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Abstract

Photosynthetic assimilation of CO2 is a primary source of carbon in soil and root

exudates and can influence the community dynamics of rhizosphere organisms.

Thus, if carbon partitioning is affected in transgenic crops, rhizosphere microbial

communities may also be affected. In this study, the temporal effects of gene

transformation on carbon partitioning in rice and rhizosphere microbial commu-

nities were investigated under greenhouse conditions using the 13C pulse-chase

labeling method and phospholipid fatty acid (PLFA) analysis. The 13C contents in

leaves of transgenic (Bt) and nontransgenic (Ck) rice were significantly different at

the seedling, booting and heading stages. There were no detectable differences in
13C distribution in rice roots and rhizosphere microorganisms at any point during

rice development. Although a significantly lower amount of Gram-positive

bacterial PLFAs and a higher amount of Gram-negative bacterial PLFAs were

observed in Bt rice rhizosphere as compared with Ck at all plant development

stages, there were no significant differences in the amount of individual 13C-PLFA

between Bt and Ck rhizospheres at any growing stage. These findings indicate that

the insertion of cry1Ab and marker genes into rice had no persistent or adverse

effect on the photosynthate distribution in rice or the microbial community

composition in its rhizosphere.

Introduction

Although genetically modified (GM) plants can offer many

benefits, the planting of transgenic crops has raised a

number of concerns, including the ecological impact of

these plants on soil ecosystems. Photosynthetic assimilation

of CO2 is the primary source of carbon in soil and root

exudates govern which organisms reside in the rhizosphere

(Lynch, 1994; Bardgett et al., 1999). Therefore, if carbon

partitioning is affected in crops, effects on their rhizosphere

microbial communities and activities may follow.

It is reported that carbon allocation within plants is

strongly governed by genotype considerations such as

varietal differences and stage of development (Vessey, 1992;

Percival et al., 2001; Shinano et al., 2006). Carvalho et al.

(2006) found that the photosynthetic capacity of the young

tillers of the Guinea-grass cultivars exceeded their capacity

either to store or to use that photosynthate for growth and

maintenance. Zhang et al. (2005) revealed that ATPase

activity at grain filling in new rice varieties arising from

space mutation in the flag leaves was higher than in the

original cultivars. Vessey (1992) indicated that the rate of

dry-matter accumulation slowed or reversed in leaves, stems

and roots with the beginning of the rapid pod-filling period

in Express and Century pea cultivars. Because genotypic

variation has been linked to changes in carbon partitioning,

partitioning of carbon to roots and shoots of GM plants may

also differ from that in non-GM plants.

It is widely acknowledged that plants have a major

influence on microbial communities in soil. The type and

amount of carbon supplied from root exudates to the soil

system might change due to genetic modification, poten-

tially affecting both the activity and the diversity of soil

microorganisms. Siciliano et al. (1998) demonstrated that

the composition of the root-associated microbial commu-

nity differed between transgenic and nontransgenic canola
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cultivars. In contrast, Lottmann et al. (2000) could not

detect differences in rhizosphere bacterial communities

from transgenic T4-lysozyme-producing potatoes compared

with the wild type. In a 3-year field analysis, Devare et al.

(2007) reported that neither Bt transgenic maize (MON863)

nor tefluthrin insecticide adversely affected soil microbial

activity or biomass. Liu et al. (2008) also pointed out that

transgenic Bt rice does not affect enzyme activities and

microbial composition. Nevertheless, none of these reports

attempted to evaluate the impact of transgenic crops on the

soil microbial community by directly linking it to potential

changes in photosynthate allocation.

Several approaches have been used to monitor the

response of rhizosphere microbial communities to root

exudates (Kuzyakov et al., 2002). One of these approaches

combines phospholipid fatty acid (PLFA) analysis with 13C

labeling (Radajewski et al., 2000; Boschker & Middelburg,

2002). This technique can provide a quantitative insight

into the soil viable/active microorganisms and their assim-

ilation of root-derived materials (Kaur et al., 2005). It is

well known that phospholipids are the major components

of the cell membranes of living organisms, and remain

intact only in viable cells (White et al., 1979). By combining

PLFA analysis with 13C labeling, it is possible to study the

microbial utilization of photosynthates by microorganisms

(Butler et al., 2003; Lu et al., 2004a) and to aid in the

characterization of specific functional groups of soil micro-

organisms (Boschker et al., 1998; Arao, 1999; Knief et al.,

2003).

This study explored the temporal effect of GM rice on

photosynthate allocation in plant and the rhizosphere

microbial communities by the 13C pulse-chase labeling

method under greenhouse conditions. The transgenic rice

used in this study (KMD) contains a synthetic cry1Ab gene

from Bacillus thuringiensis under the control of a maize

ubiquitin promoter, and linked in tandem with gusA and hpt

genes (Xiang et al., 1999). We hypothesized that gene

transformation into rice would affect photosynthate alloca-

tion within the plant and to metabolically active micro-

organisms in its rhizosphere. Therefore, the objectives of

this study were: (1) to assess whether transgenic rice (KMD)

producing the Cry1Ab protein differs from its nontransgenic

parental variety in photosynthate partitioning using 13C

pulse-chase labeling and (2) to assess the effects of KMD

rice photosynthate inputs on the rhizosphere soil microbial

community through 13C-PLFA analysis.

Materials and methods

Soil preparation and rice growth

A Fluvio marine blue–purple clay soil was collected from the

plow layer (0–15 cm) of a rice field at Zhejiang University’s

experimental field in Zhejiang province, China (301500N,

1201760E). The soil was air-dried and sieved (o 2 mm) to

remove plant material and soil macrofauna. It contained

1.55% total organic carbon, 3.75 g kg�1 total nitrogen and

0.52 g kg�1 total phosphorus, with a pH 6.02 (1 : 1, soil/water

ratio). The soil was amended with urea [CO(NH2)2],

potassium phosphate (KH2PO4) and potassium chloride

(KCl) at the rate of 0.11 g N kg�1 soil, 0.10 g P2O5 kg�1 soil

and 0.10 g K2O kg�1 soil, respectively. In total, 36 pot micro-

cosms were prepared: 24 were used for pulse-chase labeling

and 12 as unlabeled controls. Each pot (25 cm diameter and

25 cm height) was filled with 6 kg of soil. Deionized water

(3.5 L) was added to each pot at this point, and as necessary

throughout the experiment to provide 3 cm of standing

water above the soil up until the grain-filling stage, when all

pots were drained. Thirty-five-day-old plants, either trans-

genic rice (Bt) or nontransgenic parental rice (Ck) variety,

were transplanted into each pot and maintained at 30� 1 1C

in a greenhouse for the complete growing season of 110

days. The homozygous transgenic line KMD derived from a

commercial Chinese Oryza japonica rice variety, Xiushui 11,

transformed by Agrobacterium infection (Cheng et al., 1997;

Xiang et al., 1999) was used as the Bt variety. The parental

rice Xiushui 11 was the control (Ck). Other insects and

weeds were controlled manually in all experimental pots to

avoid yield loss.

13C labeling and measurement

The 13C-pulse-chase labeling was performed in 2006 at the

primary phenological stages of rice: on July 18 (seedling

stage), August 18 (booting stage), September 11 (heading

stage) and October 17 (maturing stage). In the labeling

process, three replicated pots of Bt and Ck were transferred

into the same artificially lit growth chamber (area

60 cm� 90 cm, height 110 cm, light 40 klux, temperature

30–32 1C and relative humidity 78–80%) and labeled for 4 h

with 13CO2 generated inside the chamber through the

reaction between Na2
13CO3 (99 at.% 13C, Sigma) and lactic

acid. An infrared gas analyzer (LI-COR820, Lincoln) was

connected to the top of the chamber to monitor the total

CO2 concentration in the chamber continuously. After the
12CO2 concentration in the chamber decreased from 350 to

125 mg mL�1, a pulse of 99.99 at.% 13CO2 was generated to

maintain 13CO2 concentrations at 150–200 mg mL�1, corre-

sponding to 35–40% of the total CO2 concentrations in the

chamber. As 13CO2 diffusion into water is negligible under

the neutral conditions (pH 6.0–7.0) of flood water (Minoda

& Kimura, 1994; Minoda et al., 1996; Lu et al., 2002a), no

specific control measures were adopted to prevent 13CO2

diffusion into pot soil. However, each pot surface was

entirely covered with a black plastic sheet to avoid algal

photosynthesis in floodwater.
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Plants were destructively harvested immediately after

labeling by removing them from pots and shaking the roots

vigorously to separate soil not tightly adhering to the roots.

Soil that remained attached to roots was considered to be

rhizosphere soil, and was squeezed from the roots with a

gloved hand and mixed evenly for PLFA analysis. Plants

were cleaned with deionized water and their roots, stems,

leaves and, at maturity, seeds were separated and dried at

60 1C for 48 h for analysis. Plant parts from each growing

stage were weighed and sent to the Institute of Botany,

Chinese Academy of Sciences, where the d13C values of plant

materials were determined by an elemental analyzer coupled

to an isotope ratio mass spectrometer (Thermo Finnigan) to

detect photosynthate allocated to root and aboveground

parts (seeds, leaves and stems).

PLFAs -- extraction and analysis

PLFAs were analyzed on freeze-dried rice rhizosphere soil

that had been sampled after rice labeling. Total PLFAs

were extracted from samples according to the procedure

described by White & Ringelberg (1998) with modification

(Butler et al., 2003). PLFA methyl ester fractions were

analyzed by capillary gas chromotograph-combustion-iso-

tope ratio MS (GC-C-IRMS) (Thermo Finnigan DELTAplus

XP) for compound-specific d13C values.

The PLFA nomenclature used here is as described by

Frostegård et al. (1993). The branched PLFAs i15:0, a15:0,

i16:0, 16:0, i17:0, a17:0, 17:0 and 18:0 and the PLFAs 16:1o7,

cy17:0, cy19:0, 18:1o5 and 18:1o7 were chosen to represent

Gram-positive bacteria and Gram-negative bacteria, respec-

tively (Medeiros et al., 2006). The PLFAs 10Me16:0,

10Me17:0, 10Me18:0 represent actinomycetes, and the poly-

enoic unsaturated PLFA 18:2o6 was used as an indicator of

fungal biomass (Frostegård & Bååth, 1996; Bååth, 2003).

Calculation and statistical analysis

The incorporation of 13C into plants was expressed as the

increase of d13C value relative to the unlabeled control

plants and as the percent of total 13C assimilated by rice

plants (Lu et al., 2004b). Isotope ratios and atom% 13C were

calculated from the following equations: (Boutton, 1991; Lu

et al., 2004b)

d13C ¼ Rsample

Rstandard

� �
� 1

� �
� 1000 ð1Þ

Atom% 13C ¼ ðd13Cþ 1000Þ � Rstandard

ðd13Cþ 1000Þ � Rstandard þ 1000
� 100 ð2Þ

where R is the corresponding ratio 13C/12C. The d values

represent the ratio of heavy and light isotopes in the samples

compared with the standard reference material, Vienna

PeeDee Belemnite (PDB) carbonate (Rstandard = 0.0112372).

The 13C incorporated into rice plants and PLFAs in the

rice rhizosphere soil were calculated based on the difference

in atom% 13C of plants and PLFAs of the labeled and

nonlabeled samples as follows:

13C-X ¼ ½ðatom% 13CÞX; labeled

� ðatom% 13CÞX; unlabeled� � X ð3Þ

where 13C-X is the amount of 13C incorporated into indivi-

dual rice plants (g kg�1 dw plant) and PLFAs (mg kg�1 dw soil).

Net 13C assimilation by rice plants at the end of labeling

was calculated by summing the 13C in plants and soil

microorganisms:

Net 13C assimilation ¼13Croot þ13 Cshoot þ13 Cleaf

þ13 Csoil microorganism

ð4Þ

The percentage distribution of 13C into plants and soils

was calculated as:

Percent distributionð%Þ ¼13C simple=net 13C assimilation

� 100%

ð5Þ
Data were analyzed and statistically compared using SPSS

11.5 (SPSS for Windows, Version 11.5). Tukey’s t-test was

used to test the significance of difference in the stable

isotope ratio of plant parts, and the content and stable

isotopic composition of PLFAs between the Bt and Ck

treatments. Principal component analysis (PCA) was per-

formed to compare the PLFA composition between Bt and

Ck treatments at the different stages of rice development.

The mean value and 95% confidence interval associated

with different sampling times are indicated in the PCA plots.

The significance of differences between means of principal

components was tested by one-way ANOVA performed using

the SPSS 11.5.

Results

Stable isotope incorporation in rice at the end of
13CO2 labeling

Although the total 13C fixed was underestimated because the

amount of 13C in soil DOC and that lost via plant and soil

organism respiration were not measured, assessing the

amount of 13CO2 fixed in rice plants and translocated to

rhizosphere soil provided an efficient way of assessing

whether carbon assimilation in Bt rice and subsequent

carbon flux to rhizosphere soil microorganisms differs from

that in Ck parental rice. After labeling, the majority of the 13C

assimilated through photosynthesis was retained in above-

ground rice plant biomass (Fig. 1). It was increasing over the
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period of rice development, ranging from 85% at the

seedling stage to 98% at maturity. The amount of 13C

assimilated into the leaves of Bt rice was significantly lower

than that of Ck rice at the seedling stage (0.67� 0.01 vs.

0.76� 0.02 13C g kg�1 dw), but significantly higher than Ck

rice at the booting stage (0.62� 0.01 vs. 0.56� 0.02 g kg�1 dw)

and the heading stage (0.54� 0.01 vs. 0.52� 0.01 g kg�1 dw)

of development (Po 0.05, n = 3). However, there was no

significant difference in the amount of 13C assimilated into

the leaves of Bt and Ck rice at the maturing stage

(0.44� 0.01 vs. 0.45� 0.01 g kg�1 dw) (Fig. 1a). In contrast,

the amount of assimilated 13C retained in rice roots and

rhizosphere microorganisms was considerably lower than

that in the aboveground biomass, and decreased in both

pools as the rice developed (Fig. 1b and c). There were no

significant differences in 13C assimilated in either rice root

or rhizosphere microorganisms between Bt and Ck through-

out rice development.

Total PLFAs in rice rhizosphere soil

PLFAs are important biomarkers of major groups of soil

microorganisms, and were therefore analyzed to determine

whether microbial communities in the rhizosphere of Bt and

Ck rice differed. The total PLFAs decreased slightly and then

increased in both Bt and Ck rhizospheres. The trends in

PLFAs extracted from Bt and Ck rhizosphere soils during

rice development were identical (Fig. 2). Nevertheless, the

total abundance of some PLFAs considered typical for

Gram-positive bacteria (e.g. i15:0, a15:0, i16:0, i17:0 and

a17:0; Patricia et al., 2006) was significantly lower in the

rhizosphere soil of Bt rice as compared with that of Ck at the

seedling, booting and heading stages (Fig. 3). In contrast,

the total abundance of other PLFAs, which are indicative of

the Gram-negative bacteria (e.g. 16:1o7c, 16:1o7t, cy17:0,

c18:1 and t18:1; Medeiros et al., 2006), was significantly

higher in the rhizosphere soil of Bt as compared with Ck at

the corresponding stages (Fig. 3). There were no significant

differences in the amount of either Gram-positive bacterial

PLFAs or Gram-negative bacterial PLFAs between Bt and Ck

rhizosphere soils at the maturing stage. There were no

significant differences in rhizosphere soil fungi (18:2o6) or

actinomycete (10Me16:0, 10Me17:0, 10Me18:0) biomass

between Bt and Ck varieties over the period of rice develop-

ment (Fig. 3).

Our results for bacterial PLFAs were confirmed by PCA

analysis of 18 PLFAs measured in rhizosphere soils over the

rice growth period (Fig. 4). PCA analysis showed that there

were significant differences (Po 0.05) in the microbial

composition of rhizosphere soil between Bt and Ck rice

along the first principal component (45.2%) at the seedling,

booting and heading stages. However, the PLFAs of Bt

rhizosphere soil showed a high degree of similarity to that

of Ck at the maturing stage.

13C incorporation into rhizosphere soil
microorganisms

Photosynthates are incorporated into rhizosphere soil

microbial biomass rapidly after 13C is assimilated into a plant

(Lu et al., 2002b, 2004a). Eighteen PLFAs that are known

to be present in soil microorganisms were traced and
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quantified using the capillary GC-C-IRMs. 13C was not

evenly distributed among PLFAs. The most abundant 13C-

PLFAs in rice rhizosphere soil at all development stages were

16:0, c18:2o6 and c18:1, followed by i15:0 and 16:1o7c

(Fig. 5). The difference in 13C incorporated into the indivi-

dual PLFAs indicated that the rhizosphere microorganisms

differed in their responses to photosynthate input. Results

from the 13C pulse-labeling conducted at the four different

development stages showed that the rice plant had its own

relatively stable rhizosphere microbial community composi-

tion irrespective of the different stages of development.

Although the Gram-positive bacterial PLFAs (i15:0, a15:0,

i16:0, i17:0 and a17:0) were higher in the rhizosphere soil of

Ck compared with Bt, and Gram-negative bacterial PLFAs

(16:1o7c, 16:1o7t, cy17:0, c18:1 and t18:1) were lower in Ck

rhizospheres than in Bt (Fig. 3), there were no significant

differences (P4 0.05) in the abundance of any individual
13C-PLFAs in rhizosphere soils between Bt and Ck plants

over the period of rice development (Fig. 5).

Discussion

Photosynthate partitioning in plants

Analysis of 13C/12C data for the experimental rice plants

showed that a majority of the assimilated 13C was retained in
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aboveground biomass and increased slowly, whereas the

amount of assimilated 13C that was detected in roots and

rhizosphere soil microorganisms decreased, reflecting the

reduced translocation of photo-assimilates to roots as the

rice plants matured. A similar influence of plant develop-

ment stage on the distribution of photosynthates has been

reported previously. Keith et al. (1986) showed that carbon

sink activity of younger plant roots was greater than that of

older plant roots. Liljeroth et al. (1990) found that the

relative amount of carbon translocated to the roots of wheat

plants was lower at 54 days than at 33 days. Young rice

plants, which have faster root growth than more mature

rice, have also been reported to translocate more photo-

synthates below ground than at the maturing stage (Lu et al.,

2002a).

Although the distribution of photosynthates can be

influenced by environmental factors, such as light, tempera-

ture, CO2 concentration, moisture, nutrition status and soil

texture (Merckx et al., 1985; Liljeroth et al., 1990; Meharg &

Killham, 1990; Johansson, 1992; Zagal, 1994; van Ginkel

et al., 2000), the plant cultivar appears to have a dramatic

influence as well (Lu et al., 2002a; Ma et al., 2003). Our 13C

pulse-chase labeling study indicated that there were signifi-

cant differences between Bt and Ck rice in the amount of 13C

distribution at the seedling, booting and heading stages.

There were no significant differences in 13C distribution in

the leaves of Bt vs. Ck rice at the maturing stage, which is

likely due to 13C being diverted into the rice seed. As all

other experimental conditions were kept constant, our

results suggest that the Bt and Ck rice varieties used in this

study do differ in their carbon-partitioning behavior. These

differences are postulated to be a result of changes in the

photosynthetic process and/or in photosynthate transloca-

tion due to the insertion of the cry1Ab and marker genes

into the rice genome. Ck rice biomass was significantly

higher (Po 0.05) than that of Bt rice at the booting,

heading and maturing stages (Fig. 6). Similar phenomena

have also been reported by other authors. Hebbar et al.
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(2007) studied the photosynthesis and plant growth

response of transgenic Bt cotton under field conditions and

found that the Bt cotton had higher stomatal conductance

(gs) and photosynthesis (PN) than the non-Bt cotton at 110

days after sowing. According to Rossi et al. (2007), Bt corn

(MON-810) and non-Bt corn also have different isotopic

signatures of carbon and N after 13C and 15N labeling.

Effect of transgenic rice on rhizosphere
microbial community composition

The rhizosphere is a major sink for photo-assimilated

carbon and root-deposited photosynthate is an important

source of readily available carbon for micro- and macro-

fauna in the rhizosphere of plant roots. By combining PLFA

analysis with 13C labeling approaches, some useful insights

into the dynamics of the active members of the rhizosphere

microbial community and microbial biomass were obtained

over the rice development cycle. In agreement with Lu et al.

(2004a), branched chain (Br) PLFAs were the most prevalent

in the rhizosphere of both Bt and Ck varieties, followed by

saturated (Sa) PLFAs, mono PLFAs, and polyunsaturated

(Pu) PLFAs. Statistically significant differences were not

observed in the relative abundance of grouped PLFAs

extracted from the rhizosphere soil of Bt and Ck at any

growing stages (data not shown). However, the rhizosphere

microbial populations did differ in their responses to

photosynthate input. Our results showed that 16:0, c18:2o6

and c18:1 were the more highly labeled PLFAs in the

O. japonica rhizospheres through rice development, while

Lu et al. (2004a) reported that the most significant in-

crease in the percentage of 13C values in Oryza sativa

rhizosphere PLFAs was for 16:0 and 18:1o7&9 in the early

season and 18:1o7&9, 16:0 and 16:1o7c at harvest. We

believe this variation in 13C distribution among PLFAs in

the rhizospheres of these two rice varieties to be a conse-

quence of genotype-induced differences in the quality or the

quantity of root exudates.

In contrast to the individual PLFAs in rhizosphere soil

over the period of rice development, there were no signifi-

cant differences in the amount of fungal and actinomycete-

related PLFAs between Bt and Ck. This observation corro-

borates the results of Min et al. (2005), who found that Bt

corn did not have any significant effects on the structure of

fungal communities in rhizosphere soil. The total amounts

of Bt rhizosphere Gram-positive bacterial PLFA biomarkers

in our study were significantly lower while Gram-negative

bacterial PLFA biomarkers were significantly higher than in

Ck rhizospheres at the seedling, booting and heading stages

of rice development. However, there were only slight differ-

ences in the percentage 13C incorporated into individual

PLFAs in rhizosphere soil of Bt and Ck rice in response to

instant photosynthate input. PCA analysis of the individual

PLFAs at every development stage showed that the microbial

composition of rhizosphere soil differed significantly

between Bt and Ck rice along the first principal component

at the seedling, booting and heading stages. Together, these

results suggest that the differences observed in the rhizo-

sphere bacterial communities between Bt and Ck rice may

result from different plant development-dictated rates of

photosynthate inputs due to the insertion of cry1Ab and the

reporter or marker genes: gusA (b-glucuronidase), hpt

(hygromycin phosphotransferase) and npt (neomycin phos-

photransferase). It has been shown that cry1Ab may have

nothing to do with the transient effect on exudate quality

(Saxena & Stotzky, 2001), and Cry1Ab protein from trans-

genic rice does not residue in rhizosphere soil during rice

development (Wang et al., 2006). Thus, it seems likely that

either the insertion of the reporter and marker genes or site

effects of the insertion of foreign gene results in changes in

the quality or the quantity of photosynthate input to the

rhizosphere, as has been suggested by Widmer et al. (1997)

and Wang & Xia (2000). This could be tested by increasing

the number of different transgenic and nontransgenic

varieties in such studies. Nevertheless, attention still needs

to be paid to the potential variation of cry1Ab gene expres-

sion resulting from the change of soil type and environ-

mental conditions, which are usually the drivers for the

plant phenotype. The absence of differences in rhizosphere

microbial communities at maturity may be related to the

lower rate of rhizodeposition and the smaller amount of

plant-derived carbon input into the microbial biomass at
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this stage for both varieties, as has been reported by Keith

et al. (1986).

In contrast to the results from a previous field study with

these rice cultivars and using PCR-based denaturing gradi-

ent gel electrophoresis and terminal-restriction fragment

length polymorphism analyses (Liu et al., 2008), significant

differences in the rhizosphere soil bacterial communities of

Ck and Bt rice were observed at the seedling, booting and

heading stages. We speculate that the differences observed

between these two studies resulted from (1) the higher

complexity of field conditions obscuring transient differ-

ences between Ck and Bt as compared with the more

controlled greenhouse environment and (2) inherent differ-

ences in the analytical methods. PLFA analysis is based on

the active component of the cell, and is sensitive to the

viability and environmental conditions. It can not only

identify, but can also quantify viable biomass (Puglisi et al.,

2005). In contrast, PCR-based methods normally offer the

potential for characterization of the underlying population

level (Philip et al., 2006). Therefore, caution needs to be

exercised in interpreting and comparing results obtained

with different analytical approaches. On the basis of these

results, it would be better to combine several methods in

assessing the potential risks of transgenic crops on the soil

biological community.

In conclusion, the results of this study showed that PLFA

analysis combined with 13C labeling could be a useful tool in

risk-assessment studies to analyze the immediate impact of

plant genome transformation on carbon-partitioning char-

acteristics within the plant and subsequently into the rhizo-

sphere soil microbial community. No differences were

detected between Bt and Ck rice in the carbon partitioned

to rice roots or rhizosphere soil microorganisms, or in the

responses of individual microbial PLFAs in rice rhizosphere

during plant development. However, there were significant

differences between the Bt and Ck rice in carbon partition-

ing to rice leaves and rhizosphere bacterial community

abundance and total fingerprints at the seedling, booting

and heading stages. Observed changes in rhizosphere bac-

terial populations, characterized by changes in PLFA pro-

files, may have resulted from differences in the quality and

the quantity of root exudates of the Bt and Ck rice

genotypes. Studies with a range of non-Bt rice cultivars

may help to establish whether the variabilities in rhizosphere

microbial populations that we observed are varietal differ-

ences rather than a consequence of gene transformation.
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