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ABS3TRACT

The TRain objective of thisinvestigation was to assess thetoxicity and growth regulatingpotential
ofJalbpha (Jatropha curcas L.), neem (Azadirachtaindica A. Juss) andargel plant,
(SoléBostemma argel Hayne) against the desert locust, Schistocerca gregaria. The effect on
fecub@ity, feeding behavior and egg hatchability wasalso studied. Argel of 5% concentration
indut@d a significantly less (56%) antifeedant effect on desert locust nymphs compared with
79.6P8and 78.92% for neem and Jatrophaoilsrespectively. Significant mortality of 40.54 and
43.389%6 was recorded, 7 days after treatment, in insects treated with 10% concentration of neem
and Z&xtropha oils respectively compared to 15.19% in the control. Argel resulted in the lowest
morfality of 20.70% which was not significantly different from the control. There was a significant
diffee@nce between treatments for the time it took surviving nymphs to moult to the next instar.
Nyniths in the control group took significantly less time (11.3 days) to develop from the 5™ instar
to ti1 6™ instar than those treated with neem and Jatropha oils where thy took 17.5 and 16.5
day2bespectively. Argel was not significantly different from the control. Jatropha oil significantly
reduzeéd the fecundity of females developed from nymphs treated in the 3" instar by 42.2%
compared with 58.54% due to neem treatment. Argel caused no significant effect on fecundity of
treaf®8l insects.Both Jatropha and neem oils resultedin 99.71% egg un-hatchability while argel
had 28 significant effect. Of the three test products, only Jatropha and neem oil have shown
grovah regulating effect.
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1. INFRODUCTION
Locsds and grasshoppers are major economic pests of crops and grasslands throughout the
world8® dry zones [1].The desert locust Schistocerca gregaria (Forskal) has been a most serious
crop3pest in many countries of Africa and Asia [2].It is characterized by a remarkable phase
polyBBenism, a form of phenotypic plasticity in which the expression of numerous physiological,
morBBological and behavioral traits occurs in response to changes in local population density
[3].B40ing the 2003-2004 desert locust campaigns and throughout the last invasion areas, control
teardd applied some 13 million liters of mainly organophosphorus pesticides to roughly 13 million
ha @2 land [4]. Current locust control operations are mainly based on organophosphorus
pesti3des as a result of the ban on the use of organochlorine especially dieldrin[5].Rembold[6]
adveled to the rapidly increasing insect tolerance against any type of neurotoxic insecticide; and
all ifgecticides given their wide spectrum of action, undoubtedly had substantial side-effects on
the A6n-target fauna [7]. A preventive control strategy for locusts was developed in the 1960s'
and 4vas recommended by FAO and applied by national and regional locust control units [8]. The
stra®8y requires monitoring ecological conditions and locust populations in outbreak areas and
condifcting preventive treatments against the first gregarious locusts. Due to the regular
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appliation of this strategy, the frequency and duration of desert locust invasion were reduced
sinc61.960s [9].Peveling, et al. [10] showed that, there was no evidence of serious side-effects of
alterbative control agents (microbial insecticides) on epigeal arthropods when compared with
conehtional ones. Mycopesticides, particularly Metarhiziumanisopliae should have a role in an
intedgidited control strategy alongside classic insecticides [11]. It is now available in locust control
markét and part of FAO [12] list of products recommended for locust control. Other potential
alterbative is the use ofthe pheromone phenylacetonitriie (PAN) which inhibits pheromonal
comBiunication among gregarious hoppers and induces stresses that lead to high mortality [13].
Vari68s researches on the effect of botanical bio-pesticides including neem on desert locust have
beed%r are being carried out as alternatives to the currently used harmful pesticides [14].These
botabirals are still at the experimental stage as far as locust control is concerned and large scale
prodeittion is problematic with difficulties in the registration of variable products limiting
adogton[15].Accordingly, the use of such products may be aimed at protecting crops locally [5].
J. c@®as (physic nut) is a drought-resistant multipurpose shrub or a small tree belonging to the
fami6/Euphorbiaceae.it is a native of tropical America, but now thrives in many parts of the tropics
and &65ub-tropics in Africa, Asia and southern America [16]. The extracts of Jatropha showed
nem@icidal, fungicidal [17], molluscicidal [18] effects. It also exhibited insecticidal activities
agaiést moths, butterflies, aphids, bugs, beetles, flies, and cockroaches [19]. Toxicity of J. curcas
seed8is attributed to several components, including saponins, lectins (curcin), phytates, protease
inhiléibrs, curcalonic acid and phorbol esters [20]. The insecticidal properties of neem were first
obséted in 1959,whenit was noticed that neem trees in Africa were undamagedduring a plague
of loglists [21]. Most work has been focused on azadirachtin, a limonoid from the seeds of the
Indiat2 neem tree, Azadirachtaindica. Neem acts both as potent antifeedant and insect growth
reguldor [22].
Argéldplant,S. argel belongs to the family Apocynaceae,andis indigenous to Africa. It isvalued for
its n¥é&dicinal and aromatic qualities. It is widely distributed in Sudan and throughout North Africa
(Egyps, Libya and Algeria) and the Saudi Arabia [23]. It has many active compounds that have
bee? hown to act as potent acute or chronic insecticides ([24],[25]), antifeedant and insect
growt8 regulators against a variety of insect species [26].
The A@resent study was carried out with the objective of demonstrating the biological activity of
Jatr@gha oil, neem oil and argel extracts against the desert locust S. gregariaand to determine the
effic@ty and potentials of using any of these three materials as choice candidates in the control of
this Bsect pest.
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2. MMATERIALS AND METHODS
2.1 g3sect rearing
Des88 locust eggs were obtained from the International Centre of Insect Physiology and Ecology
(ICIRBE), Port Sudan and mass reared in the insectary of crop protection department, University of
KhaBBum. Cages (1 m x1 m x0.35 m) fitted with wire mesh and a movable window made of cloth,
to f&Jlitate cleaning and feeding, was used for the purpose. The cages stood on poles one
met&0from the ground, 24 cups (10 cm x12cm) filled with moist soil are fitted in each cage for
egg%dying. Locusts were fed on food plants such as Pennisetumglaucum (L.) R. Br. and
Heli@2opium spp. The hatching nymphs were removed from the cups (10 cm x12cm) to cages (1
m xB3n x0.7m) fitted with cloth and wire mesh and supplied with food. The 3rd and 4th instars of
desé&4 locust nymphs were used in the trials. Some of these nymphs were transferred into large
cagé&s(4 m x2 m x2m) made from steel and wire mesh and were kept for breeding and continuity
of th@ecolony.
2.2 Plant materials



2.2.B8atropha
Fre8® Jatropha curcas seeds were collected from EL-Damazein rain-fed areas in the Blue Nile
StatépBudan, where the plant is grown on a large scale for the production of bio-fuel. The seeds
werd @Hen cleaned, de-shelled and subsequently the kernels and hulls were separated manually.
The k@2nels were driedunder shade and grounded to fine powder, stored in glass vials until used.
2.2.2@3gel

Leaddslof argel were obtained from retailer’s stores in North Sudan (Elrobatab area). The leaves
samp@s were cleaned, washed with water, dried, and milled into fine powder using laboratory
mill.106

2.2.30em

Ripel0&em seeds were hand-picked from mature disease-free trees in Shambat area, in
Khad®8m University campus. The collected seeds were de-pulped and thoroughly washed by
hand 16 remove the pulp in order to disallowfungal growth. The seeds were then shade-dried on
jute bidts, ground to fine powder and used for different treatments.

2.2.4 Extraction

The ld@wder preparation of each plantwas used to produce the crude oil extract in a soxhlet
appdrbus using 95% hexane (boiling point 65-70° C). The hexane was evaporated at reduced
temddature and pressure in a rotary evaporator and the obtained oil was stored at 4°C for
subskEifuent use in the different treatments.

2.3 Nghphicidal bioassay

Third I8stars nymphs were used to study the long-term impact of the test products on some
impdri&nt biological parameters of the desert locust. A 10% concentration of neem oil, Jatropha
oil ah@argel extract was sprayed on the experimental nymphsusing ultra-low volume sprayer. For
each 2teatment, 60nymphs were used and the treated insects were allowed to dry before
beingp2nsferred to rearing cages for further observation. Nymphswere checked every 24h post-
treatt@8nt and mortality was recorded. Instar was determined by checking for shed exuviae.
Recdiing of data continued until nymphs became adult or died. Nymphs were considered dead
wheh2bey failed torespond to gentle touch with a fine camel hair brush.Corrected mortality was
calctfed according to Abbott's [27] formula as follows:

nin T after treatment )

Corrected mortality % = (1 - — 100
n in Co after treatment

Whet2/h = number of insects, T = treated, Co = control.The incidence of faulty development and
defot@&ies induced by the test products was also recorded.
2.4 Etfects on fecundity and egg hatchability
The ¥86undity experiments were conducted by selecting 10 pairs of freshly fledged adult males
and lfg#inalesthat survived treatment by the test product during the 3rd nymphal instar. The
selet®2 insects were then transferred to the mating and egg laying cage, 75 cm x 45 cm x 45
cm. 38 bottom board of the cage was made of plywood, which was divided into twenty holes to
accdBodate the plastic oviposition cups (7.5 cm diam., 11 cm deep).The plastic cups were filled
with138ndy soil for egg-laying. The sand was sieved using a 2 mm wire mesh;washed
succExsively with distilled water, dried and heat-sterilized by baking in an oven at 150C for 24 h.
The B3&rilized sand was moistened by addition of water to be attractive to females for egg laying.
The Bfects of test products on fecundity were assessed on the basis of the number of egg-pods
laid @B€ing the lifetime of the female. Number of eggs that successfully hatched in each treatment
was Bifb recorded and hatchability calculated.
2.5 Pdago-deterrent test
The Hiifeedant effects of the extracts at 5%against S. gregaria third instar nymphs were studied
by nmiigihg each extract in 250 g of wheat bran in a Petri dish. 10 3 nymphswere used in each of
the fgBts and replicated 4 times.Two sets of control were included, untreated and mixed with
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hexdds only. The bran portions left in the dishes were weighted three and six days post-treatment
and 146 amount of consumed food were estimated. The antifeedant index was calculated by the
formldd as adopted by Abivardi and Benz [28].

C

Antifeedant index (AFI) = x 100

Wheté8

C= @dBsumed wheat bran in control

T= Adfsumed wheat bran in treatment

2.6 Drtta analysis

In edBR test, treatments were arranged in complete randomized design. Each treatment was
replitaBed four times. Transformation of data was done using Arc Sine. Data were subjected to
analy5# of variance (ANOVA)using MINITAB Statistical software, version 13.30, Copyright 2000;
Minited Inc. and means were separated using the least significant difference (LSD). The Probit
analyS6 was carried out to calculate regression equation [29], LT50, Lower fiducial limit, upper
fidudi&llimit, time responses and Chi Square for the three test plants at a 10% concentration.

3. RBBULTS

3.1 B¥fects of Test Products on survival and development

Signlfe€ant mortality of 40.54 and 43.39% was recorded, 7 days after treatment, in insects treated

with1680% concentration of neem and Jatropha oilsrespectively compared t015.19% in the
conttd@2Argel resulted in the lowest mortality of 20.70%,which was not significantly different from
the &63trol (Fig. 1).Table 1 illustrates the results of probit analysis responses of neem seed olil,
Jatrdgida seed oil and argel extract. The results indicated that the neem and Jatropha oils were
effedtble against 3rd instars nymph of S.gregaria as shown by the lower LT50 value of 117.84,
135.966respectively, compared to the value of argelwhich was 270.98. The responses of the two
planisWwere more or less homogenous as indicated by their close LT50 /LT90 ratio and the slope.
Thefb8as a significant difference between treatments for the time it took surviving nymphs to
moultt® the next instar. Nymphs in the control group took significantly less time (11.3 days) to
devd@p from the 5th instar to the 6th instar than those treated with neem and Jatropha oils which
took1¥75 and 16.5 days respectively. Argel was not significantly different from the control (Table
2). Jatbpha and neem oils resulted in significant malformation effect on the test insects while
argel pBoved to have no significant growth regulating effect (Fig. 2).

3.2 Pnago-deterrent effect
The Brifeedant effect of 5% concentration of neem oil, Jatropha oil and argel extract on the 3rd

instar7®ymphs of the desert locust is shown in Table 3. Argel induced a significantly less (56%)
antiftédant effect on desert locust nymphs compared with 79.62 and 78.92% for neem and
Jatrdpi&a oils respectively. The antifeedant effect of both neem and Jatropha oils was similar and
seerhgqo last for at least 6 days after treatment.

3.3 B8tect on fecundity and egg hatchability
The aita presented in tables 4 and 5 demonstrate the effect of the test products on fecundity and

egg I8&Xchability of females developed from nymphs treated in the 3rd instar. Jatropha oil
signf®antly reduced the fecundity of females by 42.2% compared with 58.54% due to neem

treath8dnt. Argel caused no significant effect on fecundity of treated insects.
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4. D18 USSION
Jatrd@7a and neem oils have demonstrated a remarkable effect on the 3rd instar nymphs of S.

gregb8& as toxic, antifeedant, and growth regulating compounds. However, argel seems to have
no sigflificant biological effect on the test insects, at least at the concentration tested. Many
invedB@ations were carried out on the toxicity, antifeedant effects, growth inhibition and abnormal
devd®pment in various insects includingS. gregaria,due to neem seed extracts and azadirachtin
([21,13Q] Theirresultswere consistent with the findings reported in this study.

The 1&%ifeedant effect was manifested by differences in body weight of nymphs offered food
treatE9with neem and Jatropha oils.This was in accordance with earlier findings of Champagne
et all931], who reported, that azadirachtin is a potent antifeedant against the desert locust S.
gregi®m under a laboratory situation. Similar results were reported by Mordueet
al.,[3xNasiruddin&Mordue[33] reported thatspraying of azadirachtin at low dose of 2 ppm onto
barldp8 seedlings infested by S. gregaria nymphs protected the plants. The
repell®@dt and antifeedant activity showed by Jatropha against S. gregaria during this study is in
agredd@ent with the results reported by Cobbinah and Tuani[34]Jwho demonstrated the negative
effe@0df Jatropha seed oil on survival and feeding rates of the variegated grasshopper,
Zon@€rusvariegatus L. They also reported reduced damage by Z. variegatusto cassava foliage
afte@&atment with jatropha oil.Data concerning the biological effects of Jatropha oil on desert
locu20i$ scanty; however, good protection of cowpea seeds against C. maculatuswas achieved in
stora@® by seed treatment with Jatrophaseed oil [35].Singh and Sushilkumar,[36] showed
antif@@@ant activity against the termite, Microcerotermesbeesoni caused by Jatropha oil at
diffee®nt dilution ranges from(1%to 20%). The maximum wood protection and weight loss by
term2i@8 were obtained at the highest concentration of 20%. This persistency can be exploited
asbao@r treatment against hopper bands of the desert locust. Jatropha oil can also be integrated
with2th@ pheromone,Phenylacetonitrile (PAN) in the management of desert locust infestation,
partizlifarly in recession and before plague formation. However, field studies on evaluation of
Jatr@df2a toxicity to beneficial and non-target organisms require further investigation.

5. Crsclusion
Cru@ dJatropha and neem oil extracts demonstrated a remarkable effect on feeding activity,

grovizh5 fecundity and finally fitness of the 3" nymphal instar of S. gregaria. The test products
couldlprovide affordable and renewable source of botanical insecticide for tropical farmers to
cont?dlHesert locust infestation.
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403

TabWD4l: Log time response of S. gregaria 3rd

instar nymphs exposed to 10%
405concentration of argel extract, Jatropha and neem oils

406
Source of | Letha Time | Fiducia limit | Chi- LToo/LTso | Slope | df. | Sensitivity
treatment | % lower | upper | square | ratio
Argel LT | 161.00 | 142.87 | 185.39 | 1.034 | 1.68 0176 |2 | 229
extract 10
LT | 270.98 | 224.29 | 394.50
50
LToo | 456.10 | 332.47 | 889.07
Jatropha | LT |80.77 |57.21 |9536 |1.034 1.68 0.176 1.15
oil 10
LT | 135.95| 124.09 | 146.87
50
LTgo | 228.82 | 198.04 | 307.45
LT | 7001 |4598 |8550 |1.034 1.68 0.176 1
Neemoil |
LT |117.84| 102.30 | 128.37
50
LTgo | 198.34 | 176.68 | 248.31
407

LT,408hal time that kills 10% of the exposed nymphs
LTs409hal time that kills 50% of the exposed nymphs
LToo4hal time that kills 90% of the exposed nymphs
df: déptees of freedom

412
413
414
415
416
417
418
419

Tabl2@: Effect of argel extract, neem and Jatropha oils on nymphal development of the
421desert locust, S. gregaria
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422

Development duration (days)

Treatment
3 _ 4" instar 4™ — 5" instar 5" _ 6" instar

Control 8.76° 10.16% 11.33%
Hexane 8.78% 10.50% 12.00%

Argel extract (10%) 8.78% 11.66% 11.50%

Neem oil (10%) 16.44° 15.33° 17.50°
Jatropha oil (10%) 16.41% 14.00° 16.50°

LSD 12.54 1.99 0.84

SE+ 6.89 1.09 0.45

Thirg2idistar nymphs were treated and development was followed
Thedveans followed by the same letter in the same column are not significantly different
at (B208.05) according to LSD.

LSDR&east Significant Different

SE#27Standard Error

428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

Tabll3: Antifeedant % induced byargel, neem and Jatropha oils on the
450instar of S.gregaria

451
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3rd nymphal



Treatment After 3 days After 6 days
Control - -
Hexane (54.72)% (64.9)
42.30 36.33
Argel extract 5% (52.96)% (56)°
43.57 41.54
Neem oil 5% (76.45)° (79.62)°
29.06 26.85
Jatropha oil 5% (72.64)" (78.92)°
31.56 27.83
LSD 14.59 12.24
SEx 8.02 6.73

Thedb2eans followed by the same letter(s) in the same column are not significantly

differgedt at (P=0.05) according to LSD.

Thedsdmbers between parentheses represent arc sine transformation data
LSDt5% east Significant Different

SE#56Standard Error
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473

Tabl/4: Fecundity of S. gregaria developed from 3rd nymphal instar treated with 10%

475argel extract, neem,and Jatropha oils

476
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Treatment Average number of egg- pods/10 females
1% count 2" count 3" count 4™ count
Control (1.86)% (5.04) (9.05) (10.95)%
7.92 12.92 17.56 19.23
Hexane 10% (0.57)% (3.15)2 (7.30) (10.24)*
0.1 10.31 15.68 18.72
Argel extract10% (1.86)% (5.04)% (7.16)% (10.69)%
7.92 12.92 15.56 19.09
Neem oil 10% (0.57)? (0.57)? (3.15) (4.54)°
0.1 0.1 10.31 12.25
Jatropha oil 10% (0.57)% (0.57)2 (3.15)% (6.33)°
0.1 0.1 10.31 14.54
LSD 2.24 3.64 5.55 4.31
SE+ 1.63 2.41 3.68 2.99

Thedimieans followed by the same letter in the same column are not significantly different
at (B#8.05) according to LSD.
Thedmdmbers between parentheses represent arc sine transformation data.
LSDE8east Significant Different
SE+#&1Standard Error
482
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485
486
487
488
489
490
491
492
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494
495
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500
501
502

503

TabBED&:Per cent hatchability of eggs laid by S. gregaria developed from 3rd nymphal
505instar treatedwith argel extract, neem,and Jatropha oils
506
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Treatment Days
1 2 3

Control 47.50% 59.00% 34.52°

Hexane 10% 44.75° 58.75% 36.00°
Argel extract 10% 50.75° 60.00° 42.50°

Neem oil 10% 16.30° 2.52" 0.10°

Jatropha oil 10% 12.55° 5.50° 0.10°

LSD 19.16 14.63 13.74

SE+ 12.71 9.70 9.11

Thes@ieans followed by the same letter in the same column are not significantly different
at (B88.05) according to LSD.

L.SH0g= Least significant difference.
SE+%0Standard Error
511
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