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Effects of UVA and its simultaneous action with 
blue light on the growth and phototropism of 
cress leaves under various gravity conditions
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The gravity of the Earth (1g) and phototropic active components 
of the  light spectrum are the  stimuli regulating the  directional 
growth of plants. In this study, the  role of combined light and 
gravity effects on plant leaves (Lepidium sativum L.) was tested. 
Treatment with UVA (370  nm) or UVA combined with blue 
light together with the gravity in the  slow clinostat (clinorotat-
ed 3  rpm), or Earth’s gravity (1g), was applied. A  custom-built 
clinostat with LEDs allowed unidirectional illumination of cress 
leaves. UVA or UVA with blue light was directed laterally at cress 
leaves for a 3 h exposure. Responses of cotyledons and true leaves, 
both under 1g and clinorotation conditions, were compared. 
The obtained data show that UVA (370 nm) suppresses the elon-
gation of cotyledons and true leaves under changed gravity of 
the Earth. Clinorotation suppresses the growth of cotyledons but 
not of the  true leaves under UVA with blue light. Comparison 
of leaf phototropism induced by different illuminations under1g 
and changed gravity conditions revealed that phototropism was 
induced by clinorotation but suppressed by Earth’s gravity. Photo-
tropic responses of true leaves under clinorotation were stronger 
than those of cotyledons.
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INTRODUCTION

Constantly responding and adjusting to environ-
ment-dependent responses, plants have developed 
plasticity of growth (Trewavas, 2005). Gravity and 
light are two ecological factors that substantially 
determine the peculiarities of plant growth, trop-
isms, spatial orientation, and initial adaptation to 
the alterations of the environment. The direction 
and magnitude of gravity as well as the direction, 

intensity and spectral components of light greatly 
affect the  directional growth of terrestrial plants 
(Bastien et al., 2015; Takemura et al., 2017). There-
fore, in the environment of Earth’s gravity (1g), it 
is difficult to distinguish whether gravity, light, or 
both stimuli cause plant responses. To distinguish 
between the effects of these stimuli, a clinostat or 
a random positioning machine may be used (Ho-
son et al., 1997; Kraft et al., 2000). Slow clinoro-
tation (3 rpm) is one of the best modes to study 
the  influence of omnilateral gravistimulation 
on plant reactions to monochromatic light. It is 
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evident that plants sustain a stress under grav-
ity alterations and undergo adaptation the  im-
pact of which can disturb the  usual chain of 
growth processes (Kittang  et  al., 2004; Sohet 
et  al., 2011). Under altered gravity conditions, 
light can play a crucial role in the optimization 
of growth through phototropism, controlling 
the pathways to achieve adaptive growth. Fur-
thermore, phototropic responses of seedlings to 
blue, red, and far-red light are strengthened un-
der altered gravity conditions (Vitha et al., 2000; 
Corell, Kiss, 2002; Kumar et al., 2008; Kiss et al., 
2011; Raklevičienė  et  al., 2011). Blue-light-
based phototropism of Arabidopsis hypocotyls 
was stronger in real microgravity as compared 
with phototropism in the 1g environment (Ku-
mar  et  al., 2008). Interestingly, hypocotyls of 
seedlings developed in microgravity (changed 
gravity conditions) show positive phototropic 
responses to red light; however, responses of 
hypocotyls grown at 1g in a space centrifuge or 
on the ground were not apparent (Millar et al., 
2010). These findings imply that alterations of 
gravity conditions may act as a significant factor 
in plant responses to light. Ultraviolet A is also 
involved in the regulation of numerous growth 
processes, including germination, vegetative 
growth, organogenesis, phototropisms, circa-
dian rhythms, and flowering induction (Maf-
fei  et  al., 1999; Jayakumar  et  al., 2004; Krizek, 
2004; Sarghein et al., 2008; Victório et al., 2011). 
Current data suggest that blue light and gravity 
play major roles in the control of seed germina-
tion (Vitha et al., 2000). As far as we are aware, 
knowledge of the events related to leaf responses 
to clinorotation under UVA or its simultane-
ous action with blue light is sparse. Taking into 
consideration the fact that light and gravity are 
stimuli regulating the  directional growth of 
plants, we suppose that a unidirectional lateral 
short-term exposure of the  basal part of leaf 
petioles to ultraviolet A (370 nm) and its simul-
taneous action with blue (450 nm) light might 
modulate slow clinorotation (3 rpm) effects on 
the growth of cress leaves. The main objective of 
this study was to investigate phototropism and 
growth of leaves to the tested illuminations un-
der simulated microgravity conditions.

MATERIALS AND METHODS

Plant materials and light treatments
The experiments were performed using nine-
day-old cress (Lepidium sativum L.). Seedlings, 
germinated for one day in Petri dishes, were 
planted in the  centre of glass tubes (diame-
ter 3.0  cm, height 4.5  cm) on rockwool (Par-
gro, the  Netherlands) moistened with 1/2  MS 
medium. Cress seedlings grew in stationary 
vertical glass tubes illuminated by fluorescent 
lamps OSRAM FLUORA (L  36  W/77, densi-
ty 240 µmol m–2  s–1) for 12 hours of light/dark 
photoperiod. Then, the  glass tubes with plants 
were placed into cultivation holders. One set of 
holders was attached to the  horizontal axes of 
the  clinostat and clinorotated at 3 rpm, while 
the other set remained vertical as a control vari-
ant (1g). Before the  exposure to the  test light, 
both sets of plants were cultivated for 20 hours 
in the  dark for diminishing white light effects 
(Allen  et  al., 2006). In order to test the  effects 
of clinorotation (CR) on the leaves under UVA 
and simultaneously with blue light (UVA+BL), 
a custom-built lighting system consisting of au-
tonomous illumination units for each cultiva-
tion holder was produced (Fig.  1a). Each unit 
was composed of monochromatic UVA (Opto-
source, Ultra–Violet 260019, 370 nm) and blue 
(BL, Epitex, L450–06, 450 nm) emitting diodes. 
BL intensity was measured by a photoradiometer 
(HD2102.1, Delta OHM, Italy). UVA irradiance 
was recorded by a VLX–3W radiometer (Vilber 
Lourmat, France). Photon flux density of UVA 
amounted to approximately 13 µmol m–2 s–1 and 
that of BL to 30 µmol m–2  s–1. All experiments 
were carried out at ambient temperature of 
23 ± 1°C. For a three-hour exposure, light-emit-
ting diodes were switched on without stopping 
CR. UV–A or UV–A+BL was applied laterally to 
the plants. During the experiments, the maximal 
distance of the leaf petioles did not exceed 3 mm 
from the  longitudinal axis of the  cultivation 
holders. Thus, the leaf petioles could be affected 
by the centrifugal force of 3 × 10–5 g during CR. 
Accordingly, apexes of leaf laminas were outly-
ing 7.4–14.9 mm from the axis and affected by 
the force of 7.4 × 10–5–1.5 × 10–4 g, respectively.
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Analysis of leaf positions 
Leaf positions (phototropic response) were 
recorded at 30 min intervals with digital cam-
eras (Moticam 2000, 2300, and Sony DSLR-
A390L) in 2D format. Analysing each expo-
sure period, digital leaf images were evaluated 
by measuring the  cotyledonary petiole angle 
(Fig. 1a) and true leaf petioles angle with re-
spect to the light source (Fig. 1b). The sets of 
the UVA variant represent 13–16 and 8–9 ana-
lysed plants, of UVA+BL – 8–9 and 6–7 for 1g 
and CR, respectively.

Statistical analysis
Statistical analysis was conducted using the 
standard Anova package for MS Excel 7. Report-
ed values are presented as the mean ± standard 
error (SE). Each set of the experiments was re-
peated at least three times. The measurements 
of the CR leaves were compared with those of 
1g control (Earth’s gravity). Statistical differ-
ences were determined by the Student’s test at 
the significance level of p ≤ 0.05.

RESULTS AND DISCUSSION

The gravity effect on plants is associated with 
the growth of spatial orientation – gravitropism. 
In real and clinoratation (simulated micrograv-
ity) conditions, plants lose vertically-oriented 
growth, resulting in a  change in organogenesis 
and growth parameters (Merkys, Laurinavičius, 
1990; Laurinavičius  et  al., 2001; Bastien  et  al., 
2015; Takemura  et  al., 2017). Another impor-
tant growth direction determining environ-
mental factor is light. Phototropism is defined 
as plant organs or growth directed towards or 
against the light source. It depends on the quan-
titative and qualitative indicators of the  light 
and the  characteristics of the  organ (plant). 
In the  course of evolution, plants adapted to 
the gravitational constant and regularly chang-
ing light exposure to form sensory systems, 
which, at first glance and for many years, seemed 
not related. Establishment of direct phototro-
pism and indirect gravitropism connection with 
the  phytochrome activity (Correll, Kiss, 2002; 
Lariguet, Frankhauser, 2004, 2005; Kumar, Kiss, 
2006) and a definite connection with the auxin 
and the  transporter proteins PIN1 and PIN3 
(Friml  et  al., 2003; Roychoudhry, 2017) opens 
the way to investigate the spectral light compo-
nents that influence the  plants on Earth’s and 
MG conditions. Thale cress and gravitropic 
and phototropic mutants have proven a  con-
nection between these tropisms (Vitha  et  al., 
2000; Corell, Kiss, 2002). It can be assumed that 
eliminating the  gravity or during hypergravity 
(Takemura  et  al., 2017), plant growth and de-
velopment can be effectively regulated by a bal-
anced spectrum and intensity of light. However, 

Fig. 1. Scheme for the assessment of the spatial po-
sition of the cress leaf (cotyledons (a) and true leaf 
(b) petiole angle with respect to the light source)

Histological analysis of leaf petioles of the cress
Cotyledon and true leaf petioles were fixed with 
liquid chemical fixative FAS (made from formal-
dehyde, acetic acid, and ethanol, 1:1:18). Fixed 
substance was kept for four days at +4°C and 
then washed with 70% ethanol. After this pro-
cedure, prepared samples were dehydrated and 
impregnated with paraffin. Impregnated peti-
oles were cut by rotary microtome in 10–12 µm 
thickness sections. According to the  modified 
methodology of the Experimental Plant Ecology 
Laboratory, periodic acid-Schiff reaction and sa-
franin were used to paint longitudinal sections of 
petioles. Canadian balsam was used in the per-
manent histological preparations. For histologi-
cal analysis of leaf petioles 5–7, a  full version 
of each preparation was selected and analysed. 
Preparations were studied under a  microscope 
and photographed, while digital images were 
analysed using Motic ImagePlus 2.0 ML and Sig-
maScan Pro 5 software packages.
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results of these tests with the  cress (Arabidop-
sis) (Millenaar  et  al., 2005; Stutte  et  al., 2006; 
Mano et al., 2006), rice (Oryza sativa L.), barley 
(Hordeum vulgare L.), and sweet potatoes (Ipo-
moea batatas L.) (Kitaya et al., 2001, Hua et al., 
2007) are controversial and there is no clear an-
swer about the influence of individual spectral 
components and the flux density on different 
kinds of plant growth and morphogenesis in the 
conditions of Earth’s gravitation and real or sim-
ulated microgravity. Terrestrial plants evolved 
under constant 1g gravity and changing light 
environment; therefore, their responses to grav-
ity alterations may be modified by components 
of the light spectrum (Corell, Kiss, 2002; Buizer, 
2007; Kiss et al., 2011; Raklevičienė et al., 2011; 
Klem et al., 2019).

Leaf growth
We compared the  effects of microgravity 
simulated by slow clinorotation under UVA 
(370  m) and under simultaneous action of 
UVA with blue light (UVA+BL, 450  nm) on 

cotyledons and true leaves of cress. During 
a  3-h exposure to UVA, clinorotation (CR) 
caused a substantial decrease in the elongation 
of cotyledons and true leaves in comparison 
with the  growth of control plants at 1g (Ta-
ble  1). However, after UVA+BL illumination, 
gravity-independent growth of true leaves and 
gravity-dependent growth of cotyledons were 
ascertained. In comparison with 1g conditions, 
clinorotation promoted a radial expansion and 
eliminated size differences in cotyledons under 
both tested illuminations. However, CR under 
UVA+BL resulted in a  significant decrease in 
the length of cotyledons but not in the length 
of true leaves. Therefore, the area of true leaves 
but not of cotyledons was diminished after CR 
under UVA (Table 2). When UVA was applied 
simultaneously with BL, CR provoked an ap-
proximately 12% increment in the area of true 
leaves; however, it was insignificant in compar-
ison with the  area of control true leaves. Cli-
norotation and UVA resulted in a  significant 
reduction of the leaf area. These findings verify 

Table  1 .  The length of cress leaves under clinorotation and at 1g after UVA and UVA+BL illumination

Illumination

Length (mean ± SE), mm2

Cotyledons True leaves

1g CR 1g CR

UVA
26.08 ± 0.34

(21)
23.26 ± 0.48*

(18)
16.30 ± 0.33

(21)
13.65 ± 0.50*

(18)

UVA+BL
26.84 ± 0.40

(19)
24.36 ± 0.32*

(20)
16.47 ± 0.32

(19)
16.48 ± 0.41

(20)
* – the difference between 1g and clinorotation variants (CR) is significant at p ≤ 0.05 
The number of analyzed samples is given in brackets.

Table  2 .  Impact of clinorotation on the area of cotyledons and true leaves after illumination with UVA 
and UVA+BL

Illumination
Area (mean ± SE), mm2

Cotyledons True leaves
1g CR 1g CR

UVA
85.70 ± 4.14

(22)
82.25 ± 2.46

(37)
41.36 ± 3.71

(22)
35.24 ± 1.47*

(36)

UVA+BL
93.11 ±  3.17

(18)
91.02 ± 3.19

(20)
39.28 ± 2.70

(19)
44.09 ± 2.11

(20)
* – the difference between 1g and CR variants is significant at p ≤ 0.05 
The number of analyzed samples is given in brackets.
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the  supposition that clinorotation promotes 
a  radial growth if one of the  applied spectral 
components of light is blue.

It is important to have in mind that clinorota-
tion as well as the application of UVA and blue 
light induce stress responses. The surface of plant 
leaves actively responds to alterations of gravity 
(Kitaya et al., 2001) and light spectrum (Lariguet, 
Fankhauser, 2005; Roychoudhry, 2017).

The effect of UVA and UVA with blue light 
on the leaf phototropism
Gravity and light-related tropisms of leaves or 
stem-like organs were observed in microgravity 
and in ground-based experiments (Corell, Kiss, 
2002; Lariguet, Fankhauser, 2004, 2005; Buizer, 
2007; Kiss et al., 2011). To our knowledge, nu-
merous studies into graviresponse of the leaves 
of different plant species showed ambiguous 
results. The dynamics of the movement is then 
fully determined by the leaf that was inside (Ki-
taya et al., 2001; Stutte et al., 2006; Mano et al., 
2006; Hua  et  al., 2007; Solheim  et  al., 2009; 
Soh et al., 2011; Bastien et al., 2015). We inves-
tigated phototropism of leaves of green plants 

after 24 h darkness period in order to eliminate 
the effects of white light. Phototropism of leaves 
was estimated by measuring the  curvature of 
their petioles from the  initial position towards 
light-emitting diodes. Digital image analysis 
showed that in microgravity (MG) conditions, 
when one-direction gravitropic irritation is sup-
pressed, leaf positive phototropic response to 
UVA is revealed (Fig. 2a). The angle of cotyle-
don petioles to UV–A decreased by 2–5° within 
30 min interval in CR. Within 180 min, the pet-
iole angle toward the  UV–A decreased to 24° 
(Fig. 2b). Under 1g conditions, the angle of cot-
yledon petioles with respect to the UVA source 
decreased only by 1–3° within 30 min interval, 
so during the test (180 min) the angle decreased 
by 7°. Therefore, it can be inferred that the UVA 
effect is suppressed based on gravity. Under 
CR, the true leaf petiole angle toward the UVA 
decreased by 4–5° every 30 min, and through-
out the  test (180  min) decreased by about 26° 
(Fig. 2c). In the 1g, the angle between the peti-
oles and UVA source direction decreased by 
11° within 180 min. A slightly more intense de-
crease in the true leave petiole angle is identified 

Fig. 2. Cress leaf position at the end of the test 180 min (a, b) and the phototropic response 
of different cress leaves (cotyledons – CL and true leaf –TL) (c) with UVA radiation in 
simulated microgravity (MG) conditions and affected by gravity (1g). Means (±SE) with 
different letters are significantly different at p ≤ 0.05
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between 60 to 120 min of the test, and the angle 
did not change between 120 to 180 min (Fig. 2c).

The received image analysis revealed that in 
the  conditions of simulated MG and UVA+BL 
light affects leaf increase (Fig. 3a, 3b). The coty-
ledonary petiole angle in MG conditions with 
respect to UVA+BL light decreased by 8° with-
in 30 min interval. The angle decreased during 
the whole test. Within 180 min, the cotyledon-
ary angle with the respect to the light source de-
creased by 32° (Fig. 3c). As the decline of the an-
gle indicates the  cotyledon petiole movement 
towards the  light source, so it can be said that 
in MG conditions UVA+BL phototropic light-
ing has a positive impact on the cotyledons. In 
normal gravity conditions, the  UVA+BL light-
ing effect is almost imperceptible (Fig. 3c). With 
respect to UVA+BL light, the cotyledonary peti-
ole angle was declining slightly, by 1–2°, within 
a 30 min interval and during the whole period of 
the test the angle decreased only by 8° (Fig. 3c). 
Lighting true leaf petioles with UVA+BL light 
under MG conditions for up to 30 min had 
a negative impact. The petiole angle to the light 
source has increased by 5°, the  true leaves 
moved away from the  light source. From 30 to 

150 min, the petiole angle increased rapidly by 
15° (Fig. 3c), then the true leaves did not move 
and the angle did not change. In MG conditions, 
the petiole angle decreased by 36° from the be-
ginning of the  test (Fig.  3c). In 1g conditions, 
the UVA+BL lighting effect was not as significant 
on true leaves as under MG conditions. For up to 
30 min of the test, the petiole angle with respect 
to the light source was slightly declining, and be-
tween 60 and 120 min the angle did not change. 
Normal gravity suppresses UVA+BL light effect 
on the true leaves. From the 120 min, a slight 3° 
petiole angle decline with respect to the source 
of illumination was identified (Fig. 3c).

The  phototropic movement of the  petioles 
revealed that true leaves were more sensi-
tive to clinorotation than cotyledons. Besides, 
UVA+BL stimulated positive phototropism of 
clinorotated leaves of both types more inten-
sively compared with UVA. The data on trop-
isms of 1g and clinorotated leaves show that 
phototropism induced by UVA in true leaves or 
by UVA+BL in both cotyledons and true leaves 
is suppressed by gravitropism.

The most common UVA radiation studied 
in normal gravity conditions is as attached to 

Fig. 3. Cress leaf position at the end of the test 180 min (a, b) with UVA+BL light and 
phototropic response of different cress leaves (cotyledons – CL and true leaf – TL) in 
simulated microgravity (MG) conditions and affected by gravity (1g) (c). Means (±SE) 
with different letters are significantly different at p ≤ 0.05



109Effects of UVA and its simultaneous action with blue light on the growth and phototropism of cress... 

natural light. Basic blue, red and far-red light 
spectrum replenishment of UVA (380  nm) 
radiation stimulated the  development of to-
mato seedlings. Such lighting influence on to-
mato seedlings had the  highest leaf area and 
the  shortest hypocotyls. Additional UVA ra-
diation adversely affected all varieties of winter 
wheat, but stimulated the accumulation of an-
tioxidant substances in rye, spring wheat, and 
barley (Urbonavičiūtė et al., 2009). UVA radia-
tion has an antioxidant microgreens potential 
increasing property (Brazaitytė  et  al., 2015). 
It is known that UVA radiation causes stress 
to plants, but smaller amounts can increase 
the  content of photosynthetic pigments and 
stimulate growth (Urbonavičiūtė  et  al., 2007; 
Brazaitytė  et  al., 2010). It is considered that 
UVA radiation and/or its combination with 
white or blue light positively influence photo-
morphogenesis, photosynthetic activity, and 
accumulation of biomass (Yayakumar  et  al., 
2004; Maffei et al., 1999). Previous studies show 
that cucumber and Arabidopsis thaliana seed-
lings marked positive phototropism to short 
and long wave UV (Shinkle et al., 2004). Other 
authors confirm that the  UVA (320–390  nm) 
and blue light (390–500 nm) affect the Arabi-
dopsis gene expression and regulate leaf pho-
totropism and growth in natural gravity con-
ditions (Jenkins, 1997; Fankhauser, Chory, 
1997). In the  CR environment, the  tropical 
leaf response bookmark was faster, so it can be 
inferred that using blue light has higher pho-
ton flux density and a  balanced lighting can 
regulate plant growth. The assumption is that 
reaction of organ growth in CR depends on 
the development of organs and is particularly 
sensitive to blue light beam, which controls 
0 ≤ g ≤ 1 gravitational environment cultivated 
plant leaf tropism (Whippo, Hangarter, 2004; 
Kumar et al., 2008).

The statolith theory of gravisensing is based 
on the results of numerous studies (Yamamo-
to, Kiss, 2002; Kordyum  et  al., 2007; Scherp, 
Hasenstein 2007; Vitha  et  al., 2007). Sedi-
mentation of amyloplasts (statoliths) in root 
and stem gravisensory cells (statocytes) is an 
integral part of graviperception and is neces-

sary for the induction of gravitropic response. 
However, unlike the root statocyte, here the nu-
cleus may settle with amyloplasts, and when 
the  stem is upright, they located at the  bot-
tom of the  cell (Kato  et  al., 2002). According 
to some researchers, the central vacuole plays 
a key role in mast gravisensing by influencing 
the  movement of amyloplasts in endoderm 
cells. It is believed that during the  sedimen-
tation of amyloplasts, these interactions with 
the  tonoplast may release ions necessary for 
the  transmission of the  gravity signal (Mori-
ta et al., 2002). It is also possible that the pro-
teins of the  amyloplast membrane interact 
with vacuolar tonoplast proteins, resulting in 
a  gravitational response. The  interaction be-
tween amyloplasts and the tonoplast and their 
sedimentation through the  central vacuole is 
an integral part of the transduction of the grav-
ity signal in the mast statocyte. Decreased am-
yloplast sedimentation was observed in plant 
mutants with vacuole formation, transport via 
lesions (Kato et al., 2002; Morita et al., 2002), 
or endocytosis defects (Silady et al., 2004) and 
diminished stem gravitropism.

The  histological analysis of cotyledons and 
true leave petioles was performed to iden-
tify mobile amyloplasts functioning as stato-
liths and performing a  gravisensing function 
in the  endoderm tissue of cress leave petioles 
(Fig. 4). The analysis showed that the  lighting 
affects the number and size of the amyloplasts 
and the size of cells (Table 3). Upon illumina-
tion by UVA and UVA+BL, the number of true 
leaf petiole amyloplasts in the  CR conditions 
was up to 10% higher and they were 5% larger 
in normal gravity 1g conditions (Table 3).

Comparative leaf motion analysis showed 
that gravity essentially inhibits leaf phototro-
pic reactions to UVA and UVA+BL. In MG 
conditions, such response of the  leaves could 
have been caused by a  stronger increase in 
the density of the photon flux of both UVA and 
BL. The  results expand the  understanding of 
the  ecological functions of tropism and high-
light the  interactions between light and spec-
tral components tropism. This phenomenon 
requires more comprehensive investigation.
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CONCLUSIONS

UVA and clinorotation significantly inhib-
ited leaf elongation and the area of true leaves 
compared to control plants. Clinorotation 
promoted a  radial expansion and eliminated 
size differences in cotyledons under UVA and 
UVA+BL. UV radiation has a phototropic ef-
fect on leaves, which develops in micrograv-
ity. UVA+BL illumination had a  slight posi-
tive effect on the leaves under normal gravity. 
The distribution of amyloplasts is dependent 
on gravity conditions. The  combination of 
UVA radiation and the complex UVA+BL un-
der MG conditions promoted the  formation 
of larger amyloplasts in true leaves. Upon il-
lumination by UVA and UVA+BL, the num-
ber of true leaf petiole amyloplasts in the cli-
norotation conditions was higher and they 
were larger compared to normal gravity (1g) 
conditions.
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ULTRAVIOLETO A IR JO DERINIO SU 
MĖLYNA ŠVIESA POVEIKIS SĖJAMOSIOS 
PIPIRNĖS LAPŲ FOTOTROPINEI REAKCIJAI 
IR AUGIMUI ĮVAIRIOMIS GRAVITACIJOS 
SĄLYGOMIS

Santrauka
Gravitacija ir šviesa  –  tai du svarbiausi fiziniai 
aplinkos veiksniai. Pirmasis Žemėje kinta mažiau-
siai, o antrasis kinta nuolat. Šių veiksnių įtaka au-
galų erdvinei orientacijai, augimui, vystymuisi ir 
produktyvumui yra neabejotina. Mėlyna spektro 
komponentė stipriau negu UV–A valdo skilčiala-
pių ir tikrųjų lapų sėjamosios pipirnės (Lepidium 
sativum  L.) tropinio augimo procesus įprastinės 
gravitacijos (1g) sąlygomis. Diferencijuotas UV–A 
ir kompleksinis UV–A su mėlyna šviesa apšvietimo 
poveikis lapų augimui MG sąlygomis priklauso nuo 
organų išsivystymo fazės (skilčialapiai ar tikrieji la-
pai). Nustatyta, kad gravitacija (1g) slopina UV–A ir 
UV–A su mėlyna šviesa poveikį lapų fototropizmui. 
MG sąlygomis UV–A spinduliuotė sukelia teigiamą 
lapų fototropinę reakciją, o kompleksinis apšvieti-
mas UV–A su mėlyna spektro komponente – tikrų-
jų lapų neigiamą fototropinę reakciją ir reakcijos 
lėtėjimą, priešingai nei 1g aplinkoje. Nustatyta, kad 
sėjamosios pipirnės lapų lapkočių gravisensorinia-
me audinyje amiloplastai funkcionuoja kaip stato-
litai ir atlieka gravisensorių funkciją. Amiloplastų 
viduląstelinis išsidėstymas priklauso nuo gravitaci-
jos sąlygų. Tačiau UV–A spinduliuotės ir UV–A su 
mėlyna šviesa derinys MG sąlygomis skatino amilo-
plastų tikrųjų lapų lapkočiuose formavimąsi.

Raktažodžiai: gravitacija, klinostatavimas, ultra-
violetas A, lapai, tropizmai


