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ABSTRACT  Article History 

Modern and digital technology is becoming increasingly important to facilitate teaching in our 

universities and colleges. The smartphone represents a considerable advantage for 

photography and image transfer. Given its accessibility and the relative scarcity of teaching 

aids in developing countries, it could be a valuable tool for practical plant biology work. This 

study aims to present a methodology for producing digital photographs of anatomical 

sections obtained during practical work in the histology of vascular plants. It was carried out 

between March 2019 and November 2023. The approach consisted of pairing a smartphone 

with an optical microscope to photograph anatomical sections. It enabled the creation of 246 

images of stems, roots, and leaves. The results showed that smartphone sensors can take 

detailed images on optical microscopes not connected to the computer. These images make it 

easier to describe the primary and secondary histological structures of plant organs with 

learners. Tissues present in the cortex, and central cylinder of stems and roots, both young 

and old, and in the leaf blade and central vein of monocotyledons and dicotyledons are better 

observed and commented on. While facilitating collaboration and discussion, this 

methodology helps illustrate and understand the lessons learned quickly. It should be 

disseminated to other universities in Côte d'Ivoire and other developing countries to 

compensate for the lack of teaching materials.  
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INTRODUCTION 
 

In sub-Saharan Africa, many countries are below the 

poverty line. Despite the efforts made by our governments, 

financial resources for the education-training system 

remain insufficient. In Côte d'Ivoire, the inadequacy and 

dilapidation of school and social infrastructures, 

overcrowding in universities, and the inadequacy and 

obsolescence of equipment, teaching, and research 

materials are just some of the dysfunctions observed in the 

higher education sector (Djede and Adon, 2021). For many 

years, in most universities, observations in Practical Work 

in Plant Biology (cytology, histology, and anatomy of 

vascular plants) have mostly been made using optical 

microscopes, made available individually to each student 

or in pairs. With the increase in the number of students 

and the decrease in the ratio of microscopes to students in 

laboratories, several students are expected to use a single 

microscope. The consequence is poor observation of 

anatomical sections for some students and no observation 

at all for others. This makes it extremely difficult for most 

learners to identify and describe the various tissues of 

plant organs. To overcome this shortcoming, combining a 

digital camera with a microscope would help take the best 

images (Bruneton, 1997; Oulad, 2014) and faver projection 

for better description. Unfortunately, this equipment is 

even more expensive. With recent technological 

innovations and the evolution of digital technology, the 

smartphone offers an alternative for photography and 

image sharing. According to Mrabbi (2022), smartphones 

provide new learning opportunities  as  their  capabilities  

increase  in power and  their prices fall. The use of
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smartphones to enhance learning is well-documented 

(Djeumeni and Batchakui, 2014; Villemonteix et al., 2014). 

UNESCO (2013) defines m-learning as “a method that uses 

mobile technology, alone or in combination with any other 

information and communication technology, to facilitate 

learning anytime, anywhere.” Despaux et al. (2023) found 

that smartphones offer a variety of features that enable 

students to deepen their knowledge and enhance their 

learning experience. Moreover, smartphones are widely 

used by students and teachers alike (Attenoukon et al., 

2015; Fotsing et al., 2017; Dagnogo and Samasse, 2022) 

and are widely available among the population of Sub-

Saharan Africa. In 2012, the number of smartphones 

worldwide exceeded that of the global population, and 

over 70% of subscriptions are currently from developing 

countries (Cisco, 2012).  In sub-Saharan Africa, smartphone 

connections reached 302 million in 2018 (GSMA, 2018). In 

2022, the telecommunications regulatory authority 

estimated the number of mobile internet subscribers in 

Côte d'Ivoire to be 23 million (ARTCI, 2022). Numerous 

studies have proven that digital technology motivates 

learners, sparks creativity, and encourages autonomy 

(Depover et al., 2007). The smartphone could, therefore, 

help implement practical work in plant biology. This work 

proposes an alternative for creating digital photographs of 

transverse and longitudinal anatomical sections taken 

during practical work in Cytology, Histology, and Anatomy 

of Vascular Plants for the university community. 

 

MATERIALS & METHODS 

 
Plant Material, Chemicals, and Techniques 

Our examination of plant material encompassed 

various parts of young and mature plants, including roots, 

stems, leaves, monocotyledons, and dicotyledons 

angiosperms. To facilitate our research, we used technical 

equipment, including razor blades, polystyrene packaging, 

microscopic observation slides, and coverslips, paired with 

a JEULIN optical microscope N°1717253 (as seen in Fig. 1), 

and two smartphones. We specifically employed a Tecno 

CANON 12 Pro smartphone with a 26-megapixel front 

camera and a SAMSUNG GALAXY A73 5G smartphone 

outfitted with a 108-megapixel front camera. In addition, 

we used certain chemicals, such as diluted Sodium 

hypochlorite (NaClO), acetic acid (CH3COOH), carmine-

green, and glycerin. 

 

Methods 

The work was conducted from 2020 to 2023 at the 

Polytechnic University of Man in Côte d'Ivoire as part of 

the Practical Work of Cytology, Histology, and Anatomy of 

Vascular Plants. The initial step of the methodology 

involved creating transverse and longitudinal sections of 

plant organs and then staining them. The standard double 

carmine-green staining technique (Oulad, 2014) was used 

during Practical Work, and the sections were cut into 

polystyrene using a razor blade. Next, the resulting organ 

sections were immersed in a Sodium Hypochlorite 

solution (NaClO) for 10 minutes and then rinsed with tap 

water. The sections were then immersed in dilute acetic 

acid (CH3COOH) for 5 minutes, rinsed with water, and 

finally, immersed in carmine-green for 3 minutes. The 

sections were finally rinsed and mounted between the 

slide and coverslip in glycerin water, which served as the 

mounting liquid. The second step involved observing 

under the optical microscope and selecting the 

pedagogically correct cuts. The final stage consisted of 

taking photographs using smartphones.  

 

 
 
Fig. 1: Observation, by a student, of a section using an optical microscope. 

 

RESULTS 
 

Technical Itinerary for Photographing Transverse and 

Longitudinal Anatomical Sections 

A smartphone can take photographs for illustrations 

and presentations during practical work sessions in 

cytology, histology, and plant anatomy studies. Obtaining 

clear anatomical sections during the initial manipulation is 

essential for satisfactory results. To this, it is important to 

have focus and optimal lighting on the optical microscope 

to take photographs. The sections were viewed at a 

magnification of 100x for a complete image. To take a 

photograph, align the smartphone lens with the 

microscope eyepiece (Fig. 2). Ensure the light beam 

emitted by the microscope is aligned with the smartphone 

lens. The lens, eyepiece alignment, and the light volume 

between them were crucial to an excellent-quality image. 

Right-handed people use the left hand to reduce or adjust 

the amount of light (Fig. 3). After each focus, a digital 

intensity photography series was taken to save the best 

photos. You can transfer the images to a laptop and view 

them via video projection. 



Int J Agri Biosci, 2024, 13(3): 313-317. 
 

315 

 
Fig. 2: Couple overview optical microscope and smartphone. 

 

 
 
Fig. 3: Capture of image an anatomical section of plant organ using a 

smartphone. 

 

Smartphone Images and Descriptions 

In this experiment, 246 photographs were taken using 

a specific methodology. Among these, 94 photographs 

were  of  stems,  85  of  roots,  and   67   of   leaves.   Some  

 

 

examples of these photographs are presented in Fig. 4-7. 

After transferring the photographs to a laptop, they were 

projected on a board using a video projector. The 

photographs provided clear insights into the tissues in the 

cortex and central cylinder of stems and roots, as well as in 

the leaf blade and central vein of both monocots and 

dicots, whether young or old. The photographs have 

helped in identifying various primary tissues such as 

suberoid, collenchyma, sclerenchyma, cortical and 

medullary parenchyma, endodermis, primary phloem, and 

primary xylem, as well as secondary tissues such as 

secondary phloem and secondary xylem, phelloderm and 

suber. These photographs have enabled better 

observation, tissue recognition, and organ identification. 

 

DISCUSSION 
 

Based on the obtained photographs, smartphones, 

through their cameras, can be a valuable tool for practical 

work in cytology, histology, and plant anatomy. According 

to OECD (2005), cited by Ben Youssef and Hadhri (2009), 

the Technology of information and communication 

presents real opportunities to dramatically improve the 

quality of higher education and transform our relationship 

to knowledge. Tamer (2019) also suggested that digital 

technology is one of the most effective ways to change 

traditional higher education. Many publications have 

shown that mobile technology can be helpful in education 

(Kouakou, 2019; UNESCO, 2012a, 2013, 2015). 

Photos of cross-sections provide a better 

understanding and description of primary and secondary 

tissues, different organs in monocots and dicots, and a 

deeper knowledge for learners. Sharing images between 

smartphones or projecting them using a video projector 

leads to equitable knowledge distribution. Additionally, 

image captures encourage personal or organized revision 

between learners. Mrabbi (2022) demonstrated that using 

smartphones in the classroom can promote learning while 

energizing collaborative learning communities. When 

utilized for learning purposes, the smartphone opens 

prospects for democratizing knowledge and creating 

inclusive education through its functionalities, availability, 

and accessibility. 

 

 Fig. 4: Illustrative photo of an old dicot 

Angiosperm stem portion in cross-section. 

Mounting fluid: glycerin water; Dye: Carmine 

green; Magnification x 100. 
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 Fig. 5: Illustrative photo of a monocot 

Angiosperm root portion in cross-section. 

Mounting fluid: glycerin water; Dye: Carmine 

green; Magnification x 100. 

 

   

 

 Fig. 6: Illustrative photo of a dicot Angiosperm 

root old portion in cross-section. Mounting 

fluid: glycerin water; Dye: Carmine green; 

Magnification x 100. 

 

   

 

 Fig. 7: Illustrative photo of a dicot Angiosperm 

young stem portion in the longitudinal section. 

Mounting fluid: glycerin water; Dye: Carmine 

green; Magnification x 100. 

 

 

UNESCO (2012a) has noted that mobile technology 

can expand and enrich educational opportunities for 

learners in diverse contexts. Mobile learning platforms like 

Moodle can facilitate open or distance learning offerings, 

open online training, or Massive Open Online Courses 

(MOOC). Wagner (2005) argued that using mobile 

technologies for learning and teaching was not only 

obvious but inevitable. However, smartphones need to be 

used rationally in practical classrooms. According to 

UNESCO, which has published a series of documents on 

mobile learning, this approach presents several 

pedagogical and personal advantages but also perceived 

disadvantages to using these devices in a learning context 

(UNESCO, 2012b; 2013). Yéo et al. (2020) showed that 

mobile technologies play a crucial role for students and are 

particularly important in teaching and learning. While 

mobile learning presents risks of distraction, dispersion 

during learning, disruptions, and technical problems, it also 

offers many benefits. Dagnogo and Samassé (2022) 

suggested that using smartphones and artificial 

intelligence can facilitate and adapt academic activities as 

part of pedagogical continuity but could also hinder 

student socialization. To maximize the benefits of mobile 

technologies for education, researchers, practitioners, and 

teachers must continue demonstrating their usefulness to 

skeptical audiences, as emphasized by UNESCO (2012a). 
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Taking smartphone images will also facilitate the study and 

publication of much research on the anatomy and cytology 

of many plants from tropical African regions. 

 

Conclusion 

Mobile technology can contribute to improving the 

quality of teaching in universities and colleges. This paper 

presents a comprehensive alternative for generating digital 

photographs in teaching plant histology and anatomy. Our 

research has demonstrated that utilizing a photonic 

microscope with a smartphone can mitigate the shortage 

of microscopes and digital cameras in practical workrooms. 

Furthermore, smartphones offer several possibilities for 

research and the creation of digital databases. With their 

accessibility, power, and functionality, they can enhance 

the way we learn.  
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