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ABSTRACT: One of the major characteristics of the space environment is microgravity. Space environment is how
classified as a classic environment because it has constantly proved to be an outstanding environment giving high
quality products. Microbiologists study the behavior of microorganisms in the space environment as microorganisms
can form biofilm which are mainly antibiotics resistant for playing essential roles in human health for novel
therapeutics and vaccines. Microscopic examination provides preliminary and tentative identification of cells (plant
or animal). It reveals cell size, shape and structure. It is known from plant biology that plants have parenchyma cells
that: make up plant structures including stems, roots, and leaves; they may be specialized to function in photosynthesis,
storage, or transport; and they provide route of exchange for materials within and between the xylem and the phloem.
Plants roots are structures specialized for anchorage, storage, absorption and conduction. Plants roots-anatomy are
very important for gravi-responses and in plant physiology generally. In this study, peanut seeds were grown under
normal earth gravity and under simulated microgravity environment — using clinostat, a microgravity simulations
equipment at the Microgravity Simulations Laboratory, National Space Research and Development Agency
(NASRDA), Abuja, Nigeria. Using the plant roots, the result showed that there was longer root lengths of the peanut
seeds under the simulated microgravity environment than the seeds under normal earth gravity which served as the
control (P<0.05). There were also the microscopic examinations of the roots of both samples. This paper discusses the
specific differences in the roots anatomy including the root cells of these samples as viewed under the light
microscope; and the specific deductions that could be made.
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Introduction

Space environment is classified as a classic environment because it has constantly proved to be an
outstanding environment giving high quality products. One of the major characteristics of the space
environment is microgravity. Microgravity environment has a great impact on plant growth and
development and it eventually affects plant yield (Oluwafemi et al., 2018). Microscopic examination
provides preliminary and tentative identification of cells (plant or animal). Microorganisms are living
microbes that cannot be seen without an aid of a microscope. The structure of cells are studied using
microscope.

Plants roots anatomy are very important for gravi-responses and in plant physiology generally. In
plants, parenchyma cells make up plant structures including stems, roots, and leaves; they may be
specialized to function in photosynthesis, storage, or transport. This aim of this study was to determine the
effects of simulated microgravity on the root anatomy of peanut. The specific objectives were to determine
the differences: in the root lengths of peanut seeds grown under the normal earth gravity and in simulated
microgravity environment; as viewed under the microscope, the cells of peanut root cells of seeds grown
under the normal earth gravity and in simulated microgravity environment. The structural differences in the
shape of the peanut root cells under the simulated microgravity environment and under normal earth gravity
can only be determined using the microscope. Some specific benefits of this study was also discussed.

The aims and objectives in this study were achieved by an experimental example that was carried out
at the Microgravity Simulations Laboratory of the Engineering and Space Systems Department (ESS) of
National Space Research and Development Agency (NASRDA), Abuja, Nigeria.

Peanut is also known as groundnut, goober or monkey nut. It is taxonomically classified as Arachis
hypogaea and technically considered as pea; it belongs to the family fabaceae of legume (Baughman et al.,
2015). The properties that makes peanut suitable for this experiment are that it is small, easy to handle and
fast-growing with germination time not longer than 3 days.

A Clinostat is an equipment that eliminates the effect of gravity; or it can be said to mimic
microgravity. The Clinostat (Fig 1) that was used for this research is a One-Axis Clinostat (Desk-top type).
Being a one axis clinostat means it is a two-dimensional (2-D) clinostat with a single rotational axis, which
runs perpendicular to the direction of the gravity vector. It operates with respect to speed and direction of
the rotation. A rotation on a clinostat is called “clinorotation” (United Nations 2013).

Fig 1: The Clinostat

36



F. A. Oluwafemi et al

Materials and Methods

The substrate of the seeds called plant agar-agar was prepared into 2 petri dishes following the standard
preparation method (1.5g into 100ml of tap water and heat till boiling) (United Nations, 2013), then the
seeds were planted in the substrate and it was cultivated inside a wet chamber (Fig 2) in vertical positions.
This is because plants grow vertically under normal Earth gravity. After 3 days, germination of the seeds
with short roots was observed. The 2 petri dishes were then taken and labeled “lg-control” and
“Clinorotated”. The 1g-control sample was remained in the vertical position and the Clinorotated sample
was then placed at the centre of the clinostat using double-sided tape. The Clinorotated sample was
clinorotated for 3 hrs and pictures of the two samples were taken every 30 minutes during this observation.
These pictures served to generate data.

Fig 2: TAhe samples in the wet chambr

These observations were done under humidity between 60% to 100%, temperature of 23°C (room
temperature) and light of 50lux. In addition to these, the clinorotated sample had the following conditions,
rotation speed of 85rpm, rotational-axis angle was horizontal and the direction of rotation was clockwise.
At the end of observation, microscopic examinations were done on the roots of both samples.

Statistical analysis of data

All the data were analyzed using Microsoft Excel and GraphPad prism 6. Values represent mean data
+ the standard error of mean (Mean + SEM). Student’s t-test was used to determine the level of significance
between two groups, whereas, two-way ANOVA was used for comparison between the two independent
variables, 1g sample and clinorotated sample. P<0.05 was used as criteria for statistical significance.

Results and Discussion

Roots Length and Growth Rates

It was observed that the Clinorotated sample’s roots (Fig 3) grew longer than the 1g-control sample
(Fig 4). It was also observed that the roots of the 1g-control sample grew vertically downwards (Fig 4)
while the roots of the Clinorotated sample were haphazard (Fig 3).

Further analyzes was done on the pictures of the samples using imageJ software. The root lengths of
each of the picture taken were measured on the imageJ software. Then, the average of the lengths of the
roots per picture was done. Finally, the growth rates of the two samples were determined.
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Fig 4: 1g-control Sample with Shorter Roots

Table 2: Grand Averages of the Roots length of the 1g-control and Clinorotated Samples of Peanut

Time (Hrs) 1g-Control Clinorotated
0 8.08+1.42 9.89+1.67
0.5 8.62+1.64 9.52+1.57

1 8.57+1.41 9.62+1.55
1.5 8.22+1.39 10.75+1.47
2 8.56+1.28 11.28+1.26
Average+SEM 8.411+0.11 10.21+0.34
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Since the plant was examined for 2 hours, therefore, the growth rate of the 1g-control sample is:
8.411228371 /2 = 4.20mm/hr.

The growth rate of the Clinorotated sample is: 10.212925 / 2 = 5.11mm/hr. Comparing 1g to the
clinorotated P<0.05

Structural Analyzes
Figs 5 and 6 are the view of the roots of the two samples under X40 objectives of the microscope.

Fig 5: 1g-control Sample Microscopic Examinations

Fig 6: Clinorotated Sample Microscopic Examinations

Conclusion

It can be deduced that there are physiological basis that caused the root lengths of the Clinorotated
sample to be longer than those of the 1g-control sample (Oluwafemi et al., 2020). These physiological
bases could be that: the root cells were proliferating at a higher rate; there was an accelerated cell cycle
(Howard, 2010). Auxin is a plant hormone that affect cell division and elongation in stems and roots.
Auxin also regulate cell expansion in plants responses to light and gravity. Auxin is usually transported to
its site of action. Therefore, it could be said that auxins were transported in larger quantity to the site of
action in the Clinorotated sample than in the 1g-control sample.
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It can be deduced from the microscopic examinations that there are changes in vascular structure as a
result of the orientation of microfibrils and their assembly in developing vessels perturbed by
microgravity.
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