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Abstract The paper analyzes the changes in insecticide consumption and the proportion of insecticides in pesticides in the world and several

typical countries in the past 30 years, in order to provide a reference for scientific treatment of pesticide and further implementation of China’s

" double reduction" policy.
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1 Introduction

Agricultural development can not be separated from insecticides,
which have magical effects on pest control and plant yield in-
crease. Since 1935 when researchers of the United States Depart-
ment of Agriculture developed the world’s first chemical insecti-
cide, phenothiazine, insecticides have been used for more than 80
years up to now. Over the past 80 years, agriculture in various
countries has developed rapidly, and insecticides have also
brought many environmental issues. Many countries have carried
out relevant measures to reduce the consumption of insecticides,
which has also triggered a lot of thinking: Whether insecticides
will decrease with the development of agricultural technology?
Whether the proportion of insecticides in pesticides has been lower
than that of herbicides and fungicides? How much insecticides are
used in developing and developed countries? There have been no
relevant reports. This paper analyzes and compares the insecticide
consumption in the world and the use of insecticides in developing
and developed countries from 1990 to 2020, in order to give a cor-
rect and reasonable view of insecticides by drawing lessons from It-

aly, South Korea, Japan and other countries.

2 Overall use condition

As of 2020, there were 4 139 kinds of pesticides, 4 979 kinds of
fungicides, 1 924 kinds of herbicides and 2 318 kinds of plant
growth regulators in the world""'. The main crops for which insec-
ticides were used worldwide included rice, corn, soybeans and
oilseed rape. Insecticide varieties were only 840 fewer than fungi-
cides, far more than herbicides and plant growth regulators. The
global consumption of insecticides from 1990 to 2020 is shown in
Fig. 1. The results showed that the global insecticide consumption
generally showed an increasing trend, with the minimum consump-

tion of 1 662 278 t in 1991, the maximum consumption of
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2 748 890 t in 2017, and the total consumption of 70 316 057.5 t
in the 30 years. The growth rate of insecticides from 1990 to 2020
was 54.79% when compared with herbicides, and 33.02% when
compared with fungicides. Hence, the growth rate of insecticides
in these 30 years was the second largest, and was in the middle lev-
el. From the point of view of average annual consumption, the aver-
age annual consumptions of insecticides, herbicides and fungicides
were 2 343 868.58, 1 102 707.32 and 551 900. 14 t, respective-
ly, and the average annual consumption of insecticides is far high-
er than that of herbicides and fungicides.

From 1999 to 2010, the consumption of insecticides generally
increased, showing a trend of stable growth, rapid rise, stable
growth and rise, and remained stable in the last 3 years. From
1990 to 1999, the consumption of insecticides steadily increased,
with an increase rate of 18.87% . During this period, neonicotin-
oid insecticides gradually emerged. As an efficient insecticide with
new structure, neonicotinoid insecticides have strong conductivity
and unique insecticidal mechanism, mainly acting on the nicotinic
acetylcholine receptor of insects. It can be used as a substitute of
some organophosphorus, carbamates, pyrethroids and organochlo-
rine insecticides™ .

After 2000, due to the rise of transgenic technology, trans-
genic crops such as insect-resistant cotton and insect-resistant corn
began to be planted in a large area, and the consumption of insec-
ticides was significantly reduced compared with ordinary crops.
The consumption of insecticides rose sharply from 2 042 878 to
2 280 626 t from 2002 to 2005. After several years of planting
transgenic insect-resistant crops, the harm degree of secondary
pests was basically similar to or even exceeded that in ordinary
crops, and the consumption of insecticides for controlling seconda-
ry pests increased. The consumption of insecticides reached
2493 892 t in 2008, and a turning pointed appeared in 2009.
Compared with 2008, the consumption of insecticides in 2009 de-
creased by 7.66% , and then tended to be stable in 2010 —2020.
After 2017, due to the elimination of some highly toxic pesticide
products and the development of pesticides with low toxicity and
low residue and biopesticides, the consumption of insecticides,

herbicides and fungicides first decreased slowly and then gradually
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became stable, and the consumption of insecticides was 2 602 517 —
2 748 890 t.
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Fig.1 Total global consumption of insecticides

3 Overview of consumption in various countries

3.1 Typical countries with increased consumption The con-
sumption of insecticides in China, the United States and Canada
during 1990 and 2020 is shown in Fig. 2. The total consumption of
insecticides in the United States was 12 609 406 t, far more than
that in China and Canada. The total consumption of insecticides in
China was 8 442 540 t, and that in Canada was 1 613 633 t,
which was only about 10% of that in the United States and 20% of
that in China. The consumption of insecticides in the three coun-
tries showed an increasing trend. Canada showed the largest fluc-
tuation, with an annual increase of 2. 33% , followed by China
with an annual increase of 1.86% . The consumption of insecti-
cides fluctuated greatly from 1990 to 1999 and from 2000 to 2014.

The United States, as the country with the largest arable land and
the most developed agriculture in the world, had a stable consump-
tion of insecticides with an annual growth rate of only 0.58% , and
the consumption of insecticides was 358 337.7 —434 540. 8 t. In
2010, the consumption of insecticides was the least of 358 337.7 t.

In 2009, the consumption of insecticides in the United States and
China was the closest. The three countries are agricultural powers,
ranking in the world’s top ten in arable land and rich in natural re-
sources. Therefore, both developed and developing countries are
inseparable from insecticides, and the consumption of insecticides
is closely related to the arable land area of each country. Insecti-
cides, as traditional pesticides, have not been completely elimina-
ted with the development of agriculture, and still play a vital role.
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Fig.2 Typical countries with increased consumption of insecticides

3.2 Typical countries with decreased consumption The
consumption of insecticides in Italy, Japan and South Korea has
decreased and stabilized over the past 30 years (Fig. 3). The
three countries are all developed countries with small land and
large population and relatively scarce natural resources, but high-
lighting advantages of agricultural development. The consumption

of insecticides in Italy was only 48 567 t in 2019. Although the
consumption fluctuated greatly from 2004 to 2014, it decreased
linearly from 2014 to 2019. Italy attaches great importance to the
sustainable development of agriculture, where pesticides are not
allowed to be purchased by private individuals and units, and must
be approved by agricultural science institute before use, which is
also one of the reasons for low pesticide residues in Italy. From
1990 to 2012, the consumption of insecticides in Japan ranged
from 787 735.45 to 79 821. 18 t, then gradually showed a decrea-
sing trend after 2012, and stabilized at 51 006 — 51 970 t in 2017.
Japan also has very strict restrictions on the use of pesticides, and
the consumption of insecticides is uniform. In the past 30 years,
the consumption of insecticides in South Korea has been close to a
straight line between 16 278 and 27 416 t, which reached the max-
imum in 1991 and decreased to the minimum by 2020. The three
countries are lacking in resources and attach great importance to
the protection of resources, so they are more intensive in agricul-
ture and strictly control the use of pesticides, which is worth
learning for most countries.

; 12 r——Ttaly -=Japan —South Korea

X 10

g s

|

3

g 4r

L‘a 2 W
8

§ 0 L 1 1 1 1 J
= 1990 1995 2000 2005 2010 2015 2020
=

S Year

Fig.3 Typical countries with decreased consumption of insecticides

4 Analysis of consumption of existing registered in-
secticides in China

The insecticides in China are mainly carbamates, organophospho-
rus and pyrethrin, etc. Organophosphorus insecticides are still the
mainstream, accounting for 68% of the total market, and there are
mainly six varieties, such as omethoate, monocrotophos, methami-
dophos and parathion®’. By 2014, the proportion of highly toxic
insecticides in China was less than 3% , and there were about 110
kinds of effective ingredients. Insecticides are mainly products
with high efficiency, low toxicity and low residue, and microbial-
derived pesticide products such as emamectin, ivermectin and
pleocidin are constantly emerging™®' | while insecticides with high
toxicity and high residue are gradually eliminated.

As of January 2023, 18 645 kinds of insecticide products had
been registered in China. There were as many as 23 618 expired
products, including wettable powder, aerosol, original medicine,
micro-emulsion, suspension agent, water agent and other dosage
forms. There were 2 869 kinds of sanitary insecticide products,
and 2 118 kinds of highly toxic products, while avermectin, aver-
mectin - triazophosphorus, avermectin + chlorpyrifos and other
products accounted for large proportion. There were 11 185 kinds
of low-toxicity products. These products are relatively friendly to
the ecological environment, and have little harm to human and
animal health, being the inevitable trend of pesticide development
in China. In addition, there were 12 427 kinds of registered herbi-
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cides and 11 806 kinds of fungicides, far less than insecticide
products, indicating that China’s insecticide market has broad
prospects for development.

The transformation of agricultural development to green ecolo-
gy is an urgent need to improve water and soil resources and envi-
ronmental quality, an objective requirement to ensure the quality
and safety of agricultural products, a fundamental requirement to
ensure the physical health of Chinese people, and an inevitable re-
quirement to enhance the international competitiveness of agricul-
tural products”’. China pays more and more attention to the green
development of agriculture,, and high-toxic pesticides are gradually
eliminated with the adjustment of the market. The use of highly ef-
ficient and low toxic pesticides and consumption reduction are the
requirements of green agricultural development in China. China is
constantly exploring and practicing a modern agricultural develop-
ment path featuring efficient agricultural output, safe quality, re-

. . . . 6
source conservation and environmental friendliness™® .

5 Development issues of insecticides

With the development of international economic integration, the
demand for insecticides is also increasing, and whether developing
countries or developed countries are inseparable from insecticides.
Relevant international measures have been introduced to reduce
the consumption and improve the efficiency of insecticides. The
United Nations has put forward the 2030 strategic goals for sustain-
able development, and FAO, as the lead unit of global pesticide
management, can reduce pesticide risks while protecting crops
through scientific and rational use of pesticides, appropriate medi-
cation, and a variety of prevention and control methods. The Stra-
tegic Approach to International Chemical Management ( SAICM)
puts forward higher requirements for chemical management:
strengthening environmental protection, attaching importance to
biodiversity, vigorously developing ecological agriculture, and
building a co-governance pattern of food safety. China’s Ministry
of Agriculture and Rural Affairs has also responded positively.
Since 2015, the organization had implemented the zero-growth ac-
tion of fertilizer and pesticide by 2020, aiming to improve the uti-
lization efficiency of pesticides and fertilizers, and decrease their
consumption, so as to obtain the best economic, social and ecolog-
ical benefits.

In 2020, the global sales volume of crop pesticides reached
62.036 billion USD, with a year-on-year growth rate of 2. 7% . If
non-crop drugs are included, the global total sales volume reached
69. 886 billion USD, with a year-on-year growth rate of 2. 5%,

) In recent

and insecticides accounted for 25% of the market
years, insecticides with high toxicity and high residue such as or-
ganophosphorus and carbamate still have a share of the market,
and insecticides have fallen to the third place among the three ma-
jor pesticides’™ . In addition, the introduction of " subtraction"
has brought new development opportunities for the insecticide in-
dustry, and enables it to achieve efficient, low-toxicity and envi-
ronmentally friendly development, which has become the focus of
common attention of the industry. With the adjustment of the mar-
ket, the problems have also emerged, and the safety and environ-
mental friendliness of products are also constantly improving. Re-

sistance to conventional insecticides is increasing, and the control

of some pests is not as effective as before, making existing prod-
ucts unable to effectively deal with pest problems. To solve this
problem, it is necessary to constantly introduce new insecticide
products, preferably to replace some of the original products. On
the other hand, it is necessary to scientifically use existing prod-
ucts, and formulate efficient and reasonable resistance manage-
ment strategies according to local conditions and characteristics of
related crops and pests’”’ .

With the in-depth study of insecticides in countries around
the world, low-toxicity and harmless insecticide substitutes con-
stantly emerge on the market, such as insecticidal lamps, insect
traps, biological pesticides, environmentally friendly pesticides
with high efficiency, low toxicity and low-residue, biological mis-
siles, sex attractors, weeding cloth and other new insecticidal
technologies. We can learn from the relevant measures of South
Korea, Japan, Italy and other countries. For example, Japan’s ag-
riculture-related laws and regulations system is relatively perfect;
although Italy is a pesticide country in Europe, it has been leading
the policy of " combining characteristic agriculture with environ-
mental protection" ; South Korea also learned from the experience
and strengthened the control of pesticides. The three countries at-
tach particular importance to the food safety and human health
problems caused by pesticides, so the requirements for pesticides
such as insecticides are relatively high. In the process of accelera-
ting the comprehensive green transformation of agriculture and ac-
celerating the process of reducing the consumption and increasing
the efficiency of fertilizers and pesticides, China has formulated
the Action Plan for Chemical Pesticide Reduction by 2025. We
should continuously learn from the use of pesticides in these coun-
tries, constantly optimize comprehensive control technical meas-
ures, and treat insecticides correctly and reasonably.
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