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Abstract

The research was conducted in 2024 at the «Dzhantor» greenhouse complex of Kavunov,
located in the Enbekshikazakh district of the Almaty region. The aim of the study was to develop a
biologically based integrated protection system against major greenhouse whiteflies damaging
cucumber crops grown under protected conditions. The entomophagous insect Encarsia formosa was
used as a biological control agent, and its effect on pest population dynamics was evaluated. The
biological efficiency of releasing Encarsia formosa at a rate of 2 individuals/m2 was 61.3%. Due to
unfavorable weather conditions, the biological preparation Aktarofit 1.8 was additionally applied
against the pest, and its efficiency was studied. The biological efficiency of two applications of the
preparation against the pest was 87,5%. After the full harvest, chemical treatments were carried out
in the greenhouse to completely eliminate the remaining sucking pests, including individuals entering
diapause. The use of a biologically based integrated protection system is of great importance in
cucumber cultivation under greenhouse conditions.

Keywords: cucumber, greenhouse, greenhouse whitefly, Encarsia, integrated plant protection
system, biocontrol agents, biopesticides
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DETECTION OF HOP STUNT VIROID (HSVd) AND PEACH LATENT MOSAIC
VIROID (PLMVd) IN STONE FRUIT CROPS USING DUPLEX RT-PCR METHOD

Abstract
Viroids are small plant pathogens that do not encode proteins. Despite their simple structure,
viroids can cause serious metabolic and developmental disorders in plants, leading to a various of
symptoms, as well as a decrease in yield and product quality. The diagnosis of viroids is especially
relevant for fruit crops, since infections are often asymptomatic in the early stages.
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This study presents the results of simultaneous detection of Hop stunt viroid (HSVd) and Peach
latent mosaic viroid (PLMVd) in peach trees. Leaf samples from trees showing specific symptoms of
viroid infection were collected from the Nauryzbai district of Almaty city. By reverse transcription
followed by duplex polymerase chain reaction (duplex RT-PCR) using specific primers designed in
this study, HSVd and PLMVd RNAs were detected in a number of samples, and the presence of
RNAs of both viroids was shown in one sample. The purified amplicons were subjected to Sanger
sequencing to determine the nucleotide sequences of two cDNA fragments. BLAST analysis
confirmed that the plant was infected with both HSVd and PLMVd. These results indicate the spread
of HSVd and PLMVd in the Almaty region. This highlights the need of introducing regular viroid
diagnostics in stone fruit crops in Kazakhstan.

Keywords: peach, viroid, PLMVd, HSVd, duplex RT-PCR, sequencing, nucleotide analysis

Introduction

Viroids are a unique class of plant pathogens — small, circular, single-stranded RNA molecules
that do not encode proteins but can replicate within the cells of higher plants [1-4]. Despite their very
small size (240440 nucleotides), viroids can cause serious symptoms in a wide range of cultivated
plants, including fruit trees [4, 5]. The clinical features of viroid infections resemble those of many
plant viruses and include epinasty and leaf chlorosis, deformation of flowers and fruits, stem cracking,
stunted growth, and even plant death [5].

Phylogenetically and biologically, viroids are divided into two families: Pospiviroidae and
Avsunviroidae, which differ in their replication sites—nucleus and chloroplasts, respectively [6].
Some members of these families infect pome and stone fruit crops (apple, pear, plum, apricot, peach,
cherry) and are widespread worldwide. Viroids are transmitted through various routes: mechanical
injury to tissues, infected planting material, pollen, seeds, and, according to some reports, possibly
by insect vectors [7].

Peach latent mosaic viroid (PLMVd) and Hop stunt viroid (HSVd) are the most studied and
are economically important plant pathogens capable of causing significant yield losses in stone fruit
crops [8]. Several international studies have shown that mixed infections can exacerbate symptoms
and lead to overall plant decline [9, 10]. PLMVd is listed as a quarantine pathogen within the Eurasian
Economic Union (https://adilet.zan.kz/rus/docs/H16EV000158) and has been detected in Kazakhstan
for the first time by our research team [11, 12]. HSVd has a very broad host range and infects most
stone fruit species [13], and to our knowledge, this viroid has never been screened for in Kazakhstan
before.

Due to the absence of protein structures and antigenic properties, viroids cannot be detected
using standard serological methods, making molecular diagnostics the primary detection approach.
In practice, singleplex RT-PCR is used for individual viroid detection, multiplex RT-PCR for
detection of multiple viroids simultaneously, as well as nucleic acid hybridization, and next-
generation sequencing (NGS) [14].

The aim of this work was to use duplex RT-PCR method, developed by our research team, for
molecular testing of peach samples from Almaty for the presence of viroids affecting stone fruit crops.
This approach significantly reduces the time required for molecular screening of plant samples for
viroids compared to single RT-PCR.

Materials and Methods

Samples. Leaf samples from peach trees (Prunus persica) exhibiting specific symptoms —
including leaf curling, branch dieback, bark damage, and lack of fruit — were collected in the
Nauryzbay district, Almaty region.

Extraction of total nucleic acids (TNA). The CTAB-based method was chosen for TNA
extraction due to its effectiveness in removing PCR inhibitors like polysaccharides and polyphenols,
which are abundant in fruit plants [15]. 100-200 mg of leaf tissue were homogenized in 1 mL CTAB
buffer (cetyltrimethylammonium bromide). The quality of extracted nucleic acids was assessed by
electrophoresis in a 1% native agarose gel.
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Reverse Transcription and PCR. cDNA synthesis was performed using Maxima Reverse
Transcriptase (Thermo Fisher Scientific) according to the manufacturer's protocol. The reaction
mixture contained 1.5 uL. RNA template (300-500ng) and 0.5 uL random hexamer primers
(100 uM), 3 puL. H20. The mixture was incubated at 65 °C for 5 min and then chilled on ice. To the
chilled mixture, 5 puLL of RT mix were added (2 uL 5X RT buffer, 1 pL dANTP mix (10 mM), 0.25 uL
Maxima RT, 0.25 uLL RNase inhibitor). The RT was carried out at 25 °C for 10 min, 50 °C for 30 min,
and 85 °C for 5 min.

The resulting cDNA was used for viroid PCR amplification employing Pfu DNA Polymerase
(Thermo Fisher Scientific). The 25 uL. PCR mix contained 2.5 uL. ¢cDNA, 2.5 pL MgSO. buffer,
0.5 uL dANTP mix (10 mM), 0.6 uL each of four primers (10 uM), 0.5 pL Pfu (1.25 U), and 16.6 pL
sterile water. Amplification conditions: 95 °C for 2 min; 35 cycles of 95 °C 30s, 58 °C 30s, 72 °C
1 min; final extension at 72 °C for 5 min. PCR products were analyzed by electrophoresis in 1.8%
agarose gel in TBE buffer, stained with ethidium bromide, and visualized under UV light.

Sequencing. PCR products were gel-purified using QIAquick PCR Purification Kit (Qiagen)
and bidirectionally sequenced by Sanger method using Big Dye Terminator v.3.1 (Applied
Biosystems). Capillary electrophoresis was performed on an ABI 3500XL Genetic Analyzer. For
viroid identification and homology assessment, NCBI BLAST (https://www.ncbi.nlm.nih.gov/) was
used to analyze the resulting nucleotide sequences.

Results and Discussion

Primer design. To test peach samples for the presence of HSVd viroid, a pair of
oligonucleotides was designed to amplify the full genome sequence based on the consensus sequence
shown in figure 1. This sequence was assembled across multiple HSVd genome sequences available
in the GenBank database (https://www.ncbi.nlm.nih.gov) using NCBI Multiple Sequence Alignment
Viewer 1.26.0. The HSVd isolate found in China (GenBank: EF076820) was used as a comparison
sequence. The high variability and circular nature of viroid genomes was taken into account when
designing PCR primers. The constructed primer pair hsvf (5’- CGGATCCTCTCTTGAGCC-3") and
hsvr (5’- CGGCAGAGGCGCAGATAGAACA -3’) covers positions from 255 to 294 of the genome
of the reference isolate. For detection of PLMVd, the previously developed primer pair plmf (5°-
GGATTACGACGTCTACCCGG-3’) and plmr (5’-CCAGTTTCTACGGCGGTACCTG-3’) was
used [10]. Online analysis for self- and mutual complementarity between the 3’-ends showed the
absence of primer-dimer formation (https://www.thermofisher.com/kz/en/home/brands/thermo-
scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-
library/thermo-scientific-web-tools/multiple-primer-analyzer.html). PLMVd isolates range in size
from 337 to 339 nucleotides, HSVd isolates range from 297 to 301 nucleotides, and the size difference

between two viroids is approximately 40 nucleotides, which allows them to be separated in an
agarose gel after duplex RT-PCR.

|
CTGGG-G-A-ATTCTCGAGTTGCCGCAAAAGGCATGCAAAG-AAAAAAACTAGGCAGGGA
GGYGCTTA-CCTGAGAAAGGAGCCCCGGGGCAACTCTTCTCAGAA-TCCAGCRAGAGGCG
T-GGAGAGAGGGCCGCGGTGCTCTGGAGTA--G—-AGGCT-CTGCCTTCGAAACACCATC

GATCGTCCCTTCTTC-TTTACCTT-CT-TCTGGCTCTTCTTGGA-———- GACGCGACCGG
TGGC--ACCCCTGCTCGGTTCGCTCCAACCTGCTTTTGTTCTATCTGCGCCTCTGCCGCG
GATCCTCTCTTGAGCCCCT

The annealing region of the hsvf and hsvr primers is underlined.
Figure 1 — HSVd consensus sequence

Sample collection. Various plant tissues and organs are used to detect viroids, including fruits,

shoots, bark, and leaves. Eighteen peach leave samples were collected in the Nauryzbai district of
Almaty in the fall of 2024. Some trees looked quite healthy, with no signs of infection, while others
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had dried skeletal branches or curled leaves (fig. 2). The absence of peach calico symptoms such as
mosaic and extensive chlorosis of leaves on the tested trees is noted.

Duplex RT-PCR. For the molecular detection of viroids, TNAs from the collected leaves were
extracted using the cationic detergent CTAB. Finally, the TNA precipitate obtained from 100 mg of
plant material was dissolved in 100 pl of sterile double distilled water. TNA samples were visual
inspected after electrophoresis under native conditions in 1% agarose gel and subsequent staining
with ethidium bromide. The presence of distinct 28S and 18S ribosomal RNA bands indicated a high-
quality RNA suitable for further analysis. All 18 samples were tested with duplex RT-PCR with
primers specific to PLMVd and HSVd. Figure 2 shows the test results alongside a negative control.
As can be seen from the figure, a band of the expected size for PLMVd, approximately 340 bp, was
observed in 2 out of the 18 samples, and a fragment around 300 bp in size, which is expected for
HSVd, was detected in 3 samples. In sample No.8, the amplification of both fragments suggests a
potential mixed infection, where both viroids are present in one sample. It is worth noting that the
sample was taken from a peach tree, with specific symptoms, namely, curled leaves and dry skeletal
branches. Of the 18 samples tested, 4 were infected. Overall, the infection rate was 22%, which is

really quite high.

Figure 2 — Tested peach leaf samples showing signs of curling

1 2 345 6 7 8 9M10 11121314151617 18NcC

!400 - <« PLMVd
-

R — w300 _— <— HSVd
-

Lanes 1-18 correspond to tested samples; NC — negative control; M — 100 bp DNA marker.
Figure 3 — Gel electrophoresis of duplex RT-PCR products of peach samples amplified with
primer pairs plmf/plmr and hsvf/hsvr

Sequencing and comparative nucleotide analysis. Two cDNA-fragments (300 bp and 340 bp),
amplified from sample No.8, were gel-purified and bidirectionally Sanger sequenced using

272



I3nenicrep, votmkenep — Mccnenosanus, pezynabratsl. Ne3 (107) 2025, ISSN 2304-3334

viroid-specific primers. The size of HSVd was found to be 298 nucleotides, while PLMVd was 338
nucleotides. Align sequences using BLAST confirmed their viroid nature and showed 95-99%
homology for HSVd and 94-96% for PLMVd with published isolates.

Thus, we documented the simultaneous infection of a single plant by two viroids, which was
confirmed via RT-PCR, sequencing, and alignment of the obtained sequences with known viroid
sequences.

Such natural cases of co-infection by multiple viroids have also been reported by international
researchers. One of the earliest observations, conducted in the Czech Republic in 2004, demonstrated
the simultaneous presence of HSVd and PLMVd in Prunus persica. Among 66 tested trees, 46 were
co-infected with both viroids, five were infected only with PLMVd, and 15 were free of both viroids
[16].

Another example of natural dual infection was reported by Fekih Hassen and colleagues (2006),
where PLMVd + HSVd and PBCVd + HSVd combinations were found in pear trees, underscoring
the prevalence of mixed viroid infections under field conditions [17].

Furthermore, in Taiwan (2015), a study revealed the simultaneous presence of Citrus exocortis
viroid (CEVd) and HSVd in citrus species. The investigation detected a titer-enhancing relationship,
along with overlapping tissue localization patterns [18].

Therefore, dual viroid infections are not uncommon in either natural ecosystems or
agroecosystems. This fact underscores the necessity of regular monitoring and certification of plants,
particularly in fruit crop production. While infection by multiple viroids may be asymptomatic in
itself, the interaction of two or more viroids can exacerbate symptom development, impair host
defenses, increase susceptibility to viruses, reduce yield, and even contribute to plant mortality [9,
10].

Scientific and practical significance. The duplex RT-PCR primer set developed by our research
group enables simultaneous detection of PLMVd and HSVd in one reaction, saving resources and
time compared to singleplex RT-PCR. The identified isolates from sample No.8 can serve as positive
controls in viroid detection screens not only for stone fruits, but also for pome fruits like apples and
pears. Whole-genome sequencing of local PLMVd and HSVd isolates provides new data on regional
strain distribution.

Conclusions

In Almaty city, a study using duplex RT-PCR identified in peach trees two serious viroid
pathogens, PLMVd and HSVd, also it is the first documented case of co-infection in Kazakhstan.
Identification was confirmed by direct sequencing of amplicons, showing high homology to known
published isolates, suggesting potential introduction via imported planting material. These findings
carry significant epidemiological implications, revealing a previously undetected spread of viroids in
the country. The observed mixed infection in peaches—manifested by leaf curling and branch
dieback—highlights the importance of such studies. Considering the fact that viroid infections may
remain asymptomatic for an extended period, regular monitoring in nurseries and stricter control on
imported seedlings are crucial. Moreover, the developed duplex RT-PCR method and the isolated
strains can serve as positive controls for new viroid detection systems in phytosanitary monitoring of
stone fruit crops.
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CYMEKTI )KEMIC JAKBLIJIAPBIHJIA HOP STUNT VIROID (HSVd) )KOHE
PEACH LATENT MOSAIC VIROID (PLMVd) BUPOUATAPBIH JYIIJIEKCTI
KT-ITP 9 AICIMEH AHBIKTAY

Anoamna

Bupounrap — Oyl akybl3 KOATaMaWTBhIH O©CIMIIKTEp/IH IIarblH MaroreHaepi. Kapamaitbim
KYpbUIBIMBIHA KapamacTaH, BUPOHMITAp OCIMIIKTEpAe MeTadoiIM3M MEH JaMmy YIepicTepiHiH
alTapJIBIKTail OY3BUTYBIH TYIBIPYbl MYMKiH, OYJI CHMITTOMAP/ABIH KEUIeHIHEe, COHIali-aK OHIMILIIK
IIEH CalaHblH TOMEHJCYIHEe ajblll Kejedi. Bupouarapasl aHBIKTAy, dcipece, epTe Ke3eHAEpiHIe
CHUMIITOMCBI3 O©TETIH HH(PEKIMsUIapFa 0alIaHbICTBI, )KEMIC-)KHICK JaKbUIIAPhl YIIIH ©3€KTI Mocele
OO0JIBITT TaOBLTATBI.

By 3eprreyne mabaanel aramrapbinga Hop stunt viroid (HSVd) xone Peach latent mosaic
viroid (PLMVd) Gip Me3riiie aHbIKTay/IbIH HOTHXKEIepi YChIHBUIAABI. AMaThl Kajackl, Haypei30aii
ayJaHbIHIA BHUPOMATHIK HMH(EKIUSHBIH  KIMHHUKAIBIK OENriiepiH KepceTKeH  Iadaanbl
KarbIpaKTapbIHBIH YIT1JIepi 3epTTeNai. ApHalbl 93ipJeHIeH MpaiiMepIiep i naiganana OThIPHII, Kepi
TPAHCKPHUIILIUS SAICIMEH KOHE KEeHIHT1 MYMIEKCTI MoJuMepasalblK Ti30ekTi peakius (qymiaexe KT-
[1TP) apkbuibl KYpri3uireH Taljay HOTHKeCciHae keibip yiriiepae HSVA xome PLMVd
BupourapbiabiH PHK anbikTangsl, an Oip ynrige eki Bupountsin PHK-cb1 katap anbikranael. Keiiin
aAMIUTUKOHJIAPBl Ta3apTHIN, OJIAPJBIH HYKJICOTHATIK pETiH aHbpIKTay yimiH CsHrep oficiMeH
cekBenupiey kyprizingi. BLAST rtamgaysr HSVd sxone PLMVd BupouaTapbIHBIH COHKECTIrH
pacransl. Anbiaran gepekrep HSVd sxone PLMVd BupouarapbiHbiH AlMaThl Kajackl ayMaFbIHIA
aifHanpiMna ekeHiH kepceredi. byn Kazakcranma cyiekTi Kemic NaKbUIIAPBIHBIH BHUPOUITHIK
MHQEKIUSUIAPBIH KYHEN TYpAe AMarHOCTHKAIAYIBIH KQKETTUIITH JoNIeNaei .

Kinm co30epi: mabnane, Bupounrap, PLMVd, HSVd, nymexcri KT-IITP, cekBenupiey,
HYKJIEOTH/TIK Tajaay.

JI.T. Haouposa*?*, I.3. Cmanébexosa', P.B. Kpvinoaxoe', b.K. Hckaxoe*
Y Unemumym monexynaproii 6uonoeuu u 6uoxumuu um. M.A. Alimxosxcuna, 2. Anmamot,
Kaszaxcman,
2 Kazaxcruil Hayuonanvnoiii Ynusepcumem umenu ano-@apabdu, e. Anmamol, Kasaxcman
leila.nadirova@gmail.com*, gulshanst@yahoo.com, bulat.iskakov@mail.ru,
kryldakov@mail.ru
JUATHOCTHUKA BUPONTOB KAPJIMKOBOCTHU XMEJISI (HSVd) 1
JATEHTHOM MO3AUKHA MEPCUKA (PLMVd) KOCTOYKOBBIX KYJIBTYP
METOJI0M AYIIVIEKCHOM OT-IIIIP

Annomauusn

Bupounsl — 370 HeOoNbIINe MATOTeHbl pacTeHH, He Koaupyomue Oenku. Hecmorps Ha
MIPOCTYIO CTPYKTYPY, BUPOUIBI MOTYT BBI3BIBATH CEPHhE3HBIC HAPYIICHUS METAa00IM3Ma U Pa3BUTHUS Y
pacTeHHid, MPUBO/S K PSy CUMIITOMOB, & TAKXKE K CHIDKCHHUIO YPOKaWHOCTH U KaueCTBa MPOTYKIIHH.
JlnarHocTHka BUPOHIOB OCOOCHHO aKTyalbHa JUIS IJIOIOBBIX KYJIBTYP, ITOCKOIBKY WH(EKIINH 9acTO
MPOTEKAIOT OECCUMIITOMHO Ha PAHHUX CTATHUSX.

B pabote npencraBiieHbl pe3yabTaThl OJJHOBPEMEHHOTO BBISBIICHHS BHPOHIOB KapIUKOBOCTH
xmenss (HSVd) u narentHoit mo3amku nepcuka (PLMVd) B mepcukax. TectupoBaHbl 00pa3iibl
JUCTHEB MepCUKa, COOpaHHBIX Ha Tepputopuu Hayprizbaiickoro paiioHa r. AIMaThl, MPOSBUBIIHE
KIIMHUYEeCKUEe TPU3HAKA BUPOUTHOTO 3apakeHus. MeTogoM oOOpaTHOM TPAHCKPHUMIMHU C
MOCNEAYIONEel JyIIEeKCHOM TojauMepa3Hod 1nenHod peakuued (nymiekc OT-IILIP) ¢
WCIOJIb30BaHUEM pa3pa0OTaHHBIX HAMH CHEMU(PUYHBIX MpaiiMepoB, B psjae oOpa3ioB ObLIH
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BeisiBieHbl PHK HSVd u PLMVd, a B ogHoMm oOpasiue Obuto nokazano npucyrctBue PHK o6Gonx
BUpOHJIOB. B mocnenyromeM Oblla MpoOBeIeHA OYHMCTKA AMIUIMKOHOB, KOTOpBIC najnee Obuid
cekBeHUpOoBaHbl 1Mo CHHTEPY ISl ONpEneieHUs HYKJICOTHIHBIX TOCIEA0BATEIbHOCTEH 000MX
Bupou10B. BLAST-ananmu3 nokasan Beisinenue HSVd u PLMVd. [lonyueHnHbie JaHHBIE YKa3bIBAIOT
Ha mupkyisuio HSVd u PLMVd B paiione ropoga AnMartbl. 9To 000CHOBBIBaeT HEOOXOAMMOCTh
BHEJPECHUS PETYJISIPHON JMArHOCTUKH BHUPOUIHBIX MH(MEKIMI KOCTOYKOBBIX TUIOJOBBIX KYJIbTYp B
Kazaxcrane.

Knroueswle cnosa: nepcux, supouasl, PLMVd, HSVd, nymnexc OT-IILP, cekBeHupoBanue,
HYKJICOTHIHBIN aHAIN3

Bknao aemopoes:

UckakoB b.K. Konenuusi, pykoBoJCTBO;

Cran6ekoBa ['.O. MeTtonomnorus, yrpaBjieHHe IPOSKTOM, PELIEH3UPOBAHUE U PEAAKTUPOBAHUE
PYKOIIUCH;

Kpsuinakos P.B. Pecypcsl; uccinegoBanue;

Hanguposa JI.T. MeTtononorus, pecypcsl, UCCIEA0BAHUE, HAMCAHUE PYKOIIUCH.

Bce aBTOpbI 03HAKOMUITUCH C OMYOIMKOBAaHHON BEepcUEl PYKOIMCH M COTJIACKIINCH C HEll.
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D.A.Hypbaesa,* A.O. Hycynoesa,, I'M. Hopacumosa, Y.A Manabaesa

TOO «Ka3zaxckuti Hay4YHO-UCCIe008aAMENbCKULL UHCIMUMYM N1000080Uie800CME0Y,
peauonanvusiil punuan «Kavinapy, Aimamol, Pecnyoiuxa Kaszaxcman, elmira-1401@mail.ru,
aigul.nusupova.65@mail.ru, gulnara.0868@mail.ru, manabaeval971@mail.ru

KOMIIVIEKCHASA OHEHKA INEPCIHEKTUBHBIX COPTOOBPA311OB TOMATA
OTKPBITOI'O I'PYHTA B IMTOMHHUKE KOHKYPCHOI'O HCIIBITAHUA

Annomayus

B cratee mpencrtaBieHbl pe3yiabTaThl OIEHKM NEPCIEKTUBHBIX  COPTOOOpa3loB TOMara
OTKPBITOTO TPYHTa OTe4eCTBEHHOH cenekunu 3a 2023-2024rr. Bee n3ydeHHble copTooOpasiibl ObUH
ONHUCaHbl MO MOPQOJOrMYECKUM IapaMeTpaM, BceM Oblla JaHa KOMIUJIEKCHas OLEHKa II0
XO3SIIICTBEHHO-IIEHHbIM ~ Npu3HakaMm. OOpa3upl  UMeNHW  JeTePMHMHAHTHBIM  TUI  KYyCTa,
XapaKTepu3yloTcs HemTaMOOBBIMU PACTEHUSIMH, OTIUYAIOTCS 10 TabUTyCy, BEIMYUHE JIHCTHEB,
JUINTEIBHOCTU MEPHOJOB BEreTaluy, MO BEIMYMHE CPOKAa CO3pEBaHUs, OOLIEMY M TOBAPHOMY
yposkaro. Takxke OTIIMYaroTCs APYT OT Apyra M0 KOMIUIEKCY IPU3HAKOB IUIO/A: IO OKPAacKe, pa3Mepy
(xpynHbI€ U cpeiHue), popme (OKpyTible, CIMBOBUIAHBIE, TPYIIEBHUIHbIE), C OOJIBIIMM U HEOOJIBIINM
yriyojaeHueM pyOla B MecTe OTpbIBa IUIOAA OT IUIOJOHOXKKH, 110 KaMEPHOCTH - 2-3 KaMepHbIEe U
MHOrokamepHble.  M3yueHHble 00paslbl  XapaKTepU30BAJIUCh XOPOILIEH MPOJYKTUBHOCTHIO,
OTHOCHUTEJIbHOW yCTOWYMBOCTBIO K OCHOBHBIM BHJaM 0OJie3HEH M BBICOKMMU OMOXMMHUYECKUMHU
nokasareiasiMi. Bce 3TH mpu3Haku MMEIOT Kak TEOPETHYECKOoe, TaK M INMPAKTUYECKOE 3HAUYECHHUE.
Co3naHHble cOpTOOOpa3Ibl MPEBOCXOAAT WIIM HAXOAATCS HA YPOBHE CTaHIapTa MO 00IIEMY YPOKat0
U KauyecTBY IUJIOJIOB, HMEIOT pa3Hble CPOKH CO3pEBaHMs, HEKOTOpblEé HAaxXoIATCA B
TOCCOPTOMCIIBITAHUH, a OCTalbHblE COPTOOOpa3lbl B AajbHeHIIeM OyayT pPEeKOMEHJOBaHbI s
nepeiayn, a Takke MOTYT CIY’KUTh B KaueCTBE MCXOJHOI0 MaTepualia Jjs JajdbHeHIen ceneKiuu
TOMATOB.

Knroueevie cnosa: momam, copmoobpaszey, eabumyc, aucm, opma niooa, oKpacka niood,
VPOACAUHOCMb, KAYECMBO.
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