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EVALUATION OF COMMERCIAL AND COLLECTION VARIETIES OF BARLEY
FOR RESISTANCE TO MAJOR FUNGAL DISEASES IN FIELD CONDITIONS

Abstract

Barley is an important grain feed crop. A significant amount of it is also used for the production
of cereals and beer. Barley ranks fourth in the world in terms of sown area (about million hectares)
and grain harvest. The volume of barley crops in the Republic of Kazakhstan is reaching 2 million
hectare. In 2021-2023 on the experimental field of the Kazakh Research Institute of Agriculture and
Plant Growing conducted a field assessment of the resistance of 216 varieties of winter and spring
domestic barley origin to the most common fungal diseases in Kazakhstan Over three years of field
research, it was possible to obtain objective data on the reaction to infection with a pathogen. Based
on the results of phytopathological assessment, sources of resistance to major fungal diseases were
selected among barley varieties. We divided the studied varieties into groups based on the degree of
resistance (susceptibility) to the causative agents of fungal diseases, highly resistant (damage rate
0%) not detected, resistant: were discovered 59 varieties of winter and spring barley resistant to
fungal diseases.
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Introduction

Barley (Hordeum vulgare L.) is a universal crop for distribution and use in agricultural
production. According to the Agriculture and Food Agency of the United Nations, in world
agriculture, the sown area of barley is 60 million hectares, which is the fourth largest after wheat, rice
and corn [1]. Barley is one of the main forage that are grown everywhere in all regions of
Kazakhstan[2]. According to local executive bodies, in 2022 the area sown with barley in Kazakhstan
amounted to 2.3 million hectares, which is 9 percent more than last year [3].

The efficiency of growing barley decreases in some years due to the intensive development of
fungal diseases that affect the plant throughout the entire growing season from germination to harvest
and significantly reduce yields. Among the diseases caused by the fungus, the most dangerous and
common for the barley crop are leaf spot and powdery mildew [4].

The causative agent is Blumeria graminis f.sp. hordei (syn. Powdery mildew disease (Erysiphe
graminis DC), a fungus of the class of ascomycetes, is considered one of the most harmful pathogens
of barley crops in many regions of the world. This disease develops mainly on the leaves, but the
fungus affects all above-ground organs of the plant[5].

Rhynchosporium blight, or striped leaf disease (caused by Rhynchosporium commune), has
been reported in more than 50 countries in Asia, Europe, Africa, North and Latin America. In general,
this disease is observed in areas where barley is grown and is more common in cool and semi-humid
regions, resulting in a 35-40% reduction in yield[6].

Barley net spot (caused by Pyrenophora teres Drechsler (anamorph: Drechslera teres (Sacc.)
Shoem.)) is a pathogen of economic importance in many countries around the world. The pathogen
has two forms: P. teres f. maculata and P. teres f. teres. These two forms of fungi are morphologically
identical, but genetically and symptomatically different [7].

The next type of barley leaf disease is an outbreak of dark brown spot, caused by the fungus
Cochliobolus sativus (anamorph: Bipolaris sorokiniana). In addition, this pathogen causes rotting of
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plant roots and burns of shoots. The fungus has a wide habitat, meaning that it is a pathogen of barley,
bread and durum wheat, triticale, rye, corn, rice and some plant species [8].

All of the above diseases of barley crops are found in the grain regions of Kazakhstan, and the
pace of their development and distribution varies depending on climatic conditions, the internal
structure and racial composition of pathogen populations, and the ability of commercially grown
barley varieties to protect themselves from diseases. Many commercial varieties of spring and winter
barley grown in Kazakhstan suffer greatly from spot diseases, rhynchosporiosis, dark brown spot and
powdery mildew, caused by the fungus. Therefore, it is necessary to strengthen research work aimed
at identifying varieties and lines of spring barley resistant to these diseases [9].

The main goal of the research work is to assess the resistance of new and collection barley
varieties to major fungal diseases.

Methods and materials

Varietal samples and collection varieties of winter and spring barley were used as research
materials in a trial variety trial. The total number of barley sample varieties used for immunological
evaluation is 216, of which 141 are spring barley sample varieties and 75 are winter barley sample
varieties.

The experiments were carried out in 2021-2023 in the irrigated field of the Kazakh Research
Institute of Agriculture and Plant Growing, located in the village of Almalybak, Karasai district,
Almaty region. Grains of barley sample varieties were sown manually from 25 grains per plot with a
row spacing of 15 cm. The Aydin (winter barley) and Arna (spring barley) varieties, approved for
cultivation in Kazakhstan, were used as a control variety in practice. When conducting research work,
methodological instructions were used for testing barley and oat crops in field conditions [10]. The
resistance of adult plants to fungal diseases of barley varieties used for research in field conditions,
i.e., the degree of their development was taken into account at the stages of milky and waxy ripening
of the crop (development phases GS75 and GS85 on the Zadoks scale) [11]. The degree of damage
to barley varieties by blight, rhynchosporia, dark brown spot and powdery mildew diseases was
determined using methods and scales that meet international requirements. Plants with a level of
disease damage of 0% turned out to be immune, 1-10% - resistant, 11-30% - moderately resistant,
31-50% - moderately unstable, 51-100% - unstable [12,13].

Statistical and correlation analysis of barley disease resistance data includes GraphPadPrism 8
software packages (GraphPad Software, Inc., LaJolla, CA, USA). In this case, the Pearson linear
correlation coefficient (r) was used to determine the relationship between the variables. At P<0.05,
differences were considered statistically significant.

Results and discussion

The degree of disease development in barley sample varieties under field conditions varied
depending on the type of pathogen and the form of plant development. In the sample varieties of
winter barley, there is a significant difference between the degrees of development of leaf spot, dark
brown spot and powdery mildew with rhynchospora diseases (p<0.03-0.008) (Figure 1A). That is,
during the years of research, the degree of development of powdery mildew in the sample varieties
of winter barley generally ranged from 0-30% (average 8.44-19.06%), while this indicator of other
fungal diseases was 5-50% ( on average 13.44-26.69%)

A relatively high incidence of net spot, dark brown spot and rhynchosporosis compared to
powdery mildew was also observed in the sample varieties of spring barley (Figure 1B), respectively,
the level of accuracy between them is p<0.0003-0.0001. In practice, the diseases net spot, dark brown
spot, rhynchosporium and powdery mildew developed most intensively in the sample varieties of
spring barley compared to breeding materials of the winter form, i.e., the average degree of their
development was in the range of 22.17-34.17 % (Figure 1B). However, the results of statistical
processing of the obtained data showed that there was no significant difference between the degree
of development of outbreaks of barley leaf spot (net spot, dark brown spot, rhynchosporium blight).

Correlation analysis showed an average and upper positive correlation between the degree of
development of all diseases identified in winter barley (r = 0.326-0.818, p <0.001-0.0001). Similarly,
the vast majority of diseases occurring in spring barley also had a strong correlation by development
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level (r = 0.512-0.753, p < 0.0001), only in this crop a weak positive correlation was found between
the pathogens Rhynchosporium commune and Cochliobolus sativus (r = 0.205, p < 0.05).
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Figure 1- The degree of development of fungal diseases in sample varieties of winter (A) and
spring (B) barley

In the sample varieties of spring barley there was a negative correlation (r = -0.098-0.196)
between the degree of development of these diseases in the sample varieties of spring barley with a
dark brown spot and the level of development of rhynchosporium diseases. A negative correlation
was also noted between the level of damage to the sample varieties of spring and winter barley by
powdery mildew and net blotch diseases (r = 0.042-0.106) (Table 1).

Table 1- Correlation between the degree of disease development in sample varieties of winter
and spring barley

Crop- pathogen WB-PT |WB-CS |WB-RC |WB-BG |SB-PT |SB-CS |SB-RC  |SB-BG
WB-PT 1 0,511™ |0,448™ 0,818™ |0,356™ 0,196™ -0,189™ 10,042
WB-CS 0511™ |1 0,570™ |0,326™ 0,272" 0,363™ -0,137™ |0,355™
WB-RC 0,448™ 0,570 |1 0,590™ (0,440 0,164 ™ -0,321™ |0,252"
WB-BG 0,818™ |0,326™ 0,590™ |1 0,337™ 0,058 -0,098"™ 0,106
SB-PT 0,356™ 0,272" 0,440 0,337 1 0,523 |0,514™ |0,753™"
SB-CS 0,196 " 0,363™ 0,164 " 0,058 0,523 |1 0,205" 0,641™"
SB-RC -0,189"™ |-0,137™ |-0,321™ |-0,098™ |0,514™" |0,205" 1 0,512™"
SB-BG 0,042 0,355™ 0,252" 0,106™ 0,753 |0,641™ |0,512™ |1

Notes: WB — winter barley, SB — spring barley, PT — Pyrenophora teres, CS — Cochliobolus sativus, RC —
Rhynchosporium commune, BG — Blumeria graminis, * — p < 0.05, ™ — p < 0.001, ™ — p < 0.0001, ™ — not significant

Among the winter and spring barley varieties tested in the field, no immune forms to leaf spot
and powdery mildew diseases were detected (Figure 2). In the barley variety trials that pose a danger
to the barley crop, 16 winter barley varieties showed resistance, 14 showed average resistance, and
26 showed average susceptibility, while 21 spring barley varieties were resistant to this disease, 18
showed average resistance, 30 showed average resistance, and 11 showed average resistance (Figure
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2A\). According to the resistance to dark brown spot disease, the frequency of occurrence of winter
barley accession varieties was the same, i.e. 15 of them belong to the category of resistant, 17 -
moderately resistant and 16 - moderately non-resistant forms. The proportion of spring barley
accession varieties according to these immunological traits to this disease was high, respectively, 12
accession varieties were resistant, 13 - moderately resistant, 19 - moderately resistant, 5 - non-
resistant (Figure 2B). The total frequency of occurrence of winter and spring barley accession
varieties resistant to rhynchosporiosis disease was 21, and powdery mildew - 27. Accession varieties
with moderate resistance to these diseases and moderate non-resistance were encountered with
different frequencies (Figure 2C, 2G).
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Figure 2 - Frequency of occurrence of winter and spring barley varieties by resistance to net
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Samples were selected that showed more pronounced disease resistance reactions than the Arna
control spring barley and the Aydin winter barley variety, widely used in grain fields in Kazakhstan
(Table 2).

Table 2 - Phytopathological characteristics of barley varieties sorted by resistance to fungal
diseases

Crop Name of the variety-|Degree of disease development, %

samples net spot dark brown spot  |rhynchosporiosis  |powdery
mildew
Aydin, control 40 40 40 35
77/12-5 20 10 10 15
5/15-2 10 5 20 10
71/13-13 20 10 15 10
102/14-4 15 10 10 5
414 x 35-7 10 15 10 10
61/13-9 20 10 10 15
71/13-10 10 5 10 10
45/15-8 10 20 10 10
. 64/12-3 15 10 15 10

Winter barley 156158 5 10 15 10
64/12-3 10 10 15 5
75/12-3 15 10 15 10
66/12-5 10 5 10 15
77/09-3 10 10 15 15
114 x 34-1 10 10 15 5
81/14-2 10 15 20 10
66/12-6 10 10 15 10
6/09-1 5 15 20 10
64/12-3 5 10 15 10
Arna, control 35 25 20 15
5/05-2 5 5 10 10
54/80-5 10 10 20 15
1/10-2 10 10 20 15
38/10-2 10 15 20 10
2/09-4 5 10 15 15
40/10-6 10 10 20 10
3/04-2 10 10 15 5
1/05-4 5 10 10 10
4/78-7 10 15 10 5
1/05-3 10 10 20 10
58/80-3 10 5 10 5
49/11-9 10 10 15 10
42/11-2 20 10 15 10

Spring barley 42/11-1 10 15 15 10
72/80-3 10 20 20 10
58/16-3 5 10 10 10
40/10-2 15 10 20 10
32/08-9 10 10 20 10
51/99-1 15 10 10 5
63/16-3 20 10 15 10
9/78-1 10 5 10 10
22/11-3 10 20 15 10
4/17-3 10 10 20 10
13/09-4 20 10 25 10
1/80-15 15 20 10 15
5/05-1 10 15 10 15
41/16-4 20 20 20 10
21/09-9 10 15 15 10
17/07-4 20 20 20 15
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9/17-6 15 10 15 15
10/17-2 20 10 20 15
20/17-5 10 10 20 15
1/80-2 15 10 20 10
8/17-8 10 10 10 15
21/15-1 20 20 15 15
10/06-2 20 20 20 10
9/15-11 15 10 15 15
58/16-1 10 10 20 15
42/03-14 20 15 15 10
3/04-2 10 10 20 10

Of the winter barley accessions used in the overall study, 19 accessions and 40 accessions of
spring barley were slightly affected by spot, dark brown spot, rhynchospora and white powder
diseases, i.e., the degree of disease development in them was within 5-20%.

To date, a set of individual barley varieties has been assessed in Kazakhstan for resistance to
stem rust, net spot, dark brown spot and powdery mildew using traditional phytopathological methods
and modern genomic technologies [9,14,15]. Comprehensive studies have also been conducted in
various regions of the country to determine the population structure of the pathogens Pyrenophora
teres and Blumeria graminis, the racial composition and the effectiveness of resistance genes to these
diseases. Recently, the demand for feed, raw materials for the food and brewing industries has been
growing in the agriculture of the Republic of Kazakhstan, so it is necessary to continue research aimed
at identifying barley varieties that are resistant to diseases common in the country and capable of
producing high-quality products. Taking this into account, this research paper described 216 varieties
of winter and spring barley for resistance to fungal diseases.

Of the winter barley accessions used in the overall study, only 19 accessions (25.3% of the
breeding material used in the experiment) showed resistance to spotting, dark brown spot,
rhynchospora and powdery mildew, and only 40 (28.4%) of the spring barley accessions were
resistant to two and three of the four diseases taken into account. 48 barley varieties produced by the
Karabalyk Agricultural Experimental Station were tested in 2015-2016 against the artificial
background of spotting and powdery mildew diseases, of which only 6 samples showed complex
resistance to these diseases during the growing season [9]. In addition, in those years, out of 116
barley varieties introduced to Kazakhstan from abroad, 45 or 38.8% of the samples showed resistance
to spotting and 43 (37.1%) to powdery mildew [16]. This means that international breeding centers
have significantly more barley samples that effectively protect against fungal diseases than domestic
barley breeding.

The correlation analysis conducted in this work showed that in most cases there is a positive
correlation between the degree of development of all diseases identified in barley. These results are
consistent with the indicators of wheat crop resistance to fungal diseases. That is, in 2018-2019, in
the conditions of Kazakhstan, the wheat variety Puccinia graminis f.sp. tritici and P. triticiana also
showed a positive correlation between resistance to pathogens [17,18].

In Kostanay and Zhambyl regions of the country, in 2013-2014, about 700 selection materials
of the spring barley crop were evaluated, including 96 lines of Kazakhstan for resistance to black-
brown spots. As a result, based on the associative mapping approach, 7 QTL barley associated with
black brown spot resistance were identified, of which 4 QTL are responsible for germination
resistance and 3 QTLs are responsible for resistance at the adult plant stage [14]. This suggests that
there are domestic varieties of barley that can genetically protect themselves from dark brown spot.
But to determine the genetic resistance of barley varieties to the diseases described in this article using
phytopathological methods, additional research is needed.

Also, the majority of barley varieties that exhibit resistance to fungal diseases in field conditions
are unstable to individual races or pathotypes of pathogens in the germination phase [9]. Since the
grain regions of Kazakhstan contain pathotypes of Pyrenophora teres and Blumeria graminis with
very high virulence, many varieties and samples of barley are affected when favorable conditions for
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their development arise. Barley resistance to diseases is generally controlled by polygenic (horizontal
resistance) and oligogenic (vertical resistance) systems. Therefore, in the future, it is necessary to test
barley cultivars selected for disease resistance in the field in the seedling phase and determine their
ability to protect against highly virulent races and pathotypes of fungal pathogens.

Conclusions

In accordance with the objective of the scientific work, the resistance of new and collection
varieties-samples of barley to the main fungal diseases was assessed. The selected samples are the
most valuable first material for barley breeding, but for their effective use in breeding programs aimed
at fungal diseases common in Kazakhstan, additional research is still required. These include studying
the resistance of barley varieties to particularly dangerous pathogens, conducting genetic screening
using molecular markers, and identifying traits of economic value.
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OIEHKA KOMMEPYECKHUX U KOJUIEKIIMOHHBIX COPTOOBPA3I1IOB
SAYMEHS HA YCTOMUYUBOCTH K OCHOBHBIM I'PUBHBIM 3ABOJIEBAHUSIM B
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Annomauusn

SlumeHb-BaxkHast 3epHO(dypakHas KyJlbTypa. 3HAUUTEIbHOE KOJMYECTBO €ro TaKxKe
UCIOJIb3YEeTCs NIl MPOM3BOACTBA Kpyn M mnuBa. [lo moceBHbIM mIomaisM (OKOJIO MHIJIHMOHA
IeKTapoB) U cOOpy 3epHa SUYMEHb 3aHUMAET YeTBepToe MecTo B Mupe. OObEeMbl IOCEBOB SUMEHS B
Pecny6nuke Kazaxcran nocturaior 2 MHJUIMOHOB TekTapoB. B 2021-2023 rogax Ha OMBITHOM II0JIE
Kazaxckoro Hay4HO-HCCIIEOBAaTENBCKOTO MHCTUTYTA 3€MJIENIeNIUs U PaCTeHUEBOJCTBA IIPOBE/IECHA
MoJieBasi OIleHKa YCTOWYMBOCTH 216 copTO0OOpa3oB 03UMOTO U SIPOBOTO SIUMEHSI OT€UECTBEHHOTO
IIPOMCXOXKACHUS K HanboJjee pacrpocTpaHEHHbBIM I'pUOHBIM 3abosieBanusM B Kazaxcrane. 3a Tpu
rojia MoJjeBbIX MCCIEI0BAaHUN YJIal0Ch MOJYYUTh OOBEKTUBHBIE JAHHBIE O PEAKIIMU Ha 3apa’kKeHue
Bo30yauteneM. [lo pesynbraTam (QUTOMATONOTMYECKOM OLEHKH CPeau COPTOOOpAa3LOB SUMEHS
BbIOpaHbl UICTOYHUKU YCTOWYMBOCTU (BOCIPHUMMUYUBOCTH) K BO30YyAUTENSIM IpUOHBIX 3a00JI€BaHUM,
BBICOKOYCTOHYMBBIE (OBpexaeMOCTh 0%) HE BBISBIIEHBI, BBISBIEHO 59 cCOPTOOOPA3LIOB 03UMOTO U
SPOBOTO AYMEHS, YCTOWUUBBIX K IPUOHBIM 3a00JIEBaHUSIM.
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ET'ICTIK XKAFJANUJA APIAHBIH KOMMEPIHUSJIBIK ’KOHE
KOJUIEKHUSJBIK COPT-YJIT'VIEPIHIH HET'I3I'I CAHBIPAYKYJIAK
AYPYJIAPBIHA TO3IMALJIITTH BAFTAJIAY

Anoamna
Apria-MaHbI3bI 0ap A9HII-MaNa3bIKTHIK AaKbUl. OHBIH e19yip 06JIiri >kapMa MEH ChIpa eHIipyTe
ne kymcanazasl. JlyHue Ky3iHIe apma eric kKesiemi (MJIH IeKTapfa KybIK) JKOHE eHIMI OOWbIHINA
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TepTiHIli opbiHaa. Kazakcran PecnyOnukacbinaa apmna ericiHig kejieMi 2 MIJUTMOH TeKTapFa XKeTil
oteip. 2021-2023 >xpurmapel Kazak eriHmIunk >koHE OCIMAIK IIapyallbUIbIFbl FBUIBIMH-3EPTTEY
WHCTUTYTHIHBIH TOXKiprOe aKaObIH/1a OTaH IBbIK KY3/1K )KOHE Ka3/bIK aprnaHbiH 216 copT-yiariiepinin
Kazakcranma >xui Ke3/eceTiH CaHbIpayKyIaK aypyJiapblHa TO3IMILTIT OOMBIHINA ericTik Oaranay
KYprizunmi. Yo >Kbul OOWBI €TICTIK 3epTTEyNIepIiH HOTHXKECIHIE KO3/BIPFBILINCH 3alallJaHy
peaKuusAchl Typajbl HIbIHANBI AepeKTep alyFa MYMKIHAIK Oonjabl. PUTONATONOTUSIBIK Oaranay
HOTIDKEJIEpIHE CYHEHEe OTBIPBIN, apra COpT-YJTUIepiHIH apachlHAa HEri3ri CcaHbIpayKyJIaK
aypyJiapblHa TO31MIUTIK Ke31epi TaHAAIAbl. 3epPTTEIreH COPT-YIrijiep caHblpayKyJiaK aypyapbIHbIH
KO3/IBIPFBIITAPBIHA TO3IMILTIK (KaOBUIIAFBILTHIK) Iopexeci OOibIHIIA TonTapra OeiHal: KOFaphl
te3iMal (3anangaHy 0%) aHBIKTaIMabl, CaHBIpAyKyJIaK aypyJjapblHa Te3iMAl 59 Ky3HdiK KoHe
’Ka3/IbIK apIa COpT-YIriiepl aHbIKTaJIb.
Kinm ce30ep: apna, cypuvin, yiei, cayblpayKyiax aypyiapsl, mapaiyvl, me3imMoLliK
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OCOBEHHOCTH ®OPMUPOBAHUSA ACCUMMJIAIIMOHHON NOBEPXHOCTH
I'PEUAXH IIOCEBHOM B YCJIOBUSX AKMOJHUHCKOM OBJIACTH

Annomayus

B crathe mpuBeneHBI pe3yNbTaThl MCCIEAOBAHHUS OCOOCHHOCTEW (POPMHUPOBAHUS IUIOIIAIN
JMCTOBOM MOBEpXHOCTH rpeunxu noceBHoi (Fagopyrum esculentum Moench) B mnpouecce
oHToreHe3a. HabmoeHust 3a pa3BUTHEM pacTeHU OCYIIECTBISUIOCH Ha MPOTSHKEHUH BCETo Neproja
BEreTalluy. bypHBINM pOCT aCCUMMIIILINOHHOM ITOBEPXHOCTH PACTEHUI I'PEYUXU OTMEUEH B TEUEHUU
BEreTaTUBHOIO Neproja pacteHuil. HaOmrogancs miaBHbIN epexol OT HApaCTaHUsI 3€JI€HON Macchl
K LBETEHHIO U (OPMHUPOBAHMIO IUIOAOB. BbIABICHBI OWMOTHUIIBI TpednxH, oOIajgaroIne
OTHOCHUTEJIbHOM CKOPOCIENOCThI0, KOTOpas 3akKIl4aeTrcs B JPY>KHOCTH CO3pEBaHUS IUIOAOB BO
BTOPOH Inepuoj Bererauuu. Ha mpomoKuTeNnbHOCTh BETETATUBHOIO M T€HEPATUBHOTO IEPUOIOB
CWJIBHOE BIIMSIHUE OKAa3bIBAIM YCJOBMSI BHEIIHEW Cpelbl - CyMMa MOJOXKUTENIbHBIX TEMIIEpaTyp U
KOJINYECTBO BBINMABIINX OCAJKOB. B yclnoBHAX KOpPOTKOro 6€3MOpo3HOro mepuoja AKMOJUHCKON
o0acTy IpH CO3JaHUH HOBBIX COPTOB 0COOYIO LIEHHOCTh MPHUOOPETAIOT OMOTHUIIBI, CO3PEBAOILNE 10
HACTYIUIEHUS] OCEHHMX 3aMOpo3koB. [l Oojee KayecTBEHHOW OIEHKM MPOJYKTHUBHOCTU
aCCUMMWJISILIMOHHOTIO IpoLiecca U HapacTaHMs IUIOLIA/IN JUCThEB HCIOIb30BaHbl PA3IMUHbIE METO/IbI
n3Mepenuil. Haubonee nHpopMaTHBHBIM U JOCTYIHBIM MPHU NMPOBEJCHUN HCCIEIOBAaHUN OKa3alcs
METO/I TUHEUHBIX U3MEPEHHUI.

I'eHepaTUBHBIN NEpUOJ y TPEUUXHU KaK MpPaBUIIO Oosiee MPOAOIDKUTEICH U XapaKTepusyercs
OOJBIIMM  KOJMYECTBOM TMPOIECCOB, UAYUIMX MapajulelbHO C CO3pPEBaHUEM PpaCTeHHI:
¢dbopmMHpoBaHUE JTUCTHEB, MOOETOB, 3€pHA M HapacTaHueM ooOuieil 6uomaccel. IlosToMy TpynHO
3aUKCUPOBATh YETKOE HACTYIUIEHHWE WJIM OKOHYaHHME pa3IMuHbIX (a3 pa3BuTHs pacteHuil. Kpome
3TOr0, U3-3a BHYTPUCOPTOBONW M3MEHUYUBOCTH y KaX10H COPTOJMHUU MOKHO BBIIEIUTH PA3INYHBIE
OMOTHUIIBI C OTJEIBHBIMU OTKJIOHEHHUSAMHU NIEPUOOB OHTOT€HE3a B Ty WJIK HHYIO CTOPOHY.

N3ydyenune mnnomaau acCUMUISILIMOHHOM IIOBEPXHOCTH JIMCTHEB B IIPOLECCE BETETALUU
MO3BOJIMJIO OTOOpaTh OMOTUIIBI KYJIBTYPhI pa3inyarolvecs 10 TEMITy IPOX0XKAeHUs (a3 pa3BUTHS,
YCTaHOBUTH 3aBHCHUMOCTbh MEXIY IUIOIIAbIO JUCTHEB U 3€PHOBOI MPOAYKTUBHOCTHIO. BhIeneHbI
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