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Abstract

It is well known that allelochemicals or xenobiotics such as systemic pesticides, veterinary remedies etc., are taken
up by plants from the soil. However, information is lacking as to whether or not this uptake of organic compounds
represents an isolated, singular event, or if it is a general phenomenon. Just recently, it was shown that nicotine, leached
out from rotting tobacco into the soil, is taken up in the same manner. The question arises if other natural products, such
as alkaloids, phenols or terpenes might be imported in the same manner. This may be particularly relevant for all the
substances that are leached from decomposing plants. In this paper, the novel concept of “horizontal transfer of natural
substances” based on the uptake of alkaloids derived from decaying plant materials is illustrated: after plant death, the
soluble substances - including all natural products - are leached out from the decompartmented plant remains into the
soil and are taken up by other plants. Related nutritional aspects as well as the significance of this phenomenon for our

understanding of allelopathy are addressed.
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Uptake of Functional Substances

It is well established that systemic herbicides and fungicides, as well
as other xenobiotics, e.g., veterinary medicines, are taken up by plant
roots from the soil and translocated into the shoots [1,2]. Moreover,
various phytotoxic compounds liberated from decomposing plant
material are known to be imported into other plants [3]. Furthermore,
salicylic acid, responsible for systemic acquired resistance, could be
taken up by plants from the soil [4,5]. In contrast to the uptake of
mineral nutrients, which is facilitated by certain transport proteins [6],
no information is presently available about whether corresponding
transporters for organic molecules exist. It seems plausible that
they diffuse passively through root membranes due to the largely
hydrophobic character of the molecules [7-9].

Up to date, information was lacking concerning whether or not
such uptake of organic compounds represents isolated, singular events
or if it corresponds to a more general principle. Yet, just recently it
has been demonstrated that nicotine derived from dried tobacco plant
material, is taken up by peppermint plants. Obviously, nicotine is
leached out from plant remains into the soil and is subsequently taken
up by other plants.

Accordingly, it could be assumed that also other organic natural
products may be imported in the same manner. In particular, this
may be important for substances that are leached from decomposing
plants. Indeed, a corresponding transfer of substances is well known
and described by allelopathy [10]. However, based on the actual
understanding of allelopathy, only the transfer of so-called “functional
substances” had been considered; i.e., which are known to inhibit
the growth or germination of other plants. Yet, the occurrence of an
increasing number of contaminations of plant-derived commodities
by various natural products (see below) points to a far more general
feature. Thus, in forthcoming studies it has to be elucidated whether or
not such movement of compounds from one plant to another through
the soil, which is here denoted as “horizontal natural product transfer”,
represents a far more universal process.

Horizontal Natural Product Transfer as Source of
Contaminations

Because of toxicological concerns related to the use of nicotine-
containing pesticides a ban of these substances was made by the
EU [11]. As a result plant-derived commodities were subsequently
investigated in more detail. Surprisingly, the maximum residue level
for nicotine (0.01 mg kg™! d.w. = 10 ug kg™' d.w.) was frequently and
drastically exceeded in many samples, e.g., in products of peppermint,
chamomile, and oregano. The most striking examples published by the
European Food Safety Authority [12] are presented in Table 1. First, an
assumption was made that these nicotine levels were due to prolonged
and illegal usage of nicotine-containing insecticides. However, this
putative cause was rapidly disproved, because nicotine was also
found in a number of plant-derived commodities that were produced
under controlled and carefully monitored growth conditions without
utilization of any insecticides. Consequently, there must be another
origin for the nicotine contamination observed. It was then assumed
that cigarette smoking and nicotine derived from smoking tobacco,
respectively, might be the source. Indeed, mulching experiments with
cigarette tobacco revealed that nicotine originated from tobacco is
readily taken up by peppermint plants [13]. After uptake by the roots,
the alkaloid is translocated into the shoots. Meanwhile, we were able
to demonstrate that this process also takes place in other species,
e.g., camomile and strawberries. Accordingly, the reported nicotine
contaminations could at least partially be due to the uptake of nicotine
from residues of cigarettes discarded in the fields [13]. Yet, up to now
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Maximum value

Commodity of contamination
(ng/g d.w.)

Camomile flowers 4.08
Linden flowers 1.08
Rose hips 0.88
Black tea 0.87
Green tea 0.44
Sage leaves 0.35
Blackberry leaves 0.28
Mate leaves 0.21
Peppermint leaves 0.11
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Number of
Samples
samples
containing nicotine

analyzed
64% 160
98% 43
81% 81
82% 235
84% 93
100% 22
89% 45
100% 5
58% 118

Table 1: Nicotine contamination in plant-derived commaodities based on the data published by the EFSA [12,13].

no valid data on the actual exposure of soils by tobaccos products, such
as discarded residues of cigarettes, are available.

Translocation of nicotine from roots into the leaves could be
performed by either xylem or phloem transport. In the case of xylem
transport, nicotine would be entrained passively by transpiration
flow. In contrast, phloem-related translocation requires an active
source-sink-allocation. Comparison of nicotine concentrations in
young, middle aged and older leaves clearly revealed that the highest
alkaloid concentrations were present in older leaves, i.e., the leaf
tissues that exhibit the greatest transpirational surface. In contrast,
smaller young leaves, representing physiological sinks, had far lower
nicotine concentrations [13]. From this, it was deduced that nicotine
is translocated via the xylem, driven by transpirational flow. Further
analyses showed much of the nicotine is present in guttation droplets
of the “acceptor plant”, which also confirms the postulated xylem
transport. These findings are in accordance to Weidner et al. [14],
who also found nicotine in the xylem sap, when nicotine was fed to a
hydroponic system of Epipremnum (Araceae).

Analogously to nicotine, contamination by pyrrolizidine alkaloids
in plant-derived commodities also has been detected [15]. Further,
tropane alkaloids are also reported to occur in a number of foods and

feeds [16]. In these cases, however, the main source of the alkaloids
seems to be due to impurities of certain pyrrolizidine or tropane
alkaloids containing plants (e.g., Senecio spp, or Datura spp) [1,16] in
the plant-derived commodities. Nonetheless, uptake of these alkaloids
from the soil may contribute to these contamination problems. This
hypothesis has recently been investigated by mulching peppermint
and camomile plants with dried Senecio leaves. The initial results
indicate uptake of pyrrolizidine alkaloids from the soil. Hence, further
analyses using various classes of alkaloids and other natural products
such as phenols and terpenes need to be carried out in order to clarify
the extent and prevalence of putative horizontal transfer of natural
compounds. First experimental data from our lab reveal that also
coptisine, a benzylisoquinoline alkaloid from Chelidonium majus is
taken up by peppermint plants, too (data not shown).

In addition to the toxicological aspects due to the uptake of
nicotine [17] and pyrrolizidine alkaloids [18] - which had been leached
out from decomposing plants - the occurrence of such horizontal
natural product transfer may also influence our general understanding
of allelopathy. Whereas up to now allelopathy considers only a putative
transfer of any functional substances released by various plants [10], we
have to be aware that such events might occur far more frequently. This
means that e.g., an alkaloid, derived from one plant, can be translocated

Figure 1: Horizontal transfer of natural products.
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via the soil into another plant species, even though, if there will be no
direct functional relevance.

The occurrence of such horizontal transfer of natural products by
translocation of various compounds into other plant species may also
provide an explanation for the hitherto unexplained processes related
to beneficial effects of crop rotations or the co-cultivation of certain
vegetables (Figure 1).
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