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Abstract 

 Glyphosate is the active ingredient of many predominant, broad-spectrum herbicides. 

Glyphosate-based herbicides (GBH) are used in forestry operations to reduce populations of 

unwanted, competitive plant species.  Low-dose GBH applications have been found to cause 

male sterility in agriculturally relevant plants. We investigated the effects of GBH on the 

reproductive morphology of Rosa acicularis in three forestry operational sites in the Omineca 

Region of British Columbia, Canada. Both flowers and mature buds were analyzed one year post 

application. We analyzed floral diameter, petal length and width, ovary height, stigma height, 

stamen height, anther length, anther dehiscence, and pollen viability, shape, and size. We found 

reductions in pollen viability of 79, 97, and 39% across our three sites compared to control 

samples. We also found a reduction in anther dehiscence in treated sites. These changes to 

morphology may have a significant impact on the success of pollination and subsequent fruit and 

seed production.  An unexpected finding was the change in colouration of anthers and stigma, 

which may potentially change the fluorescence of these parts and impact detection by pollinators. 

Further investigation is required to understand how these changes may impact the success of 

pollination.  

 

1.0 Introduction and Background 

Glyphosate is the active ingredient of many prevalent, broad spectrum herbicides used to 

reduce the population of unwanted, competitive plant species during forestry, agricultural and 

industrial operations, and in several other non-crop locations such as recreational, domestic, and 

public areas (Wood 2019; Health Canada 2011; Blackburn and Boutin 2003). In Canada, it is 
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applied to soil during agriculture of barley, corn, oats, wheat, soybean, sugar beets, and potatoes 

to control pre-emergent weeds, and also used pre-harvest on wheat, barley, canola, peas, lentils 

and flax as a desiccation agent (Blackburn and Boutin 2003). In forest operations, it is applied to 

eliminate species that compete with merchantable crop species such as lodgepole pine (Pinus 

contorta) and Engelmann-white spruce (Picea engelmannii).The majority of herbicides used in 

British Columbia (B.C.) within the past 30 years have been glyphosate based herbicides (GBH). 

Herbicides were applied to approximately 650 000 hectares of forest in B.C., at an average of 17 

000 ha/year since 2000 (Wood 2019).  

Ninety percent of GBH treatments occurring in B.C. are applied aerially (Wood 2019). 

This application technique results in unintended (off-target) treatment of understory plants that 

often survive because they have only received a partial application. Understory plants that 

receive a sub lethal application of GBH develop of a variety of responses, including: changes in 

morphology, genetic mutation, and metabolic synthesis (Sammons and Gaines 2014; Dupont et 

al. 2018).  

1.1 Characteristics of Glyphosate 

Glyphosate, or N-(phosphonomethyl)glycine (C3H8NO5P), is a post-emergent amino acid 

herbicide containing a carboxylic acid group, an amino group, and a phosphonic group and is 

usually applied to the foliage of the targeted plant (Blackburn and Boutin 2003; Wood 2019). It 

inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) of the shikimate 

pathway, which occurs in chloroplasts (Sammons and Gaines 2014; Zabalza et al. 2017). The 

shikimate pathway is the metabolic route for the biosynthesis of the crucial amino acids 

phenylalanine, tyrosine, and tryptophan. The pathway starts with the biosynthesis of 

phosphoenol pyruvate and erythrose-4-phosphate to shikimate 3-phosphate, which combines 
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with EPSPS to form chorismate, a common precursor of all aromatic amino acids. Chorismate 

then combines with other pathways to lead to the production of amino acids (Figure 1) (Zabalza 

et al. 2017).  Plants use these amino acids and several other intermediates of the shikimate 

pathway (such as quinate or dehydroquinate) to synthesize a large number of specialized 

metabolites for plant growth and other biochemical processes (Duke and Powles 2008; Zabalza 

et al. 2017).  

 

 

 

 

 

Figure 1: Metabolic map describing the inhibition of EPSP synthase by glyphosate in the 

shikimate pathway. Available from: https://www.researchgate.net/publication/228666854_Mini-

review_Glyphosate_a_once-in-a-century_herbicide 
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Once applied, absorption occurs through the waxy cuticles of plant leaves where it is then 

translocated through the plant by cell diffusion and vascular transport (Blackburn and Boutin 

2003). Glyphosate translocates rapidly into plants due to its solubility in water and then migrates 

primarily via the phloem into other tissues where the herbicide activity occurs (Blackburn and 

Boutin 2003).  

 

 

1.2 Glyphosate and Reproductive Morphology 

GBH have been found to cause abnormalities in the reproductive structures of some 

agriculturally-relevant plants. In glyphosate-resistant cotton, Gossypium hirsutum, late 

application of GBH (applied when the buds began to appear on the plant) caused male sterility 

by producing partially-developed, non-dehiscent anthers and undeveloped and non-viable pollen 

(Yasuor et al. 2007). These sterile male flowers lead to the production of smaller, deformed bolls 

with decreased seed abundance but produced them in greater numbers than in untreated flowers 

(Pline et al. 2002; Yasuor et al. 2007). Reduced stamen height was also found to be a response to 

GBH applications, which could potentially change the mechanisms and success of pollination 

processes (Pline et al. 2002).  

Glyphosate has been the cause of reduced pollen viability and pollen abnormalities in 

crop plants. Two weeks after GBH application, pollen viability in glyphosate-resistant cotton 

plants was 51% and 38% lower in treated plants compared to control plants (Pline et al. 2003b). 

Similar results have been found in glyphosate-resistant corn, Zea mays. After GBH application, 

pollen samples exhibited a reduction in viability and were abnormally shaped and sunken 
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(Thomas et al. 2004). An experiment studying the effects of GBH of common morning glory, 

Ipomoea purpurea, found that more than 50% of treated plants lacked anthers or had deformed 

anthers that were shrunken and lacked pollen grains (Baucom et al. 2008). The flowers of I. 

purpurea had smaller corollas compared to untreated flowers (Baucom et al. 2008).  

 Based on a limited pool of literature, GBH appear to have had little effect on female 

reproductive structures of flowers, even though GBH application has been shown to cause 

abnormalities in the male reproductive structures of flowers and deformed petals.  In a study on 

glyphosate-resistant cotton, the style became elongated and the stigma protruded 4.9 to 5.7 mm 

above the stamens during the first week of flowering (Yasuor et al. 2007; Pline et al. 2002; Pline 

et al. 2003b). Although the style was elongated, the carpel had no visible deformations and 

produced normal bolls and seed cotton yield when hand-pollinated with untreated pollen (Yasuor 

et al. 2007). 

GBH have also been shown to cause changes in phenology such as delays in flowering, 

increased flower production, and reduced seed production in both field and greenhouse 

experiments. In response to herbicide injury, Chenopodium album displayed a shorter first 

flowering period, and produced more flowers, than in control plants; however, the number of 

seeds produced was reduced (Boutin et al. 2014). These delays in flowering time may expose 

flowers to unfavourable weather conditions contributing to more plant stress and potentially 

cause disharmony in pollinator-plant interactions (Boutin et al. 2014).  Declines in flower 

abundance and shifts in flowering phenology, causing a loss of floral resources, are major factors 

driving decline of native flower-visiting insects (Dupont et al. 2018; Potts et al. 2010).  

1.3 Study Species 
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British Columbia is home to a wide variety of shrubs, one of the most prominent is Rosa 

acicularis (prickly rose). The range for R. acicularis stretches from northern Alaska south to the 

mountains of New Mexico, east from Yukon and British Columbia to New Brunswick, and 

across the Midwestern and northeastern USA (Marles et al. 2012). It is found in a wide variety of 

habitats from open forest, fields, thickets, rocky slopes, and roadsides at low to medium 

elevations (MacKinnon et al. 1992; Marles et al. 2012). It is a shrub that grows about 1.5 m high 

with stems that are densely covered with straight, bristly prickles and thorns. It has compound 

leaves that are divided into 5 to 7 leaflets which are toothed with hairy abaxial surfaces 

(MacKinnon et al. 1992; Young and Hawley 2004).   

Flowering usually occurs between June and July. The flowers of R. acicularis are pink 

and usually solitary on short side branches (MacKinnon et al. 1992). The diameter of the flowers 

is between 5 and 8 cm. The petals are typically 2 - 3 cm long and each flower has 5 broad petals 

that vary in shape from heart shaped to rounded (Gray 2011). There are 5 prominent, green 

sepals that are narrow, lance-like, and rounded at the base; they range from 1.5 to 2.5 cm long 

(Gray 2011). Prickly rose has many stamens fused on the edge of the hypanthium with many 

carpels borne within its cup (Meyer 2008). There is no information on the placement of nectaries 

specific to R. acicularis, but it is common for nectaries in Rosa to be situated on the adaxial 

surface of the receptacle, between the style and at the base of the filaments (Weryszko-

Chmielewska et al. 2003). The hypanthium enlarges to become the fleshy, red, elliptic hips and 

the carpels become hard achenes (Meyer 2008). The shape of the pollen of R. acicularis has been 

documented to be oblate-spheroidal, spheroidal, prolate, subprolate, and prolate-spheroidal, with 

prolate-spheroidal being the most common pollen shape (Wronska-Pilarek and Jagodzinski 
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2011) (Figure 2). Pollen of R. acicularis has numerous, distinct striae with narrow grooves and a 

polar axis with an average length of 26.5 to 37.8 μm (Wronska-Pilarek and Jagodzinski 2011). 

 

 

Figure 2: Example of pollen shapes found in R. acicularis. Note that the shapes found according 

to Wronska-Pilarek and Jagodzinski (2011) are oblate-spheroidal, spheroidal, prolate, subprolate, 

and prolate-spheroidal, with prolate-spheroidal being the most commonly seen shape. Available 

from: http://cdn.biologydiscussion.com/wpcontent/uploads/2016/12/clip_image002_thumb2-

4.jpg 

 

Prickly rose has ecological and ethnobotanical importance. For animals, it provides 

nutrition, cover in clear-cuts and fields, and nectar for pollinators. It has been used for many 

centuries by Indigenous people for medicinal and food use. Some medicinal uses include: roots 

boiled to make a tea for arthritis and stomach ailments, rosehips eaten to prevent or treat colds 

http://cdn.biologydiscussion.com/wpcontent/uploads/2016/12/clip_image002_thumb2-4.jpg
http://cdn.biologydiscussion.com/wpcontent/uploads/2016/12/clip_image002_thumb2-4.jpg
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and fevers due to the high amount of vitamin C, and rose petals  prepared and applied topically 

for bee stings (Marles et al 2012; Young and Hawley 2004). Some food uses include: rosehips 

made into a jelly, beverage, or syrup, petals being consumed as a treat, and flowers used to make 

tea (Marles et al. 2012; Gray 2011). While most parts of the plant have value, the reproductive 

structures of prickly rose are the most common in medicinal and food uses. 

1.4 Significance 

Despite the prevalence of GBH use, there has been very little research conducted on the 

morphological effects to understory plants from GBH application; especially with regard to 

forest plant reproductive morphology. Due to broadly focused application techniques, off-target 

plants often receive a sub-lethal treatment, survive, and consequently develop changes in 

structural or reproductive morphology. Changes in reproductive morphology due to GBH 

exposure may have direct effects on pollination (Dupont et al. 2018; Potts et al 2010). 

Furthermore, changes in flower phenology and production in off-target plants may alter 

pollination success through changes to the attractiveness of flowers for pollinators or increasing 

distances between pollen and nectar rewards, thus impacting pollinator populations. Reduced 

pollination success reduces fruit production and seed set, thereby reducing plant populations and 

food for frugivores and granivores. Most of these indirect effects to changes in reproductive 

morphology induced by GBH remain unexplored or undocumented. 

Rosa acicularis is a very prominent and abundant shrub that provides both ecological and 

ethnobotanical importance. Because of its ability to colonize a variety of landscapes, R. 

acicularis is often found in and around clear cuts and therefore is often exposed to receiving off-

target application of GBH. Since GBH are used very extensively, this research is crucial to better 

understand its effects on plant reproduction and subsequent pollination. Studying the effects of 
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sub-lethal GBH on reproduction will inform and allow us to alter our current practices and 

minimize the effects of GBH on wild plants.  

1.5 Objectives and Hypotheses 

The objectives of this study were to quantify and compare reproductive morphology, 

including anther dehiscence, pollen viability and form, stigma height, petal size and shape, and 

flower size, in treated and control R. acicularis plants in operational settings.  

As observed in a study completed by Yasuor et al. (2007), it was hypothesized that plants 

treated with GBH will have reduced pollen viability and abnormally shaped pollen. We also 

hypothesized that treated, off-target plants will develop non-dehiscent and abnormal anthers as 

seen in the study conducted by Yasuor et al. (2007) on male cotton flowers.  

Plants treated with GBH may also see an increase in the height of the stigmas as seen in 

the studies by Yasuor et al. (2007), Pline et al. (2002), and Pline et al. (2003b). It was also 

hypothesized that the flowers of treated plants will be overall smaller in terms of diameter, petal 

length, and petal width, as well as possess abnormalities in petal shape and colour.  

2.0 Methods 

2.1 Study Sites 

Study sites were selected within the Omineca Region of B.C. according to local herbicide 

application schedules provided by BC Timber Sales. All sites selected for sampling were located 

within the Sub-boreal Spruce (SBS) biogeoclimatic zone. The SBS is characterized by having 

shorter winters and longer growing seasons than boreal areas. The dominant trees of this region 

are hybrid Engelmann-white spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa); 
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however, extensive stands of lodgepole pine occur in drier portions due to numerous past fires. 

There is an abundance of wetlands that dot the landscape in poorly drained areas (FSBC 2007). 

 Floral samples from wild plants were collected at three different sites: Kaykay 122-3 

located in the SBSdw3 subzone northwest of Prince George, Hoodoo 476-1 located in the 

SBSmk1 subzone north of Prince George, and Bobtail 518-3 located in the SBSdw3 subzone 

west of Prince George (Table 1; Figure 3).  

Table 1: Summary of treated cut block location and subzone type.  

Cut-block 

identification 

Latitude and longitude 

coordinates Subzone 

Sample 

collection date 

Kaykay 122-3 54.0301° 123.2107° SBSdw3 (Stuart Dry Warm)  June 11, 2019 

Hoodoo 476-1 54.1051° 123.1405°  

SBSmk1 (Mossvale Moist 

Cool)  June 19, 2019 

Bobtail 518-3 53.5538° 123.1854°   SBSdw3 (Stuart Dry Warm)  June 26, 2019 

 

The SBSmk1 is located northwest of Prince George and encompasses a large plateau as 

well as several valleys in the Omineca Mountains. It is intermediate with respect to precipitation 

and temperature compared to other subzones. It is considered to best represent the sub-boreal 

climate due to its relatively long, snowy winters and moist, cool summers. This subzone is 

dominated by lodgepole pine and trembling aspen (Populus tremuloides) due to recurrent 

disturbances (FSBC 2007).  
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The SBSdw3 encompasses a large area to the west of Prince George. The SBSdw3 is 

warm relative to other subzones with winter precipitation being relatively low and snowpacks 

with a depth of about 2 m. Growth-limiting factors in this subzone are drought on drier sites and 

frost on frost-prone sites (FSBC 2007).  

 

Figure 3: Overview of locations in the Omineca Region of British Columbia used for floral 

sampling.  

 

Study sites were treated with the GBH product VisionMax ™, made by Monsanto 

Canada Inc., to remove trembling aspen. Glyphosate — at a product concentration of 540 g acid 

equivalent per litre — is the active ingredient in VisionMax ™ liquid formulation (Monsanto 

Canada Inc. 2011). Aerial applications were conducted over all three sites in August 2018. 

Following standard forestry operational procedures for aerial herbicide application, treatments of 

3.3 L/ha of VisionMax ™ mixed in 50 L of water, were sprayed once consistently over the 

treatment areas yielding an application concentration of 6.6 %. Herbicide was sprayed at a 

constant speed and height targeting areas of the block with high aspen density as dictated by the 
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silviculture prescriptions. In an effort to prevent spray drift, this application method was only 

permitted at wind speeds of less than 8 km per hour (Wood 2019).   

The treatment areas for the cut blocks are as follows:  

 Kaykay 122-3: 16.3 ha 

 Hoodoo 476-1: 57.4 ha 

 Bobtail 518-3: 33.7 ha 

2.2 Sampling Design 

The cut-blocks were selected for floral collection one year after GBH application. 

Treated flowers were collected from within the cut-blocks and control flowers were collected 

from the untreated areas outside of the cut-block at each site. The untreated areas were selected 

using treatment maps and by observing the overstory plants present to confirm no signs of 

herbicidal application were present. Treated sites were clearly identifiable by looking at the 

targeted trembling aspen on each site, as efficacy of the GBH product at full application 

concentrations is very high (Figure 4). 
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Figure 4: Example of treated trembling aspen (Populus tremuloides) in Bobtail 518-3 cut block 

with characteristic dead tops taken July 19, 2019. 

 

Individual plants were randomly collected over the cut-block using an organism-to-

nearest neighbour technique within both control and treated blocks. After the first individual was 

sampled, a minimum 20 m transect was established to find the next individual to ensure 

individuals differed genetically. This technique was repeated until all samples were collected. A 

minimum of 10 treated flowers and 10 control flowers were collected per site. A minimum of 5 

individual plants were sampled from at each site. Because of variability and availability of each 

individual, 1 to 4 flowers were collected from each individual.  

 

 



15 
 

 

Table 2: Summary of flower collection from treated and control areas. 

Cut-block 

identification 

Number of 

control 

individuals 

Number of 

treated 

individuals 

Number of 

control flowers 

Number of 

treated flowers 

Kaykay 122-3 5 8 14 17 

Hoodoo 476-1 6 9 13 15 

Bobtail 518-3 5 7 12 16 

 

When collecting samples, we made sure to collect mature buds (buds with sepals that 

have been breached and could see entire petals) as well as recently opened flowers to try to limit 

any environmental factors such as light, temperature, wind, and rain that could potentially affect 

the flowers. We observed browning in flowers that had been opened for a longer time period. 

The flowers who had this characteristic had dehisced anthers, browned pollen sacs within the 

anthers, and petals easily fell off indicating that they were older. This led us to believe that this 

browning is part of the natural aging of the anthers. Therefore, older flowers from both treated 

and control sites were avoided due to potential reduced pollen viability due to age and to limit 

exposure of other variables.  Because the buds had not yet opened, the reproductive structures 

would not have been exposed to these environmental factors and would therefore not be affected 

by them.  

Using small gardening shears, target flowers were cut at the base of the pedicle where the 

herbaceous tissue meets the woody tissue. Floral samples were placed in petri dishes, sealed with 

parafilm, and labeled with site and area identification, collection date, individual number (treated 

or control), and flower number. After collection, samples were brought back to the University of 

Northern British Columbia (UNBC; Latitude: 53° 53' 8.63" N, Longitude: -122° 48' 29.63" W), 

Prince George, B.C., where all samples were placed into a cooler until analyzed. 
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2.3 Measurements   

2.3.1 Floral Measurements 

Each flower collected was weighed using a standard scale and weights were recorded in 

grams. Flower diameter (from petal tip to petal tip at the widest part of the flower), petal length, 

and petal width were all measured using a digital caliper and recorded in millimeters. The 

number of petals, petal shape, and petal colour were also documented. Flower petals were 

pressed in filter paper, placed in labelled petri dishes, and stored in the refrigerator in the 

Enhanced Forestry Lab at 4° C. 

2.3.2 Anther Length and Stamen Height Measurements 

Twenty-five random stamen were separated from the hypanthium with a single sided 

blade. Stamen were placed in a petri dish (for easy manipulation) and anther length was 

measured using a 2 mm stage micrometer under a dissecting microscope and a digital caliper. 

Anther height was measured using a digital caliper in mm under a dissecting microscope; this 

was measured from the base of the filament where is it fused with the hypanthium to the adaxial 

side of the anther. Damaged stamen were identified as damaged during separation; either the 

filament was removed and lost, or the anther was cut or lost. Abnormal stamen were identified as 

stamen that were sunken, misshapen, miscoloured, or not dehisced. Natural aging of anthers 

(light browning in the centre of the anther) that occurred after collection was not considered to be 

abnormal colouring.  
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Figure 5: Sample of normal (far right) and abnormal (centre and far left) anthers found on 

treated individual SW3 F3 from Hoodoo 476-1 on June 23, 2019.  

 

Stamen were stored in 2.0 mL microcentrifuge tubes which were labelled and placed in 

the refrigerator in the Enhanced Forestry Lab at 4° C. 

2.3.3 Ovary and Stigma Height Measurements 

Height of the ovary was measured from the base of the ovary to the top where the 

filaments are fused using a digital caliper. Height of the tallest and the shortest stigma within 

each flower was measured in mm using a digital caliper and was measured from the base of the 

ovary to the top of the stigma. All flower parts were stored in 2.0 mL microcentrifuge tubes and 

placed in the refrigerator in the Enhanced Forestry Lab at 4° C.  

2.3.4 Pollen Viability Test and Measurements 

Brewbaker and Kwack’s (B and K) medium is an in vitro pollen viability test that determines 

the potential of a pollen grain to germinate (Brewbaker and Kwack 1963; Pline et al. 2003a). 
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Pollen was deemed viable if the pollen tube formed was longer than the diameter of the grain 

(Pline et al. 2003a). A stock solution of B and K media was prepared by dissolving 50 mg boric 

acid, 150 mg calcium nitrate, 100 mg magnesium sulfate heptahydrate, and 50 mg potassium 

nitrate in 500 ml of deionized water. The solution was then stored until ready to use in a 

refrigerator at 4° C. The amount of sucrose needed for viability testing varies according to plant 

species. To determine how much sucrose was required for testing pollen viability of R. 

acicularis, some standard amounts were evaluated: 5%, 10%, and 15% sucrose. We determined 

that 15% sucrose was the optimal concentration for B and K media, out of the three tested, for R. 

acicularis (induced the highest rate of pollen tube formation). When ready to use, 15% sucrose 

(7.5 g) was added to 50 mL of the stock solution and stirred until dissolved.  

I used freshly collected and stored pollen grains to test pollen viability and in vitro pollen 

germination. Pollen grains were collected by gently tapping the anthers on a microscope slide. 

Pollen was covered with a cover slip, secured with a piece of scotch tape, and stored in a 

refrigerator at 4° C. We added two drops of B and K media to the slide and mixed the pollen 

grains into the media using a toothpick. The slides were then incubated from 24 to 36 hours in a 

petri dish lined with moist filter paper and sealed with parafilm to maintain humidity. Following 

incubation, slides were observed under an Eclipse FN1 Nikon microscope at 10 X magnification. 

A microscope camera with NIS-Elements Imaging Software was used to view the pollen grains 

and capture images. We used a systematic random sampling design to determine the viability of 

the pollen grains of each flower from each photographed microscope frame. A small piece of red 

tape was applied to the stage control knob on the microscope to help track movement across the 

slide. Starting at the top left corner of the slide, images were selected in a grid like manner: an 

image was captured every 180 degrees up or down the slide and 90 degrees left or right on the 
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slide for a total of 25 images per slide. From those images, pollen was counted and sorted into 

categories (Table 3). Pollen viability was calculated by taking the total number of viable pollen 

divided by the total amount of pollen counted multiplied by one hundred to give a viability 

percentage. Prepared slides of pollen were sealed with Eukit Quick-hardening mounting medium 

and stored at 4° C in glass boxes. 

ImageJ was used to measure the polar axis and the equatorial axis of pollen grains. It was 

calibrated to take measurements in micrometers at a magnification of 20 X. Pollen was measured 

prior to addition of B and K reagent to compare pollen shape and size before germination. 

Following pollen tube germination, in instances where it was not obvious that the pollen tube 

was long enough for a pollen grain to be considered viable, ImageJ was used to measure pollen 

tube length. Pollen was classified into a shape classes based on Erdtman’s (1943) pollen shape 

classification using the polar axis and equatorial axis (P/E) ratio of a pollen grain (Table 3).  
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Table 3: Description of pollen shape based on the measurements of the polar axis (P) and 

equatorial axis (E). P/E ratio is calculated to determine pollen shape as outlined by Erdtman 

1943.  Pollen classes 1 to 9 are as determined by Erdtman 1943. Pollen categorizations 10 to 25 

were created by A. Hendricks to place underdeveloped and abnormal pollen found in Kaykay 

122-3, Hoodoo 476-1, and Bobtail 518-3 into a pollen class (underdeveloped pollen being clear 

grains and abnormal pollen being grains exhibiting sunken or misshaped characteristics). 

Number Pollen Shape P/E ratio 

1 perprolate > 2 

2 prolate 1.33 - 2 

3 subprolate 1.14 - 1.33 

4 spheroidal (two types) 0.88 - 1.14 

5 prolate spheroidal 1.00 - 1.14 

6 oblate spheroidal 0.88 - 1.00 

7 suboblate 0.75 - 0.88 

8 oblate 0.50 - 0.75 

9 peroblate < 0.50 

10 underdeveloped/perprolate > 2 

11 underdeveloped/prolate 1.33 - 2 

12 underdeveloped/subprolate 1.14 - 1.33 

13 underdeveloped/prolate spheroidal 1.00 - 1.14 

14 underdeveloped/oblate spheroidal 0.88 - 1.00 

15 underdeveloped/suboblate 0.75 - 0.88 

16 underdeveloped/oblate 0.50 - 0.75 

17 underdeveloped/peroblate < 0.50 

18 abnormal/perprolate > 2 

19 abnormal/prolate 1.33 - 2 

20 abnormal/subprolate 1.14 - 1.33 

21 abnormal/prolate spheroidal 1.00 - 1.14 

22 abnormal/oblate spheroidal 0.88 - 1.00 

23 abnormal/suboblate 0.75 - 0.88 

24 abnormal/oblate 0.50 - 0.75 

25 abnormal/peroblate < 0.50 
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2.4 Statistical Analysis 

 For this study, a significance level of 95% was used to determine significant differences 

(α < 0.05) between the reproductive morphology of treated and untreated roses. Data were 

analyzed using the analysis package IBM SPSS Version 24. A Shapiro-Wilk test was used to test 

for normality throughout the dataset. Significant differences in quantitative measurements such 

as pollen viability, pollen size, anther-stigma distance, stamen height, anther length, flower 

diameter, stigma height, and petal length and width, between control samples and treated 

samples, were determined using a Mann-Whitney U test when data were non-parametric, and a 

one-way ANOVA when data followed a normal distribution. Data were first grouped all together 

for testing differences between controls and treated samples (flowers and mature buds), followed 

by a separate analysis of only buds and only flowers for each measured variable. Qualitative data 

was collected on pollen shape, and anther dehiscence. These data were assigned numerical 

variables to create categories for the analysis of the qualitative data. Categories were analyzed 

for significance using a Chi-square test. Significant differences were used to ascertain what, if 

any, impact GBH have on the reproductive morphology of R. acicularis.  

3.0 Observations and Results 

3.1 Flower Aging  

When opening up the buds, we found that both the buds and the opened flowers from 

treated sites shared the same characteristics, with the exception of browning in the centre of the 

anthers. Figure 6 shows the progression of an aging flower throughout the reproduction phase. 
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Figure 6: The progression of an aging R. acicularis plant throughout the reproduction phase. 

Note the browning in the centre of the anthers becomes more prominent as aging progresses. 

 

3.2 Significant Findings 

All significance values (p –values) for difference of means tests conducted can be found 

in Table 5. We found a significant difference in anther length between all control and treated 

individuals in Kaykay 122-3. Anthers were different between control and treated buds, and 

control and treated flowers. At Hoodoo 476-1, there was only a significant difference in anther 

length found between control and treated flowers. Bobtail 518-3 showed a similar trend to 

Kaykay 122-3 as anthers were significantly different between control and treated individuals. 

There were also differences in anther length between control and treated buds, and control and 

treated flowers.  

Although we found significant differences in anther length between control and treated 

samples, our findings were inconsistent. For both Kaykay 122-3 and Hoodoo 476-1 treated 

individuals had both the largest and the smallest anthers, representing a wider range in anther 
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length than in control plants. We observed the opposite in Bobtail 518-3: controls had the 

smallest and the largest anthers. Because of this inconsistency, anther length is a characteristic 

that should be further explored to determine whether these changes are related to GBH 

application.  

Almost all of the treated individuals in Kaykay 122-3 were able to undergo dehiscence, 

thereby successfully releasing pollen. Therefore there was no significant difference found in 

anther dehiscence between all control and treated individuals at Kaykay 122-3. Further analysis, 

which separated buds from opened flowers for comparisons, showed no significant difference 

between control and treated buds, or between control and treated flowers.  

The majority of anthers in treated individuals from Hoodoo 476-1 and Bobtail 518-3 

were either partially dehiscent or non-dehiscent. We found that control bud anthers were 

significantly different from treated bud anthers at Hoodoo 476-1, and that dehiscence  in control 

flower anthers were also significantly different from treated flower anthers. At Bobtail 518-3, 

there was a significant difference found between all control and treated individuals. There was a 

significant difference in anther dehiscence between control and treated buds, and also between 

control and treated flowers. Anther dehiscence among the control and treated sites is illustrated 

in Figure 7.  
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Figure 7: Anther dehiscence among all three sites from control individuals (graph a) and treated 

individuals (graph b). Anthers were determined to be either dehiscent, non-dehiscent, or partially 

dehiscent.  
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There was a significant difference in pollen viability between control and treated 

individuals from the Kaykay 122-3 site. In further analysis, there was a significant difference in 

pollen viability between control and treated buds, and between control and treated flowers. At 

the Hoodoo 476-1 site, we found a significant difference in pollen viability between control and 

treated individuals. There was a significant difference in pollen viability between control and 

treated flowers; however, pollen viability was not different between control and treated buds, 

potentially due to the small sample size of buds for this site. For Bobtail 518-3, there was a 

significant difference in pollen viability between control and treated individuals, however not a 

large enough sample size to separate out buds from open flowers for analysis at this site (Figure 

8). 

 
Figure 8: Comparing average pollen viability between treated and  

control areas of Kaykay 122-3, Hoodoo 476-1, and Bobtail 518-3. 
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There was a significant difference in polar axis and equatorial axis lengths between 

control and treated individuals found at Kaykay 122-3. A significant difference was found in 

polar axis and equatorial axis lengths between control and treated buds. There was also a 

significant difference in polar axis and equatorial axis lengths between control and treated 

flowers. For Hoodoo 476-1, there was a significant difference in polar axis and equatorial axis 

lengths between control and treated individuals. A significant difference was found in polar axis 

and equatorial axis lengths between control and treated buds. There was also a significant 

difference in polar axis and equatorial axis lengths between control and treated flowers. At 

Bobtail 518-3, there was a significant difference in polar axis and equatorial axis lengths 

between control and treated individuals. A significant difference was found in equatorial axis 

length between control and treated buds but not in polar axis length. There was also a significant 

difference found in equatorial axis length between control and treated flowers but not in polar 

axis length. The range we found for polar axis for our control sites was 28.583 to 59.451 μm 

whereas the range for treated sites was 21.315 to 58.823 μm. The range we found for equatorial 

axis for our control sites was 14.462 to 41.420 μm whereas the range for treated sites was 12.457 

to 38.948 μm.   

There was a significant difference in pollen shape between control and treated individuals 

at the Kaykay 122-3 site. A significant difference in pollen shape was found between control and 

treated buds, and between control and treated flowers. At Hoodoo 476-1, there was a significant 

difference in pollen shape between control and treated individuals. A significant difference in 

pollen shape was found between control and treated buds, and between control and treated 

flowers. For the Bobtail 518-3 site, there was a significant difference between control and treated 
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individuals. There was no significant difference in pollen shape between control and treated 

buds; however, there was a significant difference found between control and treated flowers. 

In the control sites, we found that the most common pollen shape was perprolate and 

prolate. There were very few other shapes categories that appeared in the controls (Table 4). 

There was a similar trend seen in the treated individuals, with perprolate and prolate being the 

most common pollen shapes. Another common pollen category seen in Hoodoo 476-1 was 

underdeveloped/prolate. We also noticed that treated pollen had a wider variation in pollen shape 

and also had more grains in those categories than seen in the controls (Table 4). 

There were no overall significant differences found between control and treated 

individuals, control and treated buds, and control and treated flowers in: floral diameter, petal 

length, petal width, ovary height, stigma height, stamen height, and anther-stigma distance.  
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Table 4: Number of pollen grains in shape classes found between control and treated individuals in all three sites according to 

Erdtman’s (1943) classification system, as well as characteristics (underdeveloped and abnormal) as determined by A. Hendricks.  

 

Site Name Pollen Shape Class

perprolate prolate subprolate prolate spheroidal oblate spheroidal suboblate

Kaykay 122-3 Control 628 478 4 7 0  - 

Kaykay 122-3 Treated 285 372 56 63 12  - 

Hoodoo 476-1 Control 512 336 1 1 1  - 

Hoodoo 476-1 Treated 175 239 5 5 0  - 

Bobtail 518-3 Control 365 631 1 0  - 0

Bobtail 518-3 Treated 484 524 15 6  - 1

underdeveloped/ 

perprolate

underdeveloped/

prolate

underdeveloped/

subprolate

underdeveloped/

prolate spheroidal

Kaykay 122-3 Control 3 5 0 0

Kaykay 122-3 Treated 1 13 16 1

Hoodoo 476-1 Control 0 3 0 0

Hoodoo 476-1 Treated 12 120 2 1

Bobtail 518-3 Control 0 0 0  - 

Bobtail 518-3 Treated 5 7 2  - 

abnormal/

perprolate

abnormal/

prolate

abnormal/

subprolate

abnormal/

prolate spheroidal

Kaykay 122-3 Control 1 3 3 8

Kaykay 122-3 Treated 1 10 15 14

Hoodoo 476-1 Control 0 1 0 1

Hoodoo 476-1 Treated 1 6 1 1

Bobtail 518-3 Control 0 0 0 0

Bobtail 518-3 Treated 3 10 4 2
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3.3 Hoodoo 476-1: A unique site  

Control and treated individuals from Hoodoo 476-1 differed in some characteristics not 

shown at the other two sites. We found that petal length and width differed between controls and 

treated individuals for both buds and flowers. We also found that ovary height differed between 

control and treated individuals and buds but not between flowers. Floral differences included 

variation in shortest and tallest stigma heights, and stamen heights between control and treated 

individuals; however, not in mature buds.  

Majority of the buds seen were smaller than treated buds in other sites. These buds also 

had white and shriveled petals which were observed in individuals throughout the site. We also 

noticed that some individuals that had these buds were also able to produce buds that appeared to 

be more normal with pink petals (Figure 9).  
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Figure  

 

Figure 9: Examples of buds found at Hoodoo 476-1. Majority of the samples were small and had 

white and shrivelled petals (top left and top right). However, individuals with these flowers were 

also able to produce buds with pink petals (bottom centre). 
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Table 5: Summary of p values resulting from significance tests between control and treated sites 

conducted for each site. Values considered to be significantly different are represented with ** as 

well as bolded. Some values are not applicable (n/a) due to too small of sample size or, in the 

case of treated buds in Kaykay 122-3, all the anthers had dehisced.

 

Site Measured variable All samples Buds Flowers 

Kaykay 122-3 Floral diameter  - 0.931 0.320

Petal length 0.280 0.582 0.219

Petal width 0.842 0.021** 0.711

Ovary height 0.327 0.080 0.898

Stigma height (tallest stigma) 0.554 0.814 0.459

Stigma height (shortest stigma) 0.900 0.054 0.330

Anther length  0.016** < 0.001** < 0.001**

Anther dehiscence 0.090 n/a 0.900

Stamen Height 0.346 0.381 0.626

Anther-stigma distance

shortest stamen, tallest stigma 0.336 0.662 0.345

shortest stamen, shortest stigma 0.561 0.313 0.253

tallest stamen, shortest stigma 0.349 0.022** 0.809

tallest stamen, tallest stigma 0.718 0.539 0.795

Pollen viability < 0.001** 0.004** < 0.001**

Pollen measurements (polar axis) < 0.001** < 0.001** < 0.001**

Pollen measurements (equitorial axis) 0.009** 0.001** < 0.001**

Pollen shape < 0.001**  0.027** < 0.001**

Hoodoo 476-1 Floral diameter  - 0.787 0.055

Petal length < 0.001** 0.004** < 0.001**

Petal width < 0.001** 0.040** < 0.001**

Ovary height 0.050** 0.020** 0.284

Stigma height (tallest stigma) 0.001** 0.190 0.020**

Stigma height (shortest stigma) 0.020** 0.063 0.177

Anther length 0.137 0.442 < 0.001**

Anther dehiscence < 0.001** 0.001** < 0.001**

Stamen Height < 0.001** 0.341 < 0.001**

Anther-stigma distance

shortest stamen, tallest stigma 0.191 0.549 0.165

shortest stamen, shortest stigma 0.763 0.788 0.980

tallest stamen, shortest stigma 0.360 0.181 0.225

tallest stamen, tallest stigma 0.735 0.096 0.660

Pollen viability < 0.001** n/a < 0.001**

Pollen measurements (polar axis) < 0.001** < 0.001** < 0.001**

Pollen measurements (equitorial axis) < 0.001** 0.012** < 0.001**

Pollen shape < 0.001** 0.005** < 0.001**

Bobtail 518-3 Floral diameter  - n/a 0.410

Petal length 0.963 0.429 0.594

Petal width 0.001** 0.266 0.001**

Ovary height 0.942 n/a 1.00

Stigma height (tallest stigma) 0.922 n/a 0.897

Stigma height (shortest stigma) 0.944 n/a 0.939

Anther length 0.002** 0.002** 0.007**

Anther dehiscence 0.001** < 0.001** < 0.001**

Stamen Height 0.312 0.076 0.864

Anther-stigma distance

shortest stamen, tallest stigma 1.000 n/a 0.674

shortest stamen, shortest stigma 0.732 n/a 1.000

tallest stamen, shortest stigma 0.397 n/a 0.872

tallest stamen, tallest stigma 0.260 n/a 0.456

Pollen viability 0.021** n/a 0.054

Pollen measurements (polar axis) 0.027** 0.066 0.108

Pollen measurements (equitorial axis) < 0.001** 0.012** 0.001**

Pollen shape < 0.001** 0.168 < 0.001**
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4.0 Discussion 

4.1 Effects of glyphosate on general floral morphology in rose  

GBH application did not result in changes to flower diameter, petal length, petal width or 

ovary height measured one-year after treatments took place. In contrast to these findings, 

Baucom et al. (2008) found that flowers of I. purpurea developed petals that were smaller than 

the petals of untreated flowers after GBH treatments applied in the same year as measurements, 

but prior to the reproductive phase. Likely the duration between application and measurement of 

effect contributes to this difference in findings. The duration between GBH application and 

sampling can likely be used to predict the period of recovery from GBH-related stress and also 

for predicting glyphosate residue remaining in the plant and causing the morphological 

deformation (Figure 10). Pline et al. (2003b) and Yasuor et al. (2007) found changes in stigma 

height in glyphosate-resistant cotton (Gossypium hirsutum) after GBH applications. The 

differences in stigma morphology between species could explain the difference in response to 

GBH; prickly rose has multiple, short stigma that sit below the anthers whereas cotton has four, 

elongated stigma that sit just above the anthers at the top of a staminal column (Yasuor et al. 

2007; Marles et al. 2012). The configuration of cotton floral morphology may lead to increased 

exposure to more direct spray.  
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Figure 10: Treated individual from Bobtail 518-3. Evidence of characteristic damage from 

glyphosate application is visible on the leaves to the left; however, production of a flower with 

no damage to petals still occurred. 

 

In glyphosate-resistant cotton, GBH application inhibited the elongation of the staminal 

column, and the overall filament length was shorter in treated plants than in untreated plants 

(Pline et al. 2002). Both of these changes, as well as elongated stigma, resulted in a greater 

anther-stigma distance in treated plants than in untreated plants, and the amount of pollen 

deposited on the stigma was 42% less in treated plants than in untreated plants, suggesting 

potential impacts on pollination. However, our findings indicate that stamen height and anther-

stigma distance were not affected by GBH application. This could once again, be due to the 

duration between application and measurement of effect, but could also potentially be due to the 
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already present wide-range variation in stamen height; heights in control individuals ranged from 

0.95 to 8.98 mm and ranged from 0.89 to 9.32 mm in treated individuals (Figure 11). 

 
Figure 11: Example of the natural variation in stamen height. Note in this control individual 

(left) that some stamen are shorter and therefore closer to the stigma and that there are stamen 

that are taller and further away from the stigma. This trend was also seen in treated individuals 

(right). 

 

 

4.2 Effects on Pollination 

The development of male reproductive structures in plants is known to be more sensitive 

to environmental factors than the development of female reproductive structures (Pline et al 

2002; Yasuor et al. 2007). The effect of low-dose GBH application on anther dehiscence in 

agriculturally relevant plants has been widely studied; however, it has not been studied 

extensively in forest plants. In cotton, GBH has been shown to inhibit dehiscence by interrupting 

the breakdown of the septum separating the anther locules and the stomium layers which would 

regularly be broken down to allow for dehiscence (Pline et al. 2002; Yasuor et al. 2007). Non-

dehiscent and underdeveloped anthers have also been documented in other studies of cotton 

(Pline et al. 2002; Pline et al 2003b), maize (Thomas et al. 2004) and in common morning glory 
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(Baucom et al. 2008). These studies observe the effects of GBH on anther dehiscence on crop 

plants that had been sprayed prior to bud development. In our study, we continue to see the 

impacts of GBH on anther dehiscence in roses one year post-spray which was previously 

unknown until now. The results we found could potentially be indicative of the effects of GBH 

on other off-target forest understory plants. Non-dehiscent anthers were observed in our treated 

samples from Hoodoo 476-1 and Bobtail 518-3, but not viewed in samples from Kaykay 122-3. 

The differences between sites could be due to a difference in concentration of GBH received 

upon application. Understory plants receive a partial dose of GBH, and this partial dose can vary 

in concentration depending on coverage by overstory plants and other abiotic factors such as 

wind and rain. 

For successful embryo fertilization, mature, viable pollen with the ability to grow an 

appropriate pollen tube is required. In cotton plants, GBH inhibited normal pollen development 

at various stages which may be explained by the proximity of the pollen to the tapetum (Pline et 

al. 2002). Developing pollen grains require nutrients to be translocated through the tapetum, and 

it is thought that glyphosate may translocate from the tapetum into the developing pollen grains 

(Pline et al. 2002). My results support this theory. Pollen viability in mature prickly rose flowers 

was reduced at all treated sites when compared to controls. There was also a significant decrease 

in pollen viability in treated buds. The drastic reduction in pollen viability at Hoodoo 476-1, 

where most treated samples had 0% viability in flowers one-year after treatment, was especially 

concerning. In glyphosate-resistant cotton, plants that had been treated with two applications of 

GBH had a pollen viability between 38 and 70% compared to untreated plants who had a 

viability of 90 to 92% the first week after spray (Pline et al. 2003b). However, Pline et al. 

(2003b) also found that by week four, post application, pollen viability had recovered and GBH 
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appeared to have no effect. This is contrary to what we found in rose, which still showed 

morphological affects by GBH application 52 weeks later. Control sites had a maximum viability 

of 50%, which was also lower than expected. The calculated control pollen viability may have 

been lower than expected due to the sucrose concentration in the germination media being less 

than optimal. The sucrose concentration in the B and K medium used to test pollen viability 

could be increased for future studies on prickly rose. Given that the proportion of sucrose 

required changes by species, this could potentially produce higher germination rates. It is 

unknown if increasing the sucrose concentration would actually have an effect on pollen 

viability; however, despite this, it is clear that our treated sites had a lower average pollen 

viability than control sites. Pollen viability at Kaykay 122-3, Hoodoo 476-1, and Bobtail 518-3 

were 78.86, 97.45, and 38.72% lower than the control samples, respectively. 
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Figure 12: Pollen that has been incubated 24 hours at room temperature in B and K medium. 

Viable pollen from control individual (top) produced a pollen tube and nonviable pollen from 

treated individual (bottom) did not produce pollen tubes. 

 

 While there may be literature available on the pollen morphology of the genus Rosa, 

there is very little literature on the specifics of R. acicularis pollen morphology. A paper on 

pollen morphology in rose species in Poland found that R. acicularis had an average polar axis 

length of 26.5 to 37.8 μm (Wronska-Pilarek and Jagodzinski 2011). Pollen grains measured from 

the treated sites had shorter average polar and equatorial axes lengths than those of the control 

sites.  

The natural variability in pollen shape for R. acicularis is unknown; however, the pollen 

shapes did vary between control and treated individuals. We noticed that very few pollen were 

sunken or collapsed compared to what was seen in glyphosate-resistant cotton pollen (Yasuor et 

al. 2007). However, we did find clear, underdeveloped pollen grains in both control and treated 
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individuals, with more of these pollen grains seen in treated individuals.  The increase in 

variation of pollen shape and changes in pollen polar and equatorial axes we found could 

potentially be due to altered time to desiccation of pollen grains. Size and shape of a pollen grain 

depends on moisture content and a higher moisture content is also associated with higher rate of 

germination (van Hout and Katz 2004; Pacini et al. 2006). It is possible that the stress caused by 

GBH, as well as environmental stresses, could potentially impact the water content of pollen 

grains within treated individuals. GBH is a known desiccation agent, and often applied pre-

harvest to agricultural crops to improve efficiency of harvesting (Griffin et al. 2010). We 

observed smaller pollen grains in our treated rose plants, potentially indicating less moisture 

content within the grains, it is possible that GBH are reducing the moisture content of pollen 

grains, effectively reducing viability. 

Changes in anther dehiscence and pollen viability can lead to a reduction in the success 

of pollination. Anthers that do not undergo dehiscence will not be able to release pollen, thereby 

rendering the male parts sterile, as seen in glyphosate-resistant cotton (Yasuor et al. 2007). 

Failure of the pollen grain to germinate, reducing pollen viability, may also reduce the success of 

pollination and subsequent fertilization of ovules within the carpels.  

4.3 Effects on Seed Set 

Reduction in pollen viability and anther dehiscence seen in prickly rose may lead to a 

reduction in pollination and therefore reduced seed set and fruit production, which both wildlife 

and people rely on. In glyphosate-resistant cotton, when cross pollination occurred using treated 

pollen that was collected in the first week of flowering, there was a reduction in the number of 

seeds present in the bolls in treated plants (Pline et al. 2003b). Yasuor et al. (2007) also found a 

reduction in the number of seeds present in bolls and found that some seeds did not reach 

maturity. It is not unreasonable to expect a reduction in rose hips produced, as well as a 
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reduction in the amount of seeds per rose hip, based on what has been seen in agricultural 

studies. 

4.4 Potential effects on Attraction of Pollinators  

Despite the lack of evidence of changes in anatomical structure in the female 

reproductive parts, we observed differences in colouration between control and treated 

individuals. We found carpels in treated individuals that were brown in colour (Figure 13). We 

did not see this characteristic across all treated samples, but the majority of samples within all 

three sites did exhibit this characteristic.  

 

Figure 13: Comparison on colouration observed in carpels (note that the stamen have been 

separated from the hypanthium). On the left is a control individual and on the right is a treated 

individual. 

 

Similar to the observation made of the female reproductive morphology, we observed 

differences in anther colouration between control and treated individuals in all sites. The changes 

we saw varied from yellow anthers with brown spotting and abnormally shaped to completely 

browned anthers that were sunken and non-dehiscent (Figure 14).  
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Figure 14: Comparison of stamen observed in treated mature buds. Anthers from a control 

individual (top left) are bright yellow and dehisced. Anthers found in both buds and flowers in 

Kaykay 122-3 (top right) exhibited browning along the edges of the anther where it opens to 

release pollen. Majority of samples from Hoodoo 476-1 (bottom left) had anthers that were 

completely browned, shrunken, and non-dehiscent. Samples from Bobtail 518-3 (bottom right) 

exhibits a mix of yellow anthers, yellow anthers with brown spots, and browned anthers. 

 

These changes in colouration could indicate a change in the fluorescence emitted by the 

stigma, anthers, and potentially pollen. This could then expose the pollen developing within the 

anthers to damage by solar UV radiation as fluorescent compounds may protect pollen by 

emitting heat and fluorescence (Fukui et al. 2017). Because anthers often extend away from the 
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corolla, another potential role of fluorescence is attracting pollinators, serving as an indicator of a 

food source (Fukui et al. 2017). Honeybees, Apis mellifera, can discriminate between colours 

and prefer blue fluorescence around 410-420 nm (Giura et al. 1995; Mori et al. 2018). Only 

anthers and pollen emit bright blue fluorescence under UV-A radiation and thus abnormalities in 

these tissues could influence detection by pollinators (Mori et al. 2018). Therefore, these colour 

changes seen in the anthers could have implications on the biocommunication between 

pollinators and plants (Figure 15).  

 
Figure 15: Two images of Chinese rose, Rosa chinensis, taken by Dr. Hiroshi Fukui. The image 

on the left is a flower under a black light with a UV wavelength of 365 nm. Note that the anthers 

are emitting bright blue fluorescence, and this is what pollinators potentially see. The flower on 

the right is under white light. This image, as well as images of 580 other plant species under UV 

light, was found at the Flower Fluorescence Database: http://labo.kyoto-

phu.ac.jp/mpgkpu/ffd.html. 

 

4.5 Future Research 

 

 For this study, we used only field operational data whereas multiple studies used both 

field operational and greenhouse data. There are benefits to using field operation data that would 

not be seen in greenhouse data; field operational data is arguably more realistic than greenhouse 

data due to the plants experiencing environmental factors that would not occur in a controlled 

greenhouse setting. The impact of these environmental affects is crucial to understanding how 

forest understory plants would react not only to GBH application but to environmental factors as 

http://labo.kyoto-phu.ac.jp/mpgkpu/ffd.html
http://labo.kyoto-phu.ac.jp/mpgkpu/ffd.html
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well. That being said, we are currently attempting a greenhouse study. We had originally started 

this study in May 2019; however, the roses transplanted from the surrounding area did not adjust 

well to their conditions in the greenhouse and were therefore not in optimal shape for low-dose 

GBH application. Future research looking into these effects could be done in a greenhouse 

setting to confirm operational setting findings.  

  Future research could be benefited by a larger sample size, particularly of mature buds. 

This would help to confirm pollen viability findings. More samples would have significant 

benefits to furthering the accuracy and understanding of these results.  

 Another limitation of this study would be the accuracy of the germination tests. While the 

B and K’s germination test suggested decreased pollen viability, the most accurate test of 

viability would be to pollinate untreated and treated plants with pollen from a treated individual 

to determine impact on fruit and seed set production (Dafni and Firmage, 2000). Fruit and seed 

set measures the ability of the pollen grain to grow a pollen tube and successfully fertilize the 

ovules. To fully determine if this reduction seen in R. acicularis does affect fruit production and 

seed set, cross pollination between plants using treated pollen should be an avenue for future 

studies.  

The timeline of glyphosate persistence in plant tissue is currently unknown. In a study by 

Wood (2019), glyphosate was found to still be present in herbaceous perennial tissues, 

particularly berries, shoots, and roots, one year after application. Further examination of these 

timelines, and how GBH impact plant reproductive morphology over time, should be a priority 

for future research.  
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5.0 Conclusion 

 Glyphosate-based herbicides can potentially cause alterations to the reproductive 

morphology of Rosa acicularis. Due to the extensive use of GBH in forestry operations, and off-

target plants receiving application, it is important to understand these effects on reproduction as 

it can potentially have implications on pollination and fruit production. These changes may have 

an impact on the biocommunication between plant and pollinator, and further studies should be 

pursued. We found that GBH could potentially have an impact on male reproductive 

morphology, specifically pollen viability, pollen morphology, and anther development. Anthers 

and pollen are an important aspect in the success of pollination as they emit blue fluorescence to 

allow for detection by pollinators. Abnormalities to these tissues could influence this 

biocommunication and have impacts on fruit production. Changes in reproductive morphology 

could therefore have wide-ranging impacts on: pollinator species, foraging animals, people who 

harvest from understory plants, and the overall health of the forest. Further research is required 

to fully understand the effects of GBH on forest understory plant reproduction and how this 

influences the success of pollination. We hope this research will inform and allow us to alter our 

current practices to minimize the effects of glyphosate-based herbicides on wild plants. 
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