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Abstract

The effect of 2 preparations of plant growth stimulator (phytostimulators) «Complex» and
«Complex Plus» which were elaborated in National Polytechnic University of Armenia (NPUA)
based on natural tartaric acid which is purified from the cream of tartar on a number of higher
flowering plants of various taxonomic groups is considered in current research.

The laboratory and field experiments were carried out on important agricultural crops,
decorative and medicinal plants: cactus (Stapelia grandiflora Masson), medicinal aloe (4loe vera),
decorative (Kalanchoe blossfeldiana, Kalanchoe daigremontiana), blue agave (Agava tequilana),
American agave (Agava americana L. trifasciata), potatoes (Solanum tuberosum), garlic (Allium
sativum), beans (Phaseolus vulgaris), strawberries (Fragaria*ananassa), cucumbers (Cucumis
sativus) and lentils (Lens culinaris).

The maximal effect was obtained for succulent plants.

According to primary ecologically-toxicological study, the preparations are medium toxic and
low allergenic mixture of ecologically safe substances produced by green chemistry technologies. At

10



AGRICULTURE
present two preparations of «Complex» and «Complex Plus» are being considered for state
registration and patenting in RA.

Key words: tartaric acid, micronutrient fertilizer, agricultural plants, plant growth stimulator
(phytostimulator), chelating complex.

Introduction

One of the urgent problems of modern agriculture is increasing the productivity of cultivated
plants. Optimization of cultivation conditions is very important, especially in the aspect of providing
the necessary level of synthesis of phytohormones and growth factors (auxins, gibberellins, etc.) by
the target plant. Since plants are not always able to provide themselves with sufficient levels of these
compounds, growth stimulators are being often used.

The use of phytostimulators is very important, despite the fact that synthetic activators of tissue
proliferation and organ differentiation are not always safe due to their carcinogenicity in industrial use
[1-3].

The beneficial effect of natural organic and in particular dicarboxylic and tricarboxylic and
aldaric acids which are simultaneously antimicrobial agents on the parameters of plant growth activity
is a well-known fact. The ability of compounds of this class to prevent the development of
phytopathogenic fungi, as well as toxigenicity of fungi and other phytopathogenic microorganisms [4-
6] is widely known. This is largely due to their ability to form complexes with cations of the most
important micro- and submicroelements, which involves organic carboxylic acids in the regulation
process in the water-salt metabolism of plants [7, 8].

Conflict setting and set of methodology

Recently the properties described above have been studied for tartaric, lactic, citric and oxalic
acids. These substances are now successfully used in world practice in the production of
environmentally friendly agrochemicals. Tartaric acid is especially widely used, being the most
widespread organic acid in the plant world. Tartaric acid, as well as its salts of alkali and alkaline
earth metals, are considered safe food additives (E334 - E337, E354), having widespread use in the
world production of chelated fertilizers. Also, tartaric acid is used both in free form and in amide
forms [9-11].

The development of new safe phytostimulators is extremely important. That is why the effect of
a plant growth stimulator which was elaborated in Basic Research Laboratory of «Agrarian Pesticides
Creation & The Quality Control» at National Polytechnic University of Armenia (NPUA) on the basis
of natural tartaric acid obtained by purifying it from tartar on the growth of a number of higher
flowering plants of various taxonomic groups is studied in current paper.

According to the technology proposed in our laboratory, technically pure tartaric acid was
obtained from natural cream of tartar (cheap row material, which is the waste product of winery), and
then, by the enrichment of several microelements 2 preparations «Complex» and «Complex Plus»
were elaborated with an addition of Imidaclopride insecticide.

The experiments were carried out with the support of the specialists of the Scientific Center of
Agrobiotechnology SNCO, the National Agrarian University of Armenia and the SPC
«Armbiotechnology» NAS RA (Fig. 1) [12].

The following succulent xerophytic indoor decorative plants were chosen as the object for
laboratory and field tests of the stimulant effect: cactus Stapelia grandiflora Masson, medicinal aloe
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Aloe vera, decorative Kalanchoe blossfeldiana, Kalanchoe daigremontiana, blue agave Agava
tequilana and American agave Agava americana L. trifasciata.
Field trials were carried out on the following crops: Solanum tuberosum potatoes, Allium
sativum garlic, Phaseolus vulgaris beans, Fragariaxananassa strawberries, Cucumis sativus cucumbers
and Lens culinaris lentils [13,14].
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Fig. 1 Tartaric Acid purification technology form the cream of tartar
A - natural cream of tartar; B - 10% - hydrochloric acid; C - heating (60-65°C); D - hot filtration; cooling (10-15°C)
with regulation of acidity; E - 70% technically purified tartaric acid (92%) in the form of sediment; F - stock solution for
plant growth stimulant enriched with microelements; G - vacuum; 1 - and 3 - mixers, 2 - hot filter, 3 - suction filter.

The tests were carried out in June 2019 during 2 periods of spraying in the territory of the
experimental fields with an area of 50m? of Hovtamej district of Armavir region, RA. «Complex» and
«Complex Plus» preparations were tested at concentrations of 100g/10L and 150g/10Lon crops of
various important agricultural plants in 06.06.2019 and 21.06.2019. In field experiments the following
crops were used: cucumber (variety «Alliance»), potatoes (variety «Impalla»), beans (at the stage of
green pods, variety «Fidai» beans and red beans of local variety «Red Armeniany), strawberries
(varieties «Victoria»), garlic (local variety «Armeniany»). A territory of the same area was used as a
control sample with the cultivation of the indicated plants using generally accepted standard methods.
After 15 days, comparative measurements were carried out: the amount of biomass and the intensity
of its accumulation, the morphological parameters of the aboveground part of the plant, the indicators
of flowering, fruiting, the rate of fruit ripening as well as the yield of the tested crops in experimental
and control samples.

Research Results

According to the obtained data, the studied drug has physicochemical properties. It is a dark
green-brown solution (with colloidal parts), d*5 - 1.150-1.154, soluble in water, pH of an aqueous
solution (1%, 20°C) - 3.0-3.5. In the course of the research, the effects of both preparations were
analyzed. «Complex Plusy» preparation includes the following components: active ingredients: natural
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tartaric acid (CAS («Chemical Abstracts Service» - internationally registered number which is a
unique identifier of a particular chemical substance) # 147-71-7) - 20-25g/L, K (in the form of
chloride) - 45g/L, Ca (in chloride-chelated form) -23g/L, Cu (chelated) - 2.5-3g/L, Fe (chelated) - 10-
10.5g/L, Zinc ( chelated) - 5.5-6g/L, imidacloprid (CAS # 138261-41-3 technical) 20g/L. Surfactants
(surfactants) / co-solvents / additives - ionic (sodium salt of lauryl trisulfoether, CAS # 68585-34-2,
70% -) - 10g/L, non-ionic: mixture (octylphenylether polyethilenglycol, CAS # 9002-93-1g/L,
technical cocamide, CAS # 68603-42-9,) - 20g/L, glycerin (CAS # 56-81-5) - 10g/L, Polyethylene
glycol) 300 (CAS # 25322- 68 -3) - 10g/L. The formula of chelating complex of tartaric acid with Cu
and alkali metals is presented in Fig. 2.

H
Na'| O0OC-CH-0O -CH-COO | K'
N
Py
K ‘O0C-CH-0O /0 =CH-COO | Na
H

Fig. 2 Tartaric acid complex with Cu and alkali metals

In addition to these components, the stimulant also contains certain amounts of amino acids,
vitamins and other important nutritious organic compounds due to the acid hydrolysis of yeast
residues in the composition of tartar during the purification of tartaric acid using hydrochloric acid.
Protein determination was carried out by the Lowry method and showed an average of about 55mg/g
[15].

Table 1
Study of changes in the morphological and phonological parameters of agricultural plants
under the action of drugs to stimulate growth: S - sample, C - control, A - cucumber,
B - beans, C - bean pods, D - strawberries, E - potatoes, F - garlic.

N f fl i
Number of vegetative organs Number of generative organs u@ber ot fowers 1

S inflorescences

«Complex- | «Complex- C «Complex- | «Complex- C «Complex- | «Complex- C

100» 150» 100» 150» 100» 150»

A 5 6 4 18 19 16 - - -
B 8 8 6 16 18 12 - - -
C 12 15 11 21 24 19 - - -
C - - - 22 24 21 12 14 11
D 6 7 5 - - - - - -
E 1 1 1 1 1 1 - - -

The stimulant also contains vitamins, pectin and other wall components, alkaloids, products of
partial proteolysis, carbohydrates, oils, pigments. A laboratory study of the effect of 1% and 2%
stimulant solutions on the growth of Stapelia grandiflora Masson cultivated in pots with soil, 100-
120g in volume, showed a positive effect in increasing the biomass of the underground and above-
ground parts of the plant intensifying the green color and accelerating the growth rate in comparison
with control samples. Similar results were obtained also when applying the stimulant to other
representatives of the experimental succulents under conditions of standard watering. Kalanchoe
blossfeldiana also showed an intensification of the formation of generative buds and a 15%
lengthening of the flowering period and in the case of Aloe vera, significant leaf hypertrophy was
observed.
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The data of the primary toxicological analysis are as follows: the average lethal dose (per os)

DLso = 805 mg/kg, skin irritative toxicity DLsy > 1000 mg/kg, toxicity and skin-irritating effect on

intact skin is absent, slightly irritating effect on the mucous membrane of the eye presents, and as a

result it’s being considered as the substance of IV class of allergenicity (weak allergen) and II class of
hazard. Thus, it might be considered as a drug of medium toxicity [16].

Table 2
Research of parameters of productivity of the most important agricultural plants after exposure
to growth preparations. N - and studied samples
(A - cucumber, B - red beans, C - green beans, D - garlic, E - potatoes, F — strawberries)

N Productivity on 50m” (kr) Productivity per lha (t.)

«Complex-100» | «Complex-150» Control «Complex-100» | «Complex-150» Control
A 150 156 148 320 3200 29,6
B 16,2 17 16 3,21 36 3,2
C 20 21 19,8 4 4,2 3,96
D 38 39 37 7,6 7,8 7.4
E 167,7 180 160 32 36 31,9
F 30 32 29 6 6,4 5,8

Table 3
Effect of the stimulant on the growth of Stapelia grandiflora Masson. «+» - sample after injection
into 120 g of soil, S ml of 2% stimulant solution; «-» - control sample,
* - formation of a vegetative bud (0.5 cm), # - the formation of a vegetative bud (1.5 cm)

Sample 0 moment 30 days 60 days
of plants |shoot length (cm)| root length (cm) [shoot length (cm) |root length (cm) |shoot length (cm)| root length (cm)
1 - 9,3 3,5 11,5 3,9 15,5 4,5
2 + 8,8 4,2 13,7 4,8 17,5 52
3 _ 8,2 2,2 12,5 4,2 14 4,3
4 + 7,5 2,5 14,5 3,1 16,5 3,5
5 - 4,3 1,7 6,1 2,1 7,2 3,2
6 + 3,7 1,8 6,5% 4 6,5# 4,5
7 - 2,7 0,3 3,5 1,8 43 2,3
8 + 2,5 0,3 4.8 1,5 5,7 2,4
9 - 4 1.4 59 2,2 7 2,7
10 | + 4,6 1,3 7,2 43 8,5 5,5

According to the presented tables 1-2, the growth of the generative and vegetative parts of plants
as well as the yield indicators are noticeably higher than the values of similar parameters of the
control samples. The data of the primary toxicological analysis are as follows: average lethal dose (the
main quantitative characteristics of toxicity) (per os)” DLsy = 805 mg/kg, skin irritative toxicity DLs
cut > 1000 mg/kg, toxicity and skin-irritating effect on intact skin is absent, slightly irritating effect on
the mucous membrane of the eye, IV class of allergen properties (weak allergen), II class of hazard - a
drug of medium toxicity.

A laboratory study of the effect of 1% and 2% solutions of a stimulant on the growth of Stapelia
grandiflora Masson, cultivated in pots with soil and a volume of 100-120 g showed a positive effect
in increasing the biomass of both the underground and aboveground parts of the plant, intensifying the
green color and accelerating the growth rate compared with control samples under standard watering
conditions (Tab. 3).

14



AGRICULTURE

Similar results were obtained also when applying the stimulant to other representatives of the

experimental succulents (Fig. 3). Kalanchoe blossfeldiana also showed an intensification of the

formation of generative buds and a 15% lengthening of the flowering period was observed with
significant leaf hypertrophy in case of Aloe vera.

Fig. 3 Effect of a stimulant on the growth of Stapelia grandiflora Masson
A - prototype, B - control sample

Tab. 4 shows the results of the effect of the stimulant on the germination and growth of
seedlings of lentil Lens culinaris under laboratory conditions. During the research, the stimulating
effect of the drug was revealed leading to an increase in green biomass, the number of roots both
lateral and adventitious.

Earlier germination of seeds and emergence of seedlings were also noted in comparison with the
control samples (Fig. 4).

Results of field tests of the «Complex Plus» preparation based on the insecticide imidacloprid
and a growth stimulator based on tartaric acid and chelated micro- and submicroelements, on callus
and seed crops of Solanum tuberosum potatoes (1% solution (100L/ 10L of water) - for leaf food, 2%
solution (200/10L of water) - for root nutrition - 4-6 according to the calculation of one water path)
are shown in Fig. 4 and Tables 1-4.

Fig. 4 Laboratory tests of the stimulant effect on the growth of lentil seedlings Lens culinaris
15
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Table 4
Analysis of the effect of the stimulant on the growth of lentil seedlings Lens culinaris.
S - experimental sample, C - control sample.
0 moment 4 days 7 days

Sample shoot length main root shoot length main root shoot length main root
(cm) length (cm) (cm) length (cm) (cm) length (cm)

1% 0 0 1,4 0,31 2 0,7

2% 0 0 1,6 0,5 3,2 1,3

C 0 0 1,25 0,25 1,8 0,5

According to the collected data (Fig. 4-5), the level of green biomass growth is significantly
different in the experimental and control samples. And it’s notable in both laboratory tests and field
trials.

A B

Fig. 5 Greenhouse and field experiments of the phytostimulator
on 2 varieties of sowing (A) and callus (B) crops of Solanum tuberosum potatoes

Cream of Tartar is the waste of the wine industry which xxxxxxxmakes it an affordable and
inexpensive raw material for obtaining targeted agricultural products. According to literature data.
Tartar contains various organic compounds, including amino acids, vitamins and other processed
products of yeast and grapes [17].

Based on the literature data, the agricultural preparations based on tartar are successfully used,
as, for example, the preparation «Lalvigne Aroma» which is used to improve the aromatic properties
of grapes in the process of phenolic ripening [18].

Plant growth regulators are also known such as oxalic, succinic, indoleacetic and others based
on various organic acids [19]. Tartaric acid is one of the most important compounds in plant
metabolism [20]. Therefore, the intensification of growth is associated with the intensification of
metabolism under the influence of tartaric acid.

Conclusions

According to the initial toxicological assessment, these substances are of moderate toxicity and
low allergenicity. The stimulating effect of the «Complex» and «Complex Plus» preparation on
decorative succulent and the most important agricultural crops was investigated and proved which
manifests itself in the intensification of growth processes, an increase in chlorophyll content in green
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parts of plants, a shortening of the period between flowering and fruiting, an increase in the biomass
growth of both underground and ground parts of the plants. During the usage of complex preparation
of foliar feeding which is acting as a microfertilizer, the absence of pests in the test samples was noted
which is defined by the effect of the insecticidal component of the preparation. Currently the
presented drug is being prepared for state registration and patenting.
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ANR3UP UAL UUShYUSLNT GhLEEadbh <PUUL 4ru LNM YNUNLELUU3hL
nausSruusnrkuh NRUNRULUUPPARG3NRL

U.N. Uppwjbywt’, P.Q. Pwpwjwt?, ¢.£. LEpuhuyjwtd, W.U. Sphgnpjui’

'Cuywugpwth wqquypti wnipippbubhwlwt hwdwuwpwb, [ninwiptpbuwuw «Snwphdpljupptbph
uynwgnid b npwlp JGpwhulynid» pwquyhti ghypnwhGypwgnipulywt wipnpugpnphw

2L QUU «Lwyphnipbputininghw» FUY, «Eyninghwlwl wadypwbgnyanit» jwipnpwgpnphw

3Cniphh ipblutininghwlwt hwdwuwpwt, Puwlwl ipbutninghwubph jwpnpwpnphw

Qwy-MMmuwlwt hwdwuwpwl, Hanwagnpdwlwb phdpuwgh wdphnt

Nwnuwuwuppybp b <wjwunwuh wqquiht ynihnbuuthwlywtu hwdwuwpwunw (UML)
dowyyws, ghutipwphg wuswwnywsd puwlwu ghubipryh ypw hhdujws, «Undytipu» b «4ndwbpu
Mynwu» 2 unp Yndwtipuwjhtu pnyubiph wéh fupwuhs (Ppunnuinhdnijwnnp) ypbwwpwubipp:

Shunnunhdniyywnnph  wgnbigngniup’  wwppbp  wwpunundhwlwu  fudpbph dh owipp
pwpdpwlwng Swnlwynp pnyubph ypw: “Ywuwwpdbp G dh owpp (wpnpwwnnp W nwanwhu
thnpdwpynuwubip gyninwnunbuwywu Jpwlwpnyubiph, nEYnpwnpy pnyubipp W nGnwpnyubiph ypw'
Ywywnnw (Stapelia grandiflora Masson), pnidhs wint (4loe vera), nbynpwuwhy Ywjwufunb
(Kalanchoe blossfeldiana, Kalanchoe daigremontiana), Jwwnyn wqwyw (Agava tequilana),
wdbphywu wqwyw (Agava americana L. Trifasciata), Yupunndh| (Solanum tuberosum), ufuwnnp
(Allium sativum), |nph (Phaseolus vulgaris), Gy (Fragaria % ananassa), unniuq (Cucumis
sativus) W nuw (Lens culinaris). Unwybjugnyu tSptYunp nhinygnid £ uniyynybun pnyubipp hwdwp:

Cuwn vwuuwywu EYynunnpuphyninghwwu punipwagphg' nydjw| dhongu hptuphg ubplwjwguntd
E Eyninghwwbiu dwpnip Ujnyebiph fuwnunipn, npu wpunwnpyty £ «wuws phdhwjh» dbpnnutpny.
wju dhohtu pniuwynp W eny| wytipgbu k:

Pwtwh pwnbp. ghubpeent, dhypnywpwpuwiunge, gninuununtuwlwu pnyubip, pnyubph
wéh fupwuhs (Phinnuinpdniywwnnnp), fubjugunn Yndwtipuubip:
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AGRICULTURE
UCCJEIOBAHHUE HOBOI'O KOMILJIEKCHOT'O ITIPENAPATA HA OCHOBE BUHHOH
KHUCJIOTHI JIJIsI AKTUBAIIMM POCTA PACTEHUI

A.P. Muxaeasin', B.I'. Ba6asin’, [.T'. Hepcncm{z’, AM. l“pnropsm4

"Hayuonanenwni nonumexnuveckuii ynusepcumem Apmenuu (HITVA), 6azos6asn nayuno-ucciedosamensekas
nabopamopus «llonyuenue cenbCcKoX03aNUCMEEHHbIX A00XUMUKAMOS8 U KOHMPOIb KAYeCmeay
’Hayuno-Ilpousseodcmeennviti Llenmp (HITL]) «Apmbuomexnonozusny Hayuonansnoti Axademuu Hayx
Pecnyonuxu Apmenus (HAH PA), nabopamopus sxon02uyveckol 6e30nachocmu

* [Iywinckuti mexnonoz2uueckuti ynugepcumen, 1abopamopus ecmecmeeHHbIx MmexHono2ull
?Poccuticko-Apmancruii ynueepcumem (PAY), kagedpa papmayesmuueckori xumuu

B cratbe paccMOTpeHO BIMSIHHE JABYX KOMIUIEKCHBIX CTUMYJSTOPOB pOCTa pPaCTEHUI
(putoctumynstopoB) «Kommiekey n «Kommiekc Ilmroc», MONydeHHBIX Ha OCHOBE MPUPOTHOMN
BUHHOM KHCIIOTBI, BBIJICJICHHON M3 BHUHHOTO KaMHs, COTJIaCHO METOJMKE, pa3paboTaHHOH B
Hanuonansnom nonutexHuueckoMm yHuBepcutere Apmenuu (HIIVA), Ha poct psaa BeICHIMX
LBETKOBBIX PaCTCHUM.

Beu1 mpoBeneH psaa 1abOpPaTOPHO-TIONEBBIX HCHBITAHUN CEIbCKOXO3SHCTBEHHBIX KYIBTYP,
JICKOPATUBHBIX U JIGKAPCTBEHHBIX pacTeHUl: Kakryca (Stapelia grandiflora Masson), neKapCTBEHHOTO
anod (Aloe vera), nexkopatuBHOro Kayauxod (Kalanchoe Blossfeldiana), xananxos (Kalanchoe
daigremontiana), rony0oi araBwl (Agava tequilana), amepukaHckoil araBbl (Agava americana L.
trifasciata), xaprodens (Solanum tuberosum), decHoka (Allium sativum), dacomu (Phaseolus
vulgaris), xnyonuku (Fragaria * ananassa), orypuoB (Cucumis sativus) u yedeBuiisl (Lens culinaris).
MakcumanbHbIi ) PeKT HaOMIOAAICS Y CYKKYJICHTOB.

CornacHO JaHHBIM TMPEIBAPUTEIHLHON JIKOTOKCUKOJIOTHYECKOW XapaKTePUCTHKH, JaHHOE
CPEACTBO TpEACTaBIsieT CO0OM CMeCh OSKOJOTMYECKHM YHCTBIX BEIIECTB, MPOU3BEICHHBIX IIO
TEXHOJIOTUSIM «3EJICHON XMMHUU», 001aJaeT YMEPEHHOW TOKCHYHOCTBIO U CIa00i aliepreHHocTho. B
HacTosmiee Bpemsi npenaparbl «Kommieke» u «Kowmmieke ILimrocy roTtoBarcs K rocyaapCTBEHHOM
perucTpanyu U NaTeHToBaHuio B PA.

Knwuesvle cnoea: BUHHAS KUCIOTa, MHUKPOYIOOPEHUs, CEIBCKOXO3SHCTBEHHBIC DPACTCHHS,
CTUMYJISITOP POCTa pacTeHUH ((PUTOCTHUMYJISATOP), XEIaTHBIE KOMITJIEKCHI.

Lbpywjwgyt £ 01.07.2021p.
QYpwlunudwu £ ninuipyyty’ 01.07.2021p.
Epwotuwynpyb) £ inwwgpniejui’ 16.07.2021p.
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