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Abstract: The literature suggests that plants are able to grow in the absence of gravity, and NASA has a plan to cultivate
plants on Mars. Thus, the aim of this research was to study the germination and growth of green beans at differing levels of
gravity from 0.5G to 3G. Pseudo gravity has been used to study the growth and germination of the green beans under different
gravity levels. The results showed that under high gravity the green beans were able to germinate but were unable to grow.
Under low gravity the green beans were able to both germinate and grow. However, due to the limitations of the authors’
apparatus, the behavior of green beans under lower gravity levels than 0.5G could not be investigated. Finite element modeling
was used to study the stems of the green beans at different gravity levels. The result from the FEM is correlated with the
experiment but it did not take the angle from the horizontal line as the actual germination of the green beans. However, it
shows that under high gravity the stems of the bean sprouts were not able to resist the force of gravity. Thus, the plants might
be unable to germinate and grow on new planets of larger size.
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Lunar and Martian explorations have determined the mineral
composition of the soils of these solar objects. Moreover, the
rocks contain large amounts of sand-like soil or regolith. All
essential minerals for the growth of plants appear to be
present in sufficient quantities in both soils, probably with
the exception of reactive nitrogen [2]. Charles C. Baskin
investigated the relationship between seed density/specific
gravity, seed quality, and plant performance. Generally, the
high density seeds are of better quality than low density
seeds. Germination increases as density/specific gravity
increases [3]. Wuttichai S. and Sompong T. studied the effect
of seed trimming and the development stage of the embryo
for in vitro culture on seedling germination in rubber trees.
The germination of the embryo was related to the water
absorption and the enzyme activation process and the growth
process of the seedlings. An embryo with cotyledon and
without endosperm for in vitro culture can absorb water
quickly and germimate instantly. On the other hand, the
enzyme activation appears in the embryo with cotyledon and
endosperm causing germination slower than in the former
case [4].

1. Introduction

There was a research study which stated that plants and
vegetables were able to grow in a Space Garden [1, 9]. The
experiment was conducted to investigate the possibility of
growing plants on Mars or the moon, and used soils
simulating those environments. The results show that plants
were able to germinate and grow in both Martian and Lunar
soils for a period of 50 days without the addition of any
nutrients. The plant used in this research is the green bean
(Mung bean). The green bean seeds which have geminated
are called bean sprouts, as shown in Figure 1. In Thailand the
bean sprouts are a basic food, appearing in dishes such as
noodles with bean sprouts, stir fried bean sprouts with oyster,
and stir fried bean sprouts with fried garlic as shown in
Figure 2. It is a plant which readily germinates in normal soil
or tissue paper on Earth. The previous study found that crew
members aboard the International Space Station have been
growing Mizuna Lettuce for years in their space station,
confirming that astronauts are able to grow and safely eat
space-grown vegetables as shown in Figure 3. However,
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Figure 2. (a) Bean sprouts with noodles and (b) Fried bean sprouts.

It is known that gravity is dependent on the size of the
planet: the moon has 1.62 m/s* and Mars has 3.711 m/s’.
Both are much less than the 9.81 m/s* on Earth. However,
NASA has found new evidence of 219 planets outside our
Solar System. Ten of those exoplanets appear to be similar to
the size of the Earth and orbit their stars in the habitable
zone. However, if a new Earth were the same size as Jupiter,
then would plants be able to germinate and grow or not? In
this study we want to answer this question by making use of
pseudo gravity.

Figure 3. The lettuce growing on board the International Space Station.
Image credit: NASA.

2. Materials and Methods

Imagine a moving object that can be modeled as a particle
as shown in Figure 4. The force acting on a particle during
centrifugation is given by the following equation [5]:

F =ma, €8
Equation 1 can be written in another form

F =mret (@)

Where

F = The force acting on a particle during centrifugation

r = The distance of the particle from the axis of rotation

w = Angular velocity of the spinning rotor in radians per
second

N\

Figure 4. The circular motion.

During circular motion the acceleration is the product of
the radius and the square of the angular velocity a, and the
acceleration relative to “g”. To find the Relative Centrifugal
Force (RCF) the mathematical description can be written in
the form:

F
RCF =~ 3)

gra

Substitute Equation 2 into Equation 3

RCF = mra? @
mg
Finally,
RCF =% (5)
g

Because gravity is a constant, in this experiment g = 980
cm/s”. In practice, the RCF has revolutions per minute (rpm)
units. Where.

dt 2
W=——=— 6
dg 60 P ©)

Thus Equation 5 can be written in the practical form:

()
rReF=—%__J ™)
980
Yielding

RCF =r1.119x10" (rpm)’ @®)

Where r is measured in centimetres.

Based on Equation 8 the centrifuge machine has been built
with » = 24 cm as shown in Figure 5. The relationship
between gravity and rpm is shown in Table 1.
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Figure 5. The centrifuge used in this research.

Table 1. The relationship between gravity and rpm.

G-Force rpm
0.5 432
1 61.4
2 86.3
2.5 96.5
3 105.7
3.5 114.2
3. Results

The experiments were conducted using the centrifuge
machine with five green bean seeds per case, with each case
running 3 times. The results are shown in Table 2.

Figure 6. The behavior of germination and growth of green bean seeds at
gravity of (a) 2G and (b) 3G.

Table 2. The results of germination and growth.

G-Force rpm Germination Growth
0.5 43.17 yes yes

1 61.4 yes yes

2 86.3 yes yes

2.5 96.5 yes no

3 105.7 no no

3.5 114.2 no no

Figure 7. Bean sprouts.

Figure 6 (a) and Figure 7 show the results at 2G for the
green bean seeds which were able to germinate and grow.
Figure 6(b) reveals the behavior of the green bean seeds at
3G for which they were not able to grow but could
germinate. Table 2 shows the capability of germination
and growth at various gravity levels. The finite element
modeling study by viscoelastic behavior [6]-[7] found that
the maximum Von-Mises stress was on the stem of the
bean sprout as shown in Figure 8. However, when the
gravity was increased the stress was doubled on the stem.
The cell walls in plants are composed of four basic
building blocks: cellulose (the main structural fibre of the
plant kingdom), hemicellulose, lignin, and pectin.
Although the microstructure of plant cell walls varies in
different types of plants, broadly speaking the cellulose
fibres reinforce a matrix of hemicellulose and either pectin
or lignin [8]. All portions have to resist the high gravity
and are represented by viscoplastic behavior.
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Figure 8. Von-Mises stress on the stem of the bean sprouts.

Nevertheless, this paper has been researched on Earth
using gravity applied in the horizontal direction. Actually, the
gravity on Earth acts in the vertical direction. Thus, the
results of the resulting vector of the gravity takes the angle
from the horizon line as shown in Figure 9. Also, the
resulting vector of the gravity is the germination direction of
the green beans.

Gravity Applied

F————.

Germination direction

Gravity on the earth

0

Figure 9. Germination direction of the green beans.

4. Conclusion

This investigation revealed that the plants will exhibit
radial growth from the center of gravity, but it is true that
the plant will sprout perpendicular to the surface of the
planet. In this experiment, at the gravity was lower than
1G (9.81 m/s?) the plants were able to germinate and grow
normally. However, when the gravity was greater than
2.5G the plants were able to germinate but not able to
grow because the cell walls in the plant were not strong

enough for the higher gravity. It might not be able to resist
the high gravity, and thus the plants could grow on Mars
and the moon but not on Jupiter at 2.5G. It should be
noted that due to the limitations of the authors’ apparatus
(speed control at low speed and the effect of the Earth’s
gravity), it was not possible to study the behavior of green
beans at lower levels of gravity as the diameter was not
large enough. The results from finite element analysis
showed correlation with the experiment but did not take
the angle from the horizontal line as actual germination.
The findings appear reasonable. FEA also showed that at
high levels of gravity the stems of the bean sprouts were
not able to resist the force of gravity.

5. Discussion

In future works, the authors will improve the arm of the
centrifuge and speed control, while the influence of gravity in
the vertical plane perpendicular to the surface of the Earth can
be reduced by adjusting the machine movement in the vertical
instead of horizontal direction. Thus, the study of the growth of
the green beans after the apparatus is improved might yield
improved results. It might be possible to introduce bracing using
small wood pieces beside the stem.
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