
DECLARING BIOLOGICAL WAR 
In Afkica, Asia, and the Middle East, hung y grasshoppers and locusts are a serious threat to crops. 
Indian researchers have recruited a tiny parasitic o~anisn called Nosema locustae to assist in the 
fight against these age-old insectpests. 

ROBERT CHARBONNEAU 

I 
t is September 1986 in India, near 
the Pakistan border. A menacing 
cloud approaches the sorghum 
field, but the farmer is helpless to 
prevent the destruction of his crop. 
The cloud is a swarm of desert 

locusts, millions of them, covering several 
square kilometres -- an area LOO big m 
p*OtKt. p*OtKt. 

Although this is India, the scene could Although this is India, the scene could 
just as well be in Chad, Ethiopia, or Sudan. just as well be in Chad, Ethiopia, or Sudan. 
And the sorghum field could be a field of And the sorghum field could be a field of 
millet or grassland. 

These insects can destroy a field in a few 
hours and cwer a continent in their search 
for food. History teaches us that our an- 
catcars have been particularly imaginative 
in their fight against this living scourge. 
They have used a variety of counter- 
measures such as prayers and offerings, 
dense smoke, and loud noise (drums and 
shouting). They have also resorted to un- 
leashing starving domestic predators 
(ducks or chickens) to eat the insects, 
flooding the land, laying food traps (such 
as rancid butter), and even beating the 
ground with branches. 

Unlike this armory of more or less inef- 
fective methods, modern techniques 
mostly follow the hard line of destruction 
by spraying chemical insecticides, deadly 
weapons that can harm the environment. 

The Indian Anti-Locust Organization had 

initiated a plan for defence against the 
locust attack of 1986. Fifteen thousand 
hectares in the Bikaner and Jaisalmer dis- 
tricts were sprayed with 4 tonnes of 
malathion and 1500 litres of 18 percent 
dieldrin. Although these chemicals are 
deadly against locusts, the quantities 
weren’t enough to contain the ravages of 
the swarm. Teams on the ground had to 
spread a ~~ppl.~~.~t~ry 26 tonnes of IO 
percent BHC, another insecticide. 

Inevitably, some of these poisons find 
their way into streams and the food chain, 
threatening human health. The locust 
swarm will eventually die off, but this is 
only a respite; others will cane to threaten 
valuable crops. 

To avoid such applications of chemical 
insecticides, Dr Suresh Raina and his team 
from the Centre for Sericulture and 
Biological Pest Management Research 
Amba-vihar at the University of Nagpur in 
central India, have developed a biological 
control method for locusts and grasshop- 
PUS. 

The researchers are interested in the 
mat prevalent species, including TWO 
types of grasshoppers which attack rice, 
Hieroglyphus banian and H. nigro- 
repktus. The main locust types of interest 
are the desert locust, Locusta migramia, 
and the famous pilgrim locust, the eighth 
plague of Egypt mentioned in the Bible, 
Sch*tocerca gregmia. 

Locusts have varying lifestyles. Some- 

times, they are solitary; at other times, 
they become gregarious, forming into 
swarms of several million. The grasshop- 
per, however, is always solitary. The size 
of the insect population and certain 
climatic conditions are thought to be 
responsible for the formation of such 
sw~arms. The greater the density of insects, 
the greater the probability of swarms 
forming since food is scarce. In 1983, a 
population in the fields of Bhutewala in 
India was studied: 11 600 pilgrim locusts 
were counted in 100 square meters. 

Dr Raina’s team began its study in the 
rainy rice fields of Vidharba Region, east 
of Nagpur. Locust attacks are unpre- 
dictable and can occur at any time of year. 
Grasshoppers usually move into the rice 
fields in June, with the first monsoon 
rains, and stay until autumn, causing 
serious crop damage. 

Beginning in 1984, the researchers 
began to monitor infestations in the States 
of Rajasthan and Gujarat, and in Vidharba 
Region, in cooperation with the Indian 
government’s Locust Control Division. 
They were able to determine the degree of 
infestation in these regions and to verify 
the reproduction schedule of the insects 
as influenced by the climate. 

The mud ridges that divide the rice fields 
and serve as rain collectors are a favourite 
breeding place. Each adult female lays 40 
or 50 eggs, which withstand beat, light 
and bad weather, hatching only with the 
arrival of the next rainy season. The young 
insect-s start eating the grass growing on 
the ridges at the edge of the fields. Then, 
from the ridges to the fields is only a hop, 
skip, and a jump! 

seeking 
a biocontrol agent 

A single-celled organism, or protozoan, 
called Nosema locu.s&ze has been iden- 
tified as an internal parasite of several 
species of grasshoppers and locusts. In 
nature, about 4 percent of locusts are in- 
fected with this protozoan, which lodges 
in the insect’s fat tissues. 

The researchers have been able to ex- 
tract Nosema spores from the host insects. 
They simply capture the insects in the 
fields, crush them, and mix the material 
with water. The mixture is centrifuged to 
separate out small quantities of Nosema 
material. 



The research team chose the locust for 
the experiments because it reproduces 
more quickly than the grasshopper, In 
captivity, locusts can produce as many as 
six generations per year. 

To multiply the parasite, it was necessary 
to infect a large number of insectz reared 
in laboratory breeding cages. A mixture 
contaminated with Nosema Iocusrae was 
sprayed on the vegetation used to feed the 
captive locusts. Then the technicians 
again centrifuged the pulverized insect 
bodies. By repeating the operation several 
times, the laboratory technicians were 
able to obtain strong concentrations of 
Nosema material. 

This technique of in tivo production 
(whereby a natural animal body acts as a 
kind of living factory) is now fine-tuned. 
The researchers have enough of the 
biological insecticide, or “biocide”, to 
spray thousands of hectares of plants. 
Even the doses have been worked out in 
the field. 

Aworldfmt! 
The mixture is capable of infecting about 

70 percent of a locust population. But 
what is more important is the discovery 
that the parasite is transmitted from one 
generation to the next, which opens the 
door to world control of locust infesta- 
tions. 

Like many other scientific discoveries, 
this world first is the result of an accident: 
a group of breeding insects was inadver- 
tently contaminated with infected food in- 
tended for the experimental group. The 
result was not long in coming. The re- 
searchers soon had 3000 dead locusts or, 
their hands! Autopsies revealed the 
presence of Nosema spores. The spores 
were transmitted to following genera- 
tioos, causing the deaths of 60 to 70 per- 
cent of locusts in the eight generations 
studied so far. Histopathology indicated 
that the pathogen is transmitted through 
the ovary of the female. The biocide wy~s 
also effective in transferring Nosema 
spores to 80 percent of the grasshopper 
population in a rice field where the in- 
fected females of a sprayed field may have 
migrated for egg laying. 

To transmit the parasite into swarms of 
locusts, only one country along the 
migratory path needs to have some of its 
fields inoculated. The insects also carry 

the Nosema parasite to adjacent fields 
where the infection level reaches 80 per- 
cent of that of the inoculated fields. From 
one generation to the next, 60 to 70 per- 
cent of the insects become infected in the 
larval stage. 

Although biological methods are slower 
than chemicals, they are no less effective 
in the medium and long term. However, 
biological weapons are less attractive to 
farmers, who cannot expect immediate 
results from their use. This is why the re- 
searchers recognize that national and in- 
ternational locust and grasshopper con- 
trol agencies are likely to be their major 
clients. 

For the moment, the Indian govern- 
ment’s Plant Protection Division has 
agreed to field tests. This agreement was 
obtained after the researchers 
demonstrated that the parasite had no ad- 
verse effect on bees or silkworms, the lat- 
ter being the basis of a very lucrative in- 
dustry in southern India. The fact that two 
parasites in the Nosema group (Nosema 
bombysis and Nosema apti] can infect 
silkworms and bees respectively had 
raised some fears. 

“There is no doubt,” asserts Dr Raina, 
“that these parasites, although they are re- 
lated, differ in size, habits, and internal 
structure. In effect, Nosema locusrae is 
host-specific. It can therefore only infect 
locusts and grasshoppers, and is not in 
any way prejudicial to the health or 
reproduction of bees, silkworms, fish or 
mammals.” 

Once beekeepers, silk growers, and fish 
farmers were reassured, it remained to as- 
sess the economic feasibility of in viva 
production of the biocide. 

Dr Raina says the cost of in viva biocide 
production is “still lower than the cost of 
purchasing chemical pesticides to combat 
locusts. The effect of a biocide is slower 
initially, since the infection must spread 
throughout the population, but the 
medium-term effects are much more last- 
ing than they are with chemical insec- 
ticides, since the parasite is transmitted to 
the offspring.” 

The second phase of the project is now 
under way. With in vita production of the 
biocide demonstrated, the team is now at- 
tempting to grow the biocide in v&o (ar- 
tificially in the laboratory), which would 

PERSISTENT PLAGUE 

The swarms of desert locusts 
now plaguing the countries of the 
African Sahel may persist even into 
1990, according to a senior locust 
control official at the Food and 
Agricultural Organization (FAO). 

And despite massive aerial 
spraying of pesticides, the locust 
population does not seem to have 
decreased significantly. This dis- 
turbing news was reported in the 
January edition of World Develop- 
ment magazine, published by the 
United Nations Development Pro- 
gramme (UNDP). Since the early 
19605, UNDP has provided over 
US$35 million for locust surveil- 
lance and forecasting work in Afri- 
ca. 

During the prolonged drought 
of the 1970s and early 198Os, the 
scarcity of vegetation helped to 
keep the locust population low. 
The FAO, which monitors the mo- 
vement of Schisrocercagregarialo- 
cuts and assists affected countries 
in their control efforts, traces the 
current invasion to Africa’s good 
rainfall of 1985. The moisture pro- 
moted egg laying and ensured an 
abundance of vegetation as feed 
for the larvae. The insects formed 
into swarms that are now moving 
from place to place depending on 
the winds. 

World Development also reports 
that the locust plague has crossed 
the Red Sea into the Arabian Penin- 
sula. It adds that “for the first time 
on record, desert locusts were 
sighted in several Caribbean coun- 
tries, helped across the Atlantic by 
the winds of Hurricane Joan.” 

The seriousness of the current 
invasion, can be partially attribu- 
ted to a lack of action by some of 
the affected nations. World Deue- 
lopmenr quotes a second FA0 lo- 
cust control officer as saying that 
some countries’ interest in surveil- 
lance and control waned during 
the years of locust dormancy. 



Deckming biological luar.. 

avoid the expenses related to main- 
tenance of an insectary: food, labour, 
equipment. 

The aim is to design a method for 
laboratory production of Nosema patho- 
gen using the most recent tissue culture 
technology. Insect fat cells will be grown 
artificially and used as miniature factories 
for replication of the parasite. The use of 
such in titro techniques could double the 
number of infected cells every six to seven 
days, coming close to large-scale produc- 
tion. B&ides such as BaciNus fburigien- 
sis (BT) are already being produced com- 
merciallyusing such methods. 

This is a difficult and critical phase of re- 
search. If the scientists achieve the results 
they are hoping for, enormous quantities 
of Nosema locustae parasites could be 
produced in vitroat only 50 percent of the 
cost of in tioo production using insec- 
taries. In any case, both methods are 
cheaper than using chemical insecticides 
now on the market. This is an undeniable 
advantage for a large-scale anti-pest war. 

B&ides have another advantage over 
chemicals. “After seven generations, there 
is no perceptible adaptation of the insect 
[to the hiocidel,” stresses Dr Raina. 

In vitro manufacturing of the biocide is 
no easy task. The doubling time of spores 
in vitro is slow. “We are still working on 
manipulating the growth medium to en- 
hance the infection and produce it 
economically.” 

The last phase will consist of comparing 
the relative strengths of biocides 
produced in viva and in vitro and assess- 
ing which technique is more readily 
marketable. 

In 1984, Dr Raina’s assistant, Arun 
Khurad, visited the Forest Pest Manage- 
ment Institute (FPMI) at Sault Sainte Marie, 
Canada, where he spent six months learn- 
ing tissue culture techniques. And Dr 
Raina himself has spent three years work- 
ing in Agriculture Canada’s labs at Sas- 
katoon. In 1987, he also organized a 
workshop on biocides that attracted In- 
dian participants to Nagpur. 

Finally, four members of the team will 
soon be obtaining their doctorates for 
studies of certain aspects of grasshopper 
and locust control. 

If everything goes according to plan, the 
new biological techniques will greatly 
benefit international agencies engaged in 
locust and grasshopper control work, as 
well as small farmers fearful of seeing 
their fields devoured in a few hours by 
swarms of the insects. Human beings will 
have at their disposal a simple, environ- 
mentally harmless, and inexpensive 
weapon to put an end to this scourge that 
has left its mark on history. w 

PESTICIDES AT HOME AND WORK 

‘I’00 CLOSE 
FOR COMFORT I 

I- _ 

ODHIAIMBO-OWE 

small-scale farmer in Kiam- 
bu, near Nairobi, bears 
witness to the adage that old 

A, 

habits -- in his case, dan- 
gerous ones -- die hard. Mr 

imani Gathongo grows tea 
and coffee, potatoes, green vegetables, 
and tomatoes on his 1.2-hectare parcel of 
land. He also keeps three dairy cattle. To 
boost his farm’s productivity, the 45-y&w- 
old farmer often uses pesticides, 
especially on his coffee trees. 

Passing by the granary, 50 metres from 
his house, one finds sacks and tins of 
chemicals stored side by side with grain. 
Some of the containers contain Difolatin 

80, a highly hazardous herbicide. “You 
know, there is not much room in my three- 
bedroom house to store them [the chemi- 
cals],” said Mr Gathongo, “so I have to 
store them there. Anyway, they are tightly 
sealed, so nothing can happen.” 

Kenya’s Ministry of Health reports 700 
pesticide-related deaths annually. This 
has spawned fears that Kenya is being 
used as an experimental ground for 
transnational corporations in the 
agrochemical industry. Of the 15 000 dif- 
ferent pesticides produced in the world, 
28 of them have been either restricted or 
banned in many countries. Among these 
are DDT, aldrin, dieldrin, capfatol, and 
paraquat, all of which have been reported 
in use in Kenya. The insecticide dieldrin 


