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ABSTRACT 
 

Genetically engineered plants and their residues may pose direct or indirect 
impacts on different ecosystem functions. The aim of this experiment was to 
determine the decay rates of Bt and non-Bt cotton leaves and to determine the rate at 
which the Bt-δ-endotoxin in Bt cotton leaves decomposes in soil. In laboratory 
incubation study Bt and non-Bt cotton leaves were added to a soil in which Bt cotton 
was cultivated for last three years (termed as Bt soil) and to another soil where 
transgenic crops were never cultivated (termed as Bulk soil). Different amount of 
leaf residues viz; 0%, 0.1%, 0.5%, 1%, 2% added to both the soil which represented 
varied amount of Cry1Ac (Bt toxin) viz; 0 μg/g, 0.17 μg/g, 0.8 μg/g, 1.7 μg/g, 3.4 
μg/g which was quantified by ELISA (Enzyme Linked Immunosorbent Assay). In 
73 days incubation study, there was less CO2 evolution rate from Bt leaves in 
comparison with non Bt leaves in both of the soil. Simultaneous quantification study 
of Bt toxin (Cry1AC) from both of the soil (sampled from the incubation 
experiment) at different steps reveals longer persistence of Bt toxin in soil where Bt 
cotton was cultivated for long time rather than that of Bulk soil (never cultivated 
with Bt crops).  The result suggested that though Bt toxin decomposes in soil but can 
persist in soil if cultivated for long time and Bt leaves are more recalcitrant in 
comparison with non Bt cotton leaves which may indirectly impact on soil fertility 
status due to low mineralization rate. 
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INTRODUCTION 
Cotton was transformed with a vector 

containing a full length cry 1Ac coding 
sequence driven by an enhanced 35S 
promoter that enables to express Cry 1Ac 
insecticidal δ-endotoxin in almost all parts of 
the plant. Bt-cotton is one of the genetically 

modified crops widely grown in whole over 
the world as well as it is the only permitted 
transgenic crop approved by GEAC (Genetic 
Engineering Approval Committee) to 
cultivate in the farmer’s field. Bacillus 
thuringiensis though widely distributed but 
mainly found in soil and it is a gram positive 
bacterium1. Bacillus thuringiensis produce a 
crystalline inclusion of proteins (protoxins) * Author for correspondence 
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at sporulation2 and by the action of the 
proteolytic enzymes on the protoxins in 
alkaline pH condition of insect’s midgut 
helps to release of the active δ-endotoxin. 
Stotzky and his co-workers3-5 reported  that 
δ-endotoxin from Bt Maize enters  into the 
soil system from the root exudates as well as 
from the crop residues and persist in the soil 
for the whole of the season and even after 
harvest also. Saxena and Stotzky6 reported 
persistence of Bt toxin in soil which remains 
insecticidal against tobacco horn worm 
(Manduca sexta), even 234 days after 
addition of pure from of Bt toxin to the soil. 
Another study by Tapp and Stotzky3  reveals 
that the toxin remained active in soil against 
insect larvae for more that 200 days. As a 
part of the discussion of this finding some 
reports showed that the toxin molecules get 
sorbed to the colloid surface of the soil 
particle where it is protected from the 
biodegradation7-9. Not only that 
decomposition study of Bt and non-Bt 
(corresponding near isogenic line) plant 
materials of different transgenic crops (viz. 
maize, cotton, canola, and rice) showed 
marked difference. At the time of 
decomposition δ-endotoxin released into the 
soil may become sorbed by the colloid 
particles and persist in its active form for a 
long time and which may pose impact on the 
soil microbial functional diversity. So a clear 
cut flash of light is needed in the arena of the 
decomposition study of transgenic crop 
residues as well as the δ-endotoxin dynamics 
in the soil during the decomposition process9. 

We have determined the amount of δ-
endotoxin in the soil from the experimental 
field on which Bt cotton was cultivated 
continuously for 3 years. Soils from the same 
field were taken for incubation study and 
were amended with leaves of Bt and its 
corresponding non-Bt (near isogenic line) 
leaves materials. Another incubation study 
was done by taking a soil sample in which 
transgenic crop was never cultivated (to 

assure about absence of residual δ-endotoxin 
in the soil) and amended with the same Bt 
and non-Bt plant materials. Decomposition 
rate was compared in terms of CO2 evolution 
rate in between Bt and non-Bt leaves 
materials and as well as simultaneously δ-
endotoxin decomposition rate was also 
studied. 

MATERIAL AND METHODS 
Site and soil  

Bt soils were sampled from the plots of 
Transgenic Experimental farm, Indian 
Agricultural Research Institute, New Delhi 
(28°40’ N and 77°12’ E, at an altitude of 228 
m above mean sea level), in the Indo-
Gangetic alluvial tract of India and the Bulk 
soil was collected from one km away from 
the transgenic farm site having comparable 
soil physico-chemical characters. The soil of 
the experimental site was loamy (46% sand, 
33% silt and 21% clay) with a bulk density 
of 1.38 g cm-3. The other properties of field 
soil were as, pH (1:2 soil: water) 8.1, 
electrical conductivity 0.48 dS m-1, CEC of 
7.3 C mol (p+) kg-1, organic carbon 4.5 g 
kg-1, total N 0.30 g kg-1, Olsen P 0.007 g 
kg-1, and ammonium acetate extractable K 
contents 0.13 g kg-1.  

Processing of soil sample for Bt toxin 
quantification by ELISA 

For extraction of Cry 1Ac toxin from 
rhizospheric soil samples, the protocol10 was 
followed which is briefly described as 
follows. 

0.5 g (dry weight) soil (room dried and 
sieved, 2 mm mesh) were mixed with 1.5 ml 
of extraction buffer having composition of 
0.75 M KCl, Sodium Borate 0.5M (10.5 pH), 
Ascorbic acid 10mM and Tween-20 
(0.075%)11 in 2ml capacity of eppendorf in 
triplicates. The soil samples were then 
homogenized by shaking in vortex shaker at 
maximum speed for 5 minutes. Soil 
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suspensions were then incubated for 24 hours 
at room temperature at and after that they 
were centrifuged at 16,000 rpm at 15o C in 
the REMI centrifuge. Prior to ELISA the 
supernatant was concentrated up to 120 µl by 
ultra filtration with Amicon centrifugal filter 
device ( Millipore, Amicon ultra-4, ultracel-
30k). 

Quantification of Bt toxin in soil samples 
by ELISA 

Quantification of Bt toxin was done by 
stripped Envirologix Quantikit TM. A 100 µl 
of negative control (provided in Envirologix 
Quantikit TM) was added in duplicate to the 
first 2 wells of stripped ELISA plate. To get 
the calibration curve, 100 µl of each 
calibrator (viz. 1.5 ppb, 10 ppb, and 25 ppb 
of Cry 1Ac) was added to six wells in 
duplicate. Then 100 µl of each sample 
extract (as mentioned earlier) were added in 
the remaining wells of the stripped ELISA 
plate. The contents of the plate were mixed 
thoroughly by moving the plate/strip holder 
in a rapid circular motion on the bench top 
for 20-30 seconds. The plate was then 
covered by a strip of parafilm to prevent the 
evaporation and incubated for 15 minutes at 
ambient temperature in the orbital plate 
shaker at 200 rpm. Then 100 µl of Cry 
1Ab/Ac enzyme conjugate was added to each 
well. The contents were further thoroughly 
mixed in the similar way and the plate was 
incubated for three hours in orbital plate 
shaker at 200 rpm. After incubation, the plate 
was vigorously shaken and emptied in a sink 
to remove the excess unbound materials. To 
wash away the unbound materials, the plate 
was flooded with wash buffer (provided in 
the Envirologix Quantikit TM thrice. After 
washing, the plate was inverted and soaked 
on a paper towel. Then 100 µl of substrate 
was added to each well under dark condition 
to avoid the light reaction with substrate. The 
contents of the plate were thoroughly mixed 
again and it was wrapped with a parafilm to 
avoid evaporation. After this the plate was 

incubated for half an hour in the orbital plate 
shaker at 200 rpm. Finally 100 µl of stop 
solution (provided in Envirologix Quantikit 
TM) added to stop the reaction. The intensity 
of developed colour was measured at 450 nm 
by ELISA reader with in thirty minutes of 
addition of stop solution. 

Decomposition of Bt Cotton Leaf 
Materials and Persistence of Bt Toxin 
(Cry 1Ac) 

Dried and sieved (by 2 mm mesh) soils 
were taken for incubation experiment. The 
soil was preincubated at 20oC for 7 days. 
Cotton leaves from MECH-162+Bt and the 
corresponding MECH-162-Bt (near isogenic 
line) varieties were dried at normal 
temperature under shade condition for 36 
hours and after drying were crushed into 2 
mm size fractions. 100 g of soil samples 
were taken in 1 liter conical   flask and 
different amounts (viz: control, 0.1 g, 0.5 g, 1 
g and 2 g) of Bt and its corresponding non Bt 
dried leaves were added. Different amount of 
Bt toxin was also get added (0 μg/g, 0.17 
μg/g, 0.8 μg/g, 1.7 μg/g, 3.4 μg/g) along with 
five different treatments like control, 0.1%, 
0.5%, 1%, 2% respectively. 2/3rd of water 
holding capacity was maintained whole over 
the experiment. Estimation of carbon 
mineralization at intervals by measuring the 
amount of CO2 absorbed in 0.5 N NaOH 
solutions, titrated back by 0.5N H2SO4 along 
with BaCl2 and phenolphthalein as an acid 
base indicator. Water lost from the soil, as 
determined by mass loss, was restored, and 
the NaOH traps were recharged periodically 
throughout the experiments. The experiment 
was conducted in triplicates. During the 
whole incubation period, at different time 
interval, soil was sampled out from the 
conical flask to determine the remaining 
toxin concentration. To determine the 
degradation rate of toxin (Cry 1Ac) in 
sampled soils at different intervals was at 
first dried and sieved to exclude any 
remaining leaf residues in the sampled soil. 
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For quantification of Bt toxin from the soil 
by ELISA, the same protocol was followed 
as mentioned earlier in case of quantification 
of toxin from soil samples. 

RESULTS AND DISCUSSION 
Decomposition study 

To study the impact of Bt crops on 
ecosystem functions, decomposition studies 
that could have direct impact on soil fertility 
were carried out. We have quantified the Bt 
toxin in the soils from the field plots (0.0035 
± 0.0015 μg/g of soil) of Bt cotton. But in 
bulk soil the background or inherent Bt toxin 
level as Bacillus thuringiensis is a soil 
bacterium, was in the not detectable range 
(LOD for our ELISA Quantikit was 1.25 ppb 
or, 0.00125 μg/g ). Sims and Ream12 reported 
the background level of Cry endotoxin  
considering the presence of  Bacillus 
thuringiensis in the soil ( as it is a soil 
bacterium) which has been reported to be 
approximately 0.25g/ha (calculated from 
approximately 1000 Bt spores in soil, Phyllis 
Marlin, personal communication) as 
compared to estimated amount of  protein of 
1.6 µg/g  dry soil or (4160 g/ha) due to 
transgenic  plant litter,  the concentration of 
the toxin (in the form of leaf material) to be 
added to the soil.  

The amount of C evolved as CO2, 
increased with the corresponding increase in 
the concentration of added leaf material 
irrespective of Bt or its near isogenic line in 
the Bt soil and Bulk soil. There was 
significant among the treatments (viz. 0%, 
0.1%, 0.5%, 1%, and 2%) irrespective of Bt 
and non-Bt leaves. In the Bt soil, the rate of 
CO2 evolution from the unamended soil i.e. 
control was found to be 16.85 µg CO2- C g-1 
at  73 days of incubation, which showed a 
5.5 times significant increase with the  
addition of the Bt leaf material  at 2%  
(Fig. A). However, the amounts CO2 evolved 
from both Bt and Bulk soil amended with Bt 
leaves were significantly lower from soil 
amended with its near isogenic leaves 
counterparts in all treatments except control 
and 0.1% (Fig. A, Fig. B, Fig. C and Fig. D) 
which is in confirmation with the previous 
findings6-7, 13 who also reported the lower 
CO2 -C production with the Bt maize 
residues than with near isogenic non Bt 
maize residues.  The reason for the slow 
decay of Bt maize (NK6800Bt) still couldn’t 
be ascertained, but Stotzky14 certainly ruled 
out the presence of wider C: N ratio of the Bt 
maize as the cause for the slow 
decomposition of the Bt maize. On contrary, 
difference in the amount of lignin or in its 
composition in the Bt tobacco plants could 
alter the rate of degradation15.  

 
Fig. A : Bt soil + Bt leaves. 
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Fig. B : Bt soil + non Bt leaves. 

 

 
Fig. C : Bulk soil + Bt leaves. 

 

 
Fig. D : Bulk soil + non Bt leaves. 
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δ-endotoxin analysis  
Although we could detect the presence of 

the Bt toxin (2.2 ug/g soil) in the 2% Bt 
leaves amended Bt-soil environment up to 42 
days (Table 1) but it is very difficult to 
interpret that whether the inhibition in CO2  
C is due to the presence of Bt toxin in the 
environment as the toxin can have different 
behavior in the field than in the laboratory16. 
Moreover, this was a closed experiment 
where the biotic and abiotic interactions are 
limited or the genetic manipulation of the 
plants may have produced changes in the 
plant characteristics which can influence the 
growth and species of soil microorganisms17 

which help in faster decomposition of leaves 
as well as Bt toxin. In contrast with the Bt 
soil, we could detect 2.1 ug/g soil of Bt toxin 
in the Bulk soil only upto 28 days after 
starting of the incubation study (Table 2). In 
contrast, Hopkins and Geregorich9 couldn’t 
detect the presence of the delta endotoxin in 
the decomposing plant material of Bt maize 
and soil mixtures after 14 days of incubation 
and no detectable difference in the 
decomposition  of  plant  material  from  Bt  

maize and non-Bt maize, as seen by CO2 

production was observed. The longer 
persistence of the toxin in the soil which 
lasted for 234 DAS 6 as compared to the 
detection of the toxin up to 42 days in the 
incubation experiment of decomposition 
studies may be due to the difference in the 
toxin degradation in the plant residues left on 
the soil surface and in the plant residues 
which are incorporated into the soil16. There 
may be a faster breakdown of the already 
ground sieved leaf material (containing δ-
endotoxin) by the increased population of the 
microorganisms resulting in the faster 
degradation of the Bt toxin in the closed 
incubation experiment. Furthermore, the half 
life of Cry1Ac protein has been estimated to 
be 41 days, when added to soil as transgenic 
Bt cotton plant tissues18,whereas half life is 
limited to 20 days in case of Bt potato and  Bt 
corn10. So variance in the degradation rate of   
δ-endotoxin   again depends on the Plant 
type, soil condition and other favourable 
conditions available for flourishing 
microorganism population. 

Table 1 : Amount of Cry 1Ac toxin in different time interval amended with  
Bt cotton leaves in Bt soil 

 
Treatments and toxin concentration (μg/g soil)  

Control 0.1% 0.5% 1% 2% 

14 days - <1.2 3.01 ± 0.1 4.19 ± 0.02 4.29 ± 0.1 

28 days - <1.2 2.5 ± 0.1 3.6 ± 0.01 3.8 ± 0.1 

42 days - <1.2 1.9 ±.02 2.7 ± 0.022 2.9 ± 0.1 

56 days - <1.2 <1.2 <1.2 <1.2 

 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

865 
 

Table 2 : Amount of Cry 1Ac toxin in different time interval amended with  
Bt cotton leaves in Bulk soil 

 
Treatments and toxin concentration (μg/g soil) 

Control 0.1% 0.5% 1% 2% 
14 days - <1.2 2.9 ± 0.1 4 ± 0.21 4.1 ± 0.023 
28 days - <1.2 <1.2 2.03 ± 0.13 2.1 ± 0.4 
42 days - <1.2 <1.2 <1.2 <1.2 
56 days - <1.2 <1.2 <1.2 <1.2 

 

CONCLUSION 
From this study it can be concluded that 

Bt cotton leaves materials are more 
recalcitrant in comparison to it’s near 
isogenic line (non-Bt) leave materials but 
such behavior again should be confirmed by 
the chemical composition study like percent 
lignin content etc. Persisted toxin 
concentration (0.0035±0.0015 μg/g of soil) 
from the previous transgenic crop 
cultivation, showed no significant effect on 
the decomposition or CO2 evolution rate 
when compared with the Bulk soil. But the 
longer persistence (42 days) of Bt toxin in 
the Bt soil than the Bulk soil may be due to 
previously accumulated toxins in that soil 
system again confirms about the persistency 
behavior in the soil. Moreover less 
decomposition rate of Bt leaves may pose 
direct impact on the soil fertility status due to 
low mineralization rate. 
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