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Conidial efficacy outside the optimum conditions was enhanced in
oil formulations and addition of UV-protectants. Oil formulated conidia showed
improved mortalities even at higher temperatures and low relative humidity
compared (o non-formulated conidial suspensions. UV-protectants improved
conidial stability even after prolonged UV exposures. A combination of oil and
molasses formulation proved to be the most stable at different environmental
conditions.

Screening tests against beneficial insects to determine toxicity to
bees and rats respectively showed B. bassiana was safe against both organisms.
The biocontrol potential of B. bassiana to S. gregaria under field cage conditions
showed mortality to be higher in formulated than non-formulated Pathogen. This

indicated that B. bassiana has a potential for controlling S. gregaria in the field.
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CHAPTER 1

INTRODUCTION

Locusts are large to medium-sized insects belonging to the order
Orthoptera, characterized lby powerful chewing jaws and enlarged hind legs for
jumping (Uvarov, 1966). bThey are further categorized in the suborder Caelifera
which is divided into five superfamilies. Locusts belong to the superfamily
Acridoidae which is the largest, having about 10,000 species, distinguished by
short antennae. Within the family Acrididae only 10-12 species could be referred
to as locusts while the rest are known as grasshoppers. Locusts are not
differentiated from grasshoppers by any particular morphological feature and
certain specics commonly show closer morphological affinities with grasshoppers
than with other locusts. For instance, there are several locust species in the
subfamily Cyrtacanthacridinae which also contains a number of typical
grasshoppers (Chapman, 1976).

An important feature of locusts is their ability to reversibly transform
between two extreme phases, solitaria and gregaria, which differ in morphology,
physiology and behaviour (Uvarov, 1966; Steedman, 1988). The most striking
feature of gregarious locusts is their ability to change into dense groups, march
in bands as wingless hoppers or swarm over long distances as adults when

stimulated by favourable climatic conditions (Steedman, 1988). As solitaria,



individual locusts are relatively insignificant pests and only attain a major pest
status when they aggregate.

Mankind has probably been plagued by locusts ever since he first began
to grow crops some ten thousand years ago. The earliest records at Saqqara in
lower Egypt consist of carvings of locusts in tombs of the sixth dynasty (2420-
2270 BC). The eighth plague in the book of Exodus (1300 BC) emphasizes the
fear which desert locust éwarms created in ancient times (Chapman, 1976).

Africa and the adjoining regions continue to be liable to widespread and
prolonged infestations by locust swarms. The main locust species responsible for
plagues experienced in Africa and Asia are:

(a) Desert locust, Schistocerca gregaria,

(b) African migratory locust, Locusta migratoria;
(¢) Red locust, Nomadacris septemfasciata;

(d) Tree locusts, Anacridium spp;

(e) Brown locust, Locustana pardalina;

(f) Sudan Plague Locust, dilopus simulatrix; and
(g) Madagascar Locust, Locusta migratoria capito.

The desert locust is perhaps the most successful species because of its
ability to respond to favourable weather systems, and its remarkable flight
performance (Bullen, 1969). Its diffuse distribution makes it difficult to monitor
its occurrence in recession areas. With an invasion area of about 29 million Km®

at its disposal and a recession area of 14 million km?, the desert locust affects 57

i~















bassiana isolated from a dead grasshopper in Montana (Johnson, et al., 1988).

B. bassiana has advantages as potential myco-insecticides because:

(a)  unlike most other insect pathogens which must be ingested
in order to invade their host, entomopathogenic fungi usually
invade via the external cuticle (Charnley, 1984);

(b) can be produced on simple culture media (Goettel and
Roberts, 1991) as well as en masse;

(c)  can be formulated as myco-insecticides suitable for spraying
using con-ventional chemical spraying equipment (Mathews
1983; Bateman, 1989); and

(d) they have a proven safety record (Geottel, 1990).

These phenomena illustrate the promising potential of fungi and has
resulted in considerable discussions on the attempt (o exploit them as insect
control agents. In dealing with a system involving two living organisms, the host
and its pathogen, a full understanding of the factors affecting the ability of a
fungus to enter and kill its host is paramount as a prelude to the development of
a bio-insecticide. The factors that interfere in any of the critical steps could
render the pathogen less efficient if not useless. They include abiotic factors
such as solar radiation, temperature and humidity. It is only in the immediate
past that work has been done on unravelling the complex interaction between the

host integument and fungal pathogens (St Leger, ef al., 1986).



The major stimuli to the current advances in the field of fungal pathology
has been the realization that infection from an initial application can occur
independent of the high humidity (Prior et al., 1989). Indications are that the
micro-humidities at the surface of the host integument or on the foliage may be
sufficient for spore germination and host penetration (Ferron, 1977). Fungal
spores formulated in oil have been shown to kill locusts at humidities of 35% RH
(Prior et al., 1991). High humidity is however required for the production of
spores and it is this constraint that limits subsequent spread of the fungal disease
(Ferron, 1977; Hall, 1981; McCoy, 1981; Marcandier and Khachatourians, 1987).
The aim therefore would be to maximize the kill from the initial application in
the same way as a chemical insecticide. In this study, my objective was to
isolate, characterize and formulate B. bassiana strain and determine its efficacy

and suitability in the management of S. gregaria.





















France, field collected diapausing larvae of O. nubilalis showed high mortality
after infection with B. bassiana (Marcandier and Riba, 1986). In Russia, B.
bassiana has successfully been used in the control of Colorado potato beetle.
Other isolates have been under investigation for control of other‘ pests, including
fire ants Solenopsis spp., black pine weevils Otiorynchus sulcatus (Fabricious)
and the citrus root weevils Diaprepes spp (McCoy, 1990).

Within the s;me species, different activity spectra could be found
(Rockwood, 1950; Latch, 1965; Paschke, 1965; Ferron, 1977). While assaying
for the virulence of different strains of B. bassiana to the silk worm, B. mori,
Shimuzu and Aizawa (1988) found that the lethal dose (LDy,) values of various
isolates differed. The virulence and sporulation capacity of 50 isolates of B.
bassiana collected world-wide were found to differ against the Colorado potato
beetle, Leptinotarsa decemlineata (Soper and Ward, 1981). Studies with carabid
beetle larvae infected by different strains of M. anisopliae indicated that there
was a very strict adaptation of the strain to the original host (Ferron et al.,
1972).

Reports of B. bassiana infecting grasshoppers are available and
includé Dresner (1949) Macleod (1954), Humber and Soper (1986), Li (1987),
Moore and Erlandson (1988). Schaefer (1936) documented that B. bassiana was
the cause of epizootics in swarms of red locusts (V. septemfasciata) in South

Africa. Some recent studies have also demonstrated its pathogenicity to
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Fig. 2. Schematic representation of a locust rearing cage.
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Production of blastospores and mycelium was initiated by innoculating the yeast
extract/sucrose broth with Iml of 5x107 conidia/ml suspended in sterilized
aqueous suspension of 0.05% Tween 80. The flask was continuously stirred at

150 rpm for 3 days in an incubator/rotary shaker (Model: Lab-line) at 25°C+ 2°C.

(b) Selid phase

The solid sdbslrate was made by autoclaving 0.5g of white rice
Oryza sativum at 121°C and 15 psi for 20 min. The autoclaved rice was
transferred into sterile plastic bags (Gauge 150) measuring 15cm x 18cm and
innoculated with blastospores produced from the liquid phase. Before sealing,
sterile air was blown into the bags from a laminar flow hood. The bags were
incubated at 30°C for 15 days until dense sporulation of B. bassiana was visible
from the rice surface.

Extraction of conidia from the rice surface was done using 350ml
of Tween 80 solution. To collect the conidial suspension, the bags were held
upright and the lower tip cut off so that the suspension could trickle down into
a beaker. The conidial suspension was then shaken for 5 mins using a mixer
(Vortex K-550 GE) and sieved through a mesh of approximately 150um into

large airtight bottles for storage at 4°C.
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Samples were shaken during irradiation with UV light.

(b) Pathogenicity

Pathogenicity of UV irradiated conidia was determined using 50 third
instars which were sprayed with conidia irradiated for varying periods of times
from th, 12h, 24h, and 48h. Controls were sprayed with normal conidial

suspension. Mortality was recorded daily upto 14 days.

3.5 Development of suitable formulations of B. bassiana
3.5.1 Oil formulation
(a) Effect of oil formulation on conidial viability
Viability of oil formulated conidia was tested by adding 10 ml of 5x107
conidia/ml suspension to 1 ml of sterilized oils as follows;
(i) conidial suspension + 1% corn oil
(ii) conidial suspension + 1% coconut oil
(iii) conidial suspension + 1% mineral oil
(iv) conidial suspension + distilled water + Tween 80
These were thoroughly mixed to produce a homogenous emulsion. Three pipette
drops were plated on a petri-dish (radius 8mm) of SDA and incubated at 25°C
30°C 35°C 40°C for 24h while maintaining 60% RH. Germination was compared

with controls.















Sampling of live instars was done using a 0.5m* miniature quadrat thrown
randomly 4 times on the wheat plot within the cage. The population was
estimated by counting the instars within the quadrat. The average number of
locusts in this area was multiplied by the total area of the plot and added to the
number of locusts basking on the roof and walls of the cages. Dead locusts were
collected daily for 20 dags.

Data were analyzed by Statistical Analysis System (SAS, 1985).
Percentage mortality was calculated and subjected to square root transformation
according to Southwood (1966). The critical pathogenicity indices (LDg, and
LT,) were determined by Probit analysis. Means were compared using
Duncan’s multiple range test (DMRT). Differences from analysis of variance

(ANOVA) were considered significant at P < 0.01.
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CHAPTER 4

RESULTS

4.1 Pathogenicity of B. bassiana to S. gregaria

Pathological manifestations of B. bassiana infection on S. gregaria were
observed on the second day post-inoculation. Infected nymphs first became
sluggish and failed to fecd' normally. There was a decrease in nymphal response
when touched. At death, after approximately 8 days, nymphs were found to be
soft and usually distended, but hardened after 48 hours. Saprophytic growth of
the mycelia was first seen from the intersegmental parts and subsequently, the
fungus emerged from all parts of the integument (Fig. 5). As the disease
progressed, mycelia appeared as a white covering over much of the integument

and gradually mummified the cadavers.

4.2 Stage Susceptibility

All five nymphal and adult stages of S. gregaria showed varied
susceptibility to B. béxssiana infection. From the first and second nymphal
stages, which were the most susceptible, a mean cumulative mortality of 76.10%
+ 0.78 and 72.63% =+ 2.60 respectively was recorded after 14 days when sprayed
with 5x10'* conidia/ml (Table 1). In the third and fourth stages, mortalities were
66.87% £ 1.03 and 57.10% = 1.57 respectively. The fifth nymphal instar only

showed 51.60% + 1.50 mortality. Only 46.43% £ 1.76 adults died in all
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Table 2. Percent mortality of S. gregaria at seven
concentrations of B. bassiana on days 2, 4, 6, 8, 10,

12 and 14 post innoculation.

% Mortality per Days post-innoculation

2 4 6 8 10 12 14
Conidia
5x10° (T,) 3.33 5.15 7.03 12.33 28.60 45.60 47 .83
+0.20 +0.32 +2.56 +0.28 +2.72 $0.17 +2.46

5x10° (T,) 4.33 5:16 15.33 28.33 43.90 45.00 45.00
+4.33 +0.28 +0.28 +7.63 +0.01 +0.01 +0.17

5x10” (T,) 3.33 4.00 13.50 50.40 57.50 59.06 62.13
+0.00 +£0.28 +1.73 10.17 +0.00 +0.00 +$0.23

5x10° (T,) 5.00 6.50 13.83 56.83 59.66 63.16 66.50
+0.86 0.86 2.88 10.17 +0.57 £0.28 +0.00

5x10° (T,) 4.00 9.20 28.50 57.96 60.16 64.00 67.83
+0.00 +3.27 +3.04 +0.05 +0.32 $0.57 +0.76

5x10'° (T,)4.16 5.86 18.93 53.00 59.00 65.73 70.33
+0.28 +0.80 +0.92 $1.00 +0.40 10.57 +0.00

5xlg¥ {%,)3.33 4.00 4.20 55.50 61.66 66.50 71.83
+0.42 +0.00 +0.34 1+0.28 129.44 10.05 +0.80

c 4.30 5.86 5.93 6.50 7.60 9.20 8.66
+0.55 +0.00 +0.57 +0.28 +1.00 +0.28 +0.80

. % mortality values are means i standard error of the mean

. C = Control
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Fig. 8.  Mortality of S. gregaria treated with passaged and non-passaged

B. bassiana.



Table 4. Percent mean mortality of S. gregaria infected
with passaged and non-passaged B. bassiana
conidial suspension.

% mortality

Step Passaged non-passaged control
1 32.56% 28.25° 6.40°F
+40.17 +0.04 +0.10
2 31.07° 31.49¢% 5.60%
+0.02 $+0.22 +0.04
3 33.75¢°% 33.80°% 6.50f
+0.13 +0.22 +0.38
4 34.80° 34.58° 6.50%
+2.01 +0.24 +0.04
5 37.15° 34.44° 7.05%
+0.69 +0.12 +0.12
6 43.65"° 40.40° 7.50f
+0.87 +0.17 +0.38
7 44 .80" 43.95% 7.55¢%
+0.07 +0.03 +0.10
8 50.25% 43 ,95" 7.50°f
+0.06 +0.12 +40.12
9 51,04 46.00% 7.50¢f
+0.04 +0.02 +0.12
10 51.32* 46.00° 7.50¢
+0.01 +40.02 $40.23

. % Mortality values are means i standard error.
. Number with the same letters in a column are not

significantly different at (P < 0.01) according to DMRT.









Table 6. Percent mean mortality of S. gregaria to

B. bassiana infection at five temperatures

% Mortality per Temperature (°C)

25 30 35 40 45

Conc

107 50.00° 52.33> 52.66° 43.66° 42.66°

+0.00 +2.51 +2.51 +0.57 +0.57
10®° 53.33*® 47.33° 49.66° 45.00° 40.00°
+2.88 $+2.52 +5.50 +8.60 +0.00
10° 59.90" 56.66%° 52.44 44.33° 40.35°
$+1.73 +0.60 +1.00 +0.50 +0.50
10*° 59.98* 58.33* 58.33* 48.50° 41.00°
$+0 .72 $2.05 +2.00 +0.80 $0.50
10** 60.00* 61.00° 60.00* 47.90° 40.33°
+1.40 +1.00 +0.57 +0.60 +1.55
c 6.004 7.004 7.50¢ 8.00% 6.66°
+0.00 £1.00 $0.57 $0.57 1.55

Numbers with the same letters in a row are not signi-
ficantly different at (P < 0.01) according to DMRT
. % mortality are means i standard error of the mean

. C = Control



Table 7. Mean growth potential radius of B. bassiana under

four relative humidities.

Mean growth (cm) per Relative humidity (%)

40 60 80 100
Day
1 0.50 0.50 0.51 0.50
+0.00 +0.00 +0.13 +0.00
2 0.51 0.60 0.52 1.50
+0.01 +0.01 +0.16 +0.01
3 0.50 0.81 0.86 4.30
+0.12 +0.03 +0.24 +0.14
4 0.51 0.90 4.06 8.16
+0.00 +0.02 +0.10 +0.14
5 0.70 2.06 6.00 8.16
+0.00 +0.13 +0.23 +0.00
6 0.93 2,03 6.50 8.50
+0.01 +0.15 +0.00 +0.14
7 0.93 3.03 6.50 8.50
+0.12 +0.13 +0.02 +0.00
8 0.93 7.03 7.06 8.50
+0.33 +0.12 +0.14 +0.00
9 1.00 8.06 8.00 8.76
+0.00 +0.13 +0.02 +0.00
10 1.06 8.20 8.33 8.76
+0.04 +0.04 +0.01 +0.03
11 1.56 8.13 8.33 8.76
+0.04 +0.02 +0.02 +0.03
12 1.50 8.13 8.54 8.76
+0.10 +0.12 +0.02 +0.24
13 2.06 8.15 §.41 8.76
+0.02 +0.04 +0.02 +0.14
14 2.33 8.15 8.41 8.76
+0.41 +0.13 +0.12 +0.14

60



Table 8.

Percent mean mortality of S. gregaria infected with

B. bassiana at four relative humidities

% Mean mortality per Relative humidity (%)

40 60 80 100
Conc
107 40.33° 49,66° 61.33% 62.00°
+0.57 +2.51 +1.15 +0.00
10° 41.66° 49.00° 61.90% 63.66
+2.88 +1.78 +2.08 +1.52
10° 45.00F¢ 50.00° 62.66 65.00*
+0.00 $41.73 +2.51 +0.00
100 45,70 49.78° 65.00* 67.00°
+0.00 +1.15 +1.73 +1.73
102 56.00" 50.06" 63.66" 72.00*
+2.08 +0.21 +1.50 $2.00
c 7.00¢ 8.00¢ 8.00¢ 8.00¢
+1.50 +40.50 +0.55 +2.56

61

. Numbers with the same letters in a row are not significantly

different at (P < 0.01) according to DMRT

% mortality values are means t standard error

. C =

Control






Table S. Mean growth potential radius of B. bassiana after
exposure to four UV irradiation periods.

Mean growth (cm) per Exposure Time

1 12 24 48
Day
1 0.50 0.53 0.50 0.50
+0.00 +0.02 +0.00 +0.00
2 0.50 0.56 0.50 0.63
+0.00 +0.02 +0.00 +0.07
3 0.50 0.78 0.52 0.63
+0.04 +0.01 +0.00 +0.07
% 0.60 1l.46 0.50 0.63
+0.13 +0.04 +0.02 +0.19
5 6.15 2.10 1.89 1.46
+0.13 +0.04 +0.02 +0.19
6 7.06 3.46 4.20 1.46
+0.13 +0.16 +0.21 +0.19
7 7.16 4.78 5.23 1.46
+0.13 +0.10 +0.08 +0.07
8 7.83 5.03 523 1.78
+0.02 +0.10 +0.02 +0.30
9 7.83 5.03 5.60 1.78
+0.02 +0.01 +1.12 +0.07
10 8.50 7.36 6.36 2 +26
+0.02 +0.05 +0.02 +0.03
11 8.56 B8.23 6.68 2.26
+0.02 +0.12 +0.04 +0.01
12 ‘ 8.06 8.23 7.00 2.60
+0.02 +0.19 +0.00 +0.12
13 8.70 8.23 7.26 2.65
+0.02 +0.02 +0.02 +0.12
14 8.70 8.23 7.00 2.60

+0.08 +0.40 +0.02 +0.04
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Table 10. Percent mean mortality of S. gregarila infected

with four UV irradiated B. bassiana.

% Mean mortality per UV-irradiation

1 C12 24 48
Conidia/ml
107 52.66° 50.00° 46.66¢ 33,339
+0.50 +0.33 +0.60 +0.80
10® 55.00° 53.33° 48.00¢ 46.669
+0.40 +1.20 +1.14 +2.88
10° 50.00" 51.66" 41.00° 38.00¢
+0.21 +0.90 +0.60 +0.03
10 56 .00 52.66° 45.00° 44 .,56°
+0.60 +1.0 +2.00 +0.08
10*? 54.33% 52.00° 45.00° 37.33¢
+1.50 +40.33 +0.40 +2.06
c 6.50° 7.00° 8.00° 8.00°
+0.01 +0.21 +0.57 +0.52

. % Mortality values are means i standard error
. Numbers with the same letters are not significantly different
(P < 0.01) according to DMRT

. C = Control






Table 11. Viability of oil-based B. bassiana under varying

temperatures

Conidial viability at given Temperature (°C) levels

25 30 35 40 45
Oils
Corn 92.96 88.86 87.40 60.30 40.60
+0.09 +0.09 +0.02 +0.01 +0.01
Coconut 56.30 54.50 52.60 30.50 25.30
+0.01 +0.02 +0.02 +0.02 +0.01
Mineral 45.50 40.70 36.50 30.50 25.00
oil +0.01 +0.04 +0.08 +0.02 +0.01
Control 98.20 98.00 98.00 60.50 60.00
+0.01 +0.03 +0.00 +0.00 +0.02

. C = Non formulated conidia
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Table 12. Viability of oil formulated B. bassiana under four
humidities
% Viability at given RH (%) levels
40 60 80 100
Oils
Corn 64.40 80.55 95.05 96.00
+0.04 +0.00 +0.00 +£0.00
Coconut 66.50 68.55 72.55 80.55
+0.04 +0.02 +0.01 +0.01
Mineral 55.:55 60.00 66.50 70.50
oil +0.16 +0.12 +0.11 +0.14
Control 94.00 96.00 96.00 97.00
+£0.02 +£0.02 +0.00 +0.00
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Table 20. Percent mortality of S§. gregaria infected with oil-

molasses formulated B. bassiana at five temperatures

% Mean mortality per Concentration (Conidia/ml)

10’ 10° 10° 10 10** (e
Temp (oC)

F 53.33 56.66 58.00 57.66 60.33 8.00
+0.57 +2.51 +0.00 +1.54 +1.00 +0.10

25
NF 50.00 50.66 52.46 55.00 54.00 6.87
+0.55 +0.83 +2.00 +0.33 +0.52 +0.23
59.00 66.00 66.33 67.66 70.00 8.00
F +1.52 +4.01 +2.08 +1.57 +0.50 +0.33

30
NF 50.00 52.00 54.00 57.33 58.00 7.10
+0.00 +2.73 +2.00 +2.00 +1.67 +0.20
54.00 57.00 57.33 58.45 59.00 6.60
F +0.30 +0.88 +0.52 +2.24 +0.10 +2.50

35
NF 49.00 50.02 50.08 52.00 53.00 7.10
+2.52 +1.50 +0.30 +0.57 +0.00 +2.51
F 52.00 52.00 53.00 53.93 53.80 8.00
+1.52 +0.52 +0.51 +0.61 +2.01 +2.01

40
NF 42 .00 43.50 43.80 45 .50 45.90 7.50
+0.50 +0.20 +0.24 +0.22 +1.24 +0.12
F 48.00 49.50 50.00 50.00 50.08 8.00
+0.02 +1.00 +1.22 +1.20 +0.12 +1.00

45
NF 41.20 41.50 41.70 42.80 43.00 6.00
+1.00 +1.06 +0.56 +0.20 +0.57 +0.66

% Mortality values are means i standard error
F = Formulated conidia
NF = Non formulated

C = Control






Table 22. Percent mortality of S. gregaria infected with oil-
molasses formulated B. bassiana at five UV

exposure time.

% Mean mortality per concentration (Conidia/ml)

ET (hr)10’ 10® 10° 10*° 10*? c
F 57.33 60.66 60.00 61.66 65.33 8.00
+1.37 +0.88 +0.73 +0.08 +0.88 +0.82
1
NF 50.33 53.33 52.46 54.00 58.00 6.87
+0.07 +0.80 +2.00 +0.30 +0.50 +0.42
54 .00 55.00 56.30 58.00 62.5 7.00
F 1+0.52 +0.64 +0.70 +0.07 +0.27 +0.30
12
NF 48.80 51.88 51.40 52.33 52.80 8.00
+0.60 +1.00 +2.00 +0.20 +0.608 +0.82
60.00 56.00 56.50 57.45 59.12 6.50
F 10.46 +3.88 +0.22 +1.24 +41.30 +0.52
24
NF 50.00 50.02 51.60 52.00 53.66 8.20
+0.44 +2.50 +0.35 +0.52 +0.57 +2.51
F 56.00 52.00 55.00 52.93 58.00 8.00
+0.70 +0.52 +2.52 +0.10 +0.11 $0.02
48
NF 33.00 44 .50 44 .80 45.00 46 .00 7.50
+2.50 +0.20 +1.20 +2.02 +2.02 +2.00
* ET = Exposure time
* F = Formulated conidia
* NF = Non-formulated conidia
* C = Control
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Table 23. Life table analysis of the effects of temperature on

pathogenicity of B. bassiana against S. gregaria

Temp % no. k
(°c) Stage Killed survived value
(gx) (nx)

25 L1 69.79 55.00 0.43

L2 76.70 51.20 0.46

L3 - 62.50 58.20 0.41

L4 54.16 66.00 0.36

L5 55.20 71.50 0.32

A 46.52 82.50 0.26 $2.24
30 Ll 66.60 54.00 0.74

1.9 67.70 52.50 0.46

L3 56.25 67.00 0.35

L4 52.08 73.92 0.31

L5 48.95 86.50 0.24

A 38.19 92.80 0.21 2 2.31
35 Li 57.29 64.10 0.37

1.2 52.08 71.88 0.29

L3 58.33 62.59 0.38

L4 50.00 75.00 0.30

L5 45.83 81.20 0.27

A 38.19 93.00 0.21 < 1.82
40 L1 46.87 79.70 0.21

L2 43.75 87.38 0.33

L3 55.20 82.50 0.38

L4 46.87 81.00 0.30

L5 31.25 103.00 0.27

A 41.66 88.00 0.21 21.70
45 L1l 41.66 88.00 0.23

L2 41.66 88.34 0.23

L3 36.11 96.00 0.10

L4 39.58 91.42 0.27

L5 32.29 102.00 0.17

A 29.75 107.00 0.16 =1.16

K-value 9.73

. k = kill factor (logy,- log,.; where Nx = initial no. of
locusts used
in stage and nx = no. surviving)
Nx = 150
L1 - LS5 = first to fifth instars
A = Adult



Table 24. Life table analysis on the pathogenicity of
B. Bassiana against to S. gregaria at varying

relative humidities

RH (%) % no. k

Stage killed survived wvalue

(gx) (nx)

40 Ll 52.05 72.00 0.32

L2 52.08 72.00 0.32

L3 70.00 45.00 0.52

L4 50.00 75.00 0.30

L5 41 .66 89.00 0.23

A 39.58 92.50 0.21 £1.90
60 L1 68.75 47.00 0.50

L2 62.00 57.20 0.42

L3 56.25 66.00 0.36

L4 57.29 65.92 0.36

L5 46 .87 80.00 0.27

A 43.75 60.00 0.24 £2.15
80 L1l 72.90 42.00 0.55

L2 69.79 47.00 0.50

L3 68.75 47.00 0.50

L4 64.58 . 54.00 0.44

LS5 52.00 72.00 0.30

A 48.83 76.00 0.29 €£2.58
100 L1 75.00 33.00 0.66

L2 72.91 42.00 0.55

L3 67.70 45.50 0.52

L4 96 .00 06.00 1.40

L5 57.29 65.50 0.36

A 46 .86 81.00 0.27 £2.76

K-value 9.93

k = kill factor(log,,-log, iwhere N, = initial no. of locusts
used in each stage and nx = no. surviving)
. N, = 150

. L1 - L5 = first to fifth instars; A = Adult
. Initial no. of instars used in the biocassay = 150



Table. 25 Life table analysis of the effects of UV on

B bassiana pathogenicity to S. gregaria.

ET Stage % no. k
Killed survived wvalue
(gx) (nx)

1h L1 66.60 50.10 0.48

L2 63.19 55.22 0.43

L3 63.19 55.55 0.43

L4 59.37 60.94 0.39

LS 46.52 80.30 0.27

A 41.66 89.00 0.28 < 2.28
12h L1 62.50 56.25 0.42

L2 64.58 52.00 0.46

L3 60.41 59.39 0.38

L4 58.33 62.51 0.26

L5 45.83 82.50 0.26

A 37.50 93.75 0.26 2 2.04
24 L1 61.45 57.80 0.41

L2 60.41 59.85 0.40

L3 59.02 62.00 0.38

L4 67.00 61.42 0.39

L5 38.70 91.95 0.22

A 33.33 78.00 0.28 2 1.70
48h L1 41.66 87.57 0.23

L2 43.70 59.85 0.25

L3 42.18 62.00 0.24

L4 36.11 61.42 0.19

L5 38.70 91.95 0.20

A 29.16 78.00 0.17 2_1.28

K- value 8.2

. ET = Exposure time

. k = kill factor (k = log,,- log, where Nx = initial no. of
locusts used in each stage = 150)

. L1l - L5 = first to fifth instars 1-5; A = Adult
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Fig. 9. Survivorship curve of 8. gregaria to B.bassiana infection under

different abiotic factors.






Table 26. Percent mean mortality of honey bees sprayed with

B. bassiana suspension

% Mortality

Day B. bassiana Control
0 2.00 3.00
+0.00 +0.11
2 4.20 4.00
+0.01 +0.12
4 10.00 8.50
+0.14 +0.13
6 10.00 12.50
+0.21 +0.24
8 10.00 12.00
+$0.12 - +0.31
10 10.50 13.50
+0.12 +0.14
12 10.50 13.50
+0.04 +£0.06
14 10.50 13.40

+0.05 +0.26
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Table 28. Percent mean mortalities of field-cage trials

of S. gregaria infected with B. bassiana.

Day Control Aqueous Formulated
4 4.90° 9.20° 13.10°
+0.50 +0.70 +0.50
8 6.83° 33.30°¢ 27.93¢
+1.40 +2.33 +5.40
12 7.43° 45.63" 50.83%
+3.92 +1.30 +5.03
16 10.40° 58.86" 77.06%"
+1.70 +4.02 +5.10
20 12.70° 71.00%® 85.46*
+1.56 +2.85 +0.92

* Means with the same letter are not significantly

different at (P< 0.01l) according to DMRT






CHAPTER 5

DISCUSSION

Diseased instars of S. gregaria showed paralysis before death. The
nymphs were inactive as they approached median lethal time (LT,;). The
inactivity of instars seen in this study compares with ﬂlat recorded by Paschke
(1965) who reported substantial reduction in feeding activity of cereal leaf beetle,
QOulema melanopa (L.) which had been treated with conidial suspension of B.
bassiana. The nymphs hardened after death followed by growth of mycelia
through the cuticle, with the initial growth. Saprophytic mycelial development
océurillg between the intersegmental folds then continued gradually until it
covered the whole cadaver. Sporulation on the surface of the dead nymphs
occurred after 6 days.

Deuteromycetes such as B. bassiana are known to infect through
mechanical penetration facilitated by enzymatic activity (Vey and Fargues, 1977,
Ferron, 1978). There are reports on the ability of the fungus to produce

biologically active substances called beauvericins which are known to be toxic

to the insects (Pavlyushin, 1969). It can then be concluded that these toxins,

together with physiological changes in the haemolymphs resulting from the
extensive growth of the fungus in the haemocoel caused the death of the

parasitized nymph S. gregaria. The toxins could have immobilized the nymphs
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by interacting with their life systems causing fatal physiological disorders. It was
expected that in S. gregaria, the soluble components of the haemolymphs
supplied sufficient nutrients for the growth and extensive multiplication of the
fungus in the body cavity after penetration. Due to extensive growth of the
fungus, death of S. gregaria nymphs and adulis resulted from exhaustion of
nutrients in the haemolymph leading to the hardening of the cadavers of the
locusts. According to McCauley et al., (1968), the factors that have been
suggested as playing a role in the death of insects parasitized by fungi are toxin
production, damaging effect of the mycelium and the pathological changes in the
haemolymph.

The dense growth of the fungal conidia observed in S. gregaria nymphs
at the intersegmental folds of the integument had been reported in earlier studies
on different insects (McCauley, ef al., 1968;). It suggested the easy access which
these channels provided for the fungus because of their thin membrane which
required minimum pressure and enzymatic action to penetrate them. These folds
are favoured sites of infection since conidia could adhere within them unlike on
the smooth surfaces of sclerites where they would easily be removed. The
micro-climate within these folds also maintain enough humidity which is
conducive to conidial germination as reported in (Charnley, 1984).

The mode of action of B. bassiana made it necessary that
stage-susceptibility of S. gregaria was examined. All nymphal and adult stages

of the desert locust were susceptible to the pathogen, but the degree of
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variation in tolerance of M. anisopliae to various Kaolins. Formulation with oils
therefore 6pcns up the possibilily of achieving rapid pest mortality with lower
doses of conidia under high temperatures and low humidity. Recent reports on
field trials using M. anisopliae have further shown that oil formulations applied
at Ultra Low Volume (ULV) rates with hand-held sprayers can cause upto 90%
mortality to S. gregaria in less than 10 days at 70% RH in the coastal areas of
Benin and at 15% RI in the Sahel (Bateman et al., 1992).

UV protection of canidia similarly produced marked improvement in
tolerance to UV radiation. Fungal potency was maintained over longer periods
as compared to controls. Results indicated a significant stability in conidial
viability and induction of mortality in S. gregaria unlike in situations where
protectants were not used. Molasses showed greater promise in effectiveness
among the protectants because in addition to its UV protection role, it provided
nutrients which produced aggressive fungal growth. It also acts as a bait for
locusts, constituting the best candidate as a UV protectant. The formulated
suspensions provided a system to B. bassiana for interactions with the
environment, involving the target host, dose-mortality responses and the abiotic
factors.

The performance of B. bassiana had to be verified in the field since it
has been known that the environmental extremes existing in the field have great
influence on the activity of any pathogen (Clerk and Madelin, 1965). In addition,

stress is said to disrupt the homeostasis of insects and make them respond



variably to diseases. Thus a fungus can sometimes infect a host in the
laboratory, but would not, or only with difficulty infect. the same host in the field
(Madelin, 1963). It was therefore necessary to evaluate the actual potential of
B. bassiana in the field.

Safety tests of B. bassiana were conducted prior to the field cage tests
in which two candidate organisms; honey bee which represented a beneficial
insect, while the rat served as a test for mammalian toxicity. B. bassiana was
not harmful to ecither the honey bees or the rats. When incubated in a moist
chamber, fungal growth was not recorded on the honey bee cadavers. This
confirmed that any mortality was due to handling or natural factors enhanced by
stress as a result of the confinement of the bees in small cages. Likewise rats
administered with (he pathogen neither died nor showed signs of fungal infection.
Serological tests confirmed that conidia did not occur in the blood. These results
confirmed previous studies that showed B. bassiana fungal pathogens as not
harmful to non-target organisms (Goettel and Roberts, 1991). Although B.
bassiana can infect 700 different insect species, individual pathotypes show a
high degree of specificity due to unique interactions between host cuticle and the
pathogen (Charnley, 1984). Hence, differences in cuticle biochemistry have been
reported to determine specificity and this specificity reduces the danger that a
particular pathotype will attack non-target organisms (Vandenberg, 1990)

Infectivity of the pathogen to S. gregaria was clearly demonstrated in

the field cages, where significant mortality (P>0.01) occurred in the treated cages
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gregaria under hield cage conditions. This indicated that the formulations
developed and tested under laboratory condition could similarly produce
enhanced activity in the field. These findings compare (o those by Delgado ef
al., (1991) in Mali where oil-based B. bassiana used in the field against
grasshoppers produced higher infections. Results of subsequent trials in Cape
Verde using the same conidia and oil preparations as in Mali by (Delgado er al.,
1991) indicated that formulations were important particularly under field
conditions.

Oil based formulations have both the advantage of excellent adhesion
to the hydrophobic cuticle of the pest, as well as the reduced volume of
application associated with ULV sprays (Aguldelo and Falcon, 1983). [Ior
instance, conidia formulated in oil allowed a much larger number of conidia to
reach the intersegmental membranes as compared to the aqueous suspension.
The results indicated that the elfectiveness of conidial suspension may be
determined as much by the application medium as by the susceptibility of the
host or virulence of the pathogen. A conidial suspension in oil may therefore be
more effective for field application because its non drying properties would allow
application of droplets smaller than those at which evaporation rate becomes a
limiting factor such as in water based formulation. It has been shown that a
given dose of particle is distributed to a higher proportion of the target
population if it is distributed among more numerous smaller droplets so that the

number reaching the target is increased (Graham-Bryce, 1977). Such evidence
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Appendix 1. Analysis of variance of the susceptibility of
first instar S. gregaria to different

concentrations of B. bassiana

Source of DF SS MS F-value Pr>F
variation

Conc 7 83.3745 11.9106 991.85 0.0001
Exrror 10 0.1200 0.0120

Total 17 83.4946

R-Square C.V.

0.9985 1.4382







Appendix 3. Analysis of variance of susceptibility of the
third nymphal instar S. gregaria to different

B. bassiana concentration

Source of DF SSs MS F-value Pr>F
variation

Conc 5 71.27 10.18 20988.21 0.001
Exrror 10 0.05 0.005

Total 17 71.32

R-Square C.V.

0.999320 0.981377

118



119

Appendix 4. Analysis of variance of susceptibility of the
fourth nymphal instar S. gregaria to different

B. bassiana concentration

Source of DF Ss MS F-value Pr>F
variation

Conc 7 60.0673 8.5810 462.46 0.001
Error 9 0.1669 0.03447

Total 16 60.2343

R-Square C.V.

0.9972 2.0842
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Appendix 6. Analysis of variance of susceptibility of the

Adult S. gregaria to different B. bassiana

concentration
Source of DF SS MS F-value Pr>F
variation
Conc 7 45.1794 7.4542 518.40 0.001
Error 10 0.1245 0.03447
Total 17 45.3039
R-Square C.Vv.

0.9972 1.8585










Appendix 9. Analysis of variance of mortality caused by
serial passaged and non-passaged B. bassiana

against S. gregaria.

Source of DF Ss MS F-value Pr>F
variation

Model 41 699.6228 17.0639 124 .44 0.0001
Error 77 10.5586 0.1371

Total 118 710.1815

R-Square c.V.

0.9851 6.1582
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Appendix 11. Analysis of variance for the effect of RH on

pathogenicity of B. bassiana to S. gregaria

Source of DF Ss MS F-value Pr>F
variation

Model 25 246.3415 9.8536 537.02 0.0001
Error 46 0.8440 0.0183

Total 71 247 .1855

R-Square C.V.

0.9965 2.0177
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Appendix 12. Analysis of variance of effect of UV on

pathogenicity of B. bassiana to S. gregaria

Source of DF SS MS F-value Pr>F
variation

Model 25 196.9503 7.8380 92 .44 0.0001
Error 46 0.0847

Total 71 199.8506

R-Square C:V.

0.9804 4.6363




Appendix 13. Analysis of variance for the effect of
formulation on pathogenicity of B. bassiana to

S. gregaria at varying temperatures

Source of DF SS MS F-value Pr>F
variation

Model 49 476.3783 9.7220 339.98 0.0001
Exrror 94 2.6879 0.0285

Total 143 479.0663

R-Square C.V.

0.9943 2.5096




Appendix 14. Analysis of variance for effect of formulation
on pathogenicity of B. bassiana to S. gregaria

at varying relative humidities

Source of DF ss MS F-value Pr>F
variation

Model 25 195.9503 9.7220 92.98 0.0001
Error 46 3.9003 0.0847

Total 71 199.8506

R-Square c.v.

0.9804 4.6362




Appendix 15. Analysis of variance for the effect of
formulation on pathogenicity of B. bassiana

to 8. gregaria at varying UV radiation.

Source of DF ss MS F-value Pr>F
variation

Model 49 444.9879 90813 598.08 0.0001
Error 94 1.4273 0.0151

Total 143 446.4152

R-Square C.V.

0.9804 4.6362




Appendix 16. Analysis of variance for the effect of
combined corn oil/molasses formulation on
pathogenicity of B. bassiana to S. gregaria at

different temperatures

Source of DF ss MS F-value Pr>F
variation

Model 58 469.0442 8.0869 185.03 0.0001
Error 112 4.8950 0.0437

Total 170 473.9392

R-Square e,V.

0.9896 3.1044




Appendix 17. Analysis of variance for the effect of corn
olil-molasses formulation on pathogenicity of
B. bassiana to S. gregaria at different

relative humidities

Source of DF SS MS F-value Pr>F
variation

Model 49 484 .1861 9.8813 374.92 0.0001
Error 94 2.4774 0.0263

Total 143 486.6636

R-Square G Vs

0.9949 2.3797




Appendix 18. Analysis of variance for effect of corn oil-
molasses formulation on pathogenicity of
B. bassiana to 8. gregaria at different UV

exposure times

Source of DF Ss MS F-value Pr>F
variation

Model 49 452.2194 9.2289 270.91 0.0001
Error 94 3.2022

Total 143 455.4216

R-Square c.V.

0.9929 2.7562







