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EFFECT OF RETARDANT FOLICUR ON MORPHOGENESIS,
PHOTOSYNTHETIC APPARATUS AND PRODUCTIVITY OF
TOMATOES

Abstract. The results of the study show the effect of triazole derivative retardant
on morphogenesis, redistribution of organs weight, features of nonstructural
carbohydrates assimilation in the stems, roots and leaves of tomato plants hybrid
Solerosso during the fruitification stage. It was established that application of Folicur by
spraying method during the budding phase led to slowing the longitudinal growth and
intensification of tomato breeding, resulting in a weight increase of the whole plant.
Application of Folicur realized by redistribution of organs weight: the leaf weight
increased with a simultaneous decrease of the stem and root weights compared with
control, resulting in the formation of a more powerful donor sphere of plant. Drug
treatment led to increase the leaf surface area and an important cenotic index for the
production process - leaf index. The formation of a more powerful leaf apparatus led to
increase the content of sugars and starch in vegetative organs of experimental plants,
followed by the active reutilization of these substances for the fruit formation. It was
established that the formation of a more powerful photosynthetic apparatus under Folicur
treatment led to increase the yield of tomatoes.

Key words: antigibberellin compounds, area of leaf surface, leaf mesostructure,
net photosynthetic productivity, yield.

INTRODUCTION

Application of drugs based on the native phytohormones, their analogues and
modified action creates the possibility of exogenous influence on the yield and crop
production quality [6, 11, 13]. The development of donor-acceptor (“source-sink™)
systems of plant opens the prospects of artificially redistributing of assimilates flows from
vegetative growth processes to the fruits formation and growth needs, and therefore, it is a
potential factor in increasing the agricultural crops productivity [3, 20]. Synthetic growth
regulators application can artificially change the morphogenesis, activity of growth and
photosynthetic processes, regulate plant loading with fruits and seeds [1, 10, 12, 16].
Among modern regulators of plant growth and development, not only stimulators occupy
an important place, but inhibitors of growth processes - retardants. They block the
synthesis of gibberellins in the plant or prevent the formation of hormone-receptor
complex, which alleviates the effect of already synthesized phytohormones [15].

One of the most common groups of synthetic plant growth regulators is retardants
— antigibberellin compound that either inhibit the gibberellin synthesis or block formation
of the hormone-receptor complex, that preventing the growth-stimulating effect of
phytohormone [9]. Therefore, the effect of retardants on plants is not limited to inhibition
of linear growth, but is often manifested in changes in the intensity of physiological
processes, improved plant productivity, improved yield quality, resistance of plant
organism to stress factors, etc. [4, 18]. For the agricultural plants regulation of growth and
development of production, retardants - representatives of quaternary ammonium
compounds are widely used [8]. However, the analysis of literature data presents only a
few amount of retardant effects of new generation - the triazole derivative compounds on
morphogenesis and physiological and biochemical processes of vegetable cultures [16].
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In this case, the issue of this study was to find out the effect of antigibberellin
triazole derivated compound Folicur on the features of morphogenesis, formation of leaf
apparatus, accumulation and redistribution of nonstructural carbohydrates in plants and
productivity of tomatoes.

METHODS

The active compound of commercial drug Folicur is tebuconazole (C16H22CIN30)-
(RS)-1r-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-yl-methyl)  pentan-3-yl. The
manufacturer is Bayer Crop Science AG (Germany).

A field-based micro-trial setup was established at a specialized farm FG "Solskyi"
in Vinnitsa region from 2015 to 2017 on the high-yield ultra precocious deterministic
hybrid of Dutch selection tomatoes Solerosso. The experiment followed a randomized
block design (10 m?) with five replication. The treatment was applied via foliar spraying
OP-2 with aqueous solution of 0,025 % Folicur (per active compound) once at the time of
initiation of budding to complete wetting of leaves. Control plants were treated with
water.

Phytometric measurements (plant height, leaf area, weight of dry matter of organs
and full plants, area of leaf surface) were determined on 20 plants at the green ripeness
stage at the fruitification phase. At the same phase, the leaf index (LI) was defined as the
area of all leaves per unit soil surface.

The weight of dry matter of plants organs was determined by the liquid nitrogen
fixation, dismembered, kept in a drying-oven for one hour at 105 ° C, than for 4 hours at
85 © C and dried in air to an air-dry state.

Mesostructural organization of leaves during the field-based micro-trial setup was
studied at the end of the vegetative season at a fixed material of the middle-layer leaves of
the shoots, which completely ended their growth. For preservation was used a mixture of
equal parts of ethanol, glycerol and water (1:1:1) with addition of 1 % formalin.
Measurement of cells sizes was performed by using a microscope "Mikmed-1" and ocular
micrometer MOB-1-15x. Determination of individual cells size of chlorenchyma was
carried out after the maceration of leaf tissues with a 5% solution of acetic acid in 2 mol/I
hydrochloric acid. Stomatal index is defined as the ratio of number of stomata form to the
total number of epidermal cells on the same leaf area. At the beginning of fruitification
phase (three weeks after treatment), in the stages of green and brown tomatoes ripeness, it
was determined the total of sugars and starch in vegetative organs by the using iodometric
method, the total nitrogen content — by Kjeldahl, chlorophylls — by spectrophotometric
method on the spectrophotometer SF-16. It was determined the content of sugar and
organic acids in fruits [2]. Net photosynthetic productivity is determined as the growth of
dry matter per day for unit leaf surface. Sampling for analysis was carried out in the
middle of day with five analytical replication of the research. The statistical processing of
results was performed using the computer program "Statistica-6". The reliability of
obtained results between control and experiment varient was assessed with the use of
Student's t-test. Tables and figures show mean values for the three years of research
(2015-2017) and their standard errors.

RESULTS AND DISCUSSION

Synthetic growth regulators application can artificially change the morphogenesis,
activity of growth and photosynthetic processes, regulate plant loading with fruits and
seeds [4, 7]. The results of the study indicate that application of retardants Folicur caused
a typical inhibition effect on the linear growth of tomato plants. The height of Folicur
treated plants decreased compared with control during the whole period of vegetation, but
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in experimental plants the dry weight matter increased with the changes in relative
proportion of dry matter weight between organs of the total plant compared with control.

Leaf apparatus that performs the processes of photosynthesis plays the main role
in the formation of crop production. It was found that Folicur application reduced the dry
matter weight of roots and stems, but the leaf dry matter weight was significantly
increased at all vegetation stages of plant development (Figure 1).
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The number of leaves per plant, their total area, structural features and life
expectancy are the important indicators of production process. The obtained results testify
to the significant influence of Folicur treatment on the formation of leaf apparatus of
tomatoes (Figure 2).

The results of the study suggest that at the fruit formation and fruitification (green
ripeneness) stages under retardant application formed a large number of leaves, which
was caused by the strengthened branches of the stem. Decelaration of growth processes
was accompanied by changes in the formation of surface assimilation. The area of surface
assimilation is one of the cardinal components in the formation of provision level of
plastic material for plant growth and respiratory processes. The dimensions of surface
assimilation during the growing season largely determine the nature of production process
and crop yield [19]. The obtained results indicate that an increase in the number of leaves
under the retardant treatment was accompanied by a significant increase in the area of
leaf surface.
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Figure 2. Formation of leaf apparatus of tomatoes hybrid Solerosso under Folicur
treatment:

1 - fruit formation stage; 2 - fruitification stage (green ripeness); 3 - fruitification stage
(brown ripeness)

. control; ]

— 0,025 % Folicur.

Leaf index is an important cenotic index for the total crop yield, which is defined
as the green leaf area per unit ground surface area. The analysis has shown that drug
application increased the leaf index compared with control at the fruitification period.

Consequently, the interaction of Folicur enhanced the leaf surface as a single plant

and agrocenosis as a whole. This contributes to the formation of a powerful assimilation
apparatus and more active accumulation of dry matter weight, which is an important
prerequisite for increasing the crop yield.

Analysis of leaf mesostructure testified that changes in the thickness of leaf blade
of Folicur treated plants are due to the growth of photosynthetic tissue - chlorenchyme
(Table 1). It was found that retardant increased the linear dimensions of spongy
parenchyma and cell volume of palisade parenchyma — the main assimilation tissue of
leave. Analogical dimensions of leaf thickness as a result of the chlorenchyma growth are

noted on another cultures treated by triazole derivative compounds [14, 19].
Table 1. Influence of the retardant Folicur on the leaf mesostructural organization
of tomatoes hybrid Solerosso

Measurements Control Folicur
Thickness of leave, um 247,69 + 7,43 *272,35+7,28
Thickness of chlorenchyma, um 211,27 £6,74 *227,77+ 7,18
'Volume of palisade parenchyma, um3 46299,25 + 1435,28 *58613,09 = 1817,01
Length of spongy cells, pm 20,77 + 0,44 *23,17+0,75
Width of spongy cells, um 15,49 +0,48 14,71 +0,45
Thickness of upper epidermis, um 20,39 +0,59 *24,61 +£0,75
Thickness of lower epidermis,zum 16,02 + 0,46 *19,98 + 0,67
Number_of stomatas on 1 mm of 2723 +0,68 %3705+ 1,19
the abaxial leaf surface, pieces
Area of a stomata, mcm? 397,01 £10,91 *365,23 +9,68
Stomatal index 0,35+ 0,01 *0,39 £ 0,01

Note.* - difference is significant at p<0,05.
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Significant changes occurred in the epidermal tissue of leave. The analysis of the
results shows that Folicur application resulted in an increase the thickness of upper and
lower epidermis of leave compared with control. It is grounded that inhibitors and growth
stimulators have an influence on the number of stomatas per unit of abaxial leaf surface.
The influence of Chlormequat chloride and triazole derivatives Folicur and
Paclobutrazole on poppy oil plants cv. Berkut [14] and potatoes cv. Nevsky [19]
increased the area and number of stomatas, while the epidermal cells area of potatoes did
not change.

The results of the research suggest that the number of stomatas per unit leaf area
of experimental plants increased with reducing of area of one stomata. The calculation of
stomatal index, which characterizes the ratio of number of stomata form to the total
number of epidermal cells on the same leaf area, indicates that Folicur increased this
measerement compared with control. It can be concluded that such anatomical component
of the photosynthetic apparatus functioning can positively influenced on the intensity of
transpirational processes.

Thus, the interaction of retardant Folicur resulted in an increase the number of
leaves and leaf surface area due to the enhancement of stem branching. There was an
optimization of leaf mesostructure of tomato plant under retardant treatment.
Consequently, the application of retardant Folicur led to forme a more powerful donor
sphere of the plant compared with control, which is an important prerequisite for
increasing the crop yield.

The results of the study indicate that during the period of fruit formation there is a
gradual increase of important indicator — leaf area density value (Table 2). It was found
that leaf of Folicur treated tomatoes were characterized by the highest value of this
indicator. This correlates with the results of mesostructural characteristics of treated
plants, where, at the end of vegetation, the thickness of leave under triazole derivatives
drug was the largest. Analysis of literary data suggests that the effect of retardants is
determined by the dose of drug, its specificity and weather conditions [8, 19]. A number
of researchers observed an increase in the chlorophyll content under the influence of
Paclobutrazole and Dextrel on the leaves of potato plants [19], under the action of Folicur
on the leaves of poppy oil [9].

Table 2. Anatomo- and physiological parameters of leaf apparatus of Folicur
treated tomato plants hybrid Solerosso

Vegetation

period Measurement Control Folicur
Leaf area density value, mg/cm2 1,79+0,06 | *2,12+0,05
Fruit formation | Total chlo_rophyll content, % per leaf fresh 0.7240,022 | 07440021
stage matter weight
Net photosynthetic productivity, g/(m?-day) 6,41£0,16 | *10,83+0,43
o Leaf area density value, mg/cm2 2,88+0,09 | *2,93+0,07
Fruitification s
stage (green Total chlo_rophyll content, % per leaf fresh 07140011 | *0,76+0,021
ripeness) matter weight
Net photosynthetic productivity, g/(m? -day) 7,32+0,17 | 8,29+0,31
Leaf area density value, mg/cm? 3,57+0,08 | *4,54+0,13

Fruitification

Total chlorophyll content, % per leaf fresh
stage (brown

4 0,54+0,011 | *0,7140,021
matter weight

ripeness)
Net photosynthetic productivity, g/(m?-day) 6,54+0,19 *9,36+0,21

Note.* - difference is significant at p<0,05.
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The data show that Folicur treatment not lead to significant changes in the chlorophyll
content at the fruitification stage. At the same time, at the stage of green and brown
ripeness of fruit, the chlorophyll content of leaves was higher compared to control.

The index of net photosynthetic productivity is characterized by photosynthetic
productivity of unit leaf surface. The analysis of the data shows that this indicator was
higher under Folicur application. In our opinion, a significant increase in the net
photosynthetic productivity together with an increase in area leaf surface under retardant
action created the prerequisites to enhance a gross photosynthetic crop production and
accumulation of a greater number of photoassimilates in the plant.

It is grounded that some of assimilates may be temporarily deposited in the stock
organs with subsequent reutilization on the carpogenesis processes. At the same time, the
depositing possibilities of plants vegetative organs after phytohormones and synthetic
growth regulators application are not adequately explored. It was found only certain
scholarship, in which are considered the issues of dependence of photosynthetic processes
and the carbohydrats content in plants under the action of retardants [17, 20].

In our opinion, it is expedient to determine the dynamics and correlation of
nonstructural carbohydrates content in plant organs at the different fruit formation stages
in order to assess the depositary capacity of vegetative organs of experimental variants.
Analysis of depositing possibilities of vegetative organs of the plants during fruitification
phase showed the importance of temporarily accumulation of nonstructural carbohydrates
in them with subsequent reutilization for carpogenesis needs. The obtained results
indicate that in the vegetative organs of tomato plants — roots, stems and leaves, the
amount content of nonstructural carbohydrates (sugars + starch) was higher compared to
control. Obviously, this indicates some of their redundancy, which is not fully spent on
the fruits formation, but is temporarily accumulated to reserve. The highest content of
carbohydrates in all stages of the fruitification stages was noted in stems of tomato plants,
that indicates the powerful depositing capabilities of this vegetative organ. At the same
time, the total content of sugar and starch in roots, stems and leaves of Folicur-treated
plants was the highest throughout the fruit formation phase. Analysis of obtained results
indicated that the content of carbohydrates decreased in the leaves, roots and stems of
tomatoes gradually throughout the fruit formation stage (from the stages of green to
brown tomato ripeness), the most intense effect was marked by interaction of Folicur. In
our opinion, this is an indication that at this period plant is over-load with assimilated
sugars and uses them not only for the growth and formation of fruits, but also for the
creation of carbohydrates reserve, which is deposited in vegetative organs with followed
their utilization at the the stages of green to brown fruit ripeness.

Anatomo-morphological and physiological changes that occurred in tomato plants
under the action of Folicur led to a significant enhanced the crop production by increasing
an average weight of one fruit (Table 3).

Table 3. Product quality and productivity of tomatoes hybrid Solerosso plants under
Folicur treatment

Measurements Control Folicur
Yield, t/ha 68,16+1,71 *87,78+1,69
Weight of fruits from one bush, kg 1,61+0,03 *2,08+0,04
Number of fruits on a bush, pieces 35,41+1,07 36,41+1,29
Weight of one fruit, g 41,54+1,05 *51,15+1,21
Content of ascorbic acid, mg/100 g 26,38+0,82 *22,95+0,58
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Titrated acidity, g /100 g 0,58+0,02 *0,81+0,02
Reducing sugar, % per fresh matter 0,95+0,02 *1,27+0,03
Sucrose, % per fresh matter 0,68+0,01 0,69+0,02
Total sugars, % per fresh matter 1,65+0,03 *1,94+0,05

Note.* - difference is significant at p<0,05.

The results indicate that the application of drug significantly increased the titrated
acidity of fruits with increased in the content of sugars and decreased in the content of
ascorbic acid under triazole derivative compound treatment compared to control (Table
3). However, fluctuations of the tomatoes quality under the influence of Folicur are
within the typical values for a given crop, which not lead to significant changes in the
product quality.

Consequantly, the application of retardant Folicur leads to more intensive
accumulation of nonstructural carbohydrates (sugars and starch) in vegetative organs of
tomato plants, followed by the active reutilization of these substances for the fruit
formation and growth needs, which leads to the enhancement of crop yield.

CONCLUSION

Application of Folicur on tomato plants at the budding phase is formed a more
powerful photosynthetic apparatus due to increase in the number of leaves, their weight
and assimilation surface area of the plant and the cenosis in general which is an important
prerequisite for increasing the crop production.

The interection of Folicur resulted on the mesostructural optimization of leave: the
thickness of chlorenchyma, linear dimensions and assimilatory cells size of palisade and
spongy parenchyma are increased, enhanced the leaf area density value, chlorophyll
content which lead to an increase the net photosynthetic productivity. Significant
enhancement in the net photosynthetic productivity with the increase in the leaf surface
area, under the retardant treatment, creates the prerequisites for increasing the gross
photosynthetic productivity of plant. Accumulation of a greater number of
photoassimilates in plant provides depositing an excess of assimilates in vegetative
organs with followed their utilization on fruit growth.

Retardant treatment provides a reliable enhancement in the crop yield of tomato
due to an increase in the average weight of one fruit. Fluctuations of the tomatoes quality
under the influence of Folicur are within the typical values for a given crop, which not
lead to significant changes in the product quality.
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AHOTAIIA

IS PETAPJAHTY ®OJIIKYPY HA MOP®OI'EHE3,
®OTOCUHTETUYHHUI ATTIAPAT TA TIPOAYKTUBHICTH
TOMATIB

Perynsuiss JOHOPHO-aKUENTOPHUX BIAHOCHH POCIMH BIJIKpUBA€ IEPCIEKTUBU
HITYYHOTO MEPEPO3NOAITY ACUMIUIATIB B OiK TOCIIOAAPCHKO MIHHUX OPTaHiB 1 IMiIBUIICHHS
YPOXKalHOCTI  CIJIBCHKOI'OCHOJAPCHKUX  KYJNbTYp.  3acTOCYBaHHS ~ CHHTETHMYHMX
PETYISATOPIB POCTY Pi3HOI XiMiUHOT OYJOBH JO3BOJISE IITYYHO 3MIHIOBATH HAIPYKCHHS
MDK TpoIecamMH pOCTy 1 TIUIOJOHOIIEHHS 3 OfHOro Ooky (akuenTopHa cdepa) i1
AKTUBHICTIO (DOTOCHHTETUYHOTO amapary pociuHu (moHOopHa cdepa). 3okpema,
OOMEXEHHS JIHIMHOTO POCTY POCIMH 3a JOIOMOIOK PETApAaHTIB MOXKE NMPU3BECTH 10
HAKOMWYCHHS HAIUTMIIKY (DOTOACHMIIATIB 1 MEPEepPO3MOALTY 1X 3 MPOIECIB BET€TaTHBHOTO
pOCTy Ha mpouecu (opMyBaHHS IIOJIB.

Otpumani pe3ynbTaTH CBiI4aTh MPO BAXKIMBE 3HAYCHHS MOPQOJIOriyHOi Ta
ME30CTPYKTYpPHOI CKJIaI0BUX Y (hopMyBaHHI 1 (YyHKIIIOHYBaHHI JOHOPHO - aKLENTOPHOL
CUCTEMHM TOMATIB MiJ BIUIMBOM peTapJaHTy TpHa3ojoBoro psay ¢oiikypy. 3a naii
npenapary BiiOyBaJHcs CYTT€BI aHATOMO - MOp(oJIoriyHi 3MiHM y (OpMyBaHHI
JUCTKOBOTO amapary: 3pocTraja KUIbKICTh JIMCTKIB, TIJIOINIA JTUCTKOBOI MOBEPXHI Ta Maca
JHUCTKIB Ta BaXJIMBUM IEHOTHMYHUH MOKAa3HUK MPOAYKTUBHOCTI POCIMH - JIMCTKOBHM
iHAekc. BinOyBanucs 3MiHM y CIIBBIAHOIIEHHI Mac CyXOi pPEYOBMHM BEreTaTHUBHMX
OpradiB: y oOpoOJIeHHMX TMpernapaToM pPOCIMH Maca JIMCTKIB 30iJIblIyBajacsi, a Mmaca
cTebna 1 KOpEHIB 3MeEHIIyBajacs, IO CBIAYUTH HPO (OpMyBaHHS OLIbII MOTYXKHOI
noHopHOi cpepu pociuH  TomariB. CyTTeBi 3MIHM  BiIOyBaluCAd TakoX Y
ME30CTOPYKTYpHI opraHizaimii JMCTKIB: 3pocTajla TOBIIMHA JIUCTKA 1 OCHOBHA
(oTOCHHTETHYHA TKAaHUHA - XJIOPEHXIMa, JIiHIIHI PO3MipH Ta 00’€M KJIITHH CTOBMYACTOT
Ta TrybuacToi acUMUIALINHOI TKaHWMHU. 3a Al npenapary NOpoTsAroM Belel (dasu
dbopMyBaHHS TUIOMIB BiAMIYaBCsA OLIBII BUCOKUM TMOKA3HUK TOBEPXHEBOI MIUTHHOCTI
muctka. lLle moOpe kopenroe 3  pe3ynbTaTaMH ME30CTPYKTYPHHMX —XapaKTEPUCTHK
00pOOJIEHNX TPHUA3OJIMOXIAHUM TPETapaToM POCIHH, /1€ Ha KiHEIb BereTallii TOBIIMHA
auctka Oyna HaiOuibmoo. Ilpu 1mboMy Citiff BiAMITHTH, IO MiJ] BIJIMBOM (OIIKYpY
BIIOYBajoOCs 3pOCTaHHS BMICTY XJOpOQUIIB B TKAaHMHAaxX JHMCTKa Yy IMOPIBHSHHI 3
KoHTpoJieM. Hacmijikom ontumizaiiii Me30CTpYKTYKpU Ta HAaKOMMMYEHHS XJI0podiiiB Oyo
3pOCTaHHSA T[OKa3HMKa YUCTOI MPOAYKTUBHOCTI (OTOCHMHTE3y Yy BaplaHTi 13
3aCTOCYBaHHAM perapiaHTy. Lleif moka3sHUK XapakTepusye (pOTOCHHTETUYHY aKTHBHICTh
OJIMHUIIl TIOBEPXHI JIUCTKA 1 3 ypaxyBaHHSAM 3POCTaHHS CyMapHOi IUIONIl JINCTKOBOT
MOBEPXHI CBIJUYUTh NP0 MiABUIIEHHS BaJoOBOi ()OTOCHHTETHYHOI MPOAYKTUBHOCTI
KYJIbTYPU Ta HAKOMMMYEHHS OUTBIIOT KUIBKOCTI ()OTOACUMUISATIB Y POCIIHHI.

Buacnigok Oinbin MOTYKHOi poOOTH (POTOCHHTETHUHOTO amapary MpOTAroM Beiel
¢da3u TUIOJOHONIEHHS BMICT HECTPYKTYPHUX BYTJIEBOMAIB (KpoXMajib + IYKpH) Y
BEreTaTUBHUX OpraHax oOpoOieHux (osikypoM pociavH OyB OifbII BHCOKHUM, HIXK Y
KoHTpoJi. O4eBUIHO, Yy €W Mepioa POCIWHA HAJIMIIKOBO 3a0e3rledeHa MPOayKTaMu
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(oTOCHHTE3y 1 TUMYACOBO JETIOHYE iX 3 HACTYIIHUM BUKOPUCTAHHSAM IIPH MEPEXOJli BiJ
3€JICHOI 710 Oypoi CTafll CTUTIIOCTI TUIOTY.

Haii0inpmmm BMICTOM HECTPYKTYPHUX BYTJICBOIB BIAPI3HSIIOCSA cTe0I0, 110 CBITYHUTH
PO TMOTYXKHI JICTIOHYBaIbHI MOKJIMBOCTI IIbOTO BET€TaTUBHOTO OPTaHy.

Anatomo-mMopdooriuni Ta ¢i3iogoriyHi 3MiHH, SKi BiIOY/IHCS B pOCIMHAX TOMATIB 32
nii Gorikypy npu3BeIn A0 JOCTOBIPHOTO IMiABUIICHHS YPOXKAHHOCTI KYJIBTYPH BHACIIIOK
30UIBIICHHS CEepPeJHbOI MAacH OAHOTO IUIONY. 3a Aii mpemapary BiaOyBaiucCs HACTYIHI
SIKICHI 3MiHU B IUIOJIaX TOMATIB: JIOCTOBIPHO 301UIbIIyBajacs 3arajbHa KUCIOTHICTh, MPU
[IbOMY MiJBHIIYBAaBCS BMICT I[yKpiB Ta 3MEHIIYBaBCS BMICT acKOpOIHOBOI KHCIIOTH Y
MOPIBHSAHHI 3 KOHTpoJIeM. Pa3oMm 3 TMM, KOJMBaHHS BMICTY SIKICHUX IMOKa3HUKIB TOMATiB
i BIUTMBOM Tpenapaty (OJiKypy 3HAXOISAThCA B MEKaxX THUIMOBUX Ui JaHOI KyJIbTypH
3HA4YCHb, 1110 HE TPU3BOIMIIO JIO CYTTEBUX 3MiH y SKOCTI MMPOIYKIIii.

Orxe, 3a il perapmanty domkypy GopmyBanacs OUTBII MOTYXHaA JTOHOpPHA cdepa,
mifBHIyBajacs (OTOCHMHTETHMYHA AaKTHBHICTh JIMCTKOBOTO  amapary, HaJUTUIIOK
MPOAYKTIB (OTOCHHTE3y HAKONHMYYBABCS HE JIMIIE B JHUCTKaxX, ajie 1 B IHIIHX
BEreTaTUBHUX OpraHax — CTeOJIi i KOpEHi, 3 HACTYIIHUM BUKOPUCTAHHSM PE3CPBHUX
BYIJIEBOAIB Ha TIpoIecH KaproreHe3dy ((GopMyBaHHS IUIONIB), HIO MPU3BOAMIO IO
3pOCTaHHS YPOIKAHHOCTI.

KarwuoBi caoBa: aHturibepeniHoBi mpemapard, IUIOIA JIMCTKOBOI IMOBEPXHI,
ME30CTPYKTYypa JIUCTKIB, YUCTA IPOAYKTHBHICTH (POTOCHHTE3Y, YPOXKANHICTb.



