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Abstract 17 

Gradual pollen presentation is a plant reproductive mechanism to improve pollination 18 

efficiency and accuracy and promote outcrossing. Vaccinium corymbosum ' Bluecrop ' has a typical 19 

gradual pollen presentation mechanism. ' Bluecrop ' exhibits an inverted bell-shaped flower with 20 

a white coloration. By investigating the flower syndrome, pollination characteristics, pollination 21 

efficiency, and breeding system of  ' Bluecrop ', this study aims to explore the adaptive significance 22 

of these traits. The results showed ' Bluecrop ' released pollen gradually through anther poricidal 23 

dehiscence. Among different pollinators, Apis mellifera ligustica mellifera and Bombus can 24 

pollinate effectively, and the mechanism of gradual pollen presentation significantly improved the 25 

efficiency of pollen transfer. This character limits the amount of pollen removed by the pollinators 26 

and prolongs pollen presentation, thus attracting more pollinators and thereby increasing male 27 

fitness. The nectar secretion of ' Bluecrop ' is gradual, with a large nectar production and a long 28 

phase of nectar secretion, enhance visitation frequencies and the chances of successful pollination. 29 

At the same time, campanulate corolla can protect pollen as well as nectar from waste due to 30 

environmental factors and other effects. The breeding system of ' Bluecrop 'relies mainly on 31 

outcrossing because of its low affinity for self-fertilization and good interaction with pollinating 32 

insects. Thus, the special floral syndrome and the mechanism of secondary pollen presentation are 33 
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significant in improving pollination efficiency and promoting the reproductive success of  ' 34 

Bluecrop ' by outcrossing. It can provide a certain theoretical basis for the future propagation 35 

breeding of  ' Bluecrop '. 36 

 37 
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 40 

1.Introduction 41 

Pollen dispersal in most flowering plants is accomplished with the help of pollinators. 42 

Pollinators are the most numerous and useful pollinators group among all pollinators and play an 43 

important role in pollination and reproduction of flowering plants (Goulson & Dave, 2004). As 44 

the most important structure of plants to attract pollinators. Bees are essential for pollen transfer 45 

and fruit production in many crops, the floral complex and their visit patterns can be divided into 46 

floral design and influenced by floral display in attracting pollinators and thus achieving pollen 47 

deposition and removal for outcrossing mating. morphology (Courcelles, Button & Elle, 2013).  48 

The interaction between plant floral characteristics traits and pollinators is considered an 49 

important driving force for plant evolution, mainly in terms of the influence of floral characteristics 50 

on the behavior of pollinators and pollen transfer: for example, physical characteristics such as 51 

flower color and morphology can influence the flower-visiting behavior and pollination efficiency 52 

of pollinators, different colored petals have an inducing effect on some insects  (Pauw, Stofberg & 53 

Waterman, 2009; ;Vallejo‐Marín, 2019; Zhou et al., 2023). In addition, flower syndrome under . 54 

The continuous secretion of nectar is the influence continuous attraction of external environmental 55 

factors, together with flowers to pollinators affects plant reproduction and thus the evolution of 56 

populations,  Nitraria sphaerocarpa grow under Gobi habitat conditions, resulting in fewer 57 

reproductive organs and affects the efficiency of plant reproduction (Li ( Chabert et al.,. 2018). 58 

Nectar is a reward that flowering plants provide to their pollinators （Luo, 2013). Zhang & 59 

Renner, 2008). Therefore, plants and pollinators form a mutually adapted synergistic relationship, 60 

and the activity patterns of pollinators are closely related to the flowering phase, flower opening 61 

dynamics, and nectar secretion dynamics of plants (Fenster et al., 2004). 62 
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The male organ of angiosperms, the morphological structure of anthers and their mode of 63 

dehiscence have special characteristicstraits, tomato anthers dehiscence is medial longitudinal, 64 

whereas tobacco is lateral longitudinal(Du, 1987). Angiosperms are constantly evolving flower 65 

forms. The anther is the inflated sac-like part reproductive organs and mating biology of 66 

angiosperms exhibit greater variety than those of any other group of the filament tiporganisms67 

（Harder & Routley, 2006). The flower morphology of angiosperms is constantly changing 68 

( Cardinal, Buchmann & Russell, 2018). As an important part of the stamen, it contains 69 

reproductive and nutritional tissues related to the formation and release of pollen grainstetrads. In 70 

many bee-pollinated flowers, bees produce vibrations that travel through flower tissues (mainly 71 

anthers containing pollen), causing pollen to be ejected from small openings (holes or gaps) in the 72 

tips of the stamens （Brito, 2020; Pritchard & Vallejo-Marin, 2020; Kemp & Vallejo-Marin, 73 

2021). Pollen is released at the right time after maturation to complete pollination through selfing 74 

or outcrossing, thus ensuring a smooth pollination and fertilization process. Anther dehiscence, as 75 

an important feature of late flower development, if affected by external environmental factors and 76 

other influences, such as climate leading to imperfect or complete anther dehiscence, the 77 

pollination outcome will be seriously affected (Ding et al., 2013).  As the final stage of stamen 78 

development, whether anther dehiscence is completed on time affects whether pollen can reach 79 

the stigma in time, a key factor affecting reproductive success (Wang et al., 2008; Huang et al., 80 

2014).Therefore, anthers play an important role as special floral characteristictrait, and the gradual 81 

pollen presentation mechanism of anthers improves pollination efficiency and ensures plant 82 

reproduction. 83 

The pollen dispensing mechanism can control the number of divisions that pollinators take 84 

away from a packing unit in a single visit through some specific floral morphology and structure 85 

(Li, 2013). Anther characteristics associated with pollen distribution mechanisms, such as anther 86 

apertures (Du, 1987; Falcão, Schlindwein & Stehmann, 2016; Vallejo-Marín, 2019), secondary 87 

pollen presentation (Wang, 2010; Yang et al., 2019; Xu et al., 2021), and anther appendages (Han 88 

et al., 2008), have been well studied by many authors, but most plants do not possess these special . 89 

Many plant species have evolved floral characteristics and trait that restrict pollen distribution 90 

mechanismsaccess (De Luca & Vallejo-Marin, 2013; Ashman et al,. 2004).  It is known that the 91 

pollination capacity of most plants in nature is closely related to the amount of pollen in a flower 92 



as well as the mode of anther dehiscence, the level of pollination ability affects the results, and 93 

pollination is a necessary process for plants to produce fruits (Song et al., 2013). Because pollen 94 

is released  through different modes of anther dehiscence, the efficiency of pollen dispersal can 95 

vary greatly, different ways of anther dehiscence result in different rates of pollen propagation 96 

(Bernhardt, 1996). The pollen dispensing mechanism can well explain the relationship between 97 

plants and pollinators， the extent to which plants should restrict their rate of pollen presentation 98 

will depend on pollinator visit rates—restricting pollen presentation when pollinator visits are rare 99 

would result in lost mating opportunities and pollinators wasted pollen production (Xiao, 2015; 100 

Minnaar et al,. 2019). The pollen dispensing mechanism is a special configuration of the pollen 101 

presentation time, because by adjusting the pollen presentation time, pollen can be distributed to 102 

different pollinators, thus reducing the unreliability of pollen transfer and increasing the chance of 103 

successful pollen deposition on the stigma. Thus, the analysis of relevant floral structures, 104 

combined with factors such as the mating system of plants, will help to accurately reveal the 105 

adaptive significance of the pollen dispensing mechanism, and continue to refine the shortcomings 106 

of pollen presentation theory. 107 

Vaccinium corymbosum ' Bluecrop ' in the family Ericaceae, has white mitriform flowers with 108 

downward flower openings. There are fewer reports on its pollination mechanism, and there are 109 

still some limitations in pollen presentation theory until now. ' Bluecrop ' has a special pollen 110 

presentation mechanism, nectar secretion mode, and petal unfolding mode. Therefore, we 111 

investigated the floral syndrome, pollination characteristics, flower-visiting insect, and foraging 112 

behavior of flower-visiting insects to explore the influence of its special floral characteristics traits 113 

on the pollination mechanism, go ahead and keep refining the shortcomings of pollen presentation 114 

theory. The following hypotheses were proposed in purpose of this study: (1) there is a 115 

unique )What pollen distribution mechanism in the flowering process of mechanisms do ' Bluecrop 116 

'' have during flowering; (2) different pollinating insects have different pollination adaptations to ' 117 

Bluecrop '; (3) How nectar presentation strategies and pollen dispersal patterns directly affect the 118 

frequency and behavior of pollinators pollinators visiting flowers. Therefore, we focus on the 119 

special floral characteristics traits of ' Bluecrop ', and this study will help to understand the 120 

interaction between floral characteristics traits and pollination adaptations. 121 

 122 



2.Materials & Methods 123 

2.1 Study site and species 124 

The experimental site was located in a blueberry plantation nursery within Changchun City 125 

(125°18′ E, 43°49′ N), Jilin Province (only blueberry populations were present in the nursery, and 126 

no other plants interfered with an average the experimental populations). Average annual 127 

temperature of 4.6 ℃, average annual precipitation of 600-700 mm, a frost-free phase . During the 128 

flowering season of 140-150 days' Bluecrop ', and a freezing phase of rainfall is 150 daysmm from 129 

May to June. 100 plants of 5-year-old ' Bluecrop ' were selected. ' Bluecrop ' is a cultivar of 130 

Vaccinium corymbosum Ericaceae, also know as “northern highbush blueberry”. The adult height 131 

of ' Bluecrop ' ' was 1.2±0.3 m, with a crown width canopy size (east-west) of 1±0.2 m and a crown 132 

width canopy size(south-north) of 1±0.2 m (Fig. 1A)m; the inflorescence was a raceme with there 133 

were 8±2 flowers per inflorescence; the flower was white (Fig. 1B-1C); the mature fruit was flat 134 

and round, dark blue (Fig. 1D).. 135 

2.2 Observation of morphological characteristics Categorization of flowerflower life into 136 

four stages 137 

Ten plants with essentially uniform development were randomly marked in According to the 138 

flowering dynamics of ' Bluecrop ' population to observe , the flowering dynamicsprocess could 139 

be divided into four phase, and ten racemes were randomly selected on each marked plant. The 140 

observation was carried out daily from the beginning of namely,; Phase Ⅰ, just before flower 141 

anthesis; Phase Ⅱ, flower just opened with the bud appearance until aperture not completely 142 

opened; Phase Ⅲ, flower with the end of the entire inflorescence openingaperture completely 143 

opened ; and Phase Ⅳ, the petals are all falling off(Fig. 1). 144 

2.3 Observation Dynamics of anther dehiscence processpollen release in relation to the flower 145 

age 146 

Thirty unopened flowers were randomly selected from the ' Bluecrop ' population for bagging, 147 

and the status of each flower was tracked and observed every hour. The process of anther 148 

dehiscence was observed with a body vision microscope, and the process and manner of anther 149 

dehiscence were recorded, with a focus on whether there were changes in pistils and stamens and 150 

whether the anthers were dehiscent to release pollen. Pollen collection requires a soft brush to 151 

shake pollen off and a pollen tube to collect pollen tetrads. 1 mL of 1% sodium hexametaphosphate 152 

solution was added dropwise to the pollen, and the volume was fixed to 2 mL. The recording 153 
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started when pollen was covered and shaken to keep the pollen in suspension. A drop of the flower 154 

suspension was unopen aspirated on a hemocyte counting plate using a micro-sampler with a 155 

volume of 20 μL. The number of pollen tetrads  was observed and ended when counted under 156 

microscope. Repeat six times and take the flower closed.average.  157 

2.4 Observation of pollen grain tetrad and stigma morphology 158 

Ten flowers of essentially uniform development were randomly selected from the ' Bluecrop 159 

' population, and after the flowers opened, the bags were removed, and the 10 flowers were fixed 160 

in 50 % FAA fixative, respectively. Gradient concentrations of ethanol (65%-75%-85%-90%-161 

100%-100%-100%) dehydration were applied before electron microscopy scanning, each time for 162 

15 min. All pollen grains tetrads and stigmas were dried at the critical point. The dried pollen grain 163 

tetrad samples were fixed on the sample tray with conductive double-sided tape, and spray metal 164 

powder on the stigma was gold sprayedstigma. The pollen grain tetrad and stigma morphology 165 

were observed with a JSM-6510 (Japan) scanning electron microscope (Changchun University). 166 

2.5 Pollen viability and stigma receptivityreceptivity in relation to flower age 167 

During the flowering phase of the population, flowers of ' Bluecrop ' were collected from four 168 

different phase. Pollen from ten single flowers from each phase was selected for testing for the 169 

assay. Their anthers were taken and placed on slides with 1-2 drops of 0.5% TTC solution, placed 170 

in an incubator at 35 ℃ for 15 min, and the degree of staining was observed under the microscope. 171 

The pollen-stained red was considered to have the strongest viability, and the pollen-stained light 172 

red was considered to have weaker vitality, and pollen that was not stained was considered to non-173 

viable or sterile. 174 

During the flowering phase of the population, flowers of ' Bluecrop ' were collected from four 175 

different phase, ten stigmas from each phase were selected for testing, and the stigma was removed 176 

intact, placed on a concave slide, and dripped into the reaction solution of "Benzidine-hydrogen 177 

peroxide" (1% Benzidine: 3% Hydrogen peroxide: water). =4:11:22). If the column head appears 178 

blue with a large number of bubbles around, it was considered to be highly licensablereceptive 179 

(denoted as +++); if the column head appears light blue, surrounded by more air bubble, it was 180 

considered to be relatively weak receptivity (denoted as ++); if the column head appears light blue 181 

blue, with a small number of bubbles around, it was considered to be relatively weak 182 

licensabilityreceptivity (denoted as +); if the column head has no color change and no bubbles 183 

around, it was considered to be not licensable (receptivity (denoted as +/-) (Zhang et al., 2022; 184 
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Dafni, 1992,2005; Baptiste, 2023). 185 

2.6 Observations on pollinators, foraging Foraging behavior and pollination 186 

efficiencybehavior of insect foragers 187 

In the study the observations were made in Choose sunny weather for observation.to aAvoid 188 

the effects of rain on the flower-visiting behavior of insects. From June 6 to June 8, 2021. Ten 189 

inflorescences of ' Bluecrop ' that had opened were randomly selected within the population and 190 

marked to observe the external morphology of pollinators, flower-visiting time, number of flower-191 

visiting times, and their flower-visiting behavior. The pollen carried by the insects was placed on 192 

slides and observed by light microscope, and the insects that finished pollination were defined as 193 

effective pollinators. And species Species identification by external morphology of insect 194 

specimenspollinators. 195 

Observational calculations Calculation of pollination efficiency of ' Bluecrop ' pollinators. 196 

For observation, two flowers with essentially synchronous development and unopened flowers 197 

were randomly tagged and bagged on each of 10 plants (20 flowers in total), which . They were 198 

divided into two groups and bagged at the completion of for anther pollen dispersal. The styles 199 

anther of one group were removed directly, and the other group was removed after a visit by 200 

pollinators. The two groups of styles were crushed, stained with Senna and fixed to 2 mL, and the 201 

total number of pollen on the styles anthers of the two groups of flowers, n1 and n2, flowers were 202 

counted under a light microscope. The amount of pollen removed by a pollinating insect pollinators 203 

after a single flower visit N' = n1 - n2. The average of  N was calculatedis the difference between 204 

the two groups of pollen counts. 205 

In order to detect the number of pollen deposited on the stigma after a visit by an insect, 20 . 206 

30 flowers with basically synchronous essentially synchronized development and unopened 207 

flowers were randomly labelled marked on 10 plants to be de-masculinised and bagged, the bag 208 

was removed after the 15 plants. The stigma was unfolded, the stigma was crushed after a visit by 209 

an insect and dyed stained with saffron saffranin and fixed to 2 mL, and the pollen count M' count  210 

was counted under a light microscope and its mean value M was calculatedmicroscope. Insect 211 

pollination efficiency is the amount of pollen M deposited on the stigma by a single visit of the 212 

insect divided by the amount of pollen N removed by the insect in a single visit. 213 

2.7 Measurement Dynamics of nectar secretion and flower visiting visitation frequency and 214 

nectar secretion dynamicsby insect foragers in relation to flower age 215 
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In sunny weather at the observation site, a single flower that will open the following day was 216 

randomly labelled on each of 30 plants and observed continuously from 7:00 to 19:00 when 217 

pollinators appeared at the early flowering stage.The frequency of flower visits by different  218 

pollinators was recorded until the end of the flowering stage. 219 

One unopened flower was randomly labelled on each of the On 30 plants that had developed 220 

almost synchronously. The nectar volume was measured at different times when the anthers were 221 

pollinated immediately after the stylesimultaneously, when the anthers were separated from the 222 

style after pollination, and when the pollen each plant was present on randomly selected to bag an 223 

unopened flower. From the style after separation until beginning to the end of the flowering period. 224 

Measurement of flowers needing to be bagged to avoid insect influence on nectar volume. 225 

Measurement of “nectar apparent secretion rate” (Corbet, 2003). Nectar volume was measured 226 

every 24 h with a 5 μL micropipette. The relationship between nectar secretion dynamics and the 227 

frequency of flower visits by pollinators was analysed on the basis of their measurements. 228 

2.8 Pollination experiment 229 

Reference to Castro's methodology(Castro, 2008);. tThe type of breeding system was 230 

detected by an artificial bagging experiment. 60 plants were randomly selected with the same 231 

development, and 4 flowers were randomly selected on each plant for the following 4 treatments. 232 

(1) Natural Open pollination: randomly mark the flowers in full bloom in their Detection of 233 

pollination and fruiting under natural state and count their fertility rate after fruiting; conditions. 234 

(2) Selfing: Bagged without emasculation: Tested for each plant, an unopened flower were bagged, 235 

and their fruiting rate was counted after fruiting to observe the degree presence of active self-236 

compatibility;pollination. (3) Cross-pollination of the same plant: for each plant, a flower was 237 

hand-pollinated by using pollen from different flowers of the same individual plant and bagged.and 238 

the fertility rate was counted Artificial autogamy (bagged after fruiting pollination to observe the 239 

acceptance of crossexclude interference): Testing self-pollination of the same plant; for affinity. 240 

(4) Xenogamy: for each plant, a flower was hand-pollinated by using pollen from flowers of a 241 

different individual plant and bagged, and the fertility rate was counted Artificial xenogamy 242 

(bagged after fruiting pollination to observe the acceptance exclude interference): Detection of 243 

xenogamy.fruiting in artificial xenogamy pollination. Three replicates were set for each treatment. 244 

2.9 Data Statistical  analysis 245 

In this studyExperimental data are represented as the mean ± SD (standard deviation), all 246 
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statistical analyses fruiting data are represented as the mean. Pollen counts, pollen viability, 247 

number of insect visits, nectar secretion, and pollination experiments were performed statistically 248 

analyzed using SPSS 1919.0 software. Figures were  249 

prepared When the statistic was significant, one-way ANOVA was used to compare the 250 

differences based on the Duncan’s multiple range test (p<0.05). Analysis of pollination experiment 251 

data. A p<0.05 was considered statistically significant. Making data into charts using Origin2017 252 

software. Data were represented as means ± standard errorsorigin 2018. 253 

 254 

 255 

3.Results 256 

3.1 Observation of morphological characteristics Dynamics of floral partspollen release in 257 

relation to the flower age 258 

The corolla number of the single flower opens with its mouth facing downwards, white with 259 

a tubular receptacle, adnate to the ovary, and this state persists until fruit maturity (Fig. 2a); the 260 

corolla pollen remaining in each period is connected with five lobes (Fig. 2b). The filaments 261 

support and extend the anthers, and the stamens are always lower shown in height than the pistils 262 

during the opening of the flower (Fig. 2c-2e),which is herkogamy. According to the flowering 263 

dynamics of ' Bluecrop ', the flowering process could be divided into four phase, namely, figure 264 

(Phase Ⅰ, pre-flowering phase (flowers white, individual flowers fully developed, corolla five-265 

lobed, corolla unopened) (Fig. 3A), 24100±278; Phase Ⅱ, early flowering phase (corolla slightly 266 

open 1-2 mm, traces of pentameres becoming lighter) (Fig. 3B)19800±237; Phase Ⅲ, full 267 

flowering phase (pentamerous traces disappearing, corolla inflated in an inverted campanulate 268 

shape, the opening of the corolla 3-5 mm) (Fig. 3C)10500±147 ; and Phase Ⅳ, late flowering 269 

phase (corolla loss) 2080±132)(Fig. 3D). 270 

3.2 Anther dehiscence process 271 

The results . 2). Instead of the anther dehiscence process releasing all of the pollen tetrads at 272 

once through the anthers, ' Bluecrop ' by the microscope showed that the top of the anther 273 

dehiscence formed released a poricidal, and the pollen was dispersed from the poricidal. This type 274 

portion of anther dehiscence was the anther poricidal dehiscence, and it was found to have the 275 



mechanism of gradual pollen presentation. The number of pollen remaining in tetrads at each 276 

period is shown in the figurephase, and the number of pollen in a single flower of ' Bluecrop ' was 277 

24100±278. (Fig. 4). 278 

3.3 2 Observation of pollen grain tetrad and stigma morphology 279 

The surface of the stigma of ' Bluecrop ' was smooth, and its stigma was poricidal-like in 280 

the center and radiated five fissures of different shapes (Fig. 5A3A); the anthers were elongated 281 

(Fig. 5B3B and 53C); the pollen grains tetrads were compound pollen with fine folds on the 282 

surface (Fig. 5D3D). 283 

3.4 3 Pollen viability and stigma receptivity test resultsresults in relation to flower age 284 

The results of pollen Pollen viability experiments showed that pollen vitality was higher in 285 

the pre-flowering phaseof 52.8% (±4.66%) at flower phase I, peaked in the early flowering phase, 286 

and was lowest at the end of flowering,  pollen viability flower phase II at the four phase was 287 

52.8%, 79.2% (±2.59%), and decreased at flower phase III at 38.2% and 9.4% (±2.49%)，the 288 

lowest pollen viability at phase Ⅳ was 9.4% (±1.67%)(Fig. 6). . 4). Stigma receptivity results 289 

showed (Table 1) that stigma receptivity was stronger in the pre-flowering phasein the phase I, 290 

strongest in early flowering phasethe phase II, and weakest in late flowering the phase (Table 1)Ⅳ. 291 

Therefore, propagation culture of ‘Bluecrop’ is best done in the early flowering phase. 292 

3.5 Observations on pollinators, foraging 4 Foraging behavior and pollination efficiency 293 

The effective pollinators of 'Bluecrop' are two species behavior of Bombus and Apis mellifera 294 

ligustica. The nectar is located inside the corolla and attached to the receptacle. insect foragers 295 

 When a bumblebee visits a flower, it first stretches its rostrum through the opening of the 296 

flower into the corolla and inserts its elongated howl into the base of the ovary to suck the nectar, 297 

and during the flower visit, the bumbus's forefoot grasps the flower and makes it vibrate,  shaking 298 

the pollen down to the abdomen of the body, and then sends the pollen from the abdomen to the 299 

pollen-carrying foot to finish carrying and make it pollinate successfully (Fig. 75-A). Bombus 300 

spent 30 ± 5 s on individual inflorescences and 10 ± 2 s on flowers, and effective flower visitors 301 

completed a maximum of 130 ± 6 visits between 13:00 and 14:00 each day (Fig. 86); When Apis 302 

mellifera ligusticamellifera visit flowers, they first extend their heads into the corolla and collect 303 

pollen on their forefeet to their hindfeet to complete the pollination process (Fig. 75-B). The Apis 304 

mellifera ligusticamellifera spent 25 ± 5 s on a single inflorescence and 7 ± 3 s on a flower, and 305 
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pollinators completed a maximum of 62 ± 4 visits between 12 and 13 pm daily (Fig. 86).  306 

The number of pollen removed by Bombus and Apis mellifera ligustica mellifera after a single 307 

visit to the flowers was 4670±137 and 3160±128, respectively, and the number of pollen deposited 308 

on the stigma after a single visit was 413±37 and 203±18, respectively. Therefore, the pollination 309 

efficiency of the two pollinators was 8.84% and 6.42%, respectively. Among them, Bombus are 310 

the most efficient pollinators. 311 

3.6 Relationship between 5 Dynamics of nectar secretion dynamics and flower visiting 312 

frequencyvisitation frequency by insect foragers in relation to flower age 313 

The mechanism of nectar secretion during flowering of ' Bluecrop ' was gradual, with a 314 

gradual increase in the amount of nectar during the flowering stage flower life from the start of 315 

anther pollen dispersal to 24 h after pollen release, and then a continuous decrease until it reached 316 

its lowest point at the end of flowering. As nectar production increased, the frequency of flower 317 

visits increased for two pollinators. As nectar secretion decreased, the frequency of flower visits 318 

by both pollinators decreased (Fig. 97). 319 

3.7 6 Pollination experiment results 320 

' Bluecrop ' had the highest fruiting rate of artificial xenogamy and the lowest fruiting rate of 321 

selfingbagged without emasculation. There were significant differences in the fruiting rates of 322 

natural open pollination, cross-pollination of the same plantartificial autogamy, and xenogamy 323 

bagged without emasculation compared with selfing, indicating artificial xenogamy (p＜0.05）. 324 

This indicates that its self-compatibility it has low self-fertilization affinity and essentially no 325 

autonomous self-fertilization. Fruiting is low and requires pollinators to participate in the 326 

pollination process mainly dependent on pollinators as mediators  (Table 2). This indicates that ' 327 

Bluecrop ' is predominantly outcrossing. There is no pollen limitation for fruiting. 328 

 329 

4.Discussion 330 

4.1 Ecological adaptation significance of integrated floral syndrome 331 

Floral syndrome can be directly related to the pollination and evolution of plants 332 

(Barrionuevo, Benitez-vieyra & Sazatornil, 2021). At the same time the floral characteristics 333 

traits of plants are subject to a combination of environmental and biological 334 

constraints(Scheffknecht et al., 2007; Tang & Han,2007). Among them, environmental factors 335 



directly drive the adaptive evolution of floral characteristicstraits(He et al., 2005). Plants must 336 

adapt to their environment by adjusting the structure of their flowers(He, Wu & Jia, 2007). ' 337 

Bluecrop ' has open downward mitriform flowers, and during flowering, the plant's sexual organs 338 

keep growing inside the corolla, prolonging the time of pollen viability and high intensity of stigma 339 

fertility, and these effects are in complete agreement with the findings of Wang & Tan (2011) on 340 

the floral characteristics traits of Codonopsis clematidea. The floral characteristics traits of ' 341 

Bluecrop ' can avoid pollen wastage resulting in deficiency and enable nectar secretion gradually, 342 

which is a wise decision of plant ecological adaptation in terms of resource allocation, and can 343 

also prevent nectar reduction due to rainfall, pollen being blown off by natural wind and other 344 

adverse environmental factors. Therefore, this special  345 

The multi-payoff strategy adopted by ' Bluecrop ' on floral feature syndromes (pollen tetrads, 346 

flower color, nectar, anthers, etc.). It can guarantee nectar secretion be effective in increasing the 347 

frequency of pollinator visits and increasing the number and opportunity of flower visits (Barrett, 348 

1998). Its flowering stage II high pollen viability and stable stigma pollinability. As well as the 349 

high coincidence of the peak period of insect flower visit with the period of highest pollen vigor 350 

and nectar secretion. It is conducive to its smooth pollination successand guarantees its 351 

reproductive success (Bingham & Orthner, which in turn 1998; Barrett, 2003). Therefore, the traits 352 

of this particular flower guarantee successful pollination through pollen dispersal and nectar 353 

production. It further attracts flower-visiting insects pollinators to improve increase reproductive 354 

success success. 355 

4.2 Effect of gradual pollen presentation mechanism on pollination adaptation 356 

 Nectar is a sap secreted by the nectar glands of plant flowers that attracts pollinators to take 357 

nectar and is an important factor in pollinator behaviour (Carter & Thornburg, 2000; Johnson & 358 

Nicolson, 2008). From an evolutionary perspective, plants need to allocate nectar production 359 

temporally in order to attract as many pollinators as possible for effective pollination. From an 360 

evolutionary ecological point of view, changes in the frequency of flower visits accompanying 361 

nectar dynamics are of great value in promoting allopatric pollination ( Canto et al., 2008). In the 362 

present study, we found the presence of a gradual pollen presentation mechanism in ' Bluecrop ' 363 

and also a gradual secretion of nectar. The peak period of flower visit is associated with larger 364 

nectar production and longer nectar production time, which increases the frequency of pollinator 365 

visit and increases the chance of successful pollination and pollination efficiency.  366 



In angiosperms, the diversity of pollen’s progressive presentation has attracted great attention. 367 

Gradual pollen presentation is one of the typical floral characteristics traits of plants that increase 368 

male paternal fitness (Harder & Thomson, 1989). The pollen progressive presentation mechanism 369 

is firstly an adaptation to the number of pollinators and tends to occur in plants with abundant 370 

pollinators but low pollination efficiency（Harder & Thomson, 1989）. And in In environments 371 

with a wide variety of pollinators-rich environments, the pollen progressive presentation 372 

mechanism improves male paternal fitness, which can reduce pollen loss under adverse 373 

environmental conditions and also reduce competition (Liu, 2009). Male-male competition in 374 

plants is thought to exert selection on flower morphology and on the temporal presentation of 375 

pollen (Castellanos et al,. 2006). Secondly, the pollen progressive presentation mechanism is also 376 

a response to pollination efficiency. The pollen progressive release would enable pollinators to 377 

take fewer pollen grains tetrads after one visit and avoid pollen wastage (Thomson et al., 2000). 378 

The anther dehiscence of ' Bluecrop ' is achieved by gradually extruding pollen from the apical 379 

poricidal of the anther by contracting and squeezing the anther, which belongs to the anther 380 

poricidal dehiscence. It belongs to the “gradual pollen presentation mechanism”. This mechanism 381 

limits the pollen output, so that pollinators only get a small amount of pollen in one flower visit, 382 

and more pollinators participate in the pollination process. There were also differences in the 383 

pollinnation efficiecy of effective pollinating insects in ' Bluecrop ', and it is possible that this 384 

pollen progressive presentation mechanism evolved under the selection of male function. 385 

4.3 Interaction between breeding systems and pollinators 386 

Pollination is an important factor affecting fruit development in highbush blueberry 387 

(Vaccinium corymbosum L.) (Nagasaka et al., 2022; Liu et al., 2022). The difference between the 388 

dispersal ability of pollen and the reception of the stigma, combined with the unpredictability of 389 

the pollinators's pollination behavior, can change the type of breeding system of the plant (Xiao, 390 

2015). Pollinators getting a reward will cause selection pressure on the floral characteristics traits 391 

of plants, and the floral structure evolves continuously to adapt to the selection of its pollinators. 392 

It is generally believed that the floral attractants that lure insects for pollination are the color and 393 

shape of flowers, and in return pollinators will get nectar and pollen (Murcia, 1990). Floral 394 

morphology Pollinators can influence the greater frequency of pollinators visits and directly or 395 

indirectly affect the plant sexual reproduction process of plantsreproduction. (Campbell et al., 396 



2010; Darwin, 2009; Ouvrard, Quinet & Jacquemart, 2017). Accurate and efficient transfer of 397 

pollen to heterostylous stigmas not only improves male fitness, but also ensures the success of 398 

cross-pollination (Lopes & Machado, 1999). For plants with self-fertilization affinity, self-399 

fertilization is produced and may produce self-fertilization decline, but, when pollen sources are 400 

lacking, self-fertilization ensures that they reproduce offspring. In contrast, ' Bluecrop ' has a low 401 

affinity for self-fertilization and needs pollinators to participate in the pollination process, as well 402 

as its pollen progressive presentation mechanism for high pollen utilization and very good 403 

interactions with pollinating insects, so revealing that the breeding system of ' Bluecrop ' should 404 

rely mainly on outcrossing . Aand the breeding culture of ' Bluecrop ' is best carried out in the 405 

early flowering. 406 

 407 

5. Conclusions 408 

Gradual pollen presentation promotes effective pollen dispersal, and for insect-pollinated 409 

plants, male fitness decreases with the amount of pollen available to the plant at one time, so most 410 

plants that rely primarily on insect pollination can improve reproductive success through gradual 411 

pollen presentation as well as gradual nectar secretion. The results of the study showed that the 412 

corolla of ' Bluecrop ' monoflower faces downwards to reduce rainfalldownwards, the pollen 413 

dispersal mode is a gradual pollen presentation mechanism, the pollen grains are tetrad composite 414 

pollen, and the anther dehiscence mode is foraminal dehiscence, and the nectar secretion mode is 415 

a gradual secretion. Floral characteristics traits of plants not only affect their attraction to 416 

pollinators and pollen walks, but are also closely linked to pollination mechanisms. Secondary 417 

pollen presentation mechanisms in angiosperms are biologically important for improving male or 418 

female fitness in plants, avoiding interference between male and female functions, and promoting 419 

cross-fertilization. 420 

 421 

Acknowledgements 422 

This work was supported by the “Science Research Project We thank Shanlin Yang  from 423 

Changchun University School of the Jilin Provincial Education Department 424 

(JJKH20230664KJ)”, “Science Landscape Architecture and Technology Development Plan 425 

Project of  Science and Technology Department Yanfeng Chen of Jilin Province 426 

(YDZJ202201ZYTS468)”,  “Changda Researcher Climing Plan of Changchun Qufu Normal 427 



University (ZKP202031)”, and “National Natural Sciences Foundation of China (32101262)for 428 

assistance in the manuscript revision. 429 

  430 

References 431 

Ashman, T. L., Knight, T. M., Steets, J. A., Amarasekare, P., Burd, M., Campbell, D. R., Dudash, 432 

M. R., Johnston, M. O., Mazer, S. J., Mitchell, R. J., Morgan, M. T., & Wilson, W. G. 2004. 433 

Pollen limitation of plant reproduction: ecological and evolutionary causes and consequences. 434 

Ecology, 85(9), 2408-2421. DOI 10.1890/03-8024 435 

Bernhardt P. 1996. Anther adaptation in animal pollination. In:William GDG. D.,Richard CK,ed.C. 436 

K. The anther: form, function and phylogeny. Britain:Cambridge University Press,   192-220. 437 

Barrionuevo CNC. N., Benitez-vieyra S, & Sazatornil F. 2021. Floral biology of Salvia 438 

stachydifolia, a species visited by bees and birds: connecting sexual phases, nectar dynamics 439 

and breeding system to visitors’ behaviour, Journal of Plant Ecology Ecology, 14(4), 580-440 

590. DOI 10.1093/JPE/RTAB012 441 

Bingham R. A., & Orthner A. R. 1998. Efficient pollination of alpine plants. Nature, 391, 238–442 

239. DOI 10.1038/34564 443 

Barrett S.C.H. 2003. Mating strategies in flowering plants: 580-590 the outcrossing– selfing 444 

paradigm and beyond. The Royal Society, 358, 991-1004. DOI 10.1098/rstb.2003.1301 445 

Barrett S.C.H. 1998. The evolution of mating strategies in flowering plants. Trends in Plant 446 

Science, 3, 335–341. DOI 10.10931016/JPE/RTAB012S1360-1385(98)01299-0 447 

Brito, V. L. G., Nunes, C. E. P., Resende, C. R., Montealegre-Zapata, F., & Vallejo-Marín, M. 448 

2020. Biomechanical properties of a buzz-pollinated flower. Royal Society Open Science, 449 

7(9), 201010. DOI 10.1098/rsos.201010 450 

Cardinal, S., Buchmann, S. L., & Russell, A. L. 2018. The evolution of floral sonication, a pollen 451 

foraging behavior used by bees (Anthophila). Evolution, 72(3), 590-452 

600.  DOI 10.1111/evo.13446 453 

Campbell D RD. R., Bischoff M, Lord J MJ. M., & Robertson A A. W.2010.Flower color 454 

influences insect visitation in alpine New Zealand. Ecology  Ecology,  91(9):, 2638-2649 455 

2649. DOI 10.1890/09-0941.1 456 

Değiştirilmiş Alan Kodu

https://dx-doi-org.webvpn.ccu.edu.cn/10.1093/JPE/RTAB012
https://www.x-mol.com/paperRedirect/1335629660872470563
https://doi.org/10.1016/S1360-1385(98)01299-0
https://www.x-mol.com/paperRedirect/1306403628498784256
https://www.x-mol.com/paperRedirect/1213026217049133068
https://www.x-mol.com/paperRedirect/1213046990455377929


Carter C, & Thornburg R  R. W. 2000. Tobacco nectarin: I. Purification and characterization as a 457 

germin-like, manganese superoxide dismutase implicated in the defense of floral reproductive 458 

tissues. J Biol Chem  Chem,  275(47): , 36726–36733. DOI 10.1074/jbc.M006461200.  459 

Castellanos, M. C., Wilson, P., Keller, S. J., Wolfe, A. D., & Thomson, J. D. (2006). Anther 460 

evolution: pollen presentation strategies when pollinators differ. The American Naturalist, 461 

167(2), 288-296. DOI 10.1086/498854 462 

Castro S, Silveira P, & Navarro L. 2008. How flower biology and breeding system affect the 463 

reproductive success of the narrow endemic Polygala vayredae Costa (Polygalaceae). 464 

Botanical Journal of the Linnean Society, 157, 67–81. DOI: 10.1111/j.1095-465 

8339.2008.00784.x 466 

Canto A, Herrera C MC. M., Medrano M, Ricardo P, & Isabel M M. G. 2008. Pollinator foraging 467 

modifies nectar sugar composition in Helleborus foetidus (Ranunculaceae): an experimental 468 

test. American Journal of Botany ,  95(3): , 315-320 . DOI 10.3732/ajb.95.3.315 469 

Courcelles D.M.M, Button L, & Elle E. 2013. Bee visit rates vary with floral morphology among 470 

highbush blueberry cultivars (Vaccinium corymbosum L.). Journal of Applied Entomology, 471 

137(9),693-701. DOI 10.1111/jen.12059 472 

Corbet, S. A. 2003. Nectar sugar content: estimating standing crop and secretion rate in the field. 473 

Apidologie, 34(1), 1-10. DOI 10.37321051/ajb.95.3.315apido:2002049 474 

Darwin C. 2009. The Effects of cross and self-fertilisation in the vegetable kingdom. 475 

Britain:Cambridge University Press. 476 

Dafni, A. 1992. Pollination Ecology: A Practical Approach. Oxford University Press.  477 

Dafni, A., Kevan, P. G., & Husband, B. C. 2005. Practical Pollination Biology. Enviroquest. 478 

Baptiste F.J, & Fang J.Y. 2023. Study on pollen viability and stigma receptivity throughout the 479 

flowering period in the selected taxa of the Gesneriaceae family. Folia Horticulturae, 480 

35(1),123-133. DOI 10.2478/fhort-2023-0009 481 

De Luca, P. A., & Vallejo-Marín, M. 2013. What's the ‘buzz’about? The ecology and evolutionary 482 

significance of buzz-pollination. Current Opinion in Plant Biology, 16(4), 429-435. 483 

DOI: 10.1016/j.pbi.2013.05.002 484 

Ding ZQZ. Q.,Wang ZM,Z. M, Niu Y,Tang QL,Q. L, Tian SB,S. B, Wang YQ,Y. Q, Yang Y, & 485 

Song M. 2013. Research progress on plant anther dehiscence mechanism. China Vegetables 486 

Vegetables, 08:,12-18. 487 

Değiştirilmiş Alan Kodu

https://www.x-mol.com/paperRedirect/1212982950574759940
https://www.x-mol.com/paperRedirect/1414276320755650560
https://www.x-mol.com/paperRedirect/1414276320755650560
https://www.x-mol.com/paperRedirect/1212969726248820749
https://www.x-mol.com/paperRedirect/1406319569911885824
https://www.x-mol.com/paperRedirect/1642258246390919168
https://www.x-mol.com/paperRedirect/1642258246390919168
https://sciendo.com/journal/FHORT
https://www.x-mol.com/paperRedirect/1642258246390919168
https://www.x-mol.com/paperRedirect/1212936513572904978


Du MZ. 1987. Preliminary studies on the anther structure and mode of dehiscence in several 488 

Solanaceae crops. Journal of Northeast Agricultural College 3: College, 3, 233-244 244. DOI 489 

10.19720/j.cnki.issn.1005-9369.1987.03.007 490 

Fenster C BFalcão, B. F., Schlindwein, C., & Stehmann, J. R. 2016. Pollen release mechanisms 491 

and androecium structure in Solanum (Solanaceae): Does anther morphology predict 492 

pollination strategy?. Flora, 224, 211-217. DOI 10.1016/j.flora.2016.08.001 493 

Fenster C. B., Armbruster W S. S., Wilson P, Dudash M R. R., & Thomson J . D . 2004. Pollination 494 

syndromes and floral specialization. Annual Review of Ecology, Evolution, and 495 

Systematics Systematics, 35:, 375-403 403. DOI 496 

10.1146/annurev.ecolsys.34.011802.132347. 497 

Goulson, DaveKearns C. A. 2004. Bombus: their behavior and ecology.Ecology  Ecology, 85(5):, 498 

1468-1469 1469. DOI 10.1890/0012-9658(2004)085[1468:bbae]2.0.co;2 499 

Huang LCL. C., Jin L, Li J, Zhang XQX. Q., Yang Y, & Wang XJX. J. 2014. Floral morphology 500 

and its relationship with pollination systems in Papilionoideae.Acta Ecologica Sinica Sinica, 501 

34(19):, 5360-5368 5368. DOI 10.5846/stxb201301180120 502 

Harder  L  D ， L. D，&  Thomson  J  J. D.  1989.  Evolutionary  options  for  maximizing  pollen  503 

dispersal  of animal-pollinated plants. The American Naturalist , 133: , 323-344 344. 504 

DOI  10.1086/284922 505 

Harder, L. D., & Routley, M. B. 2006. Pollen and ovule fates and reproductive performance by 506 

flowering plants. In: Harder, L.D., Barrett, S.C.H. (Eds.), Ecology and Evolution of Flowers. 507 

Oxford University Press, Oxford (UK), pp. 61–80. DOI 508 

10.1093/oso/9780198570851.003.0004 509 

Han Y, Dai C, Yang CFC. F., Wang QFQ. F., & Motley TJT. J. 2008. Anther appendages of 510 

Incarvillea trigger a pollen-dispensing mechanism. Annals of Botany Botany,102(3)：,473-511 

479 479. DOI 10.1093/aob/mcn102 512 

He YPY. P., Duan YWY. W., Liu JQJ. Q., & Smith WK .W. K. 2005. Floral closure in response  513 

to  temperature  and  pollination  in  Gentiana  straminea  Maxim.  (Gentianaceae),  an  alpine  514 

perennial  in  the Qinghai-Tibetan Plateau. Plant Systematics and Evolution Evolution, 256:, 515 

17–33. DOI 10.1007/s00606-005-0345-1 516 

https://www.x-mol.com/paperRedirect/1520676892723015680
http://dx.doi.org/10.1086/284922
http://dx.doi.org/10.1093/oso/9780198570851.003.0004
https://dx-doi-org.webvpn.ccu.edu.cn/10.1093/aob/mcn102
https://www.x-mol.com/paperRedirect/1335460005323174022


He T,Wu XM,X. M., & Jia JFJ. F. 2007.  Research  advances  in  morphology  and  anatomy  of  517 

alpine plants  growing  in  the  Qinghai-Tibet  Plateau  and  their  adaptations to environments. 518 

Acta Ecologica Sinica  Sinica,  27(6):, 2574–2583 2583.  519 

Johnson S S. D, & Nicolson S S. W. 2008. Evolutionary associations between nectar properties 520 

and specificity in bird pollination systems . Biol Lett , 4(1): , 49–52.  DOI 521 

10.1098/rsbl.2007.0496.  522 

Li QH,Xu J,Gao TT,Yan X,Xin ZMKemp, J. E., & Vallejo‐Marín, M. 20132021. Breeding system 523 

characteristics,blooming and fruiting habits Pollen dispensing schedules in buzz‐pollinated 524 

plants: experimental comparison of Nitraria.species with contrasting floral morphologies. 525 

American Journal of Northeast Forestry University 41(09):68-71+97 DOI 526 

10.13759/j.cnki.dlxb.2013.09.029.Botany, 108(6), 993-1005. DOI 10.1002/ajb2.1680 527 

Li XXX. X. 2013. Floral traits and pollination adaptation in species of Epomedium.Thesis,Wuhan 528 

University. 529 

Liu JHJ. H. 2009. The ecological adaptive significance of protandry and pollen gradual 530 

presentation in Silene olgiana . D.Botany.Thesis,Xinjiang Agricultural University. 531 

Liu J, Xu J, Wang Y, Li K, Zong Y, Yang L, Chen W, Liao F, & Guo W. 2022. The Xenia Effect 532 

Promotes Fruit Quality and Assists in Optimizing Cross Combinations in ‘O ’Neal ’  and 533 

‘Emerald’ Blueberry. Horticulturae, 8, 659. DOI  10.3390/horticulturae8070659  534 

Lopes AVA. V., & Machado ICI. C. 1999. Pollination and reproductive biology of Rauvolfia 535 

grandiflora (Apocynaceae): secondary pollen presentation, herkogamy and self-536 

incompatibility. Plant Biology, 1:, 547-553 553. 537 

Luo, Z., Zhang, D., & Renner, S. S. 2008. Why two kinds of stamens in buzz‐pollinated flowers? 538 

Experimental support for Darwin's division‐of‐labour hypothesis. Functional Ecology, 539 

22(5), 794-800. DOI 10.1111/j.1365-2435.2008.01444.x 540 

Minnaar, C., Anderson, B., de Jager, M. L., & Karron, J. D. 2019. Plant-pollinator interactions 541 

along the pathway to paternity. Annals of Botany, 123(2), 225-245.   542 

DOI: 10.1093/aob/mcy167 543 

Murcia C. 1990. Effect of floral morphology and temperature on pollen receipt and removal in 544 

ipomoea trichocarpa. Ecology  Ecology,  71(3):,1098-1109 1109. DOI 10.2307/1937378 545 

https://www.x-mol.com/paperRedirect/1410674936374939648
https://www.mdpi.com/2311-7524/8/7/659
https://www.x-mol.com/paperRedirect/1411453410085752832
https://www.x-mol.com/paperRedirect/1213062865916989447
https://dx-doi-org.webvpn.ccu.edu.cn/10.2307/1937378


Nagasaka K, Yamane H, Nishiyama S, Ebihara S, Matsuzaki R, Shoji M, & Tao R. 2022. Insights 546 

into the Physiological and Molecular Mechanisms Underlying Highbush Blueberry Fruit 547 

Growth Affected by the Pollen Source. The Horticulture Journal, 91(2),140-151. DOI 548 

10.2503/hortj.UTD-332  549 

Ouvrard, P., Quinet, M., & Jacquemart, A. L. 2017. Breeding system and pollination biology of 550 

Belgian oilseed rape cultivars (Brassica napus). Crop Science, 57(3), 1455-1463. 551 

DOI 10.2135/cropsci2016.09.0735 552 

Pritchard, D. J., & Vallejo-Marín, M. 2020. Buzz pollination. Current Biology, 30(15), R858- 553 

R860. DOI 10.1016/j.cub.2020.05.087 554 

Pauw A, Stofberg J, & Waterman RJR. J. 2009. Flies and flowers in Darwin’s race.Evolution 555 

Evolution, 63(1):, 268-279 279. DOI 10.1111/j.1558-5646.2008.00547.x 556 

Song YQ,Y. Q., Li WQ,W. Q., Li LL,L. L., Liu H, & Lu GB.G. B. 2013.Observation on jujube 557 

flowers morphology and anther characteristics.Journal of Shanxi Agricultural Sciences 558 

Sciences, 41(11):, 1190-1193 1193. DOI 10.3969/j.issn.1002-2481.2013.11.10 559 

Scheffknecht  S,  Dullinger  S,  Grabherr  G,  & Hulber  K.  2007. Mating  systems  of  snowbed  560 

plant  species  of  the  north-eastern  Calcareous  Alps  of  Austria.  Acta  Oecologica  561 

Oecologica,  31(2): , 203–209 209. DOI 10.1016/j.actao.2006.09.001 562 

Thomson JD,J. D., Wilson P, Valenzuela M, & Malzone M. 2000. Pollen presentation and 563 

pollination syndromes, with special reference to Penstemon. Plant Species Biology Biology, 564 

15(1):, 11-29 29. DOI 10.1046/j.1442-1984.2000.00026.x 565 

Vallejo‐Marín, M. 2019. Buzz pollination: studying bee vibrations on flowers. New Phytologist, 566 

224(3), 1068-1074. DOI 10.1111/nph.15666 567 

Wang DK,D. K., Sun GF,G. F., Chen X, Guo LH,L. H., Wang LF,L.F., & Guo ZMZ. M. 2008. 568 

Observation on the anther opening and closing phenomena of several species of Paris Genus. 569 

Journal of Anhui Agri Agri, 36(9): 3 , 3. DOI 10.13989/j.cnki.0517-6611.2008.09.183 570 

Wang YFY. F. 2010. The study on mating system and the breeding of improved strains of 571 

Codonopsis Pilosula. D.Biopharmacology.Thesis,Peking Union Medical College. 572 

Wang L, & Tan DYD. Y. 2011. Floral  syndrome  and  secondary  pollen  presentation  in  573 

Codonopsis  clematidea (Campanulaceae) . Biodiversity Science  Science,  19(01): , 24-33 33. 574 

DOI 10.3724/SP.J.1003.2011.10167 575 

https://www.x-mol.com/paperRedirect/1308544460697866240
https://www.x-mol.com/paperRedirect/1308571020192616448
https://www.x-mol.com/paperRedirect/1529319385370046464
https://www.x-mol.com/paperRedirect/1412433957933064192
https://www.x-mol.com/paperRedirect/972845


Xu YQ,Y. Q., Luo ZL,Z.L., Wang J, Pei NC,N.C., & Zhang DXD.X. 2021. Secondary pollen 576 

presentation: More than to increase pollen transfer precision. Journal of Systematics and 577 

Evolution Evolution, 60(5):, 1027-1036 1036. DOI 10.1111/jse.12729 578 

Xiao CLC. L. 2015.Studies on adaption and mechanism of successive stamen movement in 579 

Parnassia wightiana.D. Biology,Botany. Thesis,Wuhan University. 580 

Yang SLS.L.,Chu GM,G.M., Shi X, & Wang SMS. M. 2019.Elaborated pollen packaging and 581 

dispensing mechanism induced by petal architecture from a Papaveraceae species. PeerJ 582 

7:e7066 PeerJ, 7, e7066. DOI 10.7717/peerj.7066 583 

Zhang B, Qin K, Huang T, Duan LY,L. Y., Dai GL,G. L., & He XRX. R.2022. Study on pollen 584 

viability and stigma receptivity of Lycium barbarum. Hubei Agricultural Sciences Sciences, 585 

61(19):, 83-86 86. DOI 10.14088/j.cnki.issn0439-8114.2022.19.016. 586 

Zhou F, Yao LY,L. Y., Shi H, Hou ZB,Z. B., & Yu P. 2023. Research progress in foraging behavior 587 

of pollinating Bombus.Acta Entomologica Sinica  Sinica , 03:1-20  ,1-20.  DOI 588 

10.16380/j.kcxb.2023.03.015 589 

https://www.x-mol.com/paperRedirect/1356726574895185920
https://www.x-mol.com/paperRedirect/1213030428210040859

