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Abstract 
 
One of the very least understandings of ecological risk assessment is the impact of genetically modified crops on biotic 
and abiotic factors. Even though, farmers have adopted transgenic crops in large scale because of high yield and 
immediate financial gain. Key factor to be considered in the development of a genetically modified plant is the 
assessment of its safety. Transgenic crops may have the potential to influence the soil in which they are growing 
through the release of the Bt proteins in root exudates or from sloughed or decaying plant material. The present study 
aims to determine the impact of Bt cotton on soil physical and chemical properties of agricultural lands of three 
districts of Karnataka, India. About 21 parameters have been studied and determined that were significant differences 
in the soil nutrients such as nitrogen, potassium and other essential salts such as calcium and magnesium between 
transgenic and Non-transgenic cotton growing field. All results obtained in the present work suggested that there is no 
notable significant impact to specify any negative effects of transgenic cotton on the soil properties. 
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INTRODUCTION 
 
In India, cotton crop is an important 
agricultural crop which is playing a vital role in 
economy of the country through supporting 
millions of lives by cultivation, processing and 
trading of this industrial crop. India ranks 
second in cotton production with 6423 metric 
tons after China. In recent years, cotton 
cultivation area is fluctuating between 8-9 
million hectares. Insects and pests are the most 
important pathogens to reduce the cotton 
production by infecting during various stages 
of growth. Loses up to 60% is caused by 
defoliators, tissue borers or bollworms and sap 
suckers. Considerable benefits such as increase 
in crop yield through the control of plant 
diseases and reduction in the use of chemical 
fertilizers and pesticides have been noticed by 
the use of transgenic crops. In recent times, 
several concerns remain on the impact of 
transgenic organisms for their adverse effect on 
soil ecosystem (Icoz and Stotzky, 2008). Soil 
biota is diverse in terms of their physiology, 
size and environmental requirements and that 

the composition and metabolic capabilities of 
soil biota communities underpin many soil 
processes. Plant-microbe interactions also play 
a critical role in variety of biological functions 
in the rhizosphere soil (Nihorimbere et al., 
2011). Plant residues as well play an important 
role in these interactions which includes leaf 
litter and root exudates from Bt cotton that 
could potentially influence soil ecosystem 
functions. It is well known that Bt Cotton 
plants produce Bt-toxin in above-ground parts. 
Many researchers have suggested that Bt-toxin 
is also released from roots, and could bind to 
clay minerals in soil, raising concerns about the 
persistence of the toxin (Saxena and Stotzky, 
2000; Knox et al., 2008; Audiseshamma et al., 
2014). 
Alteration in the soil ecosystem ultimately 
affects the microbial dynamics, availability of 
soil microbial diversity, soil functions such as 
nutrient mineralization, carbon turnover, plant 
growth promotions and biodegradation 
processes (Dunfield and Germida, 2004; 
Stotzky, 2004; Beura and Rakshit, 2011). 
Among researchers, there is a concern about 
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Figure 5. Wind speed (m/s) 
Winds with high frequency are the SV, SE, S 
and then the NE, NNE şi V.  

Table 5. Wind direction (%)  

 
CONCLUSIONS  
 
In order to play as faithfully as possible the 
situation and in achieve an interpretation as 

correctly as possible, we have used the climatic 
values registered at the closest to the area of 
study meteorological station (Iezer Station).  
For the works designed to fight soil erosion we 
analyse the climate elements with values 
registered for a longer period of time. 
Climatic elements, especially rainfall, have a 
major role in determining water and soil spills 
on mountain sides and water flows. Likewise, it 
contributes to sizing and applying the most 
corresponding works of soil protection. 
Regarding the climatic element - temperature, 
in the studied range of 2006-2015, an average 
temperature of 3.08oC has been registered. The   
wind’s average speed, possessing a value of 3 
m/s is classified as “weak wind” (1.8-3.3 m/s, 
according to the empirical scale for describing 
wind speeds - Beaufort scale of wind speed). 
The air currents that run on large areas, areas 
that don’t have continuous vegetal coating, 
causes in time the erosion phenomena’s 
apparition.  
For the studied area, following the humidity 
analysis, an average value of over 80% has 
resulted, being strongly influenced by the 
hypsometric steps, vegetation and wind speed. 
Thus, these four climatic factors offer essential 
information in the context of erosion. 
 
REFERENCES 
 
Ceaușu N., Florescu Gh., Mureșan D., Pleșa I., Popescu 

I., Vaisman I., 1976. Land Reclamation. Didactic and 
Pedagogic Publishing House, Bucharest 

***Rodnei Mountains National Park, Management Plan, 
2014. 

***http://www.geography.ro/rapoarte/Raport_stiintific_i
unie_2007-2.pdf. 

 
 
 
 
 
 
 

Scientific Papers. Series A. Agronomy, Vol. LX, 2017
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785



96

  
  

the transgenic crop release of  Bt toxins in to 
the soil environment which may reduce soil 
fertility as changes in chemical and biological 
activities. Changes in the soil ecosystems may 
include changes in microbial dynamics, soil 
biodiversity, nutrient mineralization, plant 
growth and biodegradation of agrochemicals 
because they usually produce insecticidal Cry 
proteins (Bt toxin) through all parts of the plant 
(Icoz and Stotzky, 2008). Over the last decade, 
many researchers carried out research on the 
assessment of the usage of genetically modified 
crops and microorganisms in agriculture 
promotion (Sharma and Ortiz, 2000). Biosafety 
assessment of genetically modified crops is 
very important aspect to study their impact on 
soil ecosystem (Bruinsma et al., 2003; 
Kowalchuk et al., 2003). 
Impact of genetically modified (GM) crops on 
soil microorganism especially rhizosphere are 
still least understood areas in the application of 
GM crops. Nutrient and essential element 
cycling is mainly takes place due to 
rhizosphere microorganisms. Any changes in 
the rhizosphere microbial community due to Bt 
toxin have either positive or negative impact on 
plant growth and environmental health 
(Dunfield and Germida, 2004). Plants are 
releasing 20% of their assimilates to the 
rhizospheric soil as root exudates and at the end 
of plant life, the residues of crops are released 
to the soil, any changes in the plant exudates or 
plants content have direct impact on 
rhizosphere microbes which ultimately affect 
the biogeochemical cycle and soil fertility 
(Whipps, 1990). Hence, the present work aims 
at studying the impact of transgenic cotton on 
soil physicochemical properties in Northern 
Karnataka, India. 
 
MATERIALS AND METHODS 
 
Study area 
The study was carried out in three districts of 
Northern Karnataka, India where cotton is 
intensively grown for several years. Haveri is 
located in the middle of the State, with 14°80' 
N and 75°40' E of Latitude and Longitude 
respectively. Dharwad is located in the 
northwest of Karnataka with 15°27' N Latitude 
and 75°05' E Longitude. Belgaum is located in 
northwestern part of the state at 15°87� N and 

74°50� E of Latitude and Longitude 
respectively. These three districts of Karnataka 
are known for cultivation of transgenic cotton 
crops regularly. 
 
Soil collection and physicochemical analysis 
Soil samples were collected from three districts 
such as Belgaum, Haveri and Dharwad of 
North Karnataka from Bt and Non-Bt cotton 
crop fields. Bt cotton fields were selected 
where Bt crops had been planted for more than 
ten years which was compared with the Non-Bt 
fields. Before sowing and after harvest, soil 
samples were collected in the depth of 25, 50 
and 75 cm.  
Composite samples were taken from random 
pits on profile basis using augur, totally 108 
composite soil samples were analyzed. 
Physicochemical properties such as pH, Ca, 
Mg, Cl, available potassium, nitrate nitrogen, 
ammonical nitrogen, available phosphate, % 
oxidizable organic carbon, sulfur, sodium, zinc, 
iron, manganous and copper were analyzed 
using standard protocols for Bt and Non-Bt soil 
samples (Jackson, 1967; Trivedy and Goel, 
1986). 
 
Statistical analysis 
The statistical differences among the data were 
determined by independent samples test in 
ANOVA at the 95% confidence interval of the 
mean with SPSS 16.0 version. Differences 
were considered p≤0.05 as significant. 
 
RESULTS AND DISCUSSIONS 
 
Duration of Bt-cotton planting at different 
sampling sites in the districts of Belgaum, 
Haveri and Dharwad of Northern Karnataka in 
India is given in Table 1.  
Physicochemical properties of before sowing 
and after harvesting of BT and Non-Bt cotton 
soil samples of three districts have been 
analyzed and the results are given in Tables 2, 
3 and 4. Data from this study suggests that, 
among 108 soil samples collected from three 
districts, the pH of all the collected soil 
samples were alkaline in nature.  
The pH of the soil is not constant, which will 
change over time, based on the parent material, 
weathering and current agricultural practices 
(Icoz and Stotzky, 2008).  

  
  

Table 1. Details of Bt-cotton planting at different sampling sites in Northern Karnataka, India 

District Sampling site Soil type Years of Bt-cotton grown prior to sampling 
Belgaum Gokak  Clay loam 14 

Athani Clay loam 
Belgaum Clay to clay loam 

Haveri Hangal Clay loam 15 
Tavarmallihalli Clay loam 
Haveri Clay loam 

Dharwad Annigeri Clay loam 13 
Dharwad Black soil 
Aminbhavi Clay loam 

  

Table 2. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Belgaum District of 
Karnataka, India 

Parameters Before sowing  After harvest 
NBT BT  NBT BT 

pH 8.01a±0.31 9.10b±0.21  8.50a±0.27 8.41a±0.15 
Ca meq/100g 25.21a±1.89 13.41b±0.10  33.54a±0.99 21.99a±1.24 
Mg meq/100g 6.91a±0.41 10.62b±0.01  13.32a±0.30 9.08b±0.59 
Cl meq/100g 7.82a±0.55 8.07a±0.51  6.16a±0.67 7.63a±0.70 
Available Potassium Kg/ha 123.28a±1.63 145.53b±0.94  141.84a±0.70 137.11b±1.37 
Nitrate Nitrogen Kg/ha 7.32a±0.71 4.78 b±0.50  7.00a±0.90 4.77a±0.73 
Ammonical Nitrogen Kg/ha 46.07a±0.73 12.62b±0.83  32.49a±0.04 22.87b±0.65 
Available Phosphate Kg/ha 17.16a±0.56 13.17b±0.16  9.58a±0.64 9.90a±0.75 
% Oxidizable Organic Carbon 0.34a±0.03 0.52b±0.02  0.53a±0.02 0.49a±0.02 
Sulfur Kg/ha 4.09a±0.42 8.02b±0.83  6.32a±0.66 6.37b±0.87 
Sodium meq/100g 0.48a±0.04 0.65b±0.04  0.31a±0.02 0.27a±0.02 
Zinc ppm 1.09a±0.19 0.62b±0.02  1.05a±0.17 0.62b±0.11 
Iron ppm 1.30a±0.16 2.56b±0.25  1.88a±0.19 1.91a±0.12 
Manganous ppm 18.57a±0.61 24.45a±0.71  21.73a±0.92 22.72a±0.76 
Copper ppm 2.78a±0.27 5.12b±0.58  5.70a±0.75 5.61a±0.61 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
 

Table 3. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Haveri District of 
Karnataka, India 

Parameters Before sowing  After harvest 
NBT BT  NBT BT 

pH 9.10a±0.13 8.78a±0.25  8.57a±0.12 8.23a±0.10 
Ca meq/100g 13.60a±0.59 19.10b±0.68  26.35a±1.21 17.68b±0.02 
Mg meq/100g 10.28a±0.97 12.29b±0.36  12.47a±0.12 11.56a±0.72 
Cl meq/100g 8.17a±0.35 6.99a±0.42  7.18a±0.58 9.20b±0.66 
Available Potassium Kg/ha 235.90a±1.40 203.54b±0.10  172.73a±1.39 198.85b±1.09 
Nitrate Nitrogen Kg/ha 5.64a±0.63 6.35a±0.62  8.61a±0.15 7.17b±0.67 
Ammonical Nitrogen Kg/ha 15.30a±0.85 12.94b±0.86  33.68a±1.31 37.11a±0.70 
Available Phosphate Kg/ha 11.58a±0.82 12.27a±0.91  11.28a±0.79 8.70a±0.49 
% Oxidizable Organic Carbon 0.59a±0.01 0.52a±0.06  0.36a±0.01 0.28a±0.12 
Sulfur Kg/ha 8.13a±0.77 8.57a±0.22  21.78a±0.71 12.13b±0.23 
Sodium meq/100g 2.90a±0.51 0.47b±0.02  0.39a±0.01 0.20b±0.07 
Zinc ppm 0.38a±0.02 0.47a±0.06  0.68a±0.15 0.64a±0.11 
Iron ppm 1.76a±0.18 1.86a±0.21  2.18a±0.26 2.11a±0.17 
Manganous ppm 18.57a±0.61 53.65b±1.05  29.47a±0.80 32.27a±1.04 
Copper ppm 2.79a±0.28 4.12b±0.59  2.43a±0.23 2.26a±0.39 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
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the transgenic crop release of  Bt toxins in to 
the soil environment which may reduce soil 
fertility as changes in chemical and biological 
activities. Changes in the soil ecosystems may 
include changes in microbial dynamics, soil 
biodiversity, nutrient mineralization, plant 
growth and biodegradation of agrochemicals 
because they usually produce insecticidal Cry 
proteins (Bt toxin) through all parts of the plant 
(Icoz and Stotzky, 2008). Over the last decade, 
many researchers carried out research on the 
assessment of the usage of genetically modified 
crops and microorganisms in agriculture 
promotion (Sharma and Ortiz, 2000). Biosafety 
assessment of genetically modified crops is 
very important aspect to study their impact on 
soil ecosystem (Bruinsma et al., 2003; 
Kowalchuk et al., 2003). 
Impact of genetically modified (GM) crops on 
soil microorganism especially rhizosphere are 
still least understood areas in the application of 
GM crops. Nutrient and essential element 
cycling is mainly takes place due to 
rhizosphere microorganisms. Any changes in 
the rhizosphere microbial community due to Bt 
toxin have either positive or negative impact on 
plant growth and environmental health 
(Dunfield and Germida, 2004). Plants are 
releasing 20% of their assimilates to the 
rhizospheric soil as root exudates and at the end 
of plant life, the residues of crops are released 
to the soil, any changes in the plant exudates or 
plants content have direct impact on 
rhizosphere microbes which ultimately affect 
the biogeochemical cycle and soil fertility 
(Whipps, 1990). Hence, the present work aims 
at studying the impact of transgenic cotton on 
soil physicochemical properties in Northern 
Karnataka, India. 
 
MATERIALS AND METHODS 
 
Study area 
The study was carried out in three districts of 
Northern Karnataka, India where cotton is 
intensively grown for several years. Haveri is 
located in the middle of the State, with 14°80' 
N and 75°40' E of Latitude and Longitude 
respectively. Dharwad is located in the 
northwest of Karnataka with 15°27' N Latitude 
and 75°05' E Longitude. Belgaum is located in 
northwestern part of the state at 15°87� N and 

74°50� E of Latitude and Longitude 
respectively. These three districts of Karnataka 
are known for cultivation of transgenic cotton 
crops regularly. 
 
Soil collection and physicochemical analysis 
Soil samples were collected from three districts 
such as Belgaum, Haveri and Dharwad of 
North Karnataka from Bt and Non-Bt cotton 
crop fields. Bt cotton fields were selected 
where Bt crops had been planted for more than 
ten years which was compared with the Non-Bt 
fields. Before sowing and after harvest, soil 
samples were collected in the depth of 25, 50 
and 75 cm.  
Composite samples were taken from random 
pits on profile basis using augur, totally 108 
composite soil samples were analyzed. 
Physicochemical properties such as pH, Ca, 
Mg, Cl, available potassium, nitrate nitrogen, 
ammonical nitrogen, available phosphate, % 
oxidizable organic carbon, sulfur, sodium, zinc, 
iron, manganous and copper were analyzed 
using standard protocols for Bt and Non-Bt soil 
samples (Jackson, 1967; Trivedy and Goel, 
1986). 
 
Statistical analysis 
The statistical differences among the data were 
determined by independent samples test in 
ANOVA at the 95% confidence interval of the 
mean with SPSS 16.0 version. Differences 
were considered p≤0.05 as significant. 
 
RESULTS AND DISCUSSIONS 
 
Duration of Bt-cotton planting at different 
sampling sites in the districts of Belgaum, 
Haveri and Dharwad of Northern Karnataka in 
India is given in Table 1.  
Physicochemical properties of before sowing 
and after harvesting of BT and Non-Bt cotton 
soil samples of three districts have been 
analyzed and the results are given in Tables 2, 
3 and 4. Data from this study suggests that, 
among 108 soil samples collected from three 
districts, the pH of all the collected soil 
samples were alkaline in nature.  
The pH of the soil is not constant, which will 
change over time, based on the parent material, 
weathering and current agricultural practices 
(Icoz and Stotzky, 2008).  

  
  

Table 1. Details of Bt-cotton planting at different sampling sites in Northern Karnataka, India 

District Sampling site Soil type Years of Bt-cotton grown prior to sampling 
Belgaum Gokak  Clay loam 14 

Athani Clay loam 
Belgaum Clay to clay loam 

Haveri Hangal Clay loam 15 
Tavarmallihalli Clay loam 
Haveri Clay loam 

Dharwad Annigeri Clay loam 13 
Dharwad Black soil 
Aminbhavi Clay loam 

  

Table 2. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Belgaum District of 
Karnataka, India 

Parameters Before sowing  After harvest 
NBT BT  NBT BT 

pH 8.01a±0.31 9.10b±0.21  8.50a±0.27 8.41a±0.15 
Ca meq/100g 25.21a±1.89 13.41b±0.10  33.54a±0.99 21.99a±1.24 
Mg meq/100g 6.91a±0.41 10.62b±0.01  13.32a±0.30 9.08b±0.59 
Cl meq/100g 7.82a±0.55 8.07a±0.51  6.16a±0.67 7.63a±0.70 
Available Potassium Kg/ha 123.28a±1.63 145.53b±0.94  141.84a±0.70 137.11b±1.37 
Nitrate Nitrogen Kg/ha 7.32a±0.71 4.78 b±0.50  7.00a±0.90 4.77a±0.73 
Ammonical Nitrogen Kg/ha 46.07a±0.73 12.62b±0.83  32.49a±0.04 22.87b±0.65 
Available Phosphate Kg/ha 17.16a±0.56 13.17b±0.16  9.58a±0.64 9.90a±0.75 
% Oxidizable Organic Carbon 0.34a±0.03 0.52b±0.02  0.53a±0.02 0.49a±0.02 
Sulfur Kg/ha 4.09a±0.42 8.02b±0.83  6.32a±0.66 6.37b±0.87 
Sodium meq/100g 0.48a±0.04 0.65b±0.04  0.31a±0.02 0.27a±0.02 
Zinc ppm 1.09a±0.19 0.62b±0.02  1.05a±0.17 0.62b±0.11 
Iron ppm 1.30a±0.16 2.56b±0.25  1.88a±0.19 1.91a±0.12 
Manganous ppm 18.57a±0.61 24.45a±0.71  21.73a±0.92 22.72a±0.76 
Copper ppm 2.78a±0.27 5.12b±0.58  5.70a±0.75 5.61a±0.61 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
 

Table 3. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Haveri District of 
Karnataka, India 

Parameters Before sowing  After harvest 
NBT BT  NBT BT 

pH 9.10a±0.13 8.78a±0.25  8.57a±0.12 8.23a±0.10 
Ca meq/100g 13.60a±0.59 19.10b±0.68  26.35a±1.21 17.68b±0.02 
Mg meq/100g 10.28a±0.97 12.29b±0.36  12.47a±0.12 11.56a±0.72 
Cl meq/100g 8.17a±0.35 6.99a±0.42  7.18a±0.58 9.20b±0.66 
Available Potassium Kg/ha 235.90a±1.40 203.54b±0.10  172.73a±1.39 198.85b±1.09 
Nitrate Nitrogen Kg/ha 5.64a±0.63 6.35a±0.62  8.61a±0.15 7.17b±0.67 
Ammonical Nitrogen Kg/ha 15.30a±0.85 12.94b±0.86  33.68a±1.31 37.11a±0.70 
Available Phosphate Kg/ha 11.58a±0.82 12.27a±0.91  11.28a±0.79 8.70a±0.49 
% Oxidizable Organic Carbon 0.59a±0.01 0.52a±0.06  0.36a±0.01 0.28a±0.12 
Sulfur Kg/ha 8.13a±0.77 8.57a±0.22  21.78a±0.71 12.13b±0.23 
Sodium meq/100g 2.90a±0.51 0.47b±0.02  0.39a±0.01 0.20b±0.07 
Zinc ppm 0.38a±0.02 0.47a±0.06  0.68a±0.15 0.64a±0.11 
Iron ppm 1.76a±0.18 1.86a±0.21  2.18a±0.26 2.11a±0.17 
Manganous ppm 18.57a±0.61 53.65b±1.05  29.47a±0.80 32.27a±1.04 
Copper ppm 2.79a±0.28 4.12b±0.59  2.43a±0.23 2.26a±0.39 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
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Table 4. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Dharwad District of 
Karnataka, India 

Parameters  Before sowing  After harvest 
NBT BT  NBT BT 

pH 7.97a±0.35 8.32a±0.18  8.42a±0.19 8.71a±0.19 
Ca meq/100g 20.57a±1.04 14.92b±0.84  28.77a±1.72 25.97a±1.48 
Mg meq/100g 10.71a±0.10 14.42b±0.31  17.60a±1.16 13.67b±0.72 
Cl meq/100g 6.86a±0.57 9.08b±0.41  6.38a±0.54  6.74a±0.59  
Available Potassium Kg/ha 163.77a±1.16 217.93b±1.39  206.30a±1.90 254.02b±1.21 
Nitrate Nitrogen Kg/ha 7.26a±0.80 6.99a±0.55  6.92a±0.60 6.85a±0.49 
Ammonical Nitrogen Kg/ha 17.22a±0.71 12.41b±0.31  44.55a±1.62 22.56a±1.24 
Available Phosphate Kg/ha 12.12a±0.04 13.63a±0.12  11.63a±0.13 8.88a±0.20 
% Oxidizable Organic Carbon 0.43a±0.01 0.61b±0.06  0.45a±0.02 0.42a±0.02 
Sulfur Kg/ha 7.95a±0.44 10.82b±0.84  13.42a±1.05 9.03b±0.85 
Sodium meq/100g 0.53a±0.04 0.54a±0.03  0.35a±0.02 0.29a±0.03 
Zinc ppm 0.52a±0.06 0.50a±0.84  0.61a±0.01 0.49b±0.10 
Iron ppm 1.56a±0.25 2.51b±0.19  4.61a±0.80 1.98a±0.16 
Manganous ppm 29.67a±1.13 28.63a±1.02  32.42a±1.09 38.48a±1.87 
Copper ppm 4.50a±0.59 5.20a±0.59  2.51a±0.26 2.76a±0.48 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
 
There is no much difference in the soil samples 
of three districts with respect to soil chemical 
properties. Results also confirmed that samples 
collected from three districts showed poor soil 
fertility. This may be due to poor cultivation 
practices among farmers. Results compared 
with Bt and Non-Bt soil samples suggests that 
there is no measurable impact of cultivation of 
Bt cotton on soil chemical parameters 
observed. Significant differences in many of 
the soil properties particularly before sowing 
was observed between the Bt and Non-Bt soil 
samples of three districts. Significance of 
differences was tested by using independent 
samples test in ANOVA. 
Based on the analysis of soil samples of before 
sowing from Bt and Non-Bt cotton from 
Belgaum district shows significant difference 
in all the chemical properties other than 
chloride and manganous. After harvest of the 
Bt and Non-Bt cotton the soil analysis showed 
significant differences in magnesium, available 
potassium, ammonical nitrogen, sulfur and 
zinc. Bt and Non-Bt (before sowing) soil 
samples of Haveri district shows significant 
differences in calcium, magnesium, available 
potassium, ammonical nitrogen, sodium, 
manganous and copper. After harvest of Bt and 
Non-Bt cotton field soil samples of Haveri 
district shows significant difference in calcium, 
chloride, available potassium, nitrate nitrogen, 
sulfur, sodium and sulfur. Bt and Non-Bt 
(before sowing) soil samples of Dharwad 

district shows significant differences in 
calcium, magnesium, chloride, available 
potassium, ammonical nitrogen, % oxidizable 
organic carbon, sulfur and iron. Bt and Non-Bt 
(after harvest) soil samples of Dharwad district 
shows significant differences in magnesium, 
available potassium, sulfur and zinc. 
The present work was designed to study the 
impact of continuous cultivation of Bt cotton 
for decades on soil properties. Based on the 
analytical and statistical results of the soil 
properties from Bt and Non-Bt cotton 
cultivated soil before sowing and after 
harvesting suggests that there are no much 
differences in chemical properties of the soil. 
Significant differences of some chemical 
compounds can be expected as a result of plant 
nutrient uptake and after harvesting releases of 
plant residues on the field. Results of this study 
suggested that there is negligible difference in 
nutrient mineralization in reference to nitrogen, 
potassium and phosphorous before sowing and 
after harvest in Bt and Non-Bt cotton fields. 
Moreover, overall results suggest that there is 
no significant adverse effect of Bt cotton on 
soil ecosystems. 
 
CONCLUSIONS 
 
The present study conclude that there were very 
less significant differences in essential 
ecosystem functions such as nutrient 
mineralization with reference to analyzed 

  
  

physicochemical parameters between Bt and 
Non-Bt cotton fields during before sowing and 
after harvesting period in three districts of 
Northern Karnataka, India. In conclusion, there 
was no alarming significant evidence to 
indicate any adverse effects of Bt cotton on the 
physicochemical properties of soil ecosystem 
in Northern Karnataka, India. 
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Table 4. Soil properties of Bt and Non-Bt cotton growing fields before sowing and after harvest in Dharwad District of 
Karnataka, India 

Parameters  Before sowing  After harvest 
NBT BT  NBT BT 

pH 7.97a±0.35 8.32a±0.18  8.42a±0.19 8.71a±0.19 
Ca meq/100g 20.57a±1.04 14.92b±0.84  28.77a±1.72 25.97a±1.48 
Mg meq/100g 10.71a±0.10 14.42b±0.31  17.60a±1.16 13.67b±0.72 
Cl meq/100g 6.86a±0.57 9.08b±0.41  6.38a±0.54  6.74a±0.59  
Available Potassium Kg/ha 163.77a±1.16 217.93b±1.39  206.30a±1.90 254.02b±1.21 
Nitrate Nitrogen Kg/ha 7.26a±0.80 6.99a±0.55  6.92a±0.60 6.85a±0.49 
Ammonical Nitrogen Kg/ha 17.22a±0.71 12.41b±0.31  44.55a±1.62 22.56a±1.24 
Available Phosphate Kg/ha 12.12a±0.04 13.63a±0.12  11.63a±0.13 8.88a±0.20 
% Oxidizable Organic Carbon 0.43a±0.01 0.61b±0.06  0.45a±0.02 0.42a±0.02 
Sulfur Kg/ha 7.95a±0.44 10.82b±0.84  13.42a±1.05 9.03b±0.85 
Sodium meq/100g 0.53a±0.04 0.54a±0.03  0.35a±0.02 0.29a±0.03 
Zinc ppm 0.52a±0.06 0.50a±0.84  0.61a±0.01 0.49b±0.10 
Iron ppm 1.56a±0.25 2.51b±0.19  4.61a±0.80 1.98a±0.16 
Manganous ppm 29.67a±1.13 28.63a±1.02  32.42a±1.09 38.48a±1.87 
Copper ppm 4.50a±0.59 5.20a±0.59  2.51a±0.26 2.76a±0.48 
NBT: Non-Bt cotton field soil sample; BT: Bt cotton field soil sample; Same superscript in the same row under each 
head is not significantly different; different superscript in the same row under each head is significantly different. 
 
There is no much difference in the soil samples 
of three districts with respect to soil chemical 
properties. Results also confirmed that samples 
collected from three districts showed poor soil 
fertility. This may be due to poor cultivation 
practices among farmers. Results compared 
with Bt and Non-Bt soil samples suggests that 
there is no measurable impact of cultivation of 
Bt cotton on soil chemical parameters 
observed. Significant differences in many of 
the soil properties particularly before sowing 
was observed between the Bt and Non-Bt soil 
samples of three districts. Significance of 
differences was tested by using independent 
samples test in ANOVA. 
Based on the analysis of soil samples of before 
sowing from Bt and Non-Bt cotton from 
Belgaum district shows significant difference 
in all the chemical properties other than 
chloride and manganous. After harvest of the 
Bt and Non-Bt cotton the soil analysis showed 
significant differences in magnesium, available 
potassium, ammonical nitrogen, sulfur and 
zinc. Bt and Non-Bt (before sowing) soil 
samples of Haveri district shows significant 
differences in calcium, magnesium, available 
potassium, ammonical nitrogen, sodium, 
manganous and copper. After harvest of Bt and 
Non-Bt cotton field soil samples of Haveri 
district shows significant difference in calcium, 
chloride, available potassium, nitrate nitrogen, 
sulfur, sodium and sulfur. Bt and Non-Bt 
(before sowing) soil samples of Dharwad 

district shows significant differences in 
calcium, magnesium, chloride, available 
potassium, ammonical nitrogen, % oxidizable 
organic carbon, sulfur and iron. Bt and Non-Bt 
(after harvest) soil samples of Dharwad district 
shows significant differences in magnesium, 
available potassium, sulfur and zinc. 
The present work was designed to study the 
impact of continuous cultivation of Bt cotton 
for decades on soil properties. Based on the 
analytical and statistical results of the soil 
properties from Bt and Non-Bt cotton 
cultivated soil before sowing and after 
harvesting suggests that there are no much 
differences in chemical properties of the soil. 
Significant differences of some chemical 
compounds can be expected as a result of plant 
nutrient uptake and after harvesting releases of 
plant residues on the field. Results of this study 
suggested that there is negligible difference in 
nutrient mineralization in reference to nitrogen, 
potassium and phosphorous before sowing and 
after harvest in Bt and Non-Bt cotton fields. 
Moreover, overall results suggest that there is 
no significant adverse effect of Bt cotton on 
soil ecosystems. 
 
CONCLUSIONS 
 
The present study conclude that there were very 
less significant differences in essential 
ecosystem functions such as nutrient 
mineralization with reference to analyzed 

  
  

physicochemical parameters between Bt and 
Non-Bt cotton fields during before sowing and 
after harvesting period in three districts of 
Northern Karnataka, India. In conclusion, there 
was no alarming significant evidence to 
indicate any adverse effects of Bt cotton on the 
physicochemical properties of soil ecosystem 
in Northern Karnataka, India. 
 
ACKNOWLEDGEMENTS 
 
Authors wish to thank University Grants 
Commission, New Delhi for funding under Dr. 
D.S. Kothari Postdoctoral Fellowship (F.4-
2/2006(BSR)/13-635/2012(BSR) for this study. 
 
REFERENCES 
 
Audiseshamma K., Paramageetham Ch., Theja P.C., 

Hooda V., Babu G.P., 2014. Influence of transgenic 
Bt crop root exudates on rhizospheric soil microflora. 
International Journal of Current Microbiology and 
Applied Sciences, 3(5):289-294. 

Beura K., Rakshit A., 2011. Effect of Bt cotton on 
nutrient dynamics under varied soil type. Italian 
Journal of Agronomy, 6:25-28. 

Bruinsma M., Kowalchuk G.A., Van Veen J.A., 2003. 
Effects of genetically modified plants on microbial 
communities and processes in soil. Biology and 
Fertility of Soils, 37:329-337. 

Dunfield K.E., Germida J.J., 2004. Impact of genetically 
modified crops on soil and plant-associated microbial 
communities. J. Environ. Qual., 33:806-815. 

Icoz I., Stotzky G., 2008. Fate and effects of insect 
resistant Bt crops in soil ecosystem. Soil Biology and 
Biochemistry, 40:559-586. 

Jackson M.L., 1967. Soil chemical analysis, Prentice-
Hall of India, New Delhi, India. 

Knox O.G.G., Gupta V.V.S.R., Roberts G.N., Downes 
S.J., 2008. Improving environmental loading 
assessments of Cry protein from GM plants based on 
experimentation in cotton. The Open Agriculture 
Journal, 2:105-112. 

Kowalchuk G.A., Bruinsma M., Van Veen J.A., 2003. 
Assessing soil ecosystem responses to GM plants. 
Trends in Ecology and Evolution, 18:403-410. 

Nihorimbere V., Ongena M., Smargiassi M., Thonart P., 
2011. Beneficial effect of the rhizosphere microbial 
community for plant growth and health. Biotechnol. 
Agron. Soc. Environ., 15(2):327-337. 

Saxena D., Stotzky G., 2000. Insecticidal toxin from 
Bacillus thuringiensis is released from roots of 
transgenic Bt corn in vitro and in situ. FEMS 
Microbiol. Ecol., 33(1):35-39. 

Sharma K.K., Ortiz R., 2000. Program for the application 
of the genetic engineering for crop improvement in 
the semi-arid tropics. In Vitro Cellular and 
Developmental Biology (Plant), 36:83-92. 

Stotzky G., 2004. Persistence and biological activity in 
soil of the insecticidal proteins from Bacillus 
thuringiensis especially from transgenic plants. Plant 
and Soil, 266:77-89. 

Trivedi R. K., Goel P.K., 1986. Chemical and biological 
methods for water pollution studies. Environmental 
Publication, Karad, India. 

Whipps J.M., 1990. Microbial interactions and 
biocontrol in the rhizosphere. J. Exp. Bot., 52:487-
511. 

 
 

 


