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After the many different attempts to develop pesticides during the 19th 
century, efforts over the early decades of the 20th century concentrated 
on two main areas – the use of extracts from plants, notably pyrethrum 
and tobacco, and certain inorganic chemicals, mostly containing arsenic, 
sulfur or copper. Then, from the 1940s onwards, chemists started to 
 develop organochlorine and organophosphate insecticides as well as new 
herbicides and fungicides. A brief overview of the pesticides used from 
1900–1960 is given in this chapter.

Botanical Insecticides

In grasslands and forests, plants are able to survive, as they contain chem-
icals that enable them to combat attacks from insects and diseases. The 
main plants that man has selected over the centuries as food plants gen-
erally have very low levels of toxins. The earliest insecticides were essen-
tially dried leaves of some plants, and, ultimately, modern science has 
played an important role in identifying these botanical insecticides and 
subsequently developing similar chemicals that are more effective, pho-
tostable and economical to market to farmers. One important food crop, 
Cassava (Manihot esculenta), is very poisonous unless the roots are well 
cooked. Farmers often prefer the bitter varieties because they deter pests.

Pyrethrins

Pyrethrum was known as far back as 400 bc in Persia (now Iran) and it was 
thought to have been used in stores, but interest in pyrethrum in Europe 
increased early in the 19th century, apparently due to an Armenian who 
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learnt about the powder. In Europe it was initially referred to as ‘Dalmatian 
powder’ obtained from the flower heads of Pyrethrum cinerariaefolium 
(now called Chrysanthemum cinerariaefolium), grown in the Balkans. An 
interesting story is that a German woman in Dubrovnik, Dalmatia, picked 
the flowers to have in her house, and having discarded the withered 
flowers in the corner of a room she noticed later that the plants were sur-
rounded by dead insects, and apparently associated this with insecticidal 
properties of the plants. By 1850 the powder was used to kill insects in 
houses in France. Bales of dried flowers and seeds were exported to the 
USA where the powder was used in dwellings and glasshouses. The main 
source of disruption in supply of pyrethrum, caused by World War I, was 
Japan, where the crop had been grown since 1886; but after World War 
II, Kenya took over the main production (Fig. 1.1). In 1917, the US Navy 
mixed a pyrethrum extract with kerosene to produce a space spray to 
control house flies and mosquitoes (Glynne-Jones, 2001). Globally, there 
are over 2000 registered products containing pyrethrins, used mostly in 
homes and for controlling mosquitoes, for example in mosquito coils and 
domestic sprayers such as the Flit gun, used prior to aerosols.

Studies on pyrethrum around 1910–1916 by Staudinger and Ruzucka 
(1924) separated and partially identified the two primary active principles 
of pyrethrum – Pyrethrin I and Pyrethrin II. This led to considerable re-
search on these actives (Gnadinger, 1936). Pyrethrin I was considered to 
be more toxic than Pyrethrin II, but the latter was far superior in causing 
‘knock-down’ of house flies (Sullivan, 1938). Studies by Tattersfield 
(1931) and others continued, as its use had proved to be very effective in-
doors, enhanced later by the development of piperonyl butoxide (PBO) as 

Fig. 1.1. Chrysanthemum flowers for extraction of pyrethrum.
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a synergist in the late 1930s and early 1940s, but it was not photostable, so 
research continued until the first photostable permethrin was developed 
(Elliott et al., 1973), followed by other pyrethroids, discussed later.

Piperonyl butoxide was developed in the late 1930s and early 1940s to 
enhance the performance of the naturally derived insecticide pyrethrum. As 
a synergist, it inhibited the natural defence mechanisms of the insect, espe-
cially the mixed-function oxidase system (MFOs) also known as the cyto-
chrome P-450 system. It was not considered necessary to use PBO when the 
synthetic pyrethroids were developed, but when Helicoverpa armigera, the 
cotton bollworm in Australia, became resistant to pyrethroids, following 
their extensive use, studies on using PBO revealed that esterase inhibition 
did not occur until 3–4 hours after PBO had been applied, suggesting a 
need for a pre-treatment prior to the pyrethroid spray (Young et al., 2005). 
More recently, PBO has been added to bed nets treated with pyrethroids to 
increase the mortality of the mosquitoes resistant to pyrethroids.

Rotenone

Rotenone is another botanical insecticide, known for centuries. The 
Chinese had extracted the insecticide from the roots of a vine growing 
wild in Asia, known as derris (Derris elliptica), but it is also found in 
devil’s shoe string (Cracca virginiana) (Roark, 1933) and other plants – 
Tephrosia, Millettia, Mundulea and Pachyrhizus (Brown, 1951). It had 
also been used as a poison dip for arrows in Borneo, but was best known 
as a fish poison. In 1902, a Japanese chemist isolated the most potent 
insecticidal substance in derris and called it rotenone. The neurotoxin 
had been regarded as harmless to human beings but 15 times more toxic 
to aphids than nicotine. Derris, supplied as a liquid or dust, was gen-
erally available for gardeners and ‘organic’ vegetable growers in the UK 
until October 2009 when it ceased following an EU Directive. Rotenone 
has been used for the management of invasive fish species, but there is 
concern, as this also affects non-targeted organisms including amphibians 
and macro-invertebrates (Dalu et al., 2015).

Nicotine

The alkaloid nicotine is found in many solanaceous plants, notably in 
the leaves of Nicotiana rustica, in amounts of 2–14%, in the tobacco 
plant Nicotiana tabacum, the Australian pituri (Duboisia hopwoodii) 
and common milkweed (Asclepias syriacaas). Its use as an insecticide 
started with tobacco leaves. As Lodeman (1896) mentioned, two handfuls 
of Virginia tobacco mixed with a handful of wormwood and a handful 
of rue in two pailfuls of water, boiled for half an hour and then strained, 
was ready to be sprayed. Tobacco alone was good, but not as good as 
the mixture. Later it was usually marketed as nicotine sulfate, which is 
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non-volatile but becomes so in proportion as it is changed to nicotine 
by the addition of an alkali to neutralize the combining acid. Its tox-
icity was mainly due to the ‘fumigation’ effect (de Ong, 1924). In 1880, 
a Mr G.H. Richards set up a company to market a standardized product, 
XL Nicotine, suitable for gardeners to use as it was successful in control-
ling sucking pests including mealybugs, woolly aphids and certain scale 
insects with a waxy cuticle, due to the penetration of the vapour. It was 
more effective if the ambient temperature exceeded 16oC.

As nicotine, like other botanical extracts, is not persistent, recent interest 
has been in the use of nicotinoid insecticides (Ujváry, 1999), generally re-
ferred to as the neonicotinoids, which are discussed later (see Chapter 3).

Ryania

The botanical insecticide ryania is the ground stem wood and roots of the 
salicaceous plant Ryania speciosa, a plant originally recorded as found 
in Trinidad (Brown, 1951). The insecticidal activity of ryania extract was 
attributed to ryanodine but later shown to be due to the combination of 
ryanodine and the equipotent and more abundant 9,21-dehydroryanodine 
(Jefferies et al., 1992). It was very effective in controlling European corn 
borer and the sugar cane borer. As with other botanical insecticides, there 
are now modern synthetic ryanoids, which include chlorantraniliprole, 
cyantraniliprole and flubendiamide.

Inorganic Chemicals

Arsenicals

The use of arsenical poisons for crop protection was initiated by the ar-
rival of major insect pests in the USA, for example the potato beetle, which 
arrived from Mexico according to some reports; but Lodeman (1896) refers 
to it as a native of the Rocky Mountains, which spread eastwards when 
growing potatoes had spread west into territory occupied by the beetle. 
It is now referred to as the Colorado beetle (Leptinotarsa decemlineata). 
It was such a vigorous feeder that farmers had to apply an insecticide. 
Paris green appeared around 1860 and became a standard insecticide, its 
use extending to other crops. It was also used to kill mosquito larvae. The 
name Paris green originates from its use as a rodenticide to kill rats in the 
sewers of Paris, competing with another arsenical, London purple, a less 
expensive by-product of the dye industry, which was exported in con-
siderable quantities to the USA from 1878 by Messrs Hemingway & Co., 
London (Ordish, 1952). At that time, Paris green, referred to as emerald 
green, was also a popular pigment used in artists’ paints.

According to Lodeman (1896), Paris green, a copper acetoarsenite, 
could be prepared by boiling a solution of white arsenic in one vessel and 
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a similar one of acetate of copper (verdigris) in another. These two boiling 
solutions were combined and Paris green precipitated. The fine crystal-
line powder with a clear green colour was practically insoluble in water.

In the USA, dusting cotton with calcium arsenate to control the boll 
weevil (Anthonomus grandis) and the cotton leafworm (Alabama argilla-
cea) began in the 1920s and was soon carried out in all the cotton growing 
states. Dusts were used instead of sprays, as arsenicals used were insoluble 
in water. They wanted the deposit on the foliage, so that it was ingested by 
insects and phytotoxicity was minimized (Brown, 1951). Nicotine dust was 
added to control the cotton aphid (Aphis gossypii) in 1926, and by 1930 the 
technique was used by the Russians in central Asia, although they applied 
calcium arsenite and then sulfur to control mites (Tetranychus telarius).

The quantities needed to control gypsy moth (Lymantria dispar) with 
Paris green proved very phytotoxic, so a change was made to lead ar-
senate, which was less soluble. Lead arsenate had been prepared as an 
insecticide much earlier, in 1892, for use against gypsy moth, but its use 
in forests began with aerial spraying, which commenced in Massachusetts 
in 1926. It was also aerially applied in the UK, as a dust, in 1922 on an or-
chard near Sevenoaks. Lead arsenate (LA) was the most extensively used 
of the arsenical insecticides but, for some pests, was replaced by the less 
expensive calcium arsenate, until DDT became widely available in 1948.

When the malaria vector Anopheles gambiae spread to north-east 
Brazil in the 1930s, Paris green was widely used as a larvicide (Killeen 
et al., 2002). Similarly, in Palestine, considerable efforts at improving 
drainage were supplemented by applying Paris green, the larvicide of 
choice from 1926 until 1948 (Kitron and Spielman, 1989), when DDT was 
used. In the Tennessee valley, in 1938, 95,000 acres of Wheeler Reservoir 
were dusted from the air with Paris green, and 4800 miles were oiled from 
the surface. Paris green was heavily sprayed by plane in Italy, Sardinia 
and Corsica during 1944, and in Italy in 1945, to control malaria.

Sulfur

Sulfur has been known to be effective against diseases such as rust on 
wheat since the Greek poet Homer described the benefits of ‘pest-averting 
sulphur’ 3000 years ago. Farmers continue to use sulfur dust to control 
plant diseases such as powdery mildew. In Tanzania, sulfur dust was 
recommended to treat cashew nut, a major cash crop, to control the pow-
dery mildew disease caused by Oidium anacardii Noack. The standard 
recommendation in the 1980s was to apply 1.25 kg of sulfur dust per 
tree per season, so that with a tree spacing of 12×12 m, 90 kg of dust 
was applied per hectare spread over 4–5 applications using a motorized 
duster. To minimize the possible impact of acidification of the soil, Smith 
and Cooper (1997) proposed that the current dusting strategy could be 
 improved by treating only a portion of the trees at each dusting round and 
spreading the applications over the mildew control season.
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The effectiveness of sulfur as a fungicide could be increased by adding 
lime, which helped the sulfur penetrate plant tissues, as noted in 1851 by 
Monsieur Grison at Versailles, where he needed a product that was better 
than sulfur dust to combat the vine powdery mildew in his greenhouses. 
The mixture was prepared by heating an aqueous suspension of one part 
lime (calcium hydroxide) with two parts by weight of elemental sulfur (S). 
The mixture produced contained mostly calcium polysulfides with some 
calcium thiosulfate and some unchanged elemental sulfur. Many apple 
growers applied lime sulfur to control apple scab, often as a ‘winter’ spray 
before the buds opened.

Although yellow sulfur had been a proven organic treatment against 
powdery mildew on ornamentals, as well as on fruit and vegetables, its 
use was banned within the EU and other countries in 2011. It could still 
be used in soil as an acidifier or nutrient treatment. Sulfur has also been 
used to control insect pests, sometimes mixed with DDT or rotenone, and 
to control ticks on cattle and mites, for example on cotton; but when used 
in apple orchards, it had a detrimental impact on some important pred-
ators of codling moth and was also mildly phytotoxic on some crops.

Other inorganic chemicals

A number of other chemicals were used. Cockroaches, e.g. Periplaneta 
spp., were controlled using a bait containing less than 5% boric acid or as 
a dust. The bait has to be ingested to be effective. It is very toxic to young 
children and pets so great care is needed in using it in cracks and crevices 
under sinks and other sites favoured by cockroaches. Thallium acetate or 
thallous sulfate were used in baits to control ants. Some soil pests, such 
as cabbage root fly larvae (Delia radicum) were controlled with mercurous 
chloride (Calomel). Sodium selenite was applied as a systemic insecticide 
and acaricide. Generally, none of these compounds is now recommended.

Organic Chemicals

Some farmers and consumers have shown a preference for organically 
grown food, shunning the use of pesticides; but the new generation of pes-
ticides, post-war, utilized organic chemistry rather than continuing with 
lead arsenate and other inorganic poisons. The Soil Association, formed 
in 1946, has been a keen advocate of organic farming and avoiding use 
of modern pesticides, especially after Rachel Carson’s book Silent Spring 
was published in 1962.

DDT

The organochlorine insecticide DDT (dichlorodiphenyltrichloroethane) 
had been synthesized as early as 1874, but its insecticidal activity was not 
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recognized until 1939. It was developed by Paul Hermann Müller at Geigy 
in Switzerland because ‘the only available insecticides were either expen-
sive natural products or synthetics ineffective against insects; the only 
compounds that were both effective and inexpensive were arsenic com-
pounds, which were just as poisonous to human beings and other mam-
mals’. He sought to ‘synthesize the ideal contact insecticide – one which 
would have a quick and powerful toxic effect upon the largest possible 
number of insect species while causing little or no harm to plants and 
warm-blooded animals’. He also wanted a chemical that was stable and 
inexpensive (Roberts et al., 2010). After four years of searching and trying 
over 300 chemicals, he found a chemical that ‘when a fly was placed in a 
cage laced with it, the fly died a short while later’.

Geigy patented DDT in 1940 and marketed dust formulations 
Gesarol and Neocid. Some was distributed to the UK and used by the 
British Ministry of Supply in 1943 and by the US army during World 
War II. A considerable effort was made to examine DDT to determine 
its mode of action (Wigglesworth, 1955), its toxicology (Hayes, 1959) 
and its safety, it being used to control vectors of diseases on humans 
(Simmonds, 1959). DDT was tested as a residual insecticide against 
adult vector  mosquitoes, and in Italy it was applied to the interior sur-
faces of all habitations and outbuildings of a community to test its effect 
on Anopheles vectors and malaria incidence. An early discovery was the 
initial nervous response of mosquitoes to DDT, which was to fly away 
before they had picked up a lethal dose (Kennedy, 1947). Thus it exhib-
ited excitant and repellent properties, which resulted in many mosqui-
toes leaving sprayed houses without biting. DDT was initially used by 
the military to control malaria, typhus, body lice and bubonic plague, 
and in 1944, 3 million people in Naples were treated with DDT dust – 
 approximately 22 g/person – to check an outbreak of typhus (Soper et al., 
1947) (Figs 1.2–1.4). The impressive achievement of defeating the spread 
of typhus led to Dr Müller being awarded the Nobel Prize for Medicine 
in 1948, ‘for his discovery of the high efficiency of DDT as a contact 
poison against several arthropods’.

In 1945, Missiroli (1948) planned to eradicate malaria from Italy, and, 
the following year, started spraying a 5% solution of DDT in kerosene at 
2 g a.i./m2. By 1948, 4 million people had been protected by using 335 t 
of DDT at 1.5 g a.i./m2 in 2.85 million premises (Pampana, 1951). From 
75,000 malaria cases in Sardinia in 1946, use of DDT had reduced the 
number of cases to nine by 1951. Soon DDT was being recommended for 
controlling malaria worldwide by the WHO. In 1945, malaria infected an 
estimated 75 million people and killed 800,000 in India, but by the early 
sixties the number of cases had dropped to about 50,000. Similarly, in 
Ceylon (now Sri Lanka), the introduction of DDT reduced the number of 
malaria cases from 2.8 million in 1948 to fewer than 30 in 1964. Berry 
(1990) pointed out that over a ten-year period, the WHO programme of 
spraying DDT used around 400,000 tonnes without evidence of toxicity to 
operators and with a calculated saving of 15 million lives. The selection of 
mosquitoes resistant to DDT resulted in the WHO withdrawing the global 
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programme and this resulted in an immediate resurgence of the vector. 
Only in countries such as the USA and Italy, with better housing, screens 
on doors and windows and a cold winter, was the transmission of malaria 
halted.

Fig. 1.2. DDT dust being applied to troops in World War II. (Photo courtesy of  
H.D. Hudson Manufacturing Co.)

Fig. 1.3. DDT dust applied to children in Naples, 1944. (Photo courtesy of H.D. Hudson 
Manufacturing Co.).
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Very rapidly, DDT became used extensively to control agricultural 
pests, as it was very stable in sunlight. In the USA it was widely used 
to control cotton pests, notably the cotton bollworm. For added efficacy 
against the boll weevil, DDT was applied at 4 lb/acre but mixed with me-
thyl parathion and toxaphene. Sprays were applied from aircraft, but with 
high temperatures in the cotton states, it is possible that some of the spray 
was not deposited on the crops; instead it was carried upwards on ther-
mals and then distributed globally by the jet stream, returning to earth 
where snow fell, the persistent chemical being filtered out by the snow. 
As pointed out by Brown (1951), applications were not very efficient; he 
calculated that to control a population of 1 million mosquitoes per acre, 
only 30 mg of DDT would be needed for their total destruction (1 million 
× 3 × 10-2 μg), yet using the most modern and efficient method then avail-
able required 3000 times this amount (0.224 kg a.i./ha).

In Africa, cotton yields were very low, so Eric Pearson, the then 
Director of the Commonwealth Institute of Entomology established a 
Cotton Pest Research Project within the Federation of Rhodesia and 
Nyasaland in the 1950s. He wanted the entomological team to help small-
scale farmers achieve yields similar to those obtained by farmers in Texas. 
Some trials in southern Rhodesia had already shown that yields could 
be increased with endrin sprays, but a programme of bioassays revealed 
that carbaryl was most effective against Diparopsis castanea and DDT 
was better against Helicoverpa armigera. This was confirmed by initial 
field trials; so starting in the 1960/61 season, a spray programme based on 

Fig. 1.4. Early design of aerosol ‘bomb’ containing DDT. 
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scouting to determine which bollworm was present was started on farms 
in both Rhodesia and Nyasaland. The DDT used was the 75% wettable 
powder developed to meet WHO specification, as the highly micronized 
powder (WP) applied as suspension was shown to be as effective as the 
emulsifiable concentrate (EC) formulation, presumably due to adhesion of 
the small particles on pubescent plant surfaces where the bollworms were 
walking. Clearly, very small particles adhered better to the plant due to 
van der Waals forces. Yields were improved from, generally, under 500 kg 
seed cotton/ha to over 1500 kg/ha where rainfall was adequate; and, later, 
yields over 3000 kg/ha were achieved under irrigation. Using a WP formu-
lation of both carbaryl and DDT, these insecticides were packaged in sa-
chets, each containing sufficient powder for one knapsack sprayer load, to 
prevent farmers having to measure out the small quantities required. With 
ground equipment, nozzles were positioned between the rows of cotton 
and the spray volume increased in relation to plant height from 50–200 l/
ha; so when DDT was applied, the maximum dose was 1 kg a.i./ha in 200 
l/ha. Thus, by more accurate distribution of spray, the dose applied was 
always less than some of the recommendations in the USA where DDT 
was relatively inexpensive. Dimethoate was added mainly as an acaricide, 
if red spider mite populations had to be controlled. Demeton-S-methyl 
(Metasystox) came on the market but was not recommended as it was too 
toxic compared to dimethoate. With higher yields, the area of cotton grown 
in Rhodesia increased, but finding 200 l of water to spray limited uptake 
by many small-scale growers in Nyasaland (now Malawi). Subsequently, 
an ultra low volume (ULV) spray technique was developed (see Chapter 
2) but was used most extensively in francophone countries in west Africa.

The effects of using DDT were soon noted by environmentalists, 
and prompted Rachel Carson to write Silent Spring in 1962. There was 
particular concern about the persistence of DDT in the environment. 
Subsequently, DDT was banned by the Stockholm Convention along with 
other organochlorine insecticides as they were regarded as persistent 
 organic pollutants (POPs), which were accumulated in the food chain 
and detrimental to the environment. By 2001, more than 120 countries 
had signed up to the Stockholm Convention. However, its use for indoor 
 residual spraying was allowed to continue.

Lindane

The gamma isomer of benzene hexachloride, otherwise known as hex-
achlorocyclohexane (BHC), was named after van der Linden, who dis-
covered the isomer in 1912. It was in 1942 that its insecticidal activity was 
noted (Busvine, 1964). The volatility of BHC in the field resulted in inad-
equate residual spray deposits, but allowed it to have a fumigant effect on 
insects in crevices when applied indoors, and controlled insects in tree 
canopies that were not easy to treat. It was used as the main insecticide to 
control cocoa pests (Sahlbergella singularis and Distantiella theobroma) 
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in Ghana in 1954 (Stapley and Hammond, 1959), but within ten years the 
capsids resistant to γBHC were detected (Dunn, 1963). It was applied, ini-
tially, with a compression sprayer with a separate motorized fan to project 
the spray to the upper canopy, which led to the first motorized knapsack 
mistblowers. It has been used in a shampoo to treat scabies by killing the 
mites and their eggs, if other treatments were ineffective, but has to be 
washed out after no more than 12 hours.

Other organochlorines

Various other insecticides that were introduced in the 1940s and 1950s 
included some analogues of DDT – methoxychlor, DDD and DFDT – but 
these were not used on a large scale compared with chlordane, the earliest 
cyclodiene insecticide. Technical chlordane was developed by chance in 
the 1940s while looking for a by-product of synthetic rubber manufac-
turing. It contained five isomers, one of which was heptachlor (with seven 
chlorines to stabilize the cyclodiene ring), which was more insecticidal 
than chlordane. Chlordane was sold in the USA until 1988 and used to 
control termites in over 25 million homes. The half-life of chlordane can be 
up to 30 years, so it provided long-term protection. The most widely used 
cyclodienes were aldrin and dieldrin. Aldrin, named after the German 
chemist Kurt Alder, is not an effective insecticide, but it oxidizes to the 
epoxy dieldrin, which was a very effective insecticide. Both were used 
extensively in agriculture in the USA until about 1974, although dieldrin 
continued to be used for controlling termites until 1987.

Dieldrin was the insecticide selected for controlling locusts, especially 
the desert locust (Schistocerca gregaria) in Africa, using drift spraying to 
deposit spray on the vegetation being eaten by the locusts (Courshee, 1959). 
Shell, which marketed dieldrin, produced an excellent film called The 
Rival World, which showed the impact of locusts and efforts using aircraft 
to spray swarms. The Food and Agriculture Organization (FAO) decided 
to have stockpiles of dieldrin positioned in a number of African countries 
for emergency use, in case an upsurge of locusts occurred. Then, when a 
major outbreak occurred in west Africa in the 1980s, the USA demanded 
that the use of dieldrin should be discontinued due to its persistence in the 
environment. These then became obsolete stocks, which were extremely 
expensive to remove and incinerate. FAO developed a list of alternative 
insecticides for locust control so that countries had a choice. The organo-
phosphate chlorpyrifos was often being applied, as it was readily avail-
able. FAO agreed that research was needed to find an effective biological 
control, which resulted in a major multi-country financed project, man-
aged by CAB International, which developed the mycoinsecticide Green 
Muscle based on a Metarhizium species, later recognized as M. acridum. 
Although more expensive than an organophosphate insecticide, it had no 
effect on birds eating moribund locusts, and old stocks degraded, so there 
were no environmental costs or any need to process obsolete stocks.
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Dieldrin was also used to control tsetse flies (Glossina morsitans) in 
northern Nigeria using a pressure-retaining compression sprayer to apply 
it to the resting sites of flies at the base of trees.

Another organochlorine insecticide was endrin, first produced in 
1950, which was widely used on cotton and rice crops but subsequently 
discontinued in 1972. It was considered too toxic for small-scale farmers 
and was a POP. Toxaphene, also known as camphechlor, was introduced 
in 1947 by Hercules Inc. It was subsequently used in a mixture with me-
thyl parathion and DDT on cotton as it was said to increase the persist-
ence and effectiveness of methyl parathion and enhance the impact on 
boll weevils. It was used extensively in Nicaragua on cotton, applying as 
much as 31 kg/ha in 1985 (Carvalho et al., 2003). It was persistent in soil, 
but in air the half-life was less than a day (Anon, 1977). It was banned 
in the USA in 1990 and globally by the 2001 Stockholm Convention on 
Persistent Organic Pollutants.

Endosulfan (Thiodan) is a chlorinated hydrocarbon, but differs from 
DDT as it is also an organic sulfite. It is more toxic to mammals than 
DDT and is now being phased out as it is considered to be an endocrine 
disrupter and too hazardous to use. Nevertheless, as a non- systemic 
 insecticide/acaricide, it was used extensively in India. In Africa aerial 
 applications were made against tsetse flies, while elsewhere sprays 
were used on a range of crops including cotton, potatoes, tomatoes and 
apples. In the UK there was a pre-harvest interval of six weeks when 
sprays were applied to blackcurrants to control blackcurrant gall mite 
(Cecidophyopsis ribis (Westw.)). When it was first provided for trials in 
Africa, spray operators immediately reported headaches. This problem 
was reported to the manufacturer who subsequently improved the 
product, presumably by removal of an isomer or contaminant introduced 
during the production process. Its use has been banned in many coun-
tries (see Chapter 9).

Organophosphates

Organophosphates (OP) are cholinesterase inhibitors that disable cholin-
esterase, an enzyme essential for the central nervous system to function. 
Chemists in Germany, such as Gerhard Schrader, had started to investigate 
organophosphates as insecticides in the 1930s and this led the govern-
ment to get him to develop nerve gases such as sarin, tabun and soman 
as chemical weapons, although these were not used during World War II. 
However, after the war, chemical companies in the USA gaining access 
to Schrader’s work and patents began synthesizing organophosphate in-
secticides. Parathion – O,O-diethyl-O-p-nitrophenyl thiophosphate, origin-
ally known by the code E-605, was the first product to be marketed as 
Folidol. The methyl analogue of parathion, methyl parathion has similar 
toxicity to mammals, but was claimed to be more active against some in-
sects, including the boll weevil. Tetraethylpyrophosphate, called TEPP, 
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was discovered as an aphicide in 1938, and p-nitrophenyl thionobenzene 
phosphonate, called EPN, was developed at the same time, but not widely 
used. A systemic OP was schradan, pyro-phosphoryl-tetrakis-diametylamide, 
which was marketed as Systox. Small sticks coated with schradan could 
be stuck into pots to protect young seedlings.

Later, a vast number of other organophosphate insecticides were 
 developed, which exhibited a wide range of toxicities to mammals.

Malathion

Malathion, first reported in the USA in 1952, is far less toxic than para-
thion. According to the WHO classification of pesticides, the acute oral 
toxicity of parathion is 3–6 mg/kg (in class I), while malathion was un-
classified with an acute toxicity to mammals of 1400 mg/kg. Malathion 
has been used extensively in public health against mosquitoes and other 
vectors of disease as well as on many crops, including sprays, with a 
protein hydrolysate or a yeast bait for fruit flies. There was one major 
problem among 7500 workers in Pakistan in 1976, when two poor-quality 
formulated products of malathion, containing isomalathion, were used to 
spray houses. Banning of these products, plus further training to reduce 
operator exposure, followed, and since then the problem has not recurred. 
Certain countries, especially in the Middle East, used technical malathion 
as a ULV spray for locust control. As the technical material is a liquid, it 
did not need to be formulated, so could be sprayed directly, but it was 
pointed out that a ULV formulation containing only a small amount of 
malathion could be just as effective.

Temephos

Temephos also has a low toxicity and has been used in rivers to control 
blackfly (Simulium spp.) larvae to reduce transmission of onchocerciasis. 
The Onchocerciasis Control Programme (OCP) operated in west Africa 
for two decades to break the transmission of the parasite causing river 
blindness.

Dimethoate

Dimethoate, which was introduced in 1951 by American Cyanamid as 
both an insecticide and acaricide, is readily absorbed and distributed 
through plant tissues and degrades quite quickly. It was regarded as much 
better to use than more toxic insecticide/acaricide demeton-S-methyl 
(Metasystox) introduced by Bayer in 1957. It was the concerns about the 
application of Metasystox on Brussels sprouts, even with a three-week 
pre-harvest interval (PHI), that led the UK government to set up a Working 
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Party on Precautionary Measures Against Toxic Chemicals in 1950, with 
Professor Zuckerman as chairman. This led to the Advisory Committee on 
Pesticides, renamed the Expert Committee in 2014. The Pesticide Safety 
Precautions Scheme (PSPS) operated from 1957 for agricultural prod-
ucts,  and from the 1970s, non-agricultural products were added. As it 
was a voluntary scheme, there was pressure for a statutory system, which 
followed with the Food and Environment Protection Act (FEPA) in 1985. 
Later harmonization of pesticide legislation led to EU directives, dis-
cussed later (see Chapter 10).

Other early OPs included phorate, dichlorvos, trichlorfon, fenthion, 
menazon and phosphamidon, each having a specific role.

Phorate

Phorate (O,O-diethyl S-ethylthiomethyl phosphorodithioate) was mar-
keted as a systemic insecticide and acaricide in 1954 as Thimet. It was 
used as a seed treatment as it gave up to eight weeks’ control of sucking 
pests such as aphids, thrips and leaf hoppers.

Dichlorvos

Dichlorvos (2,2-dichlorovinyl dimethyl phosphate, commonly abbrevi-
ated as DDVP) was first marketed in 1959. Due to its vapour action it 
became widely used against household and public health pests, particu-
larly when sold as a Vapona plastic strip to hang up in houses. Safety 
 concerns have reduced its use and it has been banned in Europe since 
1998. However, in the USA, a low dose of naled (Dibrom), dimethyl 
1,2-dibromo- 2,2-dichloroethylphosphate, is applied in an aerial spray to 
control mosquitoes; for example, in Florida during 2016 it was applied 
to combat Aedes aegypti, vector of the Zika virus. It is very volatile and 
breaks down to dichlorvos. This is rapidly dissipated, and specialists at 
both the CDC and EPA, as well as independent universities, argued that 
naled was safer than other chemicals and should not cause significant 
health issues due to the low level of exposure. A small piece of the Vapona 
plastic strip was very useful for entomologists operating light traps, as the 
insects were killed very quickly inside the trap.

Trichlorfon

Trichlorfon (dimethyl 1-hydroxy-2,2,2-trichloro ethanephosphonate) is a 
non-systemic insecticide, rapidly hydrolysed in plants. Dipterex was one 
of the trade names used. In Africa it was applied as a dust in the ‘whorl’ 
of maize leaves to control stem borers (Fig. 1.5)
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Fenthion

Fenthion (O,O-Dimethyl O-[3-methyl-4-(methylsulfanyl)phenyl] phos-
phorothioate) is perhaps known most for its use in controlling the weaver 
bird (Quelea quelea) in Africa, large colonies of which may comprise thou-
sands of birds, causing considerable damage to cereal crops. Aerial sprays 
at dusk were effective when applied, as birds congregated at roosting 
sites. In some countries it is banned due to its impact on bird populations.

Menazon

Menazon (S-(4,6-diamino-s-triazin-2-yl) methyl O,O-dimethyl phospho-
rodithioate) was introduced as a selective aphid insecticide but was later 
replaced by pirimicarb.

Phosphamidon

Phosphamidon ((E/Z)-[3-Chloro-4-(diethylamino)-4-oxobut-2-en-2-yl]) di-
methyl phosphate was marketed as Dimecron in 1956. It is a highly haz-
ardous insecticide and is now included in the Rotterdam Convention 
(previously a voluntary procedure but in force since 2004) and requires 
prior informed consent (PIC) before it can be exported to a country.

Application of OP insecticides increased when the organochlorine 
 insecticides were banned in the 1970s.

Fig. 1.5. Applying Dipterex to young maize. 
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Carbamates

Carbaryl was introduced by Union Carbide under the trade name Sevin 
in 1958. It was in a screen searching for possible herbicides, when it was 
noticed that flies in a glasshouse had died. It inhibits cholinesterase in a 
similar way to organophosphates, but rapidly breaks down to α-naphthol 
and is excreted. Its acute mammalian toxicity is similar to DDT, so was 
evaluated in southern Rhodesia and shown to be highly effective against 
the red bollworm and cotton stainers (Dysdercus spp.). It was subsequently 
used extensively on cotton.

With a broad spectrum of activity, carbaryl (1- naphthyl N- methylcarbamate) 
became widely used throughout the world to control a range of pests, in-
cluding fleas on pets. In the mid-1970s, in the USA, there was a request 
that the EPA consider carbaryl under the Rebuttable Presumption Against 
Registration (RPAR) procedure as it was considered that the chronic effect 
of exposure to carbaryl might be more hazardous than previously thought. 
However, it was later withdrawn from RPAR and some changes were made 
to the labelling.

In India, in 1984, at Union Carbide’s factory in Bhopal, which manu-
factured Sevin, the chemical methyl isocyanate (MIC) was contaminated 
with water, releasing an extremely toxic gas that killed nearly 4000 people. 
Many more living in the slums close to the factory were severely affected 
by the gas and an estimated 15,000 died later, with many more continuing 
to suffer chronic symptoms. It was not until 2006 that the government 
confirmed that the leak had caused 558,125 injuries, including 38,478 
temporary partial injuries and approximately 3900 permanently disabling 
injuries. Despite the enormity of the tragedy, seven ex-employees were 
sentenced in 2010 by an Indian court to only two years’ imprisonment 
and a fine of $2000 for causing death by negligence.

Other Compounds

DNOC

DNOC (4,6-dinitro-o-cresol) was introduced by Bayer in 1892 and was as-
sessed as an insecticide to control locusts in east Africa. In 1945, a 2.5% 
formulation in an oil spray was applied attacking flying swarms. On one 
occasion, a kill of some 3 million locusts was recorded following an ap-
plication and this led to further work with a 20% formulation applied at 
0.7–1.0 gallon/acre using the ‘aerial curtain’ method (Rainey and Sayer, 
1953). Other insecticides replaced DNOC for locust control. The highly 
toxic DNOC was also listed as a selective herbicide that was used on 
grasses and as a defoliant on potatoes, but was banned in the UK in 1989 
due to evidence of teratogenicity in related di-nitro compounds. Concerns 
about its safety are referred to in Chapter 9.



Pesticides in the Early Part of the 20th Century 17

Metaldehyde

In 1936, in southern France, a solid fuel sold as meta-tablets was used by 
some campers. Some of the tablets were left on the ground and it was no-
ticed that there were dead slugs in the same area. Thus the molluscicidal 
activity of metaldehyde was discovered. This cyclo-octane is approved in 
the EU; it kills the slugs by contact and stomach poisoning, which stimu-
lates mucus/slime production resulting in desiccation of the slug.

Acaricides

A number of acaricides were commercialized in the 1950s. Dicofol 
(Kelthane) is chemically similar to DDT but is not as persistent in the en-
vironment. It has a broad range of activity against mites, but was not con-
sidered to be toxic to bees and beneficial predators. Another very effective 
acaricide, not toxic to bees, is tetradifon (4-chlorophenyl 2,4,5-trichloro-
phenyl sulfone) (Tedion), but it is no longer registered. Amitraz was an 
early acaricide used on cotton and other crops, but due to health concerns 
it is no longer registered.

Fumigants

DD was a mixture of dichloropropane and dichloropropene used as a fu-
migant to control plant parasitic nematodes, specifically the potato cyst 
nematode Globodera rostochiensis (eelworms), but was also used by to-
bacco farmers to control the root-knot nematodes in the seed beds be-
fore the seedlings were transplanted in the field. Ethylene dibromide was 
an alternative soil fumigant. These highly poisonous and volatile liquids 
were applied by injection into the soil to a depth of at least 20 cm to per-
colate through the soil and protect the young roots from the nematodes. 
Treated soil was covered by a plastic sheet to keep the gas within the 
soil for a period after application. Later, methyl bromide replaced these 
in many crops, although its use has been phased out under the Montreal 
Protocol as it is an ozone-depleting substance. Ethylene dichloride was a 
similar fumigant used to protect grain in storage (see also Chapter 6).

Herbicides

With the Industrial Revolution people moved from farming to factories, but 
two world wars also adversely affected the availability of workers to culti-
vate, weed and harvest farmers’ crops. There was a need to control weeds 
chemically, so in seeking better weed control, ICI began, in 1936, to study 
the effects of plant hormones to determine whether weeds might be killed 
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without harming crops. In 1942, the effect of increasing the dose of certain 
substituted phenoxy acids that normally stimulated plant growth was shown 
to affect plant growth to such an extent that the plants died. Thus when 
indole-3-acetic acid (IAA), the naturally occurring auxin, was used at high 
concentrations, it could stop plant growth (Templeman and Marmoy, 1940). 
Templeman and Marmoy published their finding in 1940 that IAA killed 
broadleaf plants within a cereal field. The first herbicide to be developed 
from this discovery was MCPA (4-chloro-2-methylphenoxy) acetic acid to 
control broad-leaved weeds in cereal crops. At the same time, in the USA, 
Pokorny (1941) was looking for a more stable phenoxy acid and this led to 
the synthesis of 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T), both phenoxy herbicides and analogues of IAA.

MCPA

This became widely used either as the sodium or potassium salts, or both, 
in a mixture to control broad-leaved weeds in cereals, notably wheat, 
barley and oats. It was also used in grasslands to improve pastures. MCPB 
(4-chloro-2-methylphenoxy butryric acid) was more selective, where crops 
were undersown with clovers and certain leguminous plants that lacked 
the enzymes to convert it to MCPA.

2,4-D

Since the first commercial release of 2,4-D in 1945, it has continued to be 
a major selective and low-cost herbicide, controlling broad-leaved weeds 
in cereal crops. 2,4-D became widely used in the USA as a replacement for 
the hoe, applied as a sodium salt or as an amine or ester derivative after 
the cereal crop had fully tillered, but before shoots were present. A new 
choline salt version of 2,4-D (2,4-D choline) was developed much later as 
a less volatile herbicide (Peterson et al., 2016) and is expected to be ap-
plied to crops that have been engineered to be tolerant to 2,4-D.

The use of effective broad-leaved weed herbicides resulted in a major 
improvement to wheat yields in the UK, which were enhanced by the 
breeding of semi-dwarf varieties less prone to lodging, which made har-
vesting easier. In Fig. 1.6, the crop suffered severe yield loss due to a 
prolonged drought in 1976, but later, greater use of fungicides enabled 
farmers to achieve much higher yields.

2,4,5-T

2,4,5-T was developed as it was more effective against woody weeds. It 
was present in Agent Orange with 2,4-D in approximately equal amounts 
of the n-butyl esters used by the US military to destroy forest cover during 
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the Vietnam War (1961–1971), but its contaminant, 2,3,7,8-tetrachloro-
dibenzodioxin (TCDD), an extremely toxic dioxin compound, resulted in 
serious health effects. Since 1970, use of 2,4,5-T has been phased out, and 
in 1983, use in the USA ceased.

The volatility of these herbicides has been of particular concern in a 
number of situations. In the UK, a phenoxy herbicide applied to cereal 
crops during a warm May in 1976 led to considerable damage to vegetable 
crops in the Vale of Evesham. Initially, there was concern that it was due 
to spray drift, and this led to studies on drift (Elliott and Wilson, 1983) 
and development of a spray quality classification (Doble et al., 1985), but 
later the movement of vapour from the sprayed crop was considered the 
cause of the damage (Thompson, 1983). Cotton crops grown near railway 
lines in Rhodesia were damaged due to sprays applied to the railway track 
as plants were very susceptible to 2,4-D. Farmers had to be careful to wash 
sprayers thoroughly after applying 2,4-D and similar herbicides, as trace 
amounts could easily damage other crops.

A number of other herbicides were developed in the 1950s and 1960s. 
These included dalapon, TCA, CIPC, barban, simazine, atrazine, amitrole, 
diuron, sodium chlorate and dacthal, but some are generally no longer 
manufactured or registered.

Dalapon

Dalapon (2,2-dichloroproprionic acid) was absorbed and translocated in 
grasses and has been used as the sodium salt to control perennial grasses, 
such as couch grass, Bermuda grass and Johnson grass. The major use of 
dalapon has been on sugarcane and sugar beets.
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TCA

TCA (trichloroacetic acid) was introduced in 1947 and used as the sodium 
salt to control perennial grasses, being absorbed mainly through the roots.

CIPC

In 1951, CIPC, better known as chlorpropham (isopropyl (3-chlorophenyl) 
carbamate), was introduced as a plant growth inhibitor/herbicide, which 
was used as a sprout suppressant for grass weeds. One particular use has 
been to inhibit potato sprouting by allowing a fog to percolate through 
stacks of potatoes in stores.

Barban

Barban, a carbamate, was used as a post-emergent, selective herbicide for 
control of wild oats and other grasses, but is now obsolete.

Simazine

Simazine (2-chloro-4, 6-bis(ethylamino)-S-triazine) was developed in 1956 
and used initially to control weeds on paths and railway tracks and on indus-
trial sites to control germinating annual grasses and broad-leaved weeds.

Atrazine

Another triazine, atrazine (1-Chloro-3-ethylamino-5-isopropylamino-2, 4, 
6-triazine), was developed at about the same time and was extensively 
used to control weeds in maize, which could detoxify it. In Nigeria, it 
was applied at very low volume sprays using hand-carried spinning disc 
sprayers known as ‘herbis’ (Fig. 1.7) or ‘handys’. In the USA, atrazine was 
detected in drinking water and it was suspected of being an endocrine 
disrupter; so with considerable controversy about its effects in the envir-
onment, the EPA has been reviewing its use. In the EU, its use was banned 
in 2004, when groundwater levels exceeded the limits set by regulators.

Amitrole

Amitrole is a non-selective systemic triazole that was developed in 1953 
to control a wide range of perennial grasses and broad-leaved weeds, espe-
cially non-crop lands. In the USA, one use for which it was registered was 
post-harvest use on cranberries. This led to very low residues on portions 
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of the cranberry crops of 1957 and 1959 when the authorities enforced 
the Delaney Clause, which prohibits any amount of a cancer-causing sub-
stance to be in or on food. This is thought to have prompted growers to 
read and follow pesticide label directions. It was used in a number of 
countries and is considered suitable for controlling glyphosate resistant 
weeds, although it is much slower acting than glyphosate. It is no longer 
registered in the UK.

Diuron

Diuron (3-(3, 4-dichlorophenyl)-1, 1-dimethylurea), introduced in 1954, 
is a very specific and sensitive inhibitor of photosynthesis, used as a total 
herbicide, particularly in non-crop areas and woody crops. It takes about 
a year to dissipate in soils.

Sodium chlorate

Use of sodium chlorate as a non-selective herbicide dates back to 1910. 
Residues can remain in the soil for up to five years, depending on rate of 
application and soil conditions. Although used mainly in non-crop land, 
it has been used as a defoliant and desiccant in some crops. Linuron, 
another urea herbicide similar to diuron, was developed in 1962 and is 
used to control annual meadow grass and broad-leaved weeds in  potatoes 

Fig. 1.7. Spraying atrazine at International Institute of Tropical Agriculture.
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and other vegetable crops. In 1955, naptalam-sodium was introduced as a 
pre-emergence herbicide used for the control of a wide range of weeds and 
grasses in vegetable, fruit and non-food crops. It is no longer manufactured.

Dacthal

Dacthal (DCPA) was first registered for use in the USA in 1958. It is a 
pre-emergent herbicide that kills grass and many common weeds without 
killing sensitive plants such as flowers, fruits, vegetables, turf and cotton. 
Production continued until 1998, but the product was reintroduced in 
America in 2001.

More on herbicides is to be found in Chapter 4.

Fungicides

Bordeaux mixture has already been mentioned and was prepared by mix-
ing 5 lb of copper sulfate in 25 gallons of water and, separately, 5 lb of 
fresh hydrated lime in 25 gallons of water; then the two were mixed to-
gether. Other copper-based formulations soon followed. Burgundy mixture 
(1887) used sodium carbonate in place of calcium hydroxide, ‘Eau Celeste’ 
(1885) utilized ammonium hydroxide, and in Cheshunt mixture (1890) the 
base was ammonium carbonate. In each case the copper is complexed on 
the leaf surface, which prevents overt phytotoxicity but is slowly leached 
at a sufficient concentration to inhibit spore germination. None of these, 
nor other copper compounds (see below), significantly replaced Bordeaux 
mixture, which was a huge advance at the time and is still an effective fun-
gicide by modern standards. The freshly prepared mixture, as described 
above, forms a gelatinous precipitate, which adheres well to plant surfaces 
and also undergoes local redistribution and improves coverage. Other cop-
per-based compounds include copper oxychloride, copper oxinate and 
cuprous oxide. Boots Pure Drug Co. introduced a finely divided copper 
oxychloride suspension, patented in 1931, which became popular as a 
substitute for Bordeaux mixture. It had the advantages of not requiring 
mixing in the field and not being corrosive to steel. These fungicides were 
used to control blister blight on tea, leaf rust on coffee, late blight on po-
tatoes and leaf spot on bananas, as well as the original target, vine downy 
mildew.

Bordeaux mixture was used for many years in west Africa against 
black pod disease of cocoa where, unfortunately, its low cost allowed 
its use to excess, with adverse environmental side effects as well as, re-
putedly, sometimes contributing a blue tinge to plantations. Toxicity to 
non-target organisms such as soil invertebrates has curtailed the use of 
copper compounds, although small quantities are probably beneficial, 
copper being a plant micro-nutrient. Perversely, despite containing a 
heavy metal, Bordeaux mixture was allowed for some time on organic 
farms on the basis of it being a ‘traditional’ product. It is interesting to 
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speculate that if the first effective foliar fungicide (Bordeaux mixture) had 
not been such a good product, the history of disease control might have 
taken a very different route. There is a direct parallel with medicine: if the 
first antibiotic, penicillin, had not been so remarkably effective, chemo-
therapy in medicine might never have developed as it has.

Other inorganic fungicides have included sulfur, discussed above, 
and mercury salts. Both mercurous and mercuric chlorides received some 
use for treating bulbs and corms pre-planting and against common scab of 
potato, club root disease of brassicas and on turf grass. However, it is or-
ganic forms of mercury that have been used much more extensively and 
with considerable success in disease control. Compounds with the gen-
eral formula R-Hg-X, where R is an aryl or aromatic group and X is an 
anion – for example phenyl mercuric acetate – proved excellent at con-
trolling bunt (covered smut) of cereals and also gave very good control of 
other seed-borne diseases of cereals such as oat leaf stripe and seedling 
blights caused by Pyrenophora and Cochliobolus species. These chemicals 
were too phytotoxic for use on foliage but had a long period of use as seed 
dressings under such trade names as Uspulam (Bayer) and Ceresan (ICI). 
Formulations included dyes to obviate against food use and repellants to 
deter seed-eating birds, but the hazards of cumulative environmental con-
tamination led to their phasing out during the 1980s. Tin is the only other 
heavy metal to have seen use as a fungicide, exclusively as organo-tin com-
pounds, similar to those of mercury. Phenyl tin (Fentin) acetate and hy-
droxide have seen use against leaf spots and potato late blight, usually as 
the final spray of the season because of mild phytotoxicity and also efficacy 
against tuber infection caused by zoospores washed down into the soil.

Other protectant fungicides, even where introduced prior to 1960, are 
considered in Chapter 5.

New chemistry led to the first organic fungicide, thiram (tetrameth-
ylthiuram disulfide), being developed. It was used primarily as a seed 
treatment, aimed at controlling damping off of seedlings and other seed-
borne pathogens. It was also applied as a foliar spray to control apple 
scab (Fig. 1.8) and botrytis on strawberries. Another new fungicide was 
captan – N-trichloromethylmercapto-4-cyclohexane-1,2-dicaroximide – 
a foliar fungicide which was applied on apples at 10–14-day intervals 
after the buds had burst; the shorter interval being recommended in wet 
weather or if the trees made rapid growth, also influenced by the variety 
being sprayed. Another new protective fungicide developed at the same 
time was zineb – zinc ethylenebisdithiocarbamate – marketed as Dithane 
Z78. It was used on several vegetable crops to control blight, mildew and 
rusts. Dithane M-22 was a mixture of maneb (manganese ethylenebisdith-
iocarbonate) and manzate and used as a spray or seed dressing. Folpet, a 
phthalimide, was introduced in 1952 and remains registered as a multi- 
site protectant in the EU. It controls mildew on fruits, vegetables and or-
namentals. Dodine, a guanidine first reported in 1957, controls scab, leaf 
spot and other foliar diseases. It is also used as an effective algal growth 
inhibitor in non-agricultural applications. Its registration in the UK is due 
to expire in 2021.
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A number of organic mercury fungicides were marketed as seed dress-
ings in the UK from 1932 to suppress bunt, but also had an impact on oats by 
controlling leaf stripe, thought previously to be due to bad weather (Ordish, 
1952). They were extremely poisonous, so their use was discontinued.

Fentin hydroxide was used in the late 1950s but is no longer registered.
Thus, prior to 1960, the number of pesticides had expanded to combat 

the increasingly realized extent of crop losses. Ordish (1952) provided es-
timates of crop losses in several European countries, the USA and parts 
of Latin America, indicating extremely high economic losses of important 
crops prior to 1950. In the following chapters further consideration is 
given to the major new products and the problems associated with their 
use (see also Chapter 5).

Biopesticides

In the period immediately after World War II, the first biopesticide to be 
produced on a commercial scale was thuricide, containing the bacterium 

Fig. 1.8. Unidentified man spraying an apple tree. (Photo courtesy of Wenatchee 
Valley Museum & Cultural Center, 83-15-180.)
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Bacillus thuringiensis. The activity of the bacterium had been noted in 
1911 when it was isolated from diseased larvae of the Mediterranean 
flour moth. In 1951, Professor Steinhaus, at the University of California, 
continued research on it. It was stated that it had to be applied so that 
the minimum ingestion rate was 450 viable spores/mg of insect larval 
body weight. It was tried on a number of crops but was less effective 
than many of the new chemicals, probably because of the need for the 
spores to be ingested. A few keen enthusiasts supported the use of a bio-
pesticide, but in the 1960s they were generally less effective than other 
pesticides. Translating a biologically active substance in the  laboratory 
to a commercial product would require considerable research and de-
velopment, as witnessed by the ten-year programme needed to translate 
a metarhizium, later identified as M. acridum, from just being a fungus 
to being a viable insecticidal product, very effective against locusts and 
other acridids. Until recently, the market for biopesticides has been no 
more than 1% of the agrochemical market; thus it is rather understand-
able that the companies invested very little into the development of 
biopesticides.

References

Anon (1977) The biologic and economic assessment of Toxaphene. A report of the 
Toxaphene assessment team to the rebuttable presumption against registration of 
Toxaphene. Submitted to the Environmental Protection Agency on 12 September 
1977. United States Department of Agriculture, Washington, DC.

Berry, C.L. (1990) 17th Bawden Lecture – The Hazards of Healthy Living: The Agricultural 
Component. Proceedings of the Brighton Crop Protection Conference (Pests and 
Diseases) 1, 3–13. BCPC, Farnham, UK.

Brown, A.W.A. (1951) Insect Control by Chemicals. Wiley, New York.
Busvine, J. (1964) The insecticidal potency of r-BHC and the chlorinated cyclodiene com-

pounds and the significance of resistance to them. Bulletin of Entomological Research 
55, 271–288.

Carson, R. (1962) Silent Spring. Houghton Mifflin Co., Cambridge, Massachusetts.
Carvalho, F.P., Montenegro-Guillén, S., Villeneuve, J.-P., Cattini, C., Tolosa, I., Bartocci, J.M., 

Lacayo-Romero, M. and Cruz-Granja, A. (2003) Toxaphene residues from cotton fields 
in soils and in the coastal environment of Nicaragua. Chemosphere 53, 627–636.

Courshee, R.J. (1959) Drift spraying for vegetation baiting. Bulletin of Entomological 
Research 50, 355–370.

Dalu, T., Wasserman, R.J., Jordaan, M., Froneman, W.P. and Weyl, O.L.F. (2015) An assess-
ment of the effect of rotenone on selected non-target aquatic fauna. PLOS ONE 10(11). 
Available at: http://dx.doi.org/10.1371/journal.pone.0142140 (accessed 23 March 2018).

De Ong, E.R. (1924) Toxicity of nicotine as an insecticide and parasticide. Industrial & 
Engineering Chemistry 16, 1275–1277.

Doble, S.J., Matthews, G.A., Rutherford, I. and Southcombe, E.S.E. (1985) A system of 
classifying hydraulic nozzles and other atomisers into categories of spray quality. 
Proceedings of the Brighton Crop Protection Conference – Weeds, 1125–1133.

Dunn, J.A. (1963) Insecticide resistance in the cocoa capsid, Distantiella theobroma (Dist.). 
Nature 199(4899), 1207.

http://dx.doi.org/10.1371/journal.pone.0142140


26 Chapter 1

Elliott, J.G. and Wilson, B.J. (1983) The influence of weather on the efficiency and safety 
of pesticide application: the drift of herbicides. Brighton Crop Protection Conference, 
Occasional publication 3.

Elliott, M., Farnham, A.W., Janes, N.F., Needham, P.H., Pulman, D.A. and Stevenson, J.H. 
(1973) A photostable pyrethroid. Nature 246, 169–170.

Glynne-Jones, A. (2001) Pyrethrum. Pesticide Outlook, 195–198.
Gnadinger, C.B. (1936) Pyrethrum Flowers (2nd edn). McLaughlin Gormley King, 

Minneapolis, Minnesota, USA.
Hayes, W.J. (1959) Pharmacology and toxicology of DDT. In: Muller, P. and Simmonds, 

S.W. (eds) DDT, the Insecticide Dichlorodiphenyltrichloroethane and Its Significance. 
Human and Veterinary Medicine vol. II. Birkhauser Verlag, Basel und Stuttgart, 
Germany.

Jefferies, P.R., Toia, R.F., Brannigan, B., Pessah, I. and Casida, J. (1992) Ryania insecticide: 
analysis and biological activity of 10 natural ryanoids. Journal of Agricultural and 
Food Chemistry 40, 142–146.

Kennedy, J. (1947) The excitant and repellent effects of mosquitoes of sub-lethal contacts 
with DDT. Bulletin of Entomological Research 37, 593–607.

Killeen, G.F., Fillinger, U., Kiche, I., Gouagna, L.C. and Knols, B.J.G. (2002) Eradication 
of Anopheles gambiae from Brazil: lessons for malaria control in Africa. The Lancet 
Infectious Diseases 2, 618–627.

Kitron, U. and Spielman, A. (1989) Suppression of transmission of malaria through source 
reduction: anti-anopheline measures applied in Israel, the United States, and Italy. 
Reviews of Infectious Disease 11, 391–406.

Lodeman, E.G. (1896) The Spraying of Plants. Macmillan, London.
Missiroli, A. (1948) Anopheles control in the Mediterranean area. Fourth International 

Congress on Tropical Medicine, Washington.
Ordish, G. (1952) Untaken Harvest. Constable, London.
Pampana, E.J. (1951) Lutte antipaludique par les insecticides a action remanente – Resultats 

des grandes campagnes. Bulletin of the World Health Organisation 3, 557–619.
Peterson, M.A., McMaster, S.A., Riechers, D.E., Skelton, J. and Stahlman, P.W. (2016) 2,4-D 

past, present, and future: a review. Weed Technology 30, 303–345.
Pokorny, R. (1941) New compounds: some chlorophenoxyacetic acids. Journal of the 

American Chemical Society 63, 1768.
Rainey, R.C. and Sayer, H.J. (1953) Some recent developments in the use of aircraft against 

flying locust swarms. Nature 172, 224–228.
Roark, R.C. (1933) Rotenone. Industrial & Engineering Chemistry 25, 639–642.
Roberts, D., Tren, R., Bate, R. and Zambone, J. (2010) The Excellent Powder – DDT’s Political 

and Scientific History. Dog Ear Publishing, Indianapolis, Indiana, USA.
Simmonds, S.W. (1959) The use of DDT insecticides in human medicine. In: Muller, P. 

and Simmonds, S.W. (eds) DDT, the Insecticide Dichlorodiphenyltrichloroethane and 
Its Significance. Human and Veterinary Medicine, vol. II. Birkhauser Verlag, Basel und 
Stuttgart, Germany.

Smith, D.N. and Cooper, J.F. (1997) Control of powdery mildew on cashew in Tanzania 
using sulphur dust – an audit of sulphur fate and a proposal for a new dusting strategy. 
Crop Protection 16, 549–552.

Soper, F.L., Davis, W.A., Markham, F.J. and Riehl, L.A. (1947) Typhus fever in Italy 1943–
45, and its control with louse powder. American Journal of Hygiene 45, 305–334.

Stapley, J.H. and Hammond, P.S. (1959) Large-scale trials with insecticides against capsids 
on cacao in Ghana. Empire Journal of Experimental Agriculture 27, 343–353.

Staudinger, H. and Ruzucka, L. (1924) Insektentotende Stoffe I–VI, VIII–X. Helvetica 
Chimica Acta 7, 177–259, 377–390 and 406–458.



Pesticides in the Early Part of the 20th Century 27

Sullivan, A. (1938) Relative knockdown value of Pyrethrins I and II. Soap Sanit Chemicals 
14, 101–105.

Tattersfield, F. (1931) Pyrethrum flowers – a quantitative study of their development. 
Annals of Applied Biology 18, 602–635.

Templeman, W.G. and Marmoy, C.J. (1940) The effect upon the growth of plants of watering 
with solutions of plant-growth substances and of seed dressings containing these ma-
terials. Annals of Applied Biology 27, 453–471.

Thompson, N. (1983) Diffusion and uptake of chemical vapour volatilising from a sprayed 
target area. Pest Management Science 14, 33–39.

Ujváry, I. (1999) Nicotine and other insecticidal alkaloids. In: Yamamoto, I. and Casida, J. 
(eds) Nicotinoid Insecticides and the Nicotinic Acetylcholine Receptor. Springer, Tokyo, 
pp. 29–69.

Wigglesworth, V.B. (1955) The mode of action of DDT. In: Muller, P.and Simmonds, S.W. 
(eds) DDT, the Insecticide Dichlorodiphenyltrichloroethane and Its Significance. 
Birkhauser Verlag, Basel und Stuttgart, Germany.

Young, S.J., Gunning, R.V. and Moores, G. (2005) The effect of piperonyl butoxide on 
pyrthroid- resistant associated esterases in Helicoverpa armigera (Hubner) (Lepidoptera: 
Noctuidae). Pest Management Science 61, 397–401.


	1 Pesticides in the Early Part of the 20th Century 
	Botanical Insecticides
	Pyrethrins
	Rotenone
	Nicotine
	Ryania

	Inorganic Chemicals
	Arsenicals
	Sulfur
	Other inorganic chemicals

	Organic Chemicals
	DDT
	Lindane
	Other organochlorines

	Organophosphates
	Malathion
	Temephos
	Dimethoate
	Phorate
	Dichlorvos
	Trichlorfon
	Fenthion
	Menazon
	Phosphamidon

	Carbamates
	Other Compounds
	DNOC
	Metaldehyde

	Acaricides
	Fumigants
	Herbicides
	MCPA
	2,4-D
	2,4,5-T
	Dalapon
	TCA
	CIPC
	Barban
	Simazine
	Atrazine
	Amitrole
	Diuron
	Sodium chlorate
	Dacthal

	Fungicides
	Biopesticides
	References


