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ANALYSIS OF RESISTANCE TO SEPTORIA GLYCINES
IN SOYBEAN WORLD COLLECTION HARVESTED
IN SOUTH-EASTERN KAZAKHSTAN

Abstract. The increase of soybean area, yield losses, leads to the search resistant genotypes to common fungal
diseases, one of which is brown spot, caused by Septoria glycines. In this regard, the analysis of the resistance of the
world soybean collection to this disease on the natural infectious background in the conditions of the south-east of
Kazakhstan was carried out. The soybean collection consisted from 182 cultivars and lines of different origin from
five regions of the world.

As a result of the analysis was shown that 79.3% of the collection is highly resistant and resistant to brown
spot. The share of susceptible and highly susceptible samples was 12.1%. The studied collection was also divided
into 6 maturity groups depending on the length of vegetation period. The results of a comparative analysis between
maturity groups on the basis of resistance revealed that ultra-ripening accessions were more susceptible to brown
spot than late-ripening accessions.

The structural analysis identified the economically valuable soybean cultivars and lines. Based on plant height,
eighteen accessions that suitable for optimal parameters 95-105 ¢cm were identified. Cultivars Supra, Slavia, Vega
were with high yield from maturity group I and registered as the group of highly resistant accessions to brown spot.

Statistical analysis showed a negative correlation between the main economically valuable traits and the
resistance to brown spot. The correlations of resistance with plant height and number of fertile nodes were most sig-
nificant ones. Obtained results are important for breeding program in development of high-yielding soybean
cultivars with resistance to brown spot.
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Introduction. Soybean (Glycine max (L.) Merrill) is an important food, feed (protein-oil), technical
culture in the world and in Kazakhstan [1]. In the Republic of Kazakhstan according to the program for
diversification of agricultural crops, soybean arca will expanded to 400,000 hectares by 2020, which
should ensure the production of soybeans in the country to 1 million tons [2].

One of the main problems in the cultivation of soybean is fungal diseases [3]. The relationship bet-
ween resistance to fungal diseases and yield components depends on the level of disease infection, which
in turn depends on the species of pathogens in certain agro-climatic zones, the resistance of cultivated
lines, agricultural technology and the influence of environmental factors. Some years, the death of the
plant can reach practically 100% and the seedlings 37-43% [4, 5].

One of the most common fungal diseases is brown spot, which affects the leaf surface of soybean,
covering with brown spots with a yellow band. This fungal disease is common in soybean cultivation arca
around the world |3, 6]. The causative agent is a fungus from the genus of anamorphic sphaeropsidales
fungi-deuteromycetes - Septoria glycines Hemmi. At the beginning, small brown spots develop on leaves
in the lower tier and then progress up the plant as the season progresses, rising to the middle, and then
upper tier. Individual spots may coalesce, and the surrounding tissue becomes chlorotic, with occurrence
of premature defoliation [7, 8, 9]. The vield losses associated with S. glycines infection ranged from 12 to
17% in fields with a simulated infectious background, and from 1 to 8% on a natural infectious back-
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ground [8, 10, 11]. Cooper R.L. et.al [12] described a decrease of yield by 40% in irrigated fields in 1980.
This trend is associated with an increase in humidity, which is a favorable condition for the spread of
fungal diseases [13]. However, sometimes brown spot is considered a non-dangerous disease, with a
limited impact on yields [12]. In the United States, yield losses ranging from 0.6 to 2.6% of the total yield
were attributed to brown spot during 1999 to 2003 and 2005 [14]. The highest losses reported were in
2004 in the states of lowa and lllinois, approximately 305.7 thousand tons and 223.8 thousand tons,
respectively [14]. The assessment of the level of yield losses is in the range of 8 to 15% and occurs when
25-50% of the leaves fall prematurely. The level of damage by the disease at the stage R6 (full seed),
gives a preliminary forecast for yield. The presence of large brown spots on the leaves is usually
accompanied by a decrease in the size of the soybean seeds, which in turn affects to the yield [15, 16].

Material and methods. The studied soybean collection consisted from 182 cultivars and lines from
the countries of Eastern and Western Europe, North America, East Asia and Kazakhstan (figure 1).
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Figure 1 — The collection by the origin country

Plants were grown in 1 meter long rows with 30 cm distance between adjacent rows and 5 cm space
between plants within rows [17].

The development of the disease in the field is recorded during the emergence, flowering, beginning
and ripening of the seeds. The level of damage or the percentage of development of the disease, is
characterized by the number of spots, ulcers, plaque on the affected organs. Quantitative scales for
evaluation of the resistance in the field conditions were used. These scales were used both natural and
simulated infectious backgrounds. According to the, The internationally recognized classifiers and
parameters have as shown in table 1 were applied (figure 2) [18].

Table 1 — Scale of level of damage and resistance to fungal diseases

Degree of defeat Score on a 9-point scale Percentage of damage Letter designation of resistance
absent or very weak 1 0-5% RR - highly resistant
weak 3 5-19% R - resistant
medium 5 20-49% MR - medium resistant
strong 7 50-79% S - susceptible
very strong 9 < 80% SS - highly susceptible
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Figure 2 — Scale of soybean resistance to brown spot

Cultivar Vilana from the breeding of the All-Russian Research Institute of Oilseeds was used as a
control as it was a highly resistant to brown spot. For comparison of economic-valuable traits, the
Zhansaja cultivar (breeding of the KazSRIAP), which was regionalized in the Almaty region, was taken as
the standard.

Structural analysis was conducted using methodological guidelines of the State Commission of the
Republic of Kazakhstan [19]. During the maturity time, before harvesting the plots, a structural sheaf was
selected from the registration sites. In the laboratory analysis the following components of yield were
taken into account: plant height, cm - length of stem from the root to the top; number of fertile nodes,
pcs. — number of nodes bearing seeds when maturing; number of seeds per plant, pcs. - number of seeds
from the plant; yield per plant, g — weight of seeds from one plant; thousands seeds weight, g — weight of
thousands seed without any selection [20].

Statistical analysis of the obtained data was carried out using the computer program SPSS16.0
(www.ibm.com/analytics/spss-statistics-software).

Results and discussion. Analysis of resistance to brown spot was carried out in the experimental
sites of KazSRIAP on a natural infectious background. Response to lesions causative agents of the discase
made it possible to reveal the diversity in the studied collection. Most accessions of the collection have
shown themselves to be highly resistant (RR) and resistant (R) (Figure 3, Table 2). A small number of
samples showed themselves as susceptible and highly susceptible. The first symptoms of the lesion were
observed in stage R1 (budding time). Mass infection of plants was observed at the stage of full seeds (R6).
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Figure 3 — Diagram of resistance of the world soybean collection accessions to brown spot

During the growth and development of plants, the collection was characterized and divided into
maturity groups depending on the length of the vegetation time (Table 3). The most representative was
the maturity group OO (57 accessions), the smallest number of accessions (7) was in late maturity
group (III).
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Table 2 — The world soybean collection by groups of resistance to brown spot

Resistance

Name of cultivars and lines

Jasel'da, Pripjat’, Emerson, Supra, Maple Ridge, Mapleglen, Mapleamber, KG 20, AC Brant, Harbin, LMF,
Lidija, Luchezamaja, Zlata, Vega, Zakat, Zernica, Niva 70, Garmonija, Romantika, Belgorodskaja 6, Daksoy,
Dawson, Terek, Horol, Jug 30, Estofita, Podjaka, Viktorina, Sepia, Amphor, Toury, Turijskaja masnaja, Oyachi
Ne2, 209/1, 350/1, 362/2, 371/2, Roza, Misula, Almaty, Evans, Lambert, Mc call, Parker, Dekabig, Jachynes
Brond, Lara, OAO Wallace, GEO, Buster, SL 01 26, S1 02 25, RCAT Persian, Enterprise, Voevodzhina, Ana,
Nikko, Sava, Venera, Protina, Sponsor, [sidor, Shama, Santana, L.ada, Vesta, Vilana, Del'ta, Lan', Runo, Astra,
Slavija, Biser 291, Iskra, Zhansaja, Vita, Bolashak, Sabira, Pamjat JuGK, Jevrika, Sulamit, Kazahstanskaja
2309, Akku, Radost, Nadezhda, Xinjiang a don 1, Xinjiang heihe 38, Xinjiang D09-676, Xinjiang D10-51,
Xinjiang D10-130, XinjiangD10-135, Xinjiang D11-252, Lybid', Cheremosh, Korsak, Tanais, Desna

R-73-3, Maplearrow, Gaillard, Chabem Wekoju, Kollekcyina, Hejhek 14, Severnaja 5, Soer 3491, Omskaja 4,
VNIIS-1, Soer-4, Bara, Zolotistaja, Mageva, Soer-5, Okskaja, Maleta, Svapa, Vejdelevskaja 17, Jantarnaja, Sib
NIISHOZ 6, Belor, Gribskaja Kormovaja, Prikarpat'ska 81, Chernovickaja 7, Ustja, Fvour, 186/1, 404/2, 370/2,
Zara, Zhalpaksaj, Agassiz, Wilstar 194, Elgin 141, Cobb 266, Zen, Safrfna, Lira, Bystrica 2, Renta, Bukurija,
Zispida 641, Perizat, Danaja, Lastochka

OAC Vision, Maplepresto, Rassvet, Nadezhda, VNIIS 2. Luch nadezhdy, Lancetnaja, Soer 345, USHI 6,
Kalmit, Rana, Fiskeby III, 173/1

Nawiko, Warsawska, Amurskaja 401, Soer-3, Brjanskaja, Sibniik 315, Sonata, Sibirjachka, Jel'dorado, PJeP 26,
Krasivaja mechta, Carola, Spritna, Annushka, 422/1, 407/2

SS

Arctic, Kasatka, Smena, Svetlaja, Altom, Fiskeby V, 308/1, 126/1, 261/1

Table 3 — The world soybean collection by maturity groups

Maturity
group

Vegetation

) Name of cultivars and lines
period

000

Svetlaja, Soer 5, Kollekcyina, Kasatka, Svapa, SibNIISHZ 6, Nawiko, Zolotistaja, Mageva,

B days Maleta, Zernica

00

Hejhek 14, LMF, Severnaja 5, Okskaja, Maplepresto, Arctic, Smena, Sibniik315, Sonata, Zakat,
Sibirjachka, Jel'dorado, PJeP 26, Annushka, Rana, Fiskeby v, 308/1, Warsawska, Luch
nadezhdy, Lancetnaja, Omskaja 4, Brjanskaja, Krasivaja mechta, 350/1, Soer 3, Soer 4, Zlata,
Soer 345, 173/1, Chabem Wekoju, Rassvet, Amurskaja 401, Cherovickaja 7, Soer 3491, 126/1,
261/1, OAC Vision, Maple Ridge, Lidija, Bara, Altom, Mapleamber, VNIIS 2, Niva 70, USHI 6,
186/1, 209/1, Gaillard, VNIIS-1, Garmonija, Vejdelevskaja 17, Jantarnaja, Belor, Prikorpat'ska
81, JuG 30, 422/1 (Ivushka), Tanais

86-95 days

Nadezhda, Luchezamaja, Ustja, Kalmit, Fiskeby III, KG20, Oyachi No2, Pripjat, R-73-3,
Romantika, Gribskaja kormovaja, Viktorina, Turijskaja masnaja, Mc call, Carola, Daksoy, Lada,
Jasel'da, AC Brant, Protina, Belgorodskaja 6, Spritna, Xinjiang a don 1, Toury, Cobb 266,
Xinjiang heihe 38, Estofita, 370/2

96-105 days

Emerson, Harbin, Podjaka, Vega, Horol, Sepia, 407/2, Lybid', GEO, Renta, Cheremosh, Agassiz,
SL 01 26, Slavija, Desna, Supra, Maplearrow, Mapleglen, Buster, Terek, Amphor, 362/2, 404/2,
Evans, Enterprise, Bystrica 2, Vilana, Del'ta, Dawson, Lambert, Lira, Iskra, Pamjat' JuGK,
Misula, Nikko, Almaty, 371/2, Lan'

106-115 days

II

Zara, OAO Wallace, SL 02 25, Xinjiang D10-51, Amour, Isidor, Safrfna, Xinjiang D11-252,
Korsak, Zen, Zhalpaksaj, Flgin 141, Astra, Bolashak, Xinjiang D10-135, Dekabig, Sava, Shama,
Biser 291, Danaja, Xinjiang D10-130, Jachynes Brond, Wilstar 194, Perizat, RCAT Persian,
Venera, Vita, Xinjiang D09-676, Roza, Voevodzhanka, Vesta, Runo, Parker, Sponsor, Zispida
641, Zhansaja, Lara, Ana, Santana, Bukurija, Sabira

116-125 days

III

126-135 days | Radost', Nadezhda, Sulamit, Kazahstanskaja 2309, Lastochka, Akku, Jevrika

As a result of the analysis of the relationship between the vegetative period and the resistance to
brown spot, it was established that early maturity lines are more susceptible to brown spot damage
compared with late maturity lines (figure 4). This trend may be related to the climatic conditions of the
region, since the temperature regime and the period of vegetation of early maturity lines of the OOO and
00 groups are much favorable for the infection by brown spot.
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Figure 4 — Resistance to brown spot depending on maturity group

The world collection was studied by morphometric and economically valuable traits. One of the main
traits is the plant height. We found that the optimal height at which the best yields showed in the Almaty
region is 95-105 cm, since low-growth cultivars are characterized by low attachment of the seeds, and tall
ones are prone to lodging, which in both cases leads to a loss of yield when harvesting by combine. Thus,
the most optimal plants for this trait were cultivars with medium plant height.

Figure 5 shows the average of plant height by maturity group, as well as the data of the most
prominent lines. According to the optimal plant height parameters, 10 samples from the maturity group I
were identified with an average plant height of 101.2 cm (figure 5). The list of these cultivars and lines
included Nikko, 362/2, Slavia, Buster, Iskra, Delta, Evans, Vilana, Lyra, Podyaka. From the maturity
group I, seven samples were selected mainly from Chinese breeding (Santana, Zen, Zara, Xinjiang D10-
130, Xinjiang D09-676, Xinjiang D10-135, Xinjiang D11-252), and one cultivar from Kazakhstan
breeding (Lastochka) from the maturity group IIL. It is important to note that there are no accessions
suitable for optimum plant height from ultra-maturity groups 00O, OO and O.
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Figure 5 - Characteristics of cultivars and lines of soybean of different maturity groups
in the South-East of Kazakhstan in terms of plant height
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The number of fertile nodes varied according to the average data from 12.5 pcs from ultra-maturity
group (0O0O0) accessions to 19.8 pes in the maturity group III accessions (Table 4), with the highest rate
for the Supra cultivar - 29.0 pcs, which included in maturity group II. In the standard Zhansai cultivar this
trait was 16.1pcs.

On the basis of the number of seeds per plant, the average data varied from 25.8 to 45.3 pcs, depen-
ding on the maturity group. The highest rate was in the Slavia cultivar of Russian breeding, 93.7 pcs,
which was twice as high as the standard (42.5 pcs).

Average data on the yield per plant varied from 7.5 to 13.2 g. In the Zhansai standard it was 12.1 g.
The Canadian cultivar Supra showed the highest result - 23.0 g, which is two time larger than the
standard. The smallest result showed the PEP26 (Russia) - 2.5 g, which is 5 times less than the standard.

The thousands seeds weight varied from 150.3 to 175.2 g. This trait characterizes the performance of
seeds. In the standard Zhansai cultivar, it was 159.4 g. The lowest result was shown by the cultivar
Bystrica 2 (Russia) 90.0 g, the highest result for the cultivar Vega (Russia) 243.0 g.

Table 4 — Structural analysis of economical valuable traits by maturity groups

Maturity Number Plant height, [ Number of fertile | Number of seeds Yield Thousands
group of accessions, pcs cm nodes, pcs per plant, pcs perplant, g | seeds weight, g
000 11 36.7+6.7 12.5+3.0 25.8+7.5 7.942.4 171.0£16.4

00 57 47.1£10.8 12.7+£2.9 26.3+6.4 75423 171.74£20.5
0] 28 61.9+12.3 15.3+3.4 32.846.7 99426 177.1+£23.8
I 38 88.7+15.7 17.4+37 40.5+11.7 12.24£3.6 175.2421.9
I 41 106.1£14.3 17.7+3.1 44.1+10.3 1324£2.6 165.1£18.1
111 7 112.4+8.3 19.8+4.1 453£7.0 122421 150.3+28.7

The study of the relationship with the main economic-valuable traits revealed a significant negative
correlation with the plant height, the number of fertile nodes and the thousands seeds weight. This
correlation based on the thousand seeds weight was noted in previous works [15] on the analysis of
resistance to brown spot. At the same time, correlations with the number of seeds per plant and the yield
per plant traits were not significant (table 5).

Table 5 — Correlation analysis of economic-valuable traits with resistance to brown spot

Traits Pl_ant Nu_mber of Number of Yield per Thousan_ds Resistance
height fertile nodes seeds per plant plant seeds weight | to brown spot
Plant height 1 0.591** 0.684** 0.648** -0.194%* -0.164**
Number of fertile nodes 0.591** 1 0.813%* 0.766%* -0.049 -0.156%*
Number of seeds per plant | 0.684** 0.813** 1 0.848%* -0.173%* -0.094
Yield per plant 0.648** 0.766** 0.848** 1 0.036 -0.083
Thousands seeds weight -0.194%%* -0.049 -0.173%* 0.036 1 -0.127%
Resistance to brown spot -0.164%* -0.156%* -0.094 -0.083 -0.127%* 1
**Correlation significant P < 0.01, *correlation significant P <0.05.

It is interesting to note that all values of economically valuable traits correlated positively with each
other, except for the thousands seeds weight, which, on the contrary, showed a negative correlation.

Conclusion. In the course of the research carried out on the resistance to brown spot, it was
determined that 53.9% of the studied collection (98 accessions from 182 studied) are highly resistant to
the disease, from this group it is possible to distinguish the cultivars Iskra, Zhansaja and Sabira, local
breeding, on which there were practically no symptoms of disease. Resistant accessions were 25.4% of
the collection (46 accessions), 8.6% showed themseclves as medium-resistant, which amounted to
16 accessions. The number of susceptible and highly susceptible was 7.1% (13 accessions) and 5%
(9 accessions), respectively.
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The studied collection was divided into maturity groups. Comparative analysis between maturity
groups on the basis of resistance to brown spot revealed a relationship between resistance and maturity.
Accessions from ultra-maturity groups are more susceptible to brown spot than late maturity.

Carrying out a structural analysis of the main economic-valuable traits made it possible to identify
high-yielding and economically valuable lines. On the basis of plant height, the most optimal parameters
were in 10 accessions of maturity group I, 7 accessions of maturity group II, and one accession of matu-
rity group III in the range of 95-105 cm. The cultivar Supra from Canada showed highest number of
fertile nodes and yield per plant. The cultivar Slavia (Ukraine) showed the highest number of seeds per
plant. The cultivar Vega (Russia) showed highest thousands seeds weight value. All of these cultivars
belong to the maturity group I and are highly resistant to brown spot.

Correlation analysis revealed a negative relationship between economically valuable traits and
resistance to brown spot. The most significant traits were the plant height and the number of fertile nodes.

Cultivars Iskra, Zhansaja, Sabira, Supra, Slavia and Vega are promising for use in breeding for
resistance to brown spot, and carry a variety of genes controlling this trait.

The article is prepared within the framework of the project AP05131592 "A genomic investigation of
associations of resistance to fungal diseases of soybean in Kazakhstan", funded by the Ministry of
Education and Science of the Republic of Kazakhstan.
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A. K. 3atei6exon'?, A, XK. Aruéaes’, C. B. Tunopenko’, C. M. AGyramesa’, E. K. Typycnekos'

! HucturyT Ononornu u OHoTexHOMOTHH pacTeHui, AmMmarsl, Kazaxcras,
KasaXCKuii HAIMOHANBHBIN ArPapHBIH yHHBepCcHTET, AMaThl, KasaxcTam,
’Ka3aXCKuii HayYHO-HCCTIeJOBATE ThCKUI HHCTHTYT 3eMJICICITHSA H PACTCHHEBOCTBA, I AnMansibak, Kasaxcraun

AHAJIA3 YCTOWYUBOCTH MAPOBOM KOJLTEKIIAA COH K CENITOPHO3Y
B YCJIOBHAX I0I'0-BOCTOKA KA3ZAXCTAHA

AHHOTAIHS. YBEIMUCHHUE MOCCBHBIX IUIOMANCH COM, MOTEPH YPOKas, MPHBOIAT K HCOOXOJMMOCTH IOMCKA
TCHOTHUIIOB, YCTOWYMBBIX K PACIPOCTPAHCHHBIM T'PHOKOBBIM OOJIC3HSAM, OJHOM M3 KOTOPBHIX SBILIETCSI CENTOPHO3,
BBI3BIBACMBIN Sepforia glycines. B CBA3M C 3THM IPOBEICH aHATU3 YCTOWYHMBOCTH MHPOBOH KOJUICKIMU COM K JaH-
HOM OOJIC3HM HA CCTCCTBCHHOM HH(CKIMOHHOM (POHC B YCIOBHAX FOT0-BOCTOKA Kasaxcrana. Komexmma com
cocTosuta u3 182 copTOB M JIMHHN PA3IMYHOTO NPOUCXOKACHUA U3 5 PETHOHOB MHPA.

B pesynprare aHamm3a yCTAaHOBICHO, UTO 79,3% KOICKIMH ABJIAFOTCSA BRICOKOYCTOMYMBBIME H YCTOHIHBBIMHI
K cenrropro3y . [Ipu 3TOM 107151 BOCIIPHUMYHBBIX M CHIIBHO BOCTIDHUMYHUBBIX 00pa3os cocrasmia 12,1%. M3yuaemasn
KOJIJISKIHSI ObLTAa TAKXKE Pa3JesicHa HAa 6 TPYI CHEIOCTH B 3aBHCHMOCTH OT JUIHHBI BETCTAI[MOHHOTO IICPHOJA.
Pe3yasTaThl CpaBHUTEIBHOIO AHANHM3Aa MEKAY TPYMIAMH CIEJIOCTH MO NMPHU3HAKY YCTOMYMBOCTH BBIABHIM, 4YTO
VABTPacKOpocTieNble 00pa3nsl ObUTH 00NICE BOCIPHUMUHBBIME K TIOPAKCHHIO CENTOPHO30M, HWEM ITO3THECICIIBIC
00pasImL

CTpyKTYpHBIN aHATN3 HACHTU(QHIMPOBAT XO3MHCTBCHHO-IICHHBIC COPTA W JIMHUK COM. 110 MPH3HAKY BBICOTHI
pacteHus naACHTH(DHUIHPOBAHEI 18 00pa3LOB, MOAXOIAMHC IO ONTHMANTBHBIC TapaMeTpsl 95-105 cum. [To 0CHOBHBIM
KOMIIOHCHTAM YPO>KafHOCTH BRIACTHIHCH copta Supra, Chaema, Bera w3 rpynmst cnietoctu [ OHH OTHOCATCA K
TPYIIIE BBICOKOYCTOHYHMBBIX K CEHTOPHO3Y 0OPA3LOB.

CrarucTuiecKui aHAIN3 TO3BOJIAIT BBUIBUTH OTPHIIATEIBHY 0 KOPPEILILHIO MEKIY OCHOBHBIMH XO3IHCTBEHHO-
LCHHBIMH ITPH3HAKAMHY M YCTOHYHBOCTBIO K CeNTOpro3y. Hanbomnee 3HAUMMbBIME OBIITH KOPPEIILHH YCTOHIYHUBOCTH 1
1) BBICOTBI PACTCHHUS W 2) KOJHYCCTBA MPOAYKTHBHBIX Y3JI0B. B TO k¢ BpeMs HAOMOJATH MOJOKUTCIBHYIO KOP-
PEILAMUIO MEKAY XO3ANCTBCHHO-LECHHBIMH MPH3HAKAMH, KPOME MPHU3HAKA MACCHI THICAYH ceMsAH. [lomyucHHBIE pe-
3yJIBTATHI BAKHBI AL CETICKIMH C LICTBEO CO3AAHUA OTCUECTBEHHBIX YCTOMYHBBIX H BEICOKOYPOKAWHBIX COPTOB COH.

Kimo1ueBnbie c/10Ba: COSI, CENITOPHO3, YCTONUHNBOCTD, MEPOBAST KOJUICKITHS.
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! OciMaikTepAiH OHONOTHS KOHE OMOTCXHOIOTHA HHCTHTYTHIL, AnMmaTtsl, Ka3akcraH,
“Kasak YITTHIK arpapibik yHHBEPCHTET, ATMaThl, Kasakcran,
3'Kasak eriH jkoHe CIMiK APy AIIBUTBIES FRUTBIME-3¢PTTCY HHCTHTYThI, AManbsioak, Kasakcrau

KA3AKCTAHHBIH OHTYCTIK-IIBIFEIC JKAFTANBIHIA
COSTHBIH, QJIEM/IIK TOIITAMACBLIHBIH CEITOPHO3FA TO3IMIILIITTH TAJJAVEI

Annoramus. Cos CTiCTIK anKaOBIHBIH YIFAUTYHI, OHIMHIH a3aifbIybl, CAHBIPAYKYIAK aypPYJIAPBIHBIH Tapara-
HBIHA TO3IMII TCHOTHNTEPIIH i3ACyiHE Tajam €Teli, OJapAblH Oipi cemropwos, Sepforia glycines 3aKbIMIAWIBL.
Ocprran 6alnaHbICThl Ka3aKCTAHHBIH OHTYCTIK-IIBIFBIC JKAFJAWBIHIA COSHBIH QJIEM/IIK TONTAMACBIHBIH OCHI aypyFa
TO3IMALTIK Tangaysl Ta0uru HH(pEeKHATHK QoHma oTkiziaai. Cos TomraMackl 9JCMHIH OPTYPi 5 aiiMaFbIHAH IIBIK-
KaH 182 copT ;koHE AAKBLIIAPAAH TYPABL.




H3zeecmua Hayuonanvnot Axademuu nayx Pecnyénuxu Kasaxcman

Tamgay HOTHWXKCCiHAC, TomTaMaHbH 79,3% cenmToprosra eTe Te3IMOl OHC Te3IMAI OOJBIT AaHBIKTANARL by
PETTE TO3IMCi3 KOHC KATTHI TO3IMCI3 AaKpLImapAsH yiaeci 12,1% Kypaapl. 3CpTTCITCH KOUICKIUSA COHAAW-AK, BC-
TCTAUMSIIBIK KE3CHHIH Y3bIHABIFEI OOWBIHINA, IICIN >KeTiNreH 6 Tomka OemiHai. [licim->kerinmy TomTap apachIHIAFbI
TO3IMIUTIK Oenrinepi OOMBIHINA 6TKI3IITEH CATBICTHIPMABI TANIAY HOTIOKENIEPI apachiH/A, KEII MICETiH JaKbLIIapFa
KaparaHIa YIbTPAMiCETIH JAKbUIIAPABIH CCITOPHO30CH 3aKBIMAATYBIHA THIM TO3IMCI3 CKCHI AHBIKTAJIIBL.

KypsImbIMABIK Tanmay COSIHBIH INAPYAaNIbUIBIK-KYHABI COPTTAPhl MCH JAKbUITAPBIH AHBIKTAABL OCIMIIKTIH
OmiKTiri OOMBIHINA OHTANHIBI mapaMeTpiepre JanbK 95-105cM colfikecTenaipinren 18 yarimepi aHbIKTaNIpl. OHIM-
JUTIKTIH HETI3ri KOMIIOHEHTTepi OobrHma | micim skeTineTiH ToOBHBIH Supra, Cnasus, Bera coprrapser 6emiHin
mbIKTEL. OnIap cenTopHO3Fa 6Te TO3IMIl JAKBUIIAPBIHBIH TOOBIHA >KATA/IbL.

CratucTHKaNbIK TanAay HETi3ri MapyambUIbIK-KYHABI OCITLIepl MEH CENTOPHO3Fa TO3IMIIITL apachIHAAFBI
JKaFBIMCBI3 KOPPEJUIIMAHBI AHBIKTAYFa MYMKIHAIK Ocepai. HerypapM MaHBI3ABI KOPPELINUS TO3IMILUIKICH JKOHE
1) eciMaik OmikTirTi *KoHE 2) eHiMai TopanTap caHsl OoWbrHmA Oomapl. COHAAW-aK, MBIH TYKBIM Macca OCTiCiHCH
0acka, MmapyambUTbIK-0aransl OCnTiaepi apachIHAAFBI KAFBIMIBI KOPPEIAuma OalKamabl. AIBIHFAH HOTHKCICD,
OTaHBIK TO3IM/I )KOHE 6TC OHIMI COPTTAPBIHBIH ATy MAKCATBHIHMA, CENCKIHS YIIH MAHBI3IBL.

Tyiiin ce3aep: cos, CENTOPHO3, TEOIMALTIK, AIEMIIK TONTaMA.
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