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Recent advancements in commercial suborbital spacecraft have
provided new opportunities to investigate the effects of short-term
space missions on living organisms. Plants play a vital role in life
support systems for space exploration, supplying essential resources
for long-term human survival beyond Earth. As plant genetic reserves
or germplasm, seeds have been among the most significant biological
payloads in suborbital missions.This study examined the impact of a
suborbital flight using the Kavus bio capsule on the germination indices
of tomato seeds and the growth indices—specifically epicotyl and
radicle length—of the resulting plants. The capsule reached an altitude
of 133 km, with a total flight duration of 900 seconds. The launch speed
and acceleration were 1657.97 m/s and 64 m/s?, respectively. During
the mission, biological samples were exposed to 245 seconds of
microgravity and 68 seconds of hypergravity, with temperature
fluctuations ranging from —84.5°C to +264.48°C. Following the
successful launch and recovery of the biological payload, researchers
analyzed seed germination and seedling growth indices. The findings
revealed that suborbital flight stimulated initial seed growth and
positively influenced the growth indices of tomato seedlings in the
flight group compared to the ground control group.Based on the
available literature, data on the ultrafast response of plants to short-
duration space missions remain limited. This study provides valuable
insights into the effects of brief space missions on biological systems,
particularly plants. However, further research is needed to explore such
exposures' long-term physiological and genetic effects. Future studies
should also investigate potential countermeasures to mitigate adverse
effects and optimize plant growth in space environments.
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Fig. 1. Metal structure designed to embed the seeds inside the
biological chamber.
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Table 1. Kavus bhio capsule launch characteristics.

Launch duration (seconds) | 900
Launch height (km) 133
launch speed (m/s) 1657.97
Acceleration (m/s2) 64
Temperature fluctuation -84.5t0 +264.48
range (Celsius)
Pressure range (Pascal) 0 to 90000
Microgravity duration 245
(seconds)
Duration of hypergravity 68
(seconds)
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Fig. 3. Comparison of the germination percentage of tomato
seeds in the launch and ground control samples (days 11, 13 and
15) .Average of 5 repetitions.
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Fig. 2. Comparison of the germination percentage of tomato

seeds in the ground control and launch samples (days 6, 7, 8, and
9). average of 5 repetitions.
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average of 5 repetitions.

pj p Lad (HBly Lo 3B L dlaily 39S &5 Sl

(st S i sl 213l (SIS i ) LS bl
Loyl 514l Gtagy (lalS g oyl cudss 1) e Vb lad
dl.b))a ey @L.: adllas 5 cJL./.v d]).; L] 03g0d (o

02985 ) JoS 3 (LS el £)5 32 ol (LS Slgn 5]

Lycopersicum esculentum (day 6) Lycopersicum esculentum (day 7)

154 30+
*
—_ %* %k e
£ £
£ 10+ . % 20
£ 2 i ‘
i) 53
H 5
= 5] & -
s § 10
& [
0- 0-

Control Launch
Groups

Control Launch
Groups

Lycopersicum esculentum (day 8) Lycopersicum esculentum (day 9)

30 *ok K

3 | I £
E 20 i E
£

& &
g S
=10 -
g 8
2 3

0
Control Launch Control Launch
Groups Groups

P K paeS sbaalS (ke cue ) dady; Jsb awlic -F JSS
LS50 5Ske (A 5 AV F lrje)) (es S5 5 Slin slaaiges
Fig. 4. Comparison of tomato seedlings’ root length (mm) in the

launch and ground control samples (days 6, 7, 8, and 9). Average
of 5 repetitions.

Lycopersicum esculentum (day 11) Lycopersicum esculentum (day 13)

80 100
ns
60 | 8
60
40
40
20 20
0 0

Control Launch
Groups

o

Root (length, mm)
Root (length, mm)

Control Launch
Groups

Lycopersicum esculentum (day 15)

m

Control Launch
Groups

& o @
=) =) =3

Root (length, mm)
N
o

P SpansS cbazals (ke cus ) wad; Job awlie —0 JSU

OS50 5S3le (00 5 WY (slajs)) ey U5 5 S slaaises
Fig. 5. Comparison of tomato seedlings’ root length (mm) in the
launch and ground control samples (days 11, 13, and 15).
average of 5 repetitions.



6l ssge (cgwge dcbld

S j Al 6y9p8 Glpl ST by 3 Lad iy b
clileil (Shb cusal 3 Giw 5l Giw ol adlas @l S
L u.sLM.SI seesl, s gley; u’b)’ Flwg sl -y
)15 ATy o 0 b I iy (G SlagunS g )il
Lad Cangj Oliglel plsl (gl s Wlgi oo Ly w65 )
g 28l olpl gloygaS ly (LS pole 5w ) Pl Hsba
$jlg b b pe gt Slivlofl (b sy ]y st ot

A2 &l g )le

&8le o)l
ol 05 o sl g lawgy @dlie (5l deSoun

@b).\ﬂ 9 ’S-A-MJ"“
L45|9.Da bma).s 9 u‘).sl u.sLaS ULO)L» )I JJ‘.)LSA ro)\j .)9> 2 oM o
J..sl.o.: u.sI.))J.B 9 )gsw ).wl> 0)5).: L;Lo C«JL@ LS‘)"

&>l

[1] F. Mousavi, "History of plant exploration scientific
missions: Goals and technologies,” Journal of
Technology in Aerospace Engineering, vol. 5, no. 2,
pp. 1-9, 2021, (in Persian),
https://doi.org/10.22034/jtae.2021.120513.

[2] F. Mousavi, "Plant germplasm and extreme
conditions of outer space," Journal of Space Science
and Technology, vol. 16, Special Issue, pp. 65-71,
2023, https://doi.org/10.22034/jsst.2023.1460.

[3] H. Hassanpour and F. Mousavi, "Plant growth
chamber for space studies," Journal of Technology in
Aerospace Engineering, vol. 1, no. 2, pp. 45-53, 2017,
(in Pesian).

[4] L. C. Rourks, "Moon Trees," Prairie Schooner, vol.
88, no. 1, pp. 147-156, 2014.

[5] M. Bohmer and E. Schleiff, "Microgravity research in
plants: A range of platforms and options allow
research on plants in zero or low gravity that can yield
important insights into plant physiology," EMBO
reports, vol. 20, no. 7, 2019, Art. no. e48541,
https://doi.org/10.15252/embr.201948541.

[6] A. Jones, "China grew two leaves on the moon: The
Chang'e-4 spacecraft also carried potato seeds and
fruit-fly eggs to the lunar far side-[News]," IEEE
Spectrum, vol. 56, no. 11, pp. 9-10, 2019,
https://doi.org/10.1109/MSPEC.2019.8889900.

[7] S. Furukawa et al., "Space radiation biology for
“Living in Space”," BioMed Research International,

wlad (glid 5 pole
Y Bjlosd VA By AFF L [AA

U9y OBLS & o i (pLad Slen Jle £l ey (5,845
YL Jgib y clale g 3 5pglie o pag g iy o gl 5l azsly
Y] alie (gladlas > [YA] 35)b (o) S8 Glals & cud
)°—°L° b e ) oS u-i’_')éd%f byl adl gy bals
sSles GMsyy Kidgy 01 0yd olid Mol oSt 2y
) g ool il 5 e el s (RIS esiilann) G YL
Sidlex a8 ialS Coge  olad jlgy oliie 4565 40l LS
() Cahl) (gl Ll ol )y (6 & Colu 21380
Mop So 1] €855 )8 10 cov womls 43, sbpasls

Ay Hlee 9 Sl @ Coge ax5g slayls 0jg) VO ol
Olatind J| (50 b 1 oo 5 (095909, el > 4 4y
@bad Slon g8 X0 (2l laaisS I (A (V] a8 Sl
L5 b Gy @l g oobe (( SIS (il ials Coge
o3litl b e oS (L jlg (pol> adllae > b poay [YY-YY]
Syl g ad )l adgl ) S5 o0 Corgo (poggls (mn s JguunsS )|
09,5 (SippdreS laazals by laasls b daly ) e
Uy opl Jlbo ol b sl guey JyuS 09,5 b dmslio o Qlbiy
bl ()bl p3U (S5 b g5 (sl )l (Siailen (oled dopd (59,
alS9§ L5;La_fa )'19);: Sl aaly po ui';)l)'f O:J9‘ Ao ()ﬁ‘ L u;';sb b
Loakly o0 1) shis o i 5 canl (BLS udly py5 0 e
) St p o oligS olad slajlyy Ol Bl o) p Cuonl

A2 o &1,

S 5 el
Comj p Lad b sduomy Sl wyp Gua b Las 4 byl Jlu)l
P bl @ Sl 1) pbilsl puia daydy gk
53 B gl e bl ] 5 e 31 L8 Ll 4 Jeoc
oy p gl 5l il 13y GlalS g )l cudS p Lad 156 )
b Lad ol &S ol 51 o oy sl Lad )3 cpizzod g Lo o)l
S o)) el didlid  gwwpme b yil 5l slodony dsgemme
oasuie LSl i g (v g 1ad oled by ¢ glas Sladads
2lad gy Jolse 1 Sy plas” 4l b bl )3 (65 doms 255 0
L Wilodgy (S5 y8dn65 4 Sidiley sl msls p cute il Coge
L b ol 395l pols ddllae by Jleisl LYo (J)lea
My lsd Sladads i Lo (LS bl o35 b bl 5o
do b CALD Caa ) g dwe) (ol ) (gt Sllllas sl gy Lol
@ (2L mM p)5 (5398 Gl Glapusillo S50 9 Lad Bl ity


https://doi.org/10.22034/jtae.2021.120513
https://doi.org/10.22034/jsst.2023.1460
https://doi.org/10.15252/embr.201948541
https://doi.org/10.1109/MSPEC.2019.8889900

lad (59l g pole
A4 /\ Bolod A Byg5 NF-F Lo

Willd. seeds," Botanical Bulletin of Academia Sinica,
vol. 41, no. 1, pp. 27-34, 2000.

[18]F. Mosavi, "Effects of simulated microgravity on
pollen germination and growth of lily," Journal of
Technology in Aerospace Engineering, vol. 3, no. 2,
pp. 53-58, 2021, 2019, (in Persian).

[19]F. Mousavi, "The effect of simulated space vacuum
conditions on some biochemical and physiological
responses of quinoa,” Nova Biologica Reperta, vol.
10, no. 4, pp. 86-99, 2023, (in Persian),
https://doi.org/10.61186/nbr.10.4.88.

[20]J. D. Bewley and M. Black, Seeds: Physiology of
Development and Germination, 2nd ed., Springer
Science & Business Media, 2013.

[21]C. G. Willis et al., "The evolution of seed dormancy:
Environmental cues, evolutionary hubs, and
diversification of the seed plants," New Phytologist,
vol. 203, no. 1, pp. 300-309, 2014,
https://doi.org/10.1111/nph.12782.

[22]G. Carrera Castafio, J. Calleja Cabrera, M. Pernas, L.
Gbémez, and L. Ofate-Sanchez, "An updated
overview on the regulation of seed germination,"
Plants, vol. 9, no. 6, 2020, Art. no. 703,
https://doi.org/10.3390/plants9060703.

[23]R. A. M. Repo Carrasco Valencia and L. A. Serna,
"Quinoa (Chenopodium quinoa, Willd.) as a source of
dietary fiber and other functional components,” Food
Science and Technology, vol. 31, no. 1, pp. 225-230,
2011, https://doi.org/10.1590/S0101-20612011000100035.

[24]H. A. Curry, "Tomato seeds in space: NASA outreach
and science education in the shuttle era," Endeavour,
vol. 34, no. 4, pp. 173-180, 2010,
https://doi.org/10.1016/j.endeavour.2010.07.004.

[25]T. Dreschel, B. McClain, D. Chamberland, W.
Knott, and R. Grymes, "SEEDS II: More tomatoes
from space!(for classroom research),” in 37th
Annual Space Congress, Cape Canaveral, Florida,
2000, vol. 37.

[26]B. Melton, "Seeds: A Celebration of Science,"
NASA, Report no EP-281, 1991.

[27]F. Mousavi, "The effect of extreme temperature
fluctuations simulated of space on the electrophoretic
profile of tomato (Lycopersicum esculentum Mill.)
seed storage proteins,” Journal of Space Science and
Technology, vol. 16, no. 4, pp. 83-89, 2023,
https://doi.org/10.30699/jsst.2023.1433.

[28]L. T. Mishchenko, A. A. Dunich, and O. I. Danilova,
"Impact of a real microgravity on the productivity of
tomato plants and resistance to viruses," in Life in
Space for Life on Earth, Aberdeen, United Kingdom,
2012, Art. no. ESA SP-706.

00998 Gt JpS 3 (B mdh £35 2 5iMe (L Sloy ]

vol. 2020, no. 1, 2020, Art. no.
https://doi.org/10.1155/2020/4703286.

[8] J. C. Chancellor et al., "Limitations in predicting the
space radiation health risk for exploration astronauts,"
npj Microgravity, vol. 4, 2018, Art. no. 8§,
https://doi.org/10.1038/s41526-018-0043-2.

[9] A. Yamagishi et al., "Japan Astrobiology Mars
Project (JAMP): Search for microbes on the Mars
surface with special interest in methane-oxidizing
bacteria," Biological Sciences in Space, vol. 24, no. 2,
pp. 67-82, 2010, https://doi.org/10.2187/bss.24.67.

[10]A. L. Paul, S. M. Elardo, and R. Ferl, "Plants grown in
Apollo lunar regolith present stress-associated
transcriptomes that inform prospects for lunar
exploration,” Communications Biology, vol. 5, 2022, Art.
no. 382, https://doi.org/10.1038/s42003-022-03334-8.

[11]T. Shymanovich and J. Z. Kiss, "Conducting plant
experiments in space and on the Moon," in Plant
Gravitropism: Methods and Protocols, E. B. Blancaflor,
ed. 2nd ed. Humana New York, NY: 2022, pp. 165-198,
https://doi.org/10.1007/978-1-0716-1677-2_12.

[12]P. Zabel, M. Bamsey, D. Schubert, and M. Tajmar,
"Review and analysis of over 40 years of space
plant growth systems," Life Sciences in Space
Research, vol. 10, pp. 1-16, 2016,
https://doi.org/10.1016/j.1ssr.2016.06.004.

[13]R. J. Ferl et al., "Transcriptomic dynamics in the
transition from ground to space are revealed by
Virgin  Galactic  human-tended  suborbital
spaceflight,” Nature Partner Journals
Microgravity, vol. 9, 2023, Art. no. 95,
https://doi.org/10.1038/s41526-023-00340-w.

[14]N. S. Beisel, J. Noble, W. B. Barbazuk, A. L. Paul,
and R. J. Ferl, "Spaceflight-induced alternative
splicing during seedling development in
Arabidopsis thaliana,” Nature Partner Journals
Microgravity, vol. 5, 2019, Art. no. 9,
https://doi.org/10.1038/s41526-019-0070-7.

[15]A. Manzano, E. Carnero Diaz, R. Herranz, and F. J.
Medina, "Recent transcriptomic studies to elucidate
the plant adaptive response to spaceflight and to
simulated space environments," Iscience, vol. 25, no.
8, 2022, Art. no. 104687.

[16]H. Kaollist, S. I. Zandalinas, S. Sengupta, M. Nuhkat,
J. Kangasjarvi, and R. Mittler, "Rapid responses to
abiotic stress: Priming the landscape for the signal
transduction network," Trends in Plant Science,
vol. 24, no. 1, pp. 25-37, 2019,
https://doi.org/10.1016/j.tplants.2018.10.003.

[17]F. E. Prado, C. Boero, M. Gallardo, and J. A.
Gonzélez, "Effect of NaCl on germination, growth,
and soluble sugars content in Chenopodium quinoa

4703286,



https://doi.org/10.1155/2020/4703286
https://doi.org/10.1038/s41526-018-0043-2
https://doi.org/10.2187/bss.24.67
https://doi.org/10.1038/s42003-022-03334-8
https://doi.org/10.1007/978-1-0716-1677-2_12
https://doi.org/10.1016/j.lssr.2016.06.004
https://doi.org/10.1038/s41526-023-00340-w
https://doi.org/10.1038/s41526-019-0070-7
https://doi.org/10.1016/j.tplants.2018.10.003
http://dx.doi.org/10.61186/nbr.10.4.88
https://doi.org/10.1111/nph.12782
https://doi.org/10.3390/plants9060703
https://doi.org/10.1590/S0101-20612011000100035
https://doi.org/10.1016/j.endeavour.2010.07.004
https://doi.org/10.30699/jsst.2023.1433

6l ssge (sgwge acbld

radiation on plants,” Radiation and Environmental
Biophysics, wvol. 50, pp. 1-19, 2011,
https://doi.org/10.1007/s00411-010-0343-8.

[33]C. Arena, V. De Micco, and A. De Maio, "Growth
alteration and leaf biochemical responses in
Phaseolus vulgaris exposed to different doses of
ionising radiation," Plant Biology, vol. 16, no. s1, pp.
194-202, 2014, https://doi.org/10.1111/plb.12076.

[34]C. Arena, V. De Micco, G. Aronne, M. Pugliese, A.
V. De Santo, and A. De Maio, "Response of
Phaseolus vulgaris L. plants to low-let ionizing
radiation: Growth and oxidative stress,” Acta
Astronautica, vol. 91, pp. 107-114, 2013,
https://doi.org/10.1016/j.actaastro.2013.05.013.

wlad (glid 5 pole /Yoo
Y ajled ¢ WA Byg0 AFF Lo

[29]E. Dzhos et al., "Effect of spaceflight on tomato seed
quality and biochemical characteristics of mature
plants," Horticulturae, vol. 7, no. 5, 2021, Art. no. 89,
https://doi.org/10.3390/horticulturae7050089.

[30]J. O. Chandler et al., "Rocket science: The effect
of spaceflight on germination physiology, ageing,
and transcriptome of Eruca sativa seeds," Life, vol.
10, no. 4, 2020, Art. no. 49,
https://doi.org/10.3390/1ife10040049.

[31]W. Ren, Y. Zhang, B. Deng, H. Guo, L. Cheng, and
Y. Liu, "Effect of space flight factors on alfalfa
seeds," African Journal of Biotechnology, vol. 9,
no. 43, pp. 7273-7279, 2010,
https://doi.org/%2010.5897/AJB10.532.

[32]V. De Micco, C. Arena, D. Pignalosa, and M.
Durante, "Effects of sparsely and densely ionizing



https://doi.org/10.3390/horticulturae7050089
https://doi.org/10.3390/life10040049
https://www.ajol.info/index.php/ajb/article/view/130348
https://doi.org/10.1007/s00411-010-0343-8
https://doi.org/10.1111/plb.12076
https://doi.org/10.1016/j.actaastro.2013.05.013

