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Abstract 10 

Three morning glory species in the genus Argyreia Lour., A. lycioides (Choisy) Traiperm & 11 

Rattanakrajang, A. mekongensis Gagnep & Courchet, and A. versicolor (Kerr) Staples & 12 

Traiperm, were found co-occurring and co-flowering. Two of these species (A. mekongensis 13 

and A. versicolor) are rare and endemic to Thailand, while the third (A. lycioides) has not yet 14 

been evaluated. We investigate key floral characters (floral morphology and phenology, as 15 

well as the micromorphology of the floral nectary disc and staminal trichomes) and screened 16 

for important chemical compounds hypothesized to contribute to pollinator attraction. Our 17 

results found some overlap among the three study species in terms of floral visitors. 18 

However, pollinator composition appears to be influenced by floral shape and size; morning 19 

glory species with wider corolla tubes were pollinated by larger bees. The morphology of the 20 

floral nectary disc was similar in all species while variation in staminal trichomes was 21 

observed across species. Glandular trichomes were found in all three species, while non-22 

glandular trichomes were found only in A. versicolor. Histochemical results revealed 23 

different compounds in the floral nectary and staminal trichomes of each species, which 24 

contribute to both floral attraction and defense. These findings demonstrate some segregation 25 
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of floral visitors among sympatric co-flowering morning glory species, which appears to be 26 

influenced by the macro- and micromorphology of flowers and their chemical compounds. 27 

Moreover, understanding the floral morphology and chemical attractants of these sympatric 28 

co-flowering Argyreia spp. may help to maintain their common pollinators in order to 29 

conserve these rare and endangered species, especially A. versicolor. 30 

 31 

Keywords: Argyreia, Biodiversity, Convolvulaceae, Histochemistry, Plant Conservation, 32 

Pollinator, Trichome, Xylocopa 33 

 34 

Introduction  35 

Much of floral evolution is driven by pollinator attraction (Fenster et al., 2004) and 36 

pollination efficiency (Stewart et al., 2022). To attract pollinators, floral morphology is one 37 

prominent and important feature (Bobisud & Neuhaus, 1975; Schemske, 1981), including 38 

flower size, color, scent, and phenology (Rathcke, 1983; Waser & Price, 1983; Spaethe, 39 

Tautz & Chittka, 2001; Waser & Ollerton, 2006; Willmer, 2011; Hassa, Traiperm & Stewart, 40 

2020, 2024). For example, large flowers tend to be favored and selected for by insects since 41 

they are more visible (Chittka & Raine, 2006; Naug & Arathi, 2007; Benitez-Vieyra et al., 42 

2010) and reduce search time during pollinator foraging (Spaethe, Tautz & Chittka, 2001). 43 

Similarly, Thompson (2001) demonstrated the importance of floral size or display on 44 

variation in visitation patterns between different insect types; hawkmoths and butterflies both 45 

preferred larger displays. Floral color is another important trait for pollinator attraction since 46 

different species have different spectral receptor cells; for example, hummingbirds tend to 47 

select red flowers because of high chromatic contrast to the background (Herrera et al., 48 

2008), whereas bees are uncommon visitors to red flowers given their lower sensitivity to red 49 

wavelengths (Bergamo et al., 2016). Flowering time and floral phenology also influence 50 
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pollination and reproductive success (Evans, Smith & Gendron, 1989; Elzinga et al., 2007). 51 

Phenology has been shown to affect pollinator variation and effectiveness, which can impact 52 

fitness, as has been demonstrated through reduced seed mass throughout the flowering season 53 

(Gallagher & Campbell, 2020).  54 

While floral morphology tends to be highly prominent, there are other floral traits that 55 

are less visible, yet are also important in plant-pollinator interactions. For example, the floral 56 

nectary is an important floral organ as it provides the primary reward for many pollinators, 57 

nectar (Irwin et al., 2010; Pacini & Nicolson, 2007). The floral nectary is important not only 58 

in terms of providing food resources for pollinators (Simpson & Neff, 1981; Proctor, Yeo & 59 

Lack, 1996; Neiland & Willcock, 1998; Nicolson, 2007) but also for manipulating pollinator 60 

behavior (Bailey et al., 2007). However, nectar not only attracts beneficial pollinators, 61 

butpollinators but can also lead to visits by less beneficial species at the same time. 62 

Consequently, many plant species have evolved features that only allow visitation by specific 63 

pollinators (e.g., pollination syndromes; Fenster et al., 2004); nectar production is one trait 64 

that has an important role in confining the range of visitors to species that benefit the plants 65 

(Irwin, Adler & Agrawal, 2004). While floral morphology is an important component to 66 

predicting pollination syndromes, other characters should also be considered, such as 67 

flowering phenology, anthesis start time and duration, and chemical compounds in nectar that 68 

are certainly associated with pollination and pollinator activities (Southwick, Loper & 69 

Sadwick, 1981; Baker & Baker, 1983; Pleasants, 1983; Waser et al., 1996; Galetto & 70 

Bernardello, 2005; Ollerton et al., 2009; Bobrowiec & Oliveira, 2012). Additionally, 71 

macroevolutionary studies can reveal associations between nectar traits and pollinator types, 72 

for example, finding similar nectar properties in plants that are visited by the same pollinators 73 

(Faegri & van der Pijl, 1979; Proctor, Yeo & Lack, 1996). Floral chemistry can mediate 74 

Comentado [JG6]: Could you please explain, if these less 
beneficial visitors are secondary pollinators, antagonistic, or 
what kind of behavior have these insects? 
Also, include reference 

Comentado [JG7]: Please review redaction 



4 
 

interactions with pollinators, pathogens, and/or herbivores, and are therefore influence plant 75 

fitness (Strauss & Whittall, 2006; Irwin et al., 2010; Good et al., 2014).  76 

 Another plant organ important in mediating plant-animal interactions is the trichome. 77 

Trichomes initially originate from expansions or appendages of the epidermis (Evert, 2006), 78 

and have diverse biological functions, such as in herbivore defense, pollinator attraction, or 79 

tissue protection and maintenance (Nihoul, 1993; Van Dam & Hare, 1998; Kennedy, 2003; 80 

Moyano, Cocucci & Sersic, 2003; Simmons & Gurr, 2005; Liu et al., 2006; Horgan et al., 81 

2007; Gonzalez et al., 2008; Romero Souza & Vasconcellos-Neto, 2008; Nonomura et al., 82 

2009; Kang et al., 2010; Karabourniotis et al., 2020), which may be due to the synthesis and 83 

storage of biologically active metabolites (Alonso et al., 1992; Antonious, 2001; Iijima et al., 84 

2004; Siebert, 2004; Deschamps et al., 2006; Nagel et al., 2008; Wang et al., 2008; Biswas, 85 

Foster & Aung, 2009; Sallaud et al., 2009; Luo et al., 2010). Trichomes are typically found 86 

on vegetative and reproductive organs, such as leaves, stems, petals, petioles, peduncles, and 87 

seeds (Wagner, Wang & Shepherd, 2004). Trichomes can also be found on staminal 88 

filaments, although they have been less studied and their function in many cases is still 89 

unclear. Staminal trichomes have been reported in five species in the genus Teucrium L. 90 

(Lamiaceae) (Bini Maleci & Servettaz, 1991) and in some species of Argyreia Lour. (van 91 

Ooststroom, 1943, 1945, 1950, 1952; Hoogland, 1952; van Ooststroom & Hoogland, 1953; 92 

Chitchak et al., 2018; Chitchak, 2019) and Rivea Choisy (Chitchak, Stewart & Traiperm, 93 

2022). Staminal trichomes have been proposed to contribute to pollinator attraction 94 

(Jirabanjongjit et al., 2021; Chitchak, Stewart & Traiperm, 2022). 95 

 Floral traits such as color, size, shape, and the chemical composition of the nectary 96 

and staminal trichomes can all influence floral visitors. Therefore, the objectives of this study 97 

were to study and compare how these traits influence floral visitor composition in three 98 

sympatric species of Argyreia Lour.: A. lycioides (Choisy) Traiperm & Rattanakrajang, A. 99 Comentado [JGGF8]: please do not repeat species 
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mekongensis Gagnep & Courchet, and A. versicolor (Kerr) Staples & Traiperm. Two of these 100 

species, A. mekongensis and A. versicolor, are rare and endemic to Thailand, especially the 101 

latter, which is extremely rare and near extinction (Staples et al. 2021; Jirabanjongjit et al. 102 

2024). All three species are naturally found in the Watthana Nakhorn district of Sa Kaeo 103 

province, Thailand, and they have nearly identical flowering periods. The study area is found 104 

in eastern Thailand, has a tropical climate, and is classified as a lowland watershed with 105 

undulating plains at around 74 m above sea level. Human settlements are interspersed with 106 

natural habitat, and natural areas are primarily covered with deciduous dipterocarp forest that 107 

occasionally experiences fire forests.  108 

 109 

Materials & Methods 110 

Study species and sample collection 111 

Three species of sympatric Argyreia Lour. were collected in this study. Argyreia mekongensis 112 

Gagnep & Courchet and A. versicolor (Kerr) Staples & Traiperm are woody perennial twiner 113 

(Staples & Traiperm, 2010), while A. lycioides (Choisy) Traiperm & Rattanakrajang is 114 

woody shrub (Staples, 2010; Rattanakrajang, Traiperm & Staples, 2018; Rattanakrajang et 115 

al., 2022). The nectaries of all three species surround the ovary at the base of the corolla. In 116 

general, five stamens circle the outer edge of the nectary. The bases of the filaments are 117 

covered by dense trichomes (i.e., staminal trichomes). Fresh mature flowers (five per species) 118 

were collected and kept in 4ºC for histochemical examination.  119 

 120 

Floral characters and flowering phenology 121 

Floral characters were observed and recorded during field work following terminology from 122 

Kew glossary (Beentje, 2010) and the Flora of Thailand (Convolvulaceae) (Staples, 2010), as 123 

well as from recent studies of the three species (Staples & Traiperm, 2017; Rattanakrajang et 124 
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al., 2022). The floral phenology of A. lycioides was assessed from field work, herbarium 125 

specimens, and relevant literature (Staples, 2010; Rattanakrajang, Traiperm & Staples, 2018; 126 

Rattanakrajang et al., 2022). The floral phenologies of A. mekongensis and A. versicolor were 127 

recently observed and published in our earlier study (Jirabanjongjit, et al. 2024). 128 

 129 

Floral visitor observation 130 

The floral visitors of Argyreia mekongensis and A. versicolor have recently been reported 131 

(Jirabanjongjit et al., 2024), but no records of the floral visitors of A. lycioides were found. 132 

We used action cameras (Xiaomi YI Z15, Xiaomi, Beijing, China) placed in front of mature 133 

A. lycioides flowers to capture animal visits. We did not collect floral visitors to avoid 134 

disturbing subsequent animal visits and to avoid damaging flowers with sweep nets. All 135 

footage was reviewed and floral visitors were identified to the lowest taxonomic level 136 

possible with help from a local entomologist (see Acknowledgments). Permission to work 137 

with animals was granted by MUSC-IACUC (Faculty of Science, Mahidol University-138 

Institutional Animal Care and Use Committee) (Protocol numbers MUSC60-037-387 and 139 

MUSC63-031-539). 140 

 141 

Histochemical examination 142 

Histochemical techniques were used to detect the presence of chemical compounds of interest 143 

in the floral nectary discs and staminal trichomes. Nectary discs were free hand-sectioned 144 

both transversally and longitudinally. Staminal trichomes were removed from the filament 145 

base. Staminal trichome morphology was described based on Chitchak (2019). All sample 146 

specimens were treated with the following histochemical assays: NADI reagent to test for 147 

terpenes (David & Carde, 1964; Olaranont et al., 2018), Sudan Black B and Sudan III to test 148 

for lipids (Brundrett, Kendrick & Peterson, 1991), and Naturstoff to test for flavonoids 149 
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(Olaranont et al., 2018; Tattini et al., 2000). Samples stained with NADI reagent, Sudan 150 

Black B, and Sudan III were examined under a light microscope (Olympus CX21 equipped 151 

with a Sony 6400 digital camera, Tokyo, Japan) and samples stained with Naturstoff were 152 

examined under a fluorescent microscope (Olympus BX53 with a DP73 camera set, 153 

Waltham, MA, USA) with a 436-nm exciter filter. 154 

   155 

Results 156 

Floral characters and flowering phenology  157 

All three sympatric species have a campanulate floral shape but differ in size; flowers of A. 158 

versicolor and A. mekongensis are similar in size and significantly larger than A. lycioides. 159 

Moreover, both A. versicolor (Figure 1A, D) and A. mekongensis (Figure 1B, E) produce 160 

several flowers per inflorescence and flowers exhibit a corolla limb, while A. lycioides 161 

(Figure 1C, F) produces axillary solitary flowers that typically lack a corolla limb but are 162 

occasionally found with a very small corolla limb. In terms of floral color, A. versicolor has a 163 

whitish corolla tube with a purple corolla limb, A. mekongensis has a pure white corolla tube 164 

and limb with small brownish dots scattered across the flower, and A. lycioides has a waxy 165 

greenish-white tube with a dense concentration of dark purple dots inside the corolla (Figure 166 

1). Additionally, A. versicolor and A. mekongensis are lianas, while A. lycioides is a shrub. 167 

Our previous work found that the flowers of A. versicolor start to open around 5:00 h, are 168 

fully open around 7:00 h, and flowers last until sunset; similarly, the flowers of A. 169 

mekongensis start to open around 5:00 h, are fully open around 7:00-8:00 h, but flowers last 170 

until the evening of the following day (Jirabanjongjit et al., 2024). The flowering periods of 171 

both A. versicolor and A. mekongensis occur from August to December and fruits are mature 172 

approximately 12-15 weeks later (Jirabanjongjit et al., 2024). From the observations of this 173 

study, flowers of A. lycioides generally open around 5.00 h, are fully open around 8.00-9.00 174 
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h, and last until the evening of the following day. The flowering period of A. lycioides lasts 175 

from early September until late October, and fruits are mature approximately 10-12 weeks 176 

later. 177 

 178 

Floral visitor observation  179 

The flowers of A. versicolor and A. mekongensis have the same pollinators: Xylocopa latipes 180 

and X. aestuans (Jirabanjongjit et al., 2024) (Figures 2A-D). The campanulate form of their 181 

flowers allows large carpenter bees to enter while foraging on nectar, and the thorax of both 182 

Xylocopa species was observed to contact stigmas and stamens; pollen was also observed on 183 

the thorax of both bee species (Figures 2A-B). A number of other diurnal floral visitors were 184 

observed at A. mekongensis flowers, including Amegilla blue-banded bees (Figure 2E), 185 

Mylabris phalerata blister beetles (Figure 2F), Cinnyris jugularis sunbirds (Figure 2G), 186 

Hesperiidae skipper butterflies, and wasps; visits by other animal taxa to A. versicolor 187 

flowers were extremely uncommon. Several diurnal animal taxa were observed visiting A. 188 

lycioides flowers, including wasps (Vespidae; Figure 2I), an unknown bee (possibly 189 

Lipotriches sp.; Figure 2H), several ants (Formicidae), Cinnyris jugularis sunbirds (Figure 190 

2J), cockroaches (Blattodea), and skipper butterflies (Hesperiidae). No nocturnal visitors 191 

were observed. Vespid wasps were the most frequent visitors. They entered the corolla to 192 

forage on nectar, during which their thorax was observed to touch the anthers and stigmas; 193 

pollen was observed on their thorax (Figure 2I). The unknown bee species, possibly in the 194 

genus Lipotriches, was also observed contacting floral reproductive structures, but was only 195 

rarely recorded visiting flowers. The cockroaches and skipper butterflies appear not to 196 

pollinate flowers, as they simply crawled along the outside of the corolla. Ants were 197 

occasionally observed walking on the inside of the corolla, in addition to the outside, but 198 

were never observed contacting anthers or stigmas. Sunbirds were observed robbing nectar; 199 
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they would perch on branches near flowers and use their beaks to pierce the corolla base 200 

(Figure 2J). 201 

 202 

Histochemistry of floral nectary discs 203 

The sectioned nectaries of the three study species revealed some similarities and some 204 

differences among the tested compounds (Table 1). NADI reagent tested positive in all three 205 

species, revealing that terpenes are produced and/or accumulated in the epidermis, around the 206 

nectary ducts, and in the parenchyma cells of A. versicolor (Figure 3A) and A. mekongensis 207 

(Figure 4A), while terpenes were strongly detected throughout the entirety of the nectary disc 208 

of A. lycioides (Figure 5A). Similarly, flavonoids were detected in all species throughout the 209 

nectary disc (Figure 3B, Figure 4D, Figure 5B). In contrast, lipids were found only in A. 210 

mekongensis and appear to accumulate in the epidermis layer and nectary ducts (Figure 4B-211 

C), while the other two study species tested negative for lipids using both Sudan Black B and 212 

Sudan III.  213 

 214 

Morphology and histochemistry of staminal trichomes 215 

Argyreia versicolor has two types of trichomes (Table 1), glandular trichomes (Figure 3D, E) 216 

and non-glandular trichomes (Figure 3F). The trichomes were dispersed across the lower part 217 

of the filaments, and the highest density of trichomes and the longest trichomes were found at 218 

the center of the distribution. Glandular trichomes were shorter than non-glandular trichomes 219 

and were fewer in number and shorter in length towards the margins of their distribution. 220 

Each glandular trichome consisted of a head cell (apical cell), stalk, and basal cell; the head 221 

cells are unicellular apical glands which are either rounded cylindrical, globose (Figure 3D), 222 

or obovoid (Figure 3E), or globose (Figure 3D). Stalks were observed to have different 223 

lengths; long stalks (Figure 3E) were mostly found at the very base of the filaments while 224 

short stalks (Figure 3D) were densely scattered around the middle of filaments and sparsely 225 
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scattered near the tops of filaments. We also observed simple non-glandular staminal 226 

trichomes (Figure 3F), which were present only in this species and only at the center of the 227 

filament base. The non-glandular trichomes consisted of a basal cell and a long slender apical 228 

cell. The glandular staminal trichomes tested positive for terpenes (Figure 3C) while the 229 

simple non-glandular staminal trichomes did not (Table 1). Both glandular and non-glandular 230 

trichomes tested negative for lipids (Table 1). Flavonoids were detected in the apical cells of 231 

non-glandular trichomes, especially where the apical cell connects to the base (Figure 3F), 232 

but not in glandular trichomes (Table 1). 233 

Only glandular trichomes were observed for A. mekongensis, and they were 234 

distributed across the base of filaments, densely at the center of their distribution and more 235 

sparsely towards the margins of their distribution. These glandular trichomes also consisted 236 

of a head cell (apical cell), stalk, and basal cell. The head cells are unicellular apical glands 237 

and five gland shapes were observed; rounded conical (Figure 4F), bell-shaped (Figure 4F), 238 

rounded cylindrical (Figure 4G), convex (Figure 4G), and globose (Figure 4H). Stalks were 239 

longer at the center of their distribution and shorter towards the margins of their distribution. 240 

Histochemical analysis revealed the presence of terpenes (Figure 4E) and lipids (Figure 4F-241 

H), both of which appear to accumulate in the glands (Table 1). However, flavonoids were 242 

not detected (Table 1). 243 

We also only observed glandular trichomes in A. lycioides, which were distributed 244 

across the base of the filaments, densely at the center of their distribution and more sparsely 245 

towards the margins of their distribution. Similar to the other two study species, these 246 

glandular trichomes consisted of a head cell (apical cell), stalk, and basal cell. The apical 247 

gland cells were observed to have four shape types: rounded cylindrical (Figure 5C), globose 248 

(Figure 5C), obovoid (Figure 5D), and pyriform (Figure 5D). In contrast to the other two 249 

study species, the glandular trichomes of A. lycioides have very short unicellular stalks 250 
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(Figure 5D). Histochemical analysis revealed the presence of terpenes (Figure 5C), while 251 

lipids and flavonoids were not detected (Table 1). 252 

 253 

Discussion 254 

Floral visitors in relation to floral characters  255 

We observed high overlap in floral visitor composition between A. versicolor and A. 256 

mekongensis, and some overlap between A. mekongensis and A. lycioides, but no overlap in 257 

the taxa visiting A. versicolor and A. lycioides. Argyreia versicolor and A. mekongensis were 258 

both almost exclusively visited by Xylocopa carpenter bees (X. aestuans and X. latipes). 259 

These species are very similar in shape and size, both of which allow their large bee 260 

pollinators to enter the flower and contact floral reproductive structures with their thorax. 261 

Moreover, these species likely attract their pollinators with their relatively showy floral 262 

displays: bright colors, a large corolla limb, and numerous flowers per inflorescence (5-9 263 

flowers). While these two species do differ in color (A. versicolor is purple and white, while 264 

A. mekongensis is pure white), Xylocopa bees have been reported to favor both purplish-265 

white and creamy white flowers (Raju & Rao, 2006). 266 

We also observed some overlap in the animal taxa that visited A. mekongensis and A. 267 

lycioides, namely, wasps, small bees, skipper butterflies, and sunbirds. However, most of 268 

these taxa were uncommon visitors and unlikely pollinators. For example, for both Argyreia 269 

species, skipper butterflies (Hesperiidae) were only ever observed on the outside of the 270 

corolla, and sunbirds (Cinnyris jugularis) were only ever observed robbing nectar. The one 271 

exception is wasps in the family Vespidae, which were frequent visitors to and likely 272 

pollinators of A. lycioides (see paragraph below). The similarities in floral visitor composition 273 

between A. mekongensis and A. lycioides may be due to their similar coloration and floral 274 

heights. Both species have pale-colored flowers and were found about 1.5 m above ground, 275 
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whereas twining A. versicolor was usually found climbing tall trees and its flowers were 276 

typically around 5 m above ground.  277 

Argyreia lycioides is the most different of the three study species in terms of shape 278 

and size, and it also had different pollinators than the other two. While A. versicolor and A. 279 

mekongensis were pollinated by Xylocopa carpenter bees (Jirabanjongjit et al., 2024), A. 280 

lycioides appears to be pollinated primarily by wasps in the family Vespidae. Key floral 281 

features that distinguish A. lycioides from the other two species are its floral arrangement 282 

(axillary solitary instead of inflorescence), size (about three-fourths the size of the other two), 283 

and reduced corolla limb (minimal to absent). The flowers of A. lycioides are too small for 284 

carpenter bees, but are appropriately sized for wasps or smaller bees, as were observed in this 285 

study. Wasps appear to be the main pollinators of A. lycioides given the frequency of their 286 

visits and their consistent contact with stigmas and anthers. Wasps can be found as 287 

pollinators of both generalist and specialized flowers (Heithaus, 1979; Nilsson, 1981; 288 

Kephart, 1983; Vieira & Shepherd, 1999; Ollerton et al., 2003; Johnson, 2005; Shuttleworth 289 

& Johnson, 2006, 2008, 2009a, b, c, d; Johnson, Ellis & Dötterl, 2007). While Faegri & Van 290 

der Pijl (1979) did not specifically describe a wasp pollination syndrome, evidence suggests 291 

that wasps often pollinate easily approachable flowers that have dull or cryptic coloration, a 292 

strong or unusual scent, and concentrated nectar (Heithaus, 1979; Proctor, Yeo & Lack, 1996; 293 

Ollerton & Watts, 2000; Johnson, Ellis & Dötterl, 2007; Shuttleworth & Johnson, 2009a; 294 

Shuttleworth & Johnson, 2009d). According to Kingston and McQuillan (2000), flowers that 295 

are visited by wasps mainly have pale colors, followed by yellow and some purple flowers. 296 

These results correspond with our findings, as A. lycioides has a greenish white corolla with a 297 

dense concentration of dark purple dots on the inside the corolla, and the wide corolla 298 

entrance and tube make nectar easily accessible. However, given that our study only 299 

opportunistically examined a single population, additional research is needed to assess the 300 
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visitation frequency and effectiveness of animal taxa visiting A. lycioides to determine its 301 

main pollinators.  302 

 303 

Histochemistry of the floral nectary discs 304 

In all three study species, the floral nectary surrounds the base of the ovary; this nectary disc 305 

is a conserved character within the Convolvulaceae (Govil, 1972; Deroin, 1992, 2002; 306 

Galetto & Bernardello, 2004; Wright, Welsh & Costea, 2011). However, investigation of 307 

terpenes, flavonoids, and lipids in the floral nectaries revealed some differences between the 308 

three sympatric Argyreia species.  309 

Terpenes were detected in the floral nectaries of all three study species, and have also 310 

been reported in several other plant species (Giuliani, Bini & Lippi, 2012; Machado & Souza, 311 

2016; Wiese et al., 2018; Farinnaso et al., 2021; Jirabanjongjit et al., 2021; Chitchak, Stewart 312 

& Traiperm, 2022). Terpenes are important secondary metabolites in plants that contribute to 313 

pollinator attraction by providing scent compounds (Knudsen & Gershenzon, 2006) that are 314 

recognized to attract bees (Bergström, Dobson & Groth, 1995; Robertson et al., 1995). 315 

Moreover, terpenes can contribute to plant-insect interactions for bees that forage for 316 

biologically active plant products (Harrewijn, Minks & Mollema, 1994; Stevenson, Nicolson 317 

& Wright, 2017). Therefore, apart from the food resources provided by nectar, the floral 318 

nectary can also produce other important chemical substances to attract and reward 319 

pollinators. 320 

Flavonoids were also detected in the floral nectaries of all three study species, are 321 

prevalent throughout plants and their tissues especially in higher plants (Wollenweber & 322 

Dietz, 1981; Harborne, 1988; Taylor & Grotewold, 2005), and have previously been reported 323 

in several plant taxa (Ferreres et al., 1996; Truchado et al., 2008; Machado & Souza, 2016; 324 

Jirabanjongjit et al., 2021; Chitchak, Stewart & Traiperm, 2022). Several functions of 325 

Comentado [JGGF27]: I agree with the authors. They do 
not have information (or at least they did not present it) for 
consider pollinators some insect species, even in the other 
two plant species. 
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flavonoids are well-known, such as their role in plant reproduction, namely, as a color 326 

attractant that advertises flowers to pollinators and fruits to seed dispersers (Dakora, 1995). 327 

Flavonoids can also absorb UV wavelengths, providing visual cues that guide bees or other 328 

insects to floral nectar (Thorp et al., 1975; Harborne, 1979; Agati & Tattini, 2010). 329 

Additionally, flavonoids can protect nectar from pathogens or microbes, preserving it for 330 

pollinators, which can also benefit plant reproduction (Treutter, 2005). 331 

In contrast to terpenes and flavonoids, lipids were only found in one of the three study 332 

species, A. mekongensis. Lipids have been reported in the floral nectaries of many plant taxa, 333 

such as Anacardiaceae, Bignoniaceae, Convolvulaceae, and Orchidaceae (Figueiredo & Pais, 334 

1992; Stpiczynska, 1997; Stpiczynska & Matusiewicz, 2001; Stpiczynska & Davies, 2006; 335 

Kowalkowska et al., 2015; Machado & Souza, 2016; Tolke et al., 2018; Phukela, Adit & 336 

Tandon, 2021; Jirabanjongjit et al., 2021; Chitchak, Stewart & Traiperm, 2022). Lipids are 337 

frequently found in the nectar of vertebrate-pollinated species due to their importance in the 338 

diets of vertebrates (Varassin, Trigo & Sazima, 2001; Gumede & Downs, 2020), however, 339 

their potential role in plant-insect interactions has not been widely studied. Previous research 340 

suggests that the positive detection of lipids in the floral nectary could indicate the presence 341 

of laticifers (Martin et al., 2012) or may provide nutrition for nectar-feeding insects, in 342 

addition to polysaccharides (Bernardello, 2007). From the results of this study, terpenes and 343 

flavonoids appear to be important substances that potentially attract pollinators, while lipids 344 

(which were only detected in A. mekongensis) may serve as additional nutrition for 345 

pollinators. 346 

 347 

Histochemistry of the staminal trichomes 348 

Argyreia versicolor is the only species examined in this study that has both non-glandular and 349 

glandular trichomes on the staminal filaments. Non-glandular staminal trichomes appear to be 350 

very uncommon, as Chitchak (2019) observed the staminal trichomes of 31 taxa and only 351 

Comentado [JGGF28]: However, the authors mentioned 
that carpenter bees are the main visitors and pollinators, 
even in the other species A. versicolor. Were is the 
difference? One presents lipids and the other none, what 
happens then? 
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observed non-glandular trichomes in A. versicolor. Traditionally, non-glandular trichomes 352 

have been considered unimportant in the storage, production, and secretion of biologically 353 

active compounds (Werker, 2000). However, non-glandular trichomes have been found to 354 

store phenolic compounds, despite not having secretion abilities, and such phenolics are 355 

important in the protection against and regulation of biotic and abiotic stresses (Koudounas et 356 

al., 2015; Karabourniotis et al., 2020). Among secondary metabolic compounds, flavonoids, a 357 

type of phenolic compound, has been shown to substantially accumulate in non-glandular 358 

trichomes (Skaltsa et al., 1994; Valkama et al., 2004; Tattini et al., 2007; Koudounas et al., 359 

2015), as we also observed in A. versicolor. Non-glandular trichomes are typically considered 360 

to provide physical plant defenses against biotic or abiotic stresses, such as protection against 361 

insect oviposition or herbivory (Levin, 1973; Baur, Binder & Benz, 1991), or as protection 362 

against drought (Ichie et al., 2016), low or high humidity, high solar radiation, or high light 363 

intensity (Werker, 2000; Ichie et al., 2016).Thus, it is possible that the non-glandular staminal 364 

trichomes found in A. versicolor may help protect the ovary from herbivory, as the ovary is 365 

located directly below the staminal trichomes. 366 

Glandular trichomes were observed in all three study species, and had similar 367 

distribution patterns, but varied in some of their morphological features. Argyreia lycioides 368 

had shorter stalks than the other two species, which may be due to phenotypic integration of 369 

floral traits such as corolla size, as was reported in Chitchak (2019). The function of staminal 370 

trichomes is still unclear and they have received less attention than other types of trichomes. 371 

However, a recent study by Dieringer and Cabrera (2022) suggested one ecological 372 

advantage of staminal trichomes in Agalinis auriculata, in which they appear to facilitate the 373 

grasping of flowers during buzz pollination; filament trichomes had a positive effect on 374 

pollen removal in sternotribic pollination but a negative effect in nototribic pollination. 375 

Riviere et al. (2013) reported a different function of filament trichomes in the genus Cuscuta, 376 
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where glandular trichomes appear to play a role in the protection of the nectar or ovary 377 

(ovules). 378 

Glandular trichomes usually secrete and accumulate specific secondary metabolites 379 

such as terpenes and other essential oils (Metcalf & Kogan, 1987). In the species that we 380 

examined, there were some differences in the histochemical results of glandular staminal 381 

trichomes, but terpenes were found in all species. In general, terpenes are reserved in 382 

specialized structures within plant tissues, such as secretory cavities, resin canals, latex 383 

canals, and glandular trichomes (Holopainen et al., 2013). Previous studies examining 384 

terpenes have mostly reported their presence in the glandular trichomes of leaves, and they 385 

are generally recognized as being defensive substances against microbes, fungi and/or 386 

herbivores (Harborne, 1993; Kelsey Reynolds & Rodriguez, 1984; Olaranont et al., 2018). 387 

However, more recent work has started to improve our understanding of how insects respond 388 

to terpenes and their function in attracting pollinators (Raguso & Light, 1998; Dudareva et 389 

al., 2006; Knudsen & Gershenzon, 2006). In contrast to the ubiquity of terpenes, lipids were 390 

only detected in the glandular staminal trichomes of A. mekongensis while flavonoids are not 391 

detected in the glandular staminal trichomes of any species. Previous work examining other 392 

morning glory species, such as Rivea ornata (Chitchak, Stewart & Traiperm, 2022) and 393 

Argyreia siamensis (Jirabanjongjit et al., 2021), have hypothesized that staminal trichomes 394 

are important for pollinator attraction since glandular staminal trichomes contain chemical 395 

substance such terpenes and flavonoids. The results of this study indicate that glandular 396 

staminal trichomes, with their accumulation of terpenes, may help protect the nectar and 397 

ovary from microbes, fungi, and herbivores, and/or may help attract pollinators and guide 398 

them to the nectar.  399 

 400 

Conclusion 401 
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The findings of this study reveal that the three sympatric, co-flowering Argyreia species 402 

exhibit some similarities and some differences in terms of floral visitors, floral characters, 403 

and histochemical compounds. When comparing pollinators, the two twining species, A. 404 

versicolor and A. mekongensis, shared carpenter bee pollinators due to their similar floral 405 

sizes and shapes. In contrast, A. lycioides is a perennial shrub with a smaller corolla tube, and 406 

appears to be pollinated by wasps (Vespidae) and possibly small- to medium-sized bees. All 407 

species exhibited trichomes at the base of staminal filaments; glandular trichomes were 408 

observed in all species but non-glandular trichomes were found only in A. versicolor. 409 

Histochemical investigation of the floral nectary and staminal trichomes revealed that all 410 

three species contain chemical substances that may be related to pollinator attraction and 411 

floral defense, although there were slight differences among species. Terpenes and flavonoids 412 

in the floral nectar may contribute to pollinator attraction while lipids may provide additional 413 

nutrition for pollinators. In terms of staminal trichomes, glandular trichomes may secrete 414 

chemical substances for pollinator attraction or plant defense, while non-glandular trichomes 415 

may help protect the nectary and ovary from herbivory. The knowledge gained from this 416 

study regarding flower morphology and chemical compounds, in combination with what we 417 

know about the breeding system of the rare species, A. versicolor (Jirabanjongjit et al. 2024), 418 

are necessary for plant conservation in terms of preserving their overlapping pollinators.  419 
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 804 

Figure captions 805 

Figure 1. Photos showing the floral characters of three sympatric Argyreia species. (A, D) 806 

Argyreia versicolor; (B, E) Argyreia mekongensis; and (C, F) Argyreia lycioides. Photo A, D 807 

and F were taken by Yotsawate Sirichamorn, and B, C and E were taken by Tripatchara 808 

Atiratana.   809 

 810 
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Figure 2. Animal visitors of three sympatric species of Argyreia. (A) Xylocopa latipes 811 

visiting A. versicolor. (B) X. aestuans visiting A. versicolor. (C) X. latipes visiting A. 812 

mekongensis. (D) X. aestuans visiting A. mekongensis. (E) Amegilla sp. visiting A. 813 

mekongensis. (F) Mylabris phalerata beetle consuming the corolla of A. mekongensis. (G) 814 

Cinnyris jugularis sunbird robbing nectar from A. mekongensis. (H) Unknown bee species 815 

visiting A. lycioides. (I) Wasp (Vespidae) visiting A. lycioides. (J) Cinnyris jugularis sunbird 816 

robbing nectar from A. lycioides.  817 

 818 

Figure 3. Results of histochemical analysis conducted in Argyreia versicolor. (A) 819 

Transversal section of the floral nectary showing the presence of terpenes; positive staining 820 

shown at the blue arrow pointing to a nectary duct (ND) and red arrows pointing to the 821 

nectary epidermis. (B) Longitudinal section of the floral nectary showing the presence of 822 

flavonoids under a fluorescence microscope; positive staining shown by the white arrow 823 

pointing to the nectary disc. (C) Staminal trichomes showing the presence of terpenes; 824 

positive staining shown by the red arrow pointing to the apical gland cell. (D) Unstained short 825 

glandular trichomes at the middle of staminal filaments; red arrow pointing to an apical gland 826 

cell that is globose shaped (GLO). (E) Unstained long glandular trichomes at the base of 827 

staminal filaments; red arrows pointing to rounded cylindrical (RCY) and obovoid (OBO) 828 

apical gland cells. (F) Staminal trichomes stained with Naturstoff reagent and viewed under 829 

fluorescent microscope reveal the presence of flavonoids; strong staining shown at the blue 830 

arrow, white arrow pointing to an apical cell of a non-glandular trichome.  831 

 832 

Figure 4. Results of histochemical analysis conducted in Argyreia mekongensis. (A) 833 

Transversal section of the floral nectary showing the presence of terpenes; positive staining 834 

shown at the red arrows pointing to the nectary duct (ND) and epidermis (EP). (B) 835 
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Transversal section of the floral nectary stained with Sudan Black B showing the presence of 836 

lipids; positive staining shown at the red arrow pointing to the nectary duct (ND). (C) 837 

Transversal section of the floral nectary stained with Sudan III showing the presence of lipids 838 

in black. (D) Transversal section of the floral nectary stained with Naturstoff reagent and 839 

viewed under a fluorescent microscope showing the presence of flavonoids. (E) Staminal 840 

trichomes tested positive for terpenes; red arrows point to apical gland cells showing terpenes 841 

inside of the glands. (F) Staminal trichomes stained with Sudan Black B tested positive for 842 

lipids; red arrows point to apical gland cells containing lipids, and demonstrate the different 843 

types of gland cells: BE=bell-shaped, RCO=rounded conical. (G-H) Staminal trichomes 844 

stained with Sudan III tested positive for lipids; red arrows point to lipids inside of the apical 845 

gland cells, while green arrows demonstrate the different types of gland cells: RCY=rounded 846 

cylindrical, CON=convex, GLO=globose. Other abbreviations: N=nectary, OV=ovary, 847 

EP=epidermis. 848 

 849 

Figure 5. Results of histochemical analysis conducted in Argyreia lycioides. (A) 850 

Longitudinal section of the floral nectary showing the presence of terpenes. (B) Longitudinal 851 

section of the floral nectary stained with Naturstoff reagent and viewed under a fluorescent 852 

microscope showing the presence of flavonoids. (C) Staminal trichomes tested positive for 853 

terpenes; positive staining shown at the red arrows, which also demonstrate some of the 854 

different types of apical gland cells: GLO=globose, RCY=rounded cylindrical. (D) Unstained 855 

glandular trichomes; red arrows demonstrate some of the different types of apical gland cells: 856 

PY=pyriform, OBO=obovoid. Other abbreviations: N=nectary, OV=ovary, BS=basal cells, 857 

S=stalk. 858 

 859 

 860 
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Table caption 861 

Table 1: Results of histochemical analysis testing for the presence of terpenes, lipids, and 862 

flavonoids in the floral nectary and staminal trichomes of three sympatric Argyreia species. 863 


