

respectively). rm  on Golden Acre which was lowest in all cases was, 

however, higher than rm  on June Star at 15°C for the same explanation 

given above. 

(d) Mean generation time  (T) 

The mean generation time (T) on varietal young and mature leaves 

at 25o 20°, and 15°C are shown in Table 22. 

T increased with decreasing temperature, shortest at 25°C and 

longest at 15°C (Fig. 7). 

Leaf age had no outstanding effects on T. 

T (in weeks) on young leaves ranged from 3.17 (min.) on Golden 

Acre - 3.45 (max.) on June Star at 25°C, 4.22 (min.) on Golden Acre - 

4.77 (max.) on Large Blood Red at 20°C, and 10.27 (min.) on Earliest - 

12.96 (max.) on June Star at 15°C. 

On mature leaves the ranges were 2.81 (min.) on Golden Acre - 

3.42 (max.) on Earliest at 25°C, 4.46 (min.) on June Star - 4.70 (max.) 

on Golden Acre at 20°C, and 10.40 (min.) on Earliest - 12.62 (max.) on 

June Star at 15°C. 

(e) Finite rate of increase  (X) 

The different values of X for leaf age and varietal effects at 

the three constant temperatures are presented in Table 22 and Fig. 7. 

Since these values were derived from rm  ( X = erm), they followed the 

trend already described for rm. 
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(1)  Population growth curves 
Values of X on all varietal young leaves at 25°, 20°, and 15°C 

ranged from 1.35 (min.) to 2.83 (max.), and on mature leaves from 1.28 

(min.) to 2.62 (max.) (Table 23). 

Though the differences seem quite small, the sizes of populations 

resulting from them at any given time differ considerably (Fig. 8). For 

example, on young leaves of Earliest at 25°C ( X = 2.83), the size of the 

population reached in 4 weeks by one female (64 insects) would take about 

51 weeks at 20°C ( X = 2.51) and about 10 weeks at 15°C ( )+ = 1.55). 

Preference for host plant species 

The number of eggs laid on each host plant is shown in Table 23(a). 

These were subjected to analysis of variance (Table 23(b)) and the means 

compared by Duncan's new multiple range test (Table 23(c)). 

The highest mean (94.88) was recorded on Mustard, followed by Purple 

Sprout (29.5), and the least (20.25) on Turnip. 

The variance ratio (F) for effect of different species was significant 

(p = .05). 

The mean number of eggs on Mustard was significantly higher (p = .05) 

than those on Purple Sprout and Turnip. The difference between the mean 

values on Purple Sprout and Turnip was not significant. Thus, Mustard was 

• the most preferred of the three species. 

5. Losrattiznu29211LELzoLun 	un and mature leaves of different host 

plant species at 25°, 20o, and 150C  

(a) Mean longevity and age-specific survival rates (IX) 

Tables 24, 25(a), 26(a), 27(a) and Fig. 9(b) show mean longevity 



Table 10(a): Life table data for A. brassicae  femalmzearsdcalnjileatspllatlitsiist...2512E1I2321221mLan 
calculations of r  with  two provisional Eals 

---- 
Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rmts 

1.05 1.00 

xlxmx rmx 7-rmx e7-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx 

2.5 .95 9.32 8.85 22.13 2.63 4.37 79.04 699.54 2.50 4.50 90.20 796.65 

3.5 .75 13.47 10.10 35.35 3.68 3.32 27.66 279.37 3.50 3.50 33.12 334.47 

4.5 .50 11.33 5.67 25.52 4.75 2.27 9.68 54.88 4.50 2.50 12.18 69.07 

5.5 .40 10.83 4.33 23.82 5.78 1.22 3.39 14.67 5.50 1.50 4.48 19.41 

6.7 .30 8.25 2.48 16.62 6.83 0.17 1.19 2.94 6.50 0.50 1.65 4.09 

7.5 .10 5.00 0.50 3.75 7.88 -0.88 0.41 0.21 7.50 -0.50 0.61 0.30 

Ro 	= 	31.93 Total 	1051.61 Total 	1223.99 

rm 	= 	1.04 

T 	= 	3.33 

X 	= 	2.83 



Table 10(b): Life table data for A. brassicae females reared on mature leaves of Earliest at 25oC and table showing 

calculations of rm with two rovisional rm's 

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rm's 

0.93 0.92 

xlxmx  rmx 7-rmx e7-rmx  e7-rmx1xmx rmx 7-rmx e7-rmx e7-rmxlxmx 

2.5 .81 6.53 5.29 13.23 2.33 4.67 106.70 564.43 2.30 4.70 109.95 581.62 
3.5 .75 12.30 9.23 32.31 3.26 3.74 42.10 388.56 3.22 3.78 43.82 404.42 
4.5 .6o 9.25 5.55 24.98 4.19 2.81 16.61 92.19 4.14 2.86 17.46 96.91 

5.5 .45 5.00 2.25 12.38 5.12 1.88 6.55 14.75 5.06 1.94 6.96 15.66 
6.5 .30 3.50 1 	1.05 6.83 6.05 0.95 2.59 2.71 5.98 1.02 2.77 2.91 

Ro 	= 	23,37 Total 	1062.64 Total 	1101.52 

rm 	= 	0.921 

T 	= 	3.42 

X 	.= 	2.51 



Table 11(a): Life table data for A. brassicae  females  reared on young leaves of Large Blood Red at 25°C and table 

showing calculations of rm  with two_provisional  

Pivotal 
age 

(weeks) 

x lxmx  

Provisional rm's 

1.05 1.00 

xlxmx  7-rmx 7-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx  

2.5 .97 9.65 9.36 23.40 2.63 4.37 79.04 739.85 2.50 4.50 90.02 842.56 
3.5 .73 11.15 8.14 28.49 3.68 3.32 27.66 225.16 3.50 3.50 33.12 I 	269.56 
4.5 .42 13.20 5.54 24.93 4.73 2.27 9.68 53.62 4.50 2.50 12.18 67.49 
5.5 .24 9.00 2.16 11.88 5.78 1.22 3.39 7.32 5.50 1.50 4.48 9.68 
6.5 .14 7.65 1.07 6.96 6.83 0.17 1.19 1.27 6.50 0.50 1.65 1.76 

7.5 .14 3.50 0.47 3.53 7.88 -0.88 0.41 0.20 7.50 -0.50 0.61 0.30 

Ro 	= 	26.76 Total 	1027,42 Total 	1191.35 

rm 	= 	1.03 

T 	= 	3.19 

X 	= 	2.80 



Table 11(b): Life table data for A. brassioae  females  reared on mature leaves of tar e Blood Red at 2 	and and table 

showina_calculations of rm  with two provisional r  's 

Pivotal 
age 

(weeks) 

x 
----- 

lx 	f  mx  lxmx  

Provisional rm's 

0.97 0.96 

..111::: rmx 7-rmx e7-xmx e7-rmx lxmx  rmx 7-rmx e7-rmx e7-rmx lxmx 

2.5 .75 11.00 8.25 20.63 2.43 4.57 96.54 796.49 2.40 4.60 99.48 820.75 

3.5 .64 9.15 5.86 20.51 3.4o 3.60 36.60 214.47 3.36 3.64 38.09 223.22 
4.5 .30 10.00 3.00 13.50 4.37 2.63 13.87 41.62 4.32 2.68 14.59 43.76 

5.5 .27 9.6o 2.59 14.25 5.34 1.66 5.26 13.62 5.28 1.72 5.58 14.46 

6.5 .20 8.50 1.70 11.05 6.31 0.69 1.99 3.39 6.24 0.76 2.14 3.64 

7.5 .20 3.75 0.75 5.63 7.28 -0.28 0.76 0.57 7.20 -0.20 0.82 0.61 

Ro 	22.15 Total 	1070.16 Total 	1106.44 

rm 	0.963 

T 	= 	3.22 

X 	= 	2.62 
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Figure 2: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) Earliest, (b) Large Blood 

Red, (c) June Star, (d) Golden Acre at 25°C. 
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Table 12(a): Life table data for  A. brassicae females  reared on oun leaves of June Star at 25°C and table showin 

calculations  of r with two rovisional  rmts  

Pivotal 
age 

(weeks) 

x lx lxmx  

Provisional rm's 

0.94 0.93 

xlxmx  rmx 7-rmx e7-rmx  e7-111x1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx 

2.5 .85 6.13 5.21 13.03 2.35 4.65 104.58 544.89 2.33 4.67 106.70 555.90 
3.5 .75 13.76 10.32 36.12 3.29 3.71 40.85 .421.61 3.26 3.74 42.10 434.45 
4.5 .45 14.08 6.34 28.53 4.23 2.77 15.96 101.18 4.19 2.81 16.61 105.31 
5.5 .24 9.00 2.16 11.88 5.17 1.83 6.23 13.47 5.12 1.88 6.55 14.16 
6.5 .15 7.75 1.16 7.54 6.11 0.89 2.44 2.82 6.05 0.95 2.59 3.00 

Ro = 	25.19 Total 	1083.97 Total 	 1112.82 

rm 	= 	0.936 

T 	3.45 

A 	2.55 



Table 12(b): Life table data for A. brassicae females reared on mature leaves of June Star at 25°C and table showin 

calculations of r with two rovisional r  Is 

Pivotal 
age 

(weeks) 

x ix mx  ixmx  

Provisional rm's 
'"'N 

0.81 0.80 

xixmx  rmx 7-rmx e7-rmx e7-rmxixmx rmx 7-rmx e7-rmx e7-rmxixmx  

2.5 .80 5.05 4.04 10.10 2.03 4.97 144.03 581.87 2.00 5.00 148.41 599.59 

3.5 .48 15.50 7.44 26.04 2.84 4.16 64.07 476.69 2.80 4.20 66.69 496.15 

4.5 .13 4.75 0.62 2.79 3.65 3.35 28.50 17.67 3.60 3.40 29.96 18.58 
5.5 .07 4.00 0.28 1.54 4.46 2.54 12.68 3.55 4.40 2.60 13.46 3.77 

Ro 	= 	12.38 Total 	 1079.78 Total 	 1118.09 

rm 	= 	0.806 

T 	= 	3.12 

X 	= 	2.24 
___ 
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Table 13(a): Life table data for ~. brassicae females reared on young leaves of Golden Acre at 25°C and table showing 

~alcul~ns of rm with two provisional rm'~ 

Pivotal Provisional rm's 
age 

( \veeks) 0.94 0.93 

x Ix mx lxmx xlxmx rmx 7-r mx e 7-r mx 7-rmXlxm e x rmx 7--r rnx e 7-rmx 7-r rax1 e XffiX 

-
2.5 .85 8.29 7.05 17.63 2.35 4.65 104.58 737.32 2.33 4.67 106.70 752.22 

3.5 .68 10.13 6.89 24.12 3.29 3.71 !K).85 281.48 3.22 3.78 43.82 301.89 
4.5 .35 7.50 2.63 11.84 4.23 2.77 15.96 41.97 4.19 2.81 16.61 43.68 

~ 

5.5 .19 10.50 2.00 11.00 5.17 1.83 6.23 12.47 5.12 1.88 6.55 3.93 
6.5 .O,? 8.50 0.60 3.90 6.11 0.89 2.44 1.46 6.05 0.95 2.59 1.55 -- -

Ro :: 19.17 Total 1074.70 . Total 1103.27 
, 

rm = 0.932 

T :: 3.17 

A = 2.54 



Table 13(b): Life table data for  A. brassicae females reared  on mature leaves of Golden Acre at 25°C and table showing 

calculations of ro with two provisional rm's 

Pivotal 
age 

(weeks) 

x lx mx  ixmx 

Provisional rm's 

0.81. 0.80 

xixmx  rmx 7-rmx e? rmx  e7rmxixmx  rmx 7-rmx e7-rmx ,___ e7-rmx  axax 

2.5 .80 7.74 6.19 15.48 2.03 4.97 144.03 891.53 2.00 5.00 148.41 918.68 

3.5 .27 10.08 2.72 9.52 2.84 4.16 64.07 174.27 2.8o 4.20 66.69 181.39 
4.5 .13 5.00 0.65 2.93 3.65 3.35 28.50 18.53 3.6o 3.4o 29.96 19.48 
5.5 .02 5.00 0.10 0.55 4.46 2.54 12.68 1.27 4.4o 2.6o 13.46 1.35 

Ro 	= 	9.66 Total 	1085.60 Total 	1120.90 

rm 	= 	0.807 

T 	= 	2.81 

X 	= 	2.24 



Table 14(a): Life  table data for  A. brassioae 	 oun leaves of  

calculations  of rm  with two provisional rm's 

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rmts 

0.78 0.77 

xlxmx  rmx 7-rmx e7-rmx  xlxmx  rmx 7-rmx e7-rmx lxnlx 

3.5 I 8.18 8.18 28.63 2.73 4.27 71.52 585.05 2.70 4.30 73.70 602.86 

4.5 .78 13.19 10.29 46.31 3.51 3.49 32.79 337.37 3.47 3.53 34.12 351.14 

5.5 .58 12.42 7.2o 39.6o 4.29 2.71 15.03 108.21 4.24 2.76 15.80 113.76 
6.5 .50 8.84 4.42 28.73 5.07 1.93 6.89 30.45 5.01 1.99 7.32 32.33 
7.5 .35 8.49 2.97 22.28 5.85 1.15 3.16 9.38 5.78 1.22 3.39 10.06 
8.5 .29 6.63 1.92 16.32 6.63 0.37 1.45 2.78 6.55 0.45 1.57 3.01 

9.5 .24 5.88 1.41 13.40 7.41 -0.41 0.66 0.94 7.32 -0.32 0.73 1.02 
10.5 .18 4.59 0.83 8.72 8019 -1.19 0.30 0.25 8.09 -1.09 0.34 0.28 
11.5 .10 5.75 0.58 6.67 8.97 -1.97 0.14 o.o8 8.86 -1.86 0.16 0.09 

Ro 	= 	37.8 Total 	1074.50 Total 	1114.55 

rm 	= 	0.775 

T 	4.69 

). 	.= 	2.17 



Table 14(b): Life table data for A. brassicae females reared on mature leaves of Earliest at 200C and table showin 

calculations of 	with two provisional rm's 

Pivotal 
age 

(weeks) 

x lx mx 

Provisional rm's 

0.69 0.68 

xixmx  rmx 7-rmx e7-rmx  e?-rmxixmx  rmx ‘ 7-rmx e7-rmx  e7-rmxixmx  

3.5 .97 5.43 5.27 18.45 2.42 4.58 97.51 513.90 2.38 4.62 101.49 534.87 
4.5 .73 11.47 8.37 37.67 3.11 3.89 48.91 409.38 3.06 3.94 51.42 430.37 
5.5 .43 9.83 4.23 23.27 3.8o 3.20 24.53 103.77 3.74 3.26 26.05 110.19 
6.5 .25 7.25 1.81 11.77 4.55 2.45 11.59 20.97 4.42 2.58 13.20 23.89 
7.5 .23 5.25 1.21 9.08 5.18 1.82 6.17 7.47 5.10 1.90 6.69 8.09 
8.5 .23 7.50 1.73 14.71 5.87 1.13 3.10 5.36 5.78 1.22 3.39 5.86 

9.5 .23 6.34 1.46 13.87 6.56 0.44 1.55 2.27 6.46 0.54 1.72 2.51 
10.5 .07 5.12 0.36 3.78 7.25 -0.25 0.78 0.28 7.14 -0.14 , 0.87 0.31 

I 

Ro 	= 	24.44 Total 	1063.40 Total 	1116.09 

rm 	0.684 

T 	= 	4.67 

X 	= 	1.98 
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. T,able 15(a): !4.fe table data for ,6_ prassiQ~~ ~~mCl1_~s_r_eared "n youngleayes of Large Blood Red at 20°C and table 

showing calculations of rm with two Erovisional rro's 

Pivotal Provisional rm's 
age 

(weeks) 0.75 0.74 

x lx mx 1xmx xlJanx rrox 7-r mx e 7-rmx - 7-rmx 
e lxmx rmX 7-rmx e 7-rmx 7-rmx e lxrnx -

3.5 .96 6,.58 6.32 22.12 2.63 4.37 79.04 499.56 2.59 4.41 82.27 519.94 
4.5 .69 14.60 10.07 45.32 3.38 3'.62 37.34 375.99 3.33 3.67 39.25 395.27 
.5.5 .54 12.09 6.53 3.5.92 4.13 2.87 17.64 115.17 4.07 2.93 18.73 122.29 
6.5 .53 10.23 5.42 35.23 4.88 2.12 8.33 45.15 4.81 2.19 8.94 48.43 
7.5 .37 6.71 2.48 18.60 5.63 1.37 3.94 9.76 5.55 1.45 ' 4.26 10.57 
8.5 .30 5.00 1.50 12.75 6.38 0.62 1.86 2.79 6.29 0.71 2.03 3.05 
9.5 .30 3.63 1.09 10.36 7.13 -0.13 0.88 0.9~ 7.03 -0.03 0.97 1.06 

10.5 .25 3.17 0.'19 8.30 7.88 -0.88 0.41 0.33 7.77 -0.77 0.46 0.37 

Ro = 34.20 Total 1049.71 Total " 1100.98 
~ - ," 

l"m = 0.741 

T = 4.77 

~ = 2.10 
-

----.-.------~ 

0\ 
~ 



Table 15(b): Life table data for  A. brassicae females reared on mature leaves of Large Blood Red at 20°C and table 

showing calculations of rm  with two  ..provisional  rm's  

Pivotal 
age 

(weeks) 

x lx mx  lxmx 

Provisional rm's 

0.64 0.63 

xlxmx  rmx 7-rmx 7-rm e7rrmxlxmx rmx 7-rmx e7-rmx  e7rmx1xmx  

3.5 .85 4.62 3.93 13.76 2.24 4.76 116.75 458.81 2.21 4.79 120.30 472.78 

4.5 .78 10.0o 7.8o 35.10 2.88 4.12 61.56 480.16 2.84 4.16 64.07 499.76 

5.5 .48 6.00 2.88 15.84 3.52 3.48 32.46 93.48 3.47 3.53 34.12 98.28 
6.5 .48 3.0o 1.44 9.36 4.16 2.84 17.12 24.65 4.10 2.90 18.17 26.17 

7.5 .35 4.00 1.40 10.50 4.8o 2.20 9.03 12.64 4.73 2.27 9.68 13.55 

8.5 .3o 4.00 1.20 10.20 5.44 1.56 4.76 5.71 5.36 1.64 5.16 6.19 

Ro 	= 	18.65 Total 	1075.45 Total 	1116.73 

rm 	= 	0.635 

T 	= 	4.61 

X 	= 	1.89 
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Figure 3: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) Earliest, (b) Large Blood 

Red at 20°C. 
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Table 16(a): Life table  data for  A. brassicae females reared on young leaves of June Star at 20°C and table showing 

calculations of rm  with two provisional rm's  

Pivotal 
age 

(weeks) 

x lx mx  ixmx  

Provisional rm's 

0.72 0.71 
, 

xlxmx  rmx 7-rmx e7-rmx  1 e7-rmx1xmx  rmx 7-rmx e7 rmx e7-rmx1xmx 

3.5 .85 7.68 6.53 22.86 2.52 4.48 88.23 576.17 2.49 4.51 90.92 593.72 
4.5 .48 16.86 8.09 36.41 3.24 3.76 42.95 347.45 3.20 3.80 44.70 361.63 
5.5 .39 13.06 5.09 28.0o 3.96 3.04 20.91 106.41 3.91 3.09 21.98 111.86 
6.5 .31 8.17 2.53 16.45 4.68 2.32 10.18 25.74 4.62 2.38 10.80 27.34 
7.5 .18 11.02 1.98 14.85 5.40 1.60 4.95 9.81 5.33 1.67 5.31 10.52 
8.5 .13 5.25 0.68 5.78 6.12 0.88 2.41 1.64 6.04 0.96 2.61 1.78 
9.5 .13 2.50 0.33 3.14 6.84 0.16 1.17 0.39 6.75 0.25 1.28 o.42 	. 
10.5 .05 0 0 0 

Ro 	= 	25.23 Total 	1067.61 Total 	1107.27 

rm 	= 	0.713 

T 	= 	4.53 

X 	= 	2.04 



Table 16(b): Life table  data for A. brassicae females  reared on mature leaves of June Star at 20°C and table showing 

calculations of r  with two provisional rq's  

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.61 0.60 

xlxrnx  rmx 7-rmx e7-rmx  e7-rffi lxmx  rmx 7-rmx e7-rmx e7-rmxixmx 

3.5 .80 5.14 4.11 14.39 2.14 4.86 129.02 530.29 2.10 4.90 134.29 551.93 
4.5 .50 10.60 5.30 23.85 2.75 4.25 70.11 371.56 2.70 4.30 73.70 390.61 
5.5 .41 8.00 3.28 18.04 3.36 3.64 38.09 124.94 3.30 3.70 40.45 132.67 
6.5 .21 6.00 1.26 8.19 3.97 3.03 20.70 26.08 3.90 3.10 22.20 27.97 
7.5 .14 3.5o 0.49 3.68 4.58 2.42 11.25 5.51 4.5o 2.50 12.18 5.97 
8.5 .10 2.50 0.25 2.13 5.19 1.81 6.11 1.53 5.10 1.90 6.69 1.67 
9.5 .03 2.00 0.06 0.57 5.80 1.20 3.32 0.20 5.70 1.30 3.67 0.22 

Ro 	= 	14.75 Total 	- 	1060.11 Total 	1111.04 

rm 	= 	0.603 

T 	= 	4.46 

1.83 
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Figure 4: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) June Start  (b) Golden Acre 

at 20°C. 
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Table 17(a): Life table  data for  A. brassicae  females  reared on young leaves of Golden Acre at 20°C and table showing 

calculations of rm  with two- provisional rm's  

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's  

0.71 0.70 

xlxmx  rmx 7 -rmx e7-rmx  e7-rmxixmx  rmx 7 -rmx e7  "rmx  e7-rmxixmx  

3.5 .87 9.16 7.97 27.90 2.49 4.51 90.92 724.65 2.45 4.55 94.63 754.22 

4.5 .40 14.01 5.60 25.20 3.20 3.80 44.70 250.33 3.15 3.85 46.99 263.16 

5.5 .35 9.83 3.44 18.92 3.91 3.09 21.98 75.60 3.85 3.15 23.34 80.28 

6.5 .19 8.50 1.62 10.53 4.62 2.38 10.80 17.50 4.55 2.45 11.59 18.77 

7.5 .19 4.00 0.76 5.70 5.33 1.67 5.31 4.04 5.25 1.75 5.75 4.37 

8.5 .06 3.00 0.18 1.53 6.04 0.96 2.61 0.47 5.95 1.05 2.86 0.51 

Ro 	= 	19.57 Total 	1072.59 Total 	• 	1121.31 

rm 	= 	0.705 

T 	= 	4.22 

X 	2.02 



Table 17(b): Life table  data for  A. brassieae  females reared on mature leaves of Golden Acre at 20°C and table showin 

calculations of rm  with two provisional rm's  

Provisional rm's 

0.49 

lxmx 

1.85 
4.14 
2.46 
0.88 
0.39 
0.26 

lx 	mx 
•■•■■■■■••■040.10.a■•■•19,004.1NOIMMO 

	

3.5 	.61 	3.04 
4.5 .36 11.50 

	

5.5 	.30 	8.21 

	

6.5 	.25 	3.50 

	

7.5 	.13 	3.00 

	

8.5 	I .13 	2.00 

xlxmX 

6.48 
18.63 
13.53 

5.72 
2.93 
2.21 

rmX 

1.72 
2.21 
2.70 
3.19 
3.68 
4.17 

5.28 
4.79 
4.30 
3.81 
3.32 
2.83 

196.37 
120.30 
73.70 
45.15 
27.66 
16.95 

363.28 
498.05 
181.30 

39.73 
10.79 
4.41 

Pivotal 
age 

(weeks) 

Total 
	1097.56 Ro 	9.98 

rm 	0.490 

4.70 

1.63 



Table 18(a): Life table data for A. brassicae females  reared on  young leaves of Earliest at 15°C and table showing 

calculations of rrn  with two provisional RaLL5 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.43 0.42 

xlxtnx  rmx 7-rmx e7-  mx  - 	lxmx  rmx 7-rmx e7-rmx e7' xixmx  

7.5 1 6.19 6.19 	46.43 3.23 3.77 43.38 268.52 3.15 3.85 46.99 290.89 
8.5 1 10.67 10.67 	90.70 3.66 3.34 28.22 301.11 3.57 3.43 30.88 329.45 

9.5 1 11.53 11.53 	109.54 4.09 2.91 18.36 211.65 3.99 3.01 20.29 233.91 
10.5 .96 11.40 10.94 	114.91 4.52 2.48 11.94 130.64 4.41 2.59 13.33 145.83 
11.5 .94 9.97 9.37 	107.78 4.95 2.05 7.77 72.79 4.83 2.17 8.76 82.07 
12.5 .94 8.81 8.28 , 103.52 5.38 1.62 5.05 41.84 5.25 1.75 5.75 47.65 
13.5 .94 9.05 8.51 	114.84 5.81 1.19 3.29 27.97 5.67 1.33 3.78 32.18 
14.5 .85 6.58 5.59 	81.10 6.24 0.76 2.14 11.95 6.09 0.91 2.48 13.89 
15.5 .76 6.41 4.87 	75.51 6.67 0.33 1.39 6.77 6.51 0.49 1.63 7.95 
16.5 .68 5.41 3.68 	60.70 7.10 -0.10 0.90 3.33 6.93 0.07 1.07 3.95 
17.5 .58 5.54 3.21 	56.23 7.53 -0.53 0.59 1.89 7.35 -0.35 0.70 2.26 

18.5 .50 3.92 1.96 	36.26 7.96 -0.96 0.38 0.75 7.77 -0.77 0.46 0.91 
19.5 .50 4.54 2.27 	44.27 8.39 -1.39 0.25 0.57 8.19 -0.19 0.30 0.69 
20.5 .46 3.81 1.75 	35.93 8.82 -1.82 0.16 0.28 8.61 -1.61 0.20 0.35 

21.5 .38 1.98 0.75 	16.18 9.25 -2.25 0.11 0.08 9.03 -2.03 0.13 0.10 



Table 18(a): Continued 

Pivotal 
age 

(weeks) 

x lx mx  lxmx 

Provisional rm's 

0.43 0.42 

xlxmx  rmx 7-rmx e?- 'mx e7- 'xlxmx rmx 7-rmx e7 rmx e7-rmxixmx  

22.5 .31 2.11 0.65 14.72 9.68 -2.68 0.07 0.04 9.45 -2.45 0.09 0.06 

23.5 .25 1.16 0.29 6.82 10.11 -3.11 0.04 0.01 9.87 -2.87 0.06 0.02 

24.5 .23 0.98 0.23 5.52 10.54 -3.54 0.03 0.01 10.29 -3.29 0.04 0.01 

25.5 .16 0.80 0.13 3.26 10.97 -3.97 0.02 0 10.71 -3.71 0.02 0 

26.5 .07 0.60 0.04 1.11 - - , - - - - - 

Ro 	= 	90.91 Total 	1080.20 Total 	1192.17 

rm 	= 	0.429 

T 	= 	10.27 

1.55 



Table 18(b): Table data for A. brassicae  females reared on mature leaves of Earliest at 1 	and table showin 

calculations of rm with two provisional rm's  

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.38 0.37 

xlxmx  rmx 7-rmx e7-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 4.30 4.30 32.25 2.85 4.15 63.43 -  272.77 2.78 4.22 68.03 292.54 
8.5 1 6.30 6.30 53.55 3.23 3.77 43.38 273.29 3.15 3.85 46.99 296.06 
9.5 .92 6.27 5.77 54.82 3.61 3.39 29.61 171.17 3.52 3.48 32.46 187.29 
10.5 .92 6.91 6.36 66.78 3.99 3.01 20.29 129.03 3.89 3.11 22.42 142.60 
11.5 .92 6.46 5.94 68.31 4.37 2.63 13.87 82.41 4.26 2.74 15.49 91.99 
12.5 .92 6.68 6.15 76.88 4.75 2.25 9.49 58.35 4.63 2.37 10.70 65.79 
13.5 .82 4.22 3.46 46.71 5.13 1.87 6.49 22.45 5.00 2.00 7.39 25.57 
14.5 .55 4.75 2.61 37.85 5.51 1.49 4.44 11.58 5.37 1.63 5.10 13.32 
15.5 .37 6.76 2.50 38.75 5.89 1.11 3.03 7.59 5.74 1.26 3.53 8.81 
16.5 .33 4.39 1.45 23.93 6.27 0.73 2.08 3.01 6.11 0.89 2.44 3.53 
17.5 .23 5.05 1.16 20.30 6.65 0.35 1.42 1.65 6.48 0.52 1.68 1.95 
18.5 .17 7.00 1.19 22.02 7.03 -0.03 0.97 1.15 6.85 0.15 1.16 1.38 
19.5 .12 4.75 0.57 11.12 7.41 -0.41 0.66 0.38 7.22 -0.22 0.80 0.46 
20.5 .07 7.50 0.53 10.87 7.79 -0.79 0.45 0.24 7.59 -0.59 0.55 0.29 
21.5 .07 2.50 0.18 3.76 8.17 -1.17 0.31 0.06 7.96 4 -0.96 0.38 0.07 



Table 18(b): Continued 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rmls 

0.38 0.37 

xlxmx  rmx 7-rmx --"7-7Finrc e -rm e7 	xlxmx rmx 7-rmx e7-rmx 
- 

1 

22.5 .07 2.50 0.18 4.05 8.55 -1.55 0.21 0.04 8.33 -1.33 0.26 0.05 

23.5 .07 2.00 0.14 3.29 8.93 -1.93 0.15 0.02 8.70 -1.70 0.18 0.03 

24.5 .07 2.00 0.4 3.43 9.31 -2.31 0.10 0.01 9.07 -2.07 0.13 0.02 

Ro 	= 	48.92 Total 	1035.20 Total 	1131.75 

rm 	= 	0.374 

T 	= 	10.40 

X 	= 	1.45 
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Figure 5: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) Earliest, (b) Large Blood 

Red, at 15°C. 
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Table 19(a): Life table data for A. brassicae females rearedromrj.2sztacifE'Lare  Blood Red at 15°C and  table 

showing  calculations of rm with two provisional rm's  

------ 
Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

0.39 0.38 

xlxmx rmx 7-rmx e7-rm , -xlxmx rmx 7-rmx e7-rmx  e7-rmxixmx 

7.5 1 5.72 5.72 42.90 2.93 4.07 58.56 334.95 2.85 4.15 63.43 362.84 

8.5 1 5.36 5.36 45.56 3.32 3.68 39.65 212.50 3.23 3.77 43.38 232.52 

9.5 1 6.71 6.71 63.75 3.71 3.29 26.84 180.12 3.61 3.39 29.67 199.06 

10.5 1 5.92 5.92 62.16 4.10 2.90 18.17 107.59 3.99 3.01 20.29 120.10 

11.5 1 8.99 8.99 103.39 4.49 2.51 12.30 110.62 4.37 2.63 13.87 124.73 

12.5 1 7.87 7.87 98.38 4.88 2.12 8.33 65.57 4.75 2.25 9.49 74.67 

13.5 .88 4.07 3.58 48.33 5.27 1.73 5.64 20.19 5.13 1.87 6.49 23.23 

14.5 .71 6.o0 4.26 61.77 5.66 1.34 3.82 16.27 5.51 1.49 4.44 18.90 
15.5 .71 4.70 3.34 51.77 6.05 0.95 2.59 8.65 5.89 1.11 3.03 10.13 
16.5 .71 3.00 2.13 35.15 6.44 0.56 1.75 3.73 6.27 0.73 2.08 4.42 

17.5 .63 3.68 2.32 40.60 6.83 0.17 1.19 2.75 6.65 0.35 1.42 3.29 

18.5 .43 2.79 1.20 22.20 7.22 -0.22 0.80 0.96 7.03 -0.03 0.97 1.16 

19.5 .30 2.55 0.77 15.02 7.61 -0.61 0.54 0.42 7.41 -0.41 o.66 0.52 

20.5 .29 2.50 0.73 14.97 8.00 -1.00 0.37 0.27 7.79 -0.79 o.45 0.33 

21.5 .23 2.75 0.63 13.55 8.39 -1.39 0.25 0.16 8.17 -1.17 0.31 0.20 



Table 19(a): Continued 

Pivotal 
age 

(weeks) 

x lx mx 

Provisional rm's 

0.39 0.38 

xlxmx rmx 7-rmx 7-mx 7-rmx e 	lxmx rmx 7-rmx e7-rmx  r*" 	1  -J-xmx 

22.5 .14 2.50 0.35 7.88 8.78 -1.78 0.17 0.06 8.55 -1.55 0.21 0.07 

23.5 .14 2.5o 0.35 8.23 9.17 -2.17 0.11 0.04 8.93 -1.93 0.15 0.05 

24.5 .14 3.00 0.42 10.29 9.56 -2.56 0.08 0.03 9.31 -2.31 0.10 0.04 

25.5 .14 2.5o 0.35 8.93 9.95 -2.95 0.05 0.02 9.69 -2.69 0.07 0.02 

26.5 .14 2.50 0.35 9.28 10.34 -3.34 0.04 0.01 10.07 -3.07 0.05 0.02 

27.5 .14 3.00 0.42 11.55 10.73 -3.73 0.02 0.01 10.45 -3.45 0.03 0.01 

28.5 .10 1.50 0.15 4.28 11.12 -4.12 0.02 0 10.83 -3.83 0.02 0 
--....o 

Ro 	= 	61.92 , 	Total 	1064.92 Total 	1176.30 

rm 	= 	0.387 

T 	= 	10.66 

= 	1.47 



Table 19(b): Life table for  A. brassicaelma natux21.22y22 1sdatIfganctla122esto 

calculations for rm with two rovisional  rm's 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

0.37 0.36 

xixmx rmx 7-rmx e7-rmx  e7-rmxixmx  rmx 7-rmx e7-rmx  e7rmx1xmx 

7.5 1 3.60 3.60 27.00 2.78 4.22 68.03 244.92 2.70 4.30 73.70 265.32 
8.5 1 3.95 3.95 35.58 3.15 3.85 46.99 185.62 3.06 3.94 51.42 203.10 

9.5 1 5.95 5.95 56.53 3.52 3.48 32.46 193.14 3.42 3.58 35.87 213.45 

10.5 1 5.40 5.40 56.70 3.89 3.11 22.42 121.07 3.78 3.22 25.03 135.15 

11.5 1 6.70 6.70 77.05 4.26 2.74 15.49 103.76 4.14 2.86 17.46 116.99 
12.5 1 7.20 7.20 90.00 4.63 2.37 10.70 77.02 4.50 2.50 12.18 87.71 
13.5 .87 3.25 2.83 38.21 5.00 2.00 7.39 20.91 4.86 2.14 8.50 24.05 
14.5 .80 5.00 4.00 58.00 5.37 1.63 5.10 20.42 5.22 1.78 5.93 23.72 
15.5 .80 5.38 4.30 66.65 5.74 1.26 3.53 15.16 5.58 1.42 4.14  17.79 
16.5 .8o 3.32 2.66 43.89 6.11 0.89 2.44 6.48 5.94 1.06 2.89 7.68 
17.5 .54 3.05 1.65 28.88 6.48 0.52 1.68 2.78 6.30 0.70 2.01 3.32 
18.5 .31 3.09 0.96 17.76 6.85 0.15 1.16 1.12 6.66 0.34 1.40 1.35 
19.5 .24 1.84 0.44 8.58 7.22 -0.22 0.80 0.35 7.02 -0.02 0.98 0.43 
20.5 .20 3.00 0.60 12.30 7.59 -0.59 0.55 0.33 7.38 -0.38 o.68 0.41 
21.5 .14 5.50 0.77 16.56 7.96 i  -0.96 0.38 0.29 7.74 -0.74 0.48 0.37 



Table 19(b): Continued 

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rents 

0.37 0.36 

xlxmx  rmx 7-rmx e7-rmx e7-rmx lxmx  rmx 7-rmx e7 rmx e7-rmx lxmx 

22.5 .10 3.00 0.30 6.75 8.33 -1.33 0.26 0.08 8.10 -1.10 0.33 0.10 
23.5 .10 3.00 0.30 7.05 8.70 -1.70 0.18 0.05 8.46 -1.46 0.23 0.07 
24.5 .10 2.50 0.25 6.13 9.07 -2.07 0.13 0.03 8.82 -1.82 0.16 0.04 
25.5 .10 4.00 0.40 10.20 9.44 -2.44 0.09 0.03 9.18 -2.18 0.11 0.05 

Ro 	= 	52.26 Total 	993.56 Total 	1101.10 

rm 	= 	0.360 

T 	= 	10.98 

x 	= 	1.43 



Table 20(a): Life table. data for A. brassicaeLemalesreazmizs2otmaassofJk.2jkra:tjfgaacjbltstowliza 

calculations ofx  with  twoprallisiolalm12 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.30 0.29 

xlxmx rmx 7-rmx e7  rmx  e7-rmxixmx  rmx 7-rmx e7-rmx  e7-rmxlmx 

7.5 1 1.28 1.28 9.60 2.25 4.75 115.58 147.95, 2.18 4.82 123.97 158.68 
8.5 1 2.23 2.23 18.95 2.55 4.45 85.63 190.95 2.47 4.53 92.76 206.85 
9.5 1 1.64 1.64 15.58 2.85 4.15 63.43 104.03 2.76 4.24 69.41 113.83 
10.5 1 2.08 2.08 21.84 3.15 3.85 46.99 97.75 3.05 3.95 51.94 108.03 
11.5 1 3.68 3.68 42.32 3.45 3.55 34.81 128.11 3.34 3.66 38.86 173.32 
12.5 1 4.46 4.46 55.75 3.75 3.25 25.79 115.02 3.63 3.37 29.08 129.69 
13.5 .99 5.88 5.82 78.57 4.05 2.95 19.11 111.20 3.92 3.08 21.56 125.48 
14.5 .77 5.71 4.40 63.80 4.35 2.65 14.15 62.28 4.21 2.79 16.28 71.64 
15.5 .73 7.76 5.66 87.73 4.65 2.35 10.49 59.35 4.50 2.50 12.18 68.95 
16.5 .68 6.39 4.35 71.78 4.95 2.05 7.77 33.79 4.79 2.21 9.12 39.67 
17.5 .48 5.45 • 2.62 45.85 5.25 1.75 5.75 15.08 5;08 1.92 6.82 17.87 
18.5 .36 4.64 1.67 30.90 5.55 1.45 4.26 7.12 5.37 1.63 5.10 8.52 
19.5 .36 3.90 1.40 27.30 5.85 1.15 3.16 4.42 5.66 1.34 3.82 5.35 
20.5 .36 5.26 1.89 38.75 6.15 0.85 2.34 4.42 5.95 1.05 2.86 5.40 
21.5 .33 5.15 1.70 36.55 6.45 0.55 1.73 2.95 6.24 0.76 2.14 3.64 



rmX 

Table 20(a): Continued 

Provisional %Is 

11012x X1XMx rmx 

Pivotal 
age 

(weeks) 

x lx 	Mx 

0.47 
0.18 

-0.11 

0.29 

7-mix 

1.60 

1.20 

0.90 

0.30 

7-rmx e7-rmx  

	

0.25 	1.28 

	

-0.05 	0.95 

	

-0.35 	0.70 

1.95 
1.51 
0.75 

6.53 
6.82 
7.11 

1.57 
1.20 

0.59 

1087.78 

27.45 6.75 
29.61 7.05 
20.58 7.35 

22.5 
23.5 
24.5 

	

.27 	4.50 	1.22 

	

.27 	4.66 	1.26 

.24 3.49 0.84 

Ro = 48.20 Total Total 
	1241.13 

rm = 0.299 

T = 12.96 

x 	1,35 



Table 20(b): Life table data for A. brassicae  females reared on mature  leaves of  June Star at 15°C and table showinE 

calculations of rm  with two provisional rm's 

Pivotal 
age 

(weeks) 

x 

Provisional rm's 
- 

0.25 0.24 

xlxmx  mx 7-rmx -rmx  e7- mx1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 0.66 0.66 4.95 1.88 5612 167.34 110.44 1.80 5.2o 181.27 119.64 
8.5 1 1.67 1.67 14.20 2.13 4.87 130.32 217.64 2.04 4.96 142.59 238.13 
9.5 1 1.66 1.66 15.77 2.38 4.62 101.49 168.48 2.28 4.72 112.17 186.20 
10.5 1 1.59 1.59 16.70 2.63 4.37 79.04 125.68 2.52 4.48 88.23 140.29 
11.5 .93 1.66 1.54 17.75 2.88 4.12 61.56 94.80 2.76 4.24 69.41 106.89 
12.5 .83 1.30 1.08 13.49 3.13 3.87 47.94 51.78 3.00 4.00 54.60 58.97 
13.5 .75 1.39 1.04 12.57 3.38 3.62 37.34 38.83 3.24 3.76 42.95 44.67 
14.5 .57 5.18 2.95 42.81 3.63 3.37 29.08 85.78 3.48 3.52 33.78 99.66 
15.5 .45 5.25 2.36 26.85 3.88 3.12 22.65 53.45 3.72 3.28 26.58 62.72 
16.5 .45 3.25 1.46 17.70 4.13 2.87 17.64 25.75 3.96 3.04 20.91 30.52 
17.5 .45 2.75 1.24 15.88 4.38 2.62 13.74 17.03 4.20 2.8o 16.44 20.39 
18.5 .33 1.25 0.41 5.09 4.63 2.37 10.70 4.39 4.44 2.56 12.94 5.3o 
19.5 .22 2.50 0.55 10.73 4.88 2.12 8.33 4.58 4.68 2.32 10.18 5.6o 
20.5 .22 4.50 0.99 20.30 5.13 1.87 6.49 6.42 4.92 2.08 8.00 7.92 
21.5 .22 4.50 0.99 21.29 5.38 1.62 5.05 5.00 5.16 1.84 6.3o 6.23 



Table 20(b): Continued. 
• 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.25 0.24 

xlxmx nx 7-rmx e7-rmx lxmx rmx 7-rmx e
7-minx e7-rmx 1xmx 

22.5 .17 3.50 0.60 13.39 5.63 1.37 3.94 2.36 5.40 1.60 4.95 2.97 

23.5 .17 3.00 0.51 11.99 5.88 1.12 3.06 1.56 5.64 1.36 3.90 1.99 

24.5 .12 1.50 0.18 4.41 6.13 0.87 2.39 0.43 5.88 1.12 3.06 0.55 

Ro = 	21.48 Total 	1014.40 Total 	1138.64 

rm 	= 	0.243 

T 	= 	12.62 

X 	1.28 



85 



Figure 6: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) June Star, (b) Golden Acre 

at 15°C. 
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Table 21(a): Life table data fo~ ~. brassicae females reared on young leaves of Golden Acre at 15°C and table shovnns 

~Jculation of ~. 

Pivotal Pro"!is~o1.l~ rm 
age 

(weeks) 0.33 

lx mx lxmx x1Janx t'ntx 7-rmx 7-rmx 7-rmxl rmX 7-rrnx 7-rmx e7-rmxlxmx x e e Xlnx e 

7.5 1 2.50 2 • .50 18.75 2.48 L~.52 91.84 229.59 
8.5 1 4.05 4.05 34.43 2.81 4.19 66.02 267.39 

9.5 1 3.90 3.90 37·05 3.14 3.86 47.47 185.11 

10.5 1 3.96 3.96 41.58 3.47 3.53 34.12 135.13 
11.5 1 3.77 3·77 43.36 . 3.80 3.20 24.53 92.49 
12.5 .95 3.29 3.13 39.13 4.13 2.87 17.64 55.20 

13.5 .91 3.10 2.82 38.07 4.46 2.54 12.68 35.76 
14.5 .87 3.80 3.31 48.00 4.79 2.21 9.12 30·17 
15.5 .74 5.26 3.89 60.30 5.12 1.88 6.55 25.49 

16.5 .64 4.65 2.98 49.17 5.45 1.55 4.71 14.04 

17.5 .60 4.85 2.91 50.93 5.78 1.22 3.39 9.86 

18.5 .55 5.00 2.75 50.88 6.11 0.89 2.44 6.70 

19.5 .40 7. I tS 2.99 58.31 6.44 .' 0.56 1.75 5.23 
20.5 .32 5.02 1.61 33.01 6.77 0.23 1.26 2.03 ' - . 

21.5 .24 5.50 1.32 28.38 7.10 -0.10 0.90 1.19 

co 
"l 



Table 21(a): 	Continued. 

Pivotal 
age 

(weeks) 

x lx mx  lxmx 

Provisional rm  

0.33 

xlxmx rmx 7-rmx 
- 	

lxmx  rmx -rmx e7-rmx  - 
x 

22.5 	i .17 5.25 0.89 20.03 7.43 -0.43 0.65 0.58 

23.5 .09 4.50 0.41 9.64 7.76 -0.76 0.47 0.19 

Ro 	= 	47.19 Total 	1096.15 

rm 	= 	0.330 

T 	= 	11.68 

X 	= 	1.39 



Table 21(b): Life table data for A. brassicae  females reared on mature leaves of Golden Acre at 15°C and table showin 

calcultitioaof:nnattiL -S222soval. 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional %Is 

0.30 0.28 

xlxmx rmx 7-rmx e7-rmx  e7-rmxixmx rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 1.80 1.80 11.25 2.25 4.75 115.58 208.05 2.10 4.90 134.29 241.72 
8.5 1 2.93 2.93 24.91 2.55 4.45 85.63 250.89 2.38 4.62 101.49 297.38 

9.5 .79 3.92 3.10 29.45 2.85 4.15 63.43 196.65 2.66 4.34 76.71 237.79 
10.5 .71 3.30 2.34 24.60 3.15 3.85 46.99 109.96 2.94 4.06 57.97 135.66 

11.5 .71 3.20 2.27 26.13 3.45 3.55 34.81 79.03 3.22 3.78 43.82 99.46 

12.5 .71 3.80 2.70 33.73 3.75 3.25 25.79 69.63 3.50 3.50 33.12 89.41 

13.5 .71 1.80 1.28 17.25 4.05 2.95 19.11 24.46 3.78 3.22 25.03 32.04 
14.5 .71 3.60 2.56 37.06 4.35 2.65 14.15 36.23 4.06 2.94 18.92 48.42 

15.5 .71 4.00 2.84 44.02 4.65 2.35 10.49 29.78 4.34 2.66 14.30 40.60 

16.5 .71 3.80 2.70 44.52 4.95 2.05 7.77 20.97 4.62 2.38 10.80 29.17 

17.5 .51 1.00 0.51 8.93 5.25 1.75 5.75 2.93 4.90 2.10 8.17 4.16 

18.5 .43 0.17 0.07 1.35 5.55 1.45 4.26 0.30 5.18 1.82 6.17 0.43 

19.5 .14 0 0 0 - - - - - - - 

20.5 .14 0 0 0 - - - - - - 
21.5 .14 a 	0 0 0 - - - - - - - 



Table 21(b): Continued. 

Pivotal 
age 

(weeks) 

x lx mx lltmx 

Provisional rm's 

0.30 0.28 

...-e -'77:71715.-  xlxmx six -rmx 7- m lxmx rmx 7-rm - 	lxmx 

22.5 .14 0 0 0 - - - _ _ _ _ 
23.5 .14 0 0 0 - - - _ _ _ _ - 
24.5 .08 0 0 0 - - - - - - - - 

Ro 	= 	25.10 Total 	. 	1028.88 Total 	_ 	1256.24 

rm 	= 	0.287 

T 	= 	11.23 

X 	= 	1.33 



Population 
statistics 

Host plants 
(variety) 

G.R.R. 
(?/) 

Farliest 
Large Blood Red 
June Star 
Golden Acre 

Earliest 
rm 	Large Blood Red 

(°w/week)  June Star Golden Acre 

(weeks 

X 

(//week 

Earliest 
Large Blood Red 
June Star 
Golden Acre 

Earliest 
Large Blood Red 
June Star 
Golden Acre 

4Earliest 
Large Blood Red 
June Star 
Golden Acre 

1 
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Table 22: Population growth statistics of  A. brassicae  on young and  

mature leaves of four varieties of cabbage at 25°, 20°, 

and 15
00. 

25°C 20°C 15°C 

Leaf types 

Young Mature Young 'Mature Young 
4 

Mature 

58.20 36.58 73.97 58.19 111.46 90.34.  
54.12 52.00 62.01 31.62 90.11 78.73 
50.72 29.30 64.54 37.74 80.95 47.11 
44.92 27.80 48.5o 31.25 75.88 33.32 

31.93 23.37 37.80 	24.44 90.91 48.92 
26.76 22.15 34.20 	18.65 61.92 52.26 
25.19 12.38 25.23 	14.75 48.20 21.48 
19.17 9.66 19.57 	9.98 47.19 25.10 

1.040 0.921 0.7751 o.684 0.429 0.374 
1.030 0.963 0.741 	0.635 0.387 0.360 
0.936 0.806 0.713 	0.603 0.299 0.243 
0.932 0.807 0.705 	0.490 0.330 0.287 

3.33 3.42 4.69 	4.67 10.27 10.40 
3.19 3.22 4.77 	4.61 10.66 10.98 
3.45 3.12 4.53 	4.46 12.966  12.62 
3.17 2.81 4.22 	4.70 11.68 11.23 

2.83 2.51 2.17 	1.98 1.55 1.45 
2.80 2.62 2.10 	1.89 1.47 1.43 
2.55 2.24 2.04 	1.83 1.35 1.28 
2.54 2.24 2.02 	1.63 1.39 1.33 
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Figure 7: Relationship between the finite rate of increase ( X), net 

reproduction rate (Ro), generation time (T), and temp-

erature. 
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Figure 8: Curves for various values of X//week, showing population 

growth of A. brassicae on young ( 	), and mature ( 	 

leaves of (a) Earliest, (b) Large Blood Red, (c) June Star, 

(d) Golden Acre at 25°, 20°, and 15°C. 
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Species 

Mustard f---Purple Sprout Turnip 

No:'of eggs 

9 16 
29 8 

67 25 
20 37 
61 50 
3 18 
26 1 
21 7 

236 162 

29.5 20.25 

Replicates 

1 
2 

3 
4 

5 
6 

7 
8 

30 
63 

39 
72 
52 

267 

191 

45 

Total 	759 
X 	94.88 I 
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Table 23(a): Number of eggs laid by A. brassicae on three Brassica 

scecies in a species preference experiment. 

Table 23(b): Analysis of variance for Table 23(a). 

Source of 
variation 

SV 

.Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
r 

Species 2 26475.63 13237.81 4.82* 

Residual 57666.37 2746.02 

Total 84142 

* denotes significance at 5% 
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Table 23(c): Comparison of species means by Duncan's new multiple range  

test 

Value of p 2 

, 

3 
, 

4 

Significant Studentized 
Range (SSR) 2.93 3.08 3.17 

Least Significant 
Range (LSR)  54.29 57.06 58.73 

Ranked means  

Turnip 
	Purple Sprout 	Mustard 

20.25 	29.5 	94.88 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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of adult A. brassicae  females on young and mature leaves of three species 

of Cruciferae at three constant temperatures. Age-specific survival 

rates (lx) are presented in Tables 34-42 and illustrated graphically in 

Figs. 10-15. Tables 28(a), 29(a) and 30(a) show the average time for the 

populations to reach 50% mortality (LT50). 

Longevity increased with decreasing temperature on both leaf 

types of all species. 

Analysis of variance showed that the effect of leaf age on 

longevity was not significant (Tables 28(b), 29(b) and 30(b)). 

The effect of host plant species was not significant except at 

20°C (p = .05) (Table 29(b)). 

Mean longevity on different species was tested for differences 

using Duncan's new multiple range test. All means were not significantly 

different at 25°C. But at 20°C, longevity on Mustard was significantly 

different (p = .05) (Table 26(c)). Mean longevities on Mustard and 

Purple Sprout were not significantly different but each was significantly 

different from Turnip at 15°C (p = .05) (Table 27(c)). 

Time for populations to reach 50% mortality, like the mean long-

evity, increased with decreasing temperature. 

Results of analysis of variance showed that the variance ratio 

(F) for leaf age effect was not significant at any of the constant 

temperatures (Tables 28(b), 29(b) and 30(b)). The variance ratio (F) for 

species effect was not significant at 15°  but was significant at 20°  

(p,(.01) and at 25°C (p<.05) (Tables 28(b) and 29(b)). 

Duncan's new multiple range test was used to test the differences 
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between species means. Survival on each species was significantly 

different (p = .05) at 25°  and 20°C respectively. But at 15°C, Mustard 

and Purple Sprout were not significantly different though each was signi-

ficantly different from Turnip (p = .05) (Tables 28(c), 29(c), and 30(c)). 

The lx curves for Mustard at 25°  (Fig. 10) and 20°C (Fig. 12) 

represented an abbreviated form of Slobodkin's type I (Slobodkin, 1962), 

with mortality acting on the middle aged individuals. But for Purple 

Sprout and Turnip, (Figs. 11 and 13), the curves were typical of t e IV, 

mortality acting on young individuals. At 15°C, the curves for all species 

were of type I where mortality was delayed till old age (Figs. 14 and 15). 

lx curves for mature leaves of Purple Sprout and Turnip were 

generally under those for young leaves whereas the curves for mature 

leaves of Mustard were either superior to those for young leaves or were 

very close to them. 

(b)222undjkandamzEtami:li tunze(mx) 

At all constant temperatures, more eggs were laid on young 

leaves than on mature leaves. The highest fecundity was recorded on 

Mustard and the least on Turnip (Fig. 9(a)). 

Fecundity increased with decreasing temperature except in the 

case of Mustard where maximum fecundity occurred at 20°C (Table 24 and 

Fig. 9(a)). 

The variance ratio (F) was significant (p = .05) for leaf age 

effect and for species effect (p< .01) at 25°  (Tables 31(a) and (b)) and 

20
o 
(Tables 32(a) and (b)) respectively. At 15

0C, the variance ratio (F) 

was also significant (p = .05) for leaf age and species effects respect-

ively (Tables 33(a) and (b)). 
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Figure 9(a). Mean fecundity of A. brassicae reared on young and mature 

leaves of three species of Brassica  at 25°, 20°, and 

15°C. 

(b). Mean longevity of A. brassicae  females reared on young and 

mature leaves of three species of Brassica at 25o, 20o 

and 15°C. 
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Host plants 
(Species) 

Leaf types 

Young 	Mature Young Mature Mature 

18 
	

17 
	

6 
553 +12.9 493.2+14.59 279 +10.48 
83.2+ 5.07 77.9+ 5.2 157.9+18.4 

17 
	

12 
	

6 

193.9+ 6.99 126.2+10.67 220 ±10.66 
51.4+ 3.58 33.8+ 3.02 131.2+ 8.54 

12 
160.4+ 7.6 

51.5+ 5.06 

9 
64.7+ 4.77 
25.5+ 2.8 

9 
180.2+ 8.23 

114.6+11.81 

No. of females 	10 	9 
R no. of eggs/ 
	

98.6+ 7.35 61.1+ 6.95 

R longevity (days)/ 
	

31.2+ 3.72 15.8+ 1.84 

Table 24: 	 longevity 	A. brassicae  females reared on young and mature leaves of three  species of 

Cruciferae at 2501  200, and 150C. 

Mustard 

Purple Sprout 

Turnip 

No. of females 	19 	19 

R no. of eggs/ 	318.9+15.9 259.2+12.9 
R longevity (days)/T 42.6+ 1.88 41.4+ 1.36 

No. of females 	14 	13 

x no. of eggs/ 	140 +10.12 107.4+ 9.12 
x longevity (days) 33.1+ 1.57 30.3+ 1.78 

8 

250.3+ 9.39 
163.3+12.08 

7 
157.1+11.17 
110.2+ 9.5 

S 
134.8+ 8.26 

90.5+10.09 



103 

Table 25(a): Mean longevity of !. brassicae females on young and mature 

leaves of three species of Cruciferae at 25°C. 

AGE OF LE.4.F Species Species Species 
Young tvIature totals means 

Nustard 42.6 41.4 84.0 42.0 

Purple Sprout 33.1 30.3 63.4 31.7 

Turnip 31.2 15.8 47.0 23.5 

,-

Age totals 106.9 87.5 194.4 97.2 

Table 25(b): Analysis of variance for Table 25(a). 

Source of Degree of Sum of Mean Variance 
variation freedom squares squares ratio 

SV DF S8 MS F 

Leaf age 1 62.73 62.73 2.07 (N.S.) 

Species 2 343,,72 171 .. 86 5.68 (N.S.) 

Residual 2 60.49 30.25 

Total 5 466.94 

N.B. denotes not significant 
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Table 26Ca): Mean longevity of !_ brassicae females on young and mature 

leaves of three species of Cruciferae at 20°C. 

AGE OF LEAF Species Species Species 
Young f.1ature totals means 

l-iustard 83.2 77.9 161.1 80.6 

Purple Sprout 51.4 33.8 85.2 42.6 

Turnip 51.5 25.5 77.0 .38.5 
I 

Age totals 186.1 137.2 323.3 161.6.5 

Table 26,Cb): Analysis of va.riance for Table 26Ca). 

Source of Degree of Sum of Mea.."l Variance 
variation freedom squares squares ratio 

SV DF S8 1-1S F 

Leaf age 1 398.53 398.53 7.35 (N.S.) 

Species 2 2150.15 10?.5.08 19.82* 

Residual 2 108.47 54.24 

Total 5 2657.07 

* denotes significance at 5% level 

N.S. denotes not significant 
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Table 26(c): Comparison of species means by Duncan's new multiple range.  

test 

Value of p 

. 

2 3 
. 

4 

Significant Studentized 
Range (SSR) 6:09 6.09 6.09 

Least Significant 
Range (LSR) 25.9 25.9 

I 

25.9 

Ranked means  

Turnip 	Purple Sprout 	Mustard 

38.5 	42.6 	80.6 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 27(a): Mean longevity of A. brassicae females on young and mature 

leaves of three species of Cruciferae at 15°C. 

AGE OF LEAF 
, Species Species 

means Species 
Young Mature totals 

Mustard 157.9 163.3 321.2 160.6 

Purple Sprout 131.2 110.2 241.4 120.7 

Turnip 114.6 90.5 205.1 102.6. 

Age totals 403.7 364.0 767.7 383.9 

Table 27(b): Analysis of variance for Table 27(a). 

Source of 
variation 

SV 

I 	Degree of 
freedom 
DF 

F 	Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 262.67 262.67 1.76 (M.S.) 

Species 2 3491.28 1745.64 11.68 (N.E.) 

Residual 2 299.02 149.51 

Total 5 405.97 

N.S. denotes not significant 
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Table 27(c): Comparison of species means by Duncan's new multiple range 

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least Significant 
Range (LSR) 42.99 42.99 42.99 

Ranked means 

Turnip 
	Purple Sprout 	Mustard 

102.6 	120.7 	160.6 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 28(a): Time for populations of adult A. brassicae females to reach 

50% mortality levels on both young and mature leaves  

of three species of Cruciferae at 25°C. 

Species 
AGE OF LEAF 

Species 
• 

Species 

Young Mature means  t totals 

Mustard 6 6 12 6.0 

Purple Sprout 5 If 9 4.5 

Turnip 3 2 5 2.5 

Age totals 14 12 26 13.0 

Table 28(b): Analysis of variance for Table 28(a). 

Source of 
variation 

SV 

Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 0.66 0.66 3.88 (M.s.) 

Species 2 12.33 6.17 36.29* 

Residual 2 0.34 0.17 

Total 5 , 	13.33 # 

* denotes significance at less than 5% level 

N.S. denotes not significant 
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Table 28(c): Comparison of.aecies means by Duncan's new multiple range 

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least Significant 
Range (La) 1.45 1.45 1.45 

Ranked means 

Turnip 
	Purple Sprout 	Mustard 

2.5 	4.5 	6.o 

Any two values not underscored by the same line are significantly 

different (p = .05). 
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Table 29(a): Time for populations of adult !. brassicae females to reach 

50% mortality levels on both young and mature leaves 

of three species of Cruciferae at 20°C. 

AGE OF LEAF Species Species Species 
Young Hature totals means 

Mustard 12 11 23 11.5 

Purple Sprout 6 5 11 5.5 , 
: 

Turnip 5 3 8 4.0 I 

Age totals 23 19 42 21.0 

Table 29(b): Analysis of variance for Table 29(a). 

Source of Degree of Sum of l-iean Variance 
variation freedom squares squares ratio 

SV DF 5S MS F 

Leaf age 1 2.66 2.66 15.65 (N.B.) 

Species 2 63.00 31.50 185.29* 

Residual 2 0.34 0.17 

Total 5 66.00 

* denotes significance at less than .1% 

N.S. denotes not signific~~t 
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Table 29(c): Comparison of species means by Duncan's new multiple range 

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least Significant 
Range (LSR) 1.44 1.44 1.44 

Ranked means 

Turnip 	Purple Sprout 	Mustard 

4.o 	 5.5 	11.5 

Any two values not underscored by the same line are significantly 

different (p = .05). 
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Table 30(a): Time for populations of adult A. brassicae females to reach 

50% mortality levels on both young and mature leaves 

of three s•ecies of Cruciferae at 1500. 

AGE OF LEAF Species Species 
means 

Species 
Young Mature totals 

Mustard 21 23  44 22.0 

Purple Sprout 17 15 32 16.0 

Turnip 20 19 39 19.5 

Age totals 58 57 115 57.5 

Table 30(b): Analysis of variance for Table 30(a). 

Source of 
variation 

SV 

* 
Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 0.16 0.16 0.07 (N.S.) 

Species 2 36.33 18.17 8.04 (N.S.) 

Residual 2  4.51 2.26 

Total 5 41.00 

N.S. denotes not significant 
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Table 30(c): Comparison of species me s by Duncan's new multi leransa 

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least. Significant 
Range (LSR) 5.29 5.29 5.29 

Ranked means 

Purple Sprout 	Turnip 	Mustard 

16 
	

19.5 	22 

Any two values not underscored by the same line are significantly 

different (p = .03). Any two values underscored by the same line are not 

significantly different. 
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DuncanIs new multiple range test showed that the species means 

were significantly different (p = .05) at all temperatures (Tables 31(c), 

32(c), and 33(c)). 

Age-specific fecundity rates (mx) are shown in mx columns of the 

life tables (Tables 34-42) and illustrated graphically. in Figs. 10-15.- 

Maximum mx  was generally reached in the second week of the 

reproductive period. mx  values were highest on Mustard: 36.93 (young) and 

37.21 (mature) and lowest on Turnip: 16.41 (young) and 13.71 (mature), at 

25°C. One prominent mx  peak occurred at this temperature for each species 

leaf type. 

At 20°C, two or more peaks were observed but only such peaks 

that occurred before 50% mortality of the population, were considered 

important. This was necessary because of the ability of some last remnants 

in a population to lay high numbers of eggs before they died, thus 

distorting the true picture. 

On Mustard, three mx  peaks occurred in the 2nd week (29.93), 6th 

week (30.24), and 10th week (24.39) of the reproductive periods. A 

similar trend was followed on mature leaves. Only one of the several mx  

peaks on Purple Sprout and Turnip occurred before a 50% mortality was 

reached. 

At 15°C, mx  values rose gradually and tended to remain either 

fairly constant or fluctuated with very low amplitudes. 

On Mustard at 15°C, the middle portion of the graph for mature 

leaves was significantly higher than, that for young leaves. The explanation 

for this could be seen from the lx curve, for while survival on young 

leaves had decreased considerably, that on mature leaves was still unity. 
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Table 31(a): Fecundity of A. brassicae reared 0112(lau and mature leaves 

of three species of Cruciferae at 25°C. 

AGE OF LEAF Species Species 
means Species 

Young Mature totals 

Mustard 318.94 259.00 577.94 288.97 

Purple Sprout 140.00 107.38 247.38 123.69 

Turnip 98.60 61.11 159.71 79.86 

Age totals 557.54 427.49 985.03 492.52 

Table 31(b): Analysis of variance for Table 31(a). 

Source of 
variation 

SIT 

Degree of 
freedom 
DF 

Sum of 
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 2818.83 2818.83 26.55* 

Species 2 48645.37 24322.68 229.07** 

Residual 2 212.36 106.18 

Total 5 51676.56 

* denotes significance at 5% level 

** denotes significance at less than 1% level 
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Table 31(c): Comparison of species means by Duncan's new multiple range 

test 

P 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least Significant 
Range (LSR) 36.24 36.24 36.24 

Ranked means 

Turnip 	Purple Sprout 	Mustard 

79.86 	123.69 	288.97 
•••••=10.NyvallsOI 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 32(a): Fecundity of A. brassicae reared on young and mature leaves 

of three species of Cruciferae at 20°C. 

AGE OF LEAF Species Species 
means Species 

Young Mature totals 

Mustard 553.00 495.18 1046.18 523.09 

Purple Sprout 193.85 126.17 320.02 160.01 

Turnip 160.35 64.67 225.02 112.51 

Age totals 907.20 684.02 1591.22 795.61 

Table 32(b): Analysis of variance for Table 32(a). 

... 
Source of 	a 
variation 

SV 

. 
Degree of 
freedom 
DF 

Sum of 	y  
squares 

SS 

Mean 
squares 
MS 

Variance 
ratio 
F 

Leaf age 1 8301.552 8301.552 46.75* 

Species 2 201772.85 100886.425 567.92** 

Residual 2 355.284 177.642 

Total 5 

* denotes significance at 5% level 

** denotes significance at less than 1% level 
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Table 32(c): Comparison of species means by Duncan's new multiple range 

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 

6.09 6.09 6.09 

Least Significant 
Range (LSR) 

/ 	46.89 46.89 46.89 

Ranked means  

Turnip 
	Purple Sprout 	Mustard 

112.51 
	

160.01 	523.09 

Any two values not underscored by the same line are significantly 

different (p = .05). Any two values underscored by the same line are not 

significantly different. 
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Table 33(a); Fecundity of A. brassicae reared on young and mature leaves 

of three species of Cruciferae at 15°C. 

o 
AGE OF LEAF Species 

. 

Species 
means Species , 

Young Mature totals 

Mustard 279.00 250.30 529.30 264.65 

Purple Sprout 220.00 157.14 377.14 188.57 

Turnip 180.22 134.80 315.02 157.51 

Age totals 679.22 542.24 1221.46 I 	610.73 

Table 33(b): Analysis of variance for Table 33(a). 

Source of 
variation 

SV 

a 

Degree of 
freedom 

DF 

Sum of 
squares 

SS 

Mean 
squares 

MS 

Variance 
ratio 

F 

Leaf age 1 3127.25 3127.25 21.44* 

Species 2 12154.58 6077.29 41.66* 

Residua,  2 291.77 145.89 

Total 5 15573.6 

* denotes significance at 5% level 
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Table 33(c): Comparison ofsnecies means by Duncan's new multiple range  

test 

Value of p 2 3 4 

Significant Studentized 
Range (SSR) 6.09 6.09 6.09 

Least Significant 
Range (LSR) 

42.47 42.47 

( 

42.47 

Ranked means 

Turnip 	Purple Sprout 
	

Mustard 

157.51 	188.57 
	264.65 

Any two values not underscored by the same line are significantly 

different (p = .05). 
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6. Eapulat.  j_onguat:LLEt2.-tisti 	and mature leaves of different 

host species at 25°, 20°, and 15°C 

(a) Gross reproductive rate  (G.R.R.) 

In the case of Purple Sprout and Turnip, the gross reproductive 

rates increased with decreasing temperature, the highest values being 

obtained at 15°C. For Mustard, the G.R.R. was highest at  20° and lowest 

at 25°C (Table 43). 

The variance ratio (F) for leaf age effect was significant at 25°  

<.05) and at 20°C (pe .05). F for species effect was significant at 25°  

(p4t.01) and at 20°C (p C.01). F was not significant for both leaf age and 

species effects at 15°C. 

At all temperatures except 15°C, the mean G.R.R. for Mustard was 

significantly different by Duncan's new multiple range test (p = .05). 

(b) Net reproductive rate (Ro) 

The trend in the values of Ro with respect to temperature was 

similar to that of G.R.R. (Table 43 and Fig. 16). 

Analysis of variance showed that at 25°  and 20°C, F was not 

significant for leaf age effect. But species effects were significant at 

25°  (p <.01) and at 20°C (p <.01). At 15°C, the F values for leaf age and 

species effects were not significant. 

Duncanle new multiple range test showed that the mean Ro for 

Mustard was significantly different at 25°  (p = .05) and at 20°C (p = .05). 

At 15°C, the means were not significantly different. 

(c) Intrinsic rate of natural increase  (rm) 

Values of rm are shown in Table 43. 
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rm values on young leaves were consistently higher than those on 

mature leaves though the differences are not particularly striking. 

rm  decreased with decreasing temperature. At each temperature 

regime and for each leaf age, the highest values were obtained on Mustard 

while the lowests were on Turnip. 

The trend in the results of analysis of variance is similar to 

that outlined below for A since X was derived from rm. 

(d) Mean generation time (T) 

The mean generation times on young and mature leaves of the three 

species at 25°, 20°, and 15°C are compared in Table 43 and Fig. 16. 

T increased with decreasing temperature. 

From the results of analysis of variance, the values of T were 

neither influenced by leaf age nor by species type. 

(e) Finite rate of increase (A) 

The various values of A  are shown in Table 43. A was highest 

at 25°C and lowest at 15°C (Fig. 16). 

The variance ratio for leaf age effect was not significant at 

any of the constant temperatures. F for species effect was also not 

significant except at 25°C (per...01). 

(f) Population growth curves  

Curves for various values of Ap
A)iweek showing population growth, 

on young and mature leaves of the different species are illustrated in 

Fig. 17. 

The curves for population growth on young and mature leaves of 

each species were similar. This is not surprising since their variance 
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ratios were not significantly different (see X above). 

The variance ratio for species effect was significant at 25°C. 

At this temperature, the theoretical size of the population reached after 

4 weeks by one female on young leaves of Mustard (329) would be approx-

imately twice that on Purple Sprout (112) and approximately 5 times that 

on Turnip (61). 

The time taken to reach a given population size increased with 

decreasing temperature. For example, the size of the population by one 

female on young leaves of Mustard at 25°C after 4 weeks (329) would take 

about 7i weeks at 20°C and about 15 weeks at 15°C. 



Table 34(a): Life table  data for  A. brassicae  females reared on oun leaves of Mustard at 25°C and table  showing 

calculations  of  rm  with two provisional  rm's.  

Pivotal 
age 

(weeks) 

x mx Manx  

Provisional rm's 

1.45 1.44 

xlxmx  rmx 7-rmx e7-rmx e7-rmx lxmx  rmx 7-rmx 7-rmx e7-rmx lxmx 

2.5 1 26.30 26.30 65.75 3.63 3.37 29.08 764.77 3.60 3.40 29.96 788.06 
3.5 .99 36.93 36.56 127.96 5.08 1.92 6.82 249.37 5.04 1.96 7.10 259.55 
4.5 .95 34.39 32.67 147.02 6.53 0.47 1.60 52.27 6.48 0.52 1.68 54.95 
5.5 .80 31.42 25.14 138.27 7.98 -0.98 0.38 9.44 7.92 -0.92 0.40 10.02 
6.5 .67 26.33 17.64 114.66 9.43 -2.43 0.09 1.55 9.36 -2.36 0.09 1.67 
7.5 .42 15.36 6.45 48.38 10.88 -3.88 0.02 0.13 10.80 -3.80 0.02 0.14 
8.5 .19 10.84 2.06 17.51 12.33 -5.33 0 0 12.24 -5.24 0.01 0.01 
9.5 .11 6.25 0.69 6.56 - - - - - - 
10.5 .04 1.00 0.04 0.42 - .. - - - - I 

Ro 	= 	147.55 Total 	1077.5 Total 	1113.4 

rm 	= 	1.445 

T 	= 	3.45 

X 	= 	4.24 



Table 54(b): Life table data for A. brassicae  females reared on mature leaves of Mustard at 2 C and table showin 

calculationsofrajvithorov . 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

1.50 1.40 

xlxmx rmx 7-rmx 
_ 

e?  
- 

e 	lxmx 7-rmx e7-rmx 
_ 

e7- 

2.5 1 25.17 25.17 62.93 3.75 3.25 25.79 649.14 3.50 3.50 33.12 833.52 

3.5 1 37.21  37.21 130.24 5.25 1.75 5.75 214.13 4.90 2.10 8.17 303.86 
4.5 1 28.03 28.03 126.14 6.75 0.25 1.28 35.99 6.30 0.70 2.01 56.45 

5.5 .98 26.14 25.62 140.91 8.25 -1.25 0.29 7.34 7.70 -0.70 0.50 12.81 
6.5 .82 20.97 17.20 111.80 9.75 -2.75 0.06 1.10 9.10 -2.10 0.12 2.06 

7.5 .54 13.12 7.08 53.10 11.25 -4.25 0.01 0.10 10.50 -3.50 0.03 0.21 

8.5 .15 5.43 0.81 6.89 12.75 -5.75 0 0 11.90 -4.90 0.01 0.01 

9.5 .07 1.50 0.11 1.05 14.25 -7.25 0 0 13.30 -6.30 0 0 

Ro = 	141.23 Total 	 907.8 Total 	1208.92 

rm 	1.436 

T 	= 	3.45 
= 	4.20 

---....------ --.......- 	 
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Immature stages 

Fecundity rate (mx) 

Survival rate (Ix ) 



Table 35(a): Life  table data for  A. brassicae  females reared on o 	leaves of PUr le Sprout at 2500 and table 

2.12221nE calculations  of rm with two provisional rmys. 

Pivotal 
age 

(weeks) 

x lx mx box 

	------_-_, 
Provisional rm's 

---------_-__ "*".""'"'""i 

1.21 1.20 

xlxmx  rmx 7-rmx e7-rmx e7 -rmxixmx rmx 7 -rmx e7-rmx  e7-rmx1xmx 

2.5 .98 13.04 12.78 31.95 3.03 3.97 52.98 677.14 3.0 4.o 54.60 697.76 

3.5 .92 21.22 19.52 68.32 4.24 2.76 15.80 308.41 4.2 2.8 16.44 321.00 

4.5 .80 17.26 13.81 62.15 5.45 1.55 4.71 65.07 5.4 1.6 4.95 68.40 

5.5 .73 11.30 8.25 45.38 6.66 0.34 1.4o 11.59 6.6 0.4 1.49 12.31 

6.5 ./1/1 10.56 4.65 30.23 7.87 -0.87 0.42 1.95 7.8 -0.8 0.45 2.09 

7.5 .16 11.00 1.76 13.20 9.08 -2.08 0.12 0.22 9 -2.0 0.14 0.24 

8.5 .02 0 0 0 - - - - - - - - 

Ro 	60.77 Total 	1064.38 Total 	.1101.80 

rm 	= 	1.201 

T 	= 	3.42 

= 	3.32 



Table 35(b): Life table data for A. brassicae females reared on mature leaves of Purple Sprout at 25°C and table  

showingnsalculations  21n12141112asmlEkliEl?isna. 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

1.19 1.18 

xlxmx rmx 7-rmx e7 rmx  e7-rmx1xmx rmx 7-rmx e7-rmx  e7-rmx1xmx 

2.5 .99 13.97 13.83 34.58 2.98 4.02 55.70 770.35 2.95 4.05 57.40 793.81 

3.5 .80 18.38 14.70 51.45 4.17 2.83 16.95 249.10 4.13 2.87 17.64 259.26 

4.5 .63 12.81 8.07 36.32 5.36 1.64 5.16 41.60 5.31 1.69 5.42 43.74 

5.5 .45 11.67 5.25 28.88 6.55 0.45 1.57 8.23 6.49 0.51 1.67 8.74 

6.5 .27 9.59 2.59 16.84 7.74 -0.74 0.63 1.62 7.67 -0.67 0.51 1.33 

7.5 .06 3.25 0.20 1.50 8.93 -1.93 0.15 0.03 8.85 -1.85 
--A---------o 

0.16 0.03 

Ro 	= 	44.64 Total 	1070.93 Total 1106.91 

rm 	= 	1.188 

T 	3.20 
r 
A 	= 	3.28 
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Figure II: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) Purple Sprout, (b) Turnip 

at 25°C. 
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Table 36(a): Life table data for A. brassicae females  reaseLoaaroueaysassLp2.tufaurni 	and table sholt-LEn 

calculations  of rm  with twamalsimalnza. 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

1.03 1.02 

lxm rmx 7-rmx e7  -rmx , -rmxLICalx rmx 7-rmx 7-mx e7-rmx1xm  x 

2.5 .81 10.87 8.80 22.00 2.58 4.42 83.10 731.25 2.55 4.45 85.63 753.52 
3.5 .62 16.41 10.17 35.60 3.61 3.39 29.67 301.70 3.57 3.43 30.88 314.02 
4.5 .48 9.07 4.35 19.58 4.64 2.36 10.59 46.07 4.59 2.41 11.13 48.43 
5.5 .37 8.72 3.23 17.77 5.67 1.33 3.78 12.21 5.61 1.39 4.01 12.97 
6.5 .28 7.88 2.21 14.37 6.70 0.30 1.35 2.98 6.63 0.37 1.45 3.20 
7.5 .25 6.39 1.60 12.00 7.73 -0.73 0.48 0.77 7.65 -0.65 0.52 0.84 
8.5 .18 7.64 1.38 11.73  8.76 -1.76 0.17 0.24 8.67 -1.67 0.19 0.26 
9.5 .06 5.00 0.30 2.85 9.79 -2.79 0,06 0.02 9.69 -2.69 0.07 0.02 

10.5 .04 1.50 0.06 0.63 10.82 -3.82 0.02 0 10.71 -3.71 0.02 0 

Ro 	= 	32.1 Total 	 1095.24 . Total 	 1133.26 

rm 	= 	1.030 

T 	= 	3.37 

X 	2.80 



Table 36(b): Life table data for A. brassicae females reared on mature leaves of Turni tableshowLE  

calcillaLionsol:211.21L-11112LE221f1TALLIIL. 

Pivotal 
age 

(weeks) 

x lx mx  lx mx  

Provisional rm's 

0.93 0.92 

xlxmx rmx 7-rmx e 7-rmx e 7-rmx1xmx rmx 7-rmx e7-rmx  e7-rmx1xmx  

2.5 .92 7.58 6.97 24.41 2.60 4.40 81.45 567.71 2.30 4.70 109.95 766.33 

3.5 .50 13.71 6.86 30.85 3.26 3.74 42.10 288.79 3.22 3.78 43.82 300.58 

4.5 .21 8.85 1.86 10.22 4.19 2.81 16.61 30.89 4.14 2.86 17.46 32.48 

5.5 .11 9.5o 1.05 6.79 5.12 1.88 6.55 1 	6.88 5.o6 1.94 6.96 7.31 

6.5 .11 4.5o 0.50 3.71 6.05 0.95 2.59 1.29 5.98 1.02 2.77 1.39 
7.5 .11 5.00 0.55 4.68 6.98 0.02 1.02 0.56 6.90 0.10 1.11 0.61 

8.5 .08 0 0 0 

Ro 	= 	17.79 Total 	896.12 Total 	1108.70 

rm 	= 	0.92 

T 	= 	3.13 

X 	= 	2.51 
-- 	 -- 



Table 37(a): Life table for A. brassicae females rearelmmangleaves of Mustard  at 20°C and table showi 

calculations of rm  with two provisional r33112. 

Pivotal 
age 

(weeks) 

x lx mX  lxmx  

Provisional rm's 

1.01 1.00 

xlxmx  rmx 7-rmx f e7-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  e7-rmx1xmx  

3.5 1 17.14 17.14 59.99 3.54 3.46 31.82 545.34 3.5 3.5 33.12 567.60 
4.5 1 29.93 29.93 134.69 4.55 2.45 11.59 346.81 4.5 2.5 12.18 364.62 

5.5 1 29.01 29.01 159.56 5.56 1.44 4.22 122.44 5.5 1.5 4.48 130.01 

6.5 .94 24.51 23.04 149.76 6.57 0.43 1.54 35.42 6.5 0.5 1.65 37.99 
7.5 .85 26.29 22.35 167.63 7.58 -0.58 0.56 12.51 7.5 -0.5 0.61 13.56 
8.5 .85 30.24 25.71 218.84 8.59 -1.59 0.20 5.24 8.5 -1.5 0.22 5.74 

9.5 .82 24.61 20.18 191.71 9.60 -2.60 0.07 1.50 9.5 -2.5 0.08 1.66 
10.5 .77 20.99 16.16 169.68 10.61 -3.61 0.03 0.44 10.5 -3.5 0.03 0.49 
11.5 .66 20.07 13.25 152.38 11.62 -4.62 0.01 0.13 11.5 -4.5 0.01 0.15 

12.5 .64 24.39 15.61 195.13 12.63 -5.63 0 0 12.5 -5.5 0 0 
13.5 .58 21.88 12.69 171.32 - - - - - - 

14.5 .49 19.63 9.62 139.49 - - - - - - - 

15.5 .39 19.88 7.75 120.13 - - - - - - - - 

16.5 .31 13.49 4.18 68.97 - - - - - - - 
17.5 .20 11,50 2.30 40.25 - - - - - - - 	

I 
- 



Table 37(a): Continued 

Pivotal 
age 

(weeks) 

x 

----r------ 

lx mx lxmx  

Provisional rm's 

7-rmx 
1.01 

P-7  e 	m 7777  x 
e 
 7-r m lxmx  rmx 7 -rmx 

1.00 

e
7 -rmx 

---- 	 p e
7-rm xlxmx  rmx 

18.5 .11 8.67 0.95 17.58 - - - - - - - - 
19.5 .01 0 0 0 - - - _ _ _ _ 

Ro 	= 	249.87 Total 	1069.86 Total 	1121.82 

rm 	= 	1.005 
• 

T 	= 	5.47 

A, 	= 	2.75 
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Figure 12: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of Mustard at 20°C. 
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Table 37(b): Life table  data for A. brassicae  females reared on mature leaves of Mustard at 20°C and table showin 

calculations of r with two rovisional  rm's.  

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

1.00 0.99 

xlxmx rmx 7-rmx e7-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  e7-rmxixmx 

3.5 1 17.02 17.02 59.57 3.5 3.5 33.12 563.62 3.47 3.53 34.12 580.79 
4.5 1 27.47 27.47 123.62 4.5 2.5 12.18 334.65 4.46 2.54 12.68 348.31 

5.5 1 26.71 26.71 146.91 5.5 1.5 4.48 119.71 5.45 1.55 4.71 125.84 
6.5 1 17.32 17.32 112.58 6.5 0.5 1.65 28.56 6.44 0.56 1.75 30.32 

7.5 1 24.31 24.31 182.33 7.5 -0.5 0.61 14.74 7.43 -0.43 0.65 15.81 
8.5 .96 25.60 24.58 208.93 8.5 -1.5 0.22 5.48 8.42 -1.42 0.24 5.94 
9.5 .83 25.39 21.07 200.17 9.5 -2.5 o.o8 1.73 9.41 -2.41 0.09 1.89 
10.5 .78 24.32 18.97 199.19 10.5 -3.5 0.03 0.57 10.40 -3.40 0.03 0.63 
11.5 .78 21.33 16.64 191.36 11.5 -4.5 0.01 0.17 11.39 -4.39 0.01 0.21 
12.5 .68 20.19 13.73 171.63 12.5 -5.5 0 0 12.38 -5.38 0 0 
13.5 .54 20.32 10.97 148.10 - _ - _ _ - - 
14.5 .44 18.45 8.12 117.74 _ - _ _ - 
15.5 .34 13.43 4.57 70.84 - - - - _ - -- 
16.5  .25 10.73 2.68 44.22 - - .. - - - - - 

17.5 .16 9.63 1.54 26.95 - - - - - - - - 



Pivotal 
age 

(weeks) 

x lx 
■•■•■■•■■■•■••■ 

18.5 .04 

Total 
	

1069.23 

1.00 0.99 

0.111011..••••■■•■••■■•■••■•■■■••■■, 

Provisional rmts 

e7—rmx1xmx  rmx 7—rmxe7  nax  e7—rmx 	—rmx,_Lx  lxmx  mx 
7-rmx xlxmx  rmx 7 —rmx 

IN* 

Ro = 235.71 

rm  = 0.9923 

T = 5.50 , 

X . 2.70 

Total 	1109.74 

Table 37(b): Continued 



Table 38(a): Life table  data for  A. brassicaek22222xastsicszuruaamsoLDEztat2Z24_end.Lable 
showin.culatisal21a_zith  two provisionalsaLs. 

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rm 's 
0.87 0.86 

xlxmx  rmx 7-rmx e7-rmx Lox  rmx 7-rmx e7-rmx  lxmx  
3.5 .98 9.41 9.22 32.27 3.05 3.95 51.94 478.84 3.01 3.99 54.05 498.39 
4.5 .94 17.53 16.48 74.16 3.92 3.08 21.76 358.58 3.87 3.13 22.87 376.96 
5.5 .87 19.24 16.74 92.07 4.79 2.21 9.12 152.60 4.73 2.27 9.68 162.03 
6.5 .80 14.o8 11.26 73.19 5.66 1.34 3.82 43.00 5.59 1.41 4.10 46.12 
7.5 .71 13.43 9.54 71.55 6.53 0.47 1.60 15.26 6.45 0.55 1.73 16.54 
8.5 .58 13.31 7.72 65.62 7.4o -0.40 0.67 5.17 7.31 -0.31 0.73 5.66 
9.5 .43 11.83 5.09 48.36 8.27 -1.27 0.28 1.43 8.17 -1.17 0.31 1.58 

10.5 .38 13.63 5.18 54.39 9.14 -2.14 0.12 0.61 9.03 -2.03 0.13 0.68 
11.5 .20 9.51 1.90 21.85 10.01 -3.01 0.05 0.09 9.89 -2.89 0.06 0.29 
12.5 .11 11.0o 1.21 15.13 10.88 -3.88 0.02 0.02 10.75 -3.75 0.02 0.03 
13.5 .11 6.75 0.74 9.99 11.75 -4.75 0.01 0.01 11.61 -4.61 0.01 0.01 
14.5 .04 5.00 0.20 2.90 - - - - - - - - 



Table 38(a): Continued 

Ro 85.28 

0.861 

5.16 

2.37 

Total 	1055.61 Total 	1108.29 

    



Table 38(b): Life table data for A. brassicae  females reared on mature leaves of Pur le S rout at 20°C and table 

showing  calculations of rm  with two provisional rd's. 

Pivotal  
age 

(weeks) 

x lx mx lxmx 

Provisional %is 

0.75 0.74 

xlxmx rmx 7-rmx e7-rmx  - 	xlxmx rmx 7-rmx e7-rmx  e7-111x1xmx  

3.5 .95 6.8 6.46 22.61 2.63 4.37 79.04 510.62 2.59 4.41 82.27 531.46 
4.5 .85 9.99 8.49 38.21 3.38 3.62 37.34 317.00 3.33 3.67 39.25 333.25 
5.5 .75 9.92 7.44 40.92 4.13 2.87 17.64 131.22 4.07 2.93 18.73 139.33 
6.5 .65 11.56 7.51 48.84 4.88 2.12 8.33 62.57 4.81 2.19 8.94 67.10 
7.5 .50 13.25 6.63 49.69 5.63 1.37 3.94 26.09 5.55 1.45 4.26 28.26 
8.5 .45 6.75 3.04 25.82 6.38 0.62 1.86 5.65 6.29 0.71 2.03 6.18 
9.5 .39 8.50 3.32 31.49 7.13 -0.13 0.88 2.92 7.03 -0.03 0.97 3.22 
10.5 .25 7.50 1.88 19.69 7.88 -0.88 0.41 0.78 7.77 -0.77 0.46 0.87 
11.5 .11+ 5.00 0.70 8.05 8.63 -1.63 0.20 0.14 8.51 -1.51 0.22 0.15 

Ro 	= 	45.47 Total 	1056.99 Total 	1109.82 

rm 	= 	0.7425 

T 	= 	5.14 
I, 
A 	2.10 
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Figure 13: Longevity and age-specific fecundity of A. brassicae reared on 

young and mature leaves of (a) Purple Sprout, (b) Turnip 

at 20°C. 
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Table 39(a): Life table  data for A. brassicae  females reared on vun leaves of Turni at 20°C and table showin 

calculations oua_HaLsaamaialssial  rrn's.  

Pivotal 
age 

(weeks) 

x lx mx  lamnx  

Provisional rm's 

0.77 0.76 

xixmx rmx 7-rmx e7-rm  e7-rmx1 xmx rmx 7-rmx e7-rmx  e7-rmXlxnx  

3.5 1 5.99 5.99 20.97 2.70 4.30 73.70 441.46 2.66 4.34 76.71 459.48 
4.5 .85 11.38 9.67. 43.52 3.47 3.53 34.12 329.98 3.42 3.58 35.87 346.90 
5.5 .67 18.90 12.66 69.63 4.24 2.76 15.80 200.03 4.18 2.82 16.78 212.39 
6.5 .61 12.59 7.68 49.92 5.01 1.99 7.32 56.18 4.94 2.06 7.85 60.26 
7.5 .57 9.16 5.22 39.15 5.78 1.22 3.39 17.68 5.70 1.30 3.67 19.15 
8.5 .42 10.23 4.30 36.55 6.55 0.45 1.57 6.74 6.46 0.54 1.72 7.38 
9.5 .29 6.45 1.87 17.77 7.32 -0.32 0.73 1.36 7.22 -0.22 0.80 1.50 
10.5 .18 7.55 1.36 14.28 8.09 -1.09 0.34 0.46 7.98 -0.98 0.38 0.51 
11.5 .17 14.49 2.46 28.29 8.86 -1.86 0.16 0.38 8.74 -1.74 0.18 0.43 
12.5 .12 13.50 1.62 20.25 9.63 -2.63 0.07 0.12 9.50 -2.50 0.08 0.13 
13.5 .11 11.50 1.27 17.15 10.40 -3.40 0.03 0.04 10.26 -3.26 0.04 0.05 
14,5 .10 9.00 0.90 13.05 11.17 -4.17 0.02 0.01 11.02 -4.02 0.02 0.02 
15.5 .01 1.00 0.01 0.16 11.94 -4.84 0.01 0 4 11.78 -4.78 0.01 0 



Table 39(a): Continued 

Ro = 55.01 Total 1054.44 Total 1108.20 

rm = 0.762 

T = 5.26 

X = 2.14 



Table 39(b): Life table  data for  A. brassicae  females reared on mature leaves of Turnip at 20°C, and table show] 

calculdials4Lnlwithly2_72rovisional rm 's. 

Pivotal 
age 

(weeks) 

x lx mx box 

Provisional rm's 

0.65 0.64 

xlimx xmx 7-rmx e7-rmxixmx rxnx 7-rmx e7-rmximnx 

3.5 .88 4.86 4.28 14.98 2.28 4.72 112.17 480.08 2.24 4.76 116.75 499.67 

4.5 .65 10.27 6.68 30.06 2.93 4.07 58.56 391.16 2.88 4.12 61.56 411.22 

5.5 .45 8.25 3.71 20.41 3.58 3.42 30.57 113.41 3.52 3.48 32.46 120.43 

6.5 .28 9.50 2.66 17.29 4.23 2.77 15.96 42.45 4.16 2.84 17.12 45.53 

7.5 .16 12.50 2.00 15.00 4.88 2.12 8.33 16.66 4.80 2.20 9.03 18.05 

8.5 .16 4.5o 0.72 6.12 5.53 1.47 4.35 3.13 5.44 1.56 4.76 3.43 

9.5 .08 5.50 0.40 3.80 6.18 0.82 2.27 0.91 6.08 0.92 2.51 1.00 

10.5 .06 5.50 0.33 3.47 6.83 0.17 1.19 0.39 6.72 0.28 1.32 0.44 

11.5 .06 2.50 0.15 1.73 7.48 -0.48 0.62 0.09 7.36 -0.36 0.70 0.10 

12.5 .06 2.50 0.15 1.88 8.13 -1.13 0.32 0.05 8.00 -1.00 0.37 0.06 

Ito 21.08 Total 	1048.33 Total 	1099.93 

rm 	= 	0.6406 

T 	= 	4.76 

= 	1.90 



Table 40(a); Life table  data for  A. brassicae  females reared on oun• leaves of Mustard at 1 	and table showin 

calculations of rm with two provisional rm's. 

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rm's 

0.4o 0.39 

xixmx  rmx 7-rmx 7-rmx  7-rmxixmx  rmx 7-rmx e7-rmx  e7-rmxixnx  

7.5 1 4.17 4.17 31.28 3.00 4.00 54.6o 227.67 2.93 4.07 58.56 244.18 

8.5 1 7.59 7.59 64.52 3.4o 3.6o 36.60 277.78 3.32 3.68 39.65 300.92 

9.5 1 6.85 6.85 65.08 3.80 3.2o 24.53 168.05 3.71 3.29 26.84 183.87 

10.5 1 8.91 8.91 93.56 4.20 2.80 16.44 146.52 4.10 2.90 18.17 161.93 

11.5 1 6.83 6.83 78.55 4.60 2.4o 11.02 75.29 4.49 2.51 12.30 84.04 

12.5 1 7.66 7.66 95.75 5.00 2.00 7.39 56.6o 4.88 2.12 8.33 63.82 

13.5 1 6.50 6.50 87.75 5.40 1.6o 4.95 32.19 5.27 1.73 5.64 36.66 

14.5 1 5.24 5.24 75.98 5.80 1.20 3.32 17.40 5.66 1.34 3.82 20.01 

15.5 1 6.17 6.17 95.64 6.2o 0.80 2.23 13.73 6.05 0.95 2.59 15.95 

16.5 1 3.91 3.91 64.52 6.6o 0.40 1.49 5.83 6.44 0.56 1.75 6.85 

17.5 .83 4.20 3.49 61.01 7.00 # 	0 1.00 3.49 6.83 0.17 1.19 4.14 

18.5 .83 5.30 4.40 81.38 7.40 -0.40 0.67 2.95 7.22 -0.22 0.80 3.53 

19.5 .83 5.00 '4.15 80.93 7.80 -0.80 0.45 1.86 7.61 -0.61 0.54 2.25 

20.5 .83 5.90 4.90 100.39 8.20 -1.20 0.30 1.48 8.00 -1.00 0.37 1.80 

21.5 .81 7.36 5.96 128.18 8.60 -1.60 0.20 1.20 8.39 -1.39 0.25 1 	1.48 



Table 40(a): Continued 

__----- 
Pivotal 

age 
(weeks) 

x lx mx  ixmx 

Provisional rm/s 

0.40 0.39 

xixmx  rmx 7-rmx e7-rmx - 	x lxmx  rmx 7-rmx e7-rmx e7-rmx1xmx 

22.5 .67 8.90 5.96 154.17 9.00 -2.00 0.14 0.81 8.78 -1.78 0.17 1.01 
23.5 .67 8.01 5.37 126.12 9.4o -2.40 0.09 0.49 9.17 -2.17 0.11 0.61 
24.5 .67 8.01 5.37 131.57 9.80 -2.80 0.06 0.33 9.56 -2.56 0.08 0.42 
25.5 .67 7.4o 4.96 126.43 10.20 -3.20 0.04 0.20 9.95 -2.95 0.05 0.26 
26.5 .67 4.65 3.12 82.56 10.60 -3.60 0.03 0.09 10.34 -3.34 0.04 0.11 
27.5 .6o 5.88 3.53 97.02 11.00 -4.00 0.02 0.06 10.73 -3.73 0.02 0.08 
28.5 .5o 6.32 3.16 90.06 11.40 -4.4o 0.01 0.04 11.12 -4.12 0.02 0.05 
29.5 .40 8.34 3.34 98.41 11.80 -4.8o 0.01 0.03 11.51 -4.51 0.01 0.04 
30.5 .33 6.25 2.06 62.91 12.20 -5.20 0.01 0.01 11.90 -4.90 0.01 0.02 
31.5 .33 6.75 2.23 70.25 12.60 -5.6o 0 0 12.29 -5.29 0.01 0.01 
32.5 .33 8.25 2.72 38.4o - - - - - - 
33.5 .33 12.25 4.04 135.34 - - - - _ - - - 
34.5 .33 13.25 4.37 150.77 - - - - _ - _ _ 

35.5 .33 10.08 3.33 118.22 - 1 	- - - - - - 



Table 40(a): Continued 

Ro = 

A 

140.29 Total 1034.1 Total 1134.04 

0.394 

12.55 

1.48 
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Figure 14: Longevity and age-specific fecundity of A. brassicae females 

reared on young and mature leaves of Mustard at 15°C. 
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Table 40(b): Life table  data for  A. brassioae females reared on mature leaves of Mustard at 15°C, and table showing 

calculations of 	with two rovisional ts. 

------- 
Pivotal 
age 

(weeks) 

x  mx lxmx 

Provisional rill's 

0.35 0.34 

xlxmx rmx 7-rmx e7-rmx  - 	lxmx rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 2.50 2.50 18.75 2.63 4.37 79.04 197.61 2.55 4.45 85.63 214.07 
8.5 1 4.18 4.18 35.53 2.98 4.02 55.70 232.83 2.89 4.11 60.95 254.76 

9.5 1 5.28 5.28 50.16 3.33 3.67 39.25 207.25 3.23 3.77 43.38 229.05 

10.5 1 3.33 3.33 34.97 3.68 3.32 27.66 92.11 3.57 3.43 30.88 102.82 
11.5 1 3.95 3.95 45.43 4.03 2.97 19.49 76.99 3.91 3.09 21.98 86.81 
12.5 1 4.11 4.11 51.38 4.38 2.62 13.74 56.45 4.25 2.75 15.64 64.29 
13.5 1 4.28 4.28 57.78 4.73 2.27 9.68 41.43 4.59 2.41 11.13 47-.65 
14.5 1 4.88 4.88 70.76 5.08 1.92 6.82 33.29 4.93 2.07 7.92 38.67 
15.5 1 6.06 6.06 93.93 5.43 1.57 4.81 29.13 5.27 1.73 5.64 34.18 

16.5 1 7.39 7.39 121.94 5.78 1.22 3.39 25.03 5.61 1.39 4.01 29.67 

17.5 1 9.66 9.66 169.05 6.13 0.87 2.39 23.06 5.95 1.05 2.86 27.60 

18.5 1 11.83 11.83 218.86 6.48 0.52 1.68 19.90 6.29 0.71 2.03 24.06 
19.5 1 12.56 12.56 244.92 6.83 0.17 1.19 14.89 6.63 0.37 1.45 18.18 

20.5 1 11.85 11.85 242.93 7.18 -0.18 0.84 9.98 6.97 0.03 1.03 12.21 

21.5 1 12.78 12.78 273.27 7.53 -0.53 0.59 7.48 7.31 -0.31 0.73 9.32 



Table 40(b): Continued 

Pivotal 
age 

(weeks) 

x mx  lxmx  

Provisional rails 

0.35 0.34 

xlxmx  rmx 7-rmx rm e?- 	x lxmx  rmx 
-  

xlxmx  

22.5 1 12.78 12.78 287.55 7.88 -0.88 0.44 5.30 7.65 -0.65 0.52 6.67 
23.5 1 11.16 11.16 262.26 8.23 -1.23 0.29 3.26 7.99 -0.99 0.37 4.15 
24.5 .88 10.23 9.00 220.56 8.58 -1.58 0.21 1.85 8.33 -1.33 0.26 2.38 
25.5 .78 10.65 8.31 211.83 8.93 -1.93 0.15 1.21 8.67 -1.67 0.19 1.56 
26.5 .78 7.43 5.80 153.58 9.28 -2.28 0.10 0.59 9.01 -2.01 0.13 0.78 
27.5 .55 9.40 5.17 142.18 9.63 -2.63 0.07 0.37 9.35 -2.35 0.10 0.55 
28.5 .55 4.10 2.26 66.52 9.98 -2.98 0.05 0.11 9.69 -2.69 0.07 0.15 
29.5 .55 3.90 2.15 63.43 10.33 -3.33 0.04 0.08 10.03 -3.03 0.05 0.10 
30.5 .50 5.03 2.52 76.86 10.68 -3.68 0.03 0.06 10.37 -3.37 0.03 0.09 
31.5 .44 6.27 2.76 86.94 11.03 -4.03 0.02 0.05 10.71 -3.71 0.02 0.07 
32.5 .36 6.42 2.31 75.08 11.38 -4.38 0.01 0.03.  11.05 -4.05 0.02 0.04 
33.5 .25 11.08 2.77 92.80 11.73 -4.73 0.01 0.02 11.39 -4.39 0.01 0.03 



Table 40(b): Continued 

Ro = 171.56 Total 1080.36 Total 1209.91 

rm 0.349 

T = 14.74 

A = 1.42 



Table 41(a); Life table data for A. brassicae  females reared on oun leaves of Pu le S rout at 1500 and table 

sh°wLEEJLIARItti-21a2LLDILLIEBE2Y121-onal  rd's. 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rm's 

0.38 0.39 

xlxmx 7-rmx e7-rmx  e7-rmx1xmx rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 3.21 3.21 24.08 2.93 4.07 58.56 187.97 2.85 4.15 63.43 203.62 
8.5 1 7.78 7.78 66.13 3.32 3.68 39.65 308.45 3.23 3.77 43.38 337.50 
9.5 1 7.29 7.29 69.26 3.71 3.29 26.84 195.68 3.61 3.39 29.67 i 216.26 

10.5 1 7.93 7.93 83.27 4.10 2.90 18.17 144.12 3.99 3.01 20.29 160.88 
11.5 1 7.93 7.93 91.20 4.49 2.51 12.30 97.58 4.37 2.63 13.87 110.02 

12.5 1 5.01 5.01 62.63 4.88 2.12 8.33 41.74 4.75 2.25 9.49 47.53 
13.5 1 5.29 5.29 71.42 5.27 1.73 5.64 29.84 5.13 1.87 6.49 34.32 
14.5 1 5.29 5.29 76.71 5.66 1.34 3.82 20.20 5.51 1.49 4.44 23.47 
15.5 .86 5.75 4.95 76.73 6.05 0.95 2.59 12.80 5.89 1.11 3.03 15.02 
16.5 .84 5.63 4.73 78.05 6.44 0,56 1.75 8.28 6.27 0.73 2.08 9.82  
17.5 .71 7.20 5.11 89.43 6.83 0.17 1.19 6.06 6.65 0.35 1.42 7.25 
18.5 .71 6.50 4.62 85.47 7.22 -0.22 0.80 3.71 7.03 -0.03 0.97 4.48 
19.5 .71 5.80 4.12 80.34 7.61 -0.61 0.54 2.24 7.41 -0.41 0.66 2.73 
20.5 .71 5.50 3.91 80.16 8.00 -1.00 0.37 1.44 7.79 -0.79 0.45 1.77 
21.5 .63 3.86 2.43 52.25 8.39 -1 .39 0.25 0.61 8.17 $ -1.17 0.31 0.75 



Table 41(a): Continued 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

0.38 0.39 

xlxmx rmx 7-rmx e7-rmx xlxmx rmx 7-rmx e?  -rmx - e 	lxmx 

22.5 .57 4.76 2.71 60.98 8.78 -1.87 0.15 0.42 8.55 -1.55 0.21 0.58 

23.5 .51 5.63 2.87 67.45 9.17 -2.17 0.11 0.33 8.93 -1.93 0.15 0.42 

24.5 .43 4.82 2.07 50.72 9.56 -2.56 0.08 0.16 9.31 -2.31 0.10 0.21 
25.5 .29 6.75 1.96 49.98 9.95 -2.95 0.05 0.10 9.69 -2.69 0.07 0.13 

26,5 .2o 3.20 0.64 16.96 10.34 -3.34 0.04 0.02 10.07 -3.07 0.05 0.03 
27.5 .14 6.00 0.84 23.10 10.73 -3.73 0.02 0.02 10.45 -5.45 0.03 0.03 
28.5 .14 5.50 0.77 21.95 11.12 -4.12 0.02 0.01 10.83 -3.83 0.02 0.02 
29.5 .14 8.50 1.19 35.11 11.51 -4.51 0.01 0.01 11.21 -4.21 0.01 	0.02 
30.5 .14 6.00 0.84 25.62 11.90 -4.90 0.01 0.01 11.59 -4.59 0.01 	0.01 

31.5 .14 5.00 0.70 22.05 12.29 -5.29 0.01 0 11.97 -4.97 0.01 	0 

32.5 .14 1.00 0.14 4.55 - - - _ _ _ _ 
a•-•-.-- 

Ro = 	94.33 Total 	1061.80 Total 	1176.84 

rm 	= 	0.386 

T 	= 	11.78 

1.47 



Table 41(b): Life table data for A. brassicae females reared on mature leaves of Purple Sprout at 15°C, and table 

showing calculations of %with two provisional rm's.  

Pivotal 
age 

(weeks) 

x lx mx  lxmx  

Provisional rm's 

. 
0.33 0.32 

xlxmx  rmx 7-rmx 07-rmx  e7-rmx1xmx  rmx 7-rmx e7-rmx  7-rmx1xmx 

7.5 1 3.16 3.16 23.70 2.48 4.52 91.84 290.20 2.40 4.60 99.48 314.37 
8.5 1 3.59 3.59 30.52 2.81 4.19 66.02 237.02 2.72 4.28 72.24 259.34 
9.5 1 5.24 5.24 47.78 3.14 3.86 47.47 248.72 3.04 3.96 52.46 274.88 
10.5 .95 3.74 3.56 37.38 3.47 3.53 34.12 121.48 3.36 3.64 38.09 135.61 
11.5 .76 3.66 2.78 31.97 3.80 3.20 24.53 68.20 3.68 3.32 27.66 76.90 
12.5 .75 3.50 2.63 32.88 4.13 2.87 17.64 46.39 4.00 3.00 20.09 52.82 
13.5 .75 2.34 1.76 23.76 4.46 2.54 12.68 22.32 4.32 2.68 14.59 25.67 
14.5 .69 2.34 1.61 23.35 4.79 2.21 9.12 14.68 4.64 2.36 10.59 17.05 
15.5 .65 2.00 1.30 20.15 5.12 1.88 6.55 8.52 4.96 2.04 7.69 10.00 
16.5 .65 3.34 2.17 35.81 5.45 1.55 4.71 10.22 5.28 1.72 5.58 12.12 
17.5 .65 2.50 1.63 28.53 5.78 1.22 3.39 5.52 5.60 1.40 4.06 6.61 
18.5 .56 3.75 2.10 38.85 6.11 0.89 2.44 5.11 5.92 1.08 2.94 6.18 
19.5 .56 2.50 1.40 27.30 6.44 0.56 1.75 2.45 6.24 0.76 2.14 2.99 
20.5 .56 2.00 1.12 22.96 6.77 0.23 1.26 1.41 6.56 0.44 1.55 1.74 
21.5 .50 4.25 2.13 45.80 7.10 -0.10 0.90 1.93 6.88 0.12 1.13 2.40 



Table 41(b): Continued 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rmts 

0.33 0.32 

xlxmx rmx 7-rmx e7-rmx  e7-rmx1xmx rmx 7-rmx e7-rmx  e -rmxlxmx 

22.5 .45 4.00 1.8o 40.50 7.43 -0.43 0.65 1.17 7.20 -0.20 0.82 1.47 

23.5 .33 2.25 0.74 17.39 7.76 -0.76 0.47 0.35 7.52 -0.52 0.59 0.44 

24.5 .33 2.75 0.91 22.30 8.09 -1.09 0.34 0.31 7.84 -0.84 0.43 0.39 

25.5 .33 4.75 1.57 40.04 8.42 -1.42 0.24 0.38 8.16 -1.16 0.31 0.49 

26.5 .33 1.50 0.50 13.25 8.75 -1.75 0.17 0.09 8.48 -1.48 0.23 0.11 

27.5 .33 3.00 0.99 27.23 9.08 -2.08 0.12 0.12 8.80 -1.80 0.17 0.16 

28.5 .28 2.50 0.70 19.95 9.41 -2.41 0.09 0.06 9.12 -2.12 0.12 0.08 

29.5 .05 2.00 0.10 2.95 9.74 -2.74 0.06 0.01 9.44 -2.44 0.09 0.01 

Ro 	= 	43.49 Total 	1086.66 Total 	1201.79 

rm 	= 	0.3291 

T 	= 	11.46 

X 	= 	1.39 
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Figure 15: Longevity and age-specific fecundity of A. brassicae females 

reared on young and mature leaves of (a) Purple Sprout, 

(b) Turnip at 15°C. 
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Table 42(a): Life table data for A. brassicae  females reared on young leaves of Turnip  at 15°C, and table showing 

calculations 212t21th two rovisional  rpte.  

Pivotal 
age 

(weeks) 

x mx  lxn x 

Provisional rm's 

0.37 0.36 

xlxmx rmx 7-rmx e7-rmx  e7-rmx1xmx rmx 7-rmx e7-rmx  e -rmxixmx  

7.5 1 2.06 2.06 15.45 2.78 4.22 68.03 140.15 2.70 4.30 73.70 151.82 

8.5 1 5.64 5.64 47.94 3.15 3.85 46.99 265.04 3.06 3.94 51.42 290.00 

9.5 1 5.01 5.01 47.60 3.52 3.48 32.46 162.62 3.42 3.58 35.87 179.73 
10.5 1 7.31 7.31 76.76 3.89 3.11 22.42 163.90 3.78 3.22 25.03 182.96 
11.5 1 6.75 6.75 77.63 4.26 2.74 15.49 104.54 4.14 2.86 17.46 117.87 
12.5 1 6.38 6.38 79.75 4.63 2.37 10.70 68.25 4.50 2.50 12.18 77.72 
13.5 1 6.58 6.58 88.83 5.00 2.00 7.39 48.62 4.86 2.14 8.50 55.93 
14.5 1 7.44 7.44 107.88 5.37 1.63 5.10 37.97 5.22 1.78 5.93 44.12 

15.5 1 5.24 5.24 81.22 5.74 1.26 3.53 18.47 5.58 1.42 4.14 21.68 
16.5 .98 4.32 4.23 69.80. 6.11 0.89 2.44 10.30 5.94 1.06 2.89 12.21 
17.5 .88 4.07 3.58 62.65 6.48 0.52 1.68 6.02 6.30 0.70. 2.01 7.21 
18.5 .88 6.86 6.04 111.74 6.85 0.15 1.16 7.02 6.66 0.34 1.40 8.49 
19.5 .75 6.00 4.50 87.75 7.22 -0.22 0.80 3.61 7,02 -0.02 0.98 4.41 
20.5 .75 4.66 3.50 71.75 7.59 -0.59 0.55 1.94 7.38 -0.38 0.68 2.39 
21.5 .75 6.57 4.93 106.00 7.96 -0.96 0.38 1.89 7.74 -0.74 0.48 2.35 



Table 42(a): 	Continued 

Pivotal 
age 

(weeks) 

x lx mx lxmx 

Provisional rails 

0.37 
-. --- 

0.36 

xlxmx rmx 7-rmx e7-rm e7-rmx1xmx rmx -rmx 07-rmx e7-rmxixmx 

22.5 .73 4.42 3.23 72.68 8.33 -1.33 0.26 0.85 8.10 -1.10 0.33 1.08 
23.5 .63 3.00 1.89 44.42 8.70 -1,70 0.18 0.35 8.46 -1.46 0.23 0.44 
24.5 .63 1.90 1.20 29.40 9.07 -2.07 0.13 0.15 8.82 -1.82 0.16 0.19 
25.5 .63 2.10 1.32 33.66 I 9.44 -2.44 0.09 0.12 9.18 -2.18 0.11 0.15 

26.5 .48 2.45 1.18 31.27 9.81 -2.81 0.06 0.07 9.54 -2.54 0.08 0.09 
27.5 .38 5.16 1.96 53.90 10.18 -3.18 0.04 0.08 9.90 -2.90 0.06 0.11 
28.5 .38 5.18 1.97 56.15 10.55 -3.55 0.03 0.06 10.26 -3.26 0.04 0.08 
29.5 .36 2.82 1.02 30.09 10.92 -3.92 0.02 0.02 10.62 -3.62 0.03 0.03 

30.5 .25 1.50 0.38 11.59 11.29 -4.29 0.01 0.01 10.98 -3.98 0.02 0.01 

Ro 	= 	93.34 Total 	1042.05 Total 	, 	1163.46 

rm 	= 	0.365 

T 	= 	12.43 

X 	1.44 
--- 



Table 42(b): Life table data for A. brassicae  females reared on mature leaves of Turni• at 1500 and table showin 

calculations of r with two maziELELLEGILE. 

Pivotal 
age 

(weeks) 

x lx mx lxmx  

Provisional rm's 

0.30 0.29 

xlxmx  rmx 7-rmx e7-rmx  e7-rmx1xm rmx 7-rmx e7-rmx  e7-rmx1xmx 

7.5 1 1.39 1.39 10.43 2.25 4.75 115.58 160.66 2.18 4.82 123.97 172.31 

8.5 1 3.45 3.45 29.33 2.55 4.45 85.63 295.41 2.47 4.53 92.76 320.02 
9.5 .91 2.75 2.50 23.75 2.85 4.15 63.43 158.59 2.76 4.24 69.41 173.52 
10.5 .75 3.91 2.93 30.77 3.15 3.85 46.99 137.69 3.05 3.95 51.94 152.17 

11.5 .75 5.41 4.06 46.69 3.45 3.55 34.81 141.34 3.34 3.66 38.86 157.78 
12.5 .68 2.62 1.78 22.25 3.75 3.25 25.79 45.91 3.63 3.37 29.08 51.76 
13.5 .63 1.40 0.88 11.88 4.05 2.95 19.11 16.81 f 3.92 3.08 21.76 19.15 
14.5 .52 1.67 0.87 12.62 4.35 2.65 14.15 12.31 4.21 2.79 16.28 14.16 
15.5 .50 2.02 1.01 15.66 4.65 2.35 10.49 10.59 4.5o 2.5o 12.18 12.30 
16.5 ,50 3.97 1.99 32.84 4.95 2.05 7.77 15.46 4.79 2.21 9.12 18.14 
17.5 .50 3.59 1.80 31.50 5.25 1.75 5.75 10.36 5.08 1.92 6.82 12.28 
18.5 .5o 4.15 2.08 38.48 5.55 1.45 4.26 8.87 5.37 1.63 5.10 10.62 
19.5 .50 4.14 2.07 40.37 5.85 1.15 3.16 6.54 5.66 1.34 3.82 7.91 
20.5 .50 4.76 2.38 48.79 6.15 0.85 2.34 5.57 5.95 1.05 2.86 6.80 
21.5 .50 4.64 2.32 49.88 6.45 0.55 1.73 4.02 6.24 0.76 2.14 4.96 



" 

Table 42(b): Continued 

Pivotal Provisional rrots 
age . 

( \~eeks) 0.30 0.29 

x Ix mx lJanx xlxmx rmx 7-rrnx e 7-r mx 7-rmxl e xmx rrux 7-rrux e 7-r mx 7-rmxl e X111X 

22.5 .50 4.65 2.33 52.43 6.75 0.25 1.28 2.99 6.53 0.11-7 1.60 3.73 
23.5 .50 2.27 1.14 26.79 7.05 -0.05 0.95 1.08 6.82 0.18 1.20 1.36 
2 /+.5 .50 4.02 2.01 49.25 7.35 -0035 0.70 1.42 7.11 -0.11 0.90 1.80 ~ 

25.5 .50 1.64 0.82 20.91 7.65 -0.65 0.52 0.43 7.40 -0.40 0.67 0.55 & 

26.5 .41 2.04 0.84 22.26 7.95 -0.95 0.39 0.32 7.69 -0.69 0.50 0.42 
27.5 .38 1.83 0.70 19.12 8.25 -1.25 0.29 0.20 7.98 -0-.98 0.38 0.26. 
28.5 .38 2.32 0.88 25.13 8.55 -1.55 0.21 0.19 8.2? -1.27 0.28 0.25 
29.5 .32 2.84 0.91 26.81 8 .. 85 -1.85 0.16 0.14 8.56 -1.56 0.21 0.19 
30.5 .18 0 0 0 - - .. - - - - -
31.5 .06 0 0 0 - - - - - - - - -

Ro = 41.14 Total 1036.90 Total 1142.44 

rm = 0.294 

T = 12.64 

A 1.34 
... 

= 
.~-~~----.---------.......... -~-- "- ._-------- ------------.--~-



Population 
statistics 

G.R.R. 

(7/7) 

Ro 

(7/7) 

rm 

(VVWeek 

(weeks) 

A 
(/ /week) 

Host plants 
species 

Mustard 

Purple Sprout 

Turnip 

Mustard 

Purple Sprout 

Turnip 

Mustard 

Purple Sprout 

Turnip 

Mustard 

Purple Sprout 

Turnip 

Mustard 

Purple Sprout 

Turnip 

188.82 
84.38 
73.48 

147.55 
60.77 
32.00 

1.445 
1.201 

1.030 

3.45 

3.42 

3.37 

4.24 
3.32 
2.8o 

141.23 
44.64 
17.79 

1.436 
1.188 
0.920 

3.45 
3.20 

3.13 

4.20 
3.28 

2.51 

Leaf types 

1.005 0.992 

0.861 0.743 

0.7621 0.641 

5.47 5.50 

5.16 5.14 

5.26 4.76 

2.73 
2.37 
2.14 

205.93 
147.13 
113.42 

140.29 
94.33 
93.34 

12.55 
11.78 
12.43 

203.02 

70.66 

71.48 

171.56 
43.49 
41.14 

14.74 
11.46 
12.64 

Mature Mature 

302.47 
79.27 
65.88 

249.87 235.71 
85.28 45.47 
55.011 21.08 

2.70 

2.10 

1.90 

0.394 0.349 
0.386 0.329 

0.3651 0.294 

	

1.48 	1.42 

	

1.47 	1.39 

	

1.44 	1.34 
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Table 43: Population statistics of  A. brassicae females reared on young 

and mature leaves of three species of Cruciferacae at  

25°, 20°, and  15°C. 
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Table 44: The contribution of each age group to the value of rn  when ra  

= 1.04 on young leaves of Earliest at 25°C. 

Pivotal age (x) e7-rmx, 	Percentage contribution 
of each age group 

699.54 

279.37 

54.88 

14.67 

2.94 

0.21 

2.5 

3.5 

4.5 

5.5 

6.5 

7.5 

66.52 

26.57 

5.22 

1.40 

0.28 

0.02 

100.00 
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Figure 16: Relationship between the finite rate of increase (A), net 

reproductive rate (Re), generation time (T), and temp-

erature. 
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Figure 17: Curves for various values of )0/week, showing population 

growth of A. brassicae  on young 	and mature ( 	 

leaves of (a) Mustard, (b) Purple Sprout, (c) Turnip at 

25°, 20°, and 15°C. 
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D. DISCUSSION 

Population changes occur because of interactions of many factors e.g. 

parasitism, predation, food shortage, and disease. When some of the 

factors are excluded, it becomes possible to evaluate the effects of any 

introduced variable such as leaf age, host plant, and temperature on the 

population growth. This can only be achieved under laboratory conditions. 

The effect of leaf age on longevity of the cabbage whitefly, A. 

brassicae, when reared on different varieties and species of Brassica, was 

compared as mean longevity as well as the time required for the populations 

to reach 50% mortality (LT50). 

The mean longevities on young leaves were generally higher than on 

mature leaves. The differences were significant for the varieties (p4.1..01, 

p = .05, p = .01 at 250, 200, and 15oC respectively); whereas the differ-

ences were not significant for the species. Because arithmetic means are 

subject to influence by extreme values, the time required for the pop-

ulations to reach 50% mortality was considered a more rational approach. 

IT50 was in most cases longer on young leaves than on mature leaves. The 

differences were, however, not significant for all plant types. Henderson 

and Holloway (1942) and Watson (1964) had similar conclusion in their 

studies on leaf age effect on mites. Bernays et al (1975) reported lower 

survival of nymphs of Locusta mijratoria migratorioides (R. & F.) on 

seedling leaves than on mature leaves. Thus the effect of leaf age on 

survival varies with different insects and their host plants. 

Ranges of LT50 on the varieties (young and mature leaves combined) 

were 1-3 weeks, 1-4 weeks, and 8-12 weeks at 250, 200, and 1500 respectively. 

The differences within each temperature regime were not significant. The 

conclusion was that survival was not affected by the varieties. Dahms et 
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al (1936) found significant differences in the varietal effects of sorghum 

on the longevity of the chinch bug, Blissus leucopterus.- 

Among the host plant species, LT50 ranged from 2-6 weeks at 250, 3-12 

weeks at 20°, and 15-23 weeks at 15°C. The differences were significant 

(p = .05) at the two higher temperatures respectively. At 15°C, survival 

on Mustard (22 weeks) and Turnip (19.5 weeks) were not significantly 
• 

different but both differed significantly (p = .05) from Purple Sprout (16 

weeks). Generally, the species had profound effect on survival. Brown 

(1972) observed that the survival of the wheat aphid, Schizaphis graminum 

(Road.), on wheat, rye, and oats differed significantly. 

Comparison of the survival values on the varieties and species at 

25C showed the longest on Mustard (6 weeks), followed by Purple Sprout 

(4.5 weeks). Earliest (3.0 weeks), June Star (2.5 weeks), Turnip (2.5 

weeks), and Large Blood Red (2.5 weeks) did not differ significantly. 

Golden Acre (1.5 weeks) had the shortest value. 

Chemical synthesis varies inherently between species and also differs 

within the same species. Total protein content of some species is 

consistently higher than that of other species (Boyd, 1968, 1970a). The 

differences in longevity of the cabbage whitefly, A. brassicae, could be 

attributed to differences in quantity/quality of such chemicals that 

promote survival. 

Leaf age had remarkable effect on fecundity, more eggs being always 

laid on young leaves than on mature leaves. Hussey and Gurney (1959) 

reported a marked decline in the oviposition rate of the greenhouse white-

fly, T. vaporariorum, with leaf age. Trehan (1944) showed that the cotton 

whitefly, Bemisia gossypiperda, laid 51.5%, 46.7%, and lipu of the total 

eggs on the top, middle, and bottom leaves respectively. Southwood and 
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Reader (1976) found that only 20% of the eggs of the viburnum whitefly, A. 

jelinekil, were laid on leaves more than one year old. Henderson and 

Holloway (1942) found no significant difference in the number of eggs laid 

on young leaves and medium (mature) leaves by the citrus red mite, Panon-

ychus citri. Henneberry (1962) and Watson (1964) observed a significant 

difference in the fecundity of the two spotted spider mite, Tetranychus -

telarius, on young'and mature leaves. Van Emden (1969b) showed the 

different response of two aphid species: B. brassicae and M. persicae to 

leaf age; the former showed reduced fecundity on old leaves whereas the 

latter showed an increase. Brown (1972) reported that the mean fecundity 

of the wheat aphid, S. graminum,on young and mature leaves did not differ 

significantly. Thus the effect of leaf age on fecundity of phytophagous 

insects/arthropods seems variable. 

Other effects of leaf age have been reported. For example, Grison 

(1947) was able to obtain extra generations of the browntail moth, Euprotis 

phaerrhoea, when first instar larvae were fed on young apple sprouts while 

senescent leaves promoted diapause. Lees (1953a) showed that senescent 

apple leaves led to the production of 'winter females' which laid 

diapausing eggs. Grison (1956) found that the females of the Colorado 

beetle, L. decemlineata, stopped egg laying when fed with senescent leaves 

of potato. 

The fact that leaf age had no significant effect on longevity would 

mean that the differences observed in the mean fecundity and age specific 

fecundity data could not have resulted from differences in longevity. The 

differences could be a reflection of the physical and chemical properties 

of the leaves. 

Plant tissues such as endodermis and schlerenchyma are known to impede 
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or deflect the penetrating stylets of Aphidoidea and Coccoidea (Arnaud, 

1918; Staniland, 1924; Entwistle and Longworth, 1963). Tanton (1962) 

showed that mustard beetles, Phaedon cochleariae Fab., reared on the 

leaves of kale, turnip, and Brussels sprout suffered great larval and 

pupal mortality as the toughness of the leaves increased. Feeny (1970) 

implicated leaf toughness as the main factor preventing-late larval feeding 

by the winter moth. Iheagwam (1974) recorded a significant negative 

correlation between leaf toughness of some varieties of cabbage and fecundity 

of the cabbage whitefly, A. brassicae. Moran (1975) considered leaf hard-

ness as the overriding factor involved in ovipositional preferences for 

young flush leaves in the citrus psylla, Trioza eryteae. However, Pollard 

(1971) remarked that studies on the relationship between the physical 

properties of plants and the feeding of insects are complicated by other 

properties such as elasticity, plasticity, toughness and tenacity, as well 

as hardness. 

Chemical properties of leaves are often considered of greater import-

ance to insects than the physical properties with respect to feeding and 

consequently, reproduction. This statement is supported by the results of 

Iheagwam (1974) who found that the partial correlation coefficient for 

fecundity and nitrogen to be significant while that for fecundity and leaf 

toughness, though high, was not significant. Evans (1938) reported that 

the higher the percentage total nitrogen in cabbage leaves the greater the 

number of nymphs produced by B. brassicae. Henneberry (1962) observed that 

more progeny were produced by mites on plants supplied high nitrogen than 

were produced by those on plants supplied low nitrogen. Kennedy and Booth 

(1951) noticed that the growing and senescing leaves of certain plants 

were more susceptible to M. persicae and A. fabae than mature green leaves 

of the same plants. The explanation for the leaf age effect was that the 
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aphids' food would be especially rich in soluble organic nitrogen where 

growth, and hence protein synthesis, takes place, and where senescence with 

attendant protein breakdown occurs, but low where neither growth nor 

senescence was in progress as in mature leaves. Van Emden and Bashford 

(1969) reported a significant decrease in soluble nitrogen in three leaf 

ages of Brussels sprout: 1.046% in young leaves, 0.865% in medium (mature) 

leaves, and 0.690% in old leaves. The difference in the nitrogen content 

of young and mature leaves seems the proximate, but by no means the only 

cause of the difference in fecundity on both leaf types. 

Fraenkel (1953) postulated that the insects nutritional requirements 

could not be a factor in determining host plant specificity. Host 

specificity was attributed to the presence of "secondary" biochemicals such 

as essential oils, alkaloids and glycosides within the plant tissues. 

Gupta and Thorsteinson (1960) showed that the diamond black moth, 

Plutella maculipennis, laid eggs on rough plastic surfaces but the addition 

of allyl isothiocyanate generally increased the number of eggs laid. The 

extensive work of Straatman (1962) with Papilionacea indicated the role of 

specific volatile attractants in oviposition. Mustard oil giucoside 

sinigrin is present in the crucifers - the host plants of the cabbage 

whitefly, A. brassicae. Wensler (1962) showed that the cabbage aphid, B. 

brassicae, did not feed on young leaves Of the broad bean, Viola faba L., 

except when the leaves were treated with sinigrin. These observations 

prove that oviposition can be regulated and stimulated by chemical attract-

ants. Since the concentration of allyl isothiocyanate is higher in young 

leaves than in mature leaves of Brussels sprout (Van Emden and Bashford, 

1969), this could be regarded as one of the several possible factors 

accounting for higher fecundity of the cabbage whitefly, A. brassicae, on 

young leaves than on mature leaves. 
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The age specific fecundity rate (mx) on all plant types reached a 

peak early in the reproductive periods, generally within the first three 

weeks, but usually in the second week. At lower temperatures, however, 

the occurrence was rather erratic. 

Provision of new food in oviposition experiments is known to cause a 

stimulation of egg production. In the experiments described in this 

section, insects were regularly being moved to new leaves of the same 

physiological age to ensure accurate counting of eggs and also to reduce 

any repressive effect of high egg density on oviposition. This may have 

given rise to the bimodal and multimodal nature of some of the age specific 

fecundity curves. 

When maximum fecundity rate (mx) is related to the survival rate (1x) 

of the populations (Figs. 2-6 and 10-15) it becomes quite evident that 

maximum mx occurred when a high proportion of the females was still alive. 

Both the maximum mx and the age at which it is attained are more important 

factors in determining the intrinsic rate of increase (rm) than the total 

number of individuals produced through the whole life of the insect. Only 

individuals produced in the first few weeks have a significant effect on 

the size of the intrinsic rate of increase (rm) and the net reproductive 

rate (Ro). This fact is clearly illustrated in Table 44. For rm = 1.04 

(on young leaves of Earliest at 25°C), 66.5% of it was accounted for by 

the first week of adult life. The first two weeks combined contributed 

93.1% towards the final value. On the other hand, 1.4% was contributed in 

the fourth week and 0.02% in the sixth week. These results support the 

fact that rm is determined to a much greater extent by the rate of ovi-

position in the first few weeks of adult life than by the total number 

eggs laid in the life span of the adult. Thus with each successive week, 

eggs laid made a lessened contribution to the value of rm. 
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The gross reproductive rate (G.R.R.) and the net reproductive rate 

(Ro) generally increased with decreasing temperature reaching a maximum at 

15°C except on Mustard where the maximum values were reached at 20°C. 

From Table 43 it is clear that although Ro at 150C was higher than either 

at 200  or 25°C, yet the values of rm at the two latter temperatures were 

higher. 

Temperature exerts a profound effect on rm  through its influence on 

all the main components of rm: survival rate, fecundity rate, and develop-

ment time. As was pointed out above, total fecundity is not as important 

in the growth of populations as is the age at which the maximum fecundity 

rate occurs. At 25°C, development time was short and maximum fecundity 

rate was reached quite early in the reproductive life. Though Ro at 15°C 

was higher than at 25°C or 20°C, the value of rm was quite low. The major 

factor in reducing the rate of population growth at 15°C was the lengthened 

development time coupled with the fact that eggs were laid more slowly 

early in life. 

The values of rm at 150C appear to have been underestimated because of 

the exaggerated generation times (T). This was probably because the eggs 

were assumed laid at the mid-point of the oviposition period. As Howe 

(1953b) pointed out, the mid-point method cannot be used with confidence if 

oviposition period is longer than four weeks. 

The value of rm  increased 2.87 times for a rise of 10°C (from 150  to 

25°C) on young leaves of the varieties and 3.20 times on the young leaves 

of the species. In general, results obtained in this investigation showed 

considerable shortening of the development time with increasing temperature. 

This supports the conclusion of Birch (1948) and Howe (1953a) that this is 

one of the major effects of temperature upon rm. 
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The significance of the data on the population growth rate of the 

cabbage whitefly, A. brassicae, will be more apparent if they are considered 

in relation to the habitat of the insect. 

Habitat is the template against which evolutionary pressures fashion 

the ecological strategy of a species. The instability-stability habitat 
bu 

spectrum gives rise to the r-K selection continm (Southwood et al, 1974). 

Southwood (1968, 1971) pointed out that the stability of a habitat for a 

particular animal depends upon the relationship between the animals 

generation time Or) and the length of time the habitat remains favourable 

(H). When the ratio 4-/H approaches unity, the evolutionary pressures on 

animals with this type of habitat will be toward an r- strategy. 

The cabbage whitefly, A. brassicae, feeds and breeds on leaves of 

cabbage, Brussels sprouts, Broccoli, cauliflower, Savoy, etc. Most of 

these vegetables mature soon after planting and are harvested. For example, 

Golden Acre is sown in January/February for late May/June harvesting. 

Similarly, for summer and autumn harvesting, spring sowing varieties of 

cabbage are sown in March/April and planted outdoors during June/July. 

Thus the habitat of the cabbage whitefly, A. brassicae, is trar=dent. 

The spectrum of r- to K- strategies is correlated with a range of 

habitat stabilities. MacArthur (1960) pointed out that the relationship 

is a general one between "opportunist" species (r- strategists) in 

unpredictable environments and "equilibrium" species (K- strategists) in 

predictable ones. Since the habitat of the cabbage whitefly, A. brassicae, 

is unpredictable, the insect possesses one of the attributes of r-

strategists. 

An r- strategist operates where the niche hypervolume is frequently 

empty and the premium is on the ability to exploit this opportunity rapidly. 
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From the population statistics recorded in this investigation, it is 

evident that the cabbage whitefly, A. brassicae, has a high population 

growth rate. This allows the insect to compete successfully against other 

species in exploiting the habitat and/Or to use up the available resource 

before it deteriorates. 

Considering the size (.012 mg - .144 mg on emergence) and the short 

generation time of the cabbage white fly, A. brassicae, the high reproductive 

ability is hardly surprising since there is usually a close association 

between small size and a large reproductive rate. Bonner (1965) showed 

strong correlation between body size and generation time among organisms. 

The high population growth rate and small size of the cabbage white - 

fly, A. brassicae, are adaptations to its ephemeral habitat. These two 

features qualify the insect as a typical r- strategist. 
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SECTION Ib: STUDIES ON THE POPULATION DYNAMICS OF THE GREENHOUSE  lHITE-

FLY, TRIALEURODES VAPORARIORUM, ON DIFFER" NT HOST PLANTS 
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A. MATERIALS AND METHODS  

1. Plant types 

The following experimental plants were used: 

(a) Mustard 

(b) Tomato 

The plants were grown as described in Section Ia. 

Experiments on fecundity and longevity were carried out on young 

leaves only and at one constant temperature (25°C). 

2. Whitefly culture 

Laboratory cultures of the greenhouse whitefly were maintained on 

tomato plants at 25°C. Other conditions were similar to those already 

described for the cabbage whitefly. 

3. Construction of life tables and calculation of population parameters 

The methods were similar to those already outlined in Section Ia. 
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B. RESULTS 

1. Longevity and fecundity 

(a) 1.2agevancjage-specific:_... sury 	(lx) 

Longevity of T. vaporariorum on young leaves of mustard and 

tomato is shown in Table 45 as mean longevity and as age-specific survival 

rates in Tables 47 and 48 and Figs. 19(a) and (b). Time for the population 

to reach 50% mortality (LT500) was shorter (1/ weeks) on mustard and longer 

(3 weeks) on tomato. 

(b) Fecundity and age specific fecundity rates (mx) 

More eggs were laid on tomato leaves (73.5) than on mustard 

leaves (42.23) (Table 45). From the mean cumulative fecundity per female 

plotted in Fig. 20, fecundity was higher on tomato early in the adult life. 

However, towards the end of adult life, fecundity curves for both plants 

levelled off with that for mustard being superior. 

The age-specific fecundity rates (mx) are presented in Tables 47 

and 48 and illustrated graphically in Figs. 19(a) and (b). 

On mustard leaves, maximum fecundity was reached in the second 

week of the reproductive life,(Fig. 19(a)) whereas on tomato leaves it was 

attained in the first week (Fig. 19(b)). 

2. Population growth statistics 

(a) Gross reproductive rate (G.R.R.) 

The G.R.R. was higher on mustard leaves (8.29) than on tomato 

leaves (5.81) (Table 46). 

On tomato leaves, the maximum fecundity rate (mx) was reached in 

the first week of adult life. The value was higher than that reached on 
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mustard in the first week of adult life. But from the second week of adult 

life, mx was consistently higher on mustard than on tomato. Since G.R.R. 

Emx, the value on mustard was higher than that on tomato (Tables 47 and 

48 and Figs. 19 and 20). 

(b) Net reproductive rate (Ro) 

The value of Ro was higher on tomato leaves (5.22) than on 

mustard (3.68) (Table 46). 

(c) Intrinsic rate of increase (rm) 

rm was higher on tomato leaves (0.550) than on mustard (0.409) 

(Table 46). 

Figs. 18(a) and (b) illustrate the graphical determination of the 

true rm  values of the cabbage whitefly, A. brassicae, and the greenhouse 

whitefly, T. vaporariorum, when both species were reared on young leaves of 

mustard. 

(d) Generation time (T) 

The generation times were approximately equal (3 weeks) on both 

plant types (Table 46). 

(e) Finite rate of increase (A) 

Since A was derived from rm, the value obtained on tomato leaves 

(1.73) was higher than, that on mustard (1.51) (Table 46) 
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Table 45: Mean fecundity and longevity of  T. vaporariorum females when 

reared on ,young leaves of Mustard and Tomato at 25°C. 

Mustard Tomato 

x no. eggs/4. 

Range 

42.23 ± 6.76 

1 - 153 

73.50 ± 4.29 

38 - 101 

Tc longevity (days) 10.30 	2.56 20.0 	± 2.35 

Range 2 - 	23 11 - 	27 

LT50 (weeks) 1.5 i 3.0 

Table 46: Population statistics of  T. vaporariorum females when reared on 

young leaves of mustard and tomato at 25°C. 
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Figure 18: Graphical calculations of true rmis from two trial values for 

(a) A. brassicae, and (b) T. vaporariorum, when both were 

reared on young leaves of mustard at 25°C. 
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Table 47: Life table data for T. vaporariorum  femaltslmulcsv9212  leaves of Mustard at 25°C and table  showing  

calculations  of r with two rovisional r 's. 

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

0.41 0.40 

xlxmx  rmx 7-rmx ixmx  rmx 7-rmx e7-rmx hoax  

2.5 .88 1.72 1.51 3.78 1.03 5.97 391.51 591.18 1.00 6.00 403.43 609.18 
3.5 .45 3.30 1.49 5.20 1.44 5.56 259.82 387.13 1.40 5.6o 270.43 402.94 
4.5 .23 2.77 0.64 2.87 1.85 5.15 172.43 110.36 1.80 5.20 181.27 116.01 
5.5 .07 0.50 0.04 0.19 2.26 4.74 114.43 4.58 2.20 4.80 121.51 4.86 

Ro 	= 	3.68 Total 	- 	1093.25 Total 1132.99 

rm 	= 	0.409 

T 	= 	3.27 

X 	= 	1.51 



Table 48: Life table data for T. vaporariorum females reared on oung leaves of Tomato at 2500, and table showing 

calculati9aLaLalittl2IMTESaLLT21.ala.  

Pivotal 
age 

(weeks) 

x mx lxmx 

Provisional rm's 

0.55 

xlxmx 7-rmx e7  -rmx -rmx 
E 7 	lxmx  rmx 7-rmx e7-rmx rmxixmxe 

2.5 1 2.69 2.69 6.73 1.38 5.62 275.89 742.14 
3.5 .91 2.05 1.87 6.55 1.93 5.07 159.17 297.65 
4.5 .73 0.79 0.58 2.61 2.48 4.52 91.84 53.27 
5.5 .28 0.28 0.08 0.44 3.03 3.97 52.98 4.24 

Ro 	= 	5.22 Total 	- 	1097.3 
rm 	= 	0.55 
T 	= 	3.13 
X 	= 	1.73 



190 



Figure 19: Longevity and age-specific fecundity.of adult T. vaporariorum 

females when reared on young leaves of (a) Mustard, and 

(b) Tomato at 25°C. 
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Figure 20: Cumulative total number of eggs laid per female A. brassicae  

on young leaves of mustard 	and T. y....E9sax.iorum 

on young leaves of mustard (0 	0) and young leaves of 

tomato (Ae-----A) at 25°C. 
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C. DISCUSSION 

Phytophagous insects have been classified according to their feeding 

habits as monophagous, oligophagous, and polyphagous. These terms refer 

to the number of plant species accepted as food by the insect species 

concerned. Thorsteinson (1960) remarked that the above classification 

does not seem to be quite clear on whether the food plants should be 

enumerated by species, genera, or families. 

Dethier (1947) suggested that oligophagy would be best defined in 

terms of attractance of several different chemicals, as in Papilio ajax 

larvae. Attractance to one chemical, or to a group of chemicals confused 

by the insect as one, would constitute monophagy, and an insect specific to 

the large group of cruciferous plants and other plant families that contain 

mustard-oil glucosides would be regarded as monophagous. On this basis, 

the cabbage whitefly, A. brassicae, could be classified as monophagous. 

Thorsteinson (1960) pointed out that the oligophagous habit in L. 

decemlineata  larvae may not be based on a restricted distribution of 

feeding stimulants, but on the absence of feeding inhibitors in the food 

plants and the presence of inhibitors in all other plants. If this view is 

applied to the cabbage whitefly, A. brassicae, it will explain its occurr-

ence on non-cruciferous plants (Butler, 1938). It seems more appropriate 

to classify it as oligophagous. 

Insects that feed on any plant free of feeding inhibitors were class-

ified as polyphagous (Dethier, 1947). Since the greenhouse whitefly„ T. 

vaporariorum,feeds on a wide range of taxonomically different plants, it is 

definitely polyphagous. 

The fecundity of phytophagous insects varies with host plant species. 
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One of the crops on which the greenhouse whitefly, T. vaporariorum, causes 

great economic damage is tomato. It is, therefore, not surprising that its 

rm was higher on the young leaves of tomato than on the young leaves of 

mustard on which it also feeds in the greenhouse. From the results of the 

cumulative fecundity (Fig. 20), it was higher on tomato leaves in the first 

two weeks of reproductive life but thereafter became higher on mustard 

leaves. 

When the cabbage whitefly, A. brassicae, and the greenhouse whitefly, 

T. vaporariorum, were reared on young leaves of mustard, and their 

fecundities plotted as mean cumulative number of eggs per female (Fig. 20), 

the curve for A. brassicae increased sharply and continued for several days 

before levelling off. That for T. vaporariorum increased gradually and 

levelled off while that of A. brassicae was still increasing. The difference 

in the reproductive ability of the two species could be related to their 

different feeding habits. 

Hussey (1965) pointed out that a form of stability similar to that 

found in tropical rain-forests could be introduced into glasshouses by a 

succession of crops in the same greenhouse, thus creating 'perennial' 

conditions. Since the greenhouse whitefly, T. vaporariorum, dwells mainly 

in greenhouses which may contain many different plants all the year round, 

it could be argued that its habitat is fairly stable when compared with 

that of the cabbage whitefly, A. brassicae. But because this stability is 

under man's control, a knowledge of the nature of the original habitat 

would be most helpful in this discussion. Unfortunately, there seems to 

be no published work on this aspect of the ecology. 

Because of this possible difference in the relative stability of the 

habitats, it will be expected that the species that lives in a more unstable 
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habitat will possess a higher intrinsic rate of increase for maximum 

exploitation of the habitat than the species that lives in a more stable 

habitat. This supposition is supported by the results obtained in this 

experiment in which the value of rm was higher in the cabbage whitefly 

(1.45 on young leaves of mustard at 25°C) than in the greenhouse whitefly 

(0.55 on young leaves of tomato at 25°C). 

At the present time one can only speculate as to the immediate causes 

(differences in feeding?) or ultimate factors (evolutionary pressures due 

to habitat stability?) responsible for this difference. 
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SECTION II: En1CTS OF TEMPERATURE AND POPULATION DENSITY ON POPULATION 

PARAMETERS OF THE CABBAGE WHITEFLY, A. BRASSICAE 
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A. INTRODUCTION 

The durations of growth and development of insects are influenced by 

temperature. The reciprocal of the developmental period at constant 

temperatures is often regarded as the speed of development (Davidson, 

1944). 

The term 'threshold of development' is usually taken to mean a point 

on the temperature scale at or below which development ceases. This view 

stems from the belief that the relationship between rate of insect develop-

ment and temperature can be expressed as a straight line. However, 

experiments have shown that a non-linear relationship between temperature 

and the rate of development is the general rule. 

Threshold of development has also been used to designate the minimum 

temperature at which some particular stage of development could be completed. 

Hodson and Al Rawy (1956) point out that this concept accords little 

recognition to the possibility that some development, though short of the 

completion of a process, might take place below the calculated threshold. 

Johnson (1940) emphasized the need for determining thresholds for the part-

icular processes being studied. 

In some insects development is arrested at certain stages of develop-

ment. It seems obvious that the temperature relations of the resting 

stages (quiescence or diapause) will be different from the active stages 

and the pre- and post- diapause periods. Howe (1967) remarks that the 

concept of rate of development for a whole life cycle may be useful even 

when the various instars are known to differ, but it breaks down when 

development cannot be completed at any constant temperature. 

Development in insects is a complex process with many temperature 
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thresholds. The temperature threshold most commonly obtained in constant 

temperature experiments is that for complete development and hatching while 

that for the various larval stages has not received much attention. El - 

Khidir (1963) studied the effect of constant temperatures on egg develop-

ment and duration of development from egg to adult in the cabbage whitefly, 

A. brassicae. No work seems to have been reported on the developmental 

rate and temperature thresholds of the larval instars. 

Development periods are influenced by a number of factors. High 

larval density slows down the rate of development in some insects thereby 

prolonging the duration of development. 

Pearl and Parker (1922) were the first to study the effect of density 

on the reproductive rate of laboratory insect populations of Drosophila. 

The variables they measured were "mean population average" and "imagoes 

per mated female per day". Watt (1960) commented that since the dependent 

variable Pearl and Parker counted was the number of imagoes, rather than 

the number of eggs, they were prone to the criticism that the effect of 

density on fecundity was confounded with the effect of density on pre-

imaginal survival. The shape of the curve they obtained was termed 

"Drosophila-type" by Fujita (1954). 

Allee (1931) showed that the effect of density on reproduction rate 

could be different from the "Drosophila-type". He found that the rate of 

increase of population per female Tribolium per day was greatest (after 

11 days) not at the lowest density but at the second lowest. Fajita (1954) 

labelled the curve the "Allee-type". 

Kirchner (1939) observed that the "Drosophila-type" and "Allee-type" 

curves were not each peculiar to certain species. He obtained both curves 

in experimental populations of the stick-insect Dixippus (Carausius) morosus 
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(Brunn. and Redt.). The Allee-type curve occurred in the largest universe 

while the Drosophila-type occurred in the smallest universe. 

Utida (1941a) obtained an intermediate type of curve - "intermediate-

type" (Fajita, 1954). Crombie (1942) studying laboratory populations of 

the beetle Ehropertha dominica (Fab.) also obtained an intermediate-type 

curve. 

The aims of the investigation on the cabbage whitefly, A. brassicaeo  

described in this section were to determine 

i. the durations, rates, and temperature thresholds of development of 

the immature stages; 

ii. the effect of larval density on duration of development; 

iii. the effect of adult density on fecundity and longevity; and 

iv. the pre -oviposition periods, fecundity, and longevity of the mated 

and virgin females. 
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B. MATERIALS AND METHODS 

1. Duration, rates, and thresholds of development  

The durations of development of the 5 immature stages (egg - instar 

IV) were determined at 25°, 20
o
, 15oC, and 10°C. 

Whitefly cultures were maintained at each constant temperature with 

a photoperiod of LD 16:8. 

At each constant temperature, young adults (males and females) from 

the culture were caged on young leaves of Brussels Sprout for 24 hours' 

during which eggs were laid. Eggs thus laid were assumed to be of the 

same age. To avoid the retarding effect of high larval density on rate 

of development, the number of eggs on each leaf was between 10 and 50. 

All immature stages were allowed to develop on intact leaves. The 

duration of development for each stage was taken as the mean number of days 

before the last individual in a particular stage completed its development. 

It was easy to know when the eggs hatched. For the larval stages, the 

presence of exuviae was used as an index to determine when development in 

one stage was completed and that for another stage started. Since each 

stage is morphologically different from the others, the general structure 

was also used as a criterion for determining the end of development at 

each stage. 

The observed times for development were plotted against temperature 

to obtain the course of the temperature-time curve. The reciprocals for 

time were plotted against temperature. Each of the reciprocals was multi-

plied by 100, so that values on the ordinate represent the average per-

centage development made by each immature stage at the given temperature. 
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The temperature threshold of development was estimated graphically by 

extending the regression line until it intercepts the temperature axis. 

The point of interception was taken to represent the threshold. 

2. Effect of larval density on development  

The first larval instar of the cabbage whitefly is about .33 mm x 
.16 mm in size (Desphande, 1933). Because of their small size and 

difficulty in handling, it was more convenient to start with the egg stage. 

Eggs were obtained as described above. 

The experiment was conducted at one constant temperature (20°G), and 

the host plant used was Earliest. 

The range of densities investigated was 5-228. Only those larvae that 

hatched out within 24 hours of commencement of hatching were considered in 

the experiment. 

The area of the leaf surface on which the larvae were confined was 

3.14 cm2, being the area of the leaf cage used. Individuals at each 

density level were observed until they all emerged as adults and the 

average duration of development was calculated. Reciprocals of the develop-

ment times were used as points for the regression line. 

A little difficulty was encountered with the very high density groups 

as some of the fourth instars did not emerge before the leaves on which 

they were being reared dried up. 

3. Lar2A2-2222i-an2a-qatieazE2En....samalfoss21-1221s2aslilm-L-2a). 
The fecundity of the females resulting from the larval density 

experiments was not determined. However, results obtained from other 

experiments were used. 
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Since the larvae were reared on young leaves of Earliest at 20°C, the 

net reproductive rate (Ro) obtained in the population growth experiments 

at 20°C (see Section Ia) was assigned to the low (10) and high (110) 

density levels. The generation times (T) were obtained from the results 

of the duration of development described above. With Ro and T known, rm 

and X were calculated for the two density levels and curves for values of 

Xfilweek were drawn as described in Section Ia. 

4. Eft' 	 laaaaan 	yttz 
Virgin females were used for this study since male insects are often 

reported to interfere with oviposition. This approach, therefore, specif-

ically excludes any possible depression in fecundity level due to males. 

Virgin females were obtained by isolating the pupal stages singly. On 

emergence they were caged on young leaves of Mustard at 25°C. The densities 

(numbers/3.14 cm2 of leaf surface) investigated were 1, 2, 3, and 4. The 

number of eggs laid was counted daily until the females died. Insects were 

frequently moved to new leaves for the same reasons given in Section Ia. 

5. asujacILLaalvi-.tofvisainfeniales 
Virgin females were obtained as described above and caged singly on 

young leaves of Mustard at 25°C. These were observed 24 hourly until the 

first eggs were laid. The time between emergence and first oviposition 

was the pre-oviposition period. Data for fecundity and longevity were 

obtained as described for mated females in Section Ia. 
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C. RESULTS 

1. Development 

(a) Developmental period 

Durations of development of the egg and larval stages at 25°, 

20°, and 15°C are presented in Table 49. Table 50 shows the percentage of 

the total duration of development (egg-adult) occupied by each stage. The 

temperature - time curves are illustrated in Figs. 23, 24, and 25. 

The duration of development for each stage increased with 

decreasing temperature, being shortest at 25°  and longest at 15°C. 

On the average 35% of the development time from egg to adult was 

occupied by the embryonic stage, 30% by instar IV, 13% by instar I, 12% by 

instar III, and 10% by instar II. 

(b) Pates of development  

The rate of development for each stage was determined as reciprocal 

of time for development multiplied by 100 to give the average percentage 

development in one day. Since the speed of development was derived from 

the duration of development described above, the trends were similar; speed 

of development being fastest in instar II and slowest in the egg stage at 

each constant temperature. 

The rates of development are presented in Fig. 21. 

(c) Developmental thresholds 

Temperature thresholds of development were obtained by extra-

polation from the regression lines of speed of development on temperature 

(Figs. 23-25). 



Table 49: Duration of develo ment (42..mature,aaf A. brassicae at constant temperatures (males and 

females not distinguished) . 

Temp. Rep. Etr. -- 
-------- 

Av. 
duration 

T  Instar ... 
Av. 

duration Instar II 
Av. 

duration 
Instar 
III 

Av. 
duration 

T 	4. 	Tv  

-ns'-ar 4.  
Av. 

duration 
Duration 

(egg-adult) 
x duration 
(egg-adult) 

i 6.2 +.07 2.9 +.06 1.91+.09 2.16+.07 5.43+02 18.6 
(307* (27) (22) (31) (237 

25°C ii 6.3 +.09 6.2 2.6 +.08 2.75 2.33+.098 2.14 2.25+.09 2.42 5.65+08 5.49 19.13 19.01 
(247 (3) (36) (2) (237 

iii 6.1 +.05 2.75+04 2.19+.07 2.86+.08 5.40+0 19.30 
(357 (24) (j) (3g) (247 

i 8.67+.14 3.6 +.13 2.54.11 2.96+.09 7.78+.15 25.55 
(187 (25) (2g) (2g) (227 

20°C ii 8.40+07 8.64 3.6 +.14 3.48 2.63+00 2.59 3.084-.05 3.00 7.63+06 7.61 25.34 25.32 
(177 (25) (27) (2g) (197 

iii 8.86+04 3.24.09 2.59+.11 2.96+03 7.43+03 25.08 
(227 (25) (27) (23) (217 

i 18.36+02 6.2 +.13 4.2 +.13 5.5 +.15 17.17+.38 51.43 
(127 (15) (17) (17) (127 

15°C ii 18.84.14 18.76 6.5 +.22 6.30 4.31+.15 4.33 5.9 +.07 5.67 16.88+,18 16.97 52.43 52.1 
(167 (10) (1g) (14) (167 

iii 19.09+.17 6.2 +.13 4.47+02 5.9 +.1 16.77+.17 52.43 
(117 (in (17) (10) (137 

* Figures in parentheses indicate number of observations. 
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Table 50: Percentage of total duration of development (egg-adult) 

occupied by each immature stage at constant temperatures. 

Stages 25°  o 20 15o 

Egg 33 34 37 

Instar I 14 13 12 

Instar II 11 10 8 

Instar III 13 11 11 

Instar IV 29 30 32 

lable 51: Regression equations and temperature thresholds of development 

for immature stages of A. brassicas. 

Immature stage Regression equation 
ri 

Temperature threshold 

Egg y = - 	9.94 + 1.014 10 

Instar I y = - 15.00 + 2.04 7.3°C 

Instar II y = - 11.75 -I- 2.41 5.0°0 

Instar III y = - 16.60 + 2.37 6.5°C 

Instar IV y = - 14.00 + 1.32 X 10.4°C 
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Figure 21: Rates of development of immature stages of the cabbage white-

fly A. brassicae at 25°, 200, 150, and 10oC. 

(n = number of observations) 
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Figure 22: Temperature threshold of development for immature stages of 

A. brassicae. 
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Figure 23: Temperature-time curves (0 	0) and graphical determination 

of temperature thresholds ()-----19) for egg stage and 

first instar of the cabbage whitef1V. brassicae. 
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Figure 24: Temperature-time curves (0-----0) and graphical determination 

of temperature thresholds (4,-----4) for (a) second and 

(b) third instars of the cabbage whitef17,A. brassicae. 
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Figure 25: Temperature-time curves (0 	0) and graphical determination 

of temperature thresholds (0-----4) for fourth instar of 

the cabbage whitefl4A. brassicae. 
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The regression equations and temperature thresholds for the 

immature stages are presented in Table 51. 

Temperature thresholds were highest and approximately equal in 

the egg stage and instar IV, being 10°  and 10.4°C respectively. These 

were followed by instar I (7.3°), instar III (6.5°), and instar II (5°C) 

(Fig. 22). 

2. Density effects 

(a) Effect of larval density on duration of development  

Results of the effect of larval density on duration of develop-

ment are shown in Table 52. Fig. 26 illustrates the relationship between 

larval density and the rate of development. 

The correlation coefficient (r) between larval density and 

duration of development was very high (r = .879; p-4.1) and the slope of 

the regression line (b) was - .006. 

The mean rate of development decreased with increased density up 

to 130 larvae per 3.14 cm
2 

leaf surface. Further increase in density did 

not seem to have had much effect on the rate of development. 

(b) Population growth curve (theoretical consideration) 

At very high densities, the mean duration of development was 

increased by about one week. Thus, while the generation time (T) was 4 

weeks for low density group it was 5 weeks for high density group with 

consequent lowering of the intrinsic rate of increase (rm) and the finite 

rate of increase (X). 

1 
For the calculation of the population parameters rm and A , Ro 

was assumed equal for both density levels. The values obtained are 
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Table 52: Effect of larval density of  A. brassicae on duration of develoo  - 

went at 2000. 

No. of larvae Duration of development (days) 

5 28 

10 27 

15 24 

20 30 

25 29 

35 31 

47 29 

60 29 

85 30 

97 33 

117 33 

117 39 

130 39 

150 38 

156 38 

192 38 
228 38 

Correlation coefficient (r) = .879; p <.1 
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Figure 26: The relationship between larval density of the cabbage white- 

brassicaeyand the rate of development to adult stage. 

Figure 27: Curves for various values of )0q/week, showing population 

growth of A. brassicae females reared from low (4,----4110 

and high (C} 	0) larval densities. 
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presented in Table 53. But since most workers have shown that very 

crowded individuals have low fecundity, these estimates will be too high 

for crowded situations. 

Table 53: Ro, T, rm, and A calculated for low and high density levels. 

The theoretical curves of population growth at both densities 

(Fig. 27) show that the population reached in 4 weeks time by one female 

from the low density group would be 38 while that of a single female from 

the high density group would be 18. Therefore, population levels reached 

by females are influenced by the larval density in which they developed. 

(c)EE22t2Sad ecu.dity2gaeand)vjty 

Results on fecundity and longevity are summarized in Tables 54 

and 55 respectively and illustrated in Fig. 28. 

Both fecundity and longevity decreased with increased density. 

Insects caged singly laid most and lived longest. 

3. Vin and mated females 

Results were obtained from females reared on young leaves of Mustard 

at 25°C. 
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Li 

Figure 28: Effect of density pf  fecundity and longevity of virgin A. 

brassicae females. 

(regression line for fecundity) 
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No. virgin females/3.14 are leaf surface 
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Table 54: Effect of adult density on fecundity of A. brassicae when 

reared on_yourvi leaves of Mustard at 25°C. 

No. females Total eggs laid No. eggs/ i eggs/$ 

1 476 476 
1 612 612 508.3 
1 437 437 
2 f 	570 283.5 
2 412 206.0 297.8 
2 805 402.0 
3 689 229.7 
3 1134 378.0 274.1 
3 644 214.7 
4 614 153.6 
4 473 118.3 135.6 
4 540 135.0 

Table 55: Effect of adult density on longevity of A. brassicae females 

when reared on young leaves of Mustard at 250C. 
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(a) Pre-oviposition period 

The mean pre-oviposition period was shorter in the virgin females 

(1.45 days) than in the mated ones (1.75 days) (Table 56). However, the 

difference was not significant. 

(b) Fecundity 

Virgin females laid more eggs than the mated females (Fig. 29). 

The mean number of eggs per female was 561.1 (virgin) and 318.9 (mated) 

(Table 56). The difference between the mean fecundity was highly signi-

ficant (p<.001). 

(c) Longevity 

Virgin females lived longer than mated ones (Fig. 30). The mean 

longevity in days was 61.6 for virgins and 42.6 for mated females (Table 

56). The difference between the means was highly significant (p (.001). 



1.45 4. 0.15 

561.1 	25.7 

61.6 ± 2.36 

No. of females 

x 

- 

pre-oviposition period (days) 

x- no. of eggs per female 

x longevity (days) per female 
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Table 56: Summary of data on fecundity and longevity of mated and virgin 

females of A. brassicae on young leaves of Mustard (white) 

at 25°C. 
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Figure 29: Mean fecundity per female cabbage whitefl4A. brassicae,(mated 

and virgin) per week. 
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Figure 30: Survival rates of mated and virgin females of the cabbage 

whiteflyl  A. brassicae. 
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D. DISCUSSION 

Cold blooded animals complete their development more rapidly in warm 

weather than in cool (Andrewartha and Birch, 1954). Davidson (1944) 

pointed out that a particular species of insect has an inherent power of 

attaining the average speed of development which may be different for 

different stages of the life cycle of the same species. 

The actual speed of development of each immature stage of the cabbage 

whitefly, A. brassicae, was different from the others. It was fastest in 

the second instar, followed by the third, first, and fourth instars and 

slowest in the embryonic stage. However, the developmental rates for the 

fourth instar and the embryonic stage were approximately equal. This trend 

was observed at each constant temperature. In the pea aphid, Acyrthosiphon  

pisum, the rate of development was faster and equal in the first three 

nymphal stages but slowed down in the fourth apteriform and alatiform 

(Campbell and Mackauer, 1975). 

Each immature stage of the cabbage whitefly, A. brassicae, had a 

different temperature threshold of development with the exception of the 

embryonic and fourth instar stages in which the thresholds were approx-

imately equal (10°  and 10.4°C respectively). The thresholds for the rest 

of the stages were 7.3°  (first instar), 5°  (second instar), and 6.5°C 

(third instar). The thresholds, therefore, declined with age but rose 

again in the last two instars. 

In the alfalfa weevil, Hypera postica, the developmental threshold for 

larvae varied between instars (Guppy and Mukerji, 1974). In the cabbage 

white butterfly, Pieris rapae, the threshold at Vancouver is remarkably high 

in the first and second instars, but declines as the larva grows older 

(Campbell et al, 1974). In England, temperature threshold for P. rapae is 



232 

highest in the egg (8.3°). All the larval stages have the same threshold 

(7.7°), while the pupa has the lowest threshold (2.8°) (Richards, 1940; 

Baker, 1968). However, in the pea aphid, A. pisum, and the cabbage aphid, 

B. brassicae, all instars had the same thresholds (Campbell et al, 1974). 

The temperature thresholds of the immature stages of the cabbage 

whitefly, A. brassicae, are not particularly important in summer when the 

temperature is generally high and favours continuous development. They 

are, however, important in relation to development of immature stages 

produced by non-diapausing females either late in the summer or early in 

the autumn. 

The decline in temperature threshold of the early stages of develop-

ment ensures that development continues in autumn and winter while the 

sudden rise in the fourth instar arrests its development until temperature 

rises in spring. This explains the occurrence of fourth instars in the 

field during winter and the absence of adult emergence late in the winter. 

The nature of the developmental arrest is discussed in Section III of 

this thesis. 

Some of the resting fourth instars retain their viability and emerge 

in spring provided the host plant leaves do not wither. The values of the 

temperature thresholds of development obtained in this investigation 

explain, therefore, why some immature stages of the cabbage whitefly, A. 

brassicae, persist in nature under autumn and winter conditions. 

The use of immobile insects in the study of density effects provides 

a more realistic information than mobile ones which, in nature, seldom 

crowd because of their ability to walk off or fly away thereby averting 

the consequences of crowding. 
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In summer, the cabbage whitefly, A. brassicae,  lays many eggs. Since 

the females are negatively phototactic and unable to fly persistently 

(see Section IV) they tend to remain on a leaf and lay as many eggs as 

possible. With many females feeding and ovipositing on the same leaf, 

many eggs occur on a leaf. Hargreaves (1914) reported that in the green-

house whitefly, T. porariorum, the first instar wanders about for about 

three days before settling while in some other species, the larvae simply 

get clear of the egg shells and settle. In the cabbage whitefly, A. 

brassicae, the first luster crawls a few millimetres from the hatching i  

point and fixes itself by means of the stylet. Subsequent immature stages 

develop in the same position until adults emerge. Thus the immature stages 

are often close together in nature. 

Results of my laboratory experiments showed a high correlation (r = 

.879; p <.1) between larval density and duration of development. Develop-

ment to adult stage was prolonged in individuals that emerged from the 

high density group. Miller (1964) had similar results for two species of 

Drosophila. The reduced rate of development with increased larval density 

in the cabbage whitefly, A. brassicae, could be due to semistarvation 

resulting from limited space and food resources. 

High larval density could have far reaching consequences on the pop-

ulation growth of a species. Since high larval density slows down the rate 

of development, the mean generation time (T) is increased which in turn 

reduces the number of generations produced in a year. 

Crowding is one of the factors which reduce the body size of insects 

e.g. Miller (1964) with Drosophila. From observations made on laboratory 

cultures of the cabbage whitefly, A. brassicae, crowding also reduces 

their body size. Since fecundity of the female cabbage whitefly, A. 
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brassicae, is proportional to her weight on emergence (Iheagwam, 1974), 

females emerging from the high larval density group will be expected to lay 

fewer eggs than those from low density group. Thus with the observed 

prolonged mean generation time (T) and the expected lower net reproductive 

rate (Ro), both the intrinsic rate of natural increase (rm) and the finite 

rate of increase (X) of females from the high larval density group will 

be expected to be lower than those of the other group. Consequently, the 

rate of growth of the population is bound to be slower than in the other 

group. 

In the cabbage whitefly, A. brassicae, increased adult density 

resulted in reduced fecundity and longevity. In Cardiaspina albitextura 

the mean number of eggs laid per female was reduced by crowding (Clark, 

1963). In the cotton stainer, D. fasciatus, both fecundity and longevity 

decreased with increased adult density (Hodjat, 1968). In the African 

migratory locust, Locusta migratoria migratorioides, crowding increased 

adult longevity whereas in adult Red Locust, Nomadacris stptemfasciata, and 

the Desert Locust, Schistocerca gregaria, it was reduced (Norris, 1950, 

1952). 

Reduced fecundity with increased density in experiments involving both 

male and female insects has been attributed to 'fighting' (Crombie, 1942) 

or "pestering effects" of males (Valentine, 1952; Hodjat, 1968). Clark 

(1963) reported that the mean number of eggs laid by 12 batches of 8 

females of Cardiaspina albitextura when kept alone was 242.7; in the 

presence of 8 males, 238; and in the presence of 32 males, 171.8. These 

results show that the pestering effect of males was only evident when they 

were in excess of females. Richards (1927) has already pointed out that 

reduction in fecundity will occur in some insects as the number of excess 

males increases. 
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In my experiment, effects of males were specifically excluded by using 

only virgin females and yet fecundity was reduced. The cause may be due to 

competition for oviposition sites. Interference among the females them-

selves is another possible factor. 

The influence of mating on egg production has been determined in many 

insects. When virgin females of the cabbage whitefly„ A. brassicae, were 

reared on young leaves of Mustard, the pre-oviposition period was shorter 

than that of mated females reared under the same conditions. The differ-

ence was, however, not significant. Thus mating is not a precondition for 

commencement of oviposition in the cabbage whitefly. In the cotton 

stainer, D. fasciatus, there is no significant difference in the pre-

oviposition periods of virgin and mated females (Odhiambo, 1968). Virgin 

females of the blow-fly, Lucilia cuprina, have well developed ovaries but 

do not lay any eggs (Mackerras, 1933); virgin tsetse-fly females on the 

other hand, have very much delayed ovulation time (Mellanby, 1937; Vander-

plank, 1947). 

Virgin females of the cabbage whitefly, A. brassicae, laid more eggs 

than mated females and the difference was very highly significant (1)4(1.001). 

It is pertinent to point out that while virgin females were caged singly, 

mated ones were caged in bisexual pairs. Because of this difference in 

density levels, it is doubtful whether the two fecundity results are 

strictly comparable. However, when the mean fecundity of the mated females 

was compared with that of virgin females reared in unisexual pairs, the 

values were 318.9 and 300 respectively. From the regression analysis of 

fecundity on density of virgin females at three density levels (2, 3, and 

4), the mean fecundity when the density was two females was 315.5 - very 

close to that of mated females. Perhaps it is more accurate to conclude 

that fecundity of virgin and mated females of the cabbage whitefly, A. 
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brassicae, does not differ significantly. In the cotton stainer, D. 

fasciatus, virgin females produced more egg batches than mated ones but the 

mean total egg production of the two groups was not significantly different 

(Odhiambo, 1968). In Rhoarius prolixus, mated females lay twice as many 

eggs as virgin females (Davey, 1965). 

Thomsen (1927) showed that the unfertilised eggs of the cabbage white-

fly, A. brassicae, develop into haploid males. Butler (1938) also made a 

similar observation. Morrill (1903) reported that in America, unfertilised 

eggs of the greenhouse whitefly, T. vaporariorum, always give rise to males 

(arrhenotoky) while Hargreaves (1914) and Williams (1917) showed that in 

England nearly all give rise to females (thelytoky). Though these 

observations seem contradictory, Wigglesworth (1965) has pointed out that 

geographical or local races of insects may be characterized by their mode 

of reproduction. Thomsen (1927) confirmed that in the greenhouse whitefly, 

T. vaporariorum, there is a race that shows arrhenotokous parthenogenesis; 

fertilised eggs producing females, unfertilised producing males; and a race 

consisting almost exclusively of females. Thomsen further pointed out that-

in the latter race the diploid constitution is restored by autoregulation - 

probably through splitting of chromosomes without nuclear division. In the 

coccids Lecanium hesperidum and L. hemisphaericum, Thomsen also reported 

that there are parthenogenetic races producing only females and bisexual 

races with a minority of males. The bisexual races show facultative 

thelytoky: unfertilised eggs develop into females2  fertilised eggs into 

either sex. In the unfertilised eggs of this race the diploid chromosome 

number is restored at the outset of development by fusion between the 

second polar body and the egg nucleus, while in the parthenogenetic races, 

the reduction division is omitted, so that the oocytes are always diploid. 
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The difference in the observations of Morrill in America and Hargreaves 

and Williams in England on the sexes resulting from unfertilised eggs of T. 

vaporariorum could be attributed to the fact that different geographical 

races were studied. 

The virgin females of the cabbage whitefly, A. brassicae, lived 

significantly longer (p (.001) than mated females. The longevity data were 

obtained from females used for fecundity experiments and therefore have 

similar limitations as already discussed. In the cotton stAlner, D. 

fasciatus, the difference in longevity of virgin and mated females is not 

significant (Oalliambo, 1968). The prolonged longevity in the virgin 

females of the cabbage whitefly, A. brassicae, increases their chances of 

encountering males before they die. 
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SECTION III: PHOTOPERIODISM IN THE CABBAGE WHITLYLYO. BRASSICAE. 
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A. INTRODUCTION 

Variations in weather often create a short-term deviation from the 

optimum ecological factors such as temperature, food and humidity, while 

seasonal and climatic changes of cyclic nature such as winter or summer 

cause great and prolonged deviation of temperature and associated factors. 

Insects are subject to all these environmental changes. 

Insects inhabiting areas of extreme ecological inconsistences are 

characterized by various degrees of arrested growth and development 

(dormancy). Unfavourable weather changes are often overcome by retarded 

but continued growth whereas seasonal and long-term extremes of cold have 

induced a characteristic period of dormancy. 

The intensity of dormancy varies with the geographical locations of 

the insect. For example, in the tropics most insects such as the cotton 

whitefly, Bemisia tabaci,continue development uninterruptedly, while in the 

temperate region other species such as the viburnum whitefly, Aleurotrachelus 

jelinekii (Frauenf.), enter long periods of suspended growth (Southwood and 

Reader, 1976). An intermediate situation with varied degree of dormancy 

depending, however, on the nature and severity of environmental stresses, 

occurs among species inhabiting the middle zones of the two extreme 

regions. Examples of such gradation include the sugar cane stem borer, 

Chilo infuscatellas (Snell.), which develops continuously in South India but 

enters larval dormancy of varied duration in North India (Pradhan and 

Bhatia, 1956). Several species of mosquito in America have uninterrupted 

development in the southern United States while entering diapause in the 

northern States and Canada (Clements, 1963; Danilevsky, 1965; Harward and 

Takata, 1965). The differences in the environmental stress may be mani-

fested in the number of generations produced in a year. 
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The term diapause was coined by Wheeler (1893) to describe the stage 

between anatrepsis and catatrepsis during blastokinesis when growth of the 

embryo of the grasshopper Xiphidium ensiferum (L.) was arrested. Henneguy 

(1904) used the term to apply to the physiological state of arrest or 

dormancy which is known to occur in many insects. Ecologists have since 

used the term, rather loosely, to include almost any sort of arrested 

development. Thus, the term diapause needed a more precise definition and 

restricted application. 

Shelford (1929) introduced the term "quiescence" for instances of 

growth interruptions due to the direct effect of unfavourable environment 

and restricted the use of the term "diapause" to cases where development is 

arrested 'spontaneously' and does not respond immediately to any ordinary 

amelioration of the external environment. Roubaud (1930) proposed the 

terms Ipseudodiapause' for quiescence and 'diapause vrai' for diapause. 

Lees (1955) considered the immediacy of response to environmental factors 

as a valid basis for distinction between spontaneous and delayed term-

ination of dormancy. Muller (1965) classified dormancy on the basis of 

immediacy of termination, differences in the nature of ecological stimuli 

required for induction and termination, and the differences in the 

intensity of ecological stimuli. Mansingh (1971) proposed a system of 

classification based on evolutionary, ecological and phenological factors 

associated with dormancy. 

Various factors that regularly change during the course of the season 

may serve as signals for diapause initiation. These include temperature, 

humidity, and the nutritive status of the food source. 

Temperature has often been regarded as a major.environmental factor 

inducing diapause. Yet in some insects, diapause sets in at temperatures 
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higher than those at which active development begins in spring. Boden-

heimer (1951) implied that in Carpocapsa pomenella progressive trend of 

lower night maxima, in nature expressed as the turning point of the annual 

temperature curve, determined diapause induction. Temperature shocks in 

the laboratory may have a similar effect. 

The food of most phytophagous species varies in quality and moisture 

content with the season. Lees (1953a) showed that senescing leaves 

strongly induced diapause in the fruit tree spider mite, Metatetranycus 

ulmi.. Grison (1947) showed that diapause was promoted by feeding larvae 

of the browntail moth, Euproctis phaeorrhoea (L.),on senescent leaves of 

,apple. Among parasitic insects, many hymenopterous and tachinid parasit-

oids possess a specialized stage, often the first instar larva, which 

lies dormant until the host terminates its dormancy. Hymenopterous 

parasites of the wheat-blossom midge have been found in their hosts seven 

years after the host had ceased feeding (Barnes, 1952). However, food and 

other components of the environment such as humidity, are not very regular 

in their seasonal occurrence. 

Of all components of the environment, solar photoperiod has the 

advantage of being an immediate expression of the astronomical factors 

determining the daily and seasonal rhythms of weather and climate. Photo-

period changes with mathematical precision in the course of the year. 

Marcovitch (1924) was the first to describe the effect of daylength 

on the occurrence of sexual forms in aphids. Kogure (1933) analysed 

photoperiodism in the commercial silkworm and its relation to temperature 

and light quality. Elaborate work has since been done (e.g. Danilevsky„ 

1948, 1949, 1951; Dickson, 1949; and Lees, 1953a, b). The subject photo-

periodism has been reviewed by a number of authorities (e.g. Andrewartha, 
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1952; Danilevsky, 1956; Lees, 1954, 1955, 1959a; Muller, 1957). 

Insect reaction to photoperiod is displayed in very different forms. 

Two types are usually distinguished; the long-day types in which long-day 

prevents diapause and the short-day in which it facilitates its initiation 

(Danilevsky et al, 1970). 

The incidence of diapause may be highly variable not only from species 

to species but also between different populations of the same species. In 

some there is only one generation each year (univoltine) and every 

individual in the generation enters diapause irrespective of any possible 

variations in the environment (obligatory diapause). An example of this 

among the aleyrodids may be the viburnum whitefly, A. jelinekii, in which 

a prolonged developmental arrest occurs in the fourth instar (Korobitzin, 

1967; Southwood and Reader, 1976). On the other hand, some species have 

several generations in one year (multivoltine) of which generations that 

do not diapause alternate with a generation in which all the individ/Ials 

enter diapause (facultative diapause). The cabbage whitefly, A. brassicae, 

illustrates this phenomenon. 

Facultative diapause is induced in all cases by environmental factors. 

In the majority of cases of obligatory diapause, it is induced by external 

factors which may have affected an earlier sensitive stage of development 

of the current generation, or even of its parent generation. 

The stage of the insect sensitive to the photoperiodic induction of 

diapause, and the photoperiodic regimen which induces diapause vary from 

species to species. Sensitivity to photoperiod is not usually extended to 

the whole life cycle. In most cases it is intensified in a limited number 

of stages or instars. Moreover sensitive and responsive stages are mostly 

different (de Wilde, 1962a). 
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The threshold of the photoperiodic response, in particular the 

critical photoperiod causing diapause in 50% of the population is of most 

ecological importance as it determines the calendar time of diapause 

initiation in nature. The exact duration of the critical photoperiod and 

the proportion of the population entering diapause frequently vary with 

temperature and over the geographical range of the species (Danilevsky, 

1965; Beck, 1968; Danilevsky et al, 1970; Tauber and Tauber, 1972). 

Since Duclaux (1869) reported the effect of prolonged chilling on the 

termination of embryonic diapause in silkworm, and Williams (1946) showed 

the effect of cold temperatures on the termination of pupal diapause of 

Hyalophora cecropia, prolonged exposure to cold temperature has been 

regarded as a prerequisite for the termination of diapause in most insects. 

Since no detailed investigation of the environmental factors regulating 

diapause induction and termination in the cabbage whitefly1  A. brassicae, 

has been published, the primary aims of the investigation described in 

this section were to determine: 

i. the influence of photoperiod on diapause induction; 

ii. the influence of photoperiod and temperature on incidence of diapause; 

iii. the sensitive stages of development to photoperiod; 

iv. the influence of food source on diapause; and 

v. the factors that terminate diapause. 
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B. MATERIALS AND METHODS 

1. Licht-box 

Wooden light boxes (60 cm x 60 cm x 60 cm) with perforated floors were 

used. Each box was equipped with a time-switch, two 45 cm long fluorescent 

tubes and an axia- fan, and kept in a constant temperature room set at a 

temperature pertinent to each experiment. 

2. Experimental plants 

Brussels Sprout plants grown as described in Section I were used. 

3. Whitefly culture  

A culture of non-diapausing cabbage whitefly was maintained at 20°C 

and a light duration of 16 hours and 8 hours dark (LD16:8). 

4. Criteria for diapause 

The following were considered as possible criteria for diapause: 

(a) The very dark pigmentation of the winter morphs since summer morphs 

are generally yellow with thin pigmentation. This criterion was 

not used because the dark pigmentation was not very apparent in 

laboratory bred winter morphs. 

(b) Absence of oviposition. The fact that oviposition occurred meant that 

this criterion was inappropriate. 

(c) The age at first oviposition. This was found very easy to monitor and 

was therefore used as the criterion for diapause. 

(d) For the immature stages, induction of diapause was considered as 

failure to develop beyond the 4th instar. This was based on the 

fact that in the field, some 3rd and 4th instar larvae are found 

on the middle and lower leaves of host plants in winter. But 
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since such larvae develop to the adult stage when brought into 

the laboratory and since development was not arrested in the 

laboratory bred winter morphs, the criterion was not a useful 

one. 

Females that oviposited within 21, 14, and 6 days on emergence at 15°, 

20 , and 25 C respectively were regarded as non-diapausing while females 

whose ages at first oviposition fell outside these ranges were said to have 

diapaused. The demarcation between non-diapausing and diapausiag forms was 

chosen with reference to the mean pre-oviposition periods for non -diapausing 

females: 3.2, 1.4, and 0.8 days at 15°, 20o and 25C respectively with 

LD16:8 (El -Khidir, 1963). 

5. Diapause response at different light regimens  

Non-diapausing females from the culture were caged on leaves of 

Brussels Sprout at 15°C and kept at 8 different light regimens: 1,D12:12; 

LD13:11; LD14:10; 1,D15:9; 1.015i:81; LD1521:82; LD16:8; LD24:0, until eggs 

were laid. The eggs were allowed to develop to adult stage at the photo-

period in which they were laid. On emergence each female was caged with 

one male on young leaves of Brussels Sprout and retained at the same photo-

period. Males were obtained from the main culture to avoid any possible 

influence of male reproductive diapause on the initiation of oviposition 

by the female. Insects were moved on to new leaves, and plants changed at 

first signs of deterioration. Diapause termination was assumed with the 

oviposition of the first egg. Records of ages at first oviposition were 

kept. 

6. arlai-LatE—.LeJ211tagelelomei_--PA122:2212. 

Experiments on the sensitive stages were carried out at 2000. Nou-

diapausing females from the main culture were caged on leaves of Brussels 
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Sprout at LD16:8 for about 24 hours during which eggs were laid. Insects 

were transferred from LD16:8 to LD12:12 at the following stages of develop-

ment: 

i. eggs less than 24 hrs old 

ii. early instar I 

iii. early instar II 

iv. early instar III 

v. late instar III 

vi. early instar IV 

vii. teneral adults 

Adult females resulting from each group of immature stage were caged 

on emergence in pairs (male + female) on young leaves of Brussels Sprout 

and retained at LD12:12 and 20°C until eggs were laid. Ages at first 

oviposition were noted and each female was discarded as soon as it laid the 

first egg. 

7. Influence of temperature and photoperiod on the incidence of diapause  

Females were reared from egg to adult stages at the following photo-

periods: LD12:12; LD14:10; LD16:8; LD24:0 at 25°  and 20°C respectively. 

At 15°C, the results of the diapause response at different light regimens 

were used. On emergence the females were treated as described for diapause 

response at different photoperiods. 

8. Effect of  food source on diapause 

Laboratory bred 'summer' females of the cabbage whitefly,i. brassicae
1 

 

were, on emergence, reared in pairs (male + female) on the top leaves of 

overwintering Brussels Sprout collected from the field in early December 

1975. Each pair of insects was caged on leaves with petioles dipping in 

water. The mean age at first oviposition was obtained. The experiments 
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were carried out at LD16:8 and 15oC. 

For control experiment, some of the laboratory bred 'summer' females 

were, on emergence, caged in pairs (male female) on young leaves of 

potted Brussels sprout grown at LD16:8 and 20°0 (i.e. summer condition) and 

kept at LD16:8 and 15°C. The mean ages at first oviposition under the two 

treatments were compared by the t-test. 

Remark: It would have been ideal to use field collected summer females for 

this experiment. This was, however, not possible because by the time the 

first generation of the cabbage whitefly appeared in May or June, the 

Brussels sprout plants in the field had produced new summer foliage. 

9. Diauause development 

(a) By chilling 

Diapausing females were collected from the field on 28.ix.75• 

These were caged on young leaves of Brussels sprout. One half of the 

insects was kept at a low temperature (5°C) and a short photoperiod (LD12:12) 

for 5 days and thereafter transferred to LD16:8 and 15°C. 

(b) By exposure to long photoperiod (1D16:8) 

The second half of the diapausing insects was kept at LD16:8 and 

15°C. 

The means of the number of days from time of field collection to 

first oviposition (termination of diapause) for the two groups of insects 

were compared by the t-test. 

10. Field collections 

During the autumn/winter of 1975/76, overwintering females of the 

cabbage whitefly, A. brassicae, were collected from a field plot of Brussels 

Sprout plants from 28.ix.75 to 22.ii.76. Collections were made once in 
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September and twice in the subsequent months except February with three 

collections. 

The field collected females were subjected to the following temperature 

treatments and light regimens: 

Date of collection 

September to November 

December to February 

(7.xii.75 to 15.ii.76) 

Temperature 	Photoperiod 

20°C 	LD16:8 

20°C 	LD12:12 

15°C 	LD16:8 

15°C 	LD12:12 

10°C 	LD16:8 

10°C 	LD12:12 

in addition to the other treatments 

All females field collected on 22.ii.76 were subjected to only one 

light regimen (1D16:8) but three temperatures (20°, 15°, and 100).  

In all cases, females were caged singly and the time from field 

collection to first oviposition in the laboratory was recorded. 

Field temperature records for the duration of collection were obtained 

from the meterological unit in the Field Station. 

11. Comparison of fecundity of 'summer' and 'winter' females  

Summer females were collected as pupae from the field and kept in the 

laboratory at 25°C until adults emerged. On emergence, adults were caged 

in bisexual pairs on young leaves of Brussels Sprout and the number of eggs 

laid each day was counted until the female died. 

Overwintering females were collected from the field on 22.ii.76, paired 

with males and kept at 25°C and LD16:8. Records were kept of the number of 
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eggs laid each day by each female. 

Data from the two groups of insects were compared assuming that the 

first eggs were laid on day 1. Thus the chronological ages of the insects 

were ignored. 
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C. RESULTS 

1. Photoperiod  

The incidence of diapause at 15°C and with different photoperiods of 

constant duration is presented in Table 57 and Fig. 31. Distribution of 

ages at first oviposition in each photoperiod is illustrated in Figs. 32(a) 

and (b). 

With photoperiods lasting from LD12:12 to LD15i::82, high incidence of 

diapause occurred. As the photoperiod extended to LD16:8, the incidence 

dropped abruptly to zero. Thus the critical photoperiod was LD15I:89. 

No diapause was observed at LD16:8 and continuous light (LD24:0) 

respectively. 

Table 57: khiclisyLoS iodin. A. brassicae females at 
15oc.  

Photoperiod 	% Diapause 

LD 12 :12 	100 

LD 13 :11 	100 

LD 14 :10 	100 

LD 15 : 9 	100 

LD 15i: 8i 	94.7 

LD 15*,: 84 	60.0 

LD 16 : 8 	0 

LD 24 : 0 	0 

2. Temperature and photoperiod 

The results obtained when insects were reared at constant temperatures 
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Figure 31: Influence of photoperiod on diapause in A. brassicae females 

at constant temperatures of 150, 200, and 2500. 
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of 15°, 20°, and 25°C, and with different photoperiods are presented in 

Table 58. The respective curves are shown in Fig. 31. 

The distribution of ages at first oviposition is illustrated in Figs. 

32-34. 

Table 58: The influence of temperature and photoperiod on the incidence 

of diapause (% diapause) in A. brassicae females. 

With photoperiods of LD12:12 and LD14:10, 100 percent diapause 

occurred at both 15°  and 20°C. No case of diapause was observed when 

insects were reared in 1016:8 or L1024:0. 

The ages at first oviposition of females reared at 25C with photo-

periods indicated above, were subjected to analysis of variance and the 

means were compared by Duncan's new multiple range test. The effect of 

different photoperiods on ages at first oviposition was significant (p< .01) 

but the means did not differ significantly. The preoviposition period 

ranged from 1-7 days. Females that laid eggs at LD12:12 after 6 days were 

regarded as showing intermediate diapause. 

Thus, while short photoperiods favoured diapause at 15° and 20°C, they 

had no effect at 25°C. 
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Figure 32(a): Distribution of ages. at first oviposition of A. brassicae 

females reared from egg to adult stage under different 

photoperiods at 15°C. 
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Figure 32(b): Distribution of ages at first oviposition of A. brassicae  

females reared from egg to adult stage under different 

photoperiods at 15°C. 



1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101+ 	1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101+ 

Age at first oviposition (days) 

LD 24:0 LD 16:8 

LD 151/2:81/2 60 

30 



258 



Figure 33: Distribution of ages at first oviposition of A. brassicae  

females reared from egg to adult stage under different 

photoperiods at 20°C. 
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Figure 34: Distribution of ages at first oviposition of A. brassicae  

females reared from egg to adult stage under different 

photoperiods at 25°C. 
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3. Sensitive stages  

Data on preoviposition time (days), range, and percentage diapause in 

the various developmental stages are compared in Table 59. 

The percentage diapause in the different stages is illustrated in 

Fig. 35 while the mean preoviposition times and their comparison by Duncan's 

new multiple range test are graphically represented in Fig. 36. Calculations 

for the multiple range test are shown in Table 60. 

The distribution of ages at first oviposition for each immature stage 

is presented in Fig. 37. 

Females transferred as eggs, instar I, and instar II from 1,1016:8 to 

LD12:12 showed 100% diapause. A high incidence of diapause (86%) also 

occurred in the females transferred to LD12:12 in the early instar III but 

dropped sharply to 35% when transferred in the late instar III stage. 

Early instar IV and teneral adults were insensitive to short photoperiod. 

Thus, the main sensitive stages of development to photoperiod were found to 

be the eggs, instar I, instar II, and early instar III. 

The mean preoviposition period in days was longest in instar II (78.32) 

and shortest in the early instar IV (2.87). 

Comparison of means by Duncan's new multiple range test showed that 

the means for instar II (78.32), instar I (65.90), and egg (59.17), did not 

differ significantly. However, they were significantly different (p = .05) 

from the rest. The mean preoviposition time for early instar III (49.31) 

was significantly different while those for late instar III (18.35), 

teneral adults (3.00), and early instar IV (2.87) were not significant. 

The first females from immature stages transferred from 1,D16:8 to 

LD12:12 as eggs and instar I laid eggs after 27 and 24 days respectively. 
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The age at first oviposition was remarkably longer in females transferred 

as instar II (43 days). 

The age class intervals (in days) with the highest percentage of 

females were 31-40 for individuals transferred to LD12:12 at the egg stage, 

51-60 and 61-70 for individuals transferred at luster I, and 51-60 for 

those transferred at instars II and III respectively. 

Table 59: Mean preoviposition times (dazs), range, and Percentage  

diapause. 

Developmental 
stage 

No. of 
observations 

Mean 
preoviposition time Range Diapause 

Egg 24 59.17 27 - 141 100 

Instar I 28 65.90 24 - 101 100 

Instar II 22 78.32 43 - 126 100 

Earlyjnstar III 29 49.31 7 - 	91 86 

Late instar III 17 18.35 2 - 	69 35 

Early instar IV 15 2.87 2 - 	5 0 

Teneral adult - 22 3.00 1 - 	7 0 

4. Influence of food plant on diapause  

The preoviposition periods of non-diapausing females reared on young 

leaves of summer and winter leaves of Brussels Sprout are presented in 

Table 61. 

The difference between the means were not significant by t-test. 



Table 60: aniparLsolosrilejaattratlispl9,....2an 	 osition of female A. brassicae  transferred at various  developmental 

sta es from LD16:8 to LD12:12 b  Duncan'p new multiple range test. 

--------,-- 

Value of p 2 3 4 5 6 7 8 

Significant Studentized 
Range (SSR) 3.15 3.19 3.23 3.26 3.29 3.34 3.38 

Least Significant 
Range (LSR) 25.17 23.49 25.81 26.03 26.29 26.69 27.01 

Early instar IV 	Teneral adults 	Late instar III 	Early instar III 
	

Egg 
	Instar I 	Instar II 

2.87 	 3.0 
	

18.33 	 49.31 	59.17 
	65.9 	78.32 

	 ./IIIIIIIM1•11.10.4.40/01•4•0 

Any two means not underscored by the same line are significantly different (p = .05) while any two means underscored by 

the same line are not significantly different. 
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Figure 35: Percentage diapause when A. brassicae females were transferred 

at the stages indicated from LD16:8 to LD12:12 at 20°C. 

Figure 36: Mean preoviposition time of A. brassicae  females transferred 

at the stages indicated from 1,1016:8 to 11112:12 at 20°C. 
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Figure 37: Distribution of ages at first oviposition of A. brassicae 

females transferred from LD16:8 to LD12:12 at the various 

stages of development at 2000. 
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Table 61: The influence of the food source on diapause induction (pre  - 

oviposition period in days) in A. brassicae (summer morphs).  

Young leaves Young leaves 

(summer) (winter) 

3 3 

6 18 

3 4 

2 15 

3 15 

3 14 

3 2 

3 4 

5. Effect of chilling on diapause development  

Table 62 represents the preoviposition periods of chilled and 

unchilled diapausing females. 

The two mean preoviposition periods were compared using the t-test. 

With 17 degrees of freedom and a least significant difference of 2.11, 

there was a significant difference (p = .05) between the mean preoviposition 

periods of chilled (35.56 days) and unchilled (50.6 days) diapausing 

females kept at LD16:8. 
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Table 62: 	Preovi osition •eriods of chilled and unchilled dia•ausin 

females of A. brassicae. 

Unchilled females Chilled females 

40 60 

41 50 

42 46 

42 52  

34  34- 

29 43 

22 43 

42 59 

37 50 

49 

6. Field collected females 

Tables 63(a) and (b) show dates of field collection, mean durations 

and range (days) at first oviposition of females reared in LD16:8 and 

LD12:12 respectively at 20°C. Similar data for LD16:8 and LD12:12 at 15°C 

are presented in Tables 64(a) and (b) respectively. Results obtained at 

10°C with LD16:8 and LD12:12 are summarized in Tables 65(a) and (b) 

respectively. 

The mean durations before oviposition under different exioerimental 

conditions are graphically illustrated in Fig. 38. 

Analysis of variance showed that the effect of dates of collection on 

the mean number of days at first oviposition was very highly significant 

(p <.001) (Tables 66(a), 67(a), 68(a), 69(a)). 
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The mean durations before oviposition occurred increased with 

decreasing temperature, being longest at 10°  and shortest at 20°C. The 

durations were also longer at LD12:12 than at 1016:8 for each temperature 

treatment. 

There was a progressive decrease in mean days at first oviposition as 

the mean weekly field temperature fell in autumn/winter. 

The mean number of days before oviposition occurred was significantly 

longer (p = .05) in females field collected before December than in those 

field collected thereafter when they were reared at LD16:8 and 20°C. With 

LD12:12 and 20°C, the same trend as described above was followed though the 

durations were longer in the latter conditions. The results at 15°C with 

LD16:8 and LD12:12 were in general, of the pattern described above. 

Comparisons of all mean durations by Duncan's new multiple range are 

presented in Tables 66(b), 67(b), 68(b), 69(b). 

With LD12:12, the mean durations in days were 1.9 times as long as in 

LD16:8 at 20°C. At 15°  and 10°C respectively, the durations were 1.7 times 

longer with LD12:12 than with LD16:8. 

At 20°C, oviposition commenced within the first week when females were 

field collected in early December and early January and kept at LD16:8 and 

LD12:12 respectively. At 15°C, females field collected in mid January and 

reared at LD16:8 oviposited in the first week while those reared at LD12:12 

did so when field collection was made in mid February. 

7. Field collected pupae  

Pupae field collected on 20.x.75 and kept at LD12:12 and 20°C emerged 

as adults. The adults had a mean preoviposition period of 23.3 days. 



272 

Pupae field collected on 13.ii.76 also emerged as adults, but the 

adults had a shorter mean preoviposition period of 4.1 days, under similar 

laboratory conditions as those collected earlier. 

8. Fecundity of 'summer' and 'winter' females.,,, 

The mean fecundity per female was found to be 62.9 for summer females 

and 113.3 for winter females. 

The mean cumulative fecundities of both morphs are plotted in Fig. 39. 
The fecundity of the diapause emerged winter females was consistently 

higher than that of the summer non-diapausing females. 
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Table 63(a): Number of days to terminate diapause by  A. brassicae females  

after transfer from outdoors to LD16:8 and 200C. 

Number of insects Mean 	I Range 

12 32.08 26 - 47 

6 28.50 25 - 36 

6 18.70 13 - 26 	' 

11 12.30 7 - 19 

9 8.20 4 - 18 

12 7.17 5 - 13 

10 6.40 2 - 12 

10 5.20 2 - 15 

10 3.60 2 - 8 

10 3.00 2 - 4 

6 2.26 2 - 3 

10 1.95 1 - 4 

Date field-collected 

28.ix.75 

12.x.75 

26.x.75 

9.xi.75 

23.xi.75 

7.xii.75 

4.1.76 

18.1.76 

1.11.76 

15.ii.76 

22.ii.76 	

I 
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Table 63(b): Number of days to terminate diapause by  A. brassicae females 

after transfer from outdoors to LD12:12 and 20°C. 

Date field-collected Number of insects Mean Range 

28.ix.75 9 72.89 46 - 92 

12.x.75 5 59.00 22 - 140 

26.x.75 • 5 41.20 23 - 72 

9.x1.75 6 19.5? 10 - 31 

23.x1.75 9 11.67 6 - 21 

7.xii.75 11 10.10 4 - 15 

21.xii.75 6 8.17 4 - 20 

4.1.76 10 4.6 1 - 6 

18.1.76 10 5.2 2 - 14 

1.11.76 10 2.9 1 - 6 

15.11.76 10 2.9 2 - 5 
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Table 64(a): Famjimofdo12Emiaa.tecl.22aliseja A. brassicae females 

after transfer from outdoors to LD16:8 and 1500. 

Date field-collected Number of insects Mean Range 

28.ix.75 10 49.7 44 - 61 

12.x.75 6 34.0 23 - 51 

26.x.75 5 25.2 15 - 37 

9.xi.75 9 17.0 13 - 24 

23.xi.75 9 15.33 8 - 24 

7.xii.75 12 9.75 5 - 14 

21.xii.75 10 6.60 4 - 12 

4.i.76 10 8.00 4 - 11 

18.i.76 10 6.10 2-11  

1.a.% 9 4.30 1 - 6 

15.ii.76 10 3.90 1 - 6 

22.ii.76 14 3.30 1 - 6 
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Table 64(b): Number of days to terminate diapause by A. brassicae females 

after transfer from outdoors to LD12:12 and 150C. 

Date field-collected Number of insects Mean Range 

28.ix.75 14 81.43 41.— 152 

12.x.75 3 68.67 65 - 76 

26.x.75 6 46.17 25 - 79 

9.xi.75 9 23.0 17 - 28 

23.xi.75 12 f 	22.83 8 - 51 

7.xii.75 12 16.0o 5 - 33 

21.xii.75 10 18.50 9 - 27 

4.i.76 10 12.00 5 - 57 

18.i.76 10 6.20 4 - 11 

1.11.76 10 8.04 3 - 18 

15.11.76 10 7.4o 1 - 11 
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Figure 38: Mean weekly temperatures and mean durations (days) at first 

oviposition of field collected A. brassicae females kept 

at three constant temperatures (20°, 15°, and 10°C) with 

two photoperiodic regimens (1016:8 and LD12:12) for each 

constant temperature. 
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Table 65(a): Number of days to terminate diapause by A. brassicae females 

after transfer from outdoors to LD16:8 and 10°C. 

Date field-collected Number of insects Mean. Range  

7.xii.75 12 26.0 12 - 38 

21.xii.75 9 21.2 9 - 30 

4.i.76 8 17.3 14 - 23 

18.1.76 10 11.7 1 - 19 

1.11.76 9 10.4 2 - 20 

15.11.76 5 6.8 6 - 8 

22.11.76 10 1.6 1 - 6 
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Table 65(b): Hu2:122L2LIaLstoteina.22 3aus...ebz A. brassicae females 

after transfer from outdoors to LD12:12 and 1000. 

Date field-collected Number of insects Mean Range 

7.xii.75 10 38.0 28 - 59 

21.xii.75 8 39.3 37 - 45 

4.1.76 10 21.9 4 - 56 

18.i.76 10 15.6 2 - 42 

1.ii.76 9 15.8 6 - 25 

15.ii.76 6 9.0 4 - 11 



Table 66(a):Al,t1mis  of variance for effect of dates of field collection on time before ovip2ailion at 20°C with 

1D16:8. 

Source of variation 
SV 

Degree of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Date of collection 
----- 

10 10098.07 100.981 6.17* 

Residual 90 1472.09 16.36 
AotlIoe•PO■110 MOI.VMUP 

Total 100 11570.16 

* Denotes significance at p < 

Table 66(b): Comparison of means b Duncan's new multi le ran e test 

------- 
Value of p 2 3 4 5 6 7 8 9 10 11 12 

Significant Studentized 
Range (SSR) 2.80 2.95 3.05 3.12 3.18 3.22 3.26 3.29 3.32 3.36 3.40 

Least Significant 
Range (LSR) 3.42 3.60 3.72 3.81 3.88 3.93 3.98 4.01 4.05 4.10 4.15 

2.0 	2.3 3 3.6 5.2 	6.4 7.2 8.2 12.3 18.7 28.5 	32.1 

         

	".11■41.01.10.10•••••••■•■••• 

Any two means not underscored by the same line are significantly different (p = .05). 



Table 67(a): Analysis of variance  for effect of dates of field collection on time before ovi•osition at 20°C with 

LD12:12. 

Source of variation 
SV 

Degree of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Date of collection 10 47814.21 4781.42 26.67* 

Residual 
------ 

81 14522.95 179.30 

Total 
--- 

91 62337.16 

* Denotes significance at p <.001 

Table 67(b): Comparison of meaaahy2an2allp new multiple ran e test 

------ 
Value of p 2 3 4 

- 
5 6 7 8 9 10 11 12 

Significant Studentized 
Range (SSR) 2.80 2.95 3.05 3.12 3.18 3.22 3.26 3.29 3.32 3.36 3.40 

Least Significant 
Range (LSR) 11.84 12.48 

*-------- 
12.90 13.20 13.45 13.62 13.79 13.92 14.04 14.21 14.38 

24.9 	2.9 	4.6 
	

5.2 	8.2 
	

10.10 	11.7 	19.6- 	41.2 
	59.0 
	

729 
......1••■••••■••■•1 

 

evaMonliMmalmOlovillus101.1.411.m.•••■••••• 	 

 

  

Valsol.1010111111111•111101,1 

Any two means not underscored by the same line are significantly different (p = .05). 



Table 68(a): Anal sis of variance for effect of dates of field collection on time before oviposition commenced at  15°C 

with LD16:8. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Date of collection 11 20050.2 1822.75 107.47* 

Residual 
- 	-------- 

96 1626.21 16.96 
----- 

Total 107 21676.41 

* Denotes significance at p <.001 

Table 68(b): C2m22ElLon of means by Duncan's new multimItsmgttast  

Value of p 2 3 4 5 6 7 8 9 10 12 

Significant Studentized 
Range (SSR) 

Least Significant 
Range (LSR) 

2.80 

3.33 

2.95 

3.51 

3.05 

3.63 

3.12 

3.71 

3.18 

3.78 

3.22 

3.83 

3.26 

3.88 

3.29 

3.92 

3.32 

3.95 

3.36 

4.00 

3.40 

4.04 

3.3 	3.9 4.3 	6.1 6.6 	8.o 9.8 	15.3 25.2 	34 	49.7 

   

460 	 

   

      

	imnewn■411•■•■■••••••••■■1.. 	 

Any two means not underscored by the same line are significantly different (p = .05). 



Table 69(a): Analysis of variance for effect of dates of field collection on time before ovi osition commenced at 1 

with. LD12:12. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Date of collection 10 64984.97 6498.5 31.08* 

Residual 95 19859.38 209.1 

Total 105 84844.35 

* Denotes significance at p< .001 

Table 69(b): Comparison of meauiayj22zncanLsLieIArmt1Lp1:aaze  test 

-----------___ 
Value of p 

------- 
2 3 4 5 6 7 8 9 10 11 12 

Significant Studentized 
Range (SSR) 2.80 2.95 3.05 3.12 3.18 3.22 3.26 3.29 3.32 3.36 3.4 

Least Significant 
Range (LSR) 12.21 12.86 13.30 13.60 13.86 14.04 14.48 • 14.65 14.82 

6.2 	7.4 	8 	12.7 	16 	18.5 	22.8 	23 	1.161.261.2 	81.4 
0■0101.11041..1.11■11111117.0 ff••010018.S.IIIII. 

Any two means not underscored by the same line are significantly different (p = .05). 
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Figure 39: Cumulative total number of eggs per diapause emerged female 

(A 	A) and non-diapausing female (0----411) of A. 

brassicae at 25°C. 
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D. DISCUSSION 

The cabbage whitefly, A. brassicae, shows a long-day type of response 

to photoperiod. Consequently, in summer when photoperiods are long, 

temperature optimum, and food abundant, the reproductive rate is at its 

height. Generation times are short and under summer conditions several 

generations are produced in a year (multivoltine). The number is dependent 

on the prevailing weather conditions. 

Like most temperate multivoltine insects e.g. Oncopeltus fasciatus 

(Dingle, 1974), and mites e.g. Metatetranychus ulmi (Lees, 1950, 1953a), 

the cabbage whitefly, A. brassicae, is exposed to shorter photoperiod and 

lower temperature in autumn. The low autumn temperature may not necessarily 

fall below the threshold for development. Butler (1938) reported that the 

fall in autumn temperature was responsible for the cessation of breeding 

activity in the cabbage whitefly, A. brassicae. However, under laboratory 

conditions of LD16:8 and 10°C, oviposition continues uninterruptedly. 

From the laboratory results of the influence of temperature and photo-

period on the incidence of reproductive diapause (Table 58 and Fig. 31), 

photoperiod, rather than temperature, is the main environmental factor that 

initiates diapause in the cabbage whitefly, A. brassicae. Photoperiod has 

been shown to be a major environmental factor in controlling the induction 

and maintenance of diapause in many insects. I do not, however, under-

estimate the importance of low temperature in inducing diapause. Hodek 

(1971) showed high incidence of diapause when females of the bug, P7-frhocoris 

apterus, were exposed to low temperature. 

Beck (1962a, b) showed that the incidence of diapause in the European 

corn borer, Ostrinia nubilalis, was very high when the cool phase of the 

thermoperiod occurred during the dark portion of the photoperiod (scoto- 
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phase). Similar results have been reported by Goryshin (1964) in three 

lepidopterous species. Under the natural environment of the cabbage white - 

fly, A. brassicae, the low scotophase temperature of autumn and winter will 

reinforce the effect of short photoperiod in diapause induction. 

Temperature may modify or abolish insects' reaction to photoperiod. 

In the cabbage whitefly, A. brassicae, a temperature of 20°C did not avert 

diapause but 25°C did. The prevention of photoperiodic induction of 

diapause by high temperature was first reported in Diataroxia oleracea by 

Way and Hopkins (1950). Similar observations have been reported in the 

fruit tree spider mite, M. ulmi, (Lees, 1950) and the root maggot, Euxesta 

notate, (McLeod, 1964). Beck (1968) suggested that temperature extremes 

lead to a bypassing of the photoperiodic response system or they may be 

the result of the critical photoperiod having been shifted to a point lying 

outside the range of photoperiods to which the insects were exposed* 

Some characteristics of an insect population that are of great 

importance to its adaptation to seasonal changes have been outlined by 

Beck (1968). These include: 

1. the critical photoperiod for diapause determination; 

2, the growth stage at which diapause is determined; 

3. the growth stage at which the response is manifested; 

4. the effect of temperature on the critical photoperiod; and 

5. the temperature characteristics of the insects growth. 

The critical photoperiod (causing diapause in 50% of individuals) is 

of great ecological importance because it determines the calendar time of 

diapause initiation in nature. The critical photoperiod for the cabbage 
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whitefly, A. brassicae, was found to be 15 hrs 45 minutes at 15°C with 60% 

diapause (Table 57 and Fig. 31). 

Photoperiodic response curves at medium temperatures are usually 

asymmetrical and show a steep transition at one side of the optimum. 

Withrow (1959) pointed out that the steepness indicates the precision of 

the time-measuring effect of the photoperiodic induction process and 

determines its reliability as an indicator of the season. Fig. 31 therefore 

illustrates the sensitivity of the cabbage whitefly, A. brassicae, to al  

change as short as 15 minutes in the duration of light period. Lees (1955) 

remarked that some insects are sensitive to a change of 15 minutes in the 

duration of light period. 

At suboptimal photoperiods the incidence of diapause fell gradually to 

the zero level. Such gradual fall off with increased photoperiod has been 

reported in Grapholitha (Dickson, 1949). Constant illumination did not 

induce any diapause in the cabbage whitefly, A. brassicae. Tauber and 

Tauber (1972) made a similar observation in Chrysopa nigricornis. De Wilde 

et al, (1959) reported a 50% diapause in the Colorado beetle, L. decemlineata, 

under constant illumination. 

Though 100% diapause occurred in the cabbage whitefly, A. brassicae, 

at 20°C with LD14:10, it should not be assumed that the critical photo-

period at this temperature is the same as at 15°C. This is because 

temperature influences critical photoperiods. Extrapolation from Fig. 31 

shows that the critical photoperiod at 20°C is 15 hrs 15 min. - a decrease 

i of 30 mins. for 50C rise in temperature. Lees (1963) showed that the 

critical photoperiod for ovipara production by the aphid Megoura viciae 

decreased approximately 15 minutes for every 5°C. In the Asiatic bollworm, 

Chloridae obsoleta, the critical photoperiod changes by 60 minutes for a 
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0 5 C change in the constant temperature (Goryshin, 1958). However, Saunders 

(1970) reported that the critical photoperiod in the flesh-fly, Sarcophaga 

argyrostoma, was about the same at both 15°  and 20°C. 

Although laboratory data are not directly applicable to field 

conditions, they indicate the limits of the factors under observation. The 

mean photoperiod in the last week of July 1975 was 15 hrs 44 mins. From 

the laboratory results of the critical photoperiod at 15°C (15 hrs 45 mins), 

it will be expected that a high percentage of eggs laid as from late July 

by non-diapausing females will give rise to diapausing adults. With a drop 

in temperature at this point in time, and consequent lengthening of the 

development time (52 days at 15oC), diapausing adults will be expected to 

emerge in the 3rd week of September. Since development rate proceeds 

faster under fluctuating temperatures (Ludwig, 1926; Shelford, 1927; Cloud-

sley-Thompson, 1953) diapausing adults may emerge earlier. El-Khidir 

(1963) reported that autumn generation of the cabbage whitefly, A. brassicae, 

emerges by mid September. Thus, there is a close agreement between the 

laboratory determined critical photoperiod and the approximate time of 

photoperiodic induction of diapause and also the appearance of diapausing 

females in nature. 

The stages of development which monitor the photoperiodic cues vary , 

from species to species. In the cabbage whitefly, A. brassicae, the stages 

include the eggs, instars I, II, and early instar III. Both instar IV 

and teneral adults are indifferent to photoperiod. In Chrysopa  nigricornis  

the sensitive stages are iastars I, II, and the free living instar III 

(Tauber and Tauber, 1972). In Wyeomyia smithii the early instars are the 

sensitive stages (Evans and Brust, 1972). In 0. fasciatus maximum 

sensitivity occurs in the late instar V (Dingle, 1974). Sensitivity in the 

adult stage has been reported in L. decemlineata (de Wilde et al, 1959), 
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Coccinella novemnotata (McMullen, 1967), and in Hippodamia tredecimpunctata 

(Storch and Vaundell, 1972). Sensitive stages to photoperiod are not 

always the responsive stages. In the cabbage whitefly, A. brassicae, the 

responsive stage is the adult. In Aleurochiton complanatus the responsive 

stage is the pupa (Muller, 1962). 

A knowledge of the reproductive biology of the cabbage whitefly, A. 

brassicae, elucidates the significance of the photoperiodic induction by 

the early immature stages. The non -diapausing females are often reprod-

uctively mature on emergence. A shift of the sensitive stage to the adult 

stage may lead to a commencement of oviposition by a large proportion of 

. the autumn generation, especially if the temperature is not below 10°C. 

Eggs thus laid may not reach maturity with the winter temperature falling 

below the threshold for development. Furthermore, the chances of the 

females surviving through winter will be reduced because of insufficient 

food reserves as a''result of egg development. It seems logical that a 

maximum sensitivity in the adult stage will lead to extinction of the 

species with time. Thus, sensitivity to photoperiod by the early immature 

stages and its manifestation as gonotropic dissociation constitute a 

biological strategy to ensure the perpetuation of the insect. 

In autumn and winter, immature stages of the cabbage whitefly, A. 

brassicae, are found in the field, provided the leaves of'the host plant 

are able to stand the weather. Some of these immature stages, particularly 

instar IV, emerge as adults in spring when the ambient temperature is 

reasonably high. Such immature stages emerge as adults under suitable 

laboratory conditions. This is, therefore, a clear case of quiescence 

which is brought about by low temperature. The cabbage whitefly, A. 

brassicae, therefore combines a reproductive diapause (in the adult stage) 

with quiescence (in the immature stages) to overcome the stresses of the 

winter season. 
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Reproductive diapause was not induced in non-diapausing females of the 

cabbage whitefly, A. brassicae, fed field collected 'young' leaves of over-

wintering Brussels Sprout. It was not prevented by feeding females, reared 

in diapause inducing conditions, on young summer foliage. Since the bio-

chemical compositions of plants vary with seasons e.g. summer leaves of 

Viburnum tinus (the food plant of the viburnum whitefly) show higher 

concentrations of total amino acid than winter leaves, Southwood (personal 

communication), the quality of the food plant of the summer generations of 

the cabbage whitefly, A. brassicae, will be expected to differ from that on 

which the autumn generation feeds. However, the difference was not mend- 

, fested in the form of reproductive diapause. 

Reports on the influence of food on diapause seem to be conflicting. 

For example, Jermy and Saringer (1955) could not find any nutritional 

effect on the Colorado beetle, L. decemlineata, since feeding young beetles 

young potato leaves did not prevent diapause. But Grison (1956) reported 

that senescent leaves promoted diapause in the same insect. Larczenko 

(1957) showed that as the lipid: protein ratio increased, the incidence of 

diapause in L. decemlineata also increased. As the cabbage whitefly, A. 

brassicae, enters reproductive diapause as early as September, the role of 

food source in diapause induction is negligible. 

Chilling was found to be a more effective factor in diapause term-

ination than long photoperiod. Andrewartha (1952) and Lees (1955) have 

shown that the highest speed of diapause reactivation for temperate insects 

with winter diapause, usually occurs at temperatures below the level 

necessary for active life processes. 

The time required by diapausing females field collected from September 

1975 to February 1976 to complete their diapause development was longer in 
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females collected before December and shorter in those collected as from 

January. Collyer (1967) made a similar observation in A. nemorum. The 

times to complete diapause development were longer in insects kept at 15°C 

with 1012:12 and shorter in those kept at the same temperature but with 

1016:8 (Tables 64(a) and (b) and Fig. 38). At 20°C, a similar trend was 

followed though the durations were shorter in the latter temperature 

(Tables 63(a) and (b) and Fig. 38). The fact that the short photoperiod 

maintained a repressive effect on reproductive development seems to 

indicate that the diapausing females were still sensitive to photoperiod. 

Kamm (1973) has shown that in Chrysoteuchia topiaria short photoperiods 

also retard development during diapause. Tauber and Tauber (1976) reported 

the requirement of short-day for diapause termination in the univoltine 

Chrysopa downesi. 

Females of the cabbage whitefly, A. brassicae, field collected in late 

February, 1976, oviposited within the first week when kept at temperatures 

of 10°C and above, whereas those collected in September, 1975, had mean 

durations of 5 weeks and 7 weeks at 20°  and 15°C respectively. Butler 

(1938) reported that cabbage whitefly females brought into the laboratory 

at any time during autumn or winter, and placed under suitable conditions, 

always began to oviposit within the first week and usually within the first 

three days. If Butler's observations were correct, then .the nature of the 

reproductive arrest should best be described as quiescence. However, 

detailed laboratory studies supported with field observations have clearly 

demonstrated that the dormancy in the cabbage whitefly is not a mere 

quiescence but diapause. It seems likely that Butler's observations were 

made on females that had experienced the cold winter temperature. 

Opinions are divided as to what factors terminate diapause and syn-

chronize it with spring development. The fact that cold temperature 
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facilitates diapause development (physiogenesis) with ultimate resumption 

of morphogenesis in spring as temperature rises above the threshold for 

development, has led some workers (e.g. Andrewartha, 1952) to believing 

that temperature was the sole environmental factor that terminates diapause. 

Some authors (e.g. Beck, Cloutier and McLeod, 1963; Adkisson, 1964; McLeod, 

1964) on the other hand, have proposed that in nature, the time of 

resumption of development is determined by the daylength and not temperature. 

It has been demonstrated in Pieris brassicae that after the initiation 

of diapause, photoperiodic response is often sharply weakened, and in 

Barathra brassicae it is completely abolished. Photoperiodic reaction has 

also been reported to disappear completely after sufficient chilling. 

Since females of the cabbage whitefly, A. brassicae, field collected in 

February and reared at 100, 150, and 200C respectively with ID16:8 and 

LD12:12 respectively for each temperature regime, commenced oviposition in 

the first week of-collection. whereas those kept at 50C with LD16:8 main-

tained their diapause indefinitely, it is possible that the photoperiodic 

induction was so much weakened by the chilling effect that a rise in 

temperature above the threshold for development led to diapause termination. 

Thus, temperature seems to have an overriding influence in diapause term-

ination. But since temperature and photoperiod are components of the 

environment in which the cabbage whitefly, A. brassicaellive, resumption of 

morphogenesis in spring could be as a result of the cumulative effects of 

both factors on the diapausing females. 

Dingle (1974) pointed out that not much attention has been paid to the 

pattern of diapause emergence in insects. Diapause terminated females of 

the cabbage whitefly, A. brassicae, showed higher fecundity level than the 

non-diapausing ones. Soni (1976) obtained similar results with Erioischia  

brassicae. This observation is very significant because population density 
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is usually very low in spring as a result of winter mortality. 

The distribution of the cabbage whitefly, A. brassicae, in the United 

Kingdom is interesting. It is abundant in the southern counties, occurs 

sporadically in the midlands, but is almost unknown in the north and in 

Scotland. 

Photoperiod is one of the most important isolating factors in intra-

specific geographical distribution. Photoperiodic response of an insect 

species may differ according to the geographical latitude at which they 

occur. Such insects may differ in intensity of photoperiodic response, 

effect of temperature on response, and critical photoperiod. With increase 

in latitude, temperature decreases, causing a restriction in the number of 

generations. 

In central Scotland (lat. 56.4 N), Anthocoris nemorum has only one 

generation in a yeaa- (Hill, 1957) whereas in southern England (lat. 51.24 N), 

two or more generations have been reported (Anderson, 1962; Collyer, 1967). 

It is possible that the distribution of the cabbage whitefly, A. brassicae, 

has been influenced by differences in latitude, temperature, and photo-

period. With the aid of photothermographs (Ferguson, 1957), the relative 

importance, of these factors in the distribution pattern of the cabbage 

whitefly, A. brassicae, can be ascertained. 

By entering diapause in winter, the cabbage whitefly, A. brassicae, 

ensures that its biology synchronizes with that of the host plant and also 

with the seasonal climatic cycle. The manifestation of diapause in the 

adult stage as gonotropic dissociation enhances its flight ability, thus 

enabling the insect to move from its deteriorating habitat to overwintering 

quarters. 
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SECTION IV: FLIGHT BEHAVIOUR OF THE CABBAGE WHITEkLYt A. BRASSICAE. 
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A. INTRODUCTION  

Insect flight has attracted much attention for many years and has been 

studied both qualitatively and quantitatively. 

El-Khidir (1963) remarks that the little available information on 

flight of aleyrodids is mainly qualitative. His quantitative study, with 

the aid of suction traps, provides information on the daily and seasonal 

flight rhythm of the cabbage whitefly, A. brassicae. 

The citrus whitefly, A. citrit  are said , to cover a flight range of 

about 111 miles (Morrill and Back, 1911). The range of flight of insects, 

particularly pests, is of great practical importance, and has been assessed 

by various methods. 

The method of marking and releasing of insects yields reliable results 

provided the range of flight is limited and the insect is readily trapped 

in large numbers. It is not very useful where there is a combination of 

long flight range and difficult terrain. A further defect of this method 

is that it is difficult to be sure that the known distance covered was the 

result of a single flight rather than a number of flights. 

Another method which has given much information on flight range of 

insects is the observation of dispersion from known restricted breeding 

sites (e.g. Waloff and Bakker, 1963; Rose, 1973). Some information 

obtained in this way could be misleading because of possible distribution 

of insects by other artificial means. For example, Morrill and Back (1911) 

reported that during periods of migration in Florida, large numbers of the 

citrus whitefly, A. citri, alight upon automobiles, carriages, wagons, and 

railroad coaches. 
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Qualitative data on flight range of insects have been obtained by 

Blanton et al (1950); Wilson (1951); Hocking and Richards (1952), from 

observations on the rate of infiltration of insects into an area previously 

cleared of them by the application, of insecticide. Field observations also 

provide information on flight range, especially with large conspicuous 

insects. The annual migrations of the monarch butterfly, Danaus plexippus, 

from Canada to the southern U.S.A. (Urquhart, 1960) and the occasional 

occurrence of african locusts in Britain are well known. Rainey (1976) has 

developed a method of relating insect movement and that of air masses. 

This synoptic approach has shown how insects may regularly move hundreds of 

miles. 

Hocking (1948) quoted in Hocking (1953) suggested the possibility of 

estimating flight range from a consideration of the energy available to the 

animal and the rate at which this is used up in flight. On the basis of 

this, he made preliminary calculations of the flight range of a mosquito. 

Flight ability of insects has been studied by measuring their speed of 

flight by direct timing in the open with a stopwatch. Similar timing 

technique has been used under various controlled conditions, such as flight 

towards a window in a room, or towards a light at the end of a tube 

(Bentley, 1914), observations in a wind tnnnel (Kennedy, 1939); comparison 

with the speed of a train or other vehicle (Fernald, 1925; Twinn et al, 

1948; Nielsen and Nielsen, 1950). 

Flight speed of insects has also been measured by means of flight 

mills (Hocking, 1953; Henson, 1962). The technique of flying insects 

tethered to pins has been used by many workers (e.g.. Cockbain, 1961a; 

Dingle, 1966, 1968a, b; Caldwell and Hegmann, 1969). Kennedy and Booth 

(1963a) remarked that tethered flight, whether in still air or in an 

appropriate relative wind, does not provide an adequate approximation to 
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flight when some other aspects of it are under study. For example, Cock-

bain (1961b) noted that his fixed aphids continued 'flying• for consider-

ably longer than free aphids were estimated to fly in the field. Rose 

(1972) remarked that the pin on which his leafhopper was held should be 

regarded as an inhibitory factor since 'non-fliers' on pins flew in 

collection tubes. Kennedy and Booth (1963a) stressed the point that when 

the purpose is to study the interaction between flight and alternative 

behaviour patterns, the use of the tethered insects may distort the results 

owing to abnormal sensory inputs both during the fixed flapping and when 

the insects are transferred from the suspension to some test situation. 

The flight chamber invented by Kennedy and Booth enables the natural 

sequence of flight, settling, and acceptance or rejection of the host plant 

by an insect to be studied in detail without handling the insects. Free 

flight in a flight chamber was considered the most appropriate method in 

the study of flight behaviour of the cabbage whitefly, A. brassicae, and 

was, therefore, used. 

Dingle (1974) pointed out that the introduction of experimental methods 

into the study of insect migration is a relatively recent phenomenon; 

earlier studies having been based mainly on field observations. Data from 

experimental approaches could now be combined with field data to provide an 

integrated view of the whole migration process (Johnson, 1969; Dingle, 

1972). 

The main aims of the investigation described in this section were to 

assess 

i. the teneral periods at constant temperatures and distinguish between 

the developmental and behavioural components; 
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ii. the relationship between leaf age, temperature, and take-off with 

age; and 

iii. the general flight behaviour of the cabbage whitefly, A. brassicae. 

If the results of the experiment were considered side by side 

with El-Khidir's (1963) field data, a complete view of the 

insects' migratory process would be obtained. 

The flight study was confined to females since only females are 

responsible for future population increase. 
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B. MATERIALS AND METHODS  

1. Take-off chamber 

A black-walled cylindrical chamber (50 cm high and 10 cm diameter) 

with a chimney at one end, was constructed (Fig. 40). The inner surfaces 

of both the cylinder and the chimney were smeared with a sticky substance 

to ensure that any insect that took off did not return to the leaf. 

Leaves with experimental insects were detached from the potted plants 

and their petioles dipped in water in a corked tube. The top surface of 

the cork was also coated with the sticky substance to trap any insect that 

walked off the leaf. The tube was in turn placed in a vessel containing 

water - a further measure to prevent insects from reaching the wall by any 

means other than flying. An array of chambers thus constructed was placed 

under fluorescent tubes during experiment. Smaller chambers (8 cm high 

and 2.5 cm diameter) were used for teneral period experiments. 

2. Flight chamber 

The flight chamber used was a vertical wind tunnel described by 

Kennedy (1974), Kennedy and Ludlow (1974), and Laughlin (1974). It was similar 

in principle to that originally described by Kennedy and Booth (1963a) but 

now formed part of a closed-circuit airflow system. The flow of air 

through the working section was not confined to the central illuminated 

area as in the previous model, but extended beyond it on all sides. 

The vertical airflow through the working section was produced by 

setting up a pressure differential between the upper and lower plenum 

chambers. The flap valves provided a very sensitive control of the airflow 

through the working section and were actuated via a counter balanced lever 

system by the operator while standing at the open front of the working 

section. From there, it was possible to watch the flying whitefly and hold 
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Figure 4O: Take-off chamber. 
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it at 5-15 cm below the roof screen by continually adjusting the rate of 

downward airflow to balance the insect's rate of climb toward the light. 

One of the flap-valve spindles carried a cam actuating a potentio-

meter, the voltage across which was fed into a chart recorder to provide a 

continuous record of the airspeed and therefore of the insect's rate of 

climb. The cam had been shaped so that the voltage across the potentio-

meter varied approximately linearly with the air speed at the flying 

insect's level under the centre of the lit area of the roof screen. 

When a flying cabbage whitefly began to sink, instead of climbing, the 

flap valves were used to reverse the direction of airflow from downward to 

upward, through the working section. A sinking flier could be kept air-

borne and its sinking speed recorded. 

3. Determination of teneral period 

Leaves infested with instar IV were field collected on 10-x-75 and 

kept at four constant temperatures (250, 20 150, and 10oC) until adults 

emerged. 

Immediately on emergence, some females were placed on young leaves and 

others on senescent leaves which had been trimmed to fit the apparatus. 

Experiments were set up at the respective temperatures with the chambers 

arranged under a fluorescent tube. The insects were examined hourly from 

the time of emergence till they took off and landed on the sticky wall. 

Insects which took off during the interval were assumed to have done so at 

the midpoint between one inspection and the next. Thus, the time from 

emergence to take-off was taken as the teneral period. 

4. Determination of flight development period 

The experimental procedure was similar to that described above except 
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that the insects used were not allowed to take-off voluntarily. Instead, 

on emergence they were transferred to young and senescent leaves respect-

ively and their ability to fly was tested by dropping them from a known 

height (68 cm) above the floor of a light cabinet. Drop-tests were first 

made at -a. hr after emergence and subsequently at hourly intervals. The 

behaviour of each insect was observed as it dropped off. For example, 

whether the wings were closed or opened, beat weakly or strongly; whether 

the insect flew horizontally or upwards to source of light. The time 

between emergence and flight was taken as the time required by the adults 

to become "flight-mature". 

5. Take-off of 'winter' morphs with age 

Female insects bred at 15°C with LD12:12 (diapause inducing condition) 

were used. Emergence often occurred between 7 a.m. and 11 a.m. This made 

it possible to work with females of the same age. Usually females that 

emerged within 30 minutes were regarded and treated as of the same age. 

Each group of 6 females was caged on young leaves of Brussels Sprout and 

kept at 15°C with LD12:12 until the required age for take-off experiment 

was attained. 24 days was the limit of the age tested. 

To avoid any possible excitatory or depressive effect on the ability 

of the insects to take-off, carbon dioxide was not used to anaesthetize 

them. Instead, insects were transferred to a constant temperature room at 

10°C for about 15 minutes during which the experiments were set up as 

shown in Fig. 40. Each chamber was carefully transferred to the appropriate 

temperature under investigation. The duration of the experiment was 5 

hours after which the experiment was stopped and records of the number of 

insects that took off, walked off, or did not take-off were taken. The 

experiment was repeated at 20°C to test the effect of different temperatures 

on take-off with age. 
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6. Take-off of 'su~erf morphs with age 

Females of cabbage whitefly bred at 15°C with LD16:8 (diapause 

preventing condition) were used. Adults were collected and treated as 

described for '\v.inter' morphs except that they were kept at LD16:8 until 

the required age for take-off experiment was reached. But because of the 

commencement of oviposition, it became necessary to move the insects to 

new leaves so as to standardize conditions on the holding leaf. The limit 

of the age tested was 16 days. The experiment was repeated at 20°C for 

comparison with 15°C. 

7. Effect of leaf age on take-off 

The effect of young and senescent leaves on ta~e-off was determined 

for • summer , morphs at 20°C. The method used was similar to that described 

above. 

8. Flight ability of winter and summer morphs 

The winter morphs were field collected as late instar IV in November, 

1975. These were kept at 15°C with LD12:12 until adults emerged. Only 

2-day old females were used. To ascertain whether the females were 

diapausing or not, some were reared at LD12:12 and others at LD16:8 but 

under the same temperature. Test insects were usually warmed by keeping 

them at 20°C for about 1 hour. 

'Summer' morphs were reared at 15°C with LD16:8 and the females were 

flight tested at 2-day old stage. 

The flight ability of \v.inter and summer morphs was assessed in terms 

of the number of take-offs each insect required to reach a cumulative total 

of 40 seconds of flight. 

First take-offs were usually from leaf surfaces into the flight 



chamber. These were either voluntary (as in \v.inter morphs) or induced by 

prodding with a camel-hair brush (as in summer morphs). Summer morphs were 

prodded after about 60 sees during which all winter morphs had taken off. 

Subsequent take-offs, spontaneous in winter morphs but induced in summer 

morphs, were either from the wallar floor of the chamber. Both the 

duration of flight and the number of take-offs were read off from the chart 

of the recorder. 

The experiment was replicated twice, each consisting of 6 winter morphs 

and 7 summer morphs. 

The results were analysed by the Mann-Whitney U test (Siegel, 1956). 

Insects that had flown for some time suddenly dropped on the floor of 

the cabinet. These were thought to be exhausted but the fact that they 

were able to take-off again, though not flying persistently (less th~~ 5 

sees) necessitated the use of the term 'drop-outre Insects that provided 

data for the duration of flights were flown to drop-out. 

9. Effect of food deprivation on flight ability of summer morphs 

The difference in the flight ability of food-supplied and food

deprived summer females was based on the number of stimulated flights 

required to achieve 40 seconds of continuous flight. The means were 

compared by the t-test. 

10. Ehotokinetic response 

The photokinetic response of the cabbage whitefly was measured as the 

rate of climb. The rates of climb were measured as averages over 60 sec 

which could be read to the nearest 0.5 em/sec from the recorder charts with 

the aid of a graduated cursor (Kennedy, 1965). 
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11. Rebound principle  

The mean rates of climb (cm/Sec) in the last 60 sec before landing and 

the first 60 sec after re-take-off were measured. The difference between 

the two values was tested by Wilcoxon matched-pairs signed-ranks test 

(Siegel, 1956), 
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c. RESlJ""LTS 

1. Effects of temperature and leaf age on teneral period 

The length of teneral period of !. brassicae females on young and 

000 0 senescent leaves of Brussels Sprout at 25 , 20 t 15 , and 10 C is presented 

in Table 70. 

Fig. 41 illustrates the relationship between temperature and the 

duration of teneral development as well as the speed of development. 

Analysis of variance are sho~m in Tables 71 (a) - (d). 

The variance ratio (F) for leaf age effect was highly significant 

(p < .001 at 250
, 15°, and 10°C respectively, and p < .01 at 20°C). 

The teneral periods were longer on young leaves than on senescent. 

The differences were also highly significant (p<~001). 

The slopes of the regression lines of rate_ of teneral development on 

temperature were 0.273 and 0.864 on young and senescent leaves respectively_ 

2. Flight development time 

Insects tested for 'flight maturity' by 'forced-dropping' at ~ hr. 

from emergence fell to the floor of the light cabinet ~dthout opening their 

,-lings. All those tested after 1t brs feebly beat their ''lings and landed on 

the floor. When tested after 2~ hrs, the insects flew horizontally to the 

wall of the cabinet while most of those tested after ~ hrs flew upwards to 

the source of light. Thus, the insects were flight mature after about 2~ 

o hrs when kept on senescent leaves at 20 C. 

3. Effect of temperature and age of insect on take-off 

(a) Winter morphs 

Data on take-off with age of winter morphs at 200 and 150C are 



Table 70: Teneral period of ~. brassicae females on young and old leaves at four constant temperatures. 

Young leaf Old leaf 

Temperature No. of x teneral Standard No. of x teneral Standard 
°c insects period (hrs) deviation (S.D) insects period (hrs) deviation (S.D) 

25 8 16.4 + 8.60 13 5.7 .±. 1.88 

20 7 25.3 .± 10.95 6 6.8 .:t 1.89 

15 10 29.3 + 7.01 10 7.7 .:t 1.49 

" 10 9 57.8 + 9.33 9 28.3 .:t 1.76 

-

\..'-1 
~ 
o 
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Figure 41: Temperature-time curve of teneral development in A. brassicae  

on (a) young leaves, and (b) senescent leaves of Brussels 

Sprout at constant temperatures. 

Standard deviations are indicated by horizontal lines. 
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Table 71(a): Analysis of variance for leaf age effect on teneral period at 25°C. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

4,  
Variance Ratio 

F 

Treatment 557.06 19.1* 

Residual 19 554.18 29.17 

Total 20 1111.24 

* Denotes significance at p <.001 

Table 71(b): Analysis of variance for leaf age effect on teneral period at 20°C. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Treatment 1 1100.05 1100.05 16.26* 

Residual 11 744.26 67.66 

Total 12 1844.31 

* Denotes significance at p <.01 



Table 71(c): Anal sis of variance for leaf aP'e effect on teneral period at 15°C. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

----- 
Treatment 1 2332.8 2332.8 90.84* 

Residual 18 462.2 25.68 

Total 19 2795 

* Denotes significance at p <.001 

Table 71(d): Analysis of variance for leaf age effect on teneral period at 10°C. 

Source of variation 
SV 

Degrees of freedom 
DF 

Sums of squares 
SS 

Mean Square 
MS 

Variance Ratio 
F 

Treatment 1 3901.38 3901.38 17.82* 

Residual 16  3502.56 218.91 

Total 17 7403.94 

* Denotes significance at p< .001 
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summarized in Tables 72(a) and (b) respectively and illustrated graphically 

in Fig. 42. 

There was no outstanding peak at any particular age. Percentage 

take-offs were consistently high (above 75%) at both temperatures in the 

first 24 days of adult life. 

The values obtained at both temperatures were compared by the 

Sign Test and found not to differ significantly. Thus, the ability of the 

winter morphs to take-off was unaffected by the temperatures tested. 

(b) Summer morphs 

Tables 73(a) and (b) show the percentage take-off of the summer 

morphs with age at 20°  and 15°C respectively. Both are illustrated in Fig. 

42. 

The percentage take-off reached a peak (45%) at both temperatures 

in the first couple of days of adult life. Thereafter, it decreased 

steadily with age, with the values at 20°  consistently higher than those at 

15oC. 

4. Effect of leaf a e on take-off of summer morphs 

The results are shown in Tables 73(a) and 74 for young and senescent 

leaves respectively and also in Fig. 42. 

Leaf age had a profound effect on take-off. 100% take-off was 

recorded on senescent leaves at the 2-day old stage. Though the percentage 

take-offs decreased after reaching the peak, it did not fall below 60% in 

the first 16 days of the test. The results on young leaves were the same 

as described above for temperature and age effects. 
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Table 72(a): Relationship bet,•reen age and take-off in  A. brassicae 

Age of Insect (days) 

(winter morphs) at 20°C. 

% take-off No. tested 

2 35 83 

4 37 92 
6 60 88 
8 51 82 
10 32 88 

12 36 97 
14 26 81 
16 21 76 
18 21 78 
20  ko 88 

22 32 88 
24 42 88 

Table 72(b): Relationship between age and take-off in  A. brassicae 

Age of Insect (days) 

(winter morphs) at 15°C. 

% take-off No. tested 

2 18 56 

4 36 83 

6 20 85 

8 57 90 

10 34 85 

12 31  77 
14 26 89 

16 22 82 

18 17 82 

20 12 75 
22 23 91 

24 15 80 
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Table 73(a): E212.L.(222piziiltty2212E2....andtak2:2slia A. brassicae 

Age of Insect (days) 

(summer morphs) at 20°C. 

% take-off No. tested 

59 44 

3 34 38 

4 69 40 

5 54 35 

7 32 31 

9 24 29 

10 20 25 

11 21 14 

13 23 17 

16 40 10 

Table 73(b): Relationship between age and take-off in A. brassicae 

(summer morphs) at 15°C. 

Age of Insect (days) No. tested % take-off 

1 16 13 

2 20 45 

4 40 15 

6 38 5 

8 23 15 

10 21 10 

12 15 

15 38 .5 

16 18 
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Table 74: Effect of leaf age on take-off with age of A. brassicae females 

(summer morphs) at 20°C. 

% take-off Age of Insect (days) No. tested 

1 36 72 

2 35 100 

3 38 90 

4 27 85 

6 31 77 

10 24 79 

14 21 67 

16 30 6o 
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Figure 42: Relationship between leaf age, temperature, and take-off with 

age in A. brassicae (winter and summer morphs). 
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5. Flight ability of summer and winter morphs 

The number of flights made by the cabbage whitefly summer morphs (SM) 

and winter morphs (WM) to reach a cumulative total of 40 seconds of flight 

and the analysis of results by the Mann-Whitney U test are shown in Tables 

75(a) and (b). The number of flights did not exceed one in the winter 

morphs. The range was 2 to 13 flights in the summer morphs. 

The difference between the flight ability of the two morphs was highly 

significant (p = .001) 

Replicate 1 	Table 75(a): Number of flights 

-. V 
S.M. scores 6 8 	13 2 5 	3 

W.M. scores 1 1 	1 1 1 	1 
, 

Scores ranked in order of increasing size 

1 1 1 1 1 1 2 3 5 6 8 9 13 

W.M. W.M. W.M. W.M. W.M. W.M. S.M. S.M. S.M. S.M. S.M. S.M. S.M. 

ni = 6, n2 = 7, U = 0, p = .001 

Replicate 2 
	

Table 75(b): Number of flights 

o N . 

S.M. scores 13 If 7 2 3 12 	9 

W.M. scores 1 1 1 I 1 1 

Scores ranked in order of increasing size 

4. 

1 1 1 1 	1 1 2 r 	3 R  t 
 If 7 9 12 13 

W.M. W.M. W.M. W.M. W.M. W.M. S.M. S.M. S.M. S.M. S.M. S.M. S.M. 

n1  = 6, n2  = 7, U = 0, p = .001 
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ni  = the number of W.M. (the smaller of the two groups). 

n2 = the number of S.M. (the larger of the two groups). 

U = the number of times that a score in the group with n2 cases precedes a 

score in the group with ni cases in the ranking. 

6. Effect of food deprivation on flight ability of summer morphs  

Results of the number of stimulated flights to achieve ito seconds of 

continuous flight by food supplied and food deprived females are shown in 

Table 76. The mean number of flights was compared by the t -test. 

The mean number of flights were 3.82 and 2.00 for food supplied and 

food deprived insects respectively. The difference between the means was 

significant (p 1(.02). Thus, food deprivation enhanced the readiness of 

summer morphs to fly. 

7. Behaviour of winter morphs in free fli ht 

(a) Rate of climb  

Fig. 43 illustrates a typical behaviour of the cabbage whitefly 

during flight. Results of the mean rates of climb in the 1st, 2nd„ 3rd, 

7th, 8th, 9th, 13th, 14th, and 15th minutes during flight are presented in 

Table 77 and illustrated in Fig. 44. A frequency distribution of the mean 

rates of climb is shown in Fig. 45. 

Fig. 46 represents a frequency distribution of durations of first 

flights. 

The mean duration of first flights and the mean rates of climb 

for winter and summer morphs are compared in Table 78. 

The winter morphs took off spontaneously and flew in the central 

illuminated area of the chamber. The rates of climb fluctuated in the 



x = 3.82 	x = 2.00 

S2  = 4.16 
	

S2  = 3.40 

Applying the formula d 
-  .x/ X2  

s2 
n2 

= 2.6491 

323 

Table 76: Comparison of flight abilit 	arved female A. 

brassicae (summer morphs). 

No. stimulated flights to No. stimulated flights to 
achieve 4o secs of continuous achieve 40 secs of continuous 

flight flight 

(Food supplied) (Food deprived) 

4 1 

2 4 1 

3 6 1 

4 5 1 

5 7 1 

6 2 

7 1 7 

8 4 

9 1 

10 5 3 

11 4 3 

With 20 degrees of freedom, the difference between the number of flights to 

achieve 40 secs of continuous flight in fed and food deprived summer A. 

brassicae females is significant (p <.02). 



32k 



Figure 43: Excerpts from the record of one uninterrupted first flight of 

25 min. showing the three phases of behaviour of A. 

brassicae (winter morph) during flight. 
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first minute of flight. The fluctuation was profound in some insects. 

This first phase was followed by a second phase of steady flight. The 

duration of this second phase varied from one individual to another. In 

one individual that had the longest first flight, it lasted for over 60 

mins. The third phase of behaviour showed fluctuating rates of climb 

similar to those recorded at the initial stages of flight but were lower in 

magnitude. The third phase was often followed by landing. The three 

phases are shown in Fig. 43. 

The highest mean rate of climb occurred in the first minute of 

flight. The highest value recorded in the experiment was 20 cm/sec and the 

lowest was -4 cm/sec (Table 77). The rates of climb declined progressively 

with time (Table 77 and Fig. 44). From a typical flight record of one 

insect, a cumulative height of 42 m was reached in 15 minutes (Fig. 44). 

(b) Duration and number of flights to drop-out  

The mean number of flights of more than one minute per individual 

was 3.9 (range 1 to 10). The mean total duration of all flights more than 

1 minute per individual was 29.5 min (range 2.5 to 133.67). The mean 

duration of first flights was 14.42 min (range 0.57 to 133.67). First 

flights accounted for an average of 55% (range 2-100). 

In the frequency distribution of durations of first flights (Fig. 

46), 67% of the insects had flight durations of between 1-9 minutes. The 

rest had durations of 10 minutes and above. 

Insects that flew longer in first bouts showed shorter duration 

in subsequent bouts while those that flew for a very short time in the 

first bout flew longer in the second. 



Table 77: Mean rates of climb of A. brassicae females (winter morphs). 

R rate of climb 
(cm/sec) 

Total 
x 

rate of 

R rate of climb 
(cm/Sec) 

Total 
x 

rate of 

R rate of climb 
(cm/sec) 

Total 
x 

rate of 
lst 
min. 

2nd 
min. 

3rd 
min. 

climb 
(cm/Sec) 

7th 
min. 

8th 
min. 

9th 
min. 

climb 
(cm/Sec) 

13th 
min. 

o 
14th 
min. 

15th 
min. 

climb 
(cm/Sec) 

20 16 14 16.7 10 

co
 O  re

\
 re\
 n
 
M

 N 	
1st\  IC

\ re
N  

r—
 	

• 

9.3 6 6 6 6.0 
18 16 12 15.3 10 9.6 8 8 6 7.3 
17 12 8 12.3 4 3.7 2 2 1 1.7 

14 8 7 9.7 4 3.3 3 3 3 3.0 
10 7 8 8.3 4 4.0 2 2 2 2.0 

12 6 6 8.0 3 3.7 1.5 1 2 1.5 

12 6 6 8.0 - .5 - .7 0 0 0 0 
10 6 6.5 7.5 4 4.0 3 3 3 3.0 
10 5 5.5 6.8 7 7.0 5 5 4 4.7 

9 4 4 5.7 7 5.7 3 4 2 4.3 

12 2 3 5.7 4 4.0 3 3 3 3.0 

9 4 4 5.7 3 3,0 2 2 2 2.0 

8 5 4 5.7 3 2.8 1 1 1 1.0 
6 6 5 5.7 3 3.0  2 2 2 2.0 

6 4 4 4.7 6 4.7 5 4 3 4.0 
6 4 3 4.3 3 3.3 2 1.5 1.5 1.7 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 



Table 77: Continued 

R rate of climb 
(cm/sec) 

Total x R rate of climb 
(cm/sec) 

Total 
x 

i rate of climb 
(cm/Sec) 

Total 
R 

1st 
min. 

2nd 
min. 

3rd 
min. 

rate of 
climb 

(cm/Sec) 
7th 
min. 

8th 
min. 

9th 
min. 

rate of 
climb 

(cm/sec) 

r 
13th 
min. 

14th 
min. 

15th 
min. 

rate of 
climb 

(cm/sec) 

5 3 4.5 4.2 5 4 5 4.7 3 3 3 3.0 
8 2 1.5 3.8 2.5 2 2 2.2 1.5 1 1 1.2 
6 3 2 3.7 4 3 4 3.7 3 3 3 3.0 
5 3 3 3.7 2 2 2 2.0 1 1 0 0.7 

5 2 2.5 3.2 1 .5 1 0.8 0 1.8 0 o.6 
4 3 2 3.0 2 1 2 1.7 1 1 1 1.0 
4 3 2 3.0 1.5 2 2 1.8 1 2 1 1.3 
2 3 3 2.7 1 .5 0 0.5 0 0 0 0 

3 1 1 1.7 3 3 4 3.3 2 1 .5 1.2 
4 1 0 1.7 1 0 - 1 0 - 1 - 1 - 1 - 1 
1 1 1 1.0 1 .5 .5 0.7 0 0 0 0 
0 1 0 0.3 2 2 1.5 1.8 2 1 1 1.3 

- 2 1 1 0 - 2 - 2 - 2 - 2 - 3 - 4 - 4 - 3.7 
-4 0 -2 -2.0 -4 -4 -6 -4.7 -1 -1 -1 -1.0 

7.33 4.6 4.05 3.14 2.97 2.58 1.93 1.88 1.53 
+ 1.03 + 0.73 + 0.63 1- 0.51 -1- 0.55 a 

 + 0.55 0.40 + 0.41 4- 0.37 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 

MEAN 
S.E. 
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Figure 44: Relationship between rates of climb and time in flight of A. 

brassicae (winter morphs), and the cumulative height 

(meters) reached by one insect in 15 min. Standard 

errors are indicated by horizontal lines. 
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Figure 45: Frequency distribution of mean rates of climb (cm/sec) over 

(a) 1st minute of continuous flight; (b) 1st to 3rd 

minute; (c) 7th to 9th minute; and (d) 13th to 15th 

minute for winter morphs. 
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Figure 46: Frequency distribution of durations of uninterrupted first 

flights. 
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Table 78: Comparison of the mean duration of first flights and mean rates 

of climb of linter and summer morphs of A. brassicae. 

Winter morph 
	

Summer morph 

- 
x duration of first flights 14.42 min. 0.31 min. 

range 0.57 to 133.67 0.03 to 1.13 

x rate of climb (cm/sec) in the 
first 5 secs of first flights 12.57 - 8.92 

range 5 to 21 - 20 to 7 

Table 79: Comparison between mean rate of climb immediately before landitirc 

on wall and immediately_after retake-off. 

..3i rate of climb 
(cm/sec) 

(1 min. before 
landing) 

(x) 

R rate of climb 
(cm/sec) 

(1 min. after 
retake-off) 

(y) 

Difference 

Cy - x) 

Rank of 
difference 

Rank with 
less 

frequency 

1 2 1 4,  3 

2 3 1 +3 

0 4 4 + 11.5 

5 7 2 + 	6.5 

5 6 1 +3 

3 6 3 +9 

5 8 3 +9 

0 1 1 + 3 

3 6 3 +9 

4 8 4 +11.5 

1 0 -1 -3 3 

2 4 2 + 	6.5 

3 11 8 +13 

T- 
k 	_ 

The mean rate of climb before landing was significantly lower than the 

mean rate of climb on retake-off (p = .005 for one-tailed test). 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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Unlike the winter morphs, the summer morphs did not take off 

spontaneously. Even when induced to take off they consistently avoided 

the brightly illuminated centre of the chamber and flew either to the black 

wall of the chamber or out of the chamber. The mean duration of first 

flights was 0.31 min (range 0.03 to 1.13) (Table 78). 

Instead of climbing, the insects began to sink from the time of 

take-off but were kept airborne. The mean rate of climb in the first 5 

seconds of first flight was - 8.92 (range - 20 to 7) (Table 78). 

(c) Rebound 

Results of the mean rates of climb in the last 60 seconds before 

landing and the first 60 seconds of retake-off are shown in Table 79. The 

mean rate of climb after retake-off was significantly higher (p = .005) 

than that before landing by Wilcoxon matched-pairs signed- ranks test. 
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D. DISCUSSION 

The interval between eclosion of the alate imago and flight when 

flight is not extrinsically activated or inhibited was termed the teneral 

period by Taylor (1957) with reference to Aphis fabae. El -Whidir (1963) 

applied the term 'teneral period' to the same stage in the cabbage whitefly, 

A. brassicae. 

The mean teneral periods of the cabbage whitefly, A. brassicae, on 

senescent leaves of Brussels Sprout were found to be 5.7, 6.8, 7.7, and 

28.3 hours at 25°, 20°, 15°, and 10°C respectively. El -Khidir (1963) 

obtained the following values under field conditions: 5.0, 6.7, 8.0, and 

22.0 hours at 25.7o, 19.6°, 15.5°, and 11.5°C respectively. These two sets 

of results are closely comparable. 

If teneral stage involves only developmental processes limited by 

temperature, then teneral development times should be fairly constant at a 

given constant temperature for a given species. However, this is not the 

case with A. brassicae since the difference between the teneral periods on 

senescent and young leaves under the same constant temperature, was very 

highly significant (p <.001), being shorter on the senescent leaf. Wood-

ford (1969) obtained a significant difference between the teneral periods 

of M. Lersicae on bean leaves and paper leaves. 

The fact that the teneral period was shorter on senescent leaves than 

on young leaves is very interesting because in nature, adult cabbage white - 

fly, A. brassicae, emerge on senescent or mature leaves. Thus the length 

of time spent on leaves before trivial flight (in summer morphs) and 

migratory flight (in winter morphs) will be short, other factors being 

favourable. 
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With the highly significant difference between the teneral periods on 

senescent and young leaves at each of the constant temperatures, the 

'forced-dropping' method was used to ascertain the length of time it took 

newly emerged cabbage whiteflies to be capable of flying, in other words, 

the time required by the insects to reach 'flight-maturity'. The results 

of the experiment showed that the insects were flight-mature after about 

2i hours. If teneral period were defined as the time between adult 

emergence and flight-maturity (in the sense explained above), then the 

teneral period for the cabbage whitefly, A. brassicae, at 20°C would be 2i 

hours - about 4 hours less than when the definition of teneral period 

refers to unforced take-off by the insect. The question, therefore, arises 

as to what factor or factors are responsible for the inhibition of flight 

after flight-maturity has been attained. 

Taylor ( 1957 
	

) remarked that climatic factors such as wind speed 

or humidity may delay the departure of the flight-mature aphids, thereby 

increasing the teneral time. Kennedy (1958) reported that when A. fabae 

makes contact with some solid non-host surface, the host inhibits flight 

and excites the host response of probing the surface with the rostrum. A 

plausible explanation for the delayed take-off in A. brassicae after 

reaching flight-maturity is that the insect responds to the arresting 

sensory input from the surfaces. 

Blest (1960b) is of the opinion that movements that end in take-off 

are held in abeyance until external stimuli are strong enough or a series 

of subliminal stimuli adds up to a strength needed to overcome the in-

hibitory influences in the central nervous system. The strengths of 

stimuli needed to induce take-off vary with the stage of balance between 

internal inhibition and excitations, and this varies with age, sexual state, 

and other internal factors (Johnson, 1969). Take-off by a flight-mature 
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insect also depends on the temperature being suitable for efficient muscular 

activity. 

The summer morphs of the cabbage whitefly, A. brassicae, showed an 

age-dependent capacity to take-off. A peak of 45% was reached on the 

second day after adult emergence. Since the mean pre-oviposition Periods 

of the cabbage whitefly, A. brassicae, are 1.4 days at 20°  and 3.2 days at 

15°C, the maximum take-off occurred, therefore, during the pre-reproductive 

stage. 

The effect of temperature (20°  and 15°C) on take-off with age was not 

evident until peaks had been reached; thereafter take-off was_ consistently 

higher at 20°  than at 15°C. 

Leaf age had a remarkable effect on take-off. When senescent leaves 

on which immature stages developed to adults were used, a peak of 100% was 

reached on the second day of adult life (Fig. 42). The shape of the curve 

was similar to that obtained on young leaves. In nature therefore, 

emergence of adults on senescent leaves enables many of the insects to fly 

to young leaves of the same plant or of a neighbouring one. 

The winter morphs showed a very high percentage take-off (above 75%) 

irrespective of age (Fig. 42). In other words, take-off was not age - 

dependent. This is obviously related to their reproductive immaturity. 

There was no significant difference between the percentage take-offs 

with age at 20° and 15°C by the Sign Test. This result fits with what 

happens under natural conditions since the winter morphs emerge early in 

the autumn (mid September) when the temperature may be fluctuating between 

20° and 15°C. 

Take-off by the summer morphs was not spontaneous during the free 
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flight experiment. They also showed a negative response to light, often 

fluttering away from the brightly illuminated centre of the flight chamber 

to the black walls, or to the floor, or even out of the chamber into the 

dark room. The winter morphs on the other hand took off voluntarily and 

flew toward the light source. 

Kennedy (1961) pointed out that the bright predominantly short wave-

length light from the sky induces a sharp rise in locomotor excitability 

resulting in flight. Insects responding positively to the light stimulus 

move out of the vegetal cover into the free-circulating air. From the 

light reactions of the summer and winter morphs of the cabbage whitefly, A. 

brassicae, the latter are more likely to fly out of the under-surfaces of 

leaves while the light avoidance reaction of the summer morphs will tend to 

confine them to the under-surfaces of leaves except, however, when they fly 

from the lower older leaves to the top younger ones. Pienkowski (1976) 

remarked that a negative phototaxis and positive thigmotaxis tend to direct 

an insect into hiding places. 

The migratory flight of insects is measurable under laboratory 

conditions in terms of the climbing flight directed phototactically toward 

the source of light in a flight chamber (Kennedy and Ludlow, 1974). A 

comparison of the mean durations of flight and mean rates of climb in the 

summer and winter morphs will further reveal their migratory or non-

migratory ability. 

The mean durations of flight were 0.3 minute (range 0.03 to 1.13) for 

summer morphs and 14.4 minutes (range 0.5 to 133.6 ) for winter morphs. 

The mean rates of climb were - 8.92 cm/sec (range - 20 to 7) and 12.57 

cm/sec (range 5 to 21) in the first 5 seconds of first flights of summer 

and winter morphs respectively. The highest rates of climb were reached in 
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the first minute of first flights and ranged from - 4 to 20 cm/sec in the 

winter morphs. 

Winter morphs which flew for long durations in the first flights flew 

for shorter times in the subsequent flight bouts whereas those that flew 

for a very short time in the first flight flew longer in the second bout. 

Flying insects which landed either on the wall or floor of the flight 

chamber and took off again showed a higher rate of climb immediately on 

retake-off than just before landing. The landing on walls or floor of the 

cabinet could be regarded as landing on a non-host plant during flight in 

the field. The ecological significance of the higher rate of climb after 

retake-off - 'rebound' (Kennedy and Ludlow, 1974) is that it enhances the 

chances of the insect to reach a suitable host plant. 

Williams (1958) defined migration as "a continued movement in a more 

or less definite direction in which both movement and direction are under 

the control of the animal concerned'. Kennedy (1961) considered a more 

complete characterization of a migratory behaviour to be "persistent, 

straightened-out movement that is accompanied by and dependent upon the 

maintenance of an internal inhibition of those 'vegetative' reflexes that 

will, eventually, arrest it". The straightened-out movement which may have 

no directionally adaptive significance is a result of sensorimotor function, 

and the 'vegetative' reflexes are those associated with growth e.g. feeding 

and reproduction. 

With reference to Kennedy's definition of migratory behaviour, the 

summer morphs of the cabbage whitefly, A. brassicae, are obviously non-

migratory because they are incapable of flying for a long time and also 

have a very low rate of climb. Furthermore, reproductive activity is not 

arrested. 
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The long flights of the winter morphs represent the persistent move-

ment while the flight pattern in which the first phase consists of a widely 

fluctuating rate of climb and a second steadier phase - the 'cruising' 

phase (Kennedy and Booth, 1963a) will represent the straightened out aspect 

of the definition. Dingle (1964) remarked that the cruising phase in 

nature, would probably be straightened out. Gonadal development is also 

arrested. Thus the winter morphs qualify as migrants. 

1974 

Taylor (1958,1)used the term 'boundary layer' to delimit the layer of 

air near the earth's surface 'in which air movement is less than flight 

speed or within which the insects' sensory mechanisms and behaviour permit 

active orientation to the ground', Within the boundary layer, the insect 

may arrive at or attempt to reach a point towards which it heads. Since 

most of the summer morphs of the cabbage whitefly, A. brassicae, fly from 

the lower older leaves to the upper ones for the purpose of feeding and 

oviposition 'trivial' or 'appetitive' flight (Southwood, 1962; Johnson, 

1969; Dingle, 1972), they may possibly be operating within their boundary 

layer. El-Khidir (1963) remarked that his suction trap catches of the 

summer morphs did not reflect the total population on the crop. From the 

flight behaviour of the summer morphs, his catches could be as a result of 

'vagrancy' (Southwood, 1962): an involuntary consequence of non-migratory 

behaviour - possibly flitting. My supposition is supported by the fact 

that some drift may occur witbir an insect's boundary layer (Johnson, 1969). 

El-Khidir (1963) commented that his suction trap catches of summer,  

morphs consisted, possibly, of individuals that had just completed their 

teneral development. From my laboratory results on take-off with age, his 

supposition was correct since maximum take-off was both age-dependent and 

pre-reproductive. However, occurrence of already ovipositing females in 

the catches cannot be completely ruled out. 
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Summer morphs deprived of food showed a higher flight ability than fed 

ones. However, food deprivation did not result in sustained flight. 

Hocking (1953) remarked that 'hungry' insects could not make sustained 

flights, and mere lack of food would not account for a prolonged flight of 

many migrants. 

From the positive phototaxis and the high rate of climb shown by the 

winter morphs, they are presumably, capable of penetrating the boundary 

layer, as does A. fabae (Kennedy, 1961; Kennedy and Booth, 1963a, b), where 

migratory travelling occurs on the wind (Johnson, 1969; Kennedy and FoS-

brooke, 1972). 

The cumulative height reached by one winter morph under laboratory 

conditions was 42 meters in 15 minutes. Species of whitefly have been 

caught at various heights in the air. The cotton whitefly, B. gossvpiperda, 

were caught at a height of about 12 m (Trehan, 1944). Glick (1939) trapped 

whiteflies at heights of about 61 m and 305 m; Glick and Noble (1961) 

captured whiteflies at about 61 m, 152 m, and 305 m by means of traps 

attached to aeroplanes. Those caught at 61 m and 152 m included Trial-

eurodes abutilonea. 

Thus from the flight behaviour of the winter morphs of the cabbage 

whitefly, A. brassicae, widespread displacement on the wind is apparent. 

Dingle (1974) commented that the most conspicuous alternation of 

migrant and non-migrant pathways occurs in those insects with alary poly-

morphism. He added that those environmental inputs which signal that 

conditions are favourable for reproduction often result in apterous or 

brachypterous morphs. Since summer conditions favour reproduction and 

winter induces its arrest in the cabbage whitely, A. brassicae, wing poly-

morphism should be expected. Indeed El-Khidir (1963) confirmed a signi- 
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ficant difference in the lengths of forewings of summer and winter morphs 

of A. brassicae, those of the summer morphs being shorter. 

Henson (1962) reported that in the scolytid beetle Conophthorus  

coniperda, degeneration of the flight muscles occurs at the time of gonadal 

activity making it impossible for the reproductive females to fly. 

Edwards (1969a, b) found that in some species of Dysdercus e.g. D. 

fasciatus, the flight muscles of the females histolyse shortly after adult 

emergence thus rendering them flightless. Dingle and Arora (1973) reported 

flight muscle histolysis in D. fasciatus induced by feeding. It is 

possible that the inability of the summer morphs to fly persistently is as 

a result of weak flight apparatus. Another possible explanation is that 

the summer morphs could be individuals with heritable non-migratory 

characteristics. These speculations need experimental confirmation. 

The fact that egg development begins after migration in many female 

insects led Johnson (1969) to describe the relationship between the two 

biological processes as 'oogenesis-flight syndrome'. If the flight 

apparatus becomes fully mature while the ovaries remain immature, the 

insect may become a migrant. The phenomenon of oogenesis-flight syndrome 

is applicable to the winter morphs of the cabbage whitefly, A. brassicae. 

The cabbage whitefly, A. brassicae, undertakes a 'return' migratory 

flight. From field records this occurs in April and May (El -Khidir, 1963) 

when the ambient temperature is sufficiently high to warm the flight 

muscles. I, however, hesitate to describe the flight as post-diapause 

migration until the state of the ovary of the females has been ascertained. 

But from the results of diapause induction and termination discussed in 

Section III of this thesis, the reproductive development of the females 

should have reached an advanced stage by April and May. Thus the flight 
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could be described as post-diapausei  but with some reservation. It would 

be interesting to compare the flight behaviour of these females with those 

of the autumn migrants and summer non-migrants. 
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GENERAL DISCUSSION 

The cabbage whitefly feeds and breeds on crucifers. Most cultivated 

cruciferous vegetables are short lived because they are harvested not long 

after planting. Most of these plants had this type of habitat in the wild. 

The habitat of the whitefly is, therefore, unstable. 

For the cabbage whitefly, A. brassicae, to survive under such 

unpredictable conditions, certain conditions have to be fulfilled. These 

include: 

1. short pre-oviposition period, 

2. short development time, 

3. maximum fecundity rate to be reached early in adult life, and 

4. high intrinsic rate of natural increase. 

The pre-oviposition period of the cabbage whitefly is short (3.2 days 

at 15°  and 0.8 day at 25°C). Since development is usually faster under 

fluctuating temperature conditions, the pre-oviposition periods may be 

shorter in nature. 

The development time which lengthens with low temperature and shortens 

with high is approximately 19 days at 25°, 25 days at 20°, and 52 days at 

15°C. Under field conditions the speed of development will also be 

expected to be faster. 

The maximum fecundity rate (mx) is usually reached in the first two 

weeks of adult life. The highest recorded value was 37 when the insects 

were reared on young leaves of Mustard at 25°C. 

As a consequence of the short pre-oviposition period, short develop-

ment time, and early attainment of maximum fecundity rate, the intrinsic 

rate of increase is high. The highest value obtained under laboratory 
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conditions was 1./1/15. Thus the cabbage whitefly, A. brassicae, is fully 

'adapted for maximum exploitation of its ephemeral habitat. 

Environmental factors such as food and long photoperiod which stimulate 

and sustain breeding activity reduce the flight ability of the summer 

generations. In summer, therefore, when breeding activity is at its 

height, females of the cabbage whitefly, A. brassicae, do not show any 

appreciable readiness to take-off spontaneously except, however, in the 

first two days of emergence during which they fly from lower older leaves 

on which they emerged to top younger ones. Thus flights are restricted to 

short bouts - trivial - for the purposes of feeding and breeding. 

The number of generations produced each year depends largely on the 

sum of effective temperatures. A year of very warm spring and hot summer 

is more likely to favour the production of many generations than one of 

cold spring and cool summer. This is most likely to be the cause of the 

difference in the number of generations of the cabbage whitefly reported by 

some authors. The conflicting reports could be reconciled if the temper-

atures of the seasons when the observations were made are given. Whatever 

the number of generations may be, it has to be completed between May/June 

and August/September. This point will be explained later. 

Temperature has often been quoted as being the environmental factor 

responsible for cessation of breeding activity of the cabbage whitefly, A. 

brassicae, in winter. On the contrary, photoperiod is the main factor 

that triggers a physiological response of reproductive arrest - diapause. 

The cabbage whitefly, A. brassicae, has a narrow critical photoperiod 

(LD 15Z : n at 15°C). The mean temperature in July/August is generally in 

the neighbourhood of 1500 and the photoperiod at this time of year is about 

the critical stated above. July/August therefore, seems to be the tine of 
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year beyond which no further generations of non-diapausing females can be 

produced. Thus the number of non-diapausing generations is produced between 

/lay/June and August/September. 

When a second or third generation of the summer morphs emerges in 

July/August, adults who in their early immature stages experienced photo-

periods longer than the critical, will be non-diapausing. Those whose 

early instars experienced the critical photoperiod will consist of both non-

diapausing and diapausing individuals. On the other hand, females that 

developed from immature stages that experienced photoperiods significantly 

shorter than the critical will be mostly diapausing. At this time of year 

therefore, field populations of the cabbage whitefly, A. brassicae, will 

consist of both non-diapusing, weakly diapausing and strongly diapausing 

females. 

Eggs laid by the last generation of the non-diapausing females will 

encounter low autumn/winter temperatures. This does not automatically 

imply that development will be arrested. The temperature thresholds of 

development is highest in the embryonic stage and declines with age, 

reaching its lowest value in the second instar but rises abruptly in the 

fourth instar. Development, therefore, continues in all stages in autimrn/ 

winter but becomes temporarily arrested only when the temperature falls 

below their respective thresholds. All adults resulting from these eggs 

constitute the last generation in a given year and are the diapausing 

winter morphs. 

The photoperiodic cue which is monitored by the early immature stages 

is manifested in the adult as gonotropic dissociation. With breeding 

activity suppressed, flight ability is enhanced. Thus the cabbage whitefly„ 

A. brassicae, illustrates the phenomenon analagous to "alternation of 
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generations": a breeding, non-migrating generation alternates with non-

breeding, migrating generation. 

Deteriorating habitat has often been quoted as the stimulus that 

initiates migratory flights in some insects. This does not, however, seem 

to be the case in the cabbage whitefly, A. brassicae, which begins flying 

even when the habitat is reasonably suitable. It is, perhaps, more 

appropriate to regard the migratory flight as an integral part of the 

biology of the insect. 

Diapausing females field collected in September and reared under lab-

oratory conditions of high (20°) and intermediate (15°) temperatures, long 

photoperiod (LD 16:8), and young plants raised in the laboratory under 

summer conditions, spent longer time before diapause was broken than those 

females field collected in February. Thus neither high temperature nor long 

photoperiod nor high food quality was strong enough to effect an immediate 

termination of diapause. Since chilling facilitated diapause termination 

under laboratory conditions, it is reasonable to conclude that the low 

winter temperatures facilitate diapause development (physiogenesis) which 

accounts for an earlier termination of diapause among females field 

collected in February. 

As the temperature rises in spring above the threshold for development, 

morphogenesis begins. However, the effect of the gradually increasing 

photoperiod cannot be completely ignored. It is, perhaps, better to 

consider the resumption of morphogenesis as a result of cumulative effects 

of both temperature and photoperiod. 

Diapause termination is easily monitored if egg laying is taken as the 

criterion. Though diapause termination early in the spring may fall short 

of the actual oviposition, the fact that the ovaries have resumed develop- 
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ment could be taken as indicating that diapause has been terminated. If 

this assumption is accepted, then flight of the cabbage whitefly females 

from their overwintering quarters to colonize the new plants in spring 

could be termed post-diapause migration. 

The oviposition rate of the post diapause winter morphs is quite high. 

The total fecundity is also high though this does not contribute effectively 

to the value of the intrinsic rate of increase (rm). From the high ovi 

position rate, it is tempting to assume that the intrinsic rate of increase 

will be high. This is, however, not the case because of the extraordinarily 

prolonged pre-oviposition period due to the intervention of reproductive 

diapause. While the diapause lowers the expected value of the intrinsic 

rate of increase, it on the other hand ensures the survival of the insect 

through winter and synchronizes its life cycle with the weather and the 

life cycle of the host plants. 

Because of mortality in winter due to cold and possibly predation, the 

population density of the colonizers is quite low. With the spring flush, 

cool temperature, and the absence of population pressure, females of the 

first generation will be large in size. Since fecundity of the cabbage 

whitefly, A. brassicae, is proportional to her weight on emergence, many 

eggs will be laid. With a short pre-oviposition period and a maximum 

fecundity rate attained early in the reproductive life, the intrinsic rate 

of increase is high. Consequently, the finite rate of increase is also 

high. Thus the rate of population growth is fast in summer and a number of 

generations is produced until further increase is halted when the critical 

photoperiod is passed. Then the whole cycle is repeated. 
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SUMAARY 

The effects of leaf age, variety, and species of Cruciferae on pop-

ulation parameters of the cabbage whitefly, A. brassicae, were assessed 

under laboratory conditions. The photoperiodic response of the insect as 

well as the flight behaviour of the two seasonal morphs were determined. 

Whilst leaf age had no effect upon adult survival, it influenced 

fecundity which was higher on young leaves than on mature leaves. 

The varieties of cabbage did not differ significantly in their effects 

on both longevity and fecundity, but the different species did have 

distinct effects. 

Life-tables were constructed based on weekly fecundity and survival 

rates. 

The insects lived longer at 15°  than at 20°  or 25°C. 

In general, more eggs were laid at 15°  than at 20°  or 25°C. 

Maximum fecundity rate occurred early in the reproductive life at 20°  

and 25°C respectively. At 15°C its occurrence was erratic. 

The speed of development of the immature stages was highest in the 

second instar, followed by the third instar, the first instar, and the 

fourth instar. It was lowest in the embryonic stage. 

The threshold of development of the immature stages decreased with 

age, being highest in the embryonic stage and lowest in the second instar 

but rose abruptly in the fourth instar to a level approximately equal to 

that of the embryonic. stage. 

High larval density prolonged the mean duration of development to 
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adult stage. 

Both longevity and fecundity decreased with increased number of virgin 

females. 

Virgin females caged singly laid more eggs than mated females caged as 

bisexual pairs. When the fecundity of virgin females caged in unisexual 

pairs was compared with that of mated females, there was no significant 

difference. 

Photoperiod rather than temperature initiated reproductive diapause 

in the cabbage whitefly. 

L.:2kt 
The critical photoperiod was Length:Dark (LD) 15 ::8w at 15 C. 

The sensitive stages of development to photoperiod were the embryonic 

stage and the first, second, and early third instars. 

Continuous light (LD 24:0) and a temperature of 25°C respectively 

averted diapause. 

Chilling under laboratory conditions facilitated diapause termination. 

'Winter' leaves did not induce diapause in females reared under 

diapause preventing conditions nor did 'Summer' leaves prevent diapause in 

females reared under diapause inducing conditions. 

Overwintering females field collected in September 1975 and kept under 

laboratory conditions of high (20°) and medium (15°) temperatures, long 

photoperiod (LD 16:8) and high food quality ('Summer' plants) spent longer 

time before first eggs were laid than females field collected in January/ 

February 1976. 

The time between adult emergence and flight differed significantly on 
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different surfaces kept at the same temperature (200). It was shorter on 

senescent leaves than on young leaves. 

Among the non-diapausing summer morphs, the capacity to take off was 

both age-dependent and pre-reproductive. It was enhanced by senescent 

leaves. 

For the diapausing winter morphs, take-off was independent of age. 

The percentage take-off with age was consistently higher in the winter 

morphs than in the summer morphs. 

Summer morphs, in general, did not take off spontaneously. They were 

negatively phototactic and consequently had very low rates of climb. Food 

deprivation improved their flight ability but did not induce sustained 

flight. 

Winter morphs on the other hand took off voluntarily and were positively 

phototactic. As a consequence of their positive response to light, they 

had higher rates of climb than the summer morphs. 

The summer morphs represent the actively breeding, non-migrating 

generation that alternates with the winter morphs which are the reproduct-

ively diapausing, migrating generation. 
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