showed that this trait is determined by one recessive gene. A number of genotypes have been
identified, the weight of 1000 seeds of which exceeded 600 g. Collection forms of chickpea
are important for breeding, combining a high level of seed productivity with a weight of 1000
seeds over 400 g. High-protein samples are recommended for use in hybridization to create va-
rieties with increased protein amount per unit area. Significant genotypic variability of water
absorption by chickpea seeds was established at different temperature conditions. This process
was more intensive in the genotypes NEC 1838 (Chile) and the sample from Italy. In laborato-
ry conditions 27 forms revealed a high level of tolerance against the fusarium, while pos-
sessing a valuable complex of economically valuable traits. The drought-resistant genotypes
described in India turned out to be ultra-early maturing and undersized under our conditions,
although they formed large seeds. A brief description of 12 varieties of chickpea obtained dur-
ing the period of these studies is given.

Conclusions. As a result of the research carried out, donors and sources of the main economical-
ly valuable traits of chickpea have been identified and characterized, and those have been
identified that have especially valuable complexes.

The presence of genotypes from different geographic zones and genetic centers will allow more
targeted breeding, especially in the creation of disease-resistant forms. The forms of chickpea
described by us can be used in breeding by other scientific institutions in our country and
abroad.

Key words: chickpea, collection samples, protein content, disease tolerance, productivity.
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A METHOD OF SELECTING INITIAL BREEDING MATERIAL OF TRITICALE BASED
ON THE GRANULOMETRIC COMPOSITION OF GRAIN STARCH

Starychenko V., Levchenko O.
NSC Institute of Agriculture, Ukraine

To create triticale varieties for different purposes, it is important to improve methods of
evaluation and selection of breeding material based on of appropriate qualitaty parameters. In
order to increase the effectiveness of starch quality-oriented selection of triticale breeding materi-
al, a method based on characterization of accessions in terms of starch granulometric structure.
To accomplish this, we used light microscopy and a USB camera with subsequent processing of
the obtained images in the ImageJ program. This method can be used to analyze a large batch of
accessions; the analysis requires a small number of kernels, which is especial at the initial stages
of breeding.

Key words: breeding, cereal, starch granule size, accession identification, light microscopy

Introduction. Triticale was only used as a forage crop for a long time. However, at pre-
sent it is widely used in food and technical industries. Triticale varieties for different purposes
must meet certain requirements, including the grain starch quality, in particular the size of starch
granules. For example, varieties with large granules are more suitable for starch production, and
the contrary, varieties with small starch grainules are good for bioethanol production. To increase
the breeding effectiveness and to create triticale varieties with a given set of characteristics, it is
necessary to develop and improve methods for evaluating and selecting starting material for char-
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acteristics of interest, which allow one to quickly and accurately analyze a large number of acces-
sions. ldentification of breeding material by granulometric structure of starch and selection of
sources with various sizes of starch granules will contribute to more targeted creation of triticale
varieties for different purposes and thus accelerate and increase the breeding efficiency.

Review of literature, problem statement. Currently, triticale is one of the most promis-
ing cereals. The search for effective methods of creating new forms, growing technologies and
approaches to triticale grain processing for different industries has intensified in the world. Bio-
ethanol from triticale is one processing possibilities [1]. The main requirements for alcohol-
distillate triticale varieties are high grain yield as well as high content and quality of starch [2, 3].

Starch is deposited in endosperm cells in starch granules, the size and shape of which dif-
fer in different crops. For example, in wheat and triticale they are oval-round or lentil-like and
reach 25-40 um, in rye — oval with a distinctive crack and a size of 40-50 pum [4]. The starch
fermentability depends on the granule size. Small granules have a larger surface area per unit
weight and are more easily destructed mechanically in the milling process, which, in turn, in-
creases the area of reaction with enzymes converting starch into bioethanol [5].

Evaluation of breeding material for size and uniformity of starch granules using micros-
copy is an affordable and widely used method that allows analyzing a great number of accessions
within a short time. This method is widely used in studies of starch originated from different ce-
reals, potato and cassava [6, 7, 8]. However, in most cases, when conducting this analysis, re-
searchers make do with describing the shape or size of granules without statistic processing of the
obtained data and applying them in breeding [9, 10].

The study purpose was to develop a method for evaluating triticale breeding material and
to determine the starch granule size distribution in order to select forms with various sizes of
starch granules for further use in creating varieties suitable for starch and bioethanol production.

Materials and methods. The study was conducted in the Department of Cereal Breeding
and Seed Production of the NSC "Institute of Agriculture of NAAS" in 2016-2017. The total
number of accessions analyzed to determine the starch granule size was 142 winter triticale
breeding lines and varieties and 22 winter bread wheat. To describe the method of selection, the
results of evaluation of nine accessions, which are the most typical and reflect all the diversity of
the collection in terms of granule size distribution, are discussed in detail in the article. The es-
sence of the method is to determine the starch granule size by light microscopy. A laboratory
grinder LZM-1, microscope MBI-3 with a binocular adjustment AU-12 were used. A USB cam-
era was used to digitize the images, and the ImageJ program was used to estimate the granule
sizes and tabulate the results.

Results and discussion. Based on our investigation, the method for estimating the tritica-
le starch granule size distribution was developed. The analysis is divided into four steps: 1 —
preparation of samples; 2 - taking microphotographs of starch granules; 3 - processing images in
the ImageJ program, and 4 - statistical processing of data. For the analysis, 10 kernels of each
triticale accession were ground on a laboratory grinder LZM-1. Then the resulting flour was
placed on a glass slide, stained with 2 ml of glycerol-free Lugol's solution (5% iodine, 10% po-
tassium iodide, 85% distilled water). After reaching full staining (1 min), starch granules in the
visual field were photographed using a digital USB camera at a total magnification of x45 (lens -
x20, binocular adjustment - x1.5, camera - x1.5). There was no eyepiece, because it was replaced
by a camera lens. The granule size was determined in the ImageJ program. Granules larger than
10 um were only taken into account, as the number of smaller granules was insignificant. At least
100 granules were measured for each accession. The maximum, minimum and average Sizes were
determined, and then the variances and coefficients of variation were calculated. The starch gran-
ule uniformity and sizes were evaluated by analysis of variance, and accessions with the smallest
variation of this feature were singled out

Table 1 shows the sizes of starch granules in nine typical triticale accessions, which differ
in their granulometric composition.
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Table 1
Starch granule sizes in winter triticale varieties and lines, 2016-2017

" Starch granule size, um ) Coefficient of
Variety/line Maximum Minimum Mean Variance variation, %
169 22,9 14,2 16,7 5,2 13,6
242 23,4 10,2 16,8 8,9 17,8
158 27,4 12,4 16,9 16,0 23,6
171 26,7 12,6 18,3 19,7 24,2
130 26,9 14,4 19,8 14,7 19,3
209 29,0 13,1 20,3 20,3 22,2
186 35,5 13,0 21,4 35,6 23,9
193 33,2 16,4 23,2 28,9 23,2
223 31,1 14,8 23,5 42,4 28,5
LSDgs - 2,7 - -

The method of selection of breeding material using microphotography of starch granules
with subsequent image processing is an affordable, economical, simple and effective approach to
phenotyping triticale varieties and hybrids by physical parameters of starch. This method can be
used for express-analysis of large numbers of accessions and does not require complicated la-
boratory equipment. The time required for a complete investigation of one accession is shorter
than seven minutes, but if the preparation and evaluation of a batch of accessions are conducted
simultaneously, the total time of analysis is significantly reduced.

Identification of winter triticale accessions by granule size distribution showed that they
had various maximum, minimum and average granule sizes with considerable dispersion. The
maximum size of granules ranged 22.9 to 35.5 um; the minimum — 10.2 to 16.4 um. The average
size of granules is the most objective characteristic of the granulometric composition of starch,
since there may be very few granules with maximum and minimum sizes (Fig. 1).
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Starch granules in winter triticale variety 223 Starch granules in winter triticale line 24

Fig. 1. Winter triticale starch granules (micrograph taken at x45 magnification)

Varieties with uniformly small starch granules are the most suitable for bioethanol produc-
tion, as they are characterized by better fermentability. Therefore, it is also relevant to assess col-
lection accessions for the uniformity of starch granule size distribution.

Basing on the results of evaluation of accessions by the size of starch granules, we have de-
veloped and obtained a patent for a utility model "Method of Selection of Triticale Breeding Ma-
terial by Granulometric Composition of Grain Starch" (No 140021 dated 02.10.2020). As we
confirmed, this method can be successfully used to evaluate accessions of other cereals, which
can significantly expand the possibilities of its use [11].
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Conclusions. Our method of selection of triticale accessions based on evaluation of the
starch granule particle size distribution allows one to quickly and accurately analyze new breed-
ing material, to increase the breeding effectiveness, and to create varieties for different purposes,
such as bioethanol or starch production.
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CITOCIE JIOBOPY BUXI/THOI'O CEJTEKIIIHHOI' O MATEPIAJTY TPUTHKAJIE HA
OCHOBI I'PAHY/IOMETPHYHOI O CKJIA/lY KPOXMAJIIO 3EPHA

Crapuuenko B.M., Jleuenko O.C.
HHIJ «InctutyT 3emnepobctBa HAAH», Ykpaina

Meta nocJiiKeHHsI: BUBUEHHS I'DaHYJIOMETPUYHOIO CKJIaJy KpOXMAaJIO 3€pHA, po3podKa CIo-
co0y OIIHKH CENEeKIIITHOrO Marepialy TPUTHKaJe Ta BHILICHHS 3pa3KiB 3 Pi3HUM PO3MipoOM
KPOXMAaJIbHUX T'PaHyJ Ul MOAAJIbIIOr0 BUKOPUCTAHHS B CTBOPEHHI COPTIB, NPUIATHUX TS
BUPOOHUIITBA KPOXMAJIIO Ta O10€TaHOIYy.

Marepiaau i meroau. [Jocnimkenns nposogumu B 2016-2017 pp. B HHI «IHcTuTyT 3eMIitepo0-
crBa HAAH». Ilix wac mocnimkeHHst 0yino mpoaHanizoBano 142 3pa3Ku TPUTHKAIE O3UMOTO.
I'panynomeTpuuHy CTPYKTYpy KpOXMaJll0 BHU3HAYaJId METOJOM CBITJIOBOi MIKpOCKOMIi 3 Ha-
CTYITHOIO 00pOoOKOIO B iporpami Imagel.

OOroBopenHs pe3yabTaTiB. Ha OCHOBI IpoBeAEHUX JOCHIKEHb PO3pPOOJIEHO CHOCIO OLIHKH
IpaHyJIOMETPUYHOI CTPYKTYpH KPOXMAJIO 3epHa TpUTHKaie. [IpoBeneHHs aHami3y UM CIIO-
cOOOM MPOXOJUTH Yy YOTHPH €Talu: MiJIrOTOBKA 3€pHa, ojiepKaHHs MikpodoTorpadiil rpanyn
Kpoxmai, 00poOka 300paxeHs y mporpami Imagel, ctatuctuuna oopoOka ojep:kaHux ja-
HuX. IneHTudikanist rpaHyI0MeTPUYHOT CTPYKTYPU KPOXMAJIIO Y 3pa3KiB TPUTHKAJIE MTOKa3ania,
10 BOHU MalOTh Pi13HI MaKCHMaJlbHi, MIHIMaJIbHI Ta CEpEHI PO3MIpHU I'paHyJl 3a 3HaYHOI Bapi-
auii. Haiibinbimoro 3nauenss (23,2 u 23,5 MkM) cepeHiil po3mip gocsras y 3pa3kis 193 1223,
a HaitmeHmnM (16,7-16,8 mxM) OyB y 3pa3kiB 169 1 242. [Hii 3pa3ku XapakTepu3yBajucs ce-
penHiMu po3mipamu Bia 16,9 no 21,4 MmxMm. OzepikaHo MaTeHT Ha KOpHCHY Mojenb «Croci0d
000y CEeNEKIIMHOTO MaTepially TPUTHKAJIE 33 TPaHyJIOMETPUIHUM CKIIQJIOM KPOXMAITIO 3ep-
Ha» (Ne140021 Bix 10.02.2020)..

BucnoBku. Po3pobiienuii cocid 1000py 3pa3kiB TPUTHKAIE HA OCHOBI OL[IHKU TPaHyJIOMETpUY-
HOT CTPYKTYPH KPOXMAJIIO JO3BOJISIE LIBUJIKO 1 TOYHO MPOBOAUTH aHAJI3 HOBOTO CEIEKIIIHOTro
MaTepiany Ta MIJBULIUTH Pe3yJbTaTUBHICTh CEJIEKIIIHOI poOOTH 31 CTBOPEHHS COPTIB, MpHUa-
THUX JJIS PI3HUX HAIpsIMiB BUKOPUCTAHHS, HAaNpPUKIAMA, /Ul BUPOOHMLTBA OioeTaHONIy abo
KpPOXMAITIO.

Knrouosi cnosa: cenexyis, 3epHosa Kyibmypa, posmip KPOXMAIbHUX ePAHYI, i0eHmugikayis
3pa3Kie, C6IMN08a MIKPOCKONIA
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CIIOCOb OTBOPA HCXOJAHOI'O CEJIEKIIHUOHHOI' O MATEPHAJIA TPUTHKA/IE HA
OCHOBE I'PAHYJIOMETPHUYECKOI'O COCTABA KPAXMAJIA 3EPHA

Crapuuenko B.H., JIesuenko O.C.
HHI «Mucturyt 3emnenenus HAAH», Ykpauna

Hesab uccieoBaHuii: N3ydyeHHE TPaHYIOMETPHUECKOIO COCTaBa Kpaxmala 3epHa, pazpaboTka
crocoba OlLEHKU CEeNeKIIMOHHOIO MaTepualia TPUTHKaJe U BblieleHre GopM ¢ pa3HbIM pa3me-
POM KpaxMallbHbIX I'paHyJl AJif JaIbHEUIIEro UCIOIb30BaHUs B CO3/IaHUU COPTOB, MPUTOAHBIX
JUIS IPOM3BOJICTBA KpaxMaia u Ouo3TtaHoa.

Marepuaabl u MeToabl. MccienoBanus nposoawin B 2016-2017 rr. B HHILL «MucTtuTyT 3emiie-
nemusi HAAH». B xone uccnenoBanust ObLTM MpoaHAIM3UpOBaHbl 142 o0pasna TpuTHKaie
o3uMoro. ['paHyoMeTpruYecKyl0 CTPYKTYpYy Kpaxmalia ONpeAessiii METOJ0M CBETOBOW MHUK-
POCKOINY C TOCHENyoIIei 00padboTkoi B mporpamme Imagel.

O06cy:xnenune pe3yabTaTtoB. Ha ocHOBe nmpoBeeHHBIX HCCiIeI0BaHUI pa3paboTaH crnocol OleH-
KU TPaHyJIOMETPUUECKON CTPYKTYpPbI Kpaxmaila 3epHa TpuTukaie. [Ilposenenue ananusa 3Tum
CrocoO0M MPOXOJIUT B YETHIPE ATara: MOArOTOBKA 3e€pHa, MOoIy4eHre MUkpodoTorpaduii rpa-
HyJ1 Kpaxmana, oopaboTka m3oOpakeHuil B mporpamme Imagel, craructuueckas odbpaborka
MOJIyYEHHBIX NaHHBIX. aeHTuduKanus rpanyIoMeTpUYecKOl CTPYKTYphl Kpaxmaia y oopas-
LIOB TPUTHUKAJIE IOKa3aja, YTO OHU XApPaKTEPU30BAJIUCh Pa3HbIMM MaKCHUMaJIbHBIMH, MUHU-
MaJbHBIMU W CPEIHMMH pa3MepaMu TpaHyl NpU 3HAUYUTENbHON Bapuanuu. HanGombimii
cpennuit pasmep (23,2 u 23,5 MkM) ycraHoBiieH y o0pasnoB 193 u 223, a Haumenbuit (16,7—
16,8 MxkM) — y o6pasuoB 169 u 242. Jlpyrue oOpa3isl XapaKTepU30BaINCh CPETHUMU pa3Me-
pamu ot 16,9 1o 21,4 mxm. [TonydeH mareHT Ha ToJIe3HYI0 Moieb «Crocod oTOopa CeneKIu-
OHHOTO MaTepHualia TPUTHKAJIE [0 TPaHYyJIOMETPUYECKOMY COCTaBy Kpaxmala 3epHay»
(Ne1440021 ot 10.02.2020).

BuiBoabl. Pazpaborannsiii crioco6 ordopa 00pa3iioB TPUTHKAJIE HA OCHOBE OLEHKU TPaHyJIOMET-
pUYECKON CTPYKTYpBI KpaxMmaia MO3BOJII€T ObICTPO M TOYHO IPOBOJAWUTH aHAJIU3 HOBOI'O Ce-
JICKIIMOHHOTO MaTepuala U MOBBICUTH PE3yJIbTaTUBHOCTh CEIEKIMOHHOW paboThI MO co3/a-
HUIO COPTOB, MPUTOAHBIX JJISl Pa3HbIX HAIlpaBJICHUN HCIIOJIb30BAHUS, HAIIPUMEP NIl MIPOU3-
BOJICTBAa OMOA3TaHOJIA WIIK Kpaxmara.

Knroueewie cnosa: cenexyus, 3epnosas Kyibmypd, pasmep KpaxmaibHulX epanyi, uoeHmupura-
yusi 0bpazyoe, cemoeas MUKpOCKONUs.

THE METHOD OF GETTING THE INITIAL BREEDING MATERIAL OF TRITICALE
BASED ON THE GRANULOMETRIC COMPOSITION OF GRAIN STARCH

Starychenko V., Levchenko O.
NSC Institute of Agriculture, Ukraine

Purpose of the research is to study the granulometric composition of grain starch, develop a
method of evaluation breeding material of triticale and selections forms with different sizes of
starch granules for further use in creating varieties suitable for the production of starch and
bioethanol.

Materials and methods. The research was carried out in 2016-2017 at the NSC "Institute of
Agriculture of the NAAS". During the study, 142 samples of winter triticale were analyzed.
The granulometric structure of starch was determined by light microscopy followed by
processing in the ImageJ program.

The discussion of the results. On the basis of our research, we have developed a method for
assessing the granulometric structure of triticale grain starch. The analysis is separated to four
phases: preparation of the seed, getting of the micro photos of the starch granules, working
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with images in the “Image)” program, statistical analysis. Identification of the granulometric
structure of starch in winter triticale samples showed that they were characterized by different
maximum, minimum and average granule sizes with significant variation. The largest average
size (23.2 and 23.5 microns) was found for samples 193 and 223, and the smallest (16.7-16.8
microns) - for samples 169 and 242. Other samples were characterized by average sizes from
16.9 to 21.4 microns. The patent for a useful model "Method for the selection of breeding
material for triticale according to the granulometric composition of grain starch” (No. 1440021
dated 02/10/2020) was received.

Conclusions. The developed method for sampling triticale based on the assessment of the
granulometric structure of starch makes it possible to quickly and accurately analyze new
breeding material and increase the effectiveness of breeding work to create varieties suitable
for different uses, for example, for the production of bioethanol or starch.

Key words: breeding, grain crops, starch granule size, sample identification, light microscopy.
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VARIABILITY IN CHEMICAL COMPOSITION OF EGGPLANTS AND SWEET PEPPERS

Shabetya' O.N., Sergienko® O.V., Mogilna® O.N., Pilipenko® L.V., Kotsareva? N.V.
YInstitute of Vegetable and Melon Growing of the NAAS, Ukraine
2FGOBU VO Belgorod State Agrarian University named after V.Ya. Gorina, Russia

The dry matter, vitamin C and total sugar contents were determined in eggplant and sweet
peppers fruits to establish patterns in these substances, depending on the subspecies and color of
fruit in and to investigate the dynamics of these indicators during sweet pepper ripening. The dry
matter content was found to depend on the subspecies and fruit color in eggplant. The stability of
the "dry matter content” and "vitamin C content” indicators was evaluated. It was shown that the
effects of the subspecies and varietal characteristics on the dry matter in eggplant accounted for
61 - 65%. The effect of the cultivation weather factor accounted for 20%, and the factor interac-
tion effect — for 15-18%. The vitamin C stability in eggplant is above average, regardless of the
subspecies. There was an upward trend in the dry matter content in sweet pepper accessions with
industrially mature dark fruits. The vitamin C content depended on the fruit maturity degree, and
the vitamin C amount, in the first place, depended on the genotype. There was an upward trend in
the total sugar content in accessions with industrially mature cream and yellow fruits. It was
found that the genotype effect on the vitamin C content in sweet pepper fruits ranged 72 to 75%.
The effect of the cultivation weather factor accounted for about 26%, and the factor interaction
effect — for 20-22%.

Key words: eggplant, sweet pepper, dry matter, vitamin C, content, variability, stability.

Introduction. Vegetables are a major source of vitamins and trace elements for humans.
Therefore, the quantitative and qualitative chemical composition of vegetable products is ex-
tremely important.

Review of literature, problem statement. Recently, eggplant has become increasingly
popular due to its taste and high contents of beneficial chemicals such as vitamins B, PP and C,
potassium, calcium, phosphorus, magnesium and sodium. Eggplants contain small amounts of
copper, zinc and aluminum, however, due to balanced contents of iron, manganese and cobalt
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