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ABSTRACT
To learn the spatial and temporal distribution of Bt proteins in Bt
maize leaves, Bt protein levels of Bt maize leaves and their
corresponding non-transgenic lines were detected and analysed
by the ELISA method. The results showed that Bt proteins were
expressed in the leaves of Bt maize varieties during all periods of
their growth, while no such Bt proteins were detected in the
leaves of non-transgenic maize varieties. The range of leaf Bt
proteins was 1.08∼5.81 µg.g−1 FW, which could effectively
protect Bt maizes from the corn borer pest during their growth
periods. Furthermore, the younger leaves of Bt maizes had
significantly lower levels of Bt proteins than their older leaves. In
most periods, Bt protein content of Bt maize leaves under
drought stress was lower than that under normal growth
conditions, but Bt protein content under nutrition stress was
higher than that under normal growth conditions. The results
provided a full pattern of the spatial and temporal distribution of
Bt proteins in Bt maize leaves.
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1. Introduction

Corn (Zea mays L.(Paniagua-Zambrana et al., 2020)) is becoming a major food material
in China. It is also an important feed material in the industry (Montes et al., 2009;
Mostafa et al., 2020). However, corn production and quality were often affected by
Asian corn borer, Lepidoptera and other insects (Chunruan et al., 2011; Chvátalová,
2020). Farmers were not able to effectively manage by insecticides due to environmental
concerns and other multiple uncertainties. The most effective strategy is still to engineer
Bt genes into the crops to generate insecticidal proteins. The control of some insect pests
can be managed by the commercialization of genetically modified Bt crops. For example,
the evolution of resistance has been reported in field populations of Busseola fusca
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targeted by Bt corn expressing Cry1Ab (Kotey et al., 2017). Most commercialized Bt
crops exhibited enhanced agronomic traits, such as insect resistance and/or herbicide tol-
erance (Tian et al., 2015), and many new Bt crops with enhanced nutritional traits are still
under development. The examination of Bt proteins in Bt crops became important for
the understanding of those traits.

Bt crops and the corresponding Bt proteins are under intense investigation in China,
Zhang and Zhao (2000) developed the immunological method of determining Bt protein
level in Bt cotton in different growth periods and cotton components. Xing et al. (2001)
studied the temporal and spatial distribution of insecticidal protein content in transgenic
Bt cotton and its effect on resistance to cotton bollworm. Wang et al. (2003) investigated
the content and expression of toxic protein in different organs of transgenic Bt cotton.
Few studies have been conducted for Bt proteins in Bt maizes cultivated in China.

Fearing et al. (1997) reported the expression of Bt protein in Bt maize plants; Liu and
Wang (2003) compared the expression dynamics of Bt genes in four Bt maize strains with
the same plasmid (pMG6); Wang et al. (2003) used freeze-dried root, stem and leaf
organs as materials and studied the dynamics of Bt protein content at different growth
. Tian Xiaoyan et al. (2012) used the enzyme-linked immunosorbent assay (ELISA) to
quantitatively detect Bt protein expression and leaf surface Bt protein secretion in
Mon810 corn leaves, indicating that Bt protein can be detected in leaf tissues and leaf
surfaces. Yang Yingli (2013) used the ELISA to determine the temporal and spatial
dynamics of the expression of two proteins: CrylAb and IAc in transgenic Bf maize.
Those studies of Bt proteins in Bt maizes were still fragmentary. There are no full
reports on the spatial and temporal distribution of Bt proteins in fresh leaves of maize
plants under stress conditions.

To understand the distribution pattern and dynamics of Bt protein in Bt maize leaves,
in this paper, Bt protein contents in different leaves of different Bt maize and its near-iso-
genic lines, as well as non-GM maize currently widely grown in northern China’s maize
production areas, were studied by using the ELISA with standard kits from the US EPA
(Castillo et al., 1998). The leaf Bt protein expressions of Bt maize under nutrient stress
and water drought stress were also measured to provide a theoretical basis for a better
understanding of trans-Bt gene-resistant maize to control the damage of pests.

2. Materials and methods

2.1. Maize varieties for tests

The Bt maize varieties offered for testing and their corresponding near-isogenic lines are
shown in Table 1. Since we did not have access to near-isogenic lines corresponding to
the Bt maize varieties 1426 × 1482 and Nongda 61 for comparison, we selected the non-
GM maize variety Nongda 3138, which is currently widely grown in the maize

Table 1. Bt maize varieties tested and their corresponding near-isogenic lines.

Bt corn varieties
Corresponding

near-isogenic lines Logarithm of different genes Source

B24 B23 1 (Bt gene) American pioneer seed company
G30 G26 2 (Bt gene、Yellow Maize gene) American pioneer seed company
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production areas of northern China. Nongda 3138, 1426 × 1482 and Nongda 61 were
provided by the academician Jingrui Dai of China Agricultural University, and the rest
of the varieties were given by Dr. Cindy Nakatus of the Department of Agronomy,
Purdue University, USA.

2.2. Design of experiments

(1) Pot experiment: The above maize varieties were used as materials and each variety
was planted in 4 pots (i.e. 4 replications) with 2 plants in each pot; each pot was ran-
domly arranged. One whole seedling was taken from each pot 20 d after sowing
when it had 6∼7 leaves, and Bt protein content of the inverted 1, inverted 3 and
inverted 5 leaves was measured separately. The soil was collected from 0 to 20 cm
layer of the field in the internship farm of South China Agricultural University,
with a clay loam texture, pH 6.1% and 1.81% organic matter content.

(2) Greenhouse plot experiment: Bt maize varieties B24 and G30 and the corresponding
non-transgenic near-isogenic lines B24 and G26 were used as materials for three-
factor experiments of maize variety, water stress and nutrient stress in a glass green-
house, with two levels of each factor. For example, two levels were set for the Bt
maize variety and non-GM maize variety; two levels were set for normal water
stress and drought (i.e. no water at all, but a little water when the leaves wilted);
and two levels were set for nutrient stress: normal fertilization (20 g of compound
fertilizer per plot every two weeks) and no fertilization. A total of eight treatment
combinations were used to match the three factors. Each treatment combination
was planted in one plot and randomly arranged in the field. Each plot was 3.4 m
× 0.75 m and 10 plants were planted in each. Each plot was randomly sampled
five times (three replicates each) in the first and middle of the entire reproductive
period, at 18, 25, 32, 39 and 46 d after sowing. 1, 2 and 3 leaves of a single plant
were taken as material in the first two periods, and 1, 3 and 5 leaves of a single
plant were taken as material in the last three periods, and Bt protein content was
measured to understand its spatial and temporal distribution pattern. The number
of leaves damaged by corn borer in each plot was observed at the same time of
each sampling.

2.3. Determination of Bt protein content

Nowadays, proteins are commonly detected by the ELISA (Ahmad & Cheema, 2019;
Chen et al., 2020; Seo & Joo, 2014; Walschus et al., 2002). Bt protein content was deter-
mined by the ELISA method, using the AP003 ELISA quantitative kit from EnviroLogix,
Inc. This is the standard kit used by the US EPA for the detection of Bt protein. The kit
includes one 96-well (12×8) plate with embedded antibodies and supporting reagents,
four Cry1A(b) specimens at concentrations of 0, 0.5, 2.5 and 5.0 ng.g−1. The extraction
of Bt protein from maize leaves and the ELISA determination procedure for its content
were referred to the kit instructions. Briefly, 20–30 mg of fresh leaves was added to a
1.5 ml centrifuge tube, mashed and 0.5 ml of 1×Cry1A(b) extraction/dilution buffer
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was added, shaken for 2 min at 200 rpm and centrifuged for 2 min at 12,000 r/min to mix
thoroughly, 10 µl of the supernatant night was taken and diluted 101 times with extrac-
tion/dilution buffer to be measured. 100 µl of sample extract was added to each well,
covered with a plastic wrap and shaken at 200 rpm for 15 min; 100 µl of Cry1A(b)-
enzyme conjugate was added to each well, covered a with plastic wrap and shaken at
200 rpm for 1 h; the membrane was removed and Wash Buffer was rinsed 3 times;
100 µl of reaction substrate was added to each well. It was covered with a plastic wrap,
and shaken at 200 rpm for 30 min; finally, 100 µl of the termination solution was
added and mixed thoroughly, and the OD value was measured at 450 nm for 30 min
using an enzyme standard (Sunrise Remote). Protein content per gram of fresh leaf is
(unit: µg-g-1FW).

2.4 Analysis of data

All data from this experiment were compiled in Excel and statistically analysed with
the statistical software SAS 6.12. The t-test was performed according to the method
of the Statistical Group of the Institute of Mathematics, Chinese Academy of Sciences
(1973).

3. Results and analysis

3.1. Bt protein content of leaves of maize varieties

(1) Comparison of Bt protein content in leaves of various maize varieties

Bt protein content in the penultimate 1st, 3rd and 5th expanded leaves of each maize
variety was measured at 20 d after sowing (Table 2). The results showed that the levels
of Bt protein in different parts of the leaves of each Bt maize variety ranged from 1.83
to 4.08 µg.g−1 FW at 20 d after sowing, whereas in all non-transgenic maize varieties,
no Bt protein content could be detected.

Among the four Bt maize varieties measured, Bt protein content of the inverted one
leaf was highest in variety 1426 × 1482 (Table 2), significantly higher than B24 and
Nongda 61, and not significantly different from G30; Nongda 61 had lowest Bt protein
content, not significantly different from B24 and G30, and significantly lower than
1426 × 1482. Bt protein content of the inverted 3 leaves was highest in variety B24 and
G30, which were significantly higher than other varieties; lowest in variety was 1426 ×

Table 2. The level of Bt protein (Mean ± S.E.M.) in different location leaves of 20-d old corn seedlings
(µg·g−1 fresh wt.).
Leaf location B24 B23 G30 G26 Nongda 61 1426×1482 Nongda 3138

The first leaf from the top 2.70 ± 0.31b ND 3.05 ± 0.12b ND 2.30 ± 0.05b 3.50 ± 0.30a ND
The third leaf from the top 4.08 ± 0.06a ND 4.01 ± 0.39a ND 2.82 ± 0.11a 2.44 ± 0.21b ND
The fifth leaf from the top 3.13 ± 0.15b ND 3.30 ± 0.09b ND 1.84 ± 0.14c 1.83 ± 0.20b ND

Notes: Means with the same letter within the column were not significantly different (P>0.05) using Duncan’s multiple
test (Dafaallah, 2019). ND indicated not detected. The same as below.
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1482. Bt protein content of the inverted 5 leaves was also highest in varieties B24 and
G30, significantly higher than 1426 × 1482 and Nongda 61.

(2) Spatial distribution of Bt protein in leaves of different Bt maize varieties

The distribution pattern of Bt protein in leaves of different Bt maizes varied. The var-
ieties with the highest Bt protein content in the first leaf from the top were 1426 × 1482
(Table 2), and the remaining three varieties all had the highest Bt protein content in the
third leaf from the top. Among the four observed trans-Bt maize varieties, Nongda
61,1426 × 1482 and other varieties had the lowest Bt protein content in the fifth leaf
from the top, while B24 and G30 had the lowest Bt protein content in the inverted 1
leaf.

3.2. Distribution dynamics of Bt protein content in Bt maize leaves

(1) Comparison of leaf Bt protein content among different varieties

To understand the distribution dynamics of Bt protein in Bt maize, two Bt maize var-
ieties, B24 and G30, were selected as materials from the above four varieties. A three-
factor test, variety, water stress and nutrient stress, was designed to determine the Bt
protein content of different parts of leaves at different periods. The results showed
(Table 3) that Bt protein was detected in leaves of different parts of Bt maize under
different growth conditions at all growth periods; the levels ranged from 1.08 to
5.81 µg.g−1 FW. The t-test showed (P<0.01) that Bt protein content was generally
higher in B24 than in G30.

This difference in Bt protein content among different Bt maize varieties may be related
to different structures and promoters of Bt genes. It may also be related to the way the
gene was introduced, the way it was transformed and the genetic background of the reci-
pient (Wang et al., 2003). However, what they have in common is that the content of Bt
protein has reached the level of resistance to maize borer damage.

(2) Changes of Bt protein content in different parts of leaves

The content of Bt protein in the first leaf from the top of both Bt maize varieties was sig-
nificantly lower than in the second leaf from the top, third leaf from the top and fifth leaf
from the top at all measurement periods. The test results showed that the expression of Bt
protein in young leaves of Bt maize was significantly lower than that in mature leaves.

(3) Changes in Bt protein content of leaves at different growth periods

Using the Bt protein content of maize leaves measured at the first time (18 d after plant-
ing) as a standard for comparison, the average Bt protein content increased by 14.47%
and 17.25% for each treatment of varieties B24 and G30, respectively, at 25 d after plant-
ing; at 32 d after planting, it increased by 34.21% and 29.15%, respectively. Combining
the treatments, the Bt protein content increased with time of maize growth until 32 d
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after planting. From 32 d to 46 d after planting, there was a decline in Bt expression as the
number of days of maize growth increased, and the amount of Bt protein decreased, but
the decrease was not significant.

3.3 Effect of drought stress on leaf Bt protein content

Leaf Bt protein content was lower in both Bt maize varieties under drought stress than in
normal growth conditions during most of the observation periods (Table 3). The results
of the sign test (P<0.10) indicated that the expression of Bt protein was decreased in
maize leaves under drought stress.

3.4 Effect of nitrogen nutrient stress on leaf Bt protein content

From 32 d after planting, the Bt protein content in the first leaf from the top of both Bt
maize varieties under nitrogen nutrient stress was consistently higher than under normal
growth conditions (Table 3). The results indicated that nitrogen nutrient stress favoured
the expression of Bt protein in the inverted 1 leaf of maize plants.

3.5 Protective effect of Bt maize on leaves

Throughout the experimental observation period, leaves of Bt maize plants were free of
corn borer damage, whereas leaves with corn borer damage were found in all non-trans-
genic maize plants corresponding to them, with a significant level of difference between
the two (Table 4). The results showed that the level of Bt protein content expressed by the
leaves of Bt maize plants during all growth periods in the test materials used has been
effective in controlling the damage of corn borer. Since the Bt maize plants continued
to express Bt protein efficiently throughout the growth period, they were able to effec-
tively control pests such as corn borer throughout the growth period.

4. Discussion

In this experiment, all non-transgenic maize failed to detect Bt protein, while all Bt maize
consistently expressed Bt protein throughout the growth period; the levels of Bt protein
in leaves of each Bt maize variety ranged from 1.08 to 5.81 µg.g−1 FW under different
growth conditions during the observation period. This indicates that all the Bt maize var-
ieties selected for this experiment have indeed integrated the exogenous Bt gene and that
the gene can be expressed efficiently and consistently throughout the growth period.

There are differences in Bt protein content among different Bt maize varieties. This
may be related to the differences in the structure of the exogenous gene, the mode of

Table 4. The number of leaves infested by corn borer in different corns during growth stages.
Varieties 18 d 25 d 32 d 39 d 46 d

B23 1.75 ± 0.48a 2.25 ± 0.25a 2.50 ± 0.48a 2.75 ± 1.03a 2.75 ± 1.03a
B24 (Bt) ND ND ND ND ND
G26 2.25 ± 0.36a 2.25 ± 0.50a 2.75 ± 0.75a 2.75 ± 0.75a 3.00 ± 0.86a
G30 (Bt) ND ND ND ND ND
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introduction, the mode of transformation, the insertion site, the genetic background of
the recipient, the promoter and the copy number, and many other factors, or it may
be the result of the combination of these factors and environmental conditions. Wang
et al. (2003) suggested that the spatial and temporal dynamics of Bt gene expression in
different varieties of Bt maize may be due to the interaction of gene expression with
factors, such as maize growth and developmental characteristics, and the external
environment to be further explored. When comparing the expression dynamics of Bt
genes in four Bt maize strains with the same plasmids, Liu and Wang (2003) also
found significant differences in Bt protein expression between different tissues of the
same plant and between different strains and speculated that this might be the effect
of different insertion sites and copy numbers. The results of Miluse T et al. (2015)
showed that Bt content depends not only on transgene expression but also on the
genetic background of the corn variety. Under stress conditions, the concentration of
Bt protein is more difficult to predict. Therefore, the reasons for the differences in Bt
protein content among different Bt maize varieties remain to be investigated in depth.

In this experiment, three Bt maize varieties had lower levels of Bt protein in young leaves
(the first leaf from the top) than in mature leaves. This result is similar to the condition of
Bt protein distribution measured by Wang Baomin et al. (2002) in trans-Bt gene cotton.
The reason may be that the nitrogen metabolism of young maize leaves is more vigorous
and requires more nitrogen nutrients to synthesize the related amino acids and proteins;
therefore, the fraction of nitrogen nutrients allocated for the synthesis of Bt protein is less.

Under nutrient stress conditions, the content of Bt protein in the first leaf from the top
of Bt maize was significantly increased. It seems that certain nitrogen stress favours
benefit the synthesis and accumulation of Bt protein in Bt maize. The relationship
between Bt protein content and nitrogen metabolism in Bt maize deserves further study.

Drought stress affects plant growth and also the expression of Bt genes. The content of
Bt protein in leaves of Bt maize varieties B24 and G30 under drought stress was signifi-
cantly lower than normal growth conditions during most of the observed periods, indi-
cating that drought stress inhibited the expression of Bt protein in maize leaves. Why is
this the case? Any organism in nature must pay the price to survive and reproduce.
Organisms have always evolved to develop a mechanism to obtain their survival and
development at minimal cost (Bazzaz et al., 1987). Under drought stress, the main
threat to the survival of the plant is drought, so the plant always has to mobilize all
factors to resist drought. In the results of the present group, it was found that the protec-
tive enzyme activity of Bt maize leaves increased and the root callus content increased
under PEG drought osmotic stress (published separately); these results suggest that
under drought stress, the Bt gene could promote the expression of resistance genes in
the maize plant itself, increase callus content, improve protective enzyme activity, as
well as synthesize and produce a number of other substances that contribute to the resist-
ance of (published in a separate paper). These physiological processes require a certain
material and energy base, and the material and energy resources available to the plant
are relatively limited; therefore, under stressful conditions such as drought, the material
and energy available to the plant for synthesizing Bt protein is relatively reduced due to
the promotion of Bt gene on the expression of the resistance gene in the maize plant itself,
and thus Bt protein content decreases. This is because the ability to synthesize Bt proteins
is relatively less important for the plant under drought stress; in this case, the entire
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metabolic focus of the plant will be more centred on drought resistance, and the synthesis
of Bt proteins will be relatively inhibited. Therefore, although Bt genes are available to
express Bt protein, the expression of Bt protein decreases because the plant has to
invest more material and energy for drought resistance. The exact biochemical mechan-
ism needs further studies.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by National Science Foundation of China [grant number 30270270];
National natural Science Foundation of China-Guangdong [grant number 000569, 021043].

References

Ahmad, S., & Cheema, H. M. N. (2019). Resistance status ofHelicoverpa armigera against Bt cotton
in Pakistan. 28, 199–212.

Baomin, W., Zhaohu, L., Bin, L., Xiaoli, T., Liusheng, D., Zhixi, Z., & Zhongpei, H. (2002). Content
and expression of Bacillus thuringiensis insecticidal protein in transgenic cotton. Journal of
Agricultural Biotechnology, 10, 215–219.

Bazzaz, A. F., Chiariello, R. N., Coley, D. P., & Pitelka, F. L. (1987). Allocating resources to repro-
duction and defense. BioScience.

Castillo, M., Oubiña, A., & Arceló, D. B. (1998). Evaluation of ELISA kits followed by liquid
chromatography-atmospheric pressure chemical ionization-Mass spectrometry for the determi-
nation of organic pollutants in industrial effluents. Environmental Science & Technology, 32(14),
2180–2184. https://doi.org/10.1021/es971042z

Chen, X., Ran, D., Zeng, L., & Xin, M. (2020). Immunoassay of cooked wild rat meat by ELISA
with a highly specific antibody targeting rat heat-resistant proteins. Food and Agricultural
Immunology, 31(1), 533–544. https://doi.org/10.1080/09540105.2020.1740180

Chunruan, C., Jiezhang, J., Shengzang, L., Meidu, W., Meiwang, X., Haoli, T., & Liu, Z. (2011).
Mass production of Trichogramma dendrolimi and application in suppression of the Asian
corn borer, Ostrinia furnacalis in Jilin Province, China.

Chvátalová, M. (2020). Genetically modified Bt maize: From theory to practice.
Dafaallah, A. B. (2019). 12 Duncan’s multiple range test (DMRT).
Fearing, P. L., Brown, D., Vlachos, D., Meghji, M., & Privalle, L. (1997). Quantitative analysis of

CryIA(b) expression in Bt maize plants, tissues, and silage and stability of expression over suc-
cessive generations. Molecular Breeding, 3(3), 169–176. https://doi.org/10.1023/
A:1009611613475

Kotey, D. A., Kotey, D. A., Obi, A., Assefa, Y., Assefa, Y., Erasmus, A., & Berg, J. V. D. (2017).
Monitoring resistance to Bt maize in field populations of Busseola fusca (fuller) (Lepidoptera:
Noctuidae) from smallholder farms in the eastern cape Province of South Africa. African
Entomology, 25(1), 200. https://doi.org/10.4001/003.025.0200

Liu, Y. J., &Wang, G. Y. (2003). The inheritance and expression of cry1A gene in transgenic maize.
Acta Botanica Sinica, 45, 253–256.

Miluse, T., Gunnar, W. O., Niklaus, Z., Alex, W., Angelika, H., & Lucrecia, A. M. (2015).
Transgene expression and Bt protein content in transgenic Bt maize (MON810) under
optimal and stressful environmental conditions. Plos One, 10, e0123011.

458 N. CHENGRONG ET AL.

https://doi.org/10.1021/es971042z
https://doi.org/10.1080/09540105.2020.1740180
https://doi.org/10.1023/A:1009611613475
https://doi.org/10.1023/A:1009611613475
https://doi.org/10.4001/003.025.0200


Montes, G. N., Reyes, M. C. A., Montes, R. N., & Cantu, A. M. A. (2009). Incidence of potentially
toxigenic fungi in maize (Zea mays L.) grain used as food and animal feed. CyTA – Journal of
Food, 7(2), 119–125. https://doi.org/10.1080/19476330902940432

Mostafa, E., Twickler, P., Schmithausen, A., Maack, C., & Buescher, W. (2020). Optimisation of
dry matter and nutrients in feed rations through use of a near-infrared spectroscopy system
mounted on a self-propelled feed mixer. Animal Production Science.

Paniagua-Zambrana, N. Y., Bussmann, R. W., & Romero, C. (2020). Zea mays L. Poaceae.
Ethnobotany of the Andes.

Seo, J. H., & Joo, K. H. (2014). Development of monoclonal antibody-based sandwich ELISA for
detection of neomycin phosphotransferase (NPT II) protein in genetically modified cotton
(Gossypium sp.). Journal of Agricultural Biotechnology.

Tian, J. C., Yao, J., Long, L. P., Romeis, J., & Shelton, A. M. (2015). Bt crops benefit natural enemies
to control non-target pests. Scientific Reports, 5(1), 16636. https://doi.org/10.1038/srep16636

Tian, X. Y., Zhao, L., Sun, H. W., Fan, L. I., Zhao, H., Yan, S. L., & Xing-Bo, L. U. (2012). Study on
expression and exudation of Bt protein in leaves of transgenic insect-resistant corn. Shandong
Agricultural Sciences.

Walschus, U., Witt, S., & Wittmann, C. (2002). Development of monoclonal antibodies against
Cry1Ab protein from Bacillus thuringiensis and their application in an ELISA for detection
of transgenic Bt-maize. Food and Agricultural Immunology, 14(4), 231–240. https://doi.org/
10.1080/0954010021000096382a

Wang, Z.-j., Ji-Hua, W., Wen-Jiang, H., Zhi-Hong, M. A., & Ming, Z. (2003). Study on nitrogen
distribution in leaf, stem and sheath at different layers in winter wheat canopy and their
influence on grain quality. Agricultural Sciences in China, 8, 39–46.

Xing, C. Z., Jing, S. R., Cui, X. F., Guo, L. P., Wang, H. L., & Yuan, Y. L. (2001). The spatio-tem-
poral distribution of Bt (Bacillus thuringiensis) insecticidal protein and the effect of transgenic
Bt cotton on bollworm resistance. Acta Gossypii Sinica.

Yingli, Y. (2013). Study on transformation of Bt maize target gene express fusion protein effect.
Henan Normal University.

Zhang, X., & Zhao, J. (2000). Bacillus thuringiensis insecticidal protein levels in different tissue and
growing period of transgenic cotton determination using ELISA. Acta Scicentiarum Naturalum
Universitis Pekinesis.

FOOD AND AGRICULTURAL IMMUNOLOGY 459

https://doi.org/10.1080/19476330902940432
https://doi.org/10.1038/srep16636
https://doi.org/10.1080/0954010021000096382a
https://doi.org/10.1080/0954010021000096382a

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Maize varieties for tests
	2.2. Design of experiments
	2.3. Determination of Bt protein content
	2.4 Analysis of data

	3. Results and analysis
	3.1. Bt protein content of leaves of maize varieties
	3.2. Distribution dynamics of Bt protein content in Bt maize leaves
	3.3 Effect of drought stress on leaf Bt protein content
	3.4 Effect of nitrogen nutrient stress on leaf Bt protein content
	3.5 Protective effect of Bt maize on leaves

	4. Discussion
	Disclosure statement
	References

