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Abstract

Our goal was to find morphological features that can help us identify or describe the stomata
ontogeny and epidermal structures. Our team got seeds of two types of leguminous plants—Arachis
hypogaea L. groundnuts and Vigna subterranean L. bambaranuts—from the Kano State Agricultural
and Rural Development Authority and the Yankaba market in Nassarawa, which is in Kano State.
The study specifically evaluated the leaf epidermal studies, stomata development (ontogeny), types
of stomata, stomata size, pore length, pore width, and stomata index in both the surfaces of the leaves.
We conducted ontogenetic studies using safety razor blades on the epidermal layers. We determined
the stomata index by studying the type of stomata, the number of stomata, and the number of
epidermal cells. We subjected the obtained data to a one-way analysis of variance. All the studied
varieties/species exhibited amphistomatic stomata on both surfaces, with a higher density on the
lower surface. In SAMNUT 23, we found the paracytic type of stomata, which is perigynous and has
an irregular anticlinal cell wall. In Dandakar, we found the tetracyclic type, which is mesogynous
and has a pentagonal epidermal cell shape and a slightly straight anticlinal cell wall. Finally, in
Bambara nuts, we found the endocytic type, which is polygonal with a curved anticlinal wall and a
mesoperigynous ontogeny.
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Introduction

Electron micrography is a system that involves the use of an electron microscope to observe
or study the feature of the structure of a biological specimen or chemical regiment using images taken
in the form of micrographs or photomacrographs(slightly magnified <10x) (Shibata et al., 2019); (Ali
et al., 2022); (Grover et al., 2022); (Cheville & Stasko, 2014). A micrograph or photomicrograph is
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a photograph or digital image taken through a microscope or any other similar device to show a
magnified image of an object. In the same vein but opposing to a micrograph is the photomacrograph
which is also taken on a microscope but only slightly magnified, usually less than 10 times.
Micrography is the practice or art of using a microscope to make photographs.

An electron micrograph is a micrograph prepared using an electron microscope. An electron
microscope is a microscope that uses a beam of electrons as a source of illumination (Kalinin et al.,
2023). They use electron optics that are analogous to the glass lenses of an optical light microscope
to control the electron beam, for instance focusing them to produce magnified images or electron
diffraction patterns (Sheridan et al., 2020); (Ansari et al., 2024). As the wavelength of an electron
can be up to 100,000 times smaller than that of visible light, electron microscopes have a much higher
resolution of about 0.1nm, which compares to about 900nm for a light microscope (EI-Gomati, 2016);
(Lelek et al., 2021). Examples of electron microscopes are Transmission electron microscope (TEM),
Scanning Electron microscope (SEM), Electron microprobe, Ultrafast Scanning Electron microscopy,
Low-energy electron microscopy (LEEM), and Photoemission electron microscopy (PEEM)
(Mankos et al., 2014).

To study the epidermal cell type and describe stomata variations, development ontogeny and
stomata index among species of Arachis hypogaea.L. {SAMNUT-23 and DANDAKAR} and
bambaranuts {Vigna subteraneana.L.} to introduce further morphological features that can evaluate
species delimitation and establishment of new taxa for distinctions among the Nigerian species of
legumes.

Methodology

The research was conducted in the Botanical garden at Bayero University Kano which is
located between latitude 12.002179 and longitude8.591956 with the GPS coordinates of
12°0°7.8444°> N and 8°35°31.0416’E in the Sahelian geographic region,south of the Sahara in
Nigeria. The area is characterized by distinct wet and dry seasons with an elevation of 469.376m
above sea level. An average annual temperature range of 38.2°C and receives an average of 696mm
of precipitation annually. Leaves of plant species collected from sowed local varieties of Bambara
nuts brought from Yankaba market Nassarawa local government of Kano State and the two varieties
of SAMNUT-23 improved groundnuts from Kano State Agricultural and Rural Development
Authority (KNARDA)

Results and Discussion

Three species of Leguminosae were studied and measurements were tabulated as represented
in Tables 3.1 and 3.2 below the findings were as follows. In SAMNUT-23, matured stomata are
paracytic on both surfaces while in Dandakar stomata types are trachytic and bambaranuts are both
12% paracytic in the adaxial and about 88% anisocytic in the abaxial surfaces.

Leaf Epidermal Cell, Stomata Types and Ontogenical Development

According to Ibrahim R.et al 2021, a mesogenous ontogenically development refers to a
situation where subsidiary cells have a common origin with the guard cell as the protoderm divide
symmetrically or equally i.e the subsidiary cell and the two guard cell mother cell(GCMC) arise from
the same origin or loci of the meristemoid and asymmetric or unequal division of the protoderm to
form a stomatal complex having at least one subsidiary cells from the same origin as the meristemoid
in a mesoperigynous ontogenic situations. Meristemoids are observed to be a characteristic
conspicuous nucleus with a dense cytoplasm identified by their small sizes and doubled walls as they
are deeply stained in features. Based on the study of the nature of stomatal complex,Metcalfe and
Chalk (1988) have classified stomata into different types and our terminologies in describing them
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are based on the assertions though new development emerges in characteristic feature ontogeny and
phylogeny. The varieties of leguminous species studied have distinctive features as revealed from
their images and electron photomacrograph as follows.

PEA NUT(SAMNUT-23)-Arachis Hypogaea:

In the stomata development pattern of SAM 23 mesoperigynous development of stomata
was indicated and paracytic stomata features were observed in the photomacrograph of the matured
layers as the two indistinct surrounding cells maintain their long axes p integral part of the stomata
complex. parallel to the guard cells. Meanwhile, the activities of growth in the apex make the
subsidiary appear as an equal integral part of the stomata complex.

Figure 1. The Mesoperigynous development of stomata in the abaxial(lower) surface of the
leaf epidermal peel of Arachis hypogaea (SAM-23) showing the paracytic type of stomata and
sinuous/irregular cell wall using the photomacrographs MG (x400)

Information : STOMA: stoma singular, stomata plural; stomata complex, GC; guard cell.

Bambaranuts (vigna subteraneana.L.): Mesogenous feature of stomata development was
observed in the bambaranuts(vigna subteraneana. L) electron photomacrographs MG (x400) and
Anisocytic stomata types were indicated in the matured epidermal layer as one cell is considerably
smaller or larger than the other two of the three unequal subsidiary cells surrounding the stomata.
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Figure 2.The mesogenous development of stomata in the lower surface of the leaf epidermal peel of
bambaranuts (vigna subteraneana.L) photomacrographs MG (x400) showing anisocytic type of
stomata and polygonal epidermal cell wall

Information :STOMA: stoma singular, stomata plural; stomata complex, GC; guard cell

GROUNDNUTS (DANDAKAR). Arachis. hypogaea.L: The development stage of
Dandakar groundnut species' local varieties was found to be mesoperigynous in nature. A tetracytic
type of stomatal complex was seen in the matured epidermal photomicrograph layer of Dandakar as
four subsidiary cells surrounding the guard cell maintain their position at the polar and lateral view

of the guard cells.

Figure 3.The mesoperigynous development of stomata in the lower surface of the leaf epidermal
peel of Arachis hypogaea. L {Dandakar} photomacrograph (MGx400) showing tetracytic type of
stomata pentagonal cell wall.

Information : STOMA:stoma singular,stomata plural; stomata complex, GC; guard cellThe results
obtained indicate that several anatomical traits are variable to all taxa TABLE and thus of
diagnostic value down to the generic or specific level. The outline of epidermal cells in all species is
sinuous or thin-walled on the abaxial and irregular on the adaxial portion of the leaflet's blade.

Stomatal Ontogeny
The stomata measurement was reviewed while the difference between the mean and the least

significance were compared at 5% levels of significance and the following results were obtained.

Table 1. Mean Stomata Measurement (MG x400) and stomata features on the abaxial surface leaves
of three legume plants.

Varieties/ Stomata Cell Length of Width of Pore Length Pore Noof No Stomata
Species features Shape Stomata um Stomata of Stomata Width of Stom  Epiderm

Stomata ata al cell Index
A.hypoga  Tetracytic Pentago  2.38 1.78 2.12 0.50 1.72 6.14 5.76
ea.L nal
{Dandaka
r
A.hypoga  Paracytic Irregular  2.54 1.96 2.12 0.50 3.18 4.22 11.62
ea.L
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{SAM
23}

V.subtera ~ Anomocytic  Polygon 2.32 1.90 2.00 0.90 2.92 4.48 10.66
neana.L al

{Bambara
nuts}

L.S.D.5% 0.268 0.24 0.328 0.753 0.28 0.311 0.507

Table 2. Mean Stomata Measurement (MG x400) and stomata features on the adaxial surface leaves
of three legume plants.

Varieties/  Stomata  Cell Length of  Width of Pore Pore No of No of Stomata

Species feature shape  Stomata stomata Length of  Width of Stomata  Epidermal
Stomata Stomata cell Index

um

Ahypoga  Tetracyt Pentag 2.38 1.72 2.12 0.5 1.48 5.98 5.28

ea.L ic onal

{Dandaka

r}

Ahypoga  Paracyti Irregul 2.38 1.96 2.06 0.46 2.88 4.82 9.94

ea.L c ar

{SAM

23}

V.subtera ~ Anomoc Polyg  2.08 1.52 2.02 0.48 2.26 5.58 7.8

neana.L ytic onal

{Bambara

nuts}

L.S.D.5% 0.253 0.153 0.375 0.065 0.282 0.393 0.88

Lower Epidermal Layer: There is no significance difference in comparing the width of
stomata,pore length of stomata and pore width of stomata between the three legumes. However
significance difference was found between Arachis hypogaea {SAM 23) with the other two varieties
in length of stomata,width of stomata,number of stomata and stomata index.Meanwhile in terms of
number of epidermal cell and pore lengths it has shown significant difference exist between Arachis
hypogaea{Dandakar} and the other two varieties which are {SAM 23} and bambaranuts.

Upper Epidermal Layer:Significance difference was observed between Arachis
hypogaea{SAM 23} and the other two varieties in mean lenght,number of stomata and stomata
index.In terms of width of stomata,pore length and pore width of stomata there is no significant
difference between the three legumes varieties.The significance difference was found between
Arachis hypogaea {Dandakar} and the other two varieties A.hypogaea {SAM 23} and bambaranuts
in number of epidermal cell while SAM 23 and V.subteraneana.L. {bambaranuts} are significant in
stomata index. NOTE:The table of mean measurement of stomata in lower and upper surface are
shown in Table 3.1 and Table 3.2 respectively.

Dichotomous Key
To delimit the varying species by observing their shapes and features represented in genetic

variabilities and conformities which could be use to establish relationship among the taxa as describe
by the dichotomous keys as follows;
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la. Leaflets shape is elliptical lanceolate..............ooeiiiiiiiii e 2a
1b. Leaflets shape is Obtuse Lanceolate/Obovate..............ooviiiniiniiiiiiiiiiiiiiieieeeeen 2b
1c. Leaflets shape is Linear Lanceolate ... i e 2c
2a. Trichomes are less numerous in the adaxial surface..............c..ooiiiiiiiiiiiii . 3a
2b. Trichomes are more on the abaxial..............cooiiiiiiiii e 3c
2c. Trichomes are glabrous/ absent on all surfaces.................ooooiiiiiiiiiiiiiiiii i, 3b
3a. Epidermal cell shape is Irregular......... ... 4a
3b. Epidermal cell shape is Polygonal..............ouiuiiiiiiii e 4b
3c. Epidermal cell shape is pentagonal..............ooiiiiiiiiiiiiii e 4c

4a. Stomata features is Paracytic,Mesoperigynous
develpment...............ooiiiiiiinl. SAMNUT-23

4b. Stomata features is Anomocytic,Mesogenious
development..............coeviiiiiiann... V.subterraneana

4c. Stomata features is Tetracytic,Mesoperigynous
development.................ooiiiiiin. Dandakar.

5a. Stomata development pattern is
MESOPETIZYNOUS. ...ttt et et e e eaeeeeeeineennaenns A.Hypogaea.

5b. Stomata development pattern is
MESOZENOUS. ...ttt e V.subtraneana

5c. Stomata development pattern is
MESOPETIZYNOUS. ... .eeettetenteieeteeeeeeeeeeeeaene A hypogaea

The characteristic features of the paracytic A. Hypogaeae SAMNUT-23 and tetracytic types
of stomata in A.hypogaeae Dandakar clearly indicates how closely related the both species in
similarity having Mesoperigynous developmental patterns which differs from the anomocytic
V.subterraneana bambaranuts having a mesogenous development. High length of stomata which is
more in abaxial surfaces of SAMNUT-23 indicates that the two varieties of the A. hypogaea have
more efficient gaseous exchange mechanism to promote photosynthesis and ensures high
sustainability compare to V.subterraneana bambaranuts.

Significant differences was observed in the number of stomata as they are more numerous
on the abaxial leaves surfaces for A.Hypogaea in SAMNUT-23 Table 3.4.1 and in the number of
epidermal cells on the abaxial of A.hypogaea in Dandakar which are functional for efficient gaseous
exchange and effective photosynthesis of the plants specie as a need for promoting adaptability to
new environment in accordance to the report of (Le et al., 2011); (Hasanuzzaman et al., 2023); (Ali
et al., 2022) being a characteristic features and mechanisms to conserve water losses by transpiration
in the event of harsh environmental conditions such as relative humidity, high light intensity and wind
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speed in accordance to (Wu et al., 2024); (Richter et al., 2022); (Koutouleas et al., 2022) for
SAMNUT-23 and Dandakar respectively.

Furthermore the epidermal cell shapes of the legumes studied is observed to be sinuous
and/or irregular in SAMNUT-23,polygonal in bambaranuts and pentagonal in Dandakar as a result
of the genetic make-up,climatic conditions and environmental factors which can be described to
enhance cell turgidity as reported by (Zhao et al., 2021); (Pacheco-Hernandez et al., 2021); (Fischer
etal., 2014).

The stomatal ontogeny in the species of legumes as viewed from the electron micrographs
shows mesogenous which reveals anomocytic type of stomata in the bambaranuts while the
A.Hypogaea varieties shows mesoperigynous development in a similar circumstances.The stomatal
index of the leguminous species from the table 3.1 and 3.2 above shows variations on the adaxial and
considerable increases on the abaxial surfaces of the leaves because of exposure to high light intensity
which promotes the photosynthetic activities in accord with Adedeji and (Ahmed et al., 2020) but its
has a highest value in the SAMNUT -23 among the variety of the legumes studied. This study has
succeeded in the classification of plant species and varieties using diagnostic characters shown in the
dichotomous key above in the identifications and nomenclature in line with (Martino et al., 2023).

Conclusion

The leaf epidermal features of the legumes and stomata ontogeny are taxonomic evidence
that can be used in determining the differences and uniformity as exhibited in the number of epidermal
cell lengths and features of the stomata complex. Species of groundnut and bambaranuts show two
types of development which are Mesogenious and Mesoperigynous while similarity was observed
among them in stomata types. The research agrees with the works of Ibrahim. R.et al. 2023 as the
studied structures were considered to be useful in the separation of SAMNUT-23 from Dandakar as
well as separating them from the bambaranuts species.

Conflicts of Interest
The authors declare no conflict of interest.
References:

Ahmed, B., Echekwu, C. A., Mohammed, S. G., Ojiewo, C., Ajeigbe, H., Vabi, M. B., Affognon, H.,
Lokossou, J., & Nwahia, O. C. (2020). Analysis of Adoption of Improved Groundnut
Varieties in the Tropical Legume Project (TL 111) States in Nigeria. Agricultural Sciences,
11(02), 143-156. https://doi.org/10.4236/as.2020.112009

Ali, Z., Merrium, S., Habib-ur-Rahman, M., Hakeem, S., Saddique, M. A. B., & Sher, M. A. (2022).
Wetting mechanism and morphological adaptation; leaf rolling enhancing atmospheric water
acquisition in wheat crop—A review. Environmental Science and Pollution Research,
29(21), 30967-30985. https://doi.org/10.1007/s11356-022-18846-3

Ansari, N., Dasgupta, J., Umre, S., & Rajput, P. (2024). Harnessing Electron Microscope for Trace
Evidence Analysis. In G. Huerta Cuellar (Ed.), Electron Microscopes, Spectroscopy and
Their Applications. IntechOpen. https://doi.org/10.5772/intechopen.1004112

Cheville, N. F., & Stasko, J. (2014). Techniques in Electron Microscopy of Animal Tissue. Veterinary
Pathology, 51(1), 28-41. https://doi.org/10.1177/0300985813505114

El-Gomati, M. M. (2016). Modern Electron Optics and the Search for More Light: The Legacy of the
Muslim Golden Age. In M. D. Al-Amri, M. EI-Gomati, & M. S. Zubairy (Eds.), Optics in
Our Time (pp. 119-144). Springer International Publishing. https://doi.org/10.1007/978-3-
319-31903-2_6

337



MAMMAN, et al., 2024 Radinka Journal of Science and Systematic Literature Review Vol. 2 Issue 2 (August 2024)

Fischer, D. G., Chapman, S. K., Classen, A. T., Gehring, C. A., Grady, K. C., Schweitzer, J. A., &
Whitham, T. G. (2014). Plant genetic effects on soils under climate change. Plant and Soil,
379(1-2), 1-19. https://doi.org/10.1007/s11104-013-1972-x

Grover, A., Sinha, R., Jyoti, D., & Faggio, C. (2022). Imperative role of electron microscopy in
toxicity assessment: A review. Microscopy Research and Technique, 85(5), 1976-1989.
https://doi.org/10.1002/jemt.24029

Hasanuzzaman, Md., Zhou, M., & Shabala, S. (2023). How Does Stomatal Density and Residual
Transpiration Contribute to Osmotic Stress Tolerance? Plants, 12(3), 494.
https://doi.org/10.3390/plants12030494

Kalinin, S. V., Mukherjee, D., Roccapriore, K., Blaiszik, B. J., Ghosh, A., Ziatdinov, M. A., Al-
Najjar, A., Doty, C., Akers, S., Rao, N. S., Agar, J. C., & Spurgeon, S. R. (2023). Machine
learning for automated experimentation in scanning transmission electron microscopy. Npj
Computational Materials, 9(1), 227. https://doi.org/10.1038/s41524-023-01142-0

Koutouleas, A., Sarzynski, T., Bordeaux, M., Bosselmann, A. S., Campa, C., Etienne, H., Turreira-
Garcia, N., Rigal, C., Vaast, P., Ramalho, J. C., Marraccini, P., & Reabild, A. (2022). Shaded-
Coffee: A Nature-Based Strategy for Coffee Production Under Climate Change? A Review.
Frontiers in Sustainable Food Systems, 6, 877476.
https://doi.org/10.3389/fsufs.2022.877476

Le, A, S, T, Je O, &KK, T. (2011). Stomatal Responses to Drought Stress and Air Humidity. In A.
Shanker (Ed.), Abiotic Stress in Plants—Mechanisms and Adaptations. InTech.
https://doi.org/10.5772/24661

Lelek, M., Gyparaki, M. T., Beliu, G., Schueder, F., Griffié, J., Manley, S., Jungmann, R., Sauer, M.,
Lakadamyali, M., & Zimmer, C. (2021). Single-molecule localization microscopy. Nature
Reviews Methods Primers, 1(1), 39. https://doi.org/10.1038/s43586-021-00038-x

Mankos, M., Shadman, K., Persson, H. H. J., N’Diaye, A. T., Schmid, A. K., & Davis, R. W. (2014).
A novel low energy electron microscope for DNA sequencing and surface analysis.
Ultramicroscopy, 145, 36-49. https://doi.org/10.1016/j.ultramic.2014.01.007

Martino, J. C., Crawford, J., Gadd, P., Sammut, J., Saintilan, N., & Mazumder, D. (2023). A novel
use of a handheld elemental scanner for authenticating prawn provenance. Food Control,
151, 109813. https://doi.org/10.1016/j.foodcont.2023.109813

Pacheco-Hernandez, Y., Villa-Ruano, N., Lozoya-Gloria, E., Barrales-Cortés, C. A., Jiménez-
Montejo, F. E., & Cruz-Lopez, M. D. C. (2021). Influence of Environmental Factors on the
Genetic and Chemical Diversity of Brickellia veronicifolia Populations Growing in
Fragmented Shrublands from Mexico. Plants, 10(2), 325.
https://doi.org/10.3390/plants10020325

Richter, R., Ballasus, H., Engelmann, R. A., Zielhofer, C., Sanaei, A., & Wirth, C. (2022). Tree
species matter for forest microclimate regulation during the drought year 2018:
Disentangling environmental drivers and biotic drivers. Scientific Reports, 12(1), 17559.
https://doi.org/10.1038/s41598-022-22582-6

Sheridan, J. T., Kostuk, R. K., Gil, A. F., Wang, Y., Lu, W., Zhong, H., Tomita, Y., Neipp, C.,
Francés, J., Gallego, S., Pascual, I., Marinova, V., Lin, S.-H., Hsu, K.-Y ., Bruder, F., Hansen,
S., Manecke, C., Meisenheimer, R., Rewitz, C., ... Saravanamuttu, K. (2020). Roadmap on
holography. Journal of Optics, 22(12), 123002. https://doi.org/10.1088/2040-8986/abb3a4

Shibata, N., Kohno, Y., Nakamura, A., Morishita, S., Seki, T., Kumamoto, A., Sawada, H.,
Matsumoto, T., Findlay, S. D., & Ikuhara, Y. (2019). Atomic resolution electron microscopy
in a magnetic field free environment. Nature Communications, 10(1), 2308.
https://doi.org/10.1038/s41467-019-10281-2

Wu, B., Smith, W. K., & Zeng, H. (2024). Dryland Dynamics and Driving Forces. In B. Fu & M.
Stafford-Smith (Eds.), Dryland Social-Ecological Systems in Changing Environments (pp.
23-68). Springer Nature Singapore. https://doi.org/10.1007/978-981-99-9375-8 2

338



MAMMAN, et al., 2024 Radinka Journal of Science and Systematic Literature Review Vol. 2 Issue 2 (August 2024)

Zhao, W., Wang, X., Li, L., Li, J., Yin, H., Zhao, Y., & Chen, X. (2021). Evaluation of environmental
factors affecting the genetic diversity, genetic structure, and the potential distribution of
Rhododendron aureum Georgi under changing climate. Ecology and Evolution, 11(18),
12294-12306. https://doi.org/10.1002/ece3.7803

339



