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ABSTRACT

Desert locust, Schistocerca gregaria is serious agricultural pest that cause
considerable damage to all field crops and pasture grasses, particularly during
outbreaks.

In this study, laboratory trials and field trials were carried out at different
times in some places in Egypt considered as favorable breeding sites to test its
efficacy on the target pest under the Egyptian argro-ecosystem to evaluate the
performance of three natural products as bio-insecticide , Actinomycetes -
bacteria, Saccharopolyspora Spinosa (Spinosad, 24%SC), fungus, Metarhizium
anisopliae var. acridium (Green Muscle), and Bacillus thuringiensis-bacteria
(Protecto 9.4%WP).

The Results of the laboratory trials revealed that, actinomycetes (Spinosad,
24%SC) was successful as bio-agent to control both locusts and grasshoppers.
Also, fungus M. anisopliae var. acridium (Green Muscle) is promising for
locust and grasshoppers control. While obtained domenstrated that, no
significant effects of B. thuringiensis (Protecto 9.4%WP) was not effective on

the desert locust, S. gregaria or the grasshoppers.

In the field, (Spinosad, 24%SC) at concentration of 65ml/100L caused 75%
mortality among S. gregaria nymphs after 24hr., reached its maximum effect
(100%mortality) after 48hr. under the Egyptian conditions, while fungus M.
anisopliae var. acridium (Green Muscle®) was very slow acting as a bio-control
agent when applied against S. gregaria and some acridid pests, but it was safe to
non-target organisms and mammals. 50g/ha dose (diluted in diesel) resulted in
an optimal mortality of locusts during 21 days, followed by 50g/ha dose

(diluted in vegetable oil), respectively.

Key words: Acrididae, Locust, Schistocerca gregaria, Biological Control.
Metarhizium anisopliae var. acridium, Green Muscle, Spinosad,

Bacillus thuringiensis



CONTENTS

Page
INTRODUCTION .eieiiiiiiiiiiiiiiiiiireeeeeieeeeeececesneeeensnnnnn, 1
REVIEW OF LITRATURE ..o 3

Economic importance of the desert locust ........cccccevvviiiniinnnnne, 3
1. DeSErt IoCUSE SUNVEY .iiuuiieieeiietietenseeasenscacanscscencansonssanss 5
2. Effect of some biopesticides on desert locust control .............. 7
Y 1] 11 01T 1 N 7
2. Entomopathogenic fungi Metarhizium Anisopliae .............. 13
Natural prevalence of Metarhizium Anisopliae ............... 18
Conidial production ..cceeeeeeieieeeieetieereereenecenncenscennnn 20
3. Bacillus thuringiensis .........c.ceveveiiiiieiiaiineeieiiacinnenannns 24

Preparation of bacterial pathogen Bacillus thuringiensis..... 27

MATERIALS AND METHODS ... 35
1. Experimental insects from surveying and insects breeding .... 35
IS 1) ) | 1 35
1.2. Breeding of desert locust in the laboratory ........c......... 39
collecting and transfer samples produced ...........c........ 39
Cages Of Dreeding..ceeceeieeieeieeenrenrenieacsessesessnssassnsnnns 39
Locust breeding conditions ..cc.ceeeereeiieneeneeierencennnnnn. 40
2. Bioassay of tested product ....cceeeeeveniiniiniieriecnecnieasiecenens 42
2.1. Tested SPIN0SAd c.uiveeeieiinieneieerenserasiesenscensonsonsenasans 43

Mechanism of insecticidal action

2.2. Tested entomopathogeniC fuNgi. ...ccceeeeeieeierenecnecaneens 44



2.3. Effect of Bacillus thuringiensis on the desert Locust ......... 45

RepPliCate CONSISTS .uviieiinerererennrennerenarenaseenscansennscananes 46
I 1] (o I 1 =V | 47
The external breeding greenhouUSe ...cceeverieeieiinrenrenennnn 47
4, Statistical analysis ..covevveiiniiieiieiinieieiiniinreiarsnronrosecsnsenans 49
RESULTS AND DISCUSSION ...ieiuieinieiienecncarnrereesesesacncees 50
1. EXPerimental INSECTS ..evereieieiieeeineeiearenneeanscenacennsannsannses 50
1.1, SUNVEYING eeeerenneeeracenareenscanseenscesnsesnscsnssassccnscans aoe 50
FOrECASTING teveeererennrennreneteeeeeecesnsennscenscesnsennsannscnns 52
1.2. The internal breeding c.cveveeeveiiiiiiieiieiieiiiiniiniiecnesnnnne 52
Life cycle Life cycle of the desert IoCUSt ...c.ceviveiieineininnnns 52
2. Laboratory Bioassay .....cccieveiiiniiiniiinionnionnicineisnscsnsconns 56
2.1.Toxicidy of Spinosad on the desert locust .....ccceveeeiennne. 56
2.2. Toxicity of entomopathogenic fungi....ccceceeeeeeineenneennnnnn. 67
Mechanism of insecticidal action .......cceeeveeiiniiaiieeneennnn. 72

2.3. The effect of bacteria Bacillus thuringiensis against

SChiIStOCErca gregarid.....cceuvveeieiieiiieiiniiieiecirnsonscnnns 76
Mechanism of insecticidal aCtiON...cceviiiiiiieeeereeeeeeeeeeeennes 77
I 1] [0 I 1 = 11 N VA

Analysis of variances 82

SUMMARY ..ottt 84
REFERENCES ...t e 87

ARABIC SUMMARY ...iitiiiiiiiiiiiiiiiiiniinnii e 128



No

10 .

LIST OF TABLES

Title Page
Total area covered during Desert Locust survey............... 50
The Ecological Conditions in surveyed areas................... 51
Areas of survey in October and December 2014 ............... 51
The growth of locusts in the breeding process ................. 54

Efficacy of (Spinosad 35%) against desert locust, Schistocerca
gregaria under laboratory conditions............................. 56

Analysis ANOVA for efficacy of (Spinosad 35%) against
desert locust, Schistocerca gregaria under laboratory conditions

Efficacy of (Spinosad 45%) against desert locust, Schistocerca
gregaria under laboratory conditions. ........................... 57

Analysis ANOVA for efficacy of (Spinosad 45%) against
desert locust, Schistocerca gregaria under laboratory conditions

Efficacy of (Spinosad 65%) against desert locust , Schistocerca
gregaria under laboratory conditions .............................. 59
Analysis ANOVA for efficacy of (Spinosad 65%) against
desert locust, Schistocerca gregaria under laboratory

CONAITIONS. .. ettt s 60



11.

12 .

13.

14 .

15 .

16 .

17 .

18 .

19.

20.

Efficacy of (Spinosad) against desert locust, Schistocerca

gregaria under laboratory conditions .............................. 60

Analysis LSD for efficacy of (Spinosad 24%SC) ............ ,.. 61

Mortality responses of S. gregaria 4™ nymphal instars and
adults after treatment with different concentrations ............... 65

Efficacy of M. anisopliae var. acridium (Green Muscle®)
against desert locust, Schistocerca gregaria under laboratory
concentrations diluted in vegetable oil....................... ... 66

Analysis ANOVA for efficacy of M. anisopliae var. acridium
(Green Muscle®) against desert locust, Schistocerca
gregariaunder laboratory concentrations diluted in vegetable oil

Efficacy of M. anisopliae var. acridium (Green Muscle®)
against desert locust, Schistocerca gregaria under laboratory
concentrations diluted in Diesel ..............cooo i 69

Analysis ANOVA for efficacy of M. anisoplia var.acridium
(Green Muscle®) against desert locust, Schistocerca gregaria
under laboratory concentrations Diesel in diluted ............... 69

Efficacy of M. anisopliae var. acridium (Green Muscle®)

against desert locust, Schistocerca gregaria under
laboratory conditions ...............coooiiiiiiiiiiii e, 70

Analysis LSD for efficacy M. anisopliae var. acridium
(7)1 T¢/c) 132150 | R 73

Efficacy of S. spinosa (Spinosad- 24%SC) and M .anisopliae
var. acridium (Green Muscle) against desert locust, Schistocerca

gregaria In Sharg EI-Owainat region during March 2016 ........ 79



21. Analysis ANOVA for efficacy of S. spinosa (Spinosad
24%SC) and M. anisopliae var. acridium (Green Muscle)
against desert locust, Schistocerca gregariain Sharq EI-Owainat
regionduring March 2016..............ooiiiiiiiii e, 79

22 . Efficacy of S. spinosa (Spinosad- 24%SC) and M. anisopliae var.

acridium (Green Muscle) against desert locust Schistocercagregaria,

in Sharg EI-Owainat region during March 2016........................ 80

23 . Analysis LSD for efficacy of S. spinosa (Spinosad-
24%SC) and M.anisopliae var. acridium (Green Muscle) against
desert locust, Schistocerca gregaria in Sharg EI-Owainat region
during March 2016 .......ccooviiiiiii e, 80



LIST OF FIGURES

NO Title page

1. Desert locust range and breedings areas and resulting migration ...37

2. TrUCK TOr SUNVY oo 38

3 SUIVEY WOTKEIS ..ottt e e 38

4 . Survey location on EL Sheikh EL Shazly..............................l, 39

5. Desert locust feeding............cocoviiiiiiiiiiiii i, 41
6. Cage breeding inside..............cooiiiiiiiiiiiiii 42
7 . Spinosad mixture of two chemicals spinosyn Aand D............... .. 44
8 . The external breeding greenhouse Desert locust in cages ............... 47
9. The external breeding greenhouse ..............ccoiiiiiiiiiiiiinnnnnnn, 48
10 . Desert Locust Schistocerca gregaria live cycle ....................... 53
11 . The growth of locusts in breeding Process............ccccevvvvievinnnnn, 55

12 . Effect of S. spinosa (Spinosad 24%SC) against desert locust,
Schistocerca gregaria under laboratory conditions....................... 64

13 . Toxicity lines of 4" nymphal instars of S. gregaria after treatment
with spinosad with different concentrations .............................. 65

14 . Toxicity lines of S. gregaria adults after treatment with spinosad...66

15 . Effect of M. anisopliae var. acridium (Green Muscle®) against
desert locust, Schistocerca gregaria under laboratory conditions...71

16 . Effect of S. spinosa(Spinosad-24%SC) and Green Muscle against
desert locust, Schistocerca gregaria in Sharg EI-Owainat region
during March 2016...........coiiiiii e 81



INTRODUCTION

The insect pests which belong to family “Acrididae” specially the
desert locust, Schistocerca gregaria (Forsk.) and several species of
grasshoppers are consider the most serious pests around the world.
Locusts can cause considerable economic problems on affected countries
and so on grasshoppers on the regional levels (Bullen 1970). So indicated
that, instead of waiting for Schistocerca gregaria outbreaks to occur,
preventive action against this pest must be taken to prevent its damage
(Krall 1995).

The principal aim of preventive strategies for locust controls were
designed on: a) reduce the size of the total population of insects, b)
prevent of any plagues may forming by controlling of bands and swarms
in affected areas (Steedman, 1990).

Numerous pesticides used for locust control during upsurges and
plagues causing environmental risks and affected non-target organisms.
Due to the environmental and pest-resistance problems associated with
chemical pesticides, now there is an increasing interest for the exploitation
of biological control agents, available as commercial products or those
still under development. Consequently, the environmental pollution by
chemical pesticides such as; toxicity to non-target organisms (Tingle,
1996) and humans (Pretty, 1996) has led to new strategies and
development of environmental friendly alternatives to control locusts and
grasshoppers based on microbial control agents (Johnson and Goettel,
1993)( Lomer et al., 2001 and Lange, 2005).



At last years the quality of the environment has become a major issue.
Many chemicals (pesticides) previously accepted for locust control at
national and international levels would not survive the rigorous

environmental testing required of modern insecticides.

Therefore, the present study is an attempt through laboratory and field
trails to evaluate the efficacy of some bio-insecticides such as a
Actinomycetes bacteria (Spinosad, Tracer 24%SC), fungus, Metarhizium
anisopliae var. acridium, (Green Muscle) and Bacteria, Bacillus
thuringiensis  (Protecto 9.4%WP) against desert locust, Schistocerca

gregaria under the Egyptian environment conditions.



REVIEW OF LITRATURE

Economic importance of the desert locust:
Locusts have been the enemies of humans since the early days of

agriculture. They are mentioned in ancient sacred books such as the Torah,
the Koran, and the Bible. In the latter, they constitute the infamous Eighth
plague of Egypt. In the Old Testament of the Bible, there are about 100
references to insects and other arthropods; among them, the 40 references
to locusts and grasshoppers far outnumber all other related quotes
(Kritsky, 1997). Locust swarms often brought devastation and famine to
entire nations. According to the ancient Roman historian Pliny the Elder,
in 125 BC, 800,000 people died in the Roman colonies of Cyrenaica and
Numidia (territories of contemporary Libya, Algeria, and Tunisia) from
famine caused by a locust plague( Uvarov, 1944). In 1958 in Ethiopia,
locusts destroyed 167,000 tons of grain, which is enough to feed 1 million
people for a year (Steedman, 1988).

The desert locust S. gregaria has been considered a major pest since
ancient times, as locust swarms holding millions of insects move
throughout the Sahel of northern Africa, Middle East and southern
Mediterranean countries. Most research has focused on the biology of the
species and the development of strategies in locust control, but little is
known about the place of locust pulses within food webs in which
domestic herbivores and European long-distance migratory birds are also
involved.

Eruptions of desert locusts S. gregaria Forskal in arid zones of
Africa and the Middle East have been so closely intertwined with human
agricultural economies that reports of catastrophes are numerous and
detailed since the time of the Pharaohs (Nevo, 1996).



