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OkcnepymeHTbI NPoBOAVIN B TEHEHWE ABYX NOC/IeA0BaTe lb-
HbIx cesoHoB 2015/2016 n 2016/2017 rogoB B Ka3axckom
Hay4YHO-UCCIe[0BaTe/IbCKOM MHCTUTYTE KapTogheneBo4cTea
n oBoLwjeBogcTBa, AnMmaTtuHckass obnactb, Ka3axcTaH.
OKcrnepyuMeHT Obla HauesneH Ha usydeHne 3GHeKTBHOCTYN
117 pasnnyHbix 06pasLoB CBEKJ/IbI 10 MOeBOV NPORYKTUB-
HOCTU U COXpaHAeMOoCTU. [11s u3y4eHus CoOXpaHaIeMoCTu, o
20 KOpHErn/I0[408 CBEKJIbl B [iBYX MOBTOPEHUSX 6€3 BHELLHNX
CUMMTOMOB 3a60/1eBaHNN OT KaXX[oro coproobpasya 6biam
3an0xeHbl Ha xpaHeHne. Chipasi cBexkasi Macca KOPHErao-
/0B CBEKJ/Ibl, 3aK/1a4bIBAEMOI Ha XpaHeHNe, BapbupoBasia OT
132 rgo 320 r B 3aBUCUMOCTY OT (hOPMbI 1 pasmepa KOPHEH.
CBekra xpaHuaach B ronnpPOnUIeHOBbIX MELLIKax, KOTOPbIe
roMeLyaince Ha peLuetdatyro rosky Bbicotoni 30-35 cm.
Temnepatypa XpaHeHUsi B OCEHHW 1 BECEHHWI rnepuosbl
Kosnebanack ot 3-5° go 6-8° C, a B 3uMHUI nepuoj oHa ycTa-
Hoswack Ha yposHe 1-2° C. lNosny4eHHble pe3yibTaTsl rnokKa-
3a/m, 4TO BasioBoV C60P CBEKJ/IbI CTOJI0BON BapbupoBasl OT
25,0 go 105,4 1/ra, ToBapHasi — ot 16,7 go 74,9 1/ra, ToBap-
HocTb — oT 33,8 go 97,2%. CoxpaHsieMOCTb KOPHEN/10408
CBEK/Ibl CTOJI0OBOM B OCHOBHOM 3aBucesna OT reHotuna
06pa3LoB C pas/IM4yHbIMU eCTECTBEHHOU YObl/bi0 Macchl U
3a60/1eBaeMOCTbH0 KOPHEBLIMU THUASMU. EcTecTBeHHast
ybbinb Macckl Bapbuposana ot 0,0 go 12,3%, cymmapHbie
rnotepu oT 3abosieBaHuli KOpHenao[408 cocTasnsam ot 0,0 4o
90,0%. AHanu3 rnokasas, 4TO CBSI3b MEXAY YPOXKaHOCTLIO U
rnapameTpamMy XpaHeHus HeycTounumBas v crnabas (R =
-0,042-0,144). KoppensumoHHasi 3aBUCUMOCTb COXPaHsieMo-
CTU U OT KOPHEBOW MHWIn 3Ha4YnTeIbHO cusbHee (R = -0,516-
0,644), 4em OT €CTECTBEHHOIro CHuXeHuss macchl (R =
-0,115).

Kno4eBele coBa: oLeHKa, CBeK/a, copToobpasel, cenexkyus,
MPOAYKTUBHOCTb, XpaHeHue.
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The experiments were performed during the two suc-
cessive seasons of 2015-2016 and 2016-2017 at the
Kazakh Research Institute of Potato and Vegetable
Growing, Almaty Region, Kazakhstan. The experiment
was aimed to study the efficiency of 117 different
beetroot accessions for productivity and storability.
To study the storability, 20 beetroot roots without any
external sings of diseases were taken in two replica-
tions from each variety accession and left to be
stored. The wet fresh weight of beetroots placed into
storage varied from 132 g to 320 g depending on the
shape and the size of roots. Beetroots were stored in
polypropylene bags, which were placed on barred
shelves 30-35 cm high. The storing temperature in
autumn and spring period of time fluctuated from 3-50
to 6-8° but in winter period it was 1-2°. The observed
results showed that the gross yield of beetroot acces-
sions ranged from 25.0 to 105.4 t/ha, marketable yield
- 16.7 to 74.9 t/ha, marketability — 33.8 to 97.2%.
Storability of beet roots mostly depended on acces-
sion genotype with different natural decrease of
weight and root rot diseases. Natural decrease of
weight varied from 0.0 to 12.3%, total losses from root
diseases were from 0.0 to 90.0%. The analysis carried
out showed that the link between yield capacity and
storage characteristics was weak, R= -0,042-0,144.
The correlation between storability and root rot was R
= -0,516-0,644, that was stronger than it was in natu-
ral decrease of weight, R = -0.115.

Keywords: assessment, beetroot, accession,
breeding, productivity, storability.
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Introduction
n Kazakhstan, beetroot (Beta vulgaris L.) is cultivated univer-

|sal|y and widely consumed, its area in 2015 amounted to 5,6
thousand hectares and with a production volume of 146,9 tho-
usand tons. Over half (54%) of table beet production area is con-
centrated in the southern and southeastern regions of the
country. The northern and north-eastern regions account for
34%, and the western region of the country occupies 12% of the
production area of beetroot. The main suppliers of table beet in
the country are Almaty (22,5%) and South-Kazakhstan (11,2%)
regions [1].

As of 2016, there were 14 open pollinated varieties and hybrids
F, of table beet, including two cultivars — 'Kyzylkonyr' and 'Dariya’
of domestic breeding program, included in the Register of selec-
tion achievements permitted for use in the Republic of Kazakhstan
[2]. In recent years, the Kazakh Research Institute of Potato and
Vegetable Growing (KazNIIKO) has expanded selection work on
the creation and introduction of competitive varieties that are well
adapted to local agroecological conditions. In Kazakhstan table
beet is stored for fresh market for as long as 7-8 months, so the
disease resistance of the crop, in particular in storage season is of
great importance. In table beet breeding of great importance is the
original material, selected as a result of a comprehensive study of
productivity, resistance to diseases, both during the growing sea-
son and during storage. Successful use of the integrated approach
in selection is facilitated by studying the correlation dependence of
the studied parameters of productivity, resistance to diseases and
the storability of the products.

It is known that the most effective method of plant protection
against infectious diseases is to develop and release of disease
resistant varieties for fresh market, which would greatly reduce
the yield loss during storage. In recent years, root rot has occur-
red more frequently and is becoming a lim-iting factor in table
beet production. Root rot reduces both yield and quality of beets,
causing serious problems in storage. Damage and losses due to
this disease are expressed as abnormally shaped roots of unde-
sirable size and roots with external or internal rot. Pathogenic
fungi known to cause root rot of both table beet and sugar beet
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include Pythium spp., Rhizoctonia solani, Aphanomyces cochlioi-
des, and Phoma betae [3-6].

Improving the postharvest storability of beetroot varieties or
breeding selections has been part of the breeding program. The
goal of these studies was to evaluate the beetroot accessions
during the two successive seasons of 2015/2016 and
2016/2017.

Materials and methods

In the experiments table beet breeding selections was grown
at the Kazakh Research Institute of Potato and Vegetable
Growing experimental field. Growing of beetroot breeding selec-
tions in field nurseries was conducted on raised beds, with the
cultural practices being applied as recommended for the region.
Over the two seasons of 2015/2016 and 2016/2017 roots of 117
table beet accessions were allocated for storage, which allowed
to obtain consistent findings in studies on linkage between beet-
root crop yielding capacity and storability parameters.

To study the storing ability 20 beetroot roots in two replica-
tions with no outward signs of dis-ease from each accession
were set into storage. The fresh weight of beetroots allocated for
storage varied widely from 132 g to 320 g depending on the
shape and size of roots. Beetroots were stored in polypropylene
bags, which were placed bulk on the lattice shelf with height of
30-35 cm. Storage temperature in the autumn and spring sea-
sons ranged from 3-5° to 6-8° C, and in the winter season it was
at 1-2° C. Observations and surveys were done in accordance
with the recommended instruction guides. In the spring after pro-
longed storage (October to April) the natural decline in weight,
losses from diseases and storability percentage of the stored root
mass were assessed. The research results were subjected to cor-
relation analysis using software Microsoft Excel 2010 application.

Results and discussion

Due to the large scale of the data on the extent of productivi-
ty (gross yield, marketable yield, marketability) and storability (the
natural decline in mass, damages from disease and storability)
pa-rameters of beetroot breeding selection material, the obtained
characteristics were grouped tentatively.

Table 1 - Grouping of table beet accessions by gross yield

Grouping by gross yield

1 - very high (>70,0 t/ha) - 23 accessions

Accessions

BR299, BR626, BR628, BR632, BR678, BRE80, BR682, BR692, BR708, BR727, BR769, BR798, BR817, BR831,

BR839, BR842, BR843, BR848, BR868, BR876, BR897, BR928, BRO30

2 - high (50,1-70,0 t/ha) - 48 accessions

BRO04, BRO19, BRO27, BROG9, BR393, BR474, BR592, BR636, BR64 1, BR662, BR676, BR685, BRE8E, BRES7,

BR688, BR694, BR696, BR698, BR702, BR709, BR714, BR715, BR722, BR723, BR739, BR746, BR759, BR782,
BR794, BR810, BR814, BR816, BR824, BR832, BR834, BR840, BR857, BR8G61, BR873, BR881, BR882, BRE83,
BR890, BR899, BRIO7, BR922, BR924, BRO29

3 - medium (35,1-50,0 t/ha) - 38 accessions

BR262, BR289, BR401, BR580, BR629, BR643, BR647, BR679, BR689, BR691, BR700, BR703, BR707, BR712,

BR720, BR721, BR726, BR730, BR732, BR734, BR738, BR761, BR765, BR779, BR780, BR784, BR816, BR818,
BR835, BR837, BR874, BR888, BR891, BR89Y6, BRA10, BRA14, BRI17, BRI18

3 - low (<35,0 t/ha) - 8 accessions

BR733, BR717, BR904, BR697, BRI0S, BR774, BR777, BR681
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Table 2 - Grouping of table beet accessions by marketability

Grouping by marketability
1 - very high (>95,0%) - 3 accessions BR592, BR715, BRI30

2 - high (80,1-95,0%) - 54 accessions

Accessions

BRO27, BR722, BR721, BR815, BR928, BR784, BR897, BR777, BR700, BRI04, BR818, BR708, BR882, BR759,

BR696, BR707, BR678, BR689, BR832, BR739, BR730, BR835, BR717, BR780, BR662, BR779, BR643, BR727,
BR632, BR262, BR580, BR774, BR924, BR848, BR888, BR681, BR289, BR676, BR734, BR769, BR896, BREI1,
BRO19, BR782, BR647, BR876, BRE98, BRE94, BRE92, BR765, BR814, BR697, BROG9, BR641

3 - medium (60,1-80,0%) - 45 accessions

BR839, BR686, BR873, BR628, BR702, BR629, BR891, BR636, BR881, BR723, BRI18, BR733, BR726, BR890,

BR874, BR714, BR679, BRE85, BR761, BR732, BR299, BR798, BR746, BR687, BR712, BR899, BR703, BRI14,
BR840, BR401, BRI07, BR626, BRE8S, BR738, BR720, BR917, BR910, BR868, BR709, BRO0O4, BRGS0, BR816,

BR817, BR883, BR831

4 - low (<60,0%) - 15 accessions
BR929

The studied table beet accessions differed significantly in
terms of productivity: gross yield ranged from 25,0 to 105,4 t/ha,
marketable yield — 16,7 to 74,9 t/ha, marketability - 33,8 to
97,2%. The highest gross yields were obtained for accessions
BR843 - 105,4 t/ha; BR839 - 90,5 t/ha; BR842 - 88,8 t/ha and
BR798 - 87,5 t/ha. The lowest rates of gross yield were observed
in accessions BR905 - 30,0 t/ha; BR774 - 28,1 t/ha; BR777 -
26,9 t/ha and BR681 — 25,0 t/ha (Table 1). The cultivars ‘Bordo
237’ (BR069) and 'Kyzylkonyr' (BRO19) taken as test-standards
showed the gross yield of 59,6 and 67,5 t/ha, respectively.

With high marketable yields of storage roots were distinguished
breeding selections BR930 - 74,9 t/ha; BR632 - 73,1 t/ha and
BR839 - 72,1 t/ha. With the lowest commodity productivity were
documented beetroot accessions BR681 - 20,9 t/ha; BR922 — 19,9
t/ha and BR9O05 - 16,7 t/ha. The marketable yields of cultivars
‘Bordo 237’ (BR069) and 'Kyzylkonyr' (BRO19) were at the level of
48,3 and 55,7 t/ha, respectively. By the marketability the studied
table beet accessions ranged from 33,8 to 97,2% (Table 2).

The best indices in this character were observed for the
accession numbers BR930 - 97,2%; BR715 - 97,0% and BR592
- 95,8%, the worst — for the beetroot accessions BR834 -
39,0%; BR474 - 36,8% and BR929 - 33,8%, whereas, the mar-

BR861, BR843, BR810, BRO0S, BR857, BR837, BR682, BR393, BR824, BR842, BR794, BR922, BR834, BR474,

ketability of the standard cultivars ‘Bordo 23’7 (BR069) and
'Kyzylkonyr' (BRO19) were 81,1% and 82,5%, respectively.

In our experiments, performance of the beetroot genotypes
depended on the type of infection character. As there were some
complications in perfect identification of particular pathogens on
roots of the beetroot breeding selections because of the presen-
ce of multiple pathogens, we decided to summarize the results
into two main diseases — dry rot and soft rot by external symp-
toms. It should be noted that in this study under the category of
a storable roots were recognized only those beetroot ac-cessions
that were suitable for seed reproduction.

It is interesting to notice that of the set of 117 varieties three
beetroot accessions (BR069, BR715 and BR834) showed no los-
ses in natural decline in weight. Of the studied beet-seed varieti-
es, 71,8% had external symptoms of dry rot, 56,4% were
susceptible to soft rot, wilting of root crops was observed in
31,6% of beetroot accessions. Overall, the total losses from
diseases and wilting were rec-orded in 92,2% of the accessions
from 117 studied.

With a very high susceptibility to dry rot were distinguished 19
beetroot accessions during storage, three of which had the hig-
hest incidence of this disease (Table 3, Figure 1). No dry rot

Table 3 - Grouping of table beet accessions by dry rot resistance in storage

Grouping by dry rot resistance in storage

1 - Highly susceptible (<25,0%) -
19 accessions

2 - medium sus-ceptible (10,1-25,0%) -
29 accessions
BR914

3 -low susceptible (0,1-10,0%) -
36 ac-cessions

Accessions

BR891, BR897, BRI17, BR474, BROO4, BR868, BR848, BR839, BR393, BRGS0, BR881, BR876, BR628, BR922,
BR842, BRI30, BR924, BRE80, BR8I6

BR910, BR9I18, BR824, BR798, BR928, BR289, BR834, BR890, BR782, BR702, BR929, BR784, BR874, BR678S,
BR632, BR843, BR861, BR882, BR907, BR727, BR299, BR703, BR708, BR714, BR840, BR720, BR769, BRO19,

BR817, BR694, BR810, BR722, BR774, BR759, BR688, BR738, BR777, BR682, BR837, BR685, BR679, BR899,
BR732, BR831, BR816, BR835, BR816, BR626, BR689, BR765, BR262, BR698, BR832, BR691, BR712, BR662,

BR401, BR696, BRI04, BR761, BR726, BR717, BR636, BR739

4 - not susceptible (0,0%) -
33 accessions

BR715, BR5692, BRO27, BR721, BR700, BR818, BR707, BR730, BR780, BR779, BR643, BR88S, BR681, BRG76,
BR734, BR647, BR692, BR814, BR697, BROGY, BR641, BR686, BR873, BR629, BR723, BR733, BR746, BR6S7,

BR709, BR883, BRI0S, BR857, BR794
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symp-toms were found on roots of 33 studied table beet bre-
eding selections.

The highest lost from the soft rot was observed on beetroot
breeding accessions BR580 - 49,8%; BR896 — 37,5%; BR474 -
29,4%; BR857 — 27,2%; and BR708 - 25,6%. If the lost from the
soft rot for the standard cultivars ‘Bordo 237’ (BR069) was
33,8%, whereas on the roote of cv 'Kyzylkonyr' (BRO19) there
were no signs of soft rot (Table 4).

Figure 1 - Some examples

of table beet accessions

by dry rot resistance in storage

a) highly susceptible BR897 (<25,0%),

b) medium susceptible BR907 (10,1-25,0%) ,
c) low susceptible BR679 (0,1-10,0%),

d) not susceptible BR592 (0,0%).

The surveys to identify promising beetroot accessions for pro-
ductivity and storability during prolonged storage showed that the
magnitude of crop yields and losses during storage varied consi-
derably depending on the genotype of the beetroot breeding
selections.

Studies have suggested that following harvesting storability of
beet roots is associated with root rot caused by various patho-
gens of fungal and bacterial nature [3-8]. In the experiments have

Table 4 - Grouping of table beet accessions by soft rot resistance in storage

Grouping by storability

1 - Highly susceptible (<25,0%) -
6 accessions

2 - medium sus-ceptible (10,1-25,0%) -
25 accessions

Accessions

BR580, BR896, BROGY, BR474, BR857, BR708

BR842, BR691, BR848, BR626, BR692, BR882, BR861, BR843, BR709, BR840, BRO07, BR592, BR678, BRIOS,
BR794, BR393, BR401, BR888, BR815, BR876, BR873, BR262, BR628, BR720, BR824

BR868, BR715, BR928, BR707, BRE97, BR922, BR817, BR738, BR721, BR632, BR641, BR910, BR782, BR897,

3 -low susceptible (0,1-10,0%) -
35 ac-cessions

4 - not susceptible (0,0%) -
51 accessions

BR717, BR299, BR714, BR918, BR891, BRI30, BR643, BR899, BRSO, BRI04, BR629, BRE62, BRE79, BR784,
BR698, BR685, BR733, BRE8E, BRE36, BR289, BROO4

BR917, BR839, BR680, BR881, BR924, BR798, BR834, BR702, BR929, BR874, BR727, BR703, BR769, BRO19,
BR914, BR694, BR810, BR722, BR774, BR769, BR68S, BR777, BR682, BR837, BR732, BR831, BR835, BR816,

BR689, BR765, BR832, BR712, BR696, BR761, BR726, BR739, BRO27, BR700, BR818, BR730, BR780, BR779,
BR681, BR676, BR734, BR647, BR814, BR723, BR746, BR6S7, BR883

Hay4YHO-NMpaKTWYeCKUN XypHan
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Table 5 - Grouping of table beet accessions by storability

Grouping by stor-ability

1 - very high storability (<95,0%) -
8 accessions

2 - high storability (80,1-95,0%) -
49 accessions

Accessions

BR027, BR814, BR883, BR818, BR723, BR734, BR765, BR730

BR816, BR832, BR647, BR746, BR676, BR831, BR835, BR682, BR721, BR687, BR689, BR700, BR715, BR837,
BRA04, BR696, BR899, BR722, BR761, BR739, BR726, BR810, BR697, BR679, BR643, BR707, BRO19, BRI14,

BR636, BR774, BR694, BRE85, BR873, BR717, BR769, BR727, BR888, BR712, BR738, BR733, BR662, BRS92,
BR641, BR794, BR874, BR714, BR759, BRO05, BR698

3 - medium storability (60,1-80,0%) -
39 accessions

BR929, BR401, BR299, BR703, BR834, BR815, BR702, BR681, BR686, BR890, BR262, BR798, BR692, BR720,
BR709, BR632, BR857, BR784, BR918, BR928, BR782, BR6I1, BR881, BR732, BRI30, BR289, BR840, BROGY,

BR910, BROO7, BR922, BR861, BR626, BR843, BR817, BRGSO, BR882, BR678, BR924

4 - low storability (<60,0%) - 21 accessions

BR708, BR839, BR628, BRO04, BR876, BR868, BR68S, BRI17, BR779, BR629, BR393, BR842, BR824, BR777,

BR848, BR891, BR897, BR896, BR474, BR580, BR780

shown that storability of beet roots is mostly conditioned by the
genotype of the studied varieties, by the year, the growth and
storage conditions [9-11].

As results of our studies showed, the lowest natural decline in
weight were observed in acces-sions of beetroot BR899 - 0,4%
and BR765 - 0,4%, whereas selection numbers BR715, BR834
and test cv 'Kyzylkonyr' (BRO19) ‘ had no natural decline in
weight. The highest natural decline in weight were observed for
beetroot accessions BR780 — 12,3%; BR687 — 9,1%; BR777 —
8,9% and BR629 - 8,4%.

The minimum storability rate were observed in beetroot bre-
eding selections BR580 - 9,2% and BR780 - 9,0%; the highest —
for the selection numbers BR027 - 98,6%, BR814 - 98,3%,
BR883 - 97,3% and BR818 — 97,1% (Table 5).

In order to identify if there is any relationship between crop
yielding capacity and storability characteristics of the table beet
accessions pair correlation analysis was carried out. The analysis
showed that the relationship between crop yielding and storabili-
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