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ANATOMIC-PHYSIOLOGICAL CHANGES IN HORSE BEAN
SEEDLINGS UNDER THE INFLUENCE OF GIBBERELLIN AND
TEBUCONAZOLE AT CONDITIONS OF PHOTO- AND
SCOTOMORPHOGENESIS
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The combination of light/dark external factor, GA,; and GA, synthesis inhibitor
tebuconazole significantly changed the pattern of the source-sink relationship in
sprouts of horse bean during seed germination. The usage of gibberellin at light
leads to increase of reserve starch hydrolysis in germinating horse bean seeds. The
absence of light was a more significant factor for the starch hydrolysis than the
exogenous use of gibberellin and the antigibberellin substance tebuconazole. The
nitrogen-containing compounds content and reserve fats at early stages of germi-
nation in cotyledons did not change significantly, indicating less intensive use of
these compounds for morphogenesis during this period. Seed germination was
accompanied by a decrease under the action of gibberellin at light, and under the
action of tebuconazole — an increase, in root and epicotyl diameter due to the
peculiarities of histogenesis. Under the influence of gibberellic acid, total epiblem
and the primary root cortex thickened at light, and the epidermis and the primary
cortex of hypocotyl — at light and dark. The opposite change was caused by tebu-
conazole — the increase of tissue complex thickness occurred under both photo-
and scotomorphogenesis conditions. The number of xylem vessels in the vascular-
fibrous bunches in roots increased under the influence of tebuconazole in dark. In
epicotyls, the increase occurred in the number of vessels in bunches under the
action of tebuconazole both at light and in dark. Insofar as histogenesis is con-
trolled by phytohormones, established histological changes indicated a significant
re-structuring of the entire hormonal complex of seedlings.

Key words: Vicia faba L., morphogenesis, source-sink system, seed germination,
light, gibberellins, retardants.

One of the most important external factors that significantly affect mor-
phogenesis is light. The ability to switch between scotomorphogenetic and
photomorphogenetic development is essential for seedling survival. Central
to this mechanism is the photoreceptor system (including phytochromes,
cryptochromes and phototropin), which regulate the activation of photo-
morphogenesis [1]. In this case, the excitation of one photoreceptor can
enhance or inhibit the action of another [2]. The light spectral composi-
tion and intensity have a significant effect on seedling growth. Destruction
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of the leaf columnar parenchyma was observed during prolonged exposure
to red rays in cucumber plants, while the spongy parenchyma, which
assumes the main functional load, undergoes minor changes [3]. Plants
that germinate in complete darkness develop a program of scotomorpho-
genesis, characterized by elongation of the epicotyl or hypocotyl, the for-
mation of a hypocotyl loop, yellowing of cotyledons and corrugated first
leaves formation, reducing the leaves number in future [4, 5]. In dark,
plants form underdeveloped conductive structures; the apical meristem
contains proplastids and etioplasts instead of full-fledged chloroplasts. In
this case, monocotyledonous and dicotyledonous plants differ in the mor-
phology of seedlings that are grown at light and dark [6].

Today it is known that light can modify the growth and morphoge-
nesis of plants through the restructuring of the hormonal complex, which
is a mechanism of influence on source-sink system [7, 8]. The initial stages
of photomorphogenesis are accompanied by active metabolic changes,
phytochrome modification of the hormonal status of seedlings, transport
and formation of phytohormones gradients, in particular gibberellins, in
the plant, and changes in the rate of natural inhibitors [9, 10]. The use of
gibberellic acid biosynthesis inhibitors reduces the cells number and longi-
tudinal growth of stem cells, roots, leaves narrow, reducing the ratio of li-
near size of shoots relative to roots, leaves become dark green and delayed
aging in phototrophic plants [11,12].

On the soil surface, light acts as the main exogenous agent that
inhibits the activity of the main protein-suppressor of photomorphoge-
nesis COP1, which is synthesized in the nuclear space. Light determines
the activity of other transcriptional regulators that provide the realization
of gibberellin (DELLA) and brassinosteroids (BZR1/BES1) signals, as
well as activate trans-factors such as HYS, which initiate the transition to
autotrophic nutrition [13]. Because phytohormones are included in the
light signal transduction system, many of the light-regulated plant deve-
lopment factors also respond to the treatment of plants with hormones
[14].

Changes in the growth rate of different seedling organs under condi-
tions of photo- and scotomorphogenesis are obviously accompanied by dif-
ferences in the rate of use of reserve substances deposited in the cotyle-
dons, resulting in changes in the degree of tension between source and sink
activity. In some works, data are presented that indicate the possibility of
regulating the rate of reserve compounds utilization for the needs of growth
and development by external and internal factors [7, 15, 16].

The aim of our study was to establish the effects of gibberellin and its
antagonist tebuconazole on the functioning of the system depot of assimi-
lates—growth during the germination of horse bean seeds under conditions
of photo- and scotomorphogenesis.

Materials and methods

The work was carried out on seedlings of horse beans (Vicia faba L.) of
Vivat variety. This is a medium-ripe variety with a growing season of 100—
105 days. It is high-yielding — potential seed yield is 4.9 t/ha. Grain pro-
tein content is 34.3 %. Vitamin C content is 1.4 mg per 100 g. Total sugar
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content is 5.7 %. It is technological, resistant to major diseases. It has high
resistance to lodging, shedding of beans and spalling.

The combined effect of light or darkness, gibberellic acid and gib-
berellin antagonist tebuconazole was used to create different tensions of
source-sink relations during horse bean seeds germination. The seeds were
soaked for 24 hours in a 0.025 % aqueous solution of gibberellic acid (GA,)
or tebuconazole (TBZ) at concentration 0.05 %. Gibberellic acid is a white
crystalline substance with a molecular weight of 346.2 Da, the molecular
formula is C,yH,,0,. Melting point is 227 °C. The substance is poorly so-
luble in water and soluble in organic solvents. Gibberellic acid is a low-
toxic compound and belongs to the 3rd class of toxicity. LDy, for rats is
15630 mg/kg. It does not show carcinogenic, blastomogenic, skin-resorp-
tive and embryotoxic properties. The residual content of the substance is
not normalized, due to its presence in plants as a native metabolite.

Tebuconazole (C,(H,,CIN,O, 4,4-dimethyl-3-(1H-1,2,4-triazol-1-
ylmethyl)-1-n-chlorophenyl-pentan-3-ol) [26]. It is a transparent crys-
talline substance with a molecular weight of 307.8 Da and a melting point
of 104.7 °C. It is low-toxic for warm-blooded animals, and the LD, for
rats is 3.9—5.0 g/kg. It is the drug of 3rd danger class. In control variant,
the seeds were soaked in distilled water.

Seeds were sown in ditches with damp sand. Biological repeatability
was fivefold. The experiment was performed at the action of light (about
500 lux) and in dark in order to study the implementation of programs of
scoto- and photomorphogenesis. Microscopic investigations were per-
formed using a microscope «Mikmed-1» and an ocular micrometer MOV-
1-15x. The analytical repeatability of anatomical measurements was twen-
tyfold. Germination energy was determined on the 3rd day of germination.
The coefficients of seed reserve substances use for the needs of epicotyl and
root formation were defined as the ratio (in percent) of dry matter mass of
organ and total seedling dry matter mass on the 18th day.

At the same time, the content of reserve compounds in cotyledons was
determined according to the variants of the experiment. Determination of
starch content in cotyledons was performed by iodometric method, fat
content — by quantitative extraction using Soxhlet extractor, total nitro-
gen — by Kjeldahl [17].

The analytical repeatability of studies was fivefold. Statistical proces-
sing of the results was performed using the software package Statistica 6.0.
The reliability of the difference between control and experiment was deter-
mined by Student’s t-test. The tables and graphs show the arithmetic mean
values and their standard errors.

Results and discussion

The results of the study show that dark stimulated seed germination — this
process occured faster than at light. The treatments significantly affected
the rate of seed reserves utilization for growth processes (Figure). The
indices of germination energy and the coefficients of seed substances use
for the needs of epicotyl and root formation had the opposite effect under
the action of gibberellin and retardant tebuconazole.
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The effect of light, gibberellin and tebuconazole on germination energy and the rate of seed
reserves use on the formation of seedling organs

Starch is the basic reserve substance of horse bean seeds, so it is essen-
tial to analyze the dynamics of shifts in this reserve polysaccharide content
in cotyledons during germination under the growth regulators (GR) action.
Among other leading factors of gibberellins influence on seed germination is
the ability to stimulate a-amylase release by the embryo into the endosperm,
which contributes to starch grains splitting [18]. Our results indicate a signi-
ficant light effect on the starch hydrolysis rate during seed germination
(Table 1). The starch use rate in seed was much higher under conditions of
germination in the dark. Gibberellin stimulated starch breakdown simultane-
ously in light and in dark, but the effect of the antigibberilline substance TBZ
on the polysaccharide hydrolysis rate has not been established. It is known
that triazole compounds, include TBZ, do not affect the activity of previously
synthesized gibberellin, but only block its neoplasm [19]. Obviously, the horse
bean seeds have a sufficient amount of gibberellins reserved for rapid starch
hydrolysis at the early stages of seedling germination.

Previously, we found a significant accumulation of sugars at light and
under TBZ action in cotyledons [20]. This may indicate that the slower
epicotyl and root formation in TBZ-treated seedlings is associated with not
only a deceleration of starch hydrolysis, but also with an inhibition of the
use and outflow of sugars under retardant influence. However, it should be
noted that light presence or absence during germination was a much more
significant factor for the hydrolysis of starch than the use of GR.

There are only limited details on gibberellins and retardants effect on
the use of non-starch reserve substances during germination, in particular
proteins and lipids [21, 22]. Our results indicate a slower use of nitrogen-
containing compounds compared to reserve carbohydrates in germination
of bean seeds. Changes in nitrogen content in cotyledons of scotomorphic
and photormorphic plants on the 18th day of germination were much
smaller than changes in starch content. The use of gibberellin and tebu-
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TABLE 1. The effect of light, gibberellin and tebuconazole on the content of starch, total nitrogen and
oils in cotyledons of horse beans (% of dry weight)

Starch Total nitrogen Fat
Treatment
a | b a | b a b

Control 24.17£1.11  15.20%£0.76  4.74£0.24 4.26+0.21 0.68+0.03 1.04£0.05
GA; 22.31£0.11*  15.20£0.75  4.54+0.23 4.57£0.22  0.92£0.05*  0.57£0.03*

Tebuco- 22.17£1.20  15.5240.56  4.04+0.20*  3.64+0.18*  0.50%£0.02*  0.49%0.02*
nazole

Notes: *the difference is significant at p < 0.05; a — photomorphogenesis; b — scoto-
morphogenesis.

conazole did not lead to considerable changes in nitrogen content in cotyle-
dons. According to previously data obtained, deep protein hydrolysis and
nitrogen-containing compounds use for the processes of organogenesis is
started after intensive starch hydrolysis. In particular, this trend was estab-
lished during the germination of maize seeds: starch is used primary, and
protein compounds are used at later stages of germination [23].

Horse bean seeds contain a small amount of oil. Analysis of the resi-
dual fat content in cotyledons shows that germination at light was accom-
panied by an increase in oil content under the action of gibberellin and a
decrease in it under the action of TBZ compared to control. In our opi-
nion, this is due to the peculiarities of the substance biodilution under the
action of GR: the relative fat content increases due to the more intensive
starch use under the action of gibberellin. The opposite trend was observed
under tebuconazole action. Oil content decreased in cotyledons under the
action of both GA; and TBZ, at conditions of scotomorphogenesis. This
specificity of the seeds reserve oil use in dark requires further study.

Changes in the reserves use in germinating seed are determined by the
growth centers demand, and the processes of organogenesis, which are the
main sink of these substances during heterotrophic development. It is
established that the use of antigibberellin GR (retardants) leads to inhibi-
tion of linear growth and changes in morpho — and histogenesis of plants
[24—26]. In particular, structural changes in the anatomy of the tobacco
plants stem were detected both under the light influence and under the
action of GA,. The accumulation of lignin in cell walls was regulated pri-
marily by light, regardless of gibberellin effect and its concentration [27].
It should be noted that the effect of gibberellins and retardants was studied
mainly on the growth processes rate and the formation of secondary stem
structure [8, 28], the features of the primary structure of vegetative organs
remain barely explored.

Gibberellins are known to regulate the synthetic processes, transport
and biological activity of apical meristem, activating hormones, and
inhibit the development of lateral meristems. The primary and secondary
growth sites are spatially separated, and cellular hormonal signals coor-
dinate the growth rate between the apical and lateral populations of
meristematic cells [27]. Therefore, insofar as the action of gibberellin
and tebuconazole changes the growth rate of seedlings at light and in
dark, it is relevant to analyze the histological and anatomical changes in
them during germination (Table 2).
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Analysis of the anatomical structure of scoto- and photomorphic seedlings
indicates a significant effect of gibberellin and antigibberellin substance
tebuconazole on root and epicotyl primary structure. Under the conditions
of photomorphogenesis, there was an apparent decrease in root thickness
at GA3 action and its thickness increase under the influence of tebucona-
zole. The same formation process direction was observed for epicotyl.
Significant difference was not observed in root thickness under gibberellin
action in seedlings developed in dark, but epicotyl thickness decreased
under the TBZ action. The changes were determined by the peculiarities
of stele and cortex histogenesis of organs. Under gibberellin action, the
total epiblem and primary bark thickness of root, and epidermis and pri-
mary bark of epicotyl decreased, however these indices increased in pho-
tomorphic seedlings under tebuconazole action. Similar changes occurred
in stele of root and epicotyl under the action of GR. The decrease in stele
diameter was observed under gibberellin action in scotomorphogenesis
conditions. The same peculiarities were observed only in dark under tebu-
conazole action, but at light the thickness of this tissue complex even
increased. During photomorphic development, the number of vessels in
vascular-fibrous bundles of root did not change under the action of gib-
berellin, but increased under tebuconazole influence. The number of ves-
sels under the influence of gibberellin in epicotyl also did not change under
photomorphogenesis conditions, but increased under the action of tebu-
conazole. A similar effect of another triazole substance paclobutrazol on
the xylem formation was found in potatoes [29]. During development in
dark, the number of vessels in root under gibberellin treatment was small-
er compared to control, but increased by the action of tebuconazole. A
similar pattern was established for the development of epicotyl under sco-
tomorphogenesis conditions. At the same time, diameter of root xylem ves-
sels significantly increased both at light and in dark due to tebuconazole
action, and under gibberellin action diameter increased only during devel-
opment in dark. Vascular diameter in epicotyls increased both under the
action of gibberellin and tebuconazole during development in dark.

Thus, the use of gibberellin under the presence of light leads to increased
reserve starch hydrolysis in germinating horse bean seeds. The absence of
light was a more significant factor for the hydrolysis of starch than the
exogenous use of gibberellin and antigibberellin drug tebuconazole. The
content of nitrogen-containing compounds and reserve fats (oils) at the
early stages of germination in cotyledons did not change significantly, indi-
cating less intensive use of these compounds for morphogenesis during this
period. Seed germination at light under the action of gibberellin was
accompanied by a decrease, and under the action of tebuconazole — by an
increase in the root and epicotyl diameter due to the peculiarities of his-
togenesis. Total thickness of epiblem and primary root cortex at light, and
epidermis and primary cortex of epicotyl at light and in dark decreased
under the influence of gibberellic acid. Tebuconazole caused the opposite
change — the thickness increase in this tissue complex occurred under both
photo- and scotomorphogenesis conditions. Under the influence of tebu-
conazole in dark, the number of xylem vessels in vascular-fibrous bundles
of root increased. In epicotyls, the increase in the number of vessels in
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bundles under the action of tebuconazole occurred both at light and in
dark. Insofar as histogenesis is controlled by phytohormones, the estab-
lished histological changes indicate a significant re-organization of the
entire hormonal complex of seedling under the light, exogenic gibberellin
and its antagonist tebuconazole action.
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AHATOMO-®13i0JIOTIYHI 3MIHU Y TPOPOCTKAX KiHCbKMX BOBIB [
BIUTMBOM TIBEPENIHY I TEBYKOHA30JY B YMOBAX ®OTO- i
CKOTOMOP®OTEHE3Y

B.I. Kyp’asma, b.0. Kyu, I.B. [lonpouvka

BiHHUIIbKUIT AepkKaBHUIT MegaroriyHuil yHiBepcuteT iMeHi Muxaiina Korio6uHcbKoro
21000 Binuuug, Byn. OctposbKkoro, 32, YkpaiHa
e-mail: vgk2006@ukr.net

KoMGiHyBaHHSI 30BHIllIHBOTO (CBITJIO/TeMpsiBa) YMHHMKA, TiOepesoBOi KUCIOTU Ta iHribi-
TOpa CUHTE3y TibepesiHiB TeOYKOHA30y B MEpiol MPOPOCTaHHSI HACIHHS iCTOTHO 3MiHIOBa-
JIO XapakTep TOHOPHO-aKIIENTOPHUX BiTHOCHUH y TIPOPOCTKAX KiHChKUX 000iB. 3acTocyBaH-
Hs TriOepesliHy 3a HasBHOCTI CBiTJIa TIPUBOAUTL O TOCWJIEHHSI TiIpoJli3y pPe3epBHOrO
KpOXMaJIlo MPOPOCTAI0YOro HaciHHSI KiHChbKMX 000iB. BifacyTHIiCTh cBiT/Ia BUsSBMIIACS IS
riIpoJizy KPOXMaIIO iCTOTHIIMM YMHHUKOM, HiX €K30T€HHE 3aCTOCYBaHHS ribepesiHy Ta
aHTUTiIOepeiHOBOIO Ipenapary TeOykoHa3oj1y. BMicT a30TOBMICHUX CIIOJYK Ta pe3epBHUX
JKHMPIB Y CIM’SII0JISX Ha MEPIIMX eTarax MpoOpoCTaHHS iCTOTHO He 3MiHIOBAaBCs, 1110 CBITYUTh
PO MEHII iHTeHCUBHE BUKOPUCTAHHSI IIUX CIIOJMYK Ha MOTpedbun MopdoreHe3y B 1ieit Mepio.
[IpopocTaHHs HAaciHHS Ha CBITJi 3a il ribepesiHy CynpOBOMXYBAJIOCS 3MEHIIEHHSIM, a 3a
Nii TeOyKOHA30J1y — 301IbIIEHHSIM JiaMeTpa KOPeHs U eMmiKOTU/Is1 BHACIIOK 0COOJIMBOCTEM
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rictoreHesy. Ilin BriMBOM ribepesoBoi KMCIOTA CyMapHa TOBIIMHA enibjieMu Ta NMEpPBUH-
HO1 KOpU KOpPEHsSI Ha CBiTJi, a B TMOKOTWJISI — eIMifiepMicy Ta MEpBMHHOI KOPU Ha CBIiTJI i
B TeMpsiBi 3MeHIIyBaiacs. TebyKoHa30Jl CIIPUYMHIOBAB MPOTWIEXKHY 3MiHY — 3pOCTaHHS
TOBIIMHM LILOTO TKAHMHHOI'O KOMIUIEKCY BigOyBajiocs sIK 3a YMOB (DOTO-, TaK i CKOTOMOP-
¢orenesy. I1ig BIuimBoM TeOyKOHA30JIy B TEMPSIBi 3pocTaja KiIbKiCTh CYyIMH KCUJIEMU B Cy-
JNMHHO-BOJIOKHUCTUX MyyKax KOopeHs. B emikoTuii 3pocTaHHS KiJIbKOCTI CYAMH Yy Ty4yKax 3a
Nlii TeOyKOHAa30J1y BiIOYBaJOCs K Ha CBiTJi, Tak i y TeMpsBi. OCKiJIbKU riCTOreHe3 KOHTPO-
JIIOEThCS (DITOrOPMOHAMU, BCTAHOBJIEHI TiCTOJIOTiYHI 3MiHM CBilYaTh MPO iCTOTHY Mepedy-
JIOBY BCbOI'O TOPMOHAJTBHOTO KOMILIEKCY MPOPOCTKA.

Knarouosi caosa: Vicia faba L., mopdoreHes, JOHOPHO-aKLENTOPHA CUCTEMa, MPOPOCTAHHS
HAaCiHHS$I, CBIiTJIO, ribepesiiHu, peTapJaHTH.
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