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ABSTRACT: Allelopathic chemicals in many plants can be released into the surrounding soil and may affect the development of
nearby crops. Understanding allelopathic effects can be extremely beneficial for both economic and environmental reasons. The
information gained from understanding allelopathy may be used in the optimization of crop rotations. Previous studies have
investigated the negative allelopathic effects of Nicotiana tabacum — tobacco, on corn and other crops. Our study investigated the
allelopathic impact of tobacco on seed germination of mung bean, Vigna radiata, and organic red fife wheat, Triticum aestivum. Seeds
were treated with various concentrations of tobacco leaf solution to study the effects of tobacco on germination of the seeds.
The effects of tobacco on the germination rate and percentage of germination were analyzed using one-way ANOVA with Tukey HSD
tests. Results showed that there was a significant decrease in germination rate at high concentrations of tobacco. Our findings suggest
that allelopathic chemicals released by tobacco have detrimental effects on the germination of mung bean and red fife wheat.
Therefore, when forming crop rotations, it is important to take into account and understand the allelopathic effects and interactions
between different species planted in the same region.

Introduction
Growth, survival, and reproduction of plants can be
influenced by biochemicals produced by surrounding
vegetation; this phenomenon is known as
allelopathy. These secreted chemicals may be
beneficial because they can ensure a plant’s longterm survival against competing plants (1). There are
a myriad of effects associated with allelochemicals.
They can inhibit the following: plant growth, the
uptake of nutrients, or they may impede on the
plant’s ability to utilize acquired resources (2).
The precise biological mechanisms of
allelopathic effects require further research. Not all
plants induce allelopathic effects on their
surrounding plant communities. Many plants utilize
alternative physical methods to compete with nearby
plants (i.e. larger leaf size to compete for sunlight)
(1). It can be difficult to determine whether plants
compete by chemical or physical means. Moreover,
there can be beneficial (positive allelopathy) or
detrimental (negative allelopathy) effects on a target
organism (2).
In agricultural settings where crop rotation is
often implemented, allelopathic competition may
reduce crop yields (3). Crop rotation is a beneficial
practice where a particular crop is grown in a specific
region, and a different crop is grown in the same
region afterwards (4). By changing the crops grown
in the same location on a seasonal basis, the soil is
less prone to nutrient loss by the activity of one
specific crop, thus increasing the presence of various

nutrients in the soil and ultimately increasing soil
fertility as well as crop yield (4). However, the soil
may also contain remaining allelochemicals left over
from the previous crop, and these residual effects
may influence the growth of subsequent crops grown
(5).
The objective of this experiment was to
investigate the allelopathic effects of tobacco,
Nicotiana tabacum (L.) on mung bean, Vigna radiata
((L.) R. Wilczek) and on organic red fife wheat,
Triticum aestivum (L.). These species were chosen
because both mung bean and red fife wheat are
important cultivated plants widely grown for food
around the world. Growing tobacco, which has
known allelopathic effects on other plants such as
maize may stunt the growth of mung bean and red
fife wheat when practicing crop rotation (5).
Previous studies have found that allelopathic
chemicals from tobacco negatively impacts mung
bean growth (5). However, their research focuses on
measuring various factors including number of
leaves per plant, plant height, seedling dry weight,
and enzymatic activity, but does not specifically
address the length of the radicle during germination
(5). Moreover, research has yet to be conducted on
the allelopathic effects of tobacco on red fife wheat.
Red fife wheat is grown in over 150 countries and is
considered one of the most commonly cultivated
wheats in the world (6). Thus, it is necessary to know
whether there are carry-over effects of planting
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different crops, such as red fife wheat, in the same
field where tobacco has been grown.
To study these possible effects, the
germination—emergence of a radicle—of mung
bean and red fife wheat was studied. Germination is
a relatively simple method to study plant growth,
since the length of the radicle can be visibly seen,
measured and compared under different growth
conditions. Germination is also a good indicator of
plant health and viability since seeds will not
germinate if there are unsuitable or extreme
environmental conditions (i.e. low or high
temperature) (7). Furthermore, because germination
is the first visible stage of plant growth, other ways of
measuring plant growth (i.e. shoot length, root:shoot
ratio) were rejected for timing reasons, ambiguity in
distinguishing plant parts, and potential influences of
other unforeseen factors later in the growth process.
Previous research done on the effects of
allelochemicals
on
germination
show
that
allelochemicals like abscisic acid and ephedrine
have negative effects on Coronilla varia (crownvetch)
seeds by increasing germination time and
decreasing germination rate, therefore the effects of
allelochemicals on germination was a suitable topic
to study (8).
It was hypothesized that tobacco would have
allelopathic effects on the germination of mung bean
and organic red fife wheat. It was predicted that both
the rate of germination and percentage germination
of mung bean and organic red fife wheat would
decrease
when
exposed
to
increasing
concentrations of tobacco leaf solution.
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radicle length. During this time, the Petri dishes were
placed in a growth chamber at 25.0℃ alternating
between 14 hours in light and 10 hours in darkness.
If any of the plates dried out, they were replenished
with 1.0-2.0 mL of treatment solution. The collected
data were placed into IBM SPSS Statistics 22 (2014)
and analyzed using one-way ANOVA and Tukey
tests.

Results

Fig. 1. Effect of various tobacco leaf solution
concentrations (%) on the mean ± SE of rate of germination
(2 mm radicles/day) of plant species red fife wheat (A) and
mung bean (B). Means followed by the same letter within
each variable are not significantly different (P<0.05)
according to Tukey's HSD test.

Methods
The experiment tested effects of tobacco leaf
solution at various concentrations on the germination
of mung beans and organic red fife wheat seeds.
There were five treatments of tobacco leaf solution of
0% (control treatment), 3%, 8%, 13%, and 18%. The
tobacco leaf solution was prepared by using 100.0 g
of dried and crushed tobacco leaves and 750.0 mL
distilled water, which was then placed in a growth
chamber for 48 hours at 25.0ºC. A cheese cloth was
used to filter the leaves from the solution. The
tobacco solution was then diluted using distilled
water to the appropriate concentrations used in this
experiment. For each treatment, 20 seeds of each
species were randomly selected, placed in a Petri
dish and subjected to 6.0 mL of one of the treatment
solutions. Each treatment was replicated six times for
both test organisms. There was a total of 60 Petri
dishes, each containing 20 seeds. Germination of the
seeds was monitored daily for five days to collect
data, and the criterion for germination was a 2.0 mm

Fig. 2. Effect of various tobacco leaf solution
concentrations (%) on the mean ± SE of percentage
germination (%) of plant species red fife wheat (A) and
mung bean (B). Means followed by the same letter within
each variable are not significantly different (P<0.05)
according to Tukey's HSD test.

The rate of germination for red fife wheat
after being subjected to 0% tobacco leaf solution was
significantly higher (F=13.73, P<0.001) than the rate
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of germination after exposure to 13% and 1%
tobacco leaf solutions (Fig. 1. A.). Similarly, the rate
of germination for mung bean was significantly
higher (F=10.82, P<0.001) for seeds exposed to 0%
tobacco leaf solution compared to concentrations of
13% and 18%. The effect of tobacco concentrations
at 0%, 3% and 8% had no significant differences
between them, and led to higher rates of germination
for both plant species. There were no significant
differences between concentrations at 13% and 18%
on the rate of germination in both red fife wheat and
mung bean (Fig. 1).
Various concentrations of tobacco leaf
solution had no significant effects on the percentage
germination of red fife wheat and mung bean (Fig. 2).
Seeds of both plant species germinated to a similar
extent for all concentrations. Higher tobacco
concentrations at 13% and 18% show slight
decrease in percentage germination; however, the
difference is not significant (Fig. 2).

Discussion
In this experiment, it was hypothesized that tobacco
leaves would have negative allelopathic effects on
red fife wheat and mung bean. The results did match
initial predictions for germination rate. When the two
species were exposed to increasing concentrations
of tobacco leaf solution, the resulting percent
germination had no significant differences; whereas,
the germination rate decreased significantly when
exposed to the same conditions. In our experiment,
tobacco concentrations below 20% were used, which
are high enough to observe its allelopathic effects on
seeds, but not high enough to prevent seed
germination altogether, which may explain why there
were no significant differences in percent
germination.
The tobacco treatment solution was
prepared by soaking crushed tobacco leaves in
distilled water, then discarding the leaves. This
method of filtering out the allelochemicals resembles
the allelopathic nature of plants in soil, since many
allelochemicals are leached out of living plants or
plant residue by rain or dew (9). It is more realistic to
treat the target plants with an aqueous solution in
comparison to placing dry tobacco leaves in close
proximity or in contact with the target plants.
Moreover, the target plants often take up nutrients
and allelochemicals by absorption in the roots which
further supports the use of an aqueous solution.
Crushing the leaves increases their surface
area, allowing a greater amount of allelochemicals to
be released into solution. The nicotine concentration
in tobacco leaves is only 0.1-1% of the tobacco
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plant’s dry mass, so it was important to extract as
many of the allelochemicals as possible from the
leaves (10). Nicotine is synthesized in the roots of
tobacco plants as a defence mechanism to physical
damage, so in the fields, the mung beans and red fife
wheat seeds may be exposed to higher
concentrations of tobacco allelochemicals than the
concentrations used in this experiment (11). This is
because any physical damage to the living tobacco
plants will result in higher concentrations of nicotine
production in the roots and therefore a higher
concentration of nicotine will be leached out into the
soil and consequently taken up by the target plants.
The allelochemical concentrations used
were not high enough to demonstrate a significant
decrease in percent germination, however the
significant decrease in germination rate as well as
the potential for higher allelochemical concentrations
in the soil highlights the possibility that in real
practice, percent germination may significantly
decrease. Adding more of the treatment solution to
dried dishes did increase the amount of
allelochemicals in each dish, however, the initial
tobacco concentrations were fairly low so any
additional drops only resulted in a minor increase of
allelochemicals.
Tobacco had negative effects on the mung
bean and red fife wheat seeds by decreasing the
germination rate. Tobacco increases the presence of
secondary metabolites such as alkaloids, all of which
may have different effects on mung bean as well as
red fife wheat seed growth. One predominant
alkaloid is nicotine, which significantly decreases
growth uniformity (12, 13). It is possible that after
filtration, the nicotine in the tobacco leaf solution was
absorbed by the two seed species. Negative effects
of nicotine on humans is a widely researched topic,
but despite this knowledge base, there still remains
insufficient information of these effects on plants.
Another possible explanation for the
decreased germination rate relates back to recent
findings
showing
that
several
allelopathic
compounds are structurally similar to plant hormones
(13). Some mechanisms of action for certain
allelochemicals resemble those of plant hormones
such as gibberellin – a hormone produced in the
stem and roots of plants that helps regulate stem
elongation (14). These released allelochemicals may
have inhibited gibberellin and disrupted enzymes
required for germination, thus inhibiting the
germination rate of the mung beans and red fife
wheat seeds.
Growing seasons are finite in length and if
crops are not grown within this period of time,
weather or other environmental effects caused by the
changing of seasons could destroy crops and/or
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reduce yield. Allelochemicals can negatively affect
the length of this period of optimal growth, and thus,
understanding the allelopathic relationships between
crops within a rotation may prevent yield degradation
and provide amplified economic benefits. In order to
maximize crop yield, it is beneficial to research the
impact of growing tobacco with organic red fife wheat
and mung beans when following the practice of crop
rotation.
Along with crop rotation, intercropping is
another practice where two or more crops are grown
in the same region at the same time in a specific row
arrangement (15). If tobacco and either mung bean
or red fife wheat are grown together using this
practice, it would be important to understand the
allelochemical effects that could occur. Intercropping
presents another concern due to the close proximity
of the plants. Absorption through the roots is not the
only way to be exposed to allelochemicals; other
practical ways of spreading allelochemicals includes
root grafting (roots joining and growing together) and
common fungi (fungi being shared by the roots of
different plants) (9). However, this experiment only
addresses the possible allelopathic effects of
tobacco on mung bean and red fife wheat, and not
the effects of mung bean and red fife wheat on
tobacco or on each other.
In addition, tobacco contains chemicals that
are used in botanical insecticides – most notably
nicotine (16). Therefore, if one wanted to use a
pesticide on crops, it would be important to know not
only whether an ingredient could kill the pest, but also
to know if it contains allelochemicals that could
induce changes in the crop yield. Further research is
also required to investigate the nature of the
biological mechanism of alkaloids, specifically
nicotine, on plants. For future experiments, the time
taken for germination to occur could be measured to
see if higher tobacco concentrations results in longer
germination times. More research could also be done
to see if there is a concentration limit for tobacco
allelochemicals in which significant differences in
percent germination exist. This would also be
beneficial for the application of pesticides containing
nicotine since pesticide concentrations could be
established in which no significant harmful effects on
crop yield would arise.
More insight into the long-term allelopathic
effects of tobacco could be gained if the experiment
was carried out for an extended period of time. In this
way, more factors pertaining to both the target plants
and the allelochemicals could be studied. In the case
of the target plants, plant growth could be measured
in other ways (i.e. weight, plant height, number of
leaves, surface area of leaves, observations on plant
colour and form, biochemical measurements) to
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provide a more thorough understanding of
allelopathic effects. In the case of the
allelochemicals, nutrients and organic compounds in
the nearby soil could be measured and studied to
examine if the presence of tobacco leads to the
leaching or addition of certain nutrients in the soil.
These compounds may then influence the growth of
plants cultivated in the same region afterwards.
It is also important to examine beyond
allelopathic effects on the target plants by
considering the long-term allelochemicals that will be
present in the soil, long after the tobacco plant is
removed (17). However, there is also the likelihood
that many of these allelochemicals will either
deteriorate or be leached from the soil over time.
Although this experiment was not performed in the
field, previous research pursuing a crop rotation
design with seasonal crop changes shows the
negative allelochemical effects of tobacco on mung
bean in the field (5). Therefore, there is still a
significant presence of allelochemicals in the soil that
do not decay or disappear in a season. Overall, even
if this may not serve as a present concern for the
growth of target plants, these persistent
allelochemicals will have greater importance in the
ecosystem as they continue to influence the growth
of nearby species (17).

Conclusion
There was an observed allelopathic effect of tobacco
on the germination of mung bean and organic red fife
wheat. Although there was no significant increase or
decrease in the percentage of germinated seeds, the
germination rate significantly decreased as the
concentration of tobacco leaf solution increased to
13% and 18%.
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