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Different effects of transgenic Bt cotton
on rhizospheric soil nutrition and soil enzyme activities

LIU Gen-lin

(Jiangsu Academy of Forestry, Nanjing 211153, China)

Abstract ; After cultivation of 2 transgenic Bt cotton lines, 99BC~4 and 99BC-8, and their non-Bt recipient Simian3 (SM3)
in rhizoboxes, the rhizospheric soils during blooming period were sampled. By the chemical analysis, microbial biomass
measurement, Bt toxic protein detection, enzyme activity determinations, this study revealed that the rhizospheric soils of
99BC-4 and 99BC-8 were positive for Bt endotoxin content. N, Ca, Zn, Co and Cu contents had higher values in the rhizo-
spheric soils of 99BC-4/99BC-8 than in that of SM3 while lower values found with 2 B¢ cotton lines for K and Mg contents.
No significant differences (p >0.05) for C/N, P and Mn contents. For Fe content, a lower value was observed in 99BC-4
(‘microbial biomass C) with 2 transgenic Bt cotton lines

/C

rhizospheric soil whereas a higher value in that of 99BC-8. C

mic

showed higher values with significant differences (p <0.05). But for C a significant difference (p <0.05) found

mic total »

between those of SM3 and 99BC4 only. Compared with SM3, 2 Bt cotton lines performed more or less inconsistently as no
significant difference emerged for phosphatase, a higher value in 99BC-4 rhizospheric soils but a lower value in that of
99BC-8 for FDA hydrolysis. It can be deduced that the presence of Bt endotoxin likely stimulated the growth of some mi-
crobes by altering their metabolic patterns, which seemed to dominate the microbial responses in the soil although the re-
sponses were inconsistent in 2 transgenic Bt lines.
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1 Introduction

In recent years, a striking achievement has been
made in the research of transgenic crops and their com-
mercialization. According to a new report from Interna-
tional Service for the Acquisition of Agri-biotech Appli-
cations ( ISAAA) ™| in 2009 global dimensions of
transgenic crops in 25 countries reached 134 million
hectares, among which the area of transgenic cotton
soared to 16.2 million hectares, accounting up 12. 1%
of transgenic crops grown globally. China is the largest
producer of cotton in the world, with 68% of its 5.4
million hectares successfully planted with transgenic B¢
( Bacillus thuringiensis) cottons in 2009. Transgenic Bt
cottons, into which the Cry gene encoding insecticidal
CrylAc Bt toxic protein was introduced, have been
grown worldwide for their resistance to cotton bollworm

(e. g. Helicoverpa armigera ) [2-3]

However, along
with the increasing potential for widespread commercial
use and the potential benefits of transgenic crops, con-
siderable concerns have been raised about their poten-

#=81 Although risk assess-

tially environmental risks'
ments have been extensively conducted, the issue of
transgenic Bt cottons on soil environmental risk still re-
mains unclear or controversial * ="', Here the effects of
transgenic Bt cotton lines on rhizospheric soil nutrition
and soil enzyme activities are reported after their culti-

vation in China.

2 Materials and Methods

2.1 Rhizobox design and soil sampling and pro-
cessing

The experiments were performed at the Insti-
tute of Genetics & Physiology, Academy of Agriculture
Sciences of Jiangsu Province, Nanjing, China. One
cotton variety ( genotype) was used, including 2 trans-
genic Bt cotton lines 99BC4 and 99BC-8 (into which
GFMCryl A Bt gene was introduced in 1999 ), and
their non-Bt recipient variety, 1i. e., Simian3
(SM3) ™). The rhizobox used for their cultivation was
designed as 200 mm in length, 150 mm in width, and
200 mm in depth, divided into 5 compartments with 4

nylon nets (30 pwm mesh size) that were impermeable

to roots but allowed exchange of water or nutrients.
There were 3 large compartments separated by two 10-
mm compartments. Cottons grew in the middle com-
partment with the same cultivation practices, such as
irrigation and fertilization, no pesticide used, and the
rhizospheric soils during blooming period were collect-
ed for 6 times randomly in July, 2010 from the two ad-
jacent 10-mm compartments. Each sample was imme-
diately put in a sterile plastic bag and transported to
the laboratory in a cooled box, then sieved (2mm) and
homogenized in a rotary cylinder, and finally, stored at
4 °C before used for chemical analysis, microbial bio-
mass measurement, Bt toxic protein detection and en-
zyme activity determinations.
2.2 Soil chemical analysis and microbial bio-
mass measurement

The soil elements analysis was carried out at the
Center of Modern Analysis of Nanjing University. Soil
samples were dried at 105 °C for 24 h and subsequent-
ly weighed for dry mass determination. The inductively
coupling plasma emission spectroscopy (ICP Analyzer,
Jarrell-Ash Co. , Lid. ) was used for soil inorganic ele-
ments and total P analysis. Perkin-Elmer 240 was used
for soil total C analysis. Foss Heraeus CHN-O-Rapid
was used for determination of soil total N.

Microbial biomass C (C

fumigation extraction ( FE) procedure ', Shimadzu

wic) was measured by the
TOC 500 was used to measure total organic C of the fil-
trate. The difference between total organic C in the fu-
migated and non-fumigated samples divided by conver-
sion factor (Kc) is C
timated to be 0.45.
2.3 Determination of Bt endotoxin in samples
Buffer Solution ( EnviroLogix, Portaland, ME,
USA) (1 mL) was added to 0. 7 g soil sample, then the

soil mixture was mixed and centrifuged (13,000 x g)

where Kc is soil-specific, es-

mic

at 4 °C for 10 min;the Bt toxin concentration in the su-
pernatant was determined by ELISA, using the Envir-
olLogix Cry 1Ab/Cry 1Ac plate Kit ( detection limit
<0. 25 parts per million) ")
2.4 Analysis of soil enzyme activities

Acid phosphatase activity was determined spectro-

photometrically by the disodium phenol phosphate
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method, as described by Tabatabai''®’.

method of alkaline phosphatase activity was similar to

The analysis

that of acid phosphatase activity, but with a different
level (pH11.0) of the phosphate buffer. Activity (vs
phenol) was expressed in mg/ (h - kg fresh soil).

Fluorescein diacetate (FDA) method was used to
analyze the soil FDA hydrolase activity. Each fresh
sample (0.5 g) was put in a 50 mL measuring flask,
followed by the addition of 5 mL of phosphate buffer
(pH7.6) and 50 w L of 4.8 mmol/L FDA. The solu-
tion obtained was incubated at 37 C for 2 h, next,
added 5 mL acetone to terminate the reaction. After
the solution centrifuged for 5 min at 5 000 rpm, the su-
pernatant was taken and the OD at 490 nm was meas-
ured to collect the data. FDA hydrolase activity was
expressed as mg luciferin produced per gram fresh soil
per hour.
2.5 Statistical analysis

All the experiments were performed at least 3 re-
petitive independent treatments. An analysis of vari-
ance was carried out by using the SPSS13 software.
The values were expressed as means + SD. The signifi-
cant differences among the means were calculated by u-
sing LSD-test. Statistical significance threshold was set

to less than 0. 05 for p value.

3  Results

3.1 Effects of 99BC-4, 99BC-8 and SM3 on the
rhizosphere soil chemical properties

Table 1 showed the values of the rhizospheric soil
chemical indicators of 2 transgenic Bt cotton lines
(99BC4 and 99BC-8) , and their recipient ( SM3).
In the rhizospheric soils of 99BC4, 99BC-8 and SM3 ,
there occurred changes in content of some organic, in-
organic nutritional elements at different levels. In de-
tail, N, Ca, Zn, Co and Cu contents had higher val-
ues in the rhizospheric soils of 99BC-4/99BC-8 than in
that of SM3, increased by 54.2%/31.8% , 3. 0%/
26.2% , 12. 3%/57. 9% , 11. 6% /2. 0% and 23.
8% /28.6% respectively, while lower values found in
those of the 2 Bt cotton lines for K and Mg contents,
decreased by 13.0% /7.5% , 7.9% /10% respective-
ly. There were no significant differences for C/N, P
and Mn contents, but a slightly decreased value with
the recipient. Exceptionally, 2 Bt cotton lines ex-
pressed incoherently in that for Fe content, a lower
value was observed in 99BC-4 rhizospheric soil com-
pared with the recipient, decreased by 4.8% whereas
a higher value in 99BC-8 rhizospheric soil, increased

by 0.3% .

Table 1 Value of chemical indicators in the rhizospheric soils
99BC -4 99BC -8 SM3
C/% 5.499 £0.633 5.672 +0.133 4.636 +0.413
N/% 0.723 £0.051° 0.618 +0.062 = 0.469 +0.017"
C/N 7.753 +0.254 9.337 +0.848 9.892 +0.879
P/ % 0. 141 0. 009 0. 135 +0. 000 0.122 £0.013
K/% 1.399 +£0.025" 1.487 +0.019* 1.608 £0.068"
Ca/ % 0.821 +0.028" 1.006 £0.012* 0.797 +0.019*
Mg/ % 0.574 +0.007" 0.560 +0. 006" 0.623 +0.003"
Fe/% 3.432 +£0.034" 3.617 £0.019* 3.605 +0.037*
Mn/ % 0.066 +0.002 0.062 +0.001 0.065 +0.002
Zn/ (mg/kg) 125.806 +0.610" 176.886 +5.690* 112.051 +1.255°¢
Cu/(mg/kg) 22.272 +1.197* 23.135 +1.000* 17.991 +0.998"
Co/ (mg/kg) 15.259 £0.093" 13.954 +0.090" 13.676 +0.594"

Different letters in apex within row indicated significant differences (p <0.05).

3.2 Effects of 99BC-4, 99BC-8 and SM3 on the
rhizospheric soil microbial biomass C

In comparison with SM3, C . in their rhizospheric

mic

soils was largely affected by 2 transgenic Bt cotton lines

(99BC4 and 99BC-8), showing higher values with

significant differences (Fig. 1-a), which accorded well
with another study'"’.
Con/Cons,
the rhizospheric soils of SM3 and 99BC4 only (Fig. 1-

b). It was in disagreement with the finding of Fig. 1-a,

But for such an indicator as

there was a significant difference between
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since C,,,, specially for the rhizospheric soil of 99BC-
8, not only included C, ;. and simple organic C com-
pounds, but also significant amounts of inorganic C and
relatively recalcitrant organic C, though it was regarded
that soil C_ was positively related with soil C!'*/.
3.3 ELISA of CrylAb/CrylAc endotoxin in the
rhizospheric soils of 99BC-4, 99BC-8 and SM3

In our Cryl Ab/Cryl Ac endotoxin detection exper-
iment, the OD of the rhizospheric soil sample extract of
SM3 was close to that of the Blank (CK) and less than

that of PC whilst the OD% of the rhizospheric soil sam-
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Fig. 1

3.4 Effects of 99BC-4, 99BC-8 and SM3 on the
rhizospheric soil enzyme activities

The activities of alkaline phosphatase and acid
phosphatase in the rhizospheric soil of 9BC4, 99BC-
8 and SM3 were shown in Fig. 3. There were no signif-
icant differences for activities of both alkaline phospha-

tase and acid phosphatase.

600 [
= (a)
‘.,_E
z a
£ 400 f I a a
=] T 1
vy I I
<
F 200}
=
z
[=9
99BC—4 99BC-8 SM3

ple extracts of 99BC4 and 99BC-8 were significantly
higher than those of CK and PC, illustrating that SM3
rhizospheric soil was presumed to be free of Bt endotox-
in, yet the rhizospheric soils of 99BC4 and 99BC-8
were positive for Bt endotoxin content (Fig.2). Owing
to Bt endotoxin as a root exudate existing in 2 transgen-
ic Bt cotton lines (99BC-4 and 99BC-8) rhizospheric
soils, which likely resulted in more microbes occur-
ring, there might be a significant positive correlation

between C ,, and Bt endotoxin content.
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Values of biological indicators in the studied soils. Different letters above bars indicated significant differences (p <0.05).
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Fig. 2 Comparison of ELISA of Bt endotoxins in the stud-

ied soils. Bars represented standard deviations.
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Fig. 3 Activities of alkaline phosphatase (a) and acid phosphatase (b) in the studied soils. Same letters above bars indicated no

significant differences (p >0.05).
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The two Bt cotton lines performed inconsistently
for their rhizospheric soil FDA hydrolase activities.
FDA hydrolase activity possessed a higher value in the
rhizospheric soil of Line 99BC+4 than in that of its non-
Bt recipient. Conversely, the counterpart of Line
99BC-8 had a lower value. And there appeared signifi-
cant differences, as shown in Fig. 4.
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Fig. 4  Activities of FDA hydrolase in the studied soils.
Different letters above bars indicated significant

differences (p < 0.05).

4 Discussion

Bt cottons can produce crystal toxic protein for
protecting themselves against the insects Helicoverpa ar-
migera, but suppressing these bollworm in multiple
crops in area with Bt cotton"' | justifying the large-
scale release of these transgenic cotton varieties. Nev-
ertheless, the ecological and environmental risks of
them, such as of transgenic escape or super-weeds,
and the impacts on non-target organisms, are widely
concerned with'®'.

Since Bt protein can be released into soil from root
exudates''" | pollen' ™’ | plant residues''®’ | and the fe-
ces of animals feeding on Bt cotton vegetative parts''” |
the potential risks of Bt cotton on the soil ecosystem
should be paid more attention, especially on the soil
microbial communities which are essential for biogeo-
chemical cycles and soil fertility.

Although not few studies have been focused on the
effects of Bt cotton on soil microbial communities the
conclusions remained inconsistent or even contradictory
possibly due to the different techniques, varieties and

target genes used. In this study, two B¢ cotton lines

(99BCH4, 99BC-8) and their non-B: recipient (SM3)

were used after cultivation in rhizoboxes for assessing
the integrated effects of Bi cottons on soil nutrients,
enzymes activities.

After cultivation in rhizoboxes, the presence of
Cryl Ac Bt toxic protein could be determined in Bt cot-
ton rhizospheric soils. This result contradicted another
report that no detectable levels of CrylAc protein by
ELISA in soils collected from field of Bt cotton that had
been grown were incorporated with the biomass into soil

for 3 to 6 yrs'™®'.

Albeit more than 60 Cry proteins
have been identified, CrylAc Bt toxin was the main
protein introduced into cotton for targeting against the
cotton bollworm ( Lepidoptera ), while CrylAb or
Cry3Bbl, CrylF and Cry9C proteins was mainly gen-
dered in corn and Cry3A or Cry3C protein in potato.
Several laboratory studies in soil microcosms reported
that the Cry proteins from Bt cotton, Bt corn, Bt potato
were generally degraded rapidly with a half-life of 20 d

[19-22

or less without persistence ' However, in compar-

ison, some reports showed that Cry2A protein from Bt
cotton was still detectable after 120 d in the field'*" s
and Cryl Ab protein was detected in most soils of Bt
corn'®’. The apparent differences of Cry protein per-
sistence were probably attributed to the plant species,
Cry protein type, pH, soil type, microbial activity as
well as the binding characterization of Cry protein with
the soil clays and humic acids'*’.

Soil microbial communities play a critical part in
soil processes, such as nutrient cycling, formation of
soil structures, and transformation of pollutants in this

241 Soil nutri-

system as the important soil components
ent cycle involves biochemical processes completed by
soil enzyme catalytic reactions. Soil enzymes are indis-
pensable for the assessment of soil  function’ and
‘health’ . Soil enzyme activity is also a sensitive indi-
cator of soil microbial activity, and in turn the factors
that influence soil microbial activity will be reflected on
the soil enzyme activity, which finally results in the
change of soil nutrition. Soil enzyme activity is the inte-
grated reflection of soil physicochemical properties and
microbial activity. So, to test the effects of Bt cotton

on soil nutrition and microbial communities, it is im-

perative to measure the major related soil enzyme activ-
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ities. Phosphatase is a general designation for a broad
group of enzymes catalyzing the hydrolysis of both es-
ters and anhydrides of phosphoric acid. Phosphatase
activity also reflects the activation competence to phos-
phorus of soil. Fluorescein diacetate (FDA) hydrolase
activity could be used to detect the number of soil bac-
teria and fungi with activity.

Commonly used indicators of the status and func-
tion of soil microbial communities include microbial
community enumeration, which can be depicted by mi-
crobial biomass, and so on. Microbial biomass corre-
lates with soil fertility and soil health and is recommen-
ded as a useful ecological indicator of stress caused by
anthropogenic activities ( including genetic modifica-
tion ) .

There exist some interactions between crop root
exudates and rhizospheric soil microbial communities.
Some rhizospheric microbes can affect root exudates
through changing the content level of the allelopathic
compounds, and vice versa, the allelopathic com-
pounds can also affect non-target soil rhizospheric mi-
crobial communities. In our study, the result of higher
N, Ca, Zn, Co and Cu but lower K and Mg contents in
99BC-4/99BC-8 rhizospheric soils, could be compre-
hended by that the releasing of Bt endotoxin raised the
content of N in the soil and also affected the physiologi-
cal functions, especially assimilation of some metal cat-
ions into cotton plants from soil environment. Bt endo-
toxin as root exudate might induced more non-target
soil microbes appearing in the rhizosphere, which sig-

nificantly altered C ;. as measured. The rapid decom-

position of Bt endotoxin might have allowed C ;. change
to occur because soil microbes might rapidly degrade
such a cotton-released allelopathic compound'®’. As
for P content, no significant difference emerged among
two Bt cotton lines and their non-Bt recipient, only a
slightly decreased with the non-Bt recipient. This re-
sult also coincided with our observation of no signifi-
cant differences for activities of both alkaline phospha-
tase and acid phosphatase since phosphatase activity
was significantly positively correlated with soil total P
content. A lower FDA hydrolysis activity and yet a
higher C ;. in 99BC-8 rhizospheric soil exposed the

truth of a greater quantity of microbes without activity
within, suggesting that Bt endotoxin released severely
inhibited the growth of the microbes assiduously at
work in 99BC-8 rhizospheric soil *’.

5 Conclusions

The widely planting of transgenic crops has made
a research hit of the risks potentially imposed to soil
microbes and agro-ecosystem. In the rhizospheric soils
which had been planted by 2 transgenic Bt cotton lines
(99BC4, 99BC-8), Cryl Ac Bt toxic protein could be
determined by using the EnviroLogix QualiPlate Kit for
Cryl Ab/Cryl Ac, which changed soil nutrient condi-
tions such as increasing N, Ca, Zn, Co and Cu but
decreasing K and Mg contents. Bt endotoxin likely trig-
gered more non-target soil microbes appearing in the
rhizosphere, significantly raising C ;. , to degrade more
rapidly such a cotton-released allelopathic compound,
but inhibit severely the growth of the microbes at work
in 99BC-8 rhizospheric soil. As for enzyme activities,
compared with their recipient, 2 Bt cotton lines per-
formed more or less inconsistently since no significant
difference emerged for phosphatase, a higher value in
99BCH4 rhizospheric soils but a lower value in that of
99BC-8 for FDA hydrolysis. It was alleged that Bt en-
dotoxin selectively affected microbial composition, al-
tered their metabolic patterns, which seemed to domi-
nate the microbial responses in the soil although the re-
sponses were inconsistent in the two transgenic B¢

lines.
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