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ABSTRACT

Non-glandular trichomes are essential in plant defence against herbivores and water
loss. However, evolutionary pressures often favor the development of multi-
functional traits, suggesting that trichomes may serve multiple ecological roles. I
hypothesized that the stem trichomes of Anchusa officinalis may reduce the likeli-
hood of climbing plants attaching to them, thereby limiting competition for polli-
nators, light, water, and nutrients. Field observations showed that the majority
(96%) of Convolvulus arvensis, a common climbing weed that co-occurs with A.
officinalis, did not coil its stems. Pot experiments supported these findings: C.
arvensis coiled around A. officinalis less frequently, more slowly (measured as time
to first coil), and less intensely (measured by the number of coils) compared to
plants with artificial soft trichomes (wire rods with soft plastic bristles), wooden
sticks, or A. officinalis with trichomes removed. In contrast, C. arvensis coiled around
hard artificial trichomes at similarly low rates as it did around the A. officinalis
treatment. While biochemical factors could potentially explain the reduced interac-
tion, it seems less likely, given that the main function of non-glandular trichomes in
this species is water conservation. This role typically does not involve the secretion
of specific chemicals. I suggest that mechanical stress caused by trichomes may
trigger internal signaling in C. arvensis, altering its climbing behavior through
thigmotropic responses.
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Introduction

Plants possess both glandular and non-glandular trichomes, which are hair-like surface structures with
distinct protective functions.1,2 Non-glandular trichomes act as physical barriers, deterring herbivores,
reflecting UV radiation, and reducing water loss, whereas glandular trichomes secrete defensive com-
pounds (e.g., resins or toxins) or attractants to aid pollination.3,4

Selective pressures drive the evolution of multifunctional morphological traits, where a single structural
feature frequently fulfills multiple adaptive roles.5,6 Classic examples include cacti, whose spines defend
against herbivores while also providing shade to reduce stem temperature and water loss.7,8 Trichomes are
not exceptional in this sense:9 on young leaves of Verbascum thapsus, they deter grasshopper herbivory
and reduce transpiration under high temperatures.10

The trichomes on Anchusa officinalis L. are non-glandular and primarily protect the plant against water
loss11 (Figure 1A). This species coexists with climbing plants, which exhibit increased reproductive success
when growing on hosts than free-standing individuals,12 as hosts provide structural support that enhances
access to light and pollinators.13 Twining species, which rely on thigmotropism to coil around hosts,14,15

show reduced colonization on A. officinalis, possibly due to its trichome-covered surfaces that may
interfere with mechanically sensitive climbers. Thus, I hypothesize that the non-glandular trichomes on
A.officinalis stems serve as a defense against the climbing plant Convolvulus arvensis L., a frequently
coexisting species.
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Methods

Study species

Field bindweed (C. arvensis, Convolvulaceae) is a common perennial weed that climbs on neighboring
plants and fences. It is native to Europe and Asia and grows in a wide range of conditions, particularly in
open, disturbed areas. C. arvensis has deep, persistent roots and slender, twining stems that can stretch
anywhere from 20 cm to 2m in length.16 These flexible stems coil tightly around nearby supports, allowing
the plants to climb efficiently. Like many twining vines, its shoot tips perform a slow circular motion called
circumnutation, a circular movement which enhances the plant's ability to encounter and coil around
nearby structures.17 Unlike climbing plants that use tendrils or sticky roots for attachment, C. arvensis
depends entirely on its spiraling stems to hold itself upright. This simple but effective strategy lets it
dominate surrounding vegetation, often outcompeting other plants for light and space. Flowers are insect-
dependent and self-incompatible. Most plants in Slovakia bloom between June and September (pers. obs.).
Flowers are predominantly visited by Hymenoptera, Lepidoptera, and Diptera. The number of seeds per
capsule varies between one and four.18-22

The common bugloss (A. officinalis, Boraginaceae) is a common perennial weed native to Europe
and some parts of Asia. Similar to C. arvensis, it occupies open, disturbed habitats such as roadsides,
fields, and ditches. Flowers are insect-dependent, pollinated predominantly by bumblebees, and self-
incompatible. It blooms between May and September of each year. It produces up to four seeds per
nutlet.11,23,24

Figure 1. Non-glandular trichomes on A. officinalis stem (A); coiling of C. arvensis stem in Anchusa intact treatment (B);
Anchusa without trichomes (C), artificial soft (D) and hard (E) trichome treatment, wooden stick treatment (F); initial
contact of growing C. arvensis with A. officinalis (G); observed reduced coiling interaction of C. arvensis with A. officinalis
stems (H).
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Field survey

I surveyed an urban plot (48°22′39.0"N, 17°35′36.2"E) densely occupied by both C. arvensis and
A. officinalis on June 2, 2025. I counted all A. officinalis stems with C. arvensis nearby. I recorded
whether A. officinalis grew with or without coiled C. arvensis.

The experiment

C. arvensis (n = 120) and A. officinalis (n = 50) plants were collected from abandoned fields near Trnava,
Slovakia (48°22′38.7"N, 17°35′14"E), during April 2025 and transplanted into pots (0.4 l and 2 l, respec-
tively) filled with standard gardening substrate and drainage. Due to the low germination rate observed in
C. arvensis seedlings, only established plants were used in the experiment. The potted plants were
maintained in a humid substrate and placed outdoors in a natural environment on private property for
four weeks, ensuring that they were not exposed to direct sunlight but received ambient light and
humidity. These conditions were maintained until the end of the experiment in June 2025.

Experimental procedure

Convolvulus plants were randomly assigned to one of four treatments (n = 21 per treatment): Anchusa
intact, trichomes removed, artificial soft trichomes, artificial hard trichomes and wooden sticks (Figure 1).
Trichomes were removed from A. officinalis stems in the second treatment using a Swedish dishcloth. I
initially attempted to remove trichomes using a paintbrush25 but found this method insufficient for
complete removal. The removal of trichomes did not harm the plants, as they generally continued
flowering at least until the end of the experiment. For the artificial trichome treatments (Figure 1B–D),
I used commercially available wire rods equipped with either soft plastic bristles or hard steel bristles.
The C. arvensis stem was gently attached approximately 2 cm below its terminal growth point to the

respective coiling support (e.g., Anchusa intact, wooden stick) using a numbered ribbon. The width of the
coiling support was measured using digital calipers. During attachment, care was taken to ensure that all
C. arvensis individuals, a left-coiling species, were wrapped in a leftward direction to maintain consistency.
All treatments were performed simultaneously, except for the artificial hard trichome treatment, which was
conducted in June 2025. Stem coiling occurrence and number were recorded every 24 h, scored to the
nearest 0.5 coil, over a period of 7 d. The speed of coiling was defined as the number of days until
C. arvensis coiled fully for the first time around the host plant (or any other experimental object).

Statistical analyses

The likelihood of C. arvensis coiling (or not) around A. officinalis in the field was examined using a
binomial test. Spearman's rank correlation coefficients was caculated for possible association between the
width of coiling support and coiling speed/number for each treatment except for the Artificial soft and
hard trichomes treatments, because the width of soft and hard wire rods was almost uniform (5.43 mm,
SD = 0.33, n = 6, 19.68 mm, SD = 1.0). Differences between treatments in the likelihood of C. arvensis
coiling at least once around the coiling support were analyzed using logistic regression. Survival analysis
was used to examine the time to the first full coil of C. arvensis around the coiling support (in days) across
different treatments. This approach accounts for both the timing of coiling events and plants that never
coiled during the observation period. Differences in the maximum number of coils per plant were analyzed
using a generalized linear model with a negative binomial distribution of the data. Data were analyzed with
The Jamovi Project.26

Results

Field survey

A total of 169 A. officinalis stems with C. arvensis nearby (i.e., close to the stem) were recorded in the
study area. The majority of C. arvensis (163/169 96%) individuals were observed not to coil around
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A. officinalis. Most colied around Elytrigia sp. (n = 161), one on Cichorium intybus L., and one on
Galium mollugo L.). This strong bias against coiling A. officinalis was highly significant (binomial test:
p < 0.001).

The experiment

Differences of coiling among treatments
Spearman's rank correlation coefficients for each treatment group showed no evidence of a relationship
between coiling support width and coiling speed and number within each treatment group (all p > 0.4).
C. arvensis in the Anchusa intact treatment (3/21, 14%) and hard trichomes treatment (3/21, 14%) coiled
significantly less frequently than in the wooden stick (16/21, 76%) (Table 1), artificial soft trichome
treatments (15/21, 71%) (Table 1), and with the trichomes removed treatment (11/21, 52%) (p = 0.039)
(Figure 2). The differences between artificial soft trichomes, trichome removal, and wooden stick treatment
were not significant. After initial contact with trichomes, C. arvensis stems were typically observed to
change their growth direction, resulting in a lack of coiling around the Anchusa stem (Figure 1E, F).

Speed of coiling
There were significant differences among the treatments (Log-rank Test: χ2 = 24.9, df = 4, p < 0.001,
Figure 3). Anchusa intact differed from every other treatment (all p ≤ 0.005), confirming that intact
Anchusa plants strongly inhibited coiling behavior. Hard trichomes did not differ from Anchusa intact
(p = 0.998), indicating that a rigid trichome barrier likewise prevents rapid coiling. C. arvensis bearing soft
trichomes showed the fastest response (median = 2 d), and wooden stick produced an equally rapid latency
(median = 2 d); these two treatments did not differ (p = 0.72). Trichomes removed displayed an interme-
diate response (median = 3 d), faster than Anchusa intact and hard trichomes (p = 0.005 and p = 0.006,
respectively) but slower than the two quickest treatments (p ≥ 0.12). The median was not calculated for
Anchusa intact and hard trichomes because most plants in these groups did not coil within the 7-d
observation period.

Table 1. Logistic regression on the proportion of plants coiled by treatment.
Variable Coefficient SE z p 95% CI

Intercept −1.792 0.624 −2.873 0.004 (−3.014, −0.570)
Artificial trichomes 2.708 0.789 3.433 <0.001 (1.162, 4.254)
Hard trichomes −9.451e-16 0.882 −1.07e-15 1.0 (−1.729, 1.729)
Trichomes removed 1.887 0.761 2.478 0.013 (0.395, 3.379)
Wooden stick 2.955 0.807 3.661 <0.001 (1.373, 4.537)

Figure 2. The proportion of C. arvensis coiled at least once around coiling support. Treatments with different letters are
significantly different (p < 0.001).
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Number of coils
There were significant differences in the number of coils (±0.5) among the five treatments (LR χ2 = 37.2,
df = 4, p < 0.0001; Figure 4, Table 2). Intact Anchusa plants strongly suppressed coiling, and the hard-
trichome mimic produced an indistinguishable response (p = 0.998). By contrast, soft trichomes, trichomes

Figure 3. The difference in coiling speed among treatments. Treatments with different letters are significantly different
(p < 0.05). C. arvensis in Anchusa intact treatment, and in hard trichomes treatment, started to coil significantly later than
plants in the remaining three treatments.

Figure 4. Differences in number of coils among treatments. The colored boxes show the interquartile range (IQR), the
horizontal line inside each box is the median, whiskers extend to 1.5 × IQR beyond the 1st and 3rd quartiles, and
individual-colored dots represent all data points with slight horizontal jitter for visibility. Black brackets with ** and ***
indicate statistically significant differences (p < 0.01 and <0.001, respectively), while “ns” shows non-significant
comparisons.
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removed, and wooden stick each produced a 3- to 6-fold increase in coil formation (all p < 0.0001 vs.
Anchusa intact/hard trichomes). These three high-coil treatments did not differ from one another
(all p ≥ 0.12).

Discussion

This study found that A. officinalis can inhibit the coiling behavior of C. arvensis, a common parasitic
climber. In natural settings, C. arvensis stems rarely coiled around A. officinalis, and all experimental
treatments, except for the artificial hard trichomes, resulted in a similar increase in coiling activity.
Although the non-glandular trichomes of A. officinalis are typically thought to help reduce water loss in

dry, sunny environments,11,24 their primary function may not be related to herbivore deterrence.
C. arvensis, one of the world’s most destructive agricultural weeds, damages host plants mainly through
its aggressive climbing, which increases competition for resources and can physically damage crops.27,28 By
monopolizing light, water, and nutrients, C. arvensis can cause severe yield losses, especially in crops such
as maize and wheat.29,30 In this context, any structural feature, such as trichomes, that helps a plant resist
climbing could offer a significant ecological advantage.
The exact factors underlying the low frequency of coiling by C. arvensis around A. officinalis remain

unclear. One possibility is biochemical deterrence; although trichomes are usually considered physical
barriers, some studies suggest that they may also secrete compounds that repel other organisms or
influence their behavior.1-3 In some plants, even non-glandular trichomes have been linked to the release
of bioactive chemicals.31In our study, C. arvensis coiled more quickly and frequently around stems where
trichomes had been removed compared to intact A. officinalis. This does not suggest that chemical
residues remaining on the stem may continue to influence climbing plant attachment even after the
trichomes are removed. However, my measurements cannot single out the possible chemosensoric
mechanisms involved in coiling around the host plant size coding of plants; therefore, further research
is needed to clarify this aspect.
Another explanation is mechanical: according to the thigmotropic response hypothesis C. arvensis

detects and responds to the touch of trichomes, which could inhibit coiling. As shown in Figure 1G, H,
when a C. arvensis stem touches a surface, it may 'probe' the substrate before committing to coiling. The
plant might retract or grow away if the trichomes are too sharp. This was explanation was confirmed in the
hard trichomes treatment. Although a reduced frequency of coiling around intact A. officinalis was
observed, direct evidence that C. arvensis responds to touch cues via thigmotropism remains lacking.
Studies on Pisum sativum tendril twining movements by Guerra et al.32 and Ceccarini et al.33 proposed

additional mechanisms that may enable plants to assess support properties. One possibility involves
echolocation, where plants produce sonic clicks and analyze the returning echoes to gather environmental
information.34 This biological sonar system could potentially inform plants about the characteristics of
support surfaces, enabling appropriate responses. Another proposed mechanism involves ocelli-like
structures within the upper and subepidermal leaf cells, which may function as primitive visual sensors
for environmental assessment.35 While I lack direct evidence for either mechanism, the substrate ‘probing’
behavior observed in Figure 1G, H provides some support for these hypotheses.
Interestingly, sharp, non-glandular trichomes have been observed in other plants, such as rice

(Oryza sativa cv. Nipponbare) can puncture insect guts and offer a strong defense.36 It is possible
that the stiff trichomes of A. officinalis create similar mechanical stress on C. arvensis stems, which
might trigger internal signaling (such as calcium influx) that disrupts growth.15,37 However, if the
effect is purely mechanical, then why does C. arvensis coil more readily around artificial soft
trichomes?

Table 2. Generalized linear model with negative binomial distribution on number of coils.
Variable Coefficient SE z p 95% CI

Intercept −1.4351 0.498 −2.884 0.004 (−2.41, −0.46)
Hard trichomes 2.79E-13 0.704 3.97E-13 1 (−1.379, 1.379)
Soft trichomes 2.2618 0.562 4.023 <0.001 (1.16, 3.364)
Trichomes removed 2.0281 0.567 3.577 <0.001 (0.917, 3.14)
Wooden stick 1.6487 0.578 2.854 0.004 (0.516, 2.781)
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The answer may lie in the properties of the artificial materials: the soft, flexible artificial trichomes likely
did not replicate the stiffness or sharpness of natural ones. This softness may have allowed C. arvensis to
compress and grip the underlying stick easily, closely resembling its preferred support structures in nature,
such as grass-like stems. The present experiment showed that hard artificial trichomes are very effective in
preventing coiling.
One possible shortcoming in the present experiment is that the artificial trichomes (soft and hard) did

not have identical diameters. For instance, tendrils of P. sativum showed shorter movement time for a
thinner stimulus than for a thicker one, suggesting that the diameter of the supportive object plays an
important role.32,33 It is, however, highly improbable that the wider diameter of hard trichomes could
significantly influence the results. First, C. arvensis can coil around substrates wider than 21 mm in
diameter (P. Prokop, pers. obs.). Second, the growth rate of C. arvensis was sufficiently high during the 7-d
observation period, imposing no constraints on coiling activity. Therefore, hard trichomes strongly
suppressed coiling independently of their diameter.
Overall, this study broadens our understanding of the functions of non-glandular trichomes. In

addition to their established roles in reducing herbivory, conserving water, and reflecting UV light,1,2 I
propose a new function for trichomes: reducing the attachment of climbing plants. These results support
the idea that plant structures often serve multiple ecological roles.7-10 It is also possible that these results
are not limited to trichomes but also to spinose structures, such as thorns, spines, and prickles.
Future work should explore the ecological trade-offs of using trichomes to block climbers and examine how

features such as trichome density, size, or stiffness influence their effectiveness as a defense mechanism.
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