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ABSTRACT

The azadirachtin preparation, NeemAzol, was assessed against the Egyptian coiton leafiworm
Spodoptera littoralis to clarifv its possible action on the food metabolism. Six concentration levels were
prepared: 1250, 6253, 312, 100, 30, and 10 ppm, and given to 2nd instar larvae with the food (Castor
leaves). All metabolic parameiers vwere estimated during the 2nd and 4th larval instars. A dewimental
effect on the food conswmption of Znd instar larvee was found, irrespective of the NvemAzal
concentration level. Aimost all estimated metabolic parameters were less than those of control farvae and
decreased as the conc. level was increased. Similarly. food cosumption of 4th instar larvae clarified a

sirong action of NeemAzal,
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INTRODUCTION

Over 200 insect species in seven orders are
susceptible to neem (Mordue and Blackwell, 1993}
Arzadirachtin, a tetranortriterpenoid 1s the major
active ingredient in the neem seeds. [t causes
feeding inhibition and growth disruption in various
insect orders, when sprayed on leaves or applied
topically (Butterworth and Morgan, 1968, 1971;
Rembold and Seiber, 1980). Because of the safety
to insect parasitoids, predators and other non-target
organisms as compared to the svnthetic
insecticides, many investigations recommended the
use of neem extracts as pest control agents {Joshi er
wl/..1982: Schmutterer and Ascher. 1984. Hclpap,
1985; Jayary ef al., 1993; Lowery and Isman, 1995;
Srivastava ef af. 1997). NeemAzal is a neem
preparation with the azadirachtin (the most active
ingredient) content of  20%, and inexpensive
production in addition to its safety toxicclogically
and environmentally {Kleeberg, 1992). Growth and
reproductivity of the insect depend on the metabolic
efficiencies (Hewitt, 1968; Johnson and Mundel,
1987; Hinks et al., 1991; Lindroth, 1993; Costa e
al., 2000). Scriber and Slansky (1981} pointed out
that knowledge of these indices are necessary for
understanding insects biology, behaviour and
impact in patural ecosystem and agro-ecosystem,
The antifeedant activity of Neem on different insect
species was detected by many researchers, Rees and
Beck, 1976 and Adeyeye and Blum, 1989.

Our objectives in the present study were to
investigate the possible effects of this azadirachtin

containing preparation, on the food meabolism of
the cotton leatworm, Spodoptera itoralis.

MATERIALS AND METHODS

A culture of the Egyptian coton leafivorm
Spodopera littoralis Boisd. was raised at Plant
Protection Dept., Faculty of Agriculture. Al-Azhar
University according to Ghoneim (1983). Larvae
were fed on castor bean leaves (Ricinus conminis
[..) and kept under the laboratory conditions of
27:3 °C and 60-70% RH.

* NeemAzal assessment.

The following aqueous concentrations of
the tested compound were prepared: 1230, 625,
312, 100, 50, and 10 ppm. Newly ecdyvsed second
instar larvae were fed on clean cuastor leaves
previously dipped once (for 5 minutes) in the
required concentrations. Five replicates of treated
and untreated (control) larvae (6 larvac-rep.) were
carried out for cach concentration level. Treated
larvae were allowed to feed on treated |caves for 24
It only, then provided with untreated clean plant
leaves.

*Metabolic paramecters:

In the present work the following focd
consumption, absorption and utilization parameters
were estimated overall the second and fourth larval
instars. Treated and control larvae were weighed
before and after feeding, fresh weight vwas weighed
before offering to the larvae, and its rosh weight
was recorded afler feeding every Jday. Lach
replicate of larvae was starved for 3 h before
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welghing to ensure an empty intestine. Fresh leaves
werc kept it rearing jars under the same conditions
1o estimate the natural loss of moisture, which was
used for caiculating the corrected weight of the
consumad leases. Weight of faeces is the amount of
frass  dischinved by larvae during the instar,
Feeding rate 15 the amount of food consumed
during the fouding period of the ivstar, generally
expressed on o “per day” basis (consumption rate.
CR) or on ¢ “per day per unit body mass” basis
(refative consiimption rate, RCR) (Slansky, 1993),
RCR -+ mg consumed food/g mean fresh bodv
welght/day  (Slansky  and  Scriber, 1983}
Approximat:  digestibility (AD) - [weight of
incested foo bweight of faeces/weight of ingested
foed] »100 1 fficiency of conversion of digested
fuod o bod, -ubstance. Efficiency ol conversion ol
divested 1owd to body substance (ECI) = [weight
vativweight o ingested food] x100. Efficiency ol
conmversion digested food to body substance
{ECD) = [weight gain/weight of ingested food-
weight of facces] x100. Growth rate (GR) = fresh
weight gain during feeding period/feeding period x
mean fresh body weight of larvae during the
feeding period (Waldbauer, 1968). Relative weight
gain (RWGH mg weight gain during the
instar/days  (Jobnson and Mundel, 1987 with
correction lor a single instar). Assimilation rate
{AR) = RCR x AD (Scriber and Slansky, 1981).
Relative metabolic rate (RMR) was calculated
according to Slansky {1993) but corrected for fresh
weights as tellows: RMR = (img weight ingested
food-weight of facces )g mean fresh body
weight/day.  The previous parameters were
estimated on the basis of the whole larval instar,

Daiz obtained were statistically analysed
using the students s-distribution refined by Bessel
correction  (Morvoney, 1957) for testing the
significance uf difference between means.

RESULTS AND DISCUSSION

1} Food Consumption:

On the bisis of food eaten overall the second und
fourth Tarvi! instars of 8. finroralis (Data given in
Table 1), indicate a great reduction of food
consumed Dy both instars as being affected by
NeemAzal treatment. This reduction was found o
be statistically significant and corrclated with the
concentration fevel reversally, irrespective of the

affected larval instar. These decrements were
proved a sever effect of NeemAzal on 4% instar
than do on 2™ one. Data in table (1) showed a
remarkable signiticant reduction in the relative
weight eain (RWG), irrespective of the instar, as
result of the reduction in food eaten. Relative
consumption rate (RCR) showed the same trend as
it cocrease  significantly by increasing  the
concentrion  level, irrespective ol the affected
instar connpuring with the control congeners. Thus.
the present results tor S lttoralis show, generally.
an inkibitory action of the tested neem exiract on
the *oad consumption. These results agrec with that
of Linton ef al.. 1997 who found that Azadirachtin
reduced sood calen by Schistocerca gregaria it
doses of 7 and 5 ug/eg-1 body weight and that of
Richter ¢ ef. 1997 who recorded reduced the food
consumption in nymphs and adults of Periplancia
comericany nying NeemAzal.

2) Food absorption:

Absorption of food through the gut wall of an
insect is commonly indicated by the absorption or
digestion  efficiency under the usval term
"approximate digestibility “(AD). It estimates the
percentage of ingested food that is digested and
assimilated (Slansky and Scriber, 1985). Depending
on the data presented in Table (2), the AD values of
2nd instar larvae increased, but in no certain trend.
Its change ranged from +0.7% (at 1250 ppm) 1o
+5.2 %% (at 30 ppm). lis values decreased during the
4th farval  instar only at the two middle
concentration levels but increased at other ones.
Recalling the data of table (1), and comparing the
food consumed it is clear that the larvae
compensate  the decrease in food intake by
increasing the food digestibility, regardless of the
aflected instar, This result agrees with that obtained
by Radwan er «f. (1986) for S [itfoialis by the
action of diflubenzuron and triflumuron throughout
the larval period from 4th instar to 6th instar. Also.
our results of AD values agree with those obtained
by Ghoneim {1994) for the last nymphal instar of' S
gruarie by the action of pyriprovfen. And disagrees
with that obtained by Amr (1986) after using garllic
acid against the spiny bollworm Eariay insilanu,
Muansour (1981) tor S fttoralis; Farag (1991) for
the same species and Ismail (1995) after using
lenoxvearb against S gregaria.
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Table (1): Food consumption (mg=SD;} of Spodoptera littoralis as affected by Neem Azal

treatment of second instar larvae.

Conc, Second larval instar
levels Food RWG RCR Chjmge
{ppm) consumed Yo
1250 4.3+0.95d Pe0 40d 0.43+0 034 -67
623 5.3+0.6d 2.3+0.53d 0.33£0.04d -39
312 6.0%1.00d 2 84:40.27d 0.56+0.05d -57
100 6.3 69 SO 2id (0.58+0 Ood -35
50 FRTE~ S 3700 304 0.70+0.i6d -46
10 FO34 A3 4 34404610 0.88+0.15¢ -32
Control 16048 Otk 6.40=1 THa 1.3020.16a --
Fourth larval instar
1250 - - . -
623 3233z 6004 3.8 0 Td 0.6820.U5¢ -26.88
312 201§ 406 1040 1.33+0.33¢ +43.04
160 i R 1.2740 03h +36.56
50 971 = 1.784 1.2820.17b +37.63
[0 ZA30x144 Tk TR1- T.10e FLi+0 Tia +i9.35
Control 3772410 30 245k <. %7 0930 2a --

o]

RWG: relative weight gain, RCR: relative consuniption rate of food, . Means £ SD followed wiiii the same
letter (a) arc not significantly ditterent (P> 0.03), (b): significantly different (P<0.05). (¢): highly
significantly different (P<0.01) (d): very highly significantly different (P<0.001), ---; no resuited larvae

Table (IT):; Food aproximate digestibility (mean mg + $D) of S'podapfera littoralis larvac as affected by
NeemAzal.

Conc. (ppm} 2" larval instar

B - -
{ 4" larval instar 7

AD change% | AD change'/
1250 70.0£2.2a -0.7 73.08+£1.9a +4.41]
623 - 7234234 +3.0 76.76x7.1b +9.67
3z 73.3%1.9a +4.0 68.36+2 3a -4.36
100 TH.14+2.5a +0.9 67.99+3 6a -3.74
50 74243 1a +5.2 70.02£3 45 +3.99
to 71.0£3.7a 0.7 727148372 -0.69
Control 76.5+1.3a - 69.99+2.74 -
AD: aproximate digestability; Conc., a, b, ¢. d: see foomote of Table (1).

3)Food Utilization:

After absorption of the digested food,
some of the metabolites are used for metabolic
energy and a certain portion is converted to the
biomass. ECI is a measure of the insect’s ability to
utilize food for growth.. The second indicator of
food utilization is the efficiency of conversion of
digested food (ECD) which is sometimes called
Net Growth Efficiency” (or “Metabolic Efficiency”
) It estimates the percentage of assimilated lood
biomass (Slansky and Scriber, 1983).

A dramatic impact of NeemAzal on ECI
and ECD was obscrved for both 2nd and 4th instar
larvae at some concentration levels table (3}
NeemAzal exerted an inhibitory action on AR of

2nd instar larvae which decreased by increasing
concentration (Table 4). The second imstar larvae,
treated with NeemAzal have the abilinv ¢ convent
the ingested or digested food to biomass as ECI did
not affect by this treatment, except in the casc of
the highest concentration level. [n contrast, the
latent effect on 4th instar larvac remarkably
impaired the capabilities of them tc do such. In
spite of this the effect on the fourth larval instar has
no certain trend, when the larvae died .t the highest
concentration level, 1250ppm and inc-cased their
their ability to utilize food for growtl: and in turn
their metabolic efficiency at the conceniration level,
650ppm. In addition, NeemAzal uxiibited an
inhibitory action on ECD of both instar larvae
especially at the highest concentration levels and
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extend this effect to the 4™ instar larvae clearly,
Generally, NeemAzal piohibited partially the
ability of these early instars to convert the ingested
or digested fuod to their biomass, This inhibitory
action on both parameters was estimated and
tabulated as change percentage to certify this
negative eftect as mentioned before. Similariy,
different 1GRs reduced ECIl and ECD of various
insect  species such  as  diflubenzuron  and
triflumuron against S, littoralis (Radwan er ol
1986), fenarimotl against 8. littoralis (Farag, 1991),
fenoxycarb agamst S gregaria {Ismail, 1993),
tebufenozide against S, littoralis (Bream er al,
1999),

4) Relationship between food metabolic and
somatic growth:

The assimilation rate (AR) and relative
metabolic rate (RMR) are metabolic parameters
presented in Table 4 to shed some light on a
detectable metabolic action of NeemAzal. AR
indicates the ability of larvae to assimilate the
digested and absorbed food overall the instar. It is
obvious that NeemArzal exerted an inhibitory action
on AR of 2nd instar larvae which decreased by
increasing conc. The metabolic effect of NeemAzal
reflected on the RWG and GR, which had been
drastically reduced. On the other hand, NeemAzal

Table (1I): Food utilization of Spedoptera littoralis as affected by NeemAzal treatment of
second instar larvae.

Instars Second larvai instar
Conc. ECI Change% ECD Change%
(ppm) '
1250 67.4%5.1b <17 90.3£7.2d -22
625 77443 .7a -3.0 105, 1+8.4h 9.0
312 78.3+4.1a -4.0 104.4+7.3b -11
100 79.442.7a 2.0 107,149 34 -8.0
50 79.4+3.7a -3.0 107.258.7a -8.0
10 77.7+2.5a -4.6 107.0+6.35 -8.0
Control 31.343.1a -- 116,1£7.9a -
Fourth larval instar
1250 - --- -
625 42.1543.11d +36.85 60.3246.1d +32.57
312 22.62+6.55¢ -26.56 32,7949 4¢ -27.9
100 22.45+1.61¢ -27.11 33,8447 dc -25.63
30 23.08+2.9b -25.06 35.13+4.30¢ -22.79
10 25.95£2.9b -15.75 37.8244.52¢ -16.88
Control 30.8+1.02a -- 45.520.58a --

ECi Egficiency of conversion of ingested food, ECD: Efficiency of onversion of digested food, a, b,
¢, d: see the footnote of table (1),

Table (IV): The correlation of GR to AR and RMR of Spodoptera littoralis as affected by NeemAzal
treatment of second instar larvae.

Instars Second larval instar 'E Fourth larval instar
Conc, GR AR RMR | GR AR RMR
(ppm) , i
1230 0.15+0.01d  13.120.77d  1.5720.13¢ --{a} - -
6o 0.19£C.01d¢  175+L.1d  1.65+0.17b  6.2+0.1d 47.641+4.30d -
312 0.2240.01d  20.1£1.7d  1.7420.12a  6.0+02d  91.45£22.48d 1.2010.1
160) 022+0.01¢  213212d 7440132 8.0+0.1d 84.01£4.08d  2.36+0.03
20 0.27+0.02d 244+1.6d 1.7620.13a  9.0+0.1c 84.25£104d  3.10%0.1
10 0.35+0.03¢c  31.5£1.5d  1.84+0.18a  13.0:0.5b  76.23+8.30b  4.2010.4
Control 0.54+0.03a 47542 .5a 1.86+2.0a 15.0+0.5a 63.2530.69a  3.95+0.09




EFFECT OF AZADIRACHTIN ON THE CONSUMPTION AND UTILIZATION 123

GR: Growth rate (X100), AR: Assimilation rate (X100), RMR: Relative metabolic rate (X100). a, b, ¢

d, (a): see the footnote of table (1).

exhibited a different effect on AR, RMR, and GR
of the 4th instar larvae, It promoted these larvae to
attain higher AR, especially at the higher four conc.
levels {10,50,100 and 312). However, NecemAzal

had considerably influenced the AR and RMR of

41h instar larvae as it does on RWG and GR. Data
provided in table (4) reveal the highly significantly
declined rate of food assimilation throughout the
second larval instar as compared tw the control
congeners and the 4™ larval instar. The inhibitory
action of this tormulation on food mezbolism can
be, also, observed by RMR, which was depiessed
after treating larvae with higher two cencentration
tevels. AR of 2" instar larvae was highly
significantly declined than RMR. With iew
exceptions, the two metabolic rates, AR and RMR
were  positively correlated to  the reiative
consumption rate and RCR of the food because all
these parameters were subjected to an inhibitory
action of NeemAvzal (Tables | and 3). Thus, our
determinative  results, indicate highly drastic
inhibitory action of NeemAzal on AR and RMR
and this reflected on the growth rate (GR),
irrespective of the instar investigated (table 4)
indicating a prolonged influence of the tested
compound. These effects may be due to the
inability to metamorphose properly, which is
possibly based on the disturbance of the hormonal
regulation. Similar conclusion was obtained by
Beck and Reese. (1976) on A. ipsilon; Dahlman,
{1977) on Manduca sexta, Sundaramurthy, {1977}
on §. litura; Radwan et ol , (1986} on S. lirtoralis;
(Farag, 1991), on S. linoralis and Bream et al.,
(1999). In addition, several authors explained the
depressed GR or depleted RWG by the decreasing
amounts of food consumed. This interpretation may
be also suggested in the present study because the
data of tables 1-3 clearly show detrimentally
reduced RWG and food consumed by both instar
larvae studied.
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