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Abstract
The demand of herbicide in agriculture is going to be increased and its use is increasingly being adopted around the
world. Many developing countries like India, China, Bangladesh are facing shortages of workers for hand weeding
crop fields as millions of people are moving to urban from rural areas. In these countries, herbicides are cheaper and
more readily available than labor for hand weeding. It is inevitable that, herbicide use will increase in world
agriculture, not only because millions of people are leaving rural areas, creating shortages of hand weeders, but also
the need to increase crop yields. Hand weeding has never been a very efficient method of weed control often
performed too late and not frequently enough. In many parts of the world, herbicides are being increasingly used to
replace tillage in order to improve environmental conditions. In comparison with tillage, herbicide use reduces
erosion, fuel use, greenhouse gas emissions and nutrient run-off and conserves water. This review article focuses on
the status of using herbicides and its adoption in global agriculture.
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Introduction
The use of herbicides is increasing in worldwide crop production. The value of the worldwide herbicide
market grew by 39% between 2002 and 2011 and is projected to grow by another 11% by 2016 (Philips
McDougall, 2013). Herbicides are being rapidly adopted in developing countries that face shortages of
hand weeding labor and the need to raise crop yields (Zhang, 2003). Improved weed control with
herbicides has the potential greatly to improve crop yields in many developing countries in the near future
(Masthan et al, 1989). Increased herbicide use promotes fertilizer use, which leads to even greater yield
increases (Manda, 2011). Research has shown that, if enough hand weeding is done at the optimal
times, crop yields are not reduced by weed competition (Prasad et al., 2008). In reality, crop fields are
seldom adequately weeded by hand; weeding is tedious and time consuming. Laborers are not always
available when needed (De Datta and Barker, 1997). Weeding is often done late, causing drastic losses
in yield (Rashid et al., 2012) The use of herbicides has gained impetus from the general rise in farm
wages as a consequence of overall economic growth and growth in non-farm employment opportunities,
particularly in Asia adequate non-chemical controls for weeds are not available, and herbicide use is
increasing dramatically as a result of rising opportunity costs of labor across the developing world (Pingali
and Gerpacio, 1997).
Herbicide use is increasing in many countries where tillage and flooding for weed control are being
reduced in order to conserve natural resources: soil, water and energy. Reduced tillage dramatically
reduces direct fuel consumption relative to conventional tillage with the moldboard plow. Not only does
one herbicide application substitute for several tillage trips, tillage equipment is also heavier than
herbicide sprayers and needs more energy to pull steel implements through the soil. A moldboard plow
consumes 17 times more diesel fuel per unit area than a herbicide sprayer. A row-crop cultivator requires
4 times more fuel per trip across a field than a herbicide sprayer (Hanna, 2001). Using of herbicides is
more beneficial for controlling weeds and the world is rushing to adopt herbicides for the upcoming
developed agriculture. Considering the above facts, the objective of this review article was to clarify the
future fate of herbicides with the special reference of adoption and its demand in different parts of the
world.

Materials and Methods
The data reported in this review paper are based upon the previous works on herbicides use, sum up of
different scientific articles and research works published in different journals, conferences and workshops
of the world.
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Results and Discussion
Herbicides adoption in developed countries
Herbicides were rapidly adopted in western European countries, the United States, Canada, South Korea
and Japan in the 1950s–1970s. As these countries rapidly industrialized, millions of farmworkers left rural
areas, which created shortages of workers for hand weeding and tillage operations. Without herbicides to
replace the departing workers, it is not likely that widespread crop production would have been practiced
any longer in Germany (Koch, 1992). In Japan, herbicide adoption reduced the amount of time required
for weeding operations by 97% (Takeshita and Noritake, 2001). In Korea, manual weeding had been the
prevalent control for centuries. As labor shortages appeared, herbicide use was recommended, and by
1971, 27% of the rice hectares were treated (Wang, 1971). By 1977, 65% of the total rice area was
treated with herbicides, and since the 1980s, 100% of Korea's rice hectares have been treated with
herbicides (Kim, 1981).
In the United States, increased herbicide use accounted for 20% of the increase in corn yields and 62%
of the increase in soybean yields from 1964 to 1979 (Schroder et al, 1984). Herbicides have been
identified as the main factor underlying the increased wheat yield in Canada since the 1960s (Freyman et
al, 1982). This control resulted not only in reduced competition from weeds but also in better seedbed
moisture because less cultivation was needed. Crop production on the Canadian prairies is limited mainly
by lack of water. Taking land out of crop production for a year (fallowing) to conserve water has been
practiced for many years. The 1970s marked the introduction of glyphosate; this herbicide transformed
grain production in western Canada as it facilitated the widespread adoption of minimum-till and zero-till
farming systems (Holm and Johnson, 2010). These systems have reduced fuel and labor costs and have
significantly increased soil and water conservation in the semi-arid prairies. The increased cost of diesel
fuel and reduced price of glyphosate in Canada in the 1980s–1990s spurred the adoption of no-till. Direct
seeding (conservation tillage) practices are now the norm; 70–80% of the land is direct seeded in western
Canada. Greater moisture conservation has facilitated a 70% reduction in fallow (Blackshaw, 2006).
Herbicides have made these changes possible. Australian grain growers have been reducing their use of
cultivation since the 1970s, with 44% of the nation's crop in no-till by 2001 (D'Emden and Llewellyn, 2006).
The falling price of the predominant knockdown herbicide, glyphosate, had a significantly positive effect
on the adoption of no-till, with 78% of farmers practicing no-till in 2008 (Llewellyn and D'Emden, 2009).
Research demonstrated that using herbicides instead of tillage resulted in 27 mm of extra water in the soil
profile and an increase in grain yields of 15–25% (Wylie, 2008). In a wheat-fallow system in semi-arid
subtropical Queensland, Australia, practicing zero tillage reduced fossil fuel emissions from machinery
operation by 2.2 million g CO ha-1 over 33 years, or by 67 kg CO ha-1 year-1 (4–5 tillage operations with a
chisel plow to 10 cm during fallow each year were replaced by one herbicide spray) (Ortiz-Monasterio et
al., 2010).
Norway has determined that an absolute prerequisite for the success of these alternative tillage systems
is that perennial weeds, as well as some winter-hardy annuals, are removed by spraying herbicides (Riley,
2006). In Finland, in the 1990s, plowing was still the standard practice in spring cereal fields, while the
latest statistics show that only half of the cereal field area is currently plowed. At the same time, the sales
of glyphosate have more than doubled within a decade in Finland (Salonen, 2012).
Herbicides adoption in Asia
In the Philippines, the proportion of rice farmers using herbicides increased from 14% in 1966 to 61% in
1974 (De Datta and Barker, 1997). Today, 96–98% of Philippine rice farmers use herbicides (Marsh,
2009). A recent study determined that, with increased labor cost, herbicide application in rice fields is
superior to manual weeding even at the lowest weed density by $US 25–54 ha . At the highest weed
density and highest labor cost, herbicide application is approximately 80% (about $US 200 per ha) more
profitable than hand weeding (Beltran et al., 2012).
In Bangladesh, the loss in rice yield in farmers' fields as a result of poor weeds control has been
determined to be 43–51% (Rashid et al., 2012). The yield gap between herbicide use and hand weeding is
as high as 1 metric t ha-1, with 30% of farmers losing in excess of 500 kg ha-1 in the absence of herbicides
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(Ahmed et al., 2001). In Bangladesh, pre-emergence herbicides in rice are 38–46% cheaper than one
hand weeding (Mazid et al., 2001). Economic analysis of rice production in Bangladesh revealed that net
income from herbicide application was 116% higher than hand weeding owing to increased yield and
lower cost (Rashid et al., 2012).
With the introduction of higher-yielding varieties of wheat responsive to intensive irrigation and fertilizer
application, wheat production in India and Pakistan increased dramatically. Weed infestation is the main
cause of low wheat yields in Pakistan and India and is reported to reduce wheat production by 25–30%
(Banga et al., 2003). Traditionally, weeds were controlled in wheat with two hand weedings at an interval
of 2 weeks. However, hand weeding schedules have become impossible owing to the high cost and
scarcity of labor (Gautam, 2001). Hence, the use of herbicides in wheat is the only acceptable way for
effective weed management in wheat (Ashiq et al., 2006). Recent studies showed that herbicide
treatment gave 87–90% weed control, with a consequent 19–21% increase in grain yield (Khan et al.,
2005).
Until recently in India, herbicides were used on 10% of the wheat hectares to control grass weed species
and on 20–25% of the hectares to control broadleaf species (Chatrath, 2006). Since 2005, the value of
the herbicide market in India has doubled (Philips, 2013). The Indian market for herbicides is expected to
grow about 40% annually over the next 5 years (Frabotta, 2011).
About 1 billion person-days of labor would be required to hand weed China's rice fields adequately
(Moody, 1991). However, since the late 1970s, rapid expansion of industries has caused an outflow of the
farming population as well as a corresponding increase in wages, making herbicide use more attractive to
farmers (Zhang, 2003). From 1978 to 1990, with encouragement and promotion from the research and
extension sectors, an increasing number of Chinese farmers began to adopt herbicides to control weeds
(Zhang et al., 2007). The herbicide application areas of crop fields have steadily increased from less than
1 million ha in the early 1970s to more than 70 million ha in 2005 (Zhang, 2003). In 1973 in China, it was
estimated that rice crop losses due to weeds were 40%, even though the crop was hand weeded several
times. In 1988, with increased adoption of herbicides, the loss of rice to weeds was estimated to be 6–8%
(Moody, 1991). Current yield losses of rice to uncontrolled weeds above the canopy was 2.8%, while
below the canopy uncontrolled weeds resulted in a 1.5% yield loss (considered separately).The
researchers noted that the weed loss estimates were considerably lower than earlier estimates and cited
the adoption of herbicides as a cause (Dong et al., 2010).
Traditionally, manual hand weeding has been the predominant method of weed control used by maize
farmers in Asia (Shad et al., 1993). If performed with enough frequency and at the right times, hand
weeding results in maize yields that are equivalent to yields with herbicides (Prasad et al., 2008).
However, because of the shortage of labor and frequent monsoon rains during the early growth period of
maize, hand weeding is often delayed or neglected altogether (Prasad et al., 2008). As a result, severe
uncontrolled weed infestations have been identified as one of the major reasons for low maize yields in
Asia (Hussain et al., 2010). In the Philippines, actual losses due to weeds in maize fields have been
reported at 15–30% (Paller et al., 2001). In India, 39 trials compared maize yields with herbicides to
yields obtained with weed control methods; the maize yields with herbicides were 19% higher (Masthan et
al., 1989).
In China, the inability to weed on time has been identified as a major reason for the loss in maize yields in
nine out of 12 villages (Meng, 2006). In India, research demonstrated that herbicide treatments in maize
produced 83% more yield in comparison with the practice of plowing the fields to remove weeds (Tareen
et al., 1991). In Pakistan, maize yield losses due to weeds have been estimated at 14% (Sohai et al.,
1993). In India, weeds are ranked as the worst production constraint by maize farmers, and herbicides
are not used (Joshi et al., 2005). Weeds are more problematic in the dry system because they are not
controlled by flooding. A variety of herbicides have been screened and found to be effective for burn down,
pre-emergence and post-emergence control in dry-seeded systems. Virtually all rice farmers who practice
direct seeding adopt herbicides (Mazid et al., 2006; Ho, 1996).
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Herbicides adoption in Europe
In Russia, herbicide use led to a 50% increase in cereal yield on state farms (Chenkin, 1975). Herbicide
use in Russia rose from 25 million ha in 1968 to 47 million ha in 1973 (Keiserukhshy and Kashirsky, 1975).
The reduced use of herbicides was a major factor resulting in lower wheat production in Russia in the
1990s. The annual loss of Russian cereal production as a result of weed infestation in 1996-2000 was
estimated to be 10.5 million tons (Zakharenko, 2004). Losses in the 1990s would have been greater had
farmers been unable to use herbicides altogether. Estimates by the Russian Academy of Agricultural
Sciences for 1990–1999 were that the additional yield on the 15 million ha treated with herbicides was 6
million tons year (Zakharenko, 2000). Measures aimed at suppressing weeds were identified as the
foremost priority for improving cereal production in Russia (Zakharenko, 2004). In recent years, the
Russian government has introduced policies to increase the availability and use of herbicides in crop
production. The herbicide market in Russia in 2010 was valued 2.8 times higher than in 2003 (Philips,
20113).
In the Ukraine in the early 2000s, increasing weed infestation in crops was identified as one of the main
problems causing severe yield losses (Borona et al., 2002). In 2002, only about 50% of the maize area in
the Ukraine was treated with herbicides; by 2012, the herbicide-treated maize area in the Ukraine had
risen to 90% (Brookes and Blume, 2012).
In Kazakhstan, approximately 2.5 million ha of grain are heavily infested with weeds. Government
subsidies for herbicide purchase of $US 2–3 million year resulted in herbicide use on 1.4 million ha. Weed
infestation has decreased by about 15% every year since the weed-control campaign was launched
(Lindeman, 2013). Sales of herbicides in Poland in terms of volume were 3 times higher in 2008 than in
2003 (Matyjaszczyk, 2011).
Herbicide adoption in Africa
In Africa, yield losses in farmers' fields range from 25% to total crop failure because farmers are unable to
perform the necessary weedings at the optimal time. Africa estimates that 2.3 million t of rice is lost
annually as a result of weed infestations (15% of the total potential production) (Rodenburg and Demont,
2009). The failure of farmers to replicate the weed control practices of the research farms is a major
cause of low maize yields in Africa. Shortages of labor early in the season results in delayed weeding and
subsequent maize yield losses of 15–90% due to weed competition (Kibata et al., 2002). In Nigeria,
maize farmers' weeding practice (one weeding) resulted in a 42% yield loss in comparison with fields
weeded 3 times (Chikoye et al., 2004). The spraying of herbicides to remove weeds from maize fields is
an alternative to hand weeding African fields. Smallholder farmers in Africa generally do not use
herbicides, and adoption rates are less than 5% (Overfield et al, 2001; Mavudzi et al., 2001). Although
herbicides have been extensively studied in Africa, there was no mechanism to disseminate the
technology to smallholders once the research process was over.
Maize yields doubled in Nigeria when atrazine was used (Benson, 1982). In Zimbabwe, research with
herbicides resulted in yield increases of up to 50% in maize (Chivinge, 1990). Use of herbicides in
Kenyan weed trials resulted in 33% higher maize yields than with the farmer practice of hand weeding on
account of better weed control (Muthamia et al., 2001).
The adoption of herbicides in African maize fields is likely to lead to increased production not only as a
result of improved weed. By controlling the weed with herbicides, maize farmers will be more likely to use
fertilizers for even greater maize yield increase (Manda, 2011). African farmers often plant only 50% of
their available fields to crops, leaving the remaining area fallow, because they make a determination that
not enough labor would be available to weed the additional fields (Bishop-Sambrook, 2003). By greatly
reducing the amount of labor required for weeding, the adoption of herbicides can lead to a greater area
planted to crops. Because of high labor costs, hand weeding is no longer considered sustainable for
African agriculture, and organizations such as the International Institute for Tropical Agriculture (IITA) are
recommending the use of herbicides (Kamara, 2012). In some African countries, such as Mali, herbicide
use has doubled in the past 5 years (Foltz, 2010). Weeds controlled by herbicides instead of conventional
tillage, stored soil water are increased by 85 mm in Africa (Mrabet, 2007).
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Herbicide adoption in Latin America
The primary cause of the expansion of production and economic viability of soybean and maize in
Argentina was the widespread adoption of herbicides (particularly glyphosate) for weed control. The
widespread adoption of glyphosate in Argentina was in large part due to the almost total adoption of
glyphosate-resistant soybeans (Penna and Lema, 2003). Rapid adoption of glyphosate-resistant
soybeans occurred in Brazil, Uruguay and Paraguay (Cerdeira et al., 2011). The increased use of
glyphosate facilitated the rapid adoption of no-till crop production, reversing decades of destructive
farming practices and leading to higher crop yields, economic viability and expansion of planted acres.
Effective, inexpensive herbicides made the no-till system viable in Argentina.
The adoption of zero-till systems in southern Brazil remained erratic throughout the 1970s owing mainly
to the lack of suitable techniques to control weeds effectively and the lack of planters to work with the high
volume of residues. The release of glyphosate in Brazil in the mid-1970s changed this situation by
providing effective weed control without the need for tillage (Bolliger et al., 2006). The rural population of
Brazil decreased from 64% of the total population in 1950 to 32% in 1980 and 16% in 2010 (Cerri et al.,
2010). As a result, there were fewer workers in rural areas to do the work of weeding by hand or with
tractors. The substitution of herbicides for hand weeding, plowing and harrowing reduced the need for
labor in maize by 38% (Ribeiro et al., 2007).
Comparison of herbicides adoption
Rate of adoption of herbicides is highest in developed countries which occupies 36% of the world
consumption. Latin American countries consume 27% of the world while European region adopted 17%
globally. Adoption is 13% in Asian countries while African continents are going to be adopted herbicides in
their agriculture (Fig. 1) (WAP, 2014).
Latin America
27%

Africa
7%

Europe
17%

Developed
countries
36%

Asia
13%

Fig.1: Herbicides consumption in differnt continents of the
Fig. 1. Herbicides consumption
in different continents of the world
world

Trends of herbicide adoption in developed and developing countries
The world is rushing towards adopting herbicide to manage weeds in agricultural crop production.
Benefits of herbicides over conventional weeding practice forced developed countries to consume 90%,
Latin America 70%, Europe 67%, Asia 84% and Africa 94% more herbicides after 15 years of initiation
(Fig. 2) (WAP, 2014).
Trends of herbicide consumption in the world and its expenditure
Annual usage of herbicides in the world was about 4000 million pounds in the 1953's, increasing to nearly
121000 million pounds at the end of 2013 (WAP, 2014). Since then, at the end of each five years 15-24%
increment occurred (Fig. 3). The herbicide industry is quite significant in dollar terms. Annual expenditures
by users of herbicide totaled about $US33 billion in 1953 and $US 998 at the end of 2013 (Fig. 4). It is
clear from the figure that, there is a sharp increasing trend in consuming herbicides which triggers to
increase the market expenditure for herbicides. In future, by the end of 2025, it is supposed the
herbicides consumption to be increased by 150 000 million pounds which will costs around $US 2000.
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Crop yield response to herbicides
Weed control using herbicides increase the crop yield over manual weeding (Hossain et al., 2014a).
Different researchers worldwide opined the beneficial effect of herbicides on crop yield resulted not only in
reduced competition from weeds but also in better seedbed moisture because less cultivation was
needed consequently through improving the soil nutrient status, nutrient uptake by the plants. Yield
increment of different crops through herbicidal weed control has been presented in Table 1.
Table 1. Yield increment in different crops through herbicidal weed control
Region

Crops

Pakistan

Corn
Soybean
Wheat
Rice
Rice
Mustard
Wheat
Wheat

India

Maize

Russia
Nigeria
Zimbabwe
Africa

Cereal grains
Maize
Maize
Maize

United States
Canada
Australia
Bangladesh

Percent yield increment
over manual weeding
20
62
32
15-25
33
55
42
19-21
19
83
50
51
50
63

Reported by
Schroder et al., 1984
Freyman et al., 1982
Wylie, 2008
Ahmed et al., 2001
Hossain et al., 2014a
Hossain et al., 2014b
Khan et al., 2005
Masthan et al., 1989
Tareen et al., 1991
Chenkin, 1975
Benson, 1982
Chivinge, 1990
Manda, 2011

Limitations of herbicides use
Herbicides should be applied at recommended rates, as specified on the label. Over-application occurs
when a higher than recommended rate of herbicide is applied. Herbicide residues on previously sprayed
stubble and other trash can damage emerging crop seedlings upon contact. If animals are given feed that
contains certain herbicide residues, their manure can contain these residues. The application of many
herbicides is recommended within precisely-defined stages of the crop's growth. Failing to make the
application at the proper stage may result in plant damage. Correct application timings are outlined on the
label. Pre-harvest intervals, as listed on the label, give the required time after application to harvest the
crop. Some crop cultivars are more sensitive than other cultivars to particular herbicides. Incompatible
tank mixes can be damaging to crops and not all herbicides can be mixed together. Label instructions
should always be followed.
Some important environmental effects are associated with the over use of herbicides. These include
unintended damage occurring both on the sprayed site, and offsite. For example, by changing the
vegetation of treated sites, herbicide use also changes the habitat of animals such as mammals and
birds. This is especially true of herbicides use in forestry, because biodiverse, semi-natural habitats are
involved. This is an indirect effect of herbicide use, because it does not involve toxicity caused to the
animal by the herbicide. Nevertheless, the effects can be severe for some species. Often there is drift of
herbicide beyond the intended spray site, and unintended, offsite damages may be caused to vegetation.
There are also concerns about the toxicity of some herbicides, which may affect people using these
chemicals during the course of their occupation (i.e., when spraying), people indirectly exposed through
drift or residues on food, and wildlife.
An important problem with applications is that non-selective herbicides affect many plants and animals
that are not weed the intended target of the treatment. This is especially true of herbicides, because they
are toxic to a wide variety of plant species, and not just the weeds. Therefore, the broadcast spraying of
herbicides results in broad exposures of non-pest species, which can cause an unintended but
substantial mortality of non-target plants. For example, only a few species of plants in any agricultural
field or forestry plantation are abundant enough to significantly interfere with the productivity of crop
plants. Only these competitive plants are weeds, and these are the only target of a herbicide application.
However, there are many other, non-pest species of plants in the field or plantation that do not interfere
with the growth of the crop plants, and these are also affected by the herbicide, but not to any benefit in
terms of vegetation management. In fact, especially in forestry, the non-target plants may be beneficial,
by providing food and habitat for animals, and helping to prevent erosion and leaching of nutrients.
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Most herbicides are specifically plant poisons, and are not very toxic to animals. However, by inducing
large changes in vegetation, herbicides can indirectly affect populations of birds, mammals, insects, and
other animals through changes in the nature of their habitat. For example, studies in Britain suggest that
since the 1950s, there have been large changes in the populations of some birds that breed on
agricultural land. These changes may be partly caused by the extensive use of herbicides, a practice that
has changed the species and abundance of non-crop plants in agro-ecosystems. This affects the
structure of habitats, the availability of nest sites, the food available to granivorous birds, which mostly eat
weed seeds, and the food available for birds that eat arthropods, which rely mainly on non-crop plants for
nourishment and habitat. During the time that herbicide use was increasing in Britain, there were also
other changes in agricultural practices. These include the elimination of hedgerows from many
landscapes, changes in cultivation methodologies, new crop species, increases in the use of insecticides
and fungicides, and improved methods of seed cleaning, resulting in fewer weed seeds being sown with
crop seed. Still, a common opinion of ecologists studying the large declines of birds, such as the gray
partridge (Perdix perdix), is that herbicide use has played a central but indirect role by causing habitat
changes, especially by decreasing the abundance of weed seeds and arthropods available as food for the
birds.
One result of modern agriculture and its reliance upon herbicides is the emergence of weed populations
that are resistant to herbicides. Herbicide resistance is the inherited ability of a plant to survive and
reproduce following exposure to a dose of herbicide normally lethal to a wild type. In a plant, resistance
may be naturally occurring or induced by such techniques as genetic engineering or selection of variants
produced by tissue culture or mutagenesis. All natural weed populations, regardless of the application of
any herbicide, may contain individual plants (biotypes) that are resistant to herbicides. There are currently
459 unique cases of herbicide resistant weeds globally, with 246 species (143 dicots and 103 monocots).
Weeds have evolved resistance to 22 of the 25 known herbicide sites of action and to 157 different
herbicides. Herbicide resistant weeds have been reported in 86 crops in 66 countries (ISHRW, 2015). For
example, annual ryegrass (Lolium rigidum) has developed glyphosate resistance in Australia as have
localised populations of Awnless Barnyard Grass (Echinola colona) and Liverseed Grass (Urochloa
panicoides). These resistant populations have been found in dryland cropping systems that have relied
on continuous glyphosate applications as the only method of weed control. A list of world wide herbicide
resistant weeds presented in the Table 2.
Table 2. Weed genera with the greatest number of resistant species world wide (Prather et al.,
2000)
Genus
Amaranthus
Chenopodium
Conyza
Lolium
Setaria
Avena
Echinochloa
Alopecurus
Senecio
Polygonum
Solanum

Common name
Pigweed
Labsquarter
Horse weed
Raygrass
Foxtail
Wild Oat
Barnargrass
Blackgrass
Groundsel
knotweed
Njight shade

Number of occurrences
42
25
22
21
17
15
15
13
12
12
11

Repeated use of any herbicide will expose weed populations to selection pressure that may lead to an
increase in the number of surviving, resistant individuals in the population. As a grower continues to use a
particular herbicide without any other herbicide modes of action, or without any other cultural practices,
the resistant biotype continues to survive and produce seed. Subsequent populations of the resistant
biotype will continue to increase until they are the dominant weed in the field. An Overview of the
development of resistance to major herbicide groups has been presented in the Fig. 4.
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Fig. 04. Overview of the development of resistance to each of the major herbicide groups (ISHRW, 2015)
Weed scientists have found that there are particular weed characteristics that can facilitate development
of weed resistance. These include:
• Large amount of seeds produced per plant
• High levels of germination of those seeds
• Several weed flushes per season
• High frequency of resistant genes
Weed scientists have also identified specific common factors that are often present in areas where
herbicides resistance has developed:
• Limited or no crop rotation
• Limited or no tillage practices
• A high dependency on herbicides of same modes alone
• Limited use of herbicides with diverse modes
Weed resistance in context
Farmers have been dealing with the issue of herbicide resistant weeds since the 1950s and it is a reality
that growers know how to manage. History demonstrates that growers manage through the occurrence of
resistance and that the affected herbicide products continue to be valuable and important. Integrated
weed management has been an important part of growing crops where herbicide resistant weeds are
present. Managing cropping programs as an ongoing system and planning ahead has allowed farmers to
use appropriate weed control methods to effectively manage problem weeds and to reduce the risk of
further resistance occurring.
The following general guidelines are the recommendations for minimising the risk of weed resistance:
• Scout fields before and after herbicide applications
• Start with a clean field
• Control weeds early when they are relatively small
• Use the right tool, at the right rate at the right time
• Add other herbicides and cultural practices where appropriate
• Control weed escapes and prevent weeds from setting seeds
• Clean equipment before moving from field to minimise the spread of weed seed.
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Conclusion
The above stated review results reveals that, weeds have to be controlled for successful crop production.
The centuries old practice of hand weeding is no longer sustainable in the modern world. The shortage of
workers for hand weeding makes the use of herbicides inevitable throughout the world. Inefficient hand
weeding has meant significant yield losses to weeds throughout the world to this day. Significant crop
losses due to weeds are simply not acceptable in a world where two billions more people will have to be
fed in the next 40 years. Herbicide adoption will significantly increase crop yields and is the key to greater
adoption of fertilizer use, which will lead to even greater yields. Herbicides are the key to sustainable crop
production throughout the world and will remain the mainstay for weed control for the foreseeable future.
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