
Volume 16(1), 57-63, 2012 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

57 

Assessing the environmental impact of changes in pesticide 
use on transgenic soybean 
 
Balaj I.1*, Nedelea G. 1, Badea Elena Marcela 2 
 
1
Banat’s University of Agricultural Sciences and Veterinary Medicine Timisoara, Faculty of Horticulture and 

Forestry;
 2

 Institute of Biochemistry, Romanian Academy, 296, Splaiul Independenţei, 6
th
district Bucharest, 

Romania 

 

*Corresponding author. e-mail: claudia_balaj@yahoo.com 

 
Abstract       Herbicide tolerant (HT) soybean was introduced in Romania in 
1999 and until 2007 has been the only glyphosate-resistant (GR) crop grown 
commercially in Europa. Following the limited introduction in 1999, producers 
rapidly adopted the agricultural innovation of HT soybean. More than 70% of 
the soybean seeded in 2006, in Romania was a HT variety. Numerous 
environmental impacts have generated and have accumulated following the 
initial commercial production of HT soybean in 1999. A universal indicator, the 
EIQ, was employed in order to be able to compare the environmental impacts 
of pesticide programmes applied to transgenic crops and their conventional 
counterparts. In this paper we summarize the published results regarding 
environmental impact of changes in pesticide use on transgenic soybean in 
Romania. Additionally, the EIQ method was applied to the data published on 
herbicide regimes used on transgenic (before 2007) and conventional 
soybean (2006, 2010) in Romania. The overall results of this study indicates 
that positive benefits can be achieved through the use of the soybean trait of 
herbicide resistance.   
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Biotechnology crop traits have been applied on a 

widespread commercial global basis since 1996. In 

2010, the global cultivation area of biotech crops 

reached 148 million hectares, a 87-fold increase from 

the level in 1996 making biotech crops the fastest 

adopted crop technology in the history of modern 

agriculture [13]. The most important GM crops are 

soybean, maize, cotton and canola, while the most 

important traits that have been conferred by genetic 

modification are herbicide tolerance and insect 

resistance. The number of countries adopting biotech 

crop cultivation has also increased from 6 in 1996 to 29 

in 2010, the top ten countries each grew more than 1 

million hectares [13].  

Eight EU countries planted biotech crops in 

2010; six countries continued to plant Bt maize, led by 

Spain; three countries, the Czech Republic, Sweden 

and Germany planted small hectarages of “Amflora” 

potato for seed multiplication and initial commercial 

production [13].  

Romania, in 2006, was one of the nine 

countries in the world that cultivated herbicide tolerant 

genetically modified soybean. As new member of the 

European Union beginning with 2007, Romania had to 

comply with the rules for placing on the market, 

traceability and labeling of genetically modified 

organisms (GMOs) as laid down by EU legislation. 

Consequently, as of 2007, Roundup Ready soybean 

cultivation was banned in Romania [2]. 

In order to predict the environmental impact 

of pesticides used on transgenic crops, Brookes and 

Barfoot [5,6,7,8,9] combined data on the quantities of 

pesticides used with data on their environmental and 

toxicological properties and performed a retrospective 

analysis of the global pesticide usage on transgenic 

crops. These authors also applied a calculation of the 

„footprint‟ of the pesticides used by applying an 

Environmental Impact Quetient (EIQ). The outcomes, 

in general, indicate a decline in pesticide usage and 

associated environmental impact. 

Across all of the countries that have adopted 

genetically modified herbicide tolerant soybeans 

during the period 1996- 2009, 2.2% less herbicide 

active ingredient has been used (40.8 million kg) and 

the environmental impact applied to the soybean crop 

has fallen by 16% [9].  

In a study regarding the impact of 10 years of 

commercial transgenic crop cultivation, Brookes & 

Barfoot [8] estimated that in Romania, during the 

period of glyphosate resistant  soybean cultivation, 

herbicide use had slightly increased, i.e. by 5.2% in 

2005, compared with the scenario in which all 

Romanian soybean had been non-transgenic. The field 

EIQ load has fallen by 5%. 
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We applied the EIQ method to the published 

data on herbicide regimes used on transgenic (before 

2007) and conventional soybean (2006 and 2010) in 

Romania [10]  in order to estimate the potential 

environmental implications of the discontinuing RR 

soybean cultivation.  

 

Biological Material and Methods 
 

Roundup Ready Soybean 

Glyphosate-tolerant soybean, the most 

cultivated transgenic plant in the world in 2010, 

produces the CP4 EPSPS protein that is naturally 

tolerant to glyphosate. This active ingredient herbicide 

kills the non-transgenic plants by inhibiting the EPSPS 

(5-enolpyruvylshikimate-3 phosphate synthase) 

enzyme that catalyzes a critical step in the aromatic 

amino acid biosynthesis pathway in plants. The 

cp4epsps genes, introduced into the genetically 

modified plants, encode for a CP4 EPSPS protein that 

is naturally tolerant to glyphosate. Thus, the aromatic 

amino acid biosynthesis pathway is not stopped in the 

genetically modified plants despite the presence of 

glyphosate, which allows the development of these 

genetically modified plants to continue. Thus, RR 

soybean allows the use of glyphosate, a non-selective, 

broad-spectrum, non-systemic herbicide for the 

weeding of soybean crops. Tolerance to this herbicide 

is an alternative in the weed management [1]. 

 

 

 

 

 

Environmental Impact Quotient (EIQ) 

The approach used to estimate the impacts of 

biotech versus conventional  herbicide regimes on the 

environment has been to use an Environmental Impact 

Quotient (EIQ), developed in 1992 at Cornell 

University, USA. This EIQ represents a method to 

calculate the potential environmental and health 

impacts of pesticides [11,15]. Two steps are followed 

for EIQ  calculation: first, the EIQ calculation for each 

active ingredient and then the aggregation of all 

pesticide/herbicide treatments during the crop cycle. 

The EIQ value for a particular active 

ingredient is calculated according to a formula that 

includes parameters such as toxicity (dermal, chronic, 

bird, bee, fish, beneficial arthropod), soil half-life, 

systemicity, leaching potential, and plant surface half-

life (Table 1). Each of these parameters is given a score 

of 1, 3 or 5 to reflect its potential to cause harm. Six of 

these ratings are based on measured or known 

properties and five others on general judgments 

according to low, moderate or severe impact (Table 2). 

For each active ingredient in a 

pesticide/herbicide there is a specific EIQ value based 

on its toxic properties and environmental behaviour 

leading to exposure to this plant protection product. By 

multiplying the quantity of a pesticide used, such as the 

application rate in kg active ingredient/ha, an abstract 

value per area unit (ha) is obtained, which constitutes 

the environmental impact (EI) per hectare, also called 

the „field use rating‟. By calculating the EI/ha for each 

pesticide, the outcomes for the various pesticides can 

be compared with each other and therefore can be 

compared the relative risks of different pest 

management strategies or programs. 

 

Table 1 

The rating system used to develop the Environmental Impact Quotient of pesticides (EIQ) model [15] 

Component Equation Input variables (ratings) 

Farm worker C(DTx5)+(DTxP) C = chronic toxicity (1-3-5) 

DT = dermal toxicity (1-3-5) 

P = plant surface residue half-life (1-3-5) 

Consumer (Cx(S+P)/2xSY)+(L) C = chronic toxicity (1-3-5) 

S = soil half-life (1-3-5) 

P = plant surface residue half-life (1-3-5) 

SY = systemicity (1-2-3) 

L = leaching potential (1-2-3) 

Ecology (fish, birds, 

honeybees, other 

beneficial insects) 

(FxR)+(Dx(S+P)/2x3)+ 

(ZxPx3) + (BxPx5) 

F = fish toxicity (1-2-3) 

R = surface loss potential (1-3-5) 

D = bird toxicity (1-3-5) 

S = soil half-life (1-3-5) 

P = plant-surface residue half-life (1-3-5) 

Z = bee toxicity (1-3-5) 

B = beneficial arthropod toxicity (1-3-5) 

Total (Farmworker + Consumer + 

Ecology)/3 = 

{[C(DTx5)+(DTxP)] + 

[(Cx(S+P)/2xSY)+(L)] + 

[(FxR)+(Dx(S+P)/2x3)+ 

(ZxPx3)+(BxPx5)]}/3 

 

Field-use 

rating (EI/A) 

EIQ x %active ingredient x rate 

(kg/Ha) 
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Table 2 

The parameters and rating system used to calculate the EIQ value for specific active ingredients [15] 

Variables Symbol Score 1 Score 3 Score 5 

Long-term health effects C Little none Possible Definite 

Dermal toxicity (Rat LD50) DT >2000 mg/kg 200-2000 mg/kg 0-200 mg/kg 

Bird toxicity (8 day LC50) D >1000 ppm 100-1000 ppm 1-100 ppm 

Bee toxicity Z Non-toxic Moderately toxic Highly toxic 

Beneficial arthropod toxicity B Low impact Moderate Severe impact 

Fish toxicity (96 hr LC50) F >10 ppm 1 1-10 ppm <1 ppm 

Plant surface half-live P 1-2 weeks pre-emerg. 

herbicide 

2-4 weeks post-emerg. 

herbicide 

>4 weeks 

Soil residue half-live (TI/2) S <30 days 30-100 days >100 days 

Mode of action SY Non-systemic; 

all herbicides 

Systemic  

Leaching potential L Small Medium Large 

Surface runoff potential R Small Medium Large 

 
EI scores for the individual components along with the 

overall EIQ value are on a list published and 

periodically updated by Cornell University. They can 

be downloaded in PDF or Excel formats 

(http://www.nysipm.cornell.edu/publications/eiq/). In 

the case of activ ingredients thifensulphuronomethyl 

and Quizalofop-p-tefuril which are not on that list,  we 

calculated missing values using Pesticide Manual [17]. 

Below, is an example for the calculation of EIQ value 

for an active ingredient that is not on the Cornell 

Univeristy list. 

  

Table 3 

EIQ Ratings for Quizalofop-p-tefuril 
Variables Symbol Score 1 Score 3 Score 5 Final Score 

Chronic toxicity C  X  3 

Dermal toxicity DT X   1 

Bird toxicity D X   1 

Bee toxicity Z X   1 

Beneficial arthropod 

toxicity 

B X   1 

Fish toxicity F X   1 

Plant surface half-live P X   1 

Soil half-live S X   1 

Systemicity SY  X  3 

Leaching potential L X   1 

Surface runoff potential R X   1 

 

EI Applicator: C x (DT x 5) = 15        EI Consumer: C 

x ((S + P)/2) x SY = 9 

EI Picker: C x (DT x P) =                    EI Ground 

Water: L = 1 

Farm worker 18                                 Consummer 3     

 

EI Fish: F x R = 1 

EI Bird: D x ((S + P)/2) x 3 = 3 

EI Honey Bee: Z x P x 3 = 3 

EI Natural Enemies: B x P x 5 = 5       

Ecologie 12  

 

EIQ = (18+10+12)/3 = 13.33 

 

In tabel 4 is presented the values of the 

environmental impact of the three main components 

and EIQ total of the some active ingredients used for 

weed management in soybean fields, in Romania. 

In the United States of America, for conventional 

soybean crop weed control herbicides with active 

ingridients trifluralin, pendimethalin, chlorimuron etil, 

imazaquin, imazetahpyr are used [3]. In Argentina 

herbicides with active ingridients haloxyfop, 2,4-D, 

imazethapyr, metsulphuron, dicamba, metribuzin and 

glyphosat (pre-emergent) [12]. In Brazil, in 

conventional soybean fields, herbicides with active 

ingirdients imazethapyr, clorimuron-etil, haloxifop, 

2,4-D, fluazifop-P butil, lactofen  are used [12].

 

 

 

 

 

 

http://www.nysipm.cornell.edu/publications/eiq/
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Table 4 

Environmental impact of the three main components and EIQ total values of the same active ingredient  

used for weed management in soybean. 

Active ingredient  EIQ total  

(kg a.i.) 

EI farm worker EI consummer EI ecologic 

Acetochlor 19.86 10.65 5.33 43.59 

Acifluorfen 23.57 16 8.80 45.90 

Bentazon 18.67 16 9 31 

Glyphosate 15.33 8 3 30 

imazamox 19.52 8 8 42.55 

metribuzin 23,87 8 8 69.10 

Quizalofop-p-tefuril 13,33 18 10 12 

Thifensulphuron methyl 7.33 6 4 12 

Dicamba 26,33 12 8 59 

Imazethapyr  19.57 15.62 10.61 32.49 

Trifluralin   18.83 9 5.50 42 

Metsulfuron-methyl 16.67 8 8 33 

Imazaquin 15.33 6 8 32 

Fluazihop-P butyl 28.71 10.65 3.33 72.15 

2-4 D  16,67 8 8 34 

Quizalofop-p-ethyl 22.14 10.65 3.33 52.44 

 

 

 

Results and Discussions 
 

In the case of Roundup Ready soybean crop 

cultivation, a single herbicide was used and applied in 

post-emergence once or twice depending on weed 

infestation level and weed control evolution, without 

the use or combination of other herbicide mixes, with a 

dose of 2-4 l/ hectare. For conventional soybean 

cultivation, independent of the herbicide scheme 

applied, 6 to 7 herbicides are used [10]. The total 

quantity of active ingridients used per hectar, according 

to the herbicide scheme applied to conventional 

soybean, was approximately 5 kg out of which 1.440 

kg – 1.620 kg was represented by glyphosate (Table 5). 

In the case of RR soybean herbicide application 

scheme in 2006, the quantity of active ingridients/ha 

was 1.620 kg (Table 6). 

   

 

Table 5 

Herbicide quantities used for weed management in conventional soybean [10] 

Products Active ingredient  Contents of  a.i 

g/ kg or l  

Application rate /ha 

l/ha;kg/ha 

Total quantities of 

active ingredients 

kg/ha 

Herbicide 

treatment (2010) 

    

Guardian Acethoclor 820 g/l 2.5 2.050 

Lexone 75DF Metribuzin 700 g/kg 0.5kg 0.350 

Harmony 50 SG Thifensulfuron metil 500g/kg 0.024 kg 0.012 

Pulsar Imazamox 40g/l 1.0 0.040 

Basagran Bentazon 480g/l 2.5 1.200 

Pantera Quizalofop P-tefuril 50g/l 1.7 0.085 

Roundup Glyphosate 360 g/l 4.0 1.440 

Total    5.087 

Herbicide 

treatment (2006) 

    

Roundup Glyphosate 360g/l 4,5 1.620 

Basagran F Bentazon 480g/l 2.5 1.200 

Treflan 24 CE Trifluralin 240g/l 2.0 0.480 

Surdone metribuzin 700g/kg 0,7kg/ha 0.490 

Galaxy Bentazon 

Acifluorfen 

360g/l 

80g/l 

2.0 0.720+ 

          0.160 

Fusilade Super Fluazihop-P butyl 150g/l 2.0 0.300 

Total    4.970 
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Table 6  

 Herbicide quantities used for weed management in conventional soybean [10] 

Product Active ingredient Contents of  a.i g/ 

kg or l 

Application rate /ha 

l/ha;kg/ha 

Total quantities of 

active ingredients 

kg/ha 

Roundup Glyphosate  360g/l 4.5l/ha 1.620 

Total    1.620 kg/ha 

 

Data from table 7 represents values calculated 

for environmental impact of two herbicide regimes 

used on conventional and one on genetically modified 

soybean. Both EIQ total and EI of the subcomponents 

are higher in case of herbicide regimes applied on 

conventional soybean. 

 

 

Table 7 

 Comparison of the calculated environmental impact of herbicide regimes on GM  and conventional soybean 

Products EIQ total 

(kg a.i./ha) 

EI farm 

worker 

EI consummer EI ecologic 

Conventional soybean  (2010) 

Guardian 40.710 21.83 10.920 89.35 

Lexone 75DF 8.350 2.800 2.800 24.185 

Harmony 50 SG 0.087 0.072 0.048 0.144 

Pulsar 0.780 0.320 0.320 1.702 

Basagran 22.404 19.200 10.800 37.200 

Pantera 1.133 1.53 0.85 1.02 

Total 73.464 45.752 25.738 153.601 

Conventional soybean  (2006) 

Roundup 24.834 12.960 4.860 48.600 

Basagran 22.404 19.200 10.800 37.200 

Treflan 24 CE 9.038 4.320 2.640 20.160 

Surdone 11.700 3.920 3.920 33.860 

Galaxy 17.213 14.080 7.900 29.660 

Fusilade Super 8.613 3.195 1.000 21.645 

Total 93.802 57.675 31.12 191.125 

RR soybean  (2006) 

Roundup 24.834 12.960 4.860 48.600 

 

Data from table 8 demonstrates that both, the 

total quantities (−68 %) and the environmental impact 

of herbicides applied to transgenic soybean are 

decreased compared with those applied to conventional 

soybean. This pertains to the general EI/ha (−66%), as 

well as to the components for farm worker (−71%), 

consumer (−81%) and ecology (−68%).  

 

Table 8 

Environmental impact of herbicide use in transgenic versus conventional soybean in Romania 
Item Non transgenic Transgenic 

resistant 

herbicide 

Difference Difference, % 

Pesticide use (kg AI/ ha) 5.087 1.620 -3.467 −68.16 

Total impact (EIQ/ ha) 73.464 24.834 −48.63 −66.20 

Farm worker impact (EI/ 

ha) 

45.752 12.960 −20.10 − 71.68 

Consumer impact(EI/ha) 25.734 4.860 −20.874 −81 

Ecology impact (EI/ ha) 153.601 48.60 −105 −68.36 
                      The EIQ values have been multiplied by the values of the application rates expressed as kg AI/ha in order to calculate 

                        the environmental impact per hectare (EI/ ha). 

 

The data regarding the use of herbicides in RR 

and conventional soybean fields across major countries 

cultivating this crop type suggest, that in the case of 

genetically modified soybean, a larger quantity of 

herbicides are used than in comparison to conventional 

varieties due to the quantities of glyphosate applied 

[3,12]. Glyphosate has a smaller impact on the 

environment as demonstrated by the impact coeficient 

values of the different active ingridients of the 

herbicides presented in tabel 4.   

According to Brookes [4] and Brookes & 

Barfoot  the adoption of GM HT soybeans in Romania 

has resulted in a small net increase in the volume of 

herbicide active ingredient applied, but a net reduction 
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in the EIQ load (Table 9). While the quantities of 

herbicides used on GR were found to have increased 

by 0.09 kg/ha to 1.35 kg/ha during 1999-2006 period, 

the overall environmental impact according to the EIQ 

equation has decreased from 23/ha for conventional 

soybeans to 21/ha for GM HT soybeans. The total 

volume of herbicide active ingredient use was 4% 

higher (equal to about 42,000 kg) than the level of use 

if the crop had been all non-GM since 1999 (in 2006 

usage was 5.25% higher). The field EIQ load has fallen 

by 5% (equal to 943,000 field EIQ/ha units) since 1999 

(in 2006 the EIQ load was 6.5% lower). 

 

 

Table 9 

National level changes in herbicide ai use and field EIQ values for GM HT soybeans 

in Romania 1999-2006* [9] 

Year 

 
ai use (negative sign 

denotes an increase 

in use: kg) 

eiq saving (units) % decrease in ai (- = 

increase) 

 

% eiq saving 

1999 -1,502 34,016 -1.22 1.52 

2000 -3,489 79,005 - 3.06 3.81 

2001 -1,744 39,502 -3.2 3.97 

2002 -3,198 72,421 - 3.55 4.41 

2003 -3,876 87,783 -2.53 3.14 

2004 -6,783 153,620 -4.48 5.57 

2005 -8,479 192,025 -5.59 6.45 

2006 -12,597 285,295 -5.25 6.53 

*Savings calculated by comparing the ai use and EIQ load if all of the crop was planted to a conventional (non GM) crop relative to the ai and EIQ 
levels based on the actual areas of GM and non GM crops in each year 

 

According to Kleter et al. [14] for RR soybean 

in Romania, it should be taken into account that the 

impact of this crop has to be distinguished from 

various other confounding background developments 

in the time since its adoption in 1999. One such change 

is a temporary decrease in the use of herbicides on 

conventional soybean on account of financial 

constraints. The general impression is that herbicide 

usage has increased slightly while the environmental 

impact has decreased. These data shows that it is not 

always possible to extrapolate directly from the data 

previously assessed for the impacts of the same crops 

in the other countries owing to differences in 

agricultural practices in the various regions. 

On the basis of our results it appears that by 

adoption of GM soybean savings in quantities of 

herbicides applied to fields can be achieved. The same 

may hold true for the general environmental impact. 

With the banning of planting GM HT soybeans in 

2007, there are a net negative environmental impact 

associated with herbicide use to Romanian soybean 

crop, as farmers will have had to resort to conventional 

chemistry to control weeds. Brookes and Barfoot 

(2011) appreciate that on a per hectare basis, the EIQ 

load/ha will have probably increased by over 9%. Our 

resealts reveal a EIQ load/ha higher then that 

anticipated by Brookes and Barfoort [9]. 

 In conclusion, glyphosate tolerant soybean 

may prove an alternative weed management option 

with potential significant and positive effects on the 

environment. 
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