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Abstract

One-month, earth-based experiment with onions carried out in the prototype of
SVET-2 Space Greenhouse which has operated for 10 years on the MIR Orbital Station is
described in this puper. A new substrate (Ekelin) is used which is compared with the
substrate used before (Balkanin} on the biological indications of the grown plants. The
equal environmental parameters in the rool zone were maintained by automatic substrate
moisture control in both Vegetation Modules, Balkanin’s relatively low water-conductivity
is an essentiol disadvantage as a result of which twice fewer plants were grown; moreover,
they were shorter and with twice less biomass compared to that grown in Ekolin. For its
good water-conductivity Ekolin could be used in the future Space Greenhouses.

1. Introduction

Balkanin is Bulgarian invention and patent and was the first
substrate used in five space and many on-carth experiments carried cut in
the period 1985 - 1997. Becausc of its high relative weight and radioactive
background, low water-capacity and low water-conductivity, the American
scientists replaced Balkanin with Turface.

The aim of this experiment was to use new substrate — Ekolin and te
compare it to the used before Balkanin on the biological indications of the
grown plants. As the environmental parameters in the Growth Chamber are
the same for all plants we also tried to maintain cqual environmental
parameters in the two Vegetation Modules by automatically controlling the
substrate moisture.

Allium cepa — onion was chosen as a biclogical material in this
experiment because of its fast growth and rich vitamine content. The plant is
also a candidate for growth in the Biological Life Support Systems
providing food, water and air recovery for the future long-term space
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missions. Onion is also a suitable model plant for studding the impact of
different environmental stress factors. The plant is cspecially sensitive to
water stress and indication for this is the lowered ratc of transpiration,
photosynthesis and growth.

The basic biological indications that will be measured and will serve
for estimation in this experiment are: germination and plant height, row
biomass and root development.

2. Technical description of the experiment

SVET Space Greenhouse consists of Plant Growth Unit and Control
Unit. The Vegetation Vessel is divided into two Vegetation Modules (VM),
and 1s mounted on rails (like a drawer) in the Plant Growth Unit {1]. Each
VM has indcpendent, automatic moisture control maintained by moisture
sensor operating on thermodynamic principle [2].

Ekolin — the new substrate is ptaced in VM | and Balkanin — the
previously used substrate - in VM 2, The new substraic is developed by
NIPRORUDA and consists of natural clinoptilolite in composition with
cxpanded perlite and vermiculite, natural vermiculite, fertilized clinoptilolite
and water-soluble polymers, modified and activated by original Know How
technology of the firm. Its basic nutritional compounds are shown on Table
131

Balkanin is natural zeolitc enriched with nutrients on original
Bulgarian technology Table 2 [4].

T a b.1. Agrochemical characteristics of Ekolin for space greenhouse

EC POs | KO N-NH, | N-NO;
PH mS/em Water soluble forms Exirastion .w1t11 Be
solution
mg/100g
6.2 079 | 1850 | 722 | 3238 | 1575
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T a b. 2. Nutrient content of substrate Balkanin

Micr
Ea ssimi /10 | oele
Total content % sy assimilable | mg/ ppm
forms Og ment
5
N (.20 NH, 72 B 20-40
- P0s 004 | P,0s 12 Cn | 15-20
K,0 2.39 K0 1440 Zn | 40-80 |
Na,O 0.58 Na,C 400
L Caly 3.65 Ca0 574
MgC 1.80 MeO 60

The two VMs were filled only with substrate, without the linen wicks
and the air-pipe system for artificial acration of the substrate as was in the
original construction. The position of the two sensors was different, tco.
They were situated 2,5 ¢cm off the bottom of each VM, and not 3 ¢m off the
covering lid. This position allowed us to control the moisture so as to avoid
gravitational flow out of water — a phenomenon typical for ground-based
experiments.

3. Experimental course

The experiment was started on 18 November 2002 and continued till
18 December 2002. 1t was worked out in another ground-based experiments
that 1t is better to repeat Program 2 - the program for initial substrate
moistening for twice better and more even water disiributicn in the volume
with small water doses. So, Program 2 was repeated twice with
approximately 13 ml water dose. Program 3 — the program maintaining
autoratic control of the environmental parameters during plant growth was
started on 22 November. Before that the biological material - the onions
were planted. Each VM has two beds and 9 onions were planted on each of
them or totally 18 onions for each substrate. Analyzing the received data
from the twice-repeated Program 2 we decided to sct the following initial
parameters for Program 3: moisture threshold - 45% and 37 ml water dose
for both VMs. Some of the environmental parameters monitored during the
experiment are shown on Figure 1. Although we sct equal initial parameters
one week later twice less water was input in Balkanin due to substrate’s bad
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water conductivity. This led to different conditions in the root zones.
Balkanin was twice drier than Ekolin. To equalize the conditions in the
root zones we raiscd the moisture threshold in Balkanin from 45% to 50 %
and kept the same water dose — 37 ml.

In the beginning of the experiment when plants have not germinated
yet nor grown up enough water consumption is less, being needed only to
compensate water loss during cvaporation. But the sitnation was different
with Ekolin - too much water was consumed without plants. Analyzing the
data from the received telemetric frames it was determined that the substrate
in VM1 was subject to more intensive evaporation than the substrate in
VM2. X-ray photograph was stick on beneath the VV to prevent electronics
from damage if some gravitational water flow out occurred. The X-ray
photograph gave negative impact on the equal water evaporation from both
VMs, but as it was impossible to remove it without interrupting the
experiment we decided to leave it. On the 21* day when all of the plants in
Ekolin and half of the plants in Balkanin germinated and twice more watcr
was input in VM1 at one and the same moisture threshold the evaporation
from both VMs equalized and remained still till the end of the experiment.
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Fig 1. Environmental parameters in VM1 and YM2 during the experiment

134



The bad Balkanin water-conductivity allowed only half of the
plantcd plants to germinate although we raised the moisture threshold to
35% for several days and almost reached the point when gravitational flow
out of water was very possible fo occur.

The moisture thresholds set during the experiment were as follows:
in VM1 - 45% and 50% and in VM2 - 45%, 50%, 55% and 50%. These
thresholds werc maintained by different doses depending on pump
operational time.,

4. Results

From the very beginning of the experiment we measured some of the
plant biological parameters. The first indication obscrved was plant
germination. With two times less water in Balkanin due to its bad water-
conductivity two times Jess plants germinated. Four days after starting
Program 3, the first plant in Ekolin germinated, and two days later, the first
one in Balkanin germinated. 100 % germination was achieved on the 15
day of the cxperiment in Ekolin and 51% germination on the 21% day in
Balkanin. The plants in Balkanin werce smaller with softer leaves with less
biomass compared to those grown in Ekolin. The average plant height in
substrate Ekolin was 49.6 cm in the first row and 53.1 ¢cm in the second
row. Approximately 12 cm smaller were the plants in Balkanin - 37.4 cm in
the first row and 40.3 cm in the second row. The average plant weight in
Ekolin was 8.375g and almost twice less in Balkanin - 4,794g.

Observation of root growth was madc after the experiment had
finished. The upper layers in Balkanin were completely dry; it was wet near
the hydroaccumulators and below in the substrate’s volume. Approximately
2 cm of substrate from the covering lid were completely dry in Ekolin. The
whole volume below was evenly wetted. The plants grown in Ekolin were
with fine, more branched off roots, distributed like a net in the whole
volume of the substrate. The strongest roots were mainly near the
hydroaccumulators. The plants grown in Balkanin were with not so well
developed root system. The roots grew downward mainly near the
hydroaccumulators.

Both root systems sulfered from anoxia as the roots rcached the
wettest layers of the substrates at the bottom of the VMs, The roots grew
through the polyvinylchloride foam and outside the perforations in the VV
walls. Artilicial aeration of the subsirate is necessary on Earth as well to
prevent roots from anoxia.
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5. Conclusions

Moisture is vital for faster plant germination and normal plant
growth. Ekolin - the new substrate is with good water-conductivity and thus
ensures twice faster germination and better plant growth, Ekolin could be
used in the future Space Greenhouses after successfully passing the other
space-qualified tests.
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CPABHHATEJIEH AHAJIN3 HA PASBBUTHETO HA PACTEHH B
JABA PA3JIMYHH CYBCTPATA IIPH HAZE4MEH
EKCIIEPUMEHT

U HUnueea
Pezome

B cratusra e onucan ¢/JHOMCCEYSH HA3E€MCH eKCIIEPUMEHT ¢ KPOMHL
NyK, TpOBEACH ¢ IPOTOTHNA HAa KocMmuueckaTa opamkepus “CBET”,
pabotuna ycnemo 10 roguin na OpSuransa cranius “MUP”. Wanonssan
€ HoB cyOCTpaT (eKONuH), KOHTO € cpaBHeH ¢ GHOMOTMIecKUTE NIoKa3aTellu
HA U3MON3BaHUA N0-pano cyberpar (bamxanun). IlocTOIHHHMTE IOKA3aTENH
B 00J1acTTa Ha KOpPEHA 32 ABaTa BEreTalIHOHHH MOAYJa 6SXa NOMIBPKAHK C
4BTOMATHYEH  KOHTPON  Ha  Bnarata. CpaBHUTENHO  IO-HUCKATA
BONOMPOBOAMMOCT Ha OaJKaHMH € OCHOBEH HENOCTAaTHK, B DPE3YITaT Ha
KOHTO ©fAXa OTIVIeJaHn JABOWHO I[IO-MAJIKC pACTeHUS, OCBEH TOB4,
pacTCHUATa OsXa MO-HUCKW K ¢ ABOMHO No-Masika OMomaca OT MacaTta,
NOJy4€eHa NPY U3IMON3BaHCTO H& eKoiMH. J[obpaTa BOOONPOBOAUMOCT Ha
eKONMH TO MpaBM OCODEHO NOAXOAALl 3a U3NOJI3BaHe R OBbAcIH
KOCMUYECKH OPAHKEPHHU.
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