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An Al-driven image processing technique to simplify the pollen
measurement in common ragweed (Ambrosia artemisiifolia L.)
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Abstract: Ambrosia artemisiifolia (common ragweed) is an invasive weed species that
significantly impacts agriculture and public health. This study aimed to develop an automated
Al-based object detection model using our annotated image recognition dataset for accurate
pollen size measurement, focusing on repeatability and variability in pollen size among
individuals with distinct morphological characteristics. The model can effectively streamline
the traditionally labour-intensive process, achieving rapid, accurate data collection. Roboflow-
based image analysis takes only milliseconds, which is significantly faster than traditional
approaches, and a high repeatability index demonstrates a valid methodology for pollen
analysis. The study suggests a relationship between pollen size variability and plant
morphology, suggesting possible trade-offs between growth and reproduction or showing
habitat-specific adaptations. Results may create valuable opportunities for plant biology or
ecology, for instance, further investigation of plant-pathogen interactions and public health
research. This innovative method represents a step forward in efficient pollen analysis and its
integration into multidisciplinary studies.

Keywords: automated measurement, image dataset, digital image processing, alien species,
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Osszefoglalas: Az iirdmlevelii parlagfii (Ambrosia artemisiifolia) invaziv gyomndvény,
amelynek jol ismert a mezdgazdasagra €és az egészségre gyakorolt negativ hatasa. Munkank
soran egy olyan mesterséges intelligencia alapt objektum felismeré modell kidolgozasat tiiztiik
ki célul, amely az altalunk annotalt képfelismerési adatbazist hasznalja a pollenek méretének
pontos meghatarozasara. Vizsgaltuk tovabba a pollenméret variabilitasat eltérd morfologiai
adottsagokkal rendelkez6 egyedek kozott. A modell alkalmazasa jelentdsen leegyszertisitette
és felgyorsitotta a pollenmérés lassti és munkaigényes folyamatat. A hagyomanyos képelemz6
modszerekkel Osszehasonlitva, a Roboflow-alapt feldolgozds néhany milliszekundumra
csokkenti a mérési id6t. A repeatabilitds tesztelésekor, ugyanazt a pollent tobbszor lemérve
nagyon hasonld eredményt kaptunk, ami alapjan kijelenthetd, hogy a modszer alkalmas a
pollenek méretének megbizhatd szamszeriisitésre. Eredményeink egyedspecifikus dsszefiiggést
mutattak ki a pollenek méretében, ami mogott vélhetden trade-off kapcsolat allhat a ndvény
novekedése és reprodukcioja kozott. A jovOben érdemes lehet Osszefiiggéseket keresni a
morfologiai megjelenés €s a pollen mennyisége ¢és mindsége kozott. A modszer €s a beldliik
szarmazo kezdeti eredmények értékes kutatdsi potenciallal bir a ndvénybiologia vagy az
okologia teriiletén, a novény-korokozod kolcsonhatdsok tovabbi vizsgalatdhoz, valamint a
kozegészségiigyi vonatkozasu kutatdsokhoz. Ez az innovativ mddszer fontos eszkdzként
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szolgalhat a pollenek monitorozasahoz és mas morfologiai kutatdsokhoz, amely eredmények
nagy érdeklddésre tarthatnak szamot multidiszciplinaris alkalmazhatosaguk révén.

Kulcsszavak: automatizalt mérés, képi adatbdzis, digitalis képfeldolgozds, invdzids fajok,
palinologia, modellképzés, mesterséges intelligencia, gépi tanulas

1 Introduction

Ambrosia artemisiifolia (L.) is an annual invasive weed that has spread worldwide, including
in many European countries (Leiblein-Wild et al., 2014). According to a survey by the Weed
Science Society of America (2017), this species ranked among the top 10 of the most harmful
weeds in North American crop production (Van Wychen, 2017).

Controlling common ragweed is critical for several reasons. In crop production, it negatively
affects the yields of sunflower, corn, sugar beet, soybean, and cereal crops (Buttenschen et al.,
2010). Additionally, ragweed pollen is a significant public health hazard, being the main cause
of allergic rhinitis and asthma (Buttenschen et al., 2010). Studies have shown that even low
pollen concentrations (5-10 grains per m®) can provoke health issues in sensitive persons.
Furthermore, in ragweed-infested areas, up to 12% of the human population suffers from
respiratory diseases (Taramarcaz et al., 2005).

Pollen plays a crucial role in plant reproductive biology, so any methodical developments in
quantifying their numbers, size, and other parameters represent an important methodological
breakthrough. However, visual analysis of pollen images has traditionally been labour-intensive
and time-consuming, requiring numerous manual steps for sample preparation and producing
detailed microscopic images (Langford et al., 1990). In a study, an ImageJ software-based
method proved to be a cheap, efficient, and reliable tool for pollen counting, adaptable to
various pollen types and sizes (Costa & Yang, 2009). Efforts in development related to
automated image processing and image-based recognition, an increasing number of image
datasets are now available for analysing pollen grains (Rodrigues et al., 2015).

This study aimed to develop a rapid, automated, and user-friendly Al-based image
processing method for accurately measuring pollen size. Therefore, our specific research aims
were two-fold: 1) we tested the repeatability of the measuring procedures (i.e., how similar the
size of two identical pollen grains after repeated measuring), and 2) we tested the variability of
the pollen size among individuals. We hypothesised that if there is an individual-specific
morphological trait, we will find differences in pollen sizes among individuals with different
morphological appearances. Therefore, we selected common ragweed individuals exhibiting
extremely different morphological characteristics to explore the influence of specific plant traits
on pollen size.

2 Materials and Methods

2.1 Pollen collection

First, common ragweed individuals (N = 3) with various morphological appearances (1. Table)
were selected for pollen collection. The samples were obtained from the same maize field
population near Pilisvorosvar, Hungary (GPS: 47.627, 18.926; September 23, 2024). The
collected plant material (i.e., inflorescence of male flowers) was transported in paper bags.
Inflorescences were carefully separated and air-dried at room temperature (20-22 °C) to avoid
tissue degradation. Other plant parts were dried in a drying oven (180 °C) for 2 hours.
Subsequent laboratory measurements involved weighing the dry matter of flowers and plant
parts.
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Table 1 The main morphological characteristics of the studied common ragweed plants

Plant | longest | shoot stem inflorescenc | plant | flower pollen
ID shoot | radius | diameter | enumber | biomass | bioma grains*
height | (cm) (mm) (9) ss (9)
(cm)
605 67 12 4.74 74 13.03 2.75 2.81
635 115 28 6.16 65 30.28 3.43 15
665 33 5 2.48 9 1.05 0.19 0.53

1. Note *Number of pollen grains extracted from 0.15g dry male flower mass, expressed in millions

Pollen was extracted following the method of Vaudo et al. (2020). Male reproductive parts of
the flowers (0.15 g) were placed in a plastic sample collector and vortexed (20 s). Due to
electrostatic forces, the charged pollen grains settle on the wall of the plastic centrifuge tube,
allowing for easy separation from the remaining flower material. An aqueous pollen suspension
was prepared by mixing ragweed pollen with sterilised distilled water (1 mL). The collected
pollen samples were similar in size and visual appearance to the reference pollen grains images
in the Palynological Database (Sam et al., 2020).

2.2 Image dataset, model training and pollen measuring

Pollen grains were placed into a Biirker chamber (standard environment for scaling the
dimensions) and observed by a light microscope (Leitz LABORLUX S). The images were
captured at 5x optical magnification with a Moticam 1080 HDMI & USB output microscope
camera using MIDSDevices software.

Roboflow (Dwyer et al., 2024) was chosen as an end-user-friendly end-to-end computer
vision platform for developing and running our Ambrart_pollends object recognition model.
During the data annotation phase, images of pollen grains were labelled by annotating 49
images (pixel ratio: 1920x1080, size: 2.07 MB) with 2290 pollen grains using the smart polygon
annotation feature. During the model training phase, the Roboflow 3.0 Object Detection (Fast)
(ROD, hereafter) model was trained on the annotated dataset named Ambrart_pollends. The
model was trained successfully three times, with increasing efficiency after each cycle (Table
2, Figure 1).

Table 2 The training process of Ambeart_pollends pollen recognition by Roboflow 3.0 Object Detection
(Fast) model

ambrart_pollends | Total Train | Valid | Test mAP Precisio | Recall

versions images |images |images |images | (%) n (%) (%)
(1st) 7 3 2 2 53.80 59.70 46.60
(2nd) 27 21 4 2 77.40 85.30 52.80
(3rd) 34 27 5 2 98.20 93.00 97.10

2. Note mAP (Mean Average Precision); Precision (correct predictions); Recall (successfully identified relevant

labels)
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Figure 1 The model development process demonstrates increasing effectiveness in recognition, as illustrated in
the same image. (left: 1st version; middle: 2nd version, right:3rd version; see more details in Table 2.)

After the training process, we measured the pollen regarding the focal plants by the trained
model (2. Figure). The variables (position, width, height, recognition confidence, identification
label) were extracted from all the recognised pollen grains and used for further statistical
analyses. To determine the true size of pollen, the measurement was rescaled by the pixel um
ratio (median = 2.075003, SD = 0.0308, N = 10). For each pollen, we calculated the pollen size
(ellipsoid area expressed in um?) using the following formula: area = width X height X m.

Figure 2 Pollen recognition and measuring of the original (A, C) and rotated (B, D) versions before (A, B) and
after (C, D) filtering out the false recognitions and measuring. Figure descriptions: red circle: identified pollen
grains (correct recognitions and measures); blue circle: pollen grains with high asymmetry calculated from the
width and height ratio (i.e., <0.9 or 1.1<; excluded from statistical analyses); yellow borders: measured width
and height of given pollen grain with high recognition confidence (0.5<); orange borders: measured width and
height of given pollen grain with low recognition confidence (<0.5); green line: diagonal of the fitted box; and
grey dashed lines indicate the image centre (pollen grains were lying in the centre area (and without crossing
these lines) were included into the statistical analyses. The recognition of the pollen grains was not completely
identical comparing the original image and its rotated version.

2.3 Statistical analyses

All statistical analyses were performed in the R statistical environment (version 4.3.1, 08-12-
2024, R Development Core Team 2019).

We calculated the repeatability index by taking the ratio of within-group variance to total
residual variance applied Markov Chain Monte Carlo sampler for multivariate Generalized
Linear Mixed Models (MCMCglm) based on repeated measurements of the identical sample

units (i.e., ‘pollen id’). The calculations were based on 1000 permutations using the
'MCMCgImm' package (Hadfield 2010).
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For testing the individual-specific variations of the pollen size, we fitted a linear mixed-
effect model (LMM) structure using the ‘Ime4’ package (Bates et al. 2015), and the predictors
were tested for significance using the Likelihood Ratio Test (LRT). In this model, the response
variable was the pollen size, while the recognition confidence (‘confidence’, numeric,
continuous), image type (‘image set’, factor, original or rotated, represented the repeated
measuring), and plant identifier (‘plant id’, factor) testing the plant-specific differences. The
pollen identifier (‘pollen_id’, factor) was included as a random variable, considering the data
of the exact pollen grain from different images (i.e., original and rotated).

Table 3 Descriptive statistics of the pollen sizes and recognition confidence in each image set

Image set | Variable Sample | Range Median SD
size

15t Area 101 281.23/502.89 | 369.24 31.21
1t Confidence | 101 0.17/0.84 0.53 0.15
2nd Area 88 285.67/472.37 | 371.61 28.70
2nd Confidence | 88 0.22/0.91 0.56 0.16
Paired Area 71 (142) | 285.67/502.89 | 373.68 29.14
Paired Confidence | 71 (142) | 0.2/0.91 0.53 0.16

3. Note The descriptive statistics suggested high similarities among the image sets. The numbers indicate unique
pollen grains, while the repeated measurements of the same pollen grains are detailed in brackets.

3 Results

The three-step training process of the Ambrart_pollends pollen detection model has been
applied successfully within the ROD framework. The comprehensive training for creating the
training image dataset took approximately 40 work hours.

We obtained a high repeatability index (4. Table), indicating that the independent
measurements of pollen grains and their rotated versions yielded highly similar, pollen-specific
outputs by MCMCglm.
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Table 4 Repeatability index and the corresponding Confidence Intervals (2.5 and 97.5 quartiles, Cles) values
by increasing the recognition confidence exclusion limits calculated by MCMCglm. These values suggested
that the high overall repeatability was unaffected negatively by the data with low recognition confidence.
Therefore, it was needless to exclude them from the statistical analyses

Confidence limit R Clzs Clors
0.0< 0.846 0.779 0.895
0.2< 0.847 0.778 0.897
0.3< 0.874 0.811 0.915
0.4< 0.862 0.780 0.912
0.5< 0.824 0.642 0.911
0.6< 0.809 0.106 0.958
0.7< 0.210 0.000003 0.911

The LMM revealed a significant relationship between recognition confidence and pollen size
(‘confidence’: F(1, 176.53) = 18.60), p < 0.001), indicating that recognition confidence is
positively increased with the pollen size. There is a detectable difference among plants (‘plant
id’: F(2, 297.40) = 3.87, p = 0.0219), suggesting individual-specific, systematic variation in
pollen size. In contrast, the effect of repeated measuring was unaffected (‘image set’: F(1,
105.40) = 0.15, p = 0.7001), suggesting that the image recognition and size measuring were
unbiased by the repeated sampling sessions and produced consistent results.

4 Discussion

Our study demonstrated that the Ambrart_pollends detection model provides valid pollen size
measurements, effectively streamlining a traditionally labour-intensive and time-consuming
process. It can also be integrated easily with pollen counting. The developed platform reduces
the need for manual measurements while allowing for the rapid collection of comprehensive
pollen size data and providing accurate estimation for the concentration of a pollen suspension.
Additionally, model confidence estimates can be adjusted to account for visual estimation
errors. Roboflow-based image analysis is completed within milliseconds in each image, making
it significantly faster than previous image-based analysis methods. Compared to Costa and
Yang (2009), the analysis of individual images processed with ImageJ software ranged from 30
to 60 seconds. The high repeatability index clearly demonstrates that the Al-based measuring
procedure can be used as a valid methodology for pollen measuring.

Every methodological approach has its pros and cons. One of the areas for improvement of
Ambrart_pollends is the relatively long time required to train the model, as it relies on high-
quality images and precise annotations of individual pollen grains. Pollen grains located at the
edges of the image or overlapping with others are not always measured accurately and must be
filtered out to obtain reliable pollen size data. Additionally, the costs of model training and
financial maintenance could be a limiting factor.
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Pollen size is related to the morphological properties of plants, though a large amount of data
is needed to confirm the impact of these morphological differences. If pollen size can be used
to infer trade-offs between growth and reproduction which traits vary across populations or
habitats, it could provide valuable insights in plant biology and ecology. It is known that male
reproductive investment in A. artemisiifolia increases with plant height, while female
investment does not, indicating a male-biased sex allocation in taller plants (Nakahara et al.,
2017). This suggests that height directly influences male reproductive success. The applications
of our results extend beyond weed control and respiratory public health problems (Buttenschen
et al., 2010; Taramarcaz et al., 2005) or to the studies related to plant-pathogen interactions
(Kocsis et al., 2022). Pollen grains significantly enhance the germination of plant-parasitic
fungal spores, which effect is influenced primarily by the size of the pollen, as well as the
specific plant taxon.

5 Conclusions

This study emphasized an efficient and accurate Al-based method for measuring ragweed
pollen size, significantly reducing the human workload. With further development, this method
has significant potential in plant biology, offering insights into growth-reproduction trade-offs
and population- or habitat-specific variations.
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