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Executive summary

This paper examines the potential economic and environmental impacts of using current
commercialised crop biotechnology in Russia.
It draws on the wide body of literature that has examined these issues globally and uses this evidence
as the primary base for assessing potential impacts in Russia relative to current conventional
production systems.
The specific GM crop traits examined in the paper are:
•

Herbicide tolerant (GM HT) and novel hybrid (higher yielding) oilseed rape;

•

Herbicide tolerant soybeans;

•

Herbicide tolerant sugar beet;

•

Herbicide tolerant maize;

•

Insect resistant (GM IR) maize (to corn boring and/or corn rootworm pests).

Farm levels economic impacts (see section 3)
Based on the impacts identified in countries that currently use these GM technologies and applying
these to local conditions and practices in Russia, Table 1 summarises the potential impacts of each
trait and crop combination. In almost all cases, the adoption of GM technology is likely to result in a
net increase in the levels of profitability for adopting farmers.
The precise level of impact will vary by farm, location, year, and the extent to which farmers suffer
from weed and pest problems. In general, more intensive producers, which tend to have above
average yields, use the latest seed, crop protection and husbandry practices are likely to gain mainly
from reduced costs of production (less expenditure on crop protection), although yield improvements
are also likely to occur. For the majority, more extensive producers, 1 the main benefit from using GM
technology is likely to be higher yields.
Table 1: Summary of likely farm level economic impacts of using GM technology in Russia ($/ha)

GM HT oilseed
rape (tolerant to
glyphosate)
GM HT oilseed
rape (tolerant to
glufosinate)
GM HT
soybeans
GM HT sugar
beet
GM HT maize
GM IR maize
(targeting corn
boring pests)

Yield impact %
change
+3 to +12

Seed premium
+18

Cost of crop
protection
-10

Impact on
profitability
+13 to +67

% change in
profitability
+3 to +14

+10 to +12

+18

+19

+27 to +38

+5 to +8

+5 to +15

+15

-30 to -33

+45 to +96

+14 to +29

+3 to +15

+50 to +140

-141 to -159

+162 to +262

+16 to +26

Zero to +5
+10

+15 to +20
+41

-16
-12 to -25

+1 to +26
+29 to +42

zero to +9
+11 to +16

1 And, which tend to have lower yields and spend less on inputs such as seed and crop protection than intensive
producers
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GM IR maize
+9 to +15
+32
Zero
+33 to +81
+12 to +32
(targeting corn
rootworm)
Notes: negative sign denotes decrease in value (of costs) and positive sign denotes increase in profits or costs
(seed premium)

As well as these quantifiable direct impacts on farm profitability, there have been other important,
indirect impacts that are more difficult to quantify (eg, facilitation of adoption of reduced/no tillage
systems, reduced production risk, convenience, reduced exposure of farmers and farm workers to
pesticides, improved crop quality). These less tangible benefits have often been cited by GM
adopting farmers as having been important influences for adoption of the technology. These benefits
are equally likely to be derived by farmers in Russia if they use the technology.
National level economic impacts (see section 4)
Based on the farm level benefits summarised above, Table 2 summarises the likely economic impacts
at the national level from the use of current commercialised GM technology. The assumptions used
for the possible adoption levels in Russia are based on, for HT traits, adoption levels in countries that
currently use the technology and, for IR traits in maize, limited to the areas typically experiencing
economic levels of pest damage in Russia. Overall, the total annual potential farm level benefit from
using relevant, current GM technology in Russia is up to $512 million.
Table 2: Potential annual national level farm economic benefits of using current GM technology ($
million)
GM HT oilseed rape (to glyphosate)
OR
GM HT oilseed rape (tolerant to
glufosinate)
GM HT soybeans
GM HT sugar beet
GM HT maize
GM IR maize targeting corn boring
pests
GM IR maize targeting corn
rootworm
Total
Notes:
1.

50% adoption
5.8 to 10.4
Or
12.0 to 21.7

Maximum adoption
29.9 to 53.8
Or
17.0 to 30.5

27.7 to 49.8
104.6 to 188.4
19.7 to 22.3
0.9 to 1.8

59.0 to 106.2
169.2 to 304.6
27.6 to 31.2
4.2 to 8.4

0.3 to 1.6

1.6 to 7.8

159.0 to 285.6

278.6 to 512.0

50% adoption relates to GM HT crops. For GM IR maize targeting corn boring pests = 100,000 ha and
for GM IR maize targeting corn rootworm = 10,000 ha

2.

Maximum adoption based on:

•

GM HT soybeans, oilseed rape and sugar beet: 90%

•

GM HT maize: 70%

•

GM IR maize targeting corn boring pests 200,000 ha

•

GM IR maize targeting corn rootworm: 50,000 ha

As the areas planted to these four crops have increased significantly in recent years, and there are
plans to expand production of some of these crops (notably soybeans) in the next few years, analysis
of the potential farm income benefits was also applied to forward-looking scenarios, based on
different assumptions for the areas planted to each crop, average yields and the price of each
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commodity in 2020 2. The economic benefit of using existing GM technology if applied to these
scenarios in 2020 is in a range of +$738 million to +$1.03 billion annually.

As indicated in Table 1, yield gains are likely to arise with the adoption of GM technology. Based on
these yield gains and applying them to the two adoption scenarios referred to above, this suggests
that production levels of each crop in Russia are likely to increase (Table 3).
At the lower levels of area adoption and yield benefit assumptions, there is likely to be a +0.7 million
tonnes increase in production of the four crops, equal to +1.4% of the total production of the four
crops (range of +0.6% to +1.5% by crop). At the higher levels of area adoption and yield benefit
assumptions, a more significant potential annual production benefit of +6.2 million tonnes would
arise, equal to 12.4% of total production of the four crops (range of +4.9% to +13.5% by crop).
Table 3: Potential annual production impacts of using GM technology in Russia (‘000 tonnes)

Soybeans
Maize
Oilseed rape
Sugar beet

Lowest area
adoption and yield
impacts
+36.3
+38.5
+16
+624

Highest area
adoption and yield
impacts
+196
+298
+115
+5,616

% change in total
production: lowest
impact
+2.5
+0.6
+1.5
+1.5

% change in total
production: highest
impact
+13.5
+4.9
+10.8
+13.5

The potential impact on production would also be higher if the adoption scenarios are applied to the
different scenarios for 2020. This suggests that under the lower of two adoption scenarios (50%
adoption for HT crops), the production gain across the four crops would be +0.9 million tonnes to +1.3
million tonnes and at the higher adoption scenario (90% for HT soybeans, oilseed rape and sugar beet
and 70% for HT maize), the production gain would be +8 million tonnes to +11.3 million tonnes.
Environmental impact from changes in insecticide and herbicide use (see section 5)
To examine this impact, the study analysed both active ingredient use and utilised the indicator
known as the Environmental Impact Quotient (EIQ) to assess the broader impact on the environment,
including impact on animal and human health. The EIQ distils the various environmental and health
impacts of individual pesticides in different GM and conventional production systems into a single
‘field value per hectare’ and draws on key toxicity and environmental exposure data related to
individual products. It therefore provides a better measure to contrast and compare the impact of
various pesticides on the environment and human health than weight of active ingredient alone.
Readers should, however, note that the EIQ is an indicator only and does not take into account all
environmental issues and impacts. In the analysis of GM HT technology we have assumed that the
conventional alternative delivers the same level of weed control as occurs in the GM HT production
system.
Table 4 summarises the potential annual changes to herbicide use if current GM HT technology was
used in Russia. This suggests at the lower level of area adoption, total herbicide active ingredient use
across the four crops would fall by between 1.2% and 2.3% (about 0.07 million to 0.13 million kg),
with a higher 8.9% to 9.3% decrease in the EIQ value. At the higher levels of adoption that are similar
to levels of adoption in current countries using these technologies, the likely fall in total active
2

See section 4, table 24 and table 25 for details and Appendix 3
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ingredient use across the four crops is -0.9% (-54,000 kg) to -2.9% (-166,000 kg). In terms of the
associated environmental impact as measured by the EIQ indicator, this would fall by about 14%.
Table 4: Likely annual changes in herbicide use and associated environmental impact of using GM
HT technology in Russia across the four crops (% change)

Lower adoption
Higher adoption

Active ingredient
change (kg)
-69,259 to -131,769
-53,967 to -166,485

Active ingredient change
(% change)
-1.2 to -1.3
-0.9 to -2.9

Field EIQ value change
-8.9 to -9.3
-13.7 to -14.5

Examining the potential environmental impacts associated with changes in herbicide use in several
years time (2020), when the total area planted to each of the four crops is likely to have increased
significantly, this suggests that at both a 50% and 90% adoption level, total herbicide active ingredient
use would either remain largely unchanged or would fall marginally (by 2%-2.5%). In terms of the
associated environmental impact of these herbicide use changes, as measured by the EIQ indicator, at
the 50% adoption level, there would be about a 10% improvement, rising to about a 16%
improvement at the higher 90% adoption level.
Any change in insecticide use associated with the adoption of GM IR technology in maize will be
limited because only a relatively small area of conventional maize has traditionally received
insecticide treatments targeting corn boring pests (about 100,000 ha annually). On the basis that GM
IR (targeting corn boring pests) technology would allow these treatments to stop, the annual saving in
insecticide use would be about 13,000 kgs of insecticide active ingredient. As there is no history of
using insecticides for the treatment of corn rootworm pests, the adoption of GM IR technology
targeting corn rootworm would not result in any insecticide savings relative to current usage
patterns.
Environmental impact from changes in greenhouse gas emissions (see section 5)
The scope for GM crops contributing to lower levels of GHG emissions comes from two principal
sources. First, GM crops contribute to a reduction in fuel use due to less frequent herbicide or
insecticide applications and a reduction in the energy use in soil cultivation.
In addition, there has been a shift from conventional tillage to no tillage production systems (NT)
facilitated by GM HT technology. In the context of Russia, however, NT production systems are not
widely practiced. One important factor behind this relates to the lack of suitable machinery and
equipment for practicing NT production systems and the lack of capital with which to fund such
equipment. As such, whilst GM HT technology has facilitated the adoption of NT production
systems in North and South America, it is unlikely to perform a similar role in Russia in the next few
years (if the technology was allowed for commercial use) because of these problems.
For the purposes of this paper, it is assumed that GM HT technology would not contribute to any
change from a plough/tillage to a NT production system in Russian arable crop production systems or
result in any associated fuel savings from changes in tillage systems used. Hence, the GHG emission
savings summarised below are solely attributed to savings in fuel use associated with reduced
incidence of herbicide and insecticide spraying.
The potential annual fuel savings from the adoption of GM technology in Russia at the lower level of
area adoption is about 1.6 million litres of fuel, equal to a saving of 2.7 million kg of carbon dioxide.
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At the higher level of adoption, the potential annual fuel and carbon dioxide savings would reach 4.3
million litres of fuel and 7.2 million kgs of carbon dioxide (equivalent of taking 3,200 cars off the road
for a year).
The potential greenhouse gas emission savings in several years time (2020), when the total area
planted to each of the four crops is likely to have increased significantly 3, will also rise. The savings
in 2020 could be equal to nearly 5 million litres of fuel per year, with 13 million less kg of carbon
dioxide being released into the atmosphere. This is equal to taking nearly 5,785 cars off the road for
one year.

3

See table 23 for area planting assumptions
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1.1 Background
No genetically modified (GM) crops are currently legally permitted for planting in Russia, although it
is known 4 that about 5% to 10% of the soybean crop illegally uses GM herbicide tolerant (GM HT)
technology, and there are possibly small areas illegally planted using GM insect resistance (GM IR)
technology to control lepidopteran pests (eg, European corn borer (ECB)) in maize. Russia is,
however, a country in which the scope for using new technology in crop production systems is
enormous, given the large areas devoted to arable crops and the current low levels of productivity
achieved relative to production systems in western agricultural economies. The availability and
adoption of GM technology therefore offers considerable potential for the arable cropping sector in
Russia to make rapid technological and productivity advances, if farmers were permitted access to
these products.

1.2 Objectives
This paper explored the potential economic and environmental impacts/benefits that might be
deliverable from the commercial adoption of existing GM technology in Russia. It examined both the
farm level and the national (aggregated) level impacts. The environmental impacts examined were
changes in pesticide use and impacts on greenhouse gas (carbon) emissions.
It examined the following crop and trait issues:
•
•

Soybeans, maize, oilseed rape/canola and sugar beet: (HT);
Maize: insect resistance (IR: targeting ECB and corn rootworm pests)

The research was based on a combination of in-country data collection, desk research and analysis.

1.3 Structure
The report is structured as follows:
•

Section 1: introduction (this section)

•

Section 2: Production base of relevant crops

•

Section 3: Farm level economic costs and benefits of using GM technology

•

Section 4: Potential national level economic impacts

•

Section 5: Environmental impacts (focusing on changes in pesticide use and greenhouse gas
emissions)

4

Sources: industry observers and analysis of glyphosate use on soybeans
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2 Production base of relevant arable crops
2.1 Area planted

The agricultural sector is an important part of Russia’s economy accounting for 4% of Gross Domestic
Product (GDP) in 2010 5. In 2009, the utilised agricultural area in Russia was about 215.5 million
hectares (ha), of which, 121.7 million ha was arable land.
Within the total arable area, the four crops examined in detail in this paper accounted for 4.2% of the
total arable area in 2011 (Table 5). Soybeans are mainly grown in Eastern Asia region, although in
recent years increased plantings have occurred in the Southern European region. During 2011, the
Russian government launched a new programme to expand the production and processing of
soybeans with an expectation of plantings rising to 1.5 million ha by 2013 and up to 3 million ha by
2020. Most of this expansion is expected to take place in the Far East region. Within oilseed rape,
about 75% to 80% of the crop is usually spring sown, with the winter (higher yielding) crop found
mainly in the Southern European region.
Table 5: Area planted to key crops: Russia 2009 and 2011 (‘000 ha)
Crop

2009

2010

2011

% change in area
planted 2005-2011
Maize
1,365
1,416
1,716
+109
Oilseed rape
688
856
893
+267
Soybeans
875
1,206
1,229
+71
Sugar beet
819
1,160
1,292
+62
Total: 4 crops
3,747
4,638
5,130
+99
Sources: Federal State Statistics Service of Russia, United States Department of Agriculture (USDA)
Note: maize area shown is for grain. There are also about 1.5 million ha of forage maize

The area planted to these crops has, in general, increased significantly in recent years, with a doubling
in the area planted to these four crops since 2005.
Regionally 6, the Central Federal District is an important area for oilseed rape, maize and sugar beet
accounting for 25%, 23% and 54% respectively of total plantings of these crops in 2011. The Southern
Federal District is also important accounting for 43%, 13% and 19% respectively of the 2011 plantings
of maize, soybeans and sugar beet. The Far East Federal District is the most important region for
soybean production, accounting for 65% of total 2011 planting of this crop. Other import regions are,
for oilseed rape, the Volga and Siberian Federal District, for maize, the North Caucausian Federal
District and for sugar beet, the Volga Federal District.
Currently, no GM crops are legally approved for commercial sale or planting in Russia. However,
GM HT soybeans and GM IR maize are perceived to be grown illegally in Russia. It is likely that the
area of illegally planted GM crops is possibly in the range of 40,000 ha to 80,000 ha.

5 Inclusive of the agri-food processing sector this proportion of GDP increases to 11% (source: World Bank.
www.worldbank.org/data and Russian Statistical Services)
6 See Appendix 1 for map of regions
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The changes in the area planted to the four crops largely reflect changes in profitability of the crops
(Table 6) and their levels of profitability relative to alternative grains and oilseeds. More specifically,
maize has consistently been the most profitable cereal, with oilseed rape and soybeans being fairly
profitable break (rotational) crops. The profitability of sugar beet has also improved in recent years
largely due to increases in the price of sugar.
Table 6: Average gross margin profitability 2010/11 ($/hectare)
Oilseed rape

Soybeans

Maize

Sugar beet

Price ($/tonne)

535

450

165

54.5

Yield (tonnes/ha)

1.19

1.18

3.53

32.2

Revenue

637

531

582

1,755

Seed

19

49

86

144

Fertiliser

46

31

82

192

Crop protection

27

45

38

217

Labour

26

42

49

101

Fuel

27

39

46

80

Total variable cost

165

206

301

734

Base variable costs

92

125

206

553

Gross margin

492

325

281

1,021

Base gross margin

545

406

376

1,202

Variable costs

Source: Rostat, Russian Grains Union (RGU)
Note: Yields used are average of the 5 years 2007-2011 (2010 average yield figures not used because this was a
drought year when average yields were significantly below average)

2.3 Usage
Table 7 summarises the supply balances for each of the four crops. Key points to note are:
•

Oilseed rape: Russia is self-sufficient in supply and use of this crop. The vast majority of the
crop is used domestically, with limited exports (under 10% of total supply). The main export
markets are EU countries;

•

Soybeans: Russia grew about two-thirds of total supplies, with the balance of supplies
accounted for by imports. The main sources of import supply are Brazil and Paraguay.
Almost all of supplies are used domestically with limited exports (less than 2% of supplies);

•

Maize: Russia is self sufficient in maize, importing very little. About three-quarters of
domestic production are used domestically with the balance exported. The main export
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markets are Israel, Turkey and the EU. In relation to domestic use, 87% is used as animal
feed, with the balance used as human food and industrial uses;
•

Sugar beet: domestic sugar beet production supplies about 75% of total sugar used in Russia.
Exports account for only about 4% of total supply usage. All domestic usage is for human
consumption.

Table 7: Supply balance 2011/12 (’000 tonnes)
Oilseed rape

Soybeans

Maize

Sugar

98

112

94

455

1,055

1,756

6,962

5,050

1

800

25

1,200

1,154

2,668

7,081

6,705

Exports

100

50

1,200

275

Crushing

850

2,500

Not relevant

Not relevant

Domestic use (as
whole equivalent
for oilseeds)

900

2,530

5,300

6,030

Closing stocks

154

88

581

400

Opening stocks
Domestic
production
Imports
Total supply
Uses

Sources: Oil World, Federal State Statistics Service, USDA
Notes: Sugar production is raw sugar from 47.6 million tonnes of sugar beet. Sugar imports are comprised of 1
million tonnes of raw sugar and 0.2 million tonnes of refined sugar. Sugar exports as refined sugar. Domestic
usage is entirely for human consumption

2.4 Conventional pest and weed control
This sub-section briefly considers the nature of conventional pest and weed control in the four crops,
focusing only on the pest and weeds that might alternatively be controlled by current commercialised
GM technology.

2.4.1 Maize
Russian farmers spent about $37 million on maize crop protection products in 2011. Within this
market, herbicide use accounted for about $36.5 million, with 80%-85% of the maize area sprayed
with herbicides. The remaining spray area is accounted for by insecticides (about 80,000 ha).
Corn boring pests
The lepidopteran pest Ostrinia nubilalis (European corn borer (ECB)) is a major maize pest in Russia.
A single generation of the insect develops in most areas, although two generations occur in the North
Caucasus, and up to three generations may take place in Central Asia and Transcaucasia. Whilst the
incidence and impact of ECB infestation varies significantly by region and year, is influenced by local
climatic conditions, use of insecticides and planting times (eg, early planted crops are usually better
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able to withstand attacks relative to later plantings), typically between 50,000 and 80,000 7 (3%-5% of
the 2011 crop area) of maize is annually affected by the pest to levels that cause ‘economic damage’ 8.
The areas worst affected are in the Central (notably Voronezh and Belgorod regions), Southern
(notably Krasnodor) and North Caucasian Federal Districts.
Maize farmers generally have one of three approaches to dealing with ECB pest problems. One is
having no active policy of treatment (ie, they take no crop protective action). This approach tends to
be a fairly common one (both in Europe and worldwide) because ECB pest pressure varies and hence
in some years damage may be limited. Crop protection strategies (see below) have also tended to be
limited because many farmers perceive that insecticides have limited effectiveness:
•

They may control ECB larvae on the surface of maize plants at the time of spraying but are
less effective against larvae that have bored into stalks;

•

Egg-laying can occur over a three week period and most insecticides are only effective for 7 to
10 days;

•

Some farmers probably do not appreciate the level of damage to yields inflicted by the ECB.
This is highlighted in surveys of farmers using GM IR technology), where some have
indicated that it was only after using this technology that they fully realised the adverse
impacts of ECB (see for example, Brookes, 2003 relating to Spain).

The other two conventional approaches involve either the use of insecticides or biological control
methods (consisting of the release of the parasitic wasp Trichogramma). In Russia, data from a
combination of Kleffmnn, GfK and Rosselchoecenter shows that in recent years between 50,000 ha
and 120,000 ha has typically been subject to some form of crop protection strategy for pest control and
within this, 80,000-100,000 ha receiving insecticide treatment and up to 20,000 ha treated with
Trichogramma 9. The area receiving a treatment with an insecticide in 2011 was about 90,000 ha (5% of
the total crop area).
The cost of these treatments varies according to which insecticides are used and the method of
application (by sprayer or by air). In 2011, insecticide treatments were in a range of about $12/ha to
$25/ha 10 based on one treatment per crop and about $25/ha for Trichogramma (source: industry).
As indicated above, there is fairly widespread perception and acceptance that these forms of pest
control have limited effectiveness (eg, analysis in Poland by Berés and Lisowicz (2005) estimated that
insecticides delivered between 62% and 89% levels of efficacy and Trichogramma between 57% to 59%
efficacy).
The loss of maize yield from the damage caused by the ECB can vary widely, being as low as 5% and
as high as 50% during bad infestations. For example, in Spain, the ECB related yield losses typically
fall within a range of 5% to 15% for crops treated with conventional control measures (insecticides),
10% to 20% for crops for which no active crop protection strategy is used and in years of major
infestations, the yield losses can be between 30% and 50% (Brookes (2003)).

Source: Rosselchoecenter 2009-2011
Although data from Rosselchoecenter shows that in the period 2009-2011 between 22% and 41% of the total
crop has shown presence of ECB populations
9 In 2011, 80,000 ha of maize were treated with insecticide, mostly targeted at corn boring pests
10 Inclusive of the cost of spraying – the cost of insecticide being about $5/ha
7
8
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Corn rootworm
Western corn rootworm (Diabrotica virgifera: CRW) is a fairly recent pest in Europe and was first
identified in Russia in 2011, in the Rostov region. The likely area affected is currently very small.
Given this is a new pest to a small part of Russia, there is no history of chemical pest control for CRW.
The impact of CRW on maize yield can be substantial and in extreme cases can result in yield losses of
up to 80%. Ultimately the level of yield loss depends on the level of infestation and the degree of
control measure efficacy. In the US, where a combination of rotation and widespread use of soil
insecticides on 20%-30% of the total crop (prior to the availability of GM IR maize with resistance to
this pest) has occurred, yield losses have tended to be in the range of 9% to 28% relative to rootworm
affected crops subject to no crop protection measures and about 5% relative to affected crops treated
conventionally with soil insecticides (Alsten et al (2003) and Mitchell (2002).
Weed control
Weeds are a major problem facing all arable crop production in Russia. Husbandry practices to deal
with weed problems vary by crop across regions of Russia and according to the extent of problems.
In general, the most common form of weed control practiced is the use of herbicides that may be
applied either pre-emergence, post-emergence or a combination of both pre and post emergence.
In relation to conventional weed control methods in the Russian maize crop, the key features are as
follows:
•

About 80%-85% of the total crop typically receives at least one herbicide treatment per year.
In other words 15%-20% uses mechanical/hand weeding or no form of weed control;

•

Both pre- and post-emergent herbicides are used, with some farmers using only preemergence, some using only post-emergence and some using both pre- and post-emergence.
Post-emergent herbicides dominate usage accounting for about 95% of usage by weight of
product applied;

•

The main active ingredients used are a mix of niocosulfuron, rimsulfuron, acetochlor,
foramsulam, mesotrione, dicamba, thifensulfuron and isoxaflutole. The acetochlor is mostly
applied pre-emergence;

•

The average number of treatments per crop is 1.4;

•

Average expenditure on herbicide per ha (2011) was $30/ha to $37/ha, with herbicides

•

The average amount of herbicide active ingredient used per ha is about 1.1 kg/ha to 1.2

typically accounting for 98% of total crop protection expenditure;
kg/ha.

2.4.2 Oilseed rape
Crop protection practices in oilseed rape comprise the use of herbicides for weed control, fungicides
for fungal control and insecticides for various forms of pest control. Herbicides account for about
85% to 90% each of the total area treated with crop protection products, with fungicides and
insecticides accounting for the balance.
Weed control
As indicated above, weeds are a significant problem for growers of oilseed rape. More specifically:
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About 85 % of the total crop typically receives at least one herbicide treatment per year, with
15% of the crop either applying mechanical/hand weeding;

•

Both pre- and post-emergent herbicides are used in oilseed rape though most herbicide is
applied post-emergence;

•

The main active ingredients used are a mix of clopyralid, metolachlor, fluazifop, quizalofop,
haloxyfop and clethodim;

•
•

The average number of treatments per crop is 1;
Average expenditure on herbicide per ha (2011) is about $20/ha to $25/ha, with herbicides
typically accounting for 87% of total crop protection expenditure;

•

The average amount of active ingredient used per ha is about 0.35 kg/ha to 0.4 kg/ha.

2.4.3 Soybeans
Weeds cause significant problems for soybean farmers, with herbicides accounting for 99% of total
crop protection product use on the crop.
In relation to herbicide use:
•

Almost all of the crop (98%-99%) usually receives at least one herbicide treatment;

•

The main herbicide active ingredients used on soybeans are imazamox, bentazon,
imazethapyr, chlorimuron, thifensulfuron and quizalofop. Most of these are applied post
emergence, accounting for about 90% of applications by product weight;

•

The average number of herbicide treatments per crop is 1.7;

•

Average expenditure on herbicides in 2011 was $45/ha to $50/ha, with herbicides accounting

•

The average amount of herbicide active ingredient used per ha is about 1kg/ha.

for about 98% of total crop protection expenditure;

2.4.4 Sugar beet
Weed control is also the main problem faced by growers of sugar beet, with herbicides typically
accounting for 90% to 92% of total use of crop protection products. In relation to herbicide use:
•

Almost all of the sugar beet crop (99%) receives at least one herbicide treatment;

•

The main active ingredients used are desmedipham, ethofumesate and phenmedipham (mix),
clopyralid, clethodim, thifensulfuron, metamitron and quizalofop;

•

Both pre and post emergent herbicides are used, with post emergence use dominating (85%
plus of area sprayed);

•

The average number of herbicide applications per crop is 3 (of tank mixes of a number of
active ingredients);

•

Herbicides account for about 90% of total crop protection expenditure;

•

The average expenditure on herbicides in 2011 was in the range of $195/ha to $210/ha;

•

Average active ingredient use in 2011 was about 1.7 kg/ha.
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3 Farm level economic costs and benefits of using GM technology
3.1 Global direct economic impacts
Although the first commercial GM crops were planted in 1994 (tomatoes), 1996 was the first year in
which a significant area of crops containing GM traits were planted (1.66 million hectares). Since then
there has been a dramatic increase in plantings and by 2011, the global planted area reached over 160
million hectares. This is equal to three-quarters of the total utilised agricultural area of Russia or 1.3
times the Russian area devoted to arable crops.
In terms of the share of the main crops in which GM traits have been commercialised (soybeans,
maize, cotton and oilseed rape), GM traits accounted for 46% of the global plantings to these four
crops in 2011.
In 2010 11, the direct global farm income benefit from using GM crops was $14 billion (Table 8). This is
equivalent to having added 4.3% to the value of global production of the four main crops of soybeans,
maize, oilseed rape and cotton. Since 1996, farm incomes have increased by $78.4 billion.
The largest gains in farm income in 2010 have arisen in the cotton sector, largely from yield gains.
The $5 billion additional income generated by GM insect resistant (GM IR) cotton in 2010 has been
equivalent to adding 14% to the value of the crop in the GM growing countries, or adding the
equivalent of 11.9% to the $42 billion value of the global cotton crop in 2010.
Substantial gains have also arisen in the maize sector through a combination of higher yields and
lower costs. In 2010, maize farm income levels in the GM adopting countries increased by almost $5
billion and since 1996, the sector has benefited from an additional $21.6 billion. The 2010 income
gains are equivalent to adding 6% to the value of the maize crop in these countries, or 3.5% to the
$139 billion value of total global maize production. This is a substantial increase in value added
terms for two new maize seed technologies.
Significant increases to farm incomes have also resulted in the soybean and oilseed rape sectors. The
GM HT technology in soybeans has boosted farm incomes by $3.3 billion in 2010, and since 1996 has
delivered over $28 billion of extra farm income (the highest cumulative increase in farm income of the
GM traits). In the oilseed rape sector (largely Canada and the US) an additional $2.7 billion has been
generated (1996-2010).
In terms of the division of the economic benefits obtained by farmers in developing countries relative
to farmers in developed countries, in 2010, 54.8% of the farm income benefits have been earned by
developing country farmers. The vast majority of these income gains for developing country farmers
have been from GM IR cotton and GM HT soybeans. Over the fifteen years, 1996-2010, the
cumulative farm income gain derived by developing country farmers was 50% ($39.24 billion).
Examining the cost farmers pay for accessing GM technology across the four main GM crops, the total
cost in 2010 was equal to 28% of the total technology gains (inclusive of farm income gains plus cost
of the technology payable to the seed supply chain 12).

Latest year for which estimates are available
The cost of the technology accrues to the seed supply chain including sellers of seed to farmers, seed
multipliers, plant breeders, distributors and the GM technology providers
11
12
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For farmers in developing countries the total cost was equal to 17% of total technology gains, whilst
for farmers in developed countries the cost was 37% of the total technology gains. Whilst
circumstances vary between countries, the higher share of total technology gains accounted for by
farm income gains in developing countries relative to the farm income share in developed countries
reflects factors such as weaker provision and enforcement of intellectual property rights in
developing countries and the higher average level of farm income gain on a per hectare basis derived
by developing country farmers relative to developed country farmers.
Table 8: Global farm income benefits from growing GM crops 1996-2010: million US $
Trait

Increase in farm

Increase in farm

income 2010

income 1996-2010

Farm income

Farm income

benefit in 2010 as

benefit in 2010 as

% of total value of

% of total value of

production of

global production

these crops in GM

of crop

adopting countries
GM herbicide

3,299.8

28,389.2

3.5

3.2

438.5

2,672.8

0.5

0.3

148.3

1,062.4

0.4

0.3

472.4

2,657.8

5.7

1.4

4,522.3

18,969.3

5.4

3.2

5,030.1

24,371.9

14.0

11.9

Others

90.2

301.5

Not applicable

Not applicable

Totals

14,001.6

78,424.9

6.25

4.3

tolerant soybeans
GM herbicide
tolerant maize
GM herbicide
tolerant cotton
GM herbicide
tolerant oilseed
rape
GM insect resistant
maize
GM insect resistant
cotton

Notes: All values are nominal. Others = Virus resistant papaya and squash and herbicide tolerant sugar beet.
Totals for the value shares exclude ‘other crops’ (ie, relate to the 4 main crops of soybeans, maize, oilseed rape
and cotton). Farm income calculations are net farm income changes after inclusion of impacts on yield, crop
quality and key variable costs of production (eg, payment of seed premia, impact on crop protection

expenditure)
As well as these quantifiable direct impacts on farm profitability, there have been other important,
indirect impacts that are more difficult to quantify (eg, facilitation of adoption of reduced/no tillage
systems, reduced production risk, convenience, reduced exposure of farmers and farm workers to
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pesticides 13, improved crop quality: see section 3.3). These less tangible benefits have often been cited
by GM adopting farmers as having been important influences for adoption of the technology. This
suggests that the farm income benefits quantified above are conservative.
In relation to the nature and size of GM technology adopters, there is clear evidence that farm size has
not been a factor affecting use of the technology. Both large and small farmers have adopted GM
crops. Size of operation has not been a barrier to adoption. In 2011, 16.7 million farmers were using
the technology globally, 90% of which were resource-poor farmers in developing countries.

3.2 Possible direct farm level impact of using existing commercialised GM
technology in Russian arable crops
This section examines the possible impact of using crop biotechnology in the Russian arable cropping
sector. The research concentrates on the main arable crops for which GM traits that are currently
widely used in global agriculture could be utilised in Russia. The relevant traits are:
•

Herbicide tolerant and novel hybrid (higher yielding) oilseed rape;

•

Herbicide tolerant soybeans;

•

Herbicide tolerant sugar beet;

•

Herbicide tolerant maize;

•

Insect resistant maize (to corn boring and/or corn rootworm pests).

These are examined further in the sub-sections below. Readers should note that all analysis presented
relates to commercial farms and that Russian farmers are able to make choices as to whether to plant
varieties containing GM traits according to technical and agronomic performance criteria and market
requirements. Hence, the analysis assumes that any co-existence conditions that might be attached to
the planting of GM crops in Russia are based on sound scientific principles, are practical and are
proportionate. The baseline for the analysis is the 2010-11 year, the latest for which ‘gross margin’
profitability data was available.

3.2.1 GM HT and hybrid vigour oilseed rape

a)

Commercial experience

Commercial experience of this technology goes back to 1996 in Canada, 1999 in the US and 2008 in
Australia, and relates to use in spring oilseed rape (‘canola’). Impact on yield varies with local
conditions but in general:
•

the ‘InVigor’ hybrid vigour canola (tolerant to the herbicide glufosinate) has delivered higher
yields in excess of +10% relative to conventional canola;

•

the glyphosate tolerant canola (not containing GM-derived hybrid vigour) has resulted in
some yield gains via improved weed control. The yield gains have tended to be in the range

Reduced exposure to pesticides being particularly important in developing countries where most pesticides are
applied by hand and workers (often women and children) frequently have access to no protective clothing and
little or no training and equipment

13
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of zero to +6% (relative to conventional alternatives, of which the main current alternative is
conventional (‘Clearfield’) herbicide tolerant canola).

Overall, during the period that this technology has been used by farmers, the average yield gain
(inclusive of hybrid vigour and better weed control) across all of the GM HT area for the period 19962010 has been +7%.
In terms of impact on costs of production, the technology has generally provided for reduced weed
control costs. In the last few years, this has been equal to between $60/ha and $65/ha for glyphosate
tolerant canola and $18/ha to $21/ha for glufosinate tolerant canola in Canada and the US.

In

Australia, the average weed control cost saving has also been about $20/ha. The use of the GM HT
technology has, however, increased seed costs by about $17/ha to $20/ha in Canada and the US, and
by about $30/ha in Australia.
Overall, the impact on net profitability, after taking into consideration impacts on yield, changes to
weed control costs and the seed premium (for the technology) has been positive but variable (Table
9). Across the three countries using the technology, the average farm income gain in 2010 was $70/ha
and over the period 1996-2010 the average net farm income gain has been $48/ha.
Table 9: Overall farm income gains from using GM HT canola: $/ha)
Country

Average farm income gain (in last 5 years)
Glyphosate tolerant $45/ha to $55/ha
Glufosinate tolerant ‘InVigor’ $75/ha to $85/ha
Glyphosate tolerant $11/ha to $20/ha
Glufosinate tolerant ‘InVigor’ $100/ha to $130/ha
$60/ha to $90/ha

US
Canada
Australia
Source: Brookes and Barfoot (2011)

b)

Potential impact in Russia

Change in production costs
In 2011, the average expenditure on oilseed rape crop protection in Russia was about $38/ha for
winter oilseed rape and $24/ha for spring oilseed rape (average across the whole crop of $27/ha), of
which about $24/ha is accounted for by herbicides 14. This typically involved the application of
herbicides in one pass/treatment during the growing season of a tank mix of active ingredients.
In the US and Canada, farmers using GM HT (to glyphosate) technology have tended to switch to the
application of one spray run per crop of 1-2 litres of glyphosate/ha (0.48 kg ai/ha to 0.96 kg ai/ha). The
adoption of similar practices in Russia if GM HT technology was used would result in the average
cost of herbicides (at current prices) falling to between $11/ha and $22/ha. Given the low level of
expenditure on weed control herbicides in the Russian oilseed rape crop relative to their
(conventional) counterparts in the GM oilseed rape using countries, it is likely that the lower end of
this cost range would most probably reflect the likely level of usage/expenditure that might apply if
GM HT oilseed rape were to become available to Russian farmers. This would effectively reduce
average crop protection costs to about $14/ha (to $25/ha if 2 applications were used).

14

The balance being fungicides and insecticides
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Farmers using GM HT (to glufosinate) technology in Canada and the US typically use between 2
(most common) and 3 litres of glufosinate (0.24 kg ai/ha to 0.36 kg ai/ha) plus 2 litres of quixalofop
(0.1 kg ai/ha). Based on current prices of these products in Russia, this would result in herbicide costs
of $43/ha, and average crop protection costs increasing significantly to about $46/ha (Table 10).
The overall impact of the use of this technology on variable costs of production will depend on the
likely seed premium that might be charged to Russian farmers. In North America, the average seed
premium has been about $18/ha. If the current North American seed premium was applied in Russia,
this would result in total variable costs being higher by about $8/ha for oilseed rape (average), lower
by about $3/ha for winter oilseed rape and higher by $11/ha for spring oilseed rape. If InVigor
technology was used total variable costs would increase by $37/ha for oilseed rape (average), by
$27/ha for winter oilseed rape and by $40/ha for spring oilseed rape.
Impact on yield
In Canada and the US, GM HT (to glyphosate) has given many farmers improved weed control and,
as a result, higher yields. These yield gains were initially about 6% to 7% although in more recent
years, with improvements in conventional varieties, this has fallen to zero to +2% 15 Based on the
yield impacts from Canada and the US, yield increases of between 3% and 4% might reasonably be
achieved in Russia. However, it is likely that higher average levels of yield improvement would be
realised in Russia for the following reasons:
•

The current conventional oilseed rape crop in Russia delivers significantly lower yields (and
spends significantly less on weed control) than similar production systems in North America
(and Europe). It is therefore likely that the adoption of GM HT oilseed rape would result in
important improvements in average levels of weed control and lead to significant
improvements in yield;

•

In the early years of adoption, the average yield gains tended to be higher (in the region of
+10%) in North America. This level of yield impact is therefore just as likely to occur in
Russia;

•

Invigor technology has consistently delivered relatively high yield gains (of up to 12%);

•

The impacts of the technology in North America apply exclusively to spring canola/oilseed
rape, which accounts for about 80% of the oilseed rape crop in Russia. If trial results from
winter oilseed rape in nearly countries in the EU (eg, Poland and Germany) are used as the
benchmark for assessing potential impact in the Russian winter oilseed rape crop, the yield
effects would be higher. In Poland, trials of GM HT oilseed rape suggested yield
improvements of between +15% and +20%, whilst trials in other EU countries (eg, Germany
and the UK) delivered yield improvements of between +10% and +15%.

In Table 10-Table 12, the yield gain assumptions used for GM HT (to glyphosate) oilseed rape reflect
these factors of influence, with at its lower end being based on empirical findings from Canada and
the US (+3%) and, at the higher end, based on evidence from trials in Poland/the EU (+12%). Inclusive
of the cost changes referred to above, this results in profitability gains of $13/ha and $67/ha (+3% to

15 The main ‘conventional’ alternative is herbicide tolerant by non GM methods to the Imidazoline group of
herbicides – what is know as ‘Clearfield’ canola/oilseed rape
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+14%) for oilseed rape (average), gains of $29/ha to $115/ha (+4% to +16%) for winter oilseed rape and
gains of $8/ha and $56/ha (+3% to +14%) for spring oilseed rape.

For InVigor technology, higher average yield increases of +10% to +12% have been common in
Canada and the US. Applying this range of yield increases to Russia would result in profitability
gains of between $27/ha and $38/ha (+5% to +8%) for oilseed rape (average), between $69/ha and
$85/ha (+10% and +12%) for winter oilseed rape and between $13/ha and $24/ha (+3% to +6%) for
spring oilseed rape.
Table 10: Potential farm level economic impact of using GM HT oilseed rape (average) in Russia
($/hectare)
Average 2010/11

GM HT to glyphosate

GM HT tolerant to
glufosinate and hybrid
vigour

Price ($/tonne)

535

535

535

Yield (tonnes/ha)

1.19

1.23-1.33

1.31-1.33

Revenue

637

658-712

701-712

Seed

19

37

37

Fertiliser

46

46

46

Crop protection

27

17

46

Labour

26

26

26

Fuel

27

27

27

Total variable cost

145

153

182

Base variable costs

92

100

129

Gross margin

492

505-559

519-530

Base gross margin

545

558-612

572-583

Variable costs

Notes:
1.

GM HT to glyphosate: yield gain of +3% to +12%, seed premium of $18/ha and herbicide cost falling to
$11/ha

2.

GM HT to glufosinate: yield gain of 10% to 12%, seed premium of $18/ha and herbicide cost increasing
to $43/ha

Table 11: Potential farm level economic impact of using GM HT winter oilseed rape in Russia
($/hectare)
Average 2010/11

GM HT to glyphosate

20

GM HT tolerant to
glufosinate and hybrid
vigour

Price ($/tonne)
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535

535

535

Yield (tonnes/ha)

1.76

1.81-1.97

1.94-1.97

Revenue

942

968-1,054

1,038-1,054

Seed

31

49

49

Fertiliser

97

97

97

Crop protection

38

17

47

Labour

35

35

35

Machinery

38

38

38

Total variable cost

239

236

266

Base variable costs

166

163

193

Gross margin

703

732-818

772-788

Base gross margin

776

805-891

845-861

Variable costs

Notes:
1.

GM HT to glyphosate: yield gain of +3% to +12%, seed premium of $18/ha and herbicide cost falling to
$11/ha

2.

GM HT to glufosinate: yield gain of 10% to 12%, seed premium of $18/ha and herbicide cost increasing
to $43/ha

Table 12: Potential farm level economic impact of using GM HT spring oilseed rape in Russia
($/hectare)
Average 2010/11

GM HT to glyphosate

GM HT tolerant to
glufosinate and hybrid
vigour

Price ($/tonne)

535

535

535

Yield (tonnes/ha)

0.96

0.99-1.08

1.06-1.08

Revenue

514

530-578

567-578

Seed

17

35

35

Fertiliser

33

33

33

Crop protection

24

17

46

Labour

24

24

24

Machinery

24

24

24

Total variable cost

122

133

162

Variable costs
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74

85

114

Gross margin

392

397-445

405-416

Base gross margin

440

445-493

453-464

Notes:
1.

GM HT to glyphosate: yield gain of +3% to +12%, seed premium of $18/ha and herbicide cost falling to
$11/ha

2.

GM HT to glufosinate: yield gain of 10% to 12%, seed premium of $18/ha and herbicide cost increasing
to $43/ha

Looking at the potential impact from the perspective of intensive and extensive producers (on use of
the technology in spring oilseed rape), this is likely to vary:
GM HT (to glyphosate: Table 13):
•

Intensive producers: these producers use higher levels of inputs than extensive producers and
obtain significantly higher yields. As weed control levels in the conventional crop are likely
to be fairly good, the impact of using GM HT technology is likely to result in small increases
in yield, probably at the lower end of the 3% to 12% range from improved weed control. In
relation to costs of production, these are likely to decrease by about $7/ha (4%). The overall
profitability gains are likely to be between $39/ha and $135/ha (+4% to +15%), although as
indicated above the lower end of this range is more probable;

•

Extensive producers: due to the lower yields obtained by extensive growers and lower levels
of input use, it is likely that this category of grower may potentially derive significant yield
gains from improved weed control if GM HT technology is used. Yield improvements
nearer the higher end of the 3% to 12% range are possible, and as a result, these are likely to
be the main benefit derived from the technology. In terms of costs of production, the
herbicide cost savings are likely to be cancelled out by the seed premium, especially if
Canadian and US seed premia levels are used in Russia and result in a net increase in costs
of $8/ha. The impact on gross margin profitability is likely to see increases of between $8/ha
(if only low levels of yield increase are realised) and $56/ha (if higher yield impacts are
derived). These increases are equal to +2% to +14%.

Table 13: Potential farm level economic impact of using GM HT (tolerant to glyphosate) spring
oilseed rape in Russia: intensive versus extensive producers ($/hectare)
Baseline 2010/11;
intensive

Baseline 2010/11:
extensive

GM HT to
glyphosate:
intensive

GM HT to
glyphosate:
extensive

Price ($/tonne)

535

535

535

535

Yield (tonnes/ha)

2.0

1.0

2.06-2.24

1.03-1.12

1,070

535

1,102-1,198

551-599

29

17

47

35

Revenue
Variable costs
Seed
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Fertiliser

60

43

60

43

Crop protection

39

24

14

14

Labour

26

26

26

26

Machinery

27

27

27

27

Total variable cost

181

137

174

145

Base variable costs

128

84

121

92

Gross margin

889

398

928-1,024

406-454

Base gross margin

942

451

981-1,077

459-507

Notes:
1.

Yield gain assumptions of +3% and +12%

2.

Seed premium $18/ha for both forms of technology

GM InVigor (HT to glufosinate: Table 14):
•

Intensive producers: the impact of using this technology is likely to result in important
increases in yield but higher costs of herbicides and total variable costs. The overall
profitability gains are likely to be between $82/ha and $103/ha (+9% to +12%);

•

Extensive producers: these producers are also likely to achieve significant yield increases but
significant increases in both herbicide costs and total variable costs of production. The
impact on gross margin profitability is, nevertheless, likely to be positive, with net increases
of between $13/ha (+3%) and $24/ha (+6%).

Table 14: Potential farm level economic impact of using GM InVigor (HT) spring oilseed rape in
Russia: intensive versus extensive producers ($/hectare)
Baseline 2010/11;
intensive

Baseline 2010/11:
extensive

GM InVigor:
intensive

GM InVigor:
extensive

Price ($/tonne)

535

535

535

535

Yield (tonnes/ha)

2.0

1.0

2.2-2.24

1.1-1.12

1,070

535

1,177-1,198

588-599

Seed

29

17

47

35

Fertiliser

60

43

60

43

Crop protection

39

24

46

46

Labour

26

26

26

26

Machinery

27

27

27

27

Total variable cost

181

137

206

177

Revenue
Variable costs
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Base variable costs
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128

84

153

124

Gross margin

889

398

971-992

411-422

Base gross margin

942

451

1,024-1,045

464-475

Notes:
1.

Yield gain assumption of +10% to +12%

2.

Seed premium $18/ha

3.2.2 GM HT soybeans

a)

Commercial experience

GM HT technology has been widely used in the leading soybean producing countries of the world
since 1996. In 2011, 71% of the world’s soybean area of 102.2 million hectares used this technology
(legally) in ten countries.
The technology has increased soybean farmer incomes by a total of $3.3 billion in 2010 (equal to 3.2%
of the total value of global soybean production in 2010) and, for the period 1996-2010, the increase in
farm income has been $28.4 billion. A breakdown of the distribution of this benefit in 2010 is shown
in Figure 1. US farmers have derived the largest aggregate benefit, closely followed by Argentina,
Brazil and Paraguay. Overall, 57% of the total income gain (1996-2010) has been earned by farmers in
developing countries, mostly located in South America 16.
In terms of average benefits, these have been highest in Romania, Mexico and Bolivia, reflecting the
yield gains derived by farmers using GM HT soybeans in these countries as well as cost savings
(Figure 1). Not surprisingly, if second crop benefits are included 17, the total farm income gain is
highest for farmers in Argentina and Paraguay.
Examining the cost farmers pay for accessing the technology, the total cost (1996-2010) was equal to
25% of the total technology gains (inclusive of farm income gains plus cost of the technology payable
to the seed supply chain 18). For farmers in developing countries the total cost was equal to 12% of
total technology gains, whilst for farmers in developed countries the cost was 38% of the total
technology gains. The higher share of total technology gains accounted for by farm income gains in
developing countries relative to the farm income share in developed countries reflects factors such as
weaker provision and enforcement of intellectual property rights in developing countries and the
higher average level of farm income gain on a per hectare basis derived by developing country
farmers relative to developed country farmers.

Developing countries for the purposes of this analysis are Mexico, Argentina, Bolivia, Brazil, Paraguay,
Uruguay and South Africa
17 Second crop benefits refer to the shortening of the crop production cycle for GM HT soybeans (via use of no
tillage and improved weed control) that has allowed many farmers to plant a crop of soybeans following wheat
in the same season
18 In other words, the total benefit 1996-2010 of $37.85 billion comprising farm income benefit of $28.4 billion and
a cost of technology of $9.45 billion. The cost of the technology accrues to the seed supply chain including sellers
of seed to farmers, seed multipliers, plant breeders, distributors and the technology providers
16
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Figure 1: Average farm income benefit (1996-2010) from using GM HT soybeans: by country ($/ha)
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Note: average values relate to period during 1996-2010 when the technology was used in each country (eg, all
years in the US, 1999-2006 in Romania). Excludes second crop benefits in Argentina and Paraguay which were
$266/ha and $254/ha respectively and second generation biotech HT soybeans grown in the US and Canada from
2009 (average farm income benefit of $66/ha in the US and $57/ha in Canada).

72% of the cumulative farm income benefit has derived from production cost savings, with the
balance (28%) due to yield increases and second crop benefits. Whilst cost saving benefits, have been
derived by farmers in all of the countries using GM HT soybeans, the second crop, quality and yield
gains have mostly been derived by farmers in developing countries, although the highest yield gains
from use of this technology occurred in Romania.

b)

Potential impact in Russia

Although a small proportion of soybeans in Russia are likely to already use (illegally) GM HT
technology, there are, not surprisingly, no publicly available analyses of the impact the technology.
Based on the impacts identified in the countries that have used the technology, and assuming that the
GM HT trait was made available in leading varieties suitable for growing in Russia, the potential
impacts are as follows.
Change in production costs
The average level of herbicide expenditure in 2011 on soybeans in Russia was in the range of $45/ha
and $50/ha (almost all, 99% of crop protection expenditure for soybeans is on herbicides). As with all
other crops, the amount farmers spend on weed control varies according to weed types, weed
pressure and timing of application.
If GM HT (tolerant to glyphosate) soybeans were used and herbicide usage patterns commonplace in
the countries using the technology are adopted in Russia, it is likely that the crop would be treated
with glyphosate between one and two times (average of about 1.25 spray runs and an average dose of
about 1.5 litres of glyphosate: about 0.72 kg ai/ha) plus possibly one other herbicide such as 2 4 D (0.6

25

Impact of GM crop traits in Russia

kg ai/ha) or metribuzin (0.2 kg ai/ha). Based on 2011 herbicide costs 19, this would result in average
herbicide costs of about $12/ha to $15/ha. This is a net saving relative to 2010 average costs of
herbicide use on conventional soybeans of between $30/ha and $33/ha. Taking into account the cost
of the technology (about $15/ha if based on typical costs in countries that currently use the
technology 20), this would result in the total variable costs of production falling by between $15/ha and
$18/ha (equivalent to about a 7% to 9% decrease in total variable costs: Table 15).
Change in yields
In countries such as the US, Canada, Argentina and Brazil, where levels of weed control before the
adoption of GM HT technology were widely considered to be good, little or no positive yield impact
arose from the adoption of GM HT technology. However, in other adopting countries, important
yield increases associated with improved weed control have occurred. Of particular note is the
impact on yield from using GM HT soybeans in Romania, where the average yield increase in the first
few years of adoption was over 30%. Whilst this very high level of yield improvement was mostly
attributed to adoption after a period of several years in which little or no effective weed control had
been used in arable crops in Romania (following the major economic and political changes that
occurred during the 1990s), yield improvements of about 15% were still being delivered in the last
year of use (2006) before entry into the EU 21.
Based on the average levels of expenditure on herbicides and yields in conventional soybeans in
Russia, this suggests that yield improvements from the adoption of GM HT technology are probable,
provided the technology is made available in the leading varieties suitable for growing in Russia. The
analysis presented in Table 15 assumes two alternatives for yield improvements within a range of
+5% and +15% based on the range of yield improvements identified in other GM HT user countries,
including nearby Romania. After taking into consideration the cost of production changes discussed
above, gross margin profitability would increase by between $45/ha and $96/ha, equivalent to
increases of between 14% and 29%.
Table 15: Potential farm level economic impact of using GM HT soybeans in Russia ($/hectare)
Average 2010/11

GM HT: impact 1

GM HT impact 2

Price ($/tonne)

450

450

450

Yield (tonnes/ha)

1.18

1.24

1.36

Revenue

531

558

612

Seed

49

64

64

Fertiliser

31

31

31

Variable costs

Sources: Kleffmann and GfK Kynetec
This is based on the seed premium between GM HT first generation soybeans and conventional soybean seed.
If farm saved seed is used the net seed premium would be much lower and probably add no more than $2/ha$3/ha (as occurs in many parts of South America)
21 On entry into the EU, Romania was no longer permitted to allow the use of GM HT soybeans because this trait
had not been approved for planting in the EU
19
20
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45

12

15

Labour

42

42

42

Machinery

39

39

39

Total variable cost

206

188

191

Base variable costs

125

107

110

Gross margin

325

370

421

Base gross margin

406

451

502

Note: Yield assumptions GM HT impact 1 +5% and GM HT impact 2 +15%

This analysis, based on average profitability levels does, however, not show the extent of impacts
based on different intensities of production. Intensive producers tend to spend more on inputs, use
leading/new varieties of seed and the latest/most effective crop protection products, whilst the
extensive producers may more use of farm-saved seed and use mostly older and cheaper ‘generic’
crop protection products. The potential impact of using GM HT technology for these two groups of
soybean producer is likely to offer both some similarities and differences. More specifically (Table
16):
•

Intensive producers: these producers tend to use and spend significantly more on inputs than
extensive producers and obtain yields that are about double that of extensive producers. For
this category of producer, weed control levels in the conventional crop are likely to be fairly
good and as a result, the impact of using GM HT technology is likely to result in limited
yield gains from improved weed control. The main benefit from using GM HT technology
for intensive producers is likely to come from reduced costs for crop protection, equal to
between $30/ha and $38/ha. The overall profitability gains are likely to be between $30/ha
and $83/ha (+5% to +14%);

•

Extensive producers: given the significantly lower yields obtained by extensive growers and
lower levels of input use, it is likely that this category of grower will derive most from yield
gains if GM HT technology is used. There is likely to be little change to total variable costs
of production (the reduced expenditure on herbicides being largely cancelled out by the
seed premium: a net decrease in costs of between $5/ha to $13/ha)). Overall, the impact on
gross margin profitability is likely to be increases of between $27/ha and $80/ha (+ 11% to
+31%).

Table 16: Potential farm level economic impact of using GM HT soybeans in Russia: intensive
versus extensive producers ($/hectare)
Baseline 2010/11;
intensive

Baseline 2010/11:
extensive

GM HT: intensive

GM HT: extensive

Price ($/tonne)

450

450

450

450

Yield (tonnes/ha)

1.9

1.0

1.9-2.0

1.05-1.15

Revenue

855

450

855-900

472-517
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Seed

66

45

81-86

60-65

Fertiliser

44

28

44

28

Crop protection

65

40

12-15

12-15

Labour

42

42

42

42

Machinery

39

39

39

39

Total variable cost

256

194

218-226

181-189

Base variable costs

175

113

137-145

100-108

Gross margin

599

256

629-682

283-336

Base gross margin

680

337

710-763

364-417

Notes:
1.

Intensive producers: yield gain assumption of between zero and +5%

2.

Extensive producers: yield gain assumptions of between +5% and +15%

3.2.3 GM HT sugar beet
a) Commercial experience
GM HT (tolerance to glyphosate) sugar beet has been grown commercially in the US and Canada
since 2008. In 2011, almost all (95%) of the total crop in both countries used the technology. In terms
of impact at the farm level:

•

Yields have improved by an average of between 3% and 4%;

•

Cost savings from reduced cost of weed control have broadly been equal to the additional
cost of the technology (about $140/ha-$150/ha respectively);

•

The net impact on profitability (inclusive of yield gains and cost changes) was about +$145/ha
in 2010, and an average of +$115/ha over the three year period since 2008.

c)

Potential impact in Russia

Change in production costs
In 2011, the average expenditure on sugar beet crop protection in Russia was about $217/ha, of which
$210/ha is accounted for by herbicides 22. This typically involved the application of several herbicides
in 3 passes/treatments during the growing season.
In the US and Canada, farmers using GM HT technology have typically switched to the application of
two spray runs per crop with each application applying about 2 litres of glyphosate/ha (1.08 kg ai/ha,

22

The balance being fungicides, insecticides and cost of spraying
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a few use a third spray run equal to 1.62 kg ai/ha). The adoption of similar practices in Russia if GM
HT technology was used would result in the average cost of herbicides used falling to about $36/ha
($54/ha if a third spray application is used: Table 17).
The overall impact of the use of this technology on profitability will depend on the likely seed
premium that might be charged to Russian farmers. In Canada and the US, the average seed
premium has been about $140/ha although when the technology was being considered for
commercial release in the EU about 10 years ago, a premium of about $50/has was planned. If the
current Canadian and US seed premium of $140/ha was applied in Russia, this would effectively
cancel out the savings from reduced herbicide costs (Table 17), resulting in a similar level of average
variable costs of production. At the lower level of $50/ha seed premium, the average sugar beet
producer would see significant reductions in total variable costs of $109/ha (-15%).
Impact on yield
Based on the yield impacts from Canada and the US, yield increases of between 3% and 4% might be
achieved in Russia. However, it is also possible that higher average levels of yield improvement
might be realised if the trials results from adjacent countries in the EU (notably Poland) are used as
the benchmark for assessing potential impact in Russia. In Poland, trials of GM HT sugar beet
suggested yield improvements of between +15% and +30%, whilst trials in other EU countries (eg,
Germany and the UK) delivered yield improvements of between +5% and +15%.
In Table 17, the yield gain assumptions used are +3% and +15%. Inclusive of the cost changes referred
to above, this results in profitability gains of $162/ha at the 3% yield gain level (+16%) and $262/ha at
the 15% yield gain level (+26%).
Table 17: Potential farm level economic impact of using GM HT sugar beet in Russia ($/hectare)
Average 2010/11

GM HT: impact 1

GM HT impact 2

Price ($/tonne)

54.5

54.5

54.5

Yield (tonnes/ha)

32.2

33.17

37.0

Revenue

1,755

1,808

2,016

Seed

144

194

284

Fertiliser

192

192

192

Crop protection

217

58

76

Labour

101

101

101

Machinery

80

80

80

Total variable cost

734

625

733

Base variable costs

553

444

552

1,021

1,183

1,283

Variable costs

Gross margin
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Base gross margin

1,202

1,364

1,464

Notes:
1.

GM HT impact 1: yield gain of 3%, seed premium range of $50/ha to $140/ha and herbicide cost falling
from between $130/ha and $140/ha to $36/ha

2.

GM HT impact 2: yield gain of 15%, seed premium range of $50/ha to $140/ha and herbicide cost falling
from between $130/ha and $140/ha to $54/ha

Looking at the potential impact from the perspective of intensive and extensive producers, this is
likely to vary (Table 18):
•

Intensive producers: these producers use higher levels of inputs than extensive producers and
obtain significantly higher yields. As weed control levels in the conventional crop are likely
to be fairly good, the impact of using GM HT technology is likely to result in small increases
in yield, probably at the lower end of the 3% to 15% range from improved weed control.
The main benefit from using GM HT technology for intensive producers is likely to be
reduced costs for crop protection. This is likely to be between $36/ha and $144/ha. The
overall profitability gains are likely to be between $107/ha and $510/ha (+7% to +32%);

•

Extensive producers: due to the lower yields obtained by extensive growers and lower levels
of input use, it is likely that this category of grower will derive significant yield gains from
improved weed control if GM HT technology is used. Yield improvements nearer the
higher end of the 3% to 15% range are probable, and as a result, these are likely to be the
main benefit derived from the technology. In terms of costs of production, the herbicide cost
savings could be cancelled out by the seed premium, especially if Canadian and US seed
premia levels are used in Russia. The impact on gross margin profitability is likely to be an
increase of $43/ha if only low levels of yield increase are realised and an increase of $336/ha
if higher yield impacts are derived. These changes are equal to +5% to +38%.

Table 18: Potential farm level economic impact of using GM HT sugar beet in Russia: intensive
versus extensive producers ($/hectare)
Baseline 2010/11;
intensive

Baseline 2010/11:
extensive

GM HT: intensive

GM HT: extensive

54.5

54.5

54.5

54.5

45

29

46.3-51.7

29.9-33.3

2,452

1,580

2,523-2,818

1,630-1,815

Seed

175

136

225-315

186-276

Fertiliser

230

180

230

180

Crop protection

255

208

61-79

57-75

Labour

101

101

101

101

Machinery

80

80

80

80

Price ($/tonne)
Yield (tonnes/ha)
Revenue
Variable costs
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Total variable cost

Impact of GM crop traits in Russia
841

705

697-805

604-712

660

524

516-624

423-531

Gross margin

1,611

875

1,718-2,121

918-1,211

Base gross margin

1,792

1,056

1,899-2,302

1,099-1,392

Base variable costs

Notes:
1.

Yield gain assumptions of +3% and +15%

2.

Herbicide costs for GM HT production between $36/ha and $54/ha

3.2.4 GM HT maize
a) Commercial experience
GM HT maize has been grown commercially since 1997, and 2011, about 30 million ha in seven
countries (the US, Canada, Argentina, Brazil, Colombia, South Africa and the Philippines) used the
technology. As with GM HT soybeans, the main impact has been to reduce farmers weed control
costs, through reduced expenditure on herbicides (and/or reduction in hand weeding requirements),
although farmers in some countries (notably Philippines, Argentina and Brazil) have obtained higher
yields (of up to 10%) associated with improved weed control levels.
The average net farm income gain in 2010 from using GM HT maize technology across the seven user
countries was $16.2/ha and cumulatively since 1997, the average farm income gain has been $18.8/ha.
The cost of the technology varies between countries but was within a range of $15/ha to $30/ha in
2010.
b)

Potential impact in Russia

Whilst there are two GM HT maize traits currently available commercially (tolerance to glyphosate
and tolerance to glufosinate), the analysis presented below for possible impact in Russia is limited to
GM HT (to glyphosate) because this is the trait that accounts for the vast majority of global usage.
The potential impacts of this trait in Russia are discussed below 23.
Change in production costs
Crop protection expenditure in 2011 by average performing commercial maize producers was about
$38/ha, of which about $34/ha was accounted for by herbicides. This level of expenditure on
herbicides could fall with the use of GM technology, with its precise impact dependant on weed
types, weed pressure and timing of application in either post-emergent application in the autumn
and/or the spring.
If glyphosate tolerant GM HT maize technology was used in Russia and herbicide usage patterns
commonplace in countries such as the US and Argentina are adopted, it is likely that a pre-emergent
treatment of ‘traditional’ soil based herbicides (at half dose rates compared to usage levels in
conventional maize) might be used, coupled with one post-emergent treatment of glyphosate (1.5 to
2.5 litres: see appendix 1 for details of the amount of ai used). Given the pattern of herbicide use in
23

Assuming the trait is available for use in leading varieties adapted to agronomic conditions in Russia
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the conventional crop, this is a more likely scenario for intensive growers only rather than the
‘majority’ extensive growers (see below). Based on 2011 herbicide costs, this would result in total
herbicide costs being about $21/ha. This represents a net reduction relative to 2011 average crop
protection costs of $13/ha to $14/ha. Taking into account the cost of the technology ($15/ha to $20/ha
if based on typical costs in countries that currently use the technology), this would result in the total
variable costs of production remaining roughly the same as for conventional production (Table 19).

Change in yields
The scope for yield increases associated with the adoption of GM HT technology largely depends on
the current baseline levels of efficacy in conventional maize crop weed control. In countries such as
the US and Canada, where levels of weed control before the adoption of GM HT maize technology
were widely considered to be excellent, little or no positive yield impact arose from the adoption of
GM HT technology. However, in significant parts of Argentina, in Brazil and in the Philippines,
annual average yield increases of up to 5% have been delivered from improved weed control. Whilst
there have not been any trials of GM HT maize in Russia to assess the potential impact on yields, the
average levels of expenditure on maize herbicides and average yields in the Russia suggest that
impacts more typically seen in South America, rather than North America (where average yields and
expenditure on herbicides are significantly higher than in Russia) might reasonably be expected. In
Table 19, a range of zero yield change to +5% have been used to illustrate potential impact. After
taking into consideration the cost changes discussed above, the net impact on profitability would be
between +$1/ha and +$26/ha (zero to +9%). If little or no yield gains from improved weed control
occur, the direct farm income effect from using the technology would be a marginal gain. Given the
low levels of both average yield and expenditure on weed control in Russia relative to most GM HT
corn using countries, it is likely that Russian corn farmers would derive some yield gains associated
with improved weed control and therefore ‘GM impact 2’ in Table 19 is the more likely outcome.
Table 19: Potential farm level economic impact of using GM HT maize in Russia ($/hectare)
Average 2010/11

GM HT: impact 1

GM HT impact 2

Price ($/tonne)

165

165

165

Yield (tonnes/ha)

3.53

3.53

3.71

Revenue

582

582

612

Seed

86

101

106

Fertiliser

82

82

82

Crop protection

38

22

22

Labour

49

49

49

Machinery

46

46

46

Total variable cost

301

300

305

Variable costs

32

Base variable costs
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206

205

210

Gross margin

281

282

307

Base gross margin

376

377

402

Note: Yield impact assumptions: GM HT impact 1 zero, GM HT impact 2 +5%

In terms of different types of producer, Table 20 summarises the potential impact for intensive and
extensive producers:
•

Intensive: these above average users of inputs would derive positive farm income gains within
a range of $7/ha and $55/ha depending on whether yield improvements from better weed
control occurred. Even if no yield gains occurred, there would be a net increase in farm
income as the savings in herbicide costs would be greater than the seed premium;

•

Extensive: for this type of producer, with lower levels of expenditure on inputs and lower
yields, the farm income impacts would potentially be within a range of -$8/ha (-3%) to
+$22/ha (+9%). In this category of producer, it is probable that improved weed control and
higher yields would occur and therefore the likely farm income impact would be positive and
at the higher end of the range referred to above. If little or no yield gains were derived,
farmers in this category of producer would probably not use the technology as the seed
premium could be greater than any savings that might arise from changes to herbicides used
(unless the seed premium was set at a lower than assumed).

Table 20: Potential farm level economic impact of using GM HT maize in Russia: intensive versus
extensive producers ($/hectare)
Baseline 2010/11;
intensive

Baseline 2010/11:
extensive

GM HT: intensive

GM HT: extensive

Price ($/tonne)

165

165

165

165

Yield (tonnes/ha)

5.2

3.1

5.2-5.46

3.1-3.25

Revenue

858

511

858-901

511-536

Seed

130

75

145-150

90-95

Fertiliser

162

62

162

62

Crop protection

49

34

22

22

Labour

49

49

49

49

Machinery

46

46

46

46

Total variable cost

436

266

424-429

269-274

Base variable costs

341

171

329-334

174-179

Gross margin

422

245

429-477

237-267

Variable costs

33

Base gross margin
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517

340

524-572

332-362

Notes:
1.

Yield gain assumptions zero and +5%

3.2.5 GM IR maize
a)

Commercial impact

Two GM IR traits have been commercially used targeting the common corn boring pests including
European corn borer (Ostrinia nubilalis) and Mediterranean stalk borer (Sesamia nonagrioides – MSB)
and corn rootworm pests – Diabrotica spp). These are major pests of maize crops in many parts of the
world and significantly reduce yield and crop quality, unless crop protection practices are employed.
The GM IR maize targeting corn boring pests has been commercially used since 1996 and in 2010/11
was utilised in 15 countries. The GM IR maize targeting corn rootworm was commercially used first
in 2003 and is currently used in two countries, the US and Canada. The respective areas using these
technologies in 2010/11 were 34.1 million ha for GM IR maize targeting corn boring pests and 17.7
million ha targeting corn rootworm.
The two GM IR maize traits have delivered positive yield impacts in all user countries when
compared to average yields derived from crops using conventional technology (mostly the
application of insecticides and seed treatments) for control of corn boring and rootworm pests.
The positive yield impact varies from an average of about +5% in the US and Canada for corn
rootworm resistant technology and a range of +7% (in the US and Canada) to +24% (Philippines) for
corn boring resistant technology. Cumulatively since 1996 (1996-2010), the average yield gain from
using GM IR maize resistant to corn boring pests across all user countries has been +9.6%.
GM IR technology resistant to corn boring pests has also been used in the European Union since 1998,
and in 2011 was used on about 110,000 ha in Spain, Portugal, the Czech Republic, Slovakia, Poland
and Romania. In the EU countries, average yield gains have been between +5% and +12.5% (Table
21).
Table 21: Yield impacts from using GM IR maize in the EU
Country

Average yield of GM IR

Range of yield impacts

maize relative to

(where identified)

Comments

conventional %
difference
Spain

+6.3% 1998-2003

+1% to +30%

Bottom of range is low
infestation locality in a

+10% 2004 onwards

year of low pest pressure
and top of range is high
infestation locality in
year of high pest
pressure

34

France

Impact of GM crop traits in Russia
+10%

+5% to +24%

Bottom of range is low
pest pressure year and

top of range is high pest
pressure year
Germany

+4%

+4% to +5%

No additional data
available for low and
high pest pressure years

Czech Republic

+10%

+5% to +20%

Range of impacts
recorded in different
regions with differing
levels of pest pressure;
low end of range = low
pest pressure, high end
of range = high pest
pressure

Portugal

+12.5%

+8% to +17%

Range of impacts
recorded in different
regions with differing
levels of pest pressure;
low end of range = low
pest pressure, high end
of range = high pest
pressure

Poland

+12.3%

+2% to +26%

Range of trial results in
2005 with top of range
based on 2006 trials in
year/region of high
infestation

Slovakia

+12.5%

+10% to +14%

Range of commercial
plot monitoring in 2006

Romania

+7.2%

+4.8% to +9.6%

Range of commercial
plot monitoring 20072009

Source: Brookes (2008) and updated

In relation to impact on costs of production, this varies mainly due to whether or not farmers
previously used insecticides to control corn boring and rootworm pests before GM IR technology
became available:
•

GM IR resistant to corn boring pests: the cost of the technology (seed premium) relative to
conventional corn costs varies across user countries, within a range of $15/ha and $57/ha
(2010) and the insecticide cost savings varied between zero and $66/ha (2010). In the EU, the
average cost of the technology, charged as a seed premium has been about $41/ha, with
insecticide cost savings being between zero and $66/ha;
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GM IR resistant to corn rootworm: the cost of the technology in the US and Canada was about
$32/ha in 2010, with an average insecticide/seed treatment cost saving of $37/ha.

After taking into consideration the yield gains from using GM IR technology, the seed premium and
any change in pest control costs, the average farm income gain:
•

across all countries using GM IR technology (targeting corn boring pests) was $89/ha in 2010
and for the period 1996-2010 was $66/ha. In the EU, the average farm income gain from
using the technology in 2010 was $250/ha and for the period 1998-2010 has been $179/ha;

•

in the US and Canada, using GM IR technology targeting corn rootworm, in 2010, was $83/ha
and for the period 2003-2010 has been $75/ha.

b)

Potential impact in Russia

The two currently available GM IR traits of resistance to corn boring pests and to corn rootworm
could both be of relevance to Russia because corn boring pests are an established pest problem and
corn rootworm is a recently established pest, currently limited to a small area.
The main potential impacts of these traits in Russia are discussed below 24.
Change in production costs
As indicated above, expenditure in 2011 by average-performing commercial maize producers on crop
protection was about $38/ha. Insecticide use is, however, used only on a limited area (about 0.1
million ha) targeting corn boring pests and a further 20,000 ha use the parasitic wasp Trichogramma to
control this pest. Costs of applying insecticides and Trichogramma are between about $12/ha 25 and
$25/ha. This level of expenditure on crop protection measures targeted at corn boring pests could be
eliminated for the farmers that currently incur such costs. In respect of corn rootworm, the small
scale of current problems with this pest means that few, if any farmers undertake any active crop
protection measures to control this pest and therefore any adoption of GM IR maize containing corn
rootworm resistance technology would not (relative to current practices) result in savings in
insecticide use 26.
The net impact of using these technologies on variable costs of production will depend on the cost of
the technology. Based on costs incurred in existing countries where the technology is used, this could
fall within a range of about $15/ha to $57/ha for GM IR technology targeting corn boring pests. The
‘benchmark’ cost from the nearest countries using the technology to Russia is the EU, where the
average cost of the technology is about $41/ha. At these potential costs, the use of GM IR technology
targeting corn boring pests would likely result in a net increase in variable costs for any users. For
corn rootworm, it is more difficult to assess likely costs that might be incurred if the technology was
made available in Russia. In the US and Canada, farmers currently pay about $32/ha for the
technology, largely based on the fact that the pest is well established, is a significant problem and a
third of the US crop used to routinely apply insecticides and seed treatments to control this pest
Assuming these traits are available for use in leading varieties adapted to agronomic conditions in Russia
Cost of insecticide about $5/ha, with the balance as application cost
26 It would, however, offer potential savings relative to what might alternatively have to be used – using the US
as a benchmark the average saving on insecticide treatments used for corn rootworm has been about $37/ha
24
25
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before GM IR rootworm resistant technology became available. It is possible that the cost of this
technology, if made available in Russia could be lower than the US level, to reflect the relative lower
levels of benefits that might accrue to Russia maize growers than their counterparts in the US.
Analysis of the impact of the use of these technologies are summarised in Table 22.

Change in yields
The potential for yield increases associated with the adoption of GM IR technology will depend on
the level of infestations and efficacy in conventional maize crop control methods. As indicated above
(see section 2.4), existing conventional technology is not considered to be very effective against corn
boring pests and therefore for maize crops suffering infestations of this pest and using conventional
forms of control (Trichogramma or insecticides), the impact of using GM IR technology has typically
delivered yield gains of over 10% in EU countries. It is reasonable to assume that this level of impact
might be delivered in the Russia. For corn rootworm, the yield gain relative to crops currently treated
with insecticides in the US is typically 5%, and relative to untreated but infested crops the yield gains
have been within a range of 9% to 28%. For the purposes of the analysis presented in Table 22,
conservative yield gain assumptions at the lower half of the range for potential impact in Russia have
been used for CRW-protected maize (+9% to +15%) and typical EU impacts (+10%) have been used as
the basis for the yield gain assumptions for GM IR technology targeting corn boring pests.
After taking into consideration the cost changes discussed above, the net impact on profitability
would be:
•

GM IR technology targeting corn boring pests: a positive farm income gain of between +$29/ha
and +$42/ha (+11% to +16%);

•

GM IR technology targeting corn rootworm: a farm income gain of between $33/ha (+12%) and
$81/ha (+32%).

The primary benefit of these technologies derives from enhanced pest control which delivers higher
yields. For the many farmers that suffer yield losses from these pests but may not use conventional
forms of control, the determining factor for potential use will be the level of yield (and revenue) gain
relative to the cost of the seed premia. This will vary seasonally and at the farm level.
Table 22: Potential farm level economic impact of using GM IR maize targeting corn boring pests
in Russia ($/hectare)
Average 2010/11

GM IR targeting corn
boring

GM IR targeting corn
rootworm

Price ($/tonne)

165

165

165

Yield (tonnes/ha)

3.53

3.88

3.85-4.06

Revenue

582

640

635-670

86

127

118

Variable costs
Seed
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Fertiliser

82

82

82

50-63

38

38

Labour

49

49

49

Machinery

46

46

46

Total variable cost

313-326

342

333

Base variable costs

218-231

247

238

Gross margin

256-289

298

302-337

Base gross margin

351-364

393

397-432

Crop protection

Notes:
1.

Crop protection expenditure based on average plus a range of $12/ha to $25/ha specific to maize that
uses conventional treatments of insecticides or Trichogramma to control corn boring pests

2.

Yield benefit assumption for GM IR technology targeting corn boring pests is +10%

3.

Yield benefit assumption for GM IR technology targeting corn rootworm is +9% to +15% (based on US
research on impact of the pest on untreated crops)

4.

Seed premium GM IR maize targeting corn boring pests $41/ha and for GM IR maize targeting corn
rootworm $32/ha

3.3 Indirect (non pecuniary) farm level economic impacts
As well as the tangible and quantifiable impacts on farm profitability presented above, there are other
important, more intangible (difficult to quantify) impacts of an economic nature that have arisen in
adopting countries. These include the following:
Herbicide tolerant crops
•

•

•

•

•

•

Increased management flexibility and convenience that comes from a combination of the ease
of use associated with broad-spectrum, post emergent herbicides like glyphosate and the
increased/longer time window for spraying. This not only frees up management time for
other farming activities but also allows additional scope for undertaking off-farm, income
earning activities;
In a conventional crop, post-emergent weed control relies on herbicide applications after the
weeds and crop are established. As a result, the crop may suffer ‘knock-back’ to its growth
from the effects of the herbicide. In the GM HT crop, this problem is avoided because the
crop is tolerant to the herbicide;
Facilitates the adoption of conservation or no tillage systems. This provides for additional
cost savings such as reduced labour and fuel costs associated with ploughing, additional
moisture retention and reductions in levels of soil erosion;
Improved weed control has contributed to reduced harvesting costs – cleaner crops have
resulted in reduced times for harvesting. It has also improved harvest quality and led to
higher levels of quality price bonuses in some regions and years (eg, HT soybeans and HT
canola in the early years of adoption respectively in Romania and Canada);
Elimination of potential damage caused by soil-incorporated residual herbicides in follow-on
crops and less need to apply herbicides in a follow-on crop because of the improved levels of
weed control;
A contribution to the general improvement in human safety (as manifest in greater peace of
mind about own and worker safety) from a switch to more environmentally benign products.
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Production risk management/insurance purposes – the technology takes away much of the
worry of significant pest damage occurring and is, therefore, highly valued. Piloted in 2008
and more widely operational from 2009, US farmers using stacked corn traits (containing
insect resistant and herbicide tolerant traits) are being offered discounts on crop insurance
premiums (for crop losses) equal to $12.97/ha in 2010. Over the three years, this has applied
to 12.7 million ha, resulting in insurance premia savings of $137.8 million;
A ‘convenience’ benefit derived from having to devote less time to crop walking and/or
applying insecticides;
Savings in energy use – mainly associated with less use of aerial spraying;
Savings in machinery use (for spraying and possibly reduced harvesting times);
Higher quality of crop. There is a growing body of research evidence relating to the superior
quality of GM IR corn relative to conventional and organic corn from the perspective of
having lower levels of mycotoxins. Evidence from Europe (as summarised in Brookes (2008))
has shown a consistent pattern in which GM IR corn exhibits significantly reduced levels of
mycotoxins compared to conventional and organic alternatives. In terms of revenue from
sales of maize, however, no premia for delivering product with lower levels of mycotoxins
have, to date, been reported. Nevertheless, where adoption of the technology has resulted in
reduced frequency of crops failing to meet maximum permissible fumonisin levels in maize
grain (eg, in Spain), this delivers an important economic gain to farmers selling their grain to
the food using sector;
Improved health and safety for farmers and farm workers (from reduced handling and use of
pesticides, especially in developing countries where many apply pesticides with little or no
use of protective clothing and equipment);
Shorter growing season (eg, for some cotton growers in India) which allows some farmers to
plant a second crop in the same season 27. Also some Indian cotton growers have reported
knock on benefits for bee keepers as fewer bees are now lost to insecticide spraying.

These benefits are largely intangible and difficult to measure. Nevertheless, they have been
considered by many farmers as a primary reason for adoption of GM technology. In some cases
farmers have been willing to adopt for these reasons alone, even when the measurable impacts on
yield and direct costs of production suggest marginal or no direct economic gain. Some limited
attempts have been made to put values on some of these benefits, most notably in the US 28, where a
number of farmer-survey based studies (employing contingent valuation techniques 29) have been
used to obtain farmers valuations of these non pecuniary benefits). For example, a 2002 survey of
maize growers identified a value for the intangible benefits of insect resistant maize of about $7.4/ha
and a 2002 survey of soybean farmers found a value for these intangible benefits of $12.35/ha.
Clearly if GM technology was to be adopted in Russia, farmers would also potentially derive some of
these non pecuniary/intangible benefits. Estimating the level of such benefits is, however, not
possible and would require repeating the type of US farmer-surveys referred to above in Russia after
farmers had gained experience of using the technology.

Notably maize in India
See Marra and Piggott (2006) and (2007)
29 Survey based method of obtaining valuations of non market goods that aims to identify willingness to pay for
specific goods (eg, environmental goods, peace of mind, etc) or willingness to pay to avoid something being lost
27
28
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4 Potential national level economic impacts

Building on the analysis presented in section 3, this section briefly examines the possible aggregated
impact of using current commercial GM traits in Russia.
The assumptions used for the possible adoption levels in Russia are based on, for HT traits, adoption
levels in countries that currently use the technology and, for IR traits in maize, limited to the areas
typically experiencing economic levels in pest damage in Russia. In addition, forward-looking
additional scenarios are examined, based on different assumptions for the areas planted to each crop,
average yields and the price of each crop commodity in 2020. These are summarised in Table 23, with
additional details provided in Appendix 3.
Table 23: Area adoption assumptions for GM traits
Crop

Baseline area 2011
(‘000 ha)

Soybeans
Maize

Oilseed rape
Sugar beet
Notes:
1.

1,229
1,716

Projections to
areas planted
2020 (‘000 ha)
2,458
2,574-3,432

GM HT adoption
assumptions
examined
50% to 90%
50% to 70%

893
1,292

1,340-1,786
1,615-2,261

50% to 90%
50% to 90%

GM IR

Not applicable
IR to corn boring pests:
100,000-200,000 ha
IR to corn rootworm:
10,000-50,000 ha
Not applicable
Not applicable

Baseline 2011. This uses 2011 official planting figures, 2010/11 average farm prices and average yields
based on the average of the five year period 2007-2011 (2010 average yields were not used because this
was a drought year when average yields were significantly below average)

2.

2020 scenarios. Three scenarios were used referred to ‘low’, ‘average’ and ‘high’ (see Appendix 3 for
additional details):
•

‘low’: the baseline analysis presented

•

‘average’: as ‘low’ except for higher base areas planted to each crop, based on recent (5 year)
trends and (in case of soybeans) targets set by the Ministry of Agriculture

•

‘high’: optimistic planting area assumptions (largely based on 10 year trends), higher base
yields (based on extrapolation of yield growth trends 2000-2011) and 2012 world (farm level)
prices

4.1 Farm level income
Based on the range of farm income benefits identified in section 3 and the area adoption assumptions
above, Figures 2 to 7 summarise the potential farm income benefit impacts by trait applied to a
baseline of 2011 plantings. More specifically:
•

GM HT soybeans (Figure 2): at a 50% adoption level, the likely annual farm income gain would
potentially be between $28 million and $50 million. At the 90% adoption level, which is
common in most current adopting countries, the potential annual benefits are between $59
million and $106 million;

•

GM HT maize (Figure 3): depending on the adoption level (50% or a typical adoption level in
user countries: 70%), the range of annual farm income benefits is $0.8 million to $31 million;

•

GM HT oilseed rape (Figure 4 and Figure 5): the level of potential impact is likely to vary
according to which technology is used. Based on glyphosate tolerant technology, the annual
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farm income benefit is potentially between $6 million and $54 million, whilst if InVigor
(tolerant to glufosinate) technology is used, the annual benefit might be between $12 million
and $30 million;
•

GM HT sugar beet (Figure 6): at a 50% adoption level the annual farm income gains would
potentially be between $105 million and $188 million. At the 90% level of adoption, these
benefits would increase to between $169 million and $305 million;

•

GM IR maize: based on the current areas typically suffering economic levels of damage from
corn boring pests (0.1-0.2 million ha), the potential annual farm income benefits are between
$0.9 million and $8.4 million (Figure 7). In respect of GM IR technology targeting corn
rootworm, the current area experiencing problems with this pest is very small (first year of
incidence in 2011). Therefore at an aggregated level the potential impact of using this
technology would be limited, if based on 2011 ‘affected areas’. However, given the annual
spread of this pest and the increase in the regional area affected, it is likely that an additional
area in Russia will suffer economic levels of damage from this pest. To illustrate the potential
benefit, area affected/adopted assumptions of 10,000 ha to 50,000 ha were examined, and this
identified a potential annual farm profitability impact of +$1.6 million to +$7.8 million.

Overall, the total annual potential farm level benefit to Russia from using the current GM technology
used globally and of relevance to Russia (and applied to 2011 planting areas) is up to $512 million
(Table 24).
Figure 2: Potential aggregated farm level benefits of GM HT soybeans for Russia ($)
120,000,000
High
100,000,000
80,000,000
High

60,000,000
40,000,000

Low

Low

20,000,000
-

50% adoption

90% adoption

Low

27,652,500

49,774,500

High

58,992,000

106,185,600
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Figure 3: Potential aggregated farm level benefits of GM HT maize for Russia ($)
35,000,000
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30,000,000
25,000,000

Low

20,000,000
15,000,000
10,000,000
5,000,000
-

High

Low

50% adoption

70% adoption

Low

858,000

22,308,000

High

1,201,200

31,231,200

Figure 4: Potential aggregated farm level benefits of GM HT oilseed rape (tolerant to glyphosate)
for Russia ($)
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20,000,000
10,000,000
-
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50% adoption
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Figure 5: Potential aggregated farm level benefits of GM HT oilseed rape (InVigor) for Russia ($)
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Figure 6: Potential aggregated farm level benefits of GM HT sugar beet for Russia ($)
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Figure 7: Potential aggregated farm level benefits of GM IR maize (targeting corn boring pests) for
Russia ($)
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Table 24: Summary of farm level aggregated benefits based on 2011 plantings ($ million)
Soybeans
Maize

Oilseed rape
Sugar beet

Lowest area adoption
27.6-49.8
0.8-22.3 (herbicide tolerance)
0.9-1.8 (insect resistance to ECB)
0.3-1.6 (insect resistance to CRW)
5.8-10.4 (glyphosate tolerant)
12-21.7(Invigor)
104.7-188.4

Highest area adoption
59-106.2
1.2-31.2 (herbicide tolerance)
4.2-8.4 (insect resistance to ECB)
1.6-7.8 (insect resistance to CRW)
29.9-53.8 (glyphosate tolerant)
17-30.5 (Invigor)
169.3-304.6

The economic impacts of using existing GM technology if applied to the three 2020 scenarios are, as
follows:
•

‘low’ scenario – this is the same as the 2011 baseline presented above (Table 24: ie a potential
economic benefit of up to $512 million);

•

‘average’ scenario: the potential economic impacts are summarised in Table 25. Overall, the
total annual potential farm level benefit to Russia from using the current GM technology used
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globally and of relevance to Russia (and applied to higher future planting areas) is up to $738
million;
•

‘high’ scenario: the potential economic impacts are summarised in Table 26 is just under $1.03
billion.

Table 25: Potential farm level aggregated benefits 2020 ‘average’ scenario ($ million)
Lowest area adoption
Highest area adoption
55-99
118-212
1.3-33.5 (herbicide tolerance)
1.8-47 (herbicide tolerance)
0.9-1.8 (insect resistance to ECB)
4.2-8.4 (insect resistance to ECB)
0.3-1.6 (insect resistance to CRW)
1.6-7.8 (insect resistance to CRW)
Oilseed rape
8.7-16 (glyphosate tolerant)
45-82 (glyphosate tolerant)
18-26 (Invigor)
33-46 (Invigor)
Sugar beet
131-212
235-381
Note: Impact of insect resistant maize technology based on 2011 baseline assumptions for adoption
Soybeans
Maize

Table 26: Potential farm level aggregated benefits 2020 ‘high’ scenario ($ million)
Lowest area adoption
Highest area adoption
77-139.4
185.6-334
1.3-95.2 (herbicide tolerance)
1.8-133.8 (herbicide tolerance)
11.5-14.0 (insect resistance to ECB)
23.0-28.0 (insect resistance to ECB)
1.3-4.3 (insect resistance to CRW)
6.6-21.5 (insect resistance to CRW)
Oilseed rape
13.4-24.1 (glyphosate tolerant)
69.7-125.4 (glyphosate tolerant)
36.8-49.6 (Invigor)
66.3-89.2 (Invigor)
Sugar beet
131-214
235-385.2
Note: Impact of insect resistant maize technology based on 2011 baseline assumptions for area adoption but with
Soybeans
Maize

higher base yields and average prices

4.2 Production and supply availability
Table 27 summarises the potential annual impact on the production levels of the four main crops if
existing commercialised GM traits were adopted in Russia and applied to 2011 planting areas. At the
lower levels of area adoption and yield benefit assumptions, the impact at the crop level is about +0.7
million tonnes equal to +1.4% of the total production of the four crops (range of +0.6% to +1.5% by
crop). At the higher levels of area adoption and yield benefit assumptions, a more significant
potential annual production benefit of +6.2 million tonnes would arise, equal to 12.4% of total
production of the four crops (range +4.9% to +13.5% by crop).
Table 27: Potential annual production impacts of using GM technology in Russia (‘000 tonnes)

Soybeans
Maize
Oilseed rape
Sugar beet

Lowest area
adoption and yield
impacts
+36.3
+38.5
+16.0
+624.0

Highest area
adoption and yield
impacts
+196
+298
+115
+5,616

% change in total
production: lowest
impact
+2.5
+0.6
+1.5
+1.5

% change in total
production: highest
impact
+13.5
+4.9
+10.8
+13.5

The potential impact on production would also be higher if the technology was applied to the various
2020 scenarios referred to above. Under the ‘average’ scenario (higher areas planted but applied to
2010/11 prices and recent baseline yield averages), the production gain across the four crops would be
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between +0.9 million tonnes (lower adoption assumption) and +8 million tonnes (higher adoption
assumption). Under the ‘high’ scenario, the additional production across the four crops would be
within a range of +1.3 million tonnes (lower adoption assumption) and +11.3 million tonnes (higher
adoption assumption).
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5 Environmental impacts

5.1 Changes in herbicide use
5.1.1 Background
Assessment of the impact of GM crops on herbicide use requires comparisons of the respective weed
control measures used on GM versus the ‘conventional alternative’ form of production. This presents
a number of challenges relating to availability and representativeness. Comparison data ideally
derives from farm level surveys which collect usage data on the different forms of production. A
search of literature on global GM crop impact on herbicide use at the trait, local, regional or national
level shows that the number of studies exploring these issues is limited (eg, Qaim and Traxler (2002)),
with even fewer, providing data to the pesticide (active ingredient) level (eg, Brookes (2005)).
Secondly, national level pesticide usage survey data is also extremely limited. In the case of Russia,
there are no published annual pesticide usage surveys conducted by national authorities. Some data
are collected, largely on an ad hoc basis by private market research companies, and these data, where
available have been used in the analysis below.
The most common way in which changes in pesticide use with GM crops has been presented in the
literature has been in terms of the volume (quantity) of pesticide applied. Whilst comparisons of total
pesticide volume used in GM and conventional crop production systems are a useful indicator of
associated environmental impacts, amount of active ingredient used is an imperfect measure because
it does not account for differences in the specific pest control programmes used in GM and
conventional cropping systems. For example, different specific products used in GM versus
conventional crop systems, differences in the rate of pesticides used for efficacy and differences in the
environmental characteristics (mobility, persistence, etc) are masked in general comparisons of total
pesticide volumes used.
In this paper, the pesticide related environmental impact changes associated with GM crop adoption
are examined in terms of changes in the volume (amount) of active ingredient applied but
supplemented by the use of an alternative indicator, developed at Cornell University in the 1990s, the
environmental impact quotient (EIQ). The EIQ indicator, developed by Kovach et al (1992) and
updated annually, effectively integrates the various environmental impacts of individual pesticides
into a single ‘field value per hectare’. The EIQ value is multiplied by the amount of pesticide active
ingredient (ai) used per hectare to produce a field EIQ value. For example, the EIQ rating for
glyphosate is 15.33. By using this rating multiplied by the amount of glyphosate used per hectare (eg,
a hypothetical example of 1.1 kg applied per ha), the field EIQ value for glyphosate would be
equivalent to 16.86/ha.
The EIQ indicator used is therefore a comparison of the field EIQ/ha for conventional versus GM crop
production systems, with the total environmental impact or load of each system, a direct function of
respective field EIQ/ha values and the area planted to each type of production (GM versus
conventional). The EIQ indicator provides an improved assessment of the impact of GM crops on the
environment when compared to only examining changes in volume of active ingredient applied,
because it draws on some of the key toxicity and environmental exposure data related to individual
products, as applicable to impacts on farm workers, consumers and ecology. The EIQ does not take
into account all environmental issues and impacts and is therefore not a comprehensive indicator.
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5.1.2 Profile of the environmental impact of herbicide use on current crops in Russia
The analysis presented below relating to the use of herbicides and their associated environmental
impact (as measured by the EIQ indicator), is derived from the private market research sources
Kleffmann/AMIS Global and GfK Kynetec. These are farm survey-based sources of information on
herbicide use.
On the basis of this data, Table 28 shows the breakdown of average active ingredient use and the
associated EIQ profile of herbicides used on the four crops examined in this study for 2011.
Table 28: Conventional crops of relevance: Russia 2011 average herbicide use
Crop

Average amount of active ingredient

Average field EIQ/ha

used/ha (kg/ha)
Oilseed rape

0.38

8.10

Soybeans

1.01

18.89

Maize

1.16

23.36

Sugar beet

1.70

32.96

Source: derived from Kleffmann/AMIS Global and GfK Kynetec

5.1.3 Potential impact on herbicide use and the associated environmental impact from use of GM
HT technology
Table 29 shows the potential profile for herbicide use on GM HT crops in Russia 30. This shows that:
•

Oilseed rape: the likely herbicide regimes that might be adopted with the adoption of GM HT
(to glyphosate or glufosinate) technology in oilseed rape show that there would be an average
26% increase in the amount of herbicide active ingredient but a 9% improvement in the
environmental profile per ha from the use of glyphosate tolerant oilseed rape. For glufosinate
tolerant oilseed rape, the amount of active ingredient used per ha would fall by 10% and the
associated environmental profile would improve by 13%;

•

Soybeans: the potential GM HT herbicide regimes would result in a 30% increase in the
average amount of active ingredient applied per ha and a 23% increase in the associated EIQ
value;

•

Maize: the likely profile for herbicide regimes used with GM HT maize suggests that the
adoption of this technology would result in a 15% reduction in the average amount of
herbicide active ingredient applied per ha and a 33% improvement in the associated
environmental profile;

•

Sugar beet: the herbicide regimes used with GM HT sugar beet would potentially lead to an
11% reduction in the average amount of herbicide active ingredient applied per ha and a 30%
improvement in the associated environmental profile.

30

Additional information is presented in Appendix 2
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Table 29: GM HT crops in Russia: potential average herbicide use
Crop

Average amount of active ingredient

Average field EIQ/ha

used/ha (kg/ha)
Oilseed rape

0.34-0.48

7.06-8.10

Soybeans

1.312

23.21

Maize

0.954

15.6

Sugar beet

1.51

23.18

Notes:
1.

Suggested profiles of active ingredients likely to be used and amounts: see section 3

2.

GM HT oilseed rape range for glyphosate and glufosinate tolerant crops (lower end of range is
glufosinate tolerant, higher end of range is glyphosate tolerant)

The potential total environmental impacts associated with changes in herbicide use from the adoption
of GM HT technology in Russia will depend on the level of adoption of each trait. Using the same
adoption scenarios examined in section 4 (50% and 90% 31), Table 30 and Table 31 summarise the
potential changes in active ingredient use and the associated environmental impact as measured by
the EIQ indicator. At the 50% adoption level, total herbicide active ingredient use across the four
crops would fall by between 1.2% and 2.3% (about 0.07 million to 0.13 million kg), with a higher 8.9%
to 9.3% decrease in the EIQ value. At the higher levels of adoption that are similar to levels of
adoption in current countries using these technologies, the likely fall in total active ingredient use
across the four crops is -0.9% (almost -0.054 million kg) to -2.9% (-0.17 million kg). In terms of the
associated environmental impact as measured by the EIQ indicator, this would fall by about 14%.
Table 30: 50% adoption: changes to amount of herbicide active ingredient use and associated
environmental impact (as measured by the EIQ indicator)

GM HT oilseed rape
Glyphosate tolerant
Glufosinate tolerant
GM HT maize
GM HT soybeans
GM HT sugar beet

Total

Change in active
ingredient use (kgs)

% change in ai use

% change in EIQ rating

+44.650
-17,860
-176,748
+185,579
-122,740
-69,259 to -131,769

+13
-5
-9
+15
-6
-1.2 to -2.3

0
-9
-12
+11
-10
-8.9 to -9.3

Table 31: 90% adoption (70% GM HT maize): : changes to amount of herbicide active ingredient
use and associated environmental impact (as measured by the EIQ indicator)

GM HT oilseed rape
Glyphosate tolerant

31

Change in active
ingredient use (kgs)

% change in ai use

% change in EIQ rating

+80,370

+24

0

The higher adoption for GM HT maize being 70%
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GM HT maize
GM HT soybeans
GM HT sugar beet
Total
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-32,148
-247,447
+334,042
-220,932
-53,967 to -166,485

-9
-12
+27
-10
-0.9 to -2.9

-12
-23
+21
-26
-13.7 to -14.5

Examining the potential environmental impacts associated with changes in herbicide use in several
years time (2020), when the total area planted to each of the four crops is likely to have increased
significantly 32, Table 32 provides an overview of the potential impacts. This suggests that at both a
50% and 90% adoption level, total herbicide active ingredient use could remain largely unchanged or
fall marginally (by 2%-2.5%). In terms of the associated environmental impact of these herbicide use
changes, as measured by the EIQ indicator, at the 50% adoption level, there would be about a 10%
improvement, rising to about a 16% improvement at the higher 90% adoption level.
Table 32: Potential changes in active ingredient use and associated environmental impact 2020
Adoption level
Change
At 50% adoption level across all 4 crops; active
+0.2% (+ 20,000 kg) to -2.1% (-234,000 kg)
ingredient use changes
At 50% adoption level across all 4 crops; EIQ indicator
-10.1% to -11.3%
changes
At 90% adoption level across all 4 crops; active
+1.6% (+ 140,000 kg) to -2.5% (-279,000 kg)
ingredient use changes
At 90% adoption level across all 4 crops; EIQ indicator
-13.4% to -16%
changes
Note: Higher adoption level is 90% for all crops except maize, where 70% is assumed

5.2 Changes in insecticide use
Any change in insecticide use associated with the adoption of GM IR technology in maize will be
limited because only a limited area of conventional maize has traditionally received insecticide
treatments targeting corn boring pests (about 100,000 ha annually). On the basis that GM IR
(targeting corn boring pests) technology would allow these treatments to stop, the annual saving in
insecticide use would be about 13,000 kgs of insecticide active ingredient. As there is no history of
using insecticides for the treatment of corn rootworm pests, the adoption of GM IR technology
targeting corn rootworm would not result in any insecticide savings relative to current usage
patterns.

5.3 Possible sources of greenhouse gas emission savings and assumptions
used
Reductions in the level of greenhouse gas emissions (GHG) associated with the adoption of GM crops
are acknowledged in a wide body of literature including CTIC (2002), Fabrizzi et al (2003), Jasa (2002),
Lazarus and Selley (2005), Reicosky (1995), Robertson et al (2000), Johnson et al (2005), Liebig (2005)
and West and Post (2002).
First, GM crops contribute to a reduction in fuel use due to less frequent herbicide or insecticide
applications and a reduction in the energy use in soil cultivation. Lazarus (2011) estimated that one

32

See Table 23 for area planting assumptions
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pesticide spray application uses 1.31 litres of fuel which is equivalent to 3.5 kg/ha of carbon dioxide
emissions.

In addition, there has been a shift from conventional tillage to reduced/no till. This has had a marked
impact on tractor fuel consumption due to energy intensive cultivation methods being replaced with
no/reduced tillage and herbicide-based weed control systems. The GM HT crop where this is most
evident is GM HT soybeans. Here adoption of the technology has made an important contribution to
facilitating the adoption of reduced or no tillage farming 33. Before the introduction of GM HT
soybean cultivars, no tillage (NT) systems were practiced by some farmers using a number of
herbicides and with varying degrees of success. The opportunity for growers to control weeds with a
non-residual foliar herbicide as a “burndown” pre-seeding treatment followed by a post-emergent
treatment when the soybean crop became established has made the NT systems more reliable,
technically viable and commercially attractive. These technical advantages combined with the cost
advantages have contributed to the rapid adoption of GM HT cultivars and the near doubling of the
NT soybean area in the US (also more than a fivefold increase in Argentina). In both countries, GM
HT soybeans have accounted for over 95% of the NT soybean crop area since 2008.
In the context of Russia, however, NT production systems are not widely practiced. One important
factor behind this relates to the lack of suitable machinery and equipment for practicing NT
production systems and the lack of capital with which to fund such equipment. As such, whilst GM
HT technology has facilitated the adoption of NT production systems in North and South America, it
is unlikely to perform a similar role in Russia in the next few years (if the technology was allowed for
commercial use) because of these problems.
For the purposes of this paper, it is therefore assumed that GM HT technology would not contribute
to any change from a plough to a NT production system in Russian arable crop production systems or
any associated fuel savings resulting from changes in tillage systems used. Hence, any GHG emission
savings identified in this paper are solely attributed to savings in fuel use associated with reduced
incidence of herbicide and insecticide spraying.
Examining the average frequency of herbicide and insecticide applications in the four Russian crops,
Table 33 summarises the differences between conventional and GM HT production systems. This
suggests the use of GM HT technology would result in small reductions in the number of herbicide
applications.
Table 33: Average number of herbicide applications for the four crops: Russia
Crop
Oilseed rape
Maize
Soybeans
Sugar beet
Total
Saving

Conventional
1
1.4
1.7
3
7.1

GM HT (likely average)
1
1.2
1.2
2
5.4
1.7

Drawing on the analysis above relating to fuel and carbon dioxide emissions associated with a typical
spray application (1.31 litres of fuel which is equivalent to 3.5 kg/ha of carbon dioxide emissions), this
33

See for example, CTIC 2002 and American Soybean Association (2001)
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suggests that each hectare of GM HT will potential result in a 2.23 litre fuel saving (and 5.95 kg/ha
carbon dioxide saving) relative to conventional crops.

The potential annual fuel savings from the adoption of GM technology will depend on the level of
adoption. Using the two adoption scenarios analysed above, Table 34 suggests that the potential
annual fuel and carbon dioxide savings associated with adoption of GM technology could reach 2.7
million litres and 7.2 million kgs of carbon dioxide (Table 34).
Table 34: Potential fuel and carbon dioxide savings from GM crop adoption
Fuel saved: 50%
adoption (million
litres)

Fuel saved: 90%
adoption (70% GM
HT corn: million
litres)
Nil
0.315
0.131

Carbon dioxide
savings: 50%
adoption (million
kg)
Nil
0.60
0.35

Oilseed rape
Nil
Maize
0.225
Maize: insect
0.131
resistance
Soybeans
0.403
0.724
1.075
Sugar beet
0.846
1.523
2.260
Total
1.605
2.693
4.285
Note: Maize insect resistance savings based on a maximum area of 100,00 ha

Carbon dioxide
saved: 90%
adoption (70% GM
HT corn: million kg)
Nil
0.84
0.35
1.934
4.067
7.191

Examining further the context of these carbon dioxide savings, in terms of car use equivalents, this
shows that the annual permanent carbon dioxide savings from reduced fuel use would be the
equivalent of taking up to 3,200 cars off the road for a year.
The potential greenhouse gas emission savings in several years time (2020), when the total area
planted to each of the four crops is likely to have increased significantly 34, will also rise (Table 35).
The savings in 2020 could be equal to nearly 5 million litres of fuel per year, with 13 million less kg of
carbon dioxide being released into the atmosphere. This is equal to taking nearly 5,785 cars off the
road for one year.
Table 35: Potential changes in fuel and carbon dioxide savings from GM crop adoption: 2020
Adoption level
Change
At 50% adoption level across all 4 crops; fuel saving
2.33-2.87
(million litres)
At 50% adoption level across all 4 crops; carbon
6.22-7.65
dioxide savings (million kg)
At 90% adoption level across all 4 crops; fuel saving
3.96-4.82
(million litres)
At 90% adoption level across all 4 crops; carbon
10.57-13.0
dioxide savings (million kg)
Note: Higher adoption level is 90% for all crops except maize, where 70% is assumed

34

See Table 23 for area planting assumptions
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Appendix 1: Map of Federal Districts in Russia

Central Federal District
North-Western Federal
Southern Federal District

North-Caucasian Federal District
Volga Federal District
Ural Federal
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Siberian Federal District
Far-Eastern Federal District
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Appendix 2: Potential herbicide regimes for GM HT crops in Russia
GM HT oilseed rape
Active ingredient

Amount (kg/ha of crop)

Field EIQ/ha

Glyphosate

0.48

7.35

Conventional

0.38

8.10

Difference to conventional

+0.1

-0.75

Glufosinate

0.24

4.85

Quizalofop

0.10

2.21

Total

0.34

7.06

Difference to conventional

-0.04

-1.04

Glyphosate tolerant

Glufosinate tolerant

Note: Herbicide adoption weightings based on consideration of current conventional usage patterns for average
producers

GM HT maize
Active ingredient

Amount (kg/ha of crop)

Field EIQ/ha

Glyphosate

0.81

12.39

Atrazine

0.72

15.84

Total

1.53

28.23

Option 2: glyphosate

0.81

12.39

Weighted average (based on 20% of

0.954

15.56

1.16

23.36

-0.176

-7.8

Option one:

option 1 and 80% of option 2)
Conventional
Difference to conventional

Note: Herbicide adoption weightings based on consideration of current conventional usage patterns for average
producers
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Active ingredient

Amount (kg/ha of crop)

Field EIQ/ha

Glyphosate

0.72

11.04

24D

0.6

12.42

Total

1.32

23.46

Glyphosate

1.08

16.56

Metribuzin

0.2

5.67

Total

1.28

23.23

Weighted average (based on 80% of

1.312

23.21

1.01

18.89

+0.302

+4.32

Option one:

Option 2:

option 1 and 20% of option 2)
Conventional
Difference to conventional

Note: Herbicide adoption weightings based on consideration of current conventional usage patterns for average
producers

GM HT sugar beet
Active ingredient

Amount (kg/ha of crop)

Field EIQ/ha

Option one: glyphosate

1.08

16.56

Option 2: glyphosate

1.62

24.83

Weighted average (based on 20% of

1.51

23.2

Conventional

1.70

32.96

Difference to conventional

-0.19

-9.76

option 1 and 80% of option 2)

Note: Herbicide adoption weightings based on consideration of current conventional usage patterns for average
producers
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Appendix 3: 2020 scenario assumptions

Areas planted

Average
baseline yield
Farm level price

Low = 2011 baseline
impact analysis
2011 areas planted

Average used for 2011
analysis – average of
years 2007-2011
2010-11 average farm
level prices

Areas planted (‘000 ha)
Soybeans
Corn
Oilseed rape
Sugar beet
Average baseline yield
(tonnes/ha)
Soybeans
Corn
Oilseed rape
Sugar beet
Average farm level price
($/tonne)
Soybeans
Corn
Oilseed rape
Sugar beet

Average

High

2011 planted areas increased by
recent (5 year: 2007-2011) historic
trends (+50% to the areas of corn
and oilseed rape, +25% to the area of
sugar beet). For soybeans, based on
State Agricultural Development
Programme target for 2020 of 3.75
million tonnes of production
(approximately 2.45 million ha)
Average used for 2011 analysis –
average of years 2007-2011

2011 areas increased by
longer term (10 year:
2000-2011)) trends – about
a doubling of the areas
planted to corn and
oilseed rape and a 75%
increase in the sugar beet
area. Soybean area as
average scenario
Base yields increased by
extrapolation of yield
growth trends 2000-2011
Typical world (farm level)
prices 2012

2010/11 farm level prices in Russia

Low = 2011 baseline
impact analysis

Average

High

1,229
1,716
893
1,292

2,458
2,574
1,340
1,615

2,458
3,432
1,786
2,261

1.18
3.53
1.19
32.2

1.18
3.53
1.19
32.2

1.65
6.50
1.55
59.2

450
165
535
54.5

450
165
535
54.5

550
240
600
54.5

Notes:
1.

Baseline yields for 2020 ‘high’ scenario. Corn and sugar beet +85% compared to 2007-2011
baseline, soybeans +40% compared to 2007-2011 baseline and oilseed rape +30% compared to
2007-2011 baseline
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