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Abstract. Pot experiments were conducted to assess the possibly adverse effect of transgenic Bt- and 

CpTI-cotton (Bacillus thuringiensis and cowpea trypsin inhibitor cotton) on soil ecosystem. Soil enzymes 

activities and microbial molecular community and diversity based on 16s- and 18s-PCR-DGGE 

(polymerase chain reaction-denaturing gradient gel electrophoresis) profiles were determined by adding 

root exudates of Bt- and CpTI-cotton into soil. Results showed that the root exudates of transgenic cotton 

seedlings increased the soil catalase activity by 21.8% to 32.7%. The soil urease activity was decreased by 

11.0% while the activity in the treatment of 1ml/350g soil was increased by 18.1% compared to control. 

The invertase activity in the treatment of 1 ml/350g soil was increased by 54.2%, however, the activity in 

the treatments of 2 and 4 ml/350 g soil was decreased by from 25% to 29.2%. The total 16sPCR-DGGE lane 

bands of bacterial community and diversity were almost not different. However, the effect pattern of root 

exudates of transgenic cotton on soil fungal community and diversity was differed from bacteria. The 

fungal community number and composition were changed. Though some dominant community 

disappeared and other newly dominant community appeared, the fungal stability index was increased. 

Results suggested there was little significantly adverse effect of Bt- and CpTI-cotton on soil ecosystem. 

Keywords: transgenic Bt+CpTI cotton, root exudates, soil enzymes,·soil microbial diversity,·biosafety 

assessment 

 
Abbreviations: Trangenic Bt+CpTI cotton-transgenic Bacillus thuringiensis + cowpea trypsin inhibitor 

cotton; CAT-catalase  

Introduction 

Genomic technologies have been used to improve cultivated crop species, which 

provides an opportunity to transfer new specific traits of interest into other valuable 

genotypes (GMO-genetically modified organism) within a short period of time, and 

greatly reduces costs by promoting crop yield and environmental risk by decreasing the 

use of chemical insecticides (Peferoen, 1997; Baute et al., 2002; Bourguet et al., 2002; 

Rahman et al., 2015). On a global basis in 2010, about 15.4 million farmers grew biotech 

crops on about 1 billion ha (James, 2010).  
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Cotton (Gossypium hirsutum L.) is one of the most economically important crops in 

the world. The first commercially available transgenic cotton expressing an insecticidal 

protein (Cry1Ac from Bt) was produced in the United Sates in 1995 (Environmental 

Protection Agency, 1998). Subsequently the growing area of Bt cotton cultivars has 

steadily increased, especially in China and India (Wu et al., 2011; Raman et al., 2015; 

Zaman et al., 2015). Proteinase inhibitor (PI) gene-transformed cotton plants, especially 

the CpTI gene (cowpea trypsin inhibitor gene) found and derived from edible parts of 

cowpea, were also introduced for broader insect-resistance. Bt and CpTI, together or 

individually, defend transgenic cotton from attack and damage by specific pest insects. 

As a novel technology, however, there have beenargues about the safety of transgenic 

crops that still continue today. Since the original production of transgenic plants, there 

has been worldwide debate about the safe use of these plants and their products. The 

potential risks and benefits of transgenic plants should be evaluated independently and 

objectively. Risk assessment of transgenic crops is a basic prerequisite for monitoring the 

possible risks that could arise upon the release and use of transgenic plants (Talas-Ogras, 

2011). Recently regulations have been developed to address the risks of releasing 

transgenic plants into the natural environment. Clearly, future agricultural ecosystems, 

and ultimately also natural ecosystems, will be challenged by the large-scale introduction 

of transgenic plants, containing entirely novel genes and gene products in new 

combinations at high frequencies. All of these may have unknown impacts on their 

associated complex of non-target organisms, i.e. all organisms that are not targeted by the 

insecticidal proteins produced by the transgenic plants (Velkov et al., 2005). 

Such effects have been investigated numerous times. Growing Bt rice cultivars 

effectively decreased in situ CH4 emission fluxes and methanogenic archaeal and 

methanotrophic bacterial community abundance and diversity (Han et al., 2013). 

However, increasing the fructose content of transgenic cotton (Bt and chi) (Modirroosta 

et al., 2014) had no direct adverse impacts on honeybees feeding on transgenic cotton 

pollen (Liu et al., 2005a, 2005b). No Bt protein was found to be taken up from soil by 

non-Bt corn, carrot, radish, or turnip grown in soil in which Bt corn had been grown or 

into which biomass of Bt corn had been incorporated (Stotzky, 2004; Rahman et al., 

2015; Zaman et al., 2015).No significant direct adverse effects of transgenic cotton pollen 

(Bt +CpTI) on the pollinating beetle Haptoncus luteolus (Chen et al., 2011) and on 

organisms (earthworms, nematodes, protozoa, bacteria, fungi) in soil or in vitro were 

found(Rahman et al., 2015; Zaman et al., 2015).  

Interestingly, larvicidal proteins encoded by cry genes from B. thuringiensis are 

released in root exudates from transgenic B. thuringiensis corn, rice, and potato but not 

from B. thuringiensis canola, cotton, and tobacco (Saxena et al., 2004; Rahman et al, 

2015). The observed pattern of arbuscular mycorrhizal fungal colonization of Bt 

transgenic cotton was virtually identical among both conventional and GM cultivars of 

cotton at each assessment, clearly indicating that colonization by AM fungi was not 

affected by the expressed transgenic traits (Knox et al., 2008). Morphologically, there are 

significant reductions in transgenic cotton plant height making them favorable for 

breeding. Yield was significantly increased for transgenic lines. Fiber quality of 

transgenic lines was not affected when compared with non transgenic lines but needs 

further studies to understand the complex molecular mechanisms for resistance 

management and biosafety studies to develop new Bt cotton varieties (Rashid et al., 2009; 

Rahman et al., 2015). Transgenic insect-resistant cotton expressing the Cry1Ac and/or 

CpTI protein has caused significant seasonal variation in the number of bacteria, fungi, 
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azotobacter, denitrifying bacteria, and ammonia-oxidizing bacteria and in diversity 

indices of microorganisms, but no significant differences in microbial population sizes or 

diversity indices attributable to long-term cultivation of transgenic cotton (Li et al., 

2011). Using transgenic plants expressing Cry1Ie might delay the development of 

Bt-resistant insects in the field while the former genes-transformed into cotton convey 

insect resistance to transgenic cotton (Zhang et al., 2013).  Cultivating Cry3Bb protein 

Bt maize is unlikely to adversely affect soil ecology in the short term but it is still 

unknown in the long term cultivation (Devare et al., 2007).  

No negative effect of different Bt rice varieties on the fitness of Folsomia candida 

through either diet or soil exposure in a laboratory test was obtained (Yuan et al., 2013). 

Transgenic cotton did not cause changes in populations of acarids and did not 

substantially reduce numbers of predators; its effects on aphids were inconsistent (Men et 

al., 2004). Molecular analysis of the bacterial community also showed no significant 

impact on the dominant members of the bacterial community and soil protease activity 

was not inhibited by the release of constitutively over-expressed protease inhibitor 

(Riglietti et al., 2008). No significant harmfu impact on CFUs of bacteria, actinomycetes 

and fungus between the Bt and non-Bt cotton rhizosphere during cropping season at one 

particular stage(Zwahlen et al., 2007; Zaman et al., 2015),even at far higher concentration 

of the Bt proteins (Rahman et al., 2015), no recombination event was detected between 

plant DNA and soil bacteria (Velasco et al., 2013), but other factors may be involved (Rui 

et al., 2005) and more studies are needed to assess the impact of the continuous release of 

Cry1Ab via root exudates and plant biomass on the soil ecosystem (Zwahlen et al., 2007).  

Crop residues are the primary source of carbon in soil, and root exudates govern which 

organisms reside in the rhizosphere. Any change to the quality of crop residues and 

rhizosphere inputs could modify the dynamics of the composition and activity of 

organisms in soil. Insect-resistant Bt crops have the potential to change the microbial 

dynamics, biodiversity, and essential ecosystem functions in soil, because they usually 

produce insecticidal Cry proteins through all parts of the plant(Rahman et al., 2015; 

Zaman et al., 2015). It is crucial that risk assessment studies on the commercial use of Bt 

crops consider the impacts on organisms in soil. Generally, few or no toxic effects of Cry 

proteins on woodlice, collembolans, mites, earthworms, nematodes, protozoa, and the 

activity of various enzymes in soil have been addressed (Icoz and Stotzky, 2008; Rahman 

et al., 2015). Although some effects, ranging from no effect to minor and significant 

effects, of Bt plants on microbial communities in soil have been reported, they were 

mostly the result of differences in geography, temperature, plant variety, and soil type 

and, in general, were transient and not related to the presence of the Cry proteins (Icoz 

and Stotzky, 2008).  

Considerable research has now been conducted on the effects of transgenic plants on 

soil microorganisms. Most studies to date suggest that Bt plants that have been released 

cause minor changes in microbial community structures that are often transient in 

duration. However, impacts of two-gene transgenic cotton (Bt- and CPTI- gene) on soil 

microbial community structure and functionhave received little attention. 

Ecological stress or other environmental changes in soil ecosystem can be judged in 

advance through some sensitive/warning indicators, including biological and 

biochemical properties of the soil, e.g. microbial activity and the activities of soil 

enzymes (Nannipieri et al., 2003; Gomez et al., 2006). It is likely that those sensitive soil 

parameters may be affected by cultivation of Bt-CPTI-cotton. So, the objective of this 

study was to examine and assess the effect of Bt- and CpTI-cotton on microbial and 



Wu et al.: Soil ecoloigcal safety evaluation for bivalent transgenic cotton plants  

- 322 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(2): 319-336. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1402_319336 

 2016, ALÖKI Kft., Budapest, Hungary 

biochemical indicators in soil of Bt+CpTI-cotton crops in a subtropical agro-ecosystem. 

The purpose of this study was to check unknown and possible changes due to the presence 

of root exudates of transgenic insect-resistant cotton, especially the responses of soil key 

enzyme activities and soil microbial community based on PCR-DGGE.  

Materials and Methods 

Transgenic and conventional cotton seed 

Cotton seeds of bivalent (against Bt+CpTI) transgenic cotton, bred by Research 

Institute of Cotton, Chinese Academy of Agricultural Sciences, obtained from Jiangsu 

Academy of Agricultural Sciences, was used as transgenic cotton and cultivar Xinluhan 

33, obtained from Jiangsu Academy of Agricultural Sciences, was used as the 

conventional cotton line. The genes Bt (Cry1A) and CpTI (Cowpea Trypsin Inhibitor), 

effective against cotton bollworm (Helicoverpa armigera Hubner), were contained in the 

transgenic cotton in the current study.  

 

Collecting root exudates of transgenic cotton seedlings 

The transgenic cotton and conventional parental cotton seeds were dipped in water for 

48h and surface disinfected with 10% H2O2 for 20 minutes. Clean and rinse the seeds. The 

disinfected cotton seed was germinated in the incubator with 70-90% humidity and 25ºC. 

The seedlings with two leaves were transplanted into the soil in pot until the seedlings 

were grown up to the 5-6 leaf stage then the seedlings were dipped into 2000 ml of 

distilled water in a beaker for collection of root exudates. The root exudates were 

collected between 10:00 to 14:00 every day for 14 days. The distilled water containing 

root exudates of transgenic cotton seedlings were evaporated in a 45 ºC water bath until 

the liquid was concentrated to 2 ml (concentrated 1000 times) and subsequently stored at 

4 ºC for further study. 

 

Experimental design 

The effect of transgenic cotton on soil enzyme activities and soil microbial diversity 

was assessed in a lab study. As control, the conventional parental cotton root exudates 

were also simultaneously assessed. Four treatments and three replicates were used in this 

single factor experiment. The concentrated root exudates (condensed 1000 times) of 

transgenic or conventional parental cotton xinluhan33 cotton seedlings were added into 

distilled water at four concentrations: 0 (CK), 1, 2, 4 ml (T1,T2,T3)of concentrated root 

exudates (transgenic cotton and non-transgenic cotton respectively) into 100 ml of 

distilled water. Each mixture of 100 ml of water and root exudates was blended into 350g 

of soil and mixed thoroughly and then this wet soil mixure was placed into a pot (14 cm x 

8 cm). The pots were randomly distributed in a growth chamber with 10h of illumination, 

25 ºC at daytime and 18 ºC at night time. After 10 days, sampling soil was analyzed for 

soil enzyme activities and microbial community and diversity. 

 

Determination of catalase, phosphatase, urease and invertase activities in soil treated 

with root exudates 

Antioxidant enzyme activity (CAT), redox related enzyme activities (phosphatase, 

urease) and hydrolic enzyme activity (invertase, sucrase, sugar conversion) in the soil 
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were measured. All these enzymes were convinced to be associated with the 

functionality, productivity and buffer capacity in another new pot soil treated with the 

concentrated root exudates of transgenic and non-transgenic cotton. 

 

Soil catalase activity assay 

The activity of hydrogen peroxidase oxidoreductase (catalase) (EC 1.11.1.6) in soil 

was determined by back-titrating residual H2O2 with KMnO4 (Johnson and Temple, 

1964) with some modifications. 

Place 2 g wind-dried soil into 100-ml beakers and add 40ml distilled water and 5 ml 

0.3 % H2O2. Incubate the soil samples in the dark at 25 °C for 20 min at the back-forth 

vibrating incubator. Add 5 ml 6 mol L
-1

 sulfuric acid to stabilize the unbroken H2O2. 

Filter the suspension with slow-filter paper. Take 25 ml filtrate solution and titrate it with 

0.3 mol L
-1

 KMnO4 till light pink (record volume of KMnO4 used as B). Meantime, titrate 

25 ml 0.3% H2O2 with 0.3 mol L
-1

 KMnO4 till light pink (record volume of KMnO4 used 

as A). Here, (A-B)×actual concentration of KMnO4 was the soil catalase activity. Soil 

catalase activity was calculated as milliliter of 0.3 mol L
-1

 KMnO4 per gram of soil after 

20 min. 

 

Invertase activity assay 

The invertase activity (substrate, 5 % sucrose) ,also sucrase  (EC 3.2.1.26), was 

measured by reducing sugars release in the incubation period of 24h at 37 °C and  

colorimetrically (Frankenberger and Johanson，1983) with some midifications.  

Put 5 g wind-dried soil samples into 50 ml conic flask and add 15 ml 18% sugar 

solution, 5 ml pH5.5 phosphate buffer and 5 drops of toluene. Shake and mix the system. 

Place the mixture system into the incubator and incubate at 37 ºC for 24h. Filter the 

reaction system. Take 1 ml filtrate and place into 50 ml volumetric flask. Add 3 ml 

3,5-dinitro salicylic acid. Heat the mixture for 5 min at the boiling water bath. 

Subsequently, move the mixture to running water to cold for 3 min. Add distilled water to 

dilute the yellowish mixture till 50 ml. Take 3 ml yellow solution to detect the colormetry 

at 508 nm wavelength. The sucrase activity was milligram of glucose produced from 

sucrose hydrolyzed by invertase after 24h per gram soil.ű 

 

Soil urease assay 

Soil urea amidohydrolase (urease) (EC 3.5.1.5), (substrate, 10% urea) were 

determined colorimetrically by the liberated NH4
+
 after 24h of incubation at 30 °C 

(Kandeler and Gerber, 1988) with modifications.  

Place 5 g of wind-dried passed through 1mm into 100ml conic flask. Add 1 ml toluene 

into the flask and put it 15 min. Add 10 ml 10% urea solution and 20 ml citrate buffer (pH 

6.7) and mix carefully, and the contents were allowed to stand for approximately 15 

minutes until the toluene had completely penetrated the soil. A control, in which 10 ml 

distilled water was substituted for the urea, was run simultaneously for each soil sample. 

Incubate the mixture at 37 °C for 24h. Dilute the mixture with 38 °C hot water till 100 ml 

and shake carefully and filter the mixture into the conic flask. Take 3 ml filtrate and put it 

into 50 ml volumetric flask. Add 10ml distilled water and shake thoroughly. Add 4 ml 

sodium phenol and mix carefully, then add 3 ml sodium hypochlorite and shake 

thoroughly, put it 20 min. Dilute to 50 ml with distilled water. The blue mixture was 
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determined at 578 nm wavelength within 1 h colormetrically. The soil urease activity was 

expressed as NH3-N milligram per gram soil after 24h.  

 
Phosphatase activity assay 

Acid phosphomonoesterase (phosphatase) (EC 3.1.3.2) was determined 

colorimetrically by the liberated phenolphthalein after the substrate 1% sodium 

phenolphthalein phosphate, was incubated 1h at 30 °C following the modified method by 

Serrasolsas and Khanna (1995) with modifications. 

Place 5 g wind-dried soil samples into 50 ml volumetric flask and add 1 ml toluene. 

Plug the mouth of the flask and shake gently for 15 min. Add 5 ml disodium phenol 

phosphate (6.75 g disoudium phenol phosphate dissolved in 1000 ml distilled water) and 

5 ml responding buffer (pH5.0 acetate buffer for acidic phosphatase, pH 7.0 citrate buffer 

for nutral phosphatase, and pH 10.0 borate buffer for alkali phosphatase), disodium 

phenolphosphate replaced by 5 ml distilled water was used as control for each soil 

sample. Shake and mix carefully. Place into the incubator. Incubate at 37 °C for 24h.  

Dilute the mixture inside the flask with 38 °C hot water till 50 ml (toluene floating up 

the scale-line) and filter. Take 1 ml filtrate and add into 100 ml volumetric flask. Add 5 

ml pH 9.0 borate buffer and 3 ml 2.5 % potassium ferricyanide and 3 ml 0.5% 

4-Aminoantipyrine. Shake and mix carefully. Add distilled water to volume. Optical 

density of the stable pink liquid after 30 min was measured at 570 nm. The phosphatase 

activity was calculated as phenol milligram per gram soil. 

 

Extraction and purification of pot soil total DNA and DNA amplification with PCR  

Each soil sample was homogenized before the total DNA was extracted from 1.0 g of 

the sample using a PowerSoil
®
 DNA Isolation Kit based on the instruction manual 

provided by the manufacturer (MO BIO Laboratories, Inc., Carlsbad, CA, USA). The 

DNA fragments were amplified with 16sDNA using GC-clamp primers (338F-GC: 

5’-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGCCTACGGG

AGGCAGCAG-3’, 518R: ATT ACC GCG GCT GG) for soil bacterium (Muyzer et al., 

1993) and NS1-GC fung primers (White et al., 1990; May et al., 2001; Luo et al., 2009) 

for soil fungus (NS1: 5’-GTAGTCATATGCTTGTCTC-3’, GC-fung: 5’-GC 

clamp-ATTCCCCGTTACCCGTTG-3’ with GC clamps 

5’-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCC CCGCCCC-3’). PCR 

amplification of a 16S rRNA gene fragment was performed with the primers 338F + GC 

and 518R to amplify the V3-V6 region. PCR amplification of an 18S rRNA gene 

fragment was performed with the primers GC -fung and NS1 to amplify the IST3 region. 

All bacterial and fungal PCRs were conducted in 25-µl and 50-µl volumes, respectively. 

The total soil genomic DNA extracted and purified was eluted with 100 μl of the DNA 

elution solution included in the kit.  

The bacterial PCR system was composed of 1.0 μl of DNA template, 2 μl of forward 

primer, 2 μl of reverse primer, 12 μl of 2× PCR mix (TaKaRa Taq polymerase 1.25U/25 

μl, TaKaRa, Dalian, China, dNTP Mixture 2×conc., 0.4 mM each, Taq Buffer 2×conc., 3 

mM Mg
2+

, dye Marker Tartrazine/Xylene Cyanol FF), and 10 μl of double-distilled water 

in a final volume of 25 μl. The bacterial PCR was conducted in a TP professional 

Standard Thermocycler (Biometra, Germany) and consisted of an initial denaturation at 

94 ºC for 5 min, 35 cycles of denaturation at 94 ºC for 45 s, annealing at 55 ºC for 45 s, 

and extension at 72 ºC for 60 s, and a final extension at 72 ºC for 10 min. 
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The fungal PCR system was composed of 2.0 μl of DNA template, 2 μl of forward 

primer, 2 μl of reverse primer, 25 μl of 2× PCR mix (TaKaRa Taq polymerase 1.25U/25 

μl, TaKaRa, Dalian, China, dNTP Mixture 2×conc., 0.4 mM each, Taq Buffer 2×conc., 3 

mM Mg
2+

, dye Marker Tartrazine/Xylene Cyanol FF) and 19 μl of double-distilled water 

in a final volume of 50 μl. The fungal PCR was conducted in a TP professional Standard 

Thermocycler (Biometra, Germany) and consisted of an initial denaturation at 94 ºC for 4 

min, 36 cycles of denaturation at 94 ºC for 60 s, annealing at 55 ºC for 45 s, an extension 

at 72 ºC for 45 s, and a final extension at 72 ºC for 10 min. 

 

DGGE profiling and microbial community and diversity analysis of soil DNA 

DGGE analysis was performed using the Dcode Universal Mutation Detection System 

(BioRad Laboratories, Hercules, CA, USA) according to the instruction manual provided 

by the manufacturer (Quantity One software). Twenty-five milliliters of the PCR 

products obtained from the bacterial DNA and 50 ml of the PCR products obtained from 

the fungal DNA were loaded in each well, and electrophoresis was run at 60 ºC for 10 min 

at 200 V and for 16 h at 80 V in an 8 % acrylamide/bis-acrylamide (37.5:1) gel with a 

40-60 % denaturant gradient for bacterial DNA and 25-40 % for fungal DNA, where 100 

% denaturant contained 7 M urea and 40 % (v/v) formamide (deionized). The gels were 

silver stained (Radojkovic and Kusic, 2000) and were digitized and analyzed using the 

Quantity One 4.0 gel analysis software (BioRad). Because each migration position 

typically corresponds to a different sequence variant, each matrix obtained was 

considered a taxa presence-absence matrix for statistical analyses. The bands were 

numbered in order of appearance from the top to the bottom of the gels. 

 

Statistical analysis of data 

The data are presented as the means (±SE) from three replicates for each treatment. 

One-way analysis of variance (ANOVA) was performed using the SPSS Base Ver.11.5 

statistical software (SPSS, IL, Chicago, USA). Least significant difference tests were 

used to test for significant differences in soil enzyme activities (soil CAT, urease, 

invertase and phospatase) exposed to different root exudates concentrations of transgenic 

cotton. The significance levels for all analyses were set at p0.05.  

The Shannon diversity index for microbial communities was calculated using the 

following equation: H'=-ΣPilnPi, where Pi is the relative abundance for the i
th

 band in the 

DGGE profiles. The Evenness index for microbial communities was calculated as 

E=H'/lnR, where R (richness) represents the total bands in the DGGE profiles. The 

Stability index for microbial communities was calculated by S=Σ(Pi/Pimax)/n, where 

Pimax is the maximal abundance in the i
th

 band in the DGGE profiles and n is the number 

of samples in the DGGE profiles. 

Results 

Effect of root exudates of transgenic cotton seedlings on soil catalase activity 

The root exudates of transgenic or non-transgenic cotton seedlings increased the soil 

CAT activity first and decreased the acitivity of soil CAT when peaking at 2 ml/350 g 

soil. Compared with control (1.25 KMnO4 ml g
-1 

soil), the soil CAT activity treated with 

root exudates of transgenic cotton seedlings increased by 21.8 % to 32.7 %,but there was 

no significant difference between transgenic and non-trangenic cotton (Fig. 1). 
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Figure 1. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil catalase(CAT) activity. The letters CK, 

T1, T2, and T3indicated the volume of the concentrated transgenic or non-transgenic cotton root 

exudates added into the pot soil. Bars are means + SE. Means with the same letters were not 

significantly different in LSD tests (p<0.05). 

 

 

Effect of root exudates of transgenic cotton seedlings on soil urease activity 

The soil urease activity treated with root exudates of transgenic and non-transgenic 

cotton seedlings was firstly higher than control but then slightly higher and finally less than 

the control at the highest concentration (Fig. 2). In the highest concentration (4 ml/350 g 

soil), the soil urease activity treated with transgenic cotton was decreased by 11.0 % while 

the activity in the treatment of 1 ml/350 g soil was increased by 18.1% compared to control. 

No significant difference between transgenic and conventional cotton.  

 

 

Figure 2. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil urease activities. The letters CK, 

T1, T2, and T3indicated the volume of the concentrated transgenic or non-transgenic 

cotton root exudates added into the pot soil. Values are means ±SE. Means with the same 

letters were not significantly different in LSD tests (p<0.05).  
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Effect of root exudates of transgenic cotton seedlings on soil invertase activity 

Root exudates of transgenic or conventional cotton seedlings could significantly affect 

the invertase activity of soil. Except the soil invertase activity treated with 1 ml/350 g soil 

was abruptly ascended, the activity in the other treatments was all sharply descended 

(Fig. 3). The invertase activity in the treatment of 1 ml/350 g soil was increased by 54.2 

%, however, the activity in the treatments of 2 and 4 ml/350 g soil was decreased by from 

25 % to 29.2 % relative to control. No significant difference was found between treatment 

of transgenic and non-transgenic cotton.   

 

 

Figure 3. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil invertase activity. The letters 

CK, T1, T2, and T3 indicated the volume of the concentrated transgenic or 

non-transgenic cotton root exudates added into the pot soil. Values are means ±SE. 

Means with the same letters were not significantly different in LSD tests (p<0.05). 

 

 

Effect of root exudates of transgenic cotton seedlings on soil phosphatase activity 

The soil phosphatase activity in all treatments of root exudates of transgenic or 

conventional cotton seedlings was higher than control (Fig. 4). But the increment of the 

soil phosphatase activity depended on the concentrations. The increase degree of the 

phosphatase activity was from 29.8 % to 63.1 % regarding to control. However, the 

activity was gradually declined with increasing concentration. Still, no significant 

variation between transgenic and non-transgenic cotton was obtained.  

 

Effect of root exudates of transgenic cotton seedlings on soil bacterial and fungal 

community and diversity 

The total 16sPCR-DGGE lane bands of bacterial community and diversity in soil 

treated with root exudates of transgenic or non-transgenic cotton seedlings were almost 

kept unvaried. The shannon index and even index were changed little. However, the 

stability index decreased markedly with increasing concentration, particularly in the 

highest concentration (4 ml/350 g soil). This indicated there is a little effect of root 

exudates of transgenic cotton on soil bacterial community while the bigger effect on soil 
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bacterial community was obtained from the farther phylogenetic distance with control 

(Fig. 5). However, totally, the construction and composition of the soil bacterial 

community and diversity were not altered compared to control from the bacterial 

population stability. No obvious changes between transgenic and non-transgenic cotton 

were observed. This demonstrated that the key and dominant bacterial populations and 

community in the soil were not affected by the root exudates of transgenic cotton 

seedlings. 

 

 

Figure 4. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil phosphatase activity. The letters 

CK, T1, T2, and T3 indicated the volume of the concentrated transgenic or 

non-transgenic cotton root exudates added into the pot soil. Values are means ±SE. 

Means with the same letters were not significantly different in LSD tests (p<0.05).  

 

 

However, the effect pattern of root exudates of transgenic cotton on soil fungal 

community and diversity was differed from bacteria. From total lane bands of 18 s 

PCR-DGGE profile, the fungal community was significantly decreased ranging from 37 

bands to 18 (Fig. 6, fungi). Fig. 6 showed the fungal community number and composition 

were changed. Some dominant community (bright lane bands) disappeared and other 

newly dominant community appeared. This clearly indicated root exudates of transgenic 

cotton could inhibit some fungus and stimulate some other fungus population. This was 

also evaluated from the evolution distance of phylogenetic tree of soil fungi based on 18s 

PCR-DGGE (Fig .6). Further analysis from diversity index, Shannon index for fungi was 

decreased depending on the concentration, while even index was little varied, showing 

evenly decrease of fungal species number by root exudates. However, the fungal stability 

index was increased with the increasing concentration of root exudates of transgenic 

cotton, indicating the fungal population and community in the soil was not affected by the 

much higher concentration of root exudates of transgenic cotton. 
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Figure 5. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil bactrial community and 

diversity based on 16s PCR-DGGE for bacteria. The letters CK, T1, T2, and T3 indicated 

the volume of the concentrated transgenic and non-transgenic cotton root exudates added 

into the pot soil. From left to right, lane 1, 2,3,4,5,6,7,8 responded to treatments of 0ml 

(control:no root exudates of transgenic cotton added), 0ml (control:no root exudates of 

non-transgenic cotton added), 1ml (root exudates of transgenic cotton added), 1ml (root 

exudates of non-transgenic cotton added), 2ml (root exudates of transgenic cotton 

added), 2ml (root exudates of non-transgenic cotton added), 4ml (root exudates of 

transgenic cotton added), 4ml (root exudates of non-transgenic cotton added).  
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Figure 6. Effect of root exudates from transgenic and nont-transgenic cotton seedlings 

(Xinluhan-33, containing Bt and CpTI genes) on the soil fungal community and diversity 

based on 18s PCR-DGGE for fungi. The letters CK, T1, T2, and T3 indicated the volume 

of the concentrated transgenic and non-transgenic cotton root exudates added into the 

pot soil. From left to right, lane 1, 2,3,4,5,6,7,8 responded to treatments of 0ml 

(control:no root exudates of transgenic cotton added), 0ml (control:no root exudates of 

non-transgenic cotton added), 1ml (root exudates of transgenic cotton added), 1ml (root 

exudates of non-transgenic cotton added), 2ml (root exudates of transgenic cotton 

added), 2ml (root exudates of non-transgenic cotton added), 4ml (root exudates of 

transgenic cotton added), 4ml (root exudates of non-transgenic cotton added).  

Discussion 

Environmental problems related to plant genetic engineering may prohibit advancement 

of this technology and prevent realization of its full potential. One such common concern is 

the demonstrated escape of foreign genes through pollen dispersal from transgenic crop 

plants to their weedy relatives, creating super weeds or causing gene pollution among other 

crops or toxicity of transgenic pollen to non-target insects (Daniell, 1999). Another 

common issue is the effect of transgenic crops on their parental lines and other plants 

because plants interact with each other through root exudates in soil. Besides ecological 

effects on organisms in the aboveground compartment, effects on the below-ground 
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compartment, in particular on soil and rhizosphere, have gained increasing attention. Soil 

has been recognized as a valuable resource for agriculture and therefore it has to be 

managed in a sustainable manner in order to maintain its quality (Widmer, 2007). The 

effect of transgenic Bt- and CpTI- cotton root exudates on the soil enzymes activities and 

soil microbial community and diversity was investigated in the current study.  

Soil microbes and enzymes activities play a key role in the material decomposition, 

nutrients elements transformation, release and cycling, organic matter formation, soil 

fertility, promoting/suppressing plant growth, and various soil 

biological-physical-chemical processes (Zhang et al., 2014; Widmer, 2007; Critter et al., 

2004; Hu et al., 2011). Soil enzymes can accelerate the above process, where the soil 

urease (urea amidohydrolase EC 3.5.1.5: catalyzing the hydrolysis of urea to CO2 and 

NH3) is very widely distributed in nature, hence, the efficient use of urea fertilizer in soil 

and the changes in urease activity can be used as an indirect indicator of the variation in 

the pool of potentially available N in a soil (Kulandaivelu et al., 2013; Rao and Ghai, 

1985; Tabatabai, 1994; Bremner and Mulvaney, 1978). Activities of soil urease, acid 

phosphomonoesterase, invertase, and cellulase were stimulated by the addition of Bt 

cotton tissues (Sun et al., 2007). Catalase (H2O2 oxidoreductase, E.C. 1, 11, 1.6) is widely 

associated with the tissues of animals, higher plants, and aerobic micro-organisms. 

Activities of catalase and various other enzymes in soils have been correlated with such 

soil variables as particle size, carbon content, nitrogen content, numbers of 

micro-organisms, and fertility.  

Catalase activity of a cultivated soil was correlated with bacterial and fungal counts, 

cation exchange capacity, dehydrogenase activity, and cotton yield (Rodriguez-Kababa and 

Truelove, 1982). Soil catalase activity is considered as a sensitive indicator of aerobic 

microorganisms’ activity and is related to both the number of the aerobic microorganism 

and soil fertility (Shiyin et al., 2004).Our results of several soil enzymes activities were also 

in agreement with this increase trend in the experimental concentrations much higher than 

possible actual concentrations of root exudates or residues of transgenic Bt and CpTI 

cotton, as the concentrations were condensed 1000-time in this study. However, the CAT 

activity was not always increased. Actually, the root exudates of transgenic cotton 

seedlings increased the soil CAT activity first and decreased the acitivity of soil CAT when 

peaking at 2 ml/350 g soil (Fig. 1). Our results showed the soil urease activity treated with 

root exudates of transgenic cotton seedlings was firstly higher than control but then slightly 

higher and finally less than the control at the highest concentration (Fig. 2). 

Phosphatases have been extensively studied in soil, because they catalyse the 

hydrolysis of ester–phosphate bonds, leading to the release of phosphate (P), which can 

be taken up by plants or microorganisms . It has been shown that the activities of 

phosphatases (like those of many hydrolases) depend on several factors such as soil 

properties, soil organism interactions, plant cover, leachate inputs and the presence of 

inhibitors and activators (Speir and Ross, 1978; Nannipieri et al., 2010). Acid 

phosphatase (EC 3.1.3.2) and alkaline phosphatase (EC 3.1.3.1) are 

phosphomonoesterases which are believed to play a significant role in soil P cycling, 

where these enzyme activities have been suggested as potential components of groups of 

indices to assess soil quality (Staddon et al., 1998). In the current study, the soil 

phosphatase activity in all treatments of root exudates of transgenic cotton seedlings was 

higher than control (Fig. 4). The increase degree of the phosphatase activity was from 

29.8 % to 63.1 % regarding to control. However, the activity was gradually declined with 

increasing concentration. This was conformed by Shen et al. (2006) there were few 
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significant differences in enzyme activities between Bt and non-Bt cottons at any of the 

growth stages and after harvest (Shen et al., 2006) 

The soil invertase drives C cycling by catalyzing the hydrolysis of sucrose ‒ thus, 

testing the activity of soil invertase may be useful for evaluating soil capability of 

decomposing complex organic compounds into subunits that can be assimilated by 

microorganisms or plants, in other words, such enzymatic indices would integrate other 

chemical, physical, and biological characteristics and could monitor the effects of 

agricultural management on soil’s long-term productivity (Hu et al., 2011; 

Mikhailouskaya and Bogdevitch, 2009). In the present investigation, root exudates of 

transgenic cotton seedlings could significantly affect the invertase activity of soil. Except 

the soil invertase activity treated with 1 ml/350 g soil was abruptly ascended, the activity 

in the other treatments was all sharply descended (Fig. 3). The invertase activity in the 

treatment of 1 ml/350 g soil was increased by 54.2 %, however, the activity in the 

treatments of 2 and 4 ml/350 g soil was decreased by from 25 % to 29.2 % relative to 

control. However, there was no significant difference among them. There were few 

significant differences in enzyme activities between Bt and non-Bt cottons at any of the 

growth stages and after harvest; amendment with cotton biomass to soil enhanced soil 

enzyme activities, but there were no significant difference between Bt and non-Bt cotton; 

the richness of the microbial communities in rhizosphere soil did not differ between Bt 

and the non-Bt cotton; the functional diversity of microbial communities were not 

different in rhizosphere soils between Bt and non-Bt cotton indicating no adverse effects 

of Bt cotton on the soil ecosystem (Shen et al., 2006). This was comply with our results.  

Although there is large-scale adoption of Bt cotton by the farmers as immediate 

financial gain, there is concern that Bt crops release Bt toxins into the soil environment 

decreasing soil chemical and biological activities (Singh et al., 2013).Significantly higher 

dehydrogenase enzyme activity and KMnO4-N content of soil were observed in Bt cotton 

with cover crop of peanut over pure Bt cotton followed by pure peanut at all the crop 

growth stages (Singh et al., 2013). 

 Higher microbial population in soil was maintained by pure peanut over intercropped 

Bt cotton. By growing cover crop of peanut between Bt cotton rows, bacteria, fungi, and 

actinomycetes population increased by 60 %, 14 %, and 10 %, respectively, over Bt 

cotton alone. Bt cotton fertilized by combined application of urea and farm yard manure 

maintained higher microbial population over urea alone. Significant positive correlations 

were observed for microbial population of soil of Bt cotton, which indicates no harmful 

effects of Bt cotton on soil biological parameters and associated cover crop (Singh et al., 

2013). This was also supported by our results. The total 16s PCR-DGGE lane bands of 

bacterial community and diversity in soil treated with root exudates of transgenic cotton 

seedlings were almost little different, indicating almost no variation of bacterial 

community and diversity. Further, the shannon index and even index were changed little 

(Fig. 5), while the bigger effect on soil bacterial community was obtained from the farther 

phylogenetic distance with control (Fig. 5). However, totally, the construction and 

composition of the soil bacterial community and diversity were not altered compared to 

control from the bacterial population stability. This demonstrated that the key and 

dominant bacterial populations and community in the soil were not affected by the root 

exudates of transgenic cotton seedlings. 

However, the effect pattern of root exudates of transgenic cotton on soil fungal 

community and diversity was differed from bacteria. From total lane bands of 18s 

PCR-DGGE profile, the fungal community was significantly decreased ranging from 37 
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bands to 18 (Fig. 6, fungi), where the fungal community number and composition were 

altered. Some dominant community (bright lane bands) disappeared and other newly 

dominant community appeared. This clearly suggested root exudates of transgenic cotton 

could inhibit some fungus and stimulate some other fungus population. This was also 

further evaluated from the evolution distance of phylogenetic tree of soil fungi based on 

18s PCR-DGGE (Fig .6, fungi). Fungal diversity index, Shannon index for fungi in soil 

was decreased depending on the concentration of transgenic cotton, while even index was 

little varied, showing evenly decrease of fungal species number by root exudates (fungi). 

However, the fungal stability index was increased with the increasing concentration of 

root exudates of transgenic cotton, indicating the fungal population and community in the 

soil was not affected by the much higher concentration of root exudates of transgenic 

cotton (fungi). All these demonstrated that there was no significant adverse effect of 

transgenic Bt and CpTI-cotton on soil biology and microbes. 

However, the concentration of Bt and CpTI cotton plant in the field soil was not 

reached so much high, maybe 1/10-1/100 as much as this study. Hence, the change of 

both soil enzymes activity and soil microbial community and composition in the current 

work will not be likely to happen. Of course, the investigation for a long term, 3-5 year, 

would need to further verify. 

Conclusions 

There was little but not significant adverse impact of transgenic Bt+CpTI cotton root 

exudates on soil microorgnisms and soil enzymes activity based conventional and 

molecular investigation, indicating posing little risks of Bt and CpTI-cotton to soil 

ecosystem. Though some changes of soil fungal community, biodiversity and 

composition were found, the so high concentrations of root exudates of transgenic 

Bt+CpTI cotton (condensed 1000 times) would not be possibly occurred in the actual 

field soil. 
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