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Abstract

Germplasm collection of chickpea (Cicer arietinum L.) originated from
various countriies andecology was evaluated in field trial conditions of Akmola
region. The analysis of yield components among germplasm accessionswas carried
out according to local standard indicators of productivity. The following genotypes
are recommended for yield breeding in Kazakhstanbased on the current research:
ICC-8515 (Greece); 1CC-12947, 1CC-1431, 1CC-456, 1CC-1205, and ICC-5337
(India); ICC-3776, ICC-1083, ICC-13283, ICC-13764, and 1CC-13187 (Iran);
ICC-15697 (Syria);and ICC-7272 (Algeria). The recommended germplasm
accessions were identified asthe most adapted for cultivation in environment of
Akmola region and, therefore, they can be used as ainitial genetic resourse for
breeding of chickpea varieties with ‘Northern-ecotype’. Hybrid populations were
produced in the crossings between International and domestic chickpea
germplasms. The offspring segregations in chickpea hybrid populations represent
perspective and important genetic resorses for selection of superious genotypes
with high yield and tolerance to drought. Finally, the best selected breeding lines
are expected to be introduced into domestic chickpeabreeding programs in
Kazakhstan.
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collection, hybrid, yield, legume crops.

Introduction

Legumes are recognized as processing of natural seeds as raw

important part of ‘healthy nutrition
food’due to their high nutritional
value.Seeds of legume crops have a
huge bioresource potential and occupy
a leading place in the development of
‘third-generation’ food technologies.
These modern technologies provide
more complete and  ‘in-depth’

material,better regulating the chemical
composition in  foods fortheir
nutritional and biological value. It is
now very clear that human nutrition
will be improved in the nearest future
due to the wider use of foods with
rich in plant protein [1]. However,
drought is a major threat with a huge
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impact on plant growth and
development. About a third part of
agricultural land is known as drought-
affected with a lack of water, although
it can be potentially suitable for crop
growing. In the rest of world,
especially in arid and semi-arid
regions, cropseven more suffer in dry
environment [2]. Drought also inhibits
plant growth, leads to chlorophyll
destruction and hydrogen peroxide
accumulation, which causes lipid
peroxidation and, therefore, resulting
in damagesofplant cell membranes [3-
51

The expanding ofchickpea
areas is verydifficult task with a focus
togrowing crops, high yield of seeds
and their quality, tolerance to harsh
adverse environment as well as
diseases and pests. Plant tolerance to
drought and heat stress is particular
important for the sustanblecrop
production [6]. Compared to other
legumes, chickpea in North-Eastern

Materials and methodsof research

The experiments were carried
out in the field trial ofS.Seifullin
Kazakh Agrotechnical University,
located in agricultural farm‘Niva’,
Akmola region.The type of soil in the
experimental field site was dark
chestnut, and according to its
mechanical composition itwas
classified as heavy-loamy

The  chickpea  germplasm
collectionfor the research included
256 chickpea accessionsreserved in
the International Genebank collection

Kazakhstanhas more advantageswith
its biological characteristics, where
moisture is the main limitation in
plant life.Chickpea plants are known
to be thermophilic and, at the same
time, cold-tolerant, well-adapted to
the agrometeorological environment
of steppe zone, since they are less
suffering from drought with higher
and more stable yield of seeds.

The aim of the current research
is the study of plant growth and
adaptation of chickpea germplasm
accessions  withfurtheropportunities
for expanding of chickpea production
in Kazakhstan. The analysis of
chickpea germplasm collection with
various origin and economically
valuable traits will make it possible to
identify the most promising of them

for further wuse as thegenetic
resourcefor chickpea breeding
programs.

ICRISAT, India.Seeds were sow
manually in the arranged area of the
field trial with doubled repeats,
whereeach accession was grown in a
separate plot,with 1,5 m’area each
(Figure 1). Plant growth and yield
components in chickpeagermplasm
collection wereevaluation according
to the Methodological guidelines
prescribed by the Vavilov Research
Institute of Plant Industry (VIR), St.-
Petersburg, Russia [7-9].



Figure 1 - General overview of chickpeaexperimental field trials: A —

Germplasm collection;B —Hybrid progenies nursery

This research was carried out with chickpea germplasms originated from
various ecological environment and from different countries, including:
Afghanistan, Ethiopia, former USSR, India, Iran, Italy, Mexico, Morocco, Syria,

Turkey, Pakistan, etc.(Figure 2).
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Figure 2 - Distribution of chickpea germplasm collection based on their
country of origin

During the growing season of
chickpea, phenological observations
were carried out, including: dates of
main phase onsert (shootoccurrence,
time to start flowering andseed
development, and full ripening). The
chickpea plants were harvested
manually when beans completely
ripened. Before  harvesting  of
chickpea plants in the field trial,plant

number in each plot was counted and
recorded.

For post-harvested analysis, 10
plants were selected from the middle
rows in each plot. This post-harvested
analysis of chickpea plants was
carried out according to the following
standard set of traits: plant height;
distance on stem, where lowestbean
attached; beansnumber per plant;



seedsnumber per plant; seeds weight
per plant; and weight of 1000 seeds.
Data analysis was carried out
usingSnedecorsoftware in the
conjunction with Microsoft Office
Excel 2010 computer program.

The controlled hybridization
was carried out according to the
methods of S.Kalve and M.Tadege
[10]. The process of manual
emasculation accurate

included

A

Figure 3 —Mannual hybridization: A - Pollination process; B —Pollinated

cutting of petalsinflower keel of the
maternalparental plantand remove the
anthers with immature pollen. The
exposed stigma surface of pistilswas
quickly pollinated by pollen collected
from flowers of paternal parent at the
time of their initial flowering. This
method showed about 75% efficiency
of the hybridization result, which is
much higher than the previouslyused
methods (Figure 3

e ""_ - ;"-:

flower of chickpea with paper-label after the pollination

Results

The production of new high-
yieldingchickpea varieties and more
tolerant to weather conditions is one
of the most important areas of the
crop breeding. Analysis of yield
componentshelped to identify
chickpea genotypes and germplasm
accessionswith better yield during
growing season in Akmola region of
Kazakhstan. ~ Highly = productive
varieties of chickpea can
beidentifiedasgenotypes with better
plantgrowth and yield components,
such as 1000 seeds weightand seeds
weightper plant.

In regards to increased demand
in the current foreign market,

commercial production of chickpea
has been more interested inbigger
seeds size. In our study, one group of
the most promising chickpea
accessions weregenotypes with dark
largeseeds and pink flowers.The
following chickpea germplasms were
identified as highest1000
seedsweight:  ICC-15762  (Syria);
ICC-11903 (Germany); ICC-15294,
and ICC-15248 (Iran); and ICC-
14595 (India). The second perspective
chickpea group included genotypes
with light-colour seeds and white
flowers, as follow: ICC-10755, and
ICC-11879  (Turkey); ICC-7255
(India); ICC-15435, ICC-15406, and



ICC-15518 (Morocco); 1CC-14199
(Mexico); ICC-7272 (Algeria);ICC-
15697 (Syria);and ICC-13187
(Iran).Chickpea plants from both
groups had weight of 1000 seeds in
the range from 238,1 g to 339,1 g.
The most productive plants with
highest seed yield were identified in
chickpea accessions, including: 1CC-
8515 (Greece); ICC-12947, ICC-
1431, ICC-456, 1CC-1205, and ICC-
5337 (India); ICC-3776, ICC-1083,
ICC-13283, ICC-13764, and ICC-

13187 (Iran); ICC-15697 (Syria);and
ICC-7272 (Algeria).

In the nursery of hybrid
progenies, 12 crossingcombinations
between domestic varieties and best
selected International accessions were
analysed (Table 1). During
hybridization, the maternal forms
wereselected fromelite local varieties,
while the paternal formswere used
from the identified best chickpea

accessions

the International germplasm collection.

m

Table 1 - Results of chickpeacrossingcombinations, produced in the field
trial, agricultural farm ‘Niva’, Akmola region.

Ne | Combination | Maternal parent | Paternal Number of | Number of
parent emasculated | pollinated
flowers flowers
1 2x22 Yubileiny ICC-7272 195 87
2 4x72 Taccait ICC-13523 144 52
3 5x77 TN-45/0-01 ICC-4841 151 28
4 276%222 Yubileiny ICC-5510 137 26
5 268%420 Camilla ICC-1915 149 31
6 271%x422 Lin- C87 ICC-1915 151 29
7 270%x437 ICARDA-1 ICC-15294 144 30
8 285%412 K-3179 ICC-2990 155 34
9 349x405 28-B ICC-9590 140 23
10 335x407 Yubileiny ICC-14778 138 31
11 319x414 Duet Azii I1CC-2990 158 43
12 316x420 Louch ICC-1915 137 20

Discussion of the results and conclusion

Based on the presented study,
the following genotypes can be
recommended as the most promising
and prospective accessions for
chickpea breeding programs with high
yield production as follow: ICC-8515
(Greece); I1CC-12947, 1CC-1431,
ICC-456, ICC-1205, and ICC-5337
(India); ICC-3776, 1CC-1083, ICC-

13283, ICC-13764, and ICC-13187
(Iran); ICC-15697 (Syria);and ICC-
7272 (Algeria). Manual hybridization
was successfully carried outamong
selected chickpea genotypes.Seeds in
12 hybrid combinations  were
attempted, where 463 flowers were
emasculated and pollinated. In total,
there were 48 hybrids produced with



10,3% of success. All obtained hybrid represent
seeds from crossing combinations

very poromising and interesting genetic material for furtherproduction ol
new chickpea varieties with high-yield and tolerance to drought for chickpea
breeding programs in Kazakhstan.
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OLIEHKA TPOAYKTUBHOCTHU KOJJIEKIIMOHHOI'O
MATEPHAJIA HYTA B YCJOBHUSX CYXOCTEITHOM 30HBI
AKMOJIMHCKOM OBJIACTH

Xacanona I'.2K., Ky36akoa M.M., JI)xataeB C.A.
Ka3zaxckuii acpomexnuueckuii ynueepcumem um. C.Cetighynnuna,
2.Hyp-Cyaman, Kaszaxcman
(E-mail: khasanova-gulmira@mail.ru)

AHHOTAIUA

B pabore npencraBieHbl pe3yiabTaThl U3YUEHHUST KOJUIEKIIMOHHBIX 00pa3IloB
nyta (Cicerarietinuml.) pa3IAYHOTO IKOJIOTO-TeorpaduuecKoro MpPOUCXOKIACHUS
B YCIOBUAX AKMOJHMHCKON oOmactu. [IpoBeneH anamm3 copToOOpas3IoB IO
MOKa3aTesisiM NMPOAyKTUBHOCTU. Ha OCHOBaHMM TIPOBEICHHBIX WCCIIEIOBAHUN IS
CEJIEKIIMU Ha MPOAYKTUBHOCTh PEKOMEHAYIOTCA caeaytouue reHorunsl, [CC 8515
(Tpemust), ICC 12947, ICC 1431, ICC 456, 1CC1205, ICC 5337 (Mamus), ICC
3776, ICC 1083, ICC 13283, ICC 13764, ICC 13187 (Upan), ICC 15697 (Cupus),
ICC 7272 (Amxwup). Jlanabsie 006pa3iibl Oosee aanTUpOBaHbl sl BO3/CIbIBAHUS B
yCIOBHUSIX AKMOJMHCKOH 00JacTM W WX MOXKHO WCIOJb30BaTh B KadeCTBE
UCXOJTHOTO MaTepuaja I CO3JaHMs COPTOB HYyTa CEBEPHOTO JKOoTWIa. B
pe3ynbTaTe CKpeNMBaHUN MOTyYeHbl THOPUIHBIC CEMEHA, KOTOPBIC TPEICTABIISIOT
co00¥ IIEHHBIM T'eHEeTHYSCKUNA MaTeprai JIsS CO3JAaHUS YCTOWYMBBIX TEHOTHUIIOB U
B JTAJIHEUIIIEM HAaWIyT CBOE IIPUMEHECHUE B OTEUECTBEHHOM CEJICKIIUU HYTA.

KuarwueBble cioBa: Komnekuus, HyT, THOpUAU3AIMS, HCXOAHBIA MaTepHal,
MPOYKTUBHOCTD, OIICHKA, 3aCcyXa, 36pHOO000BHIE KYJIBTYPHI.

AKMOJIA OBJIBICBIHBIH KYPFAK JAJIAJIBI AUMAFBI
FKAFTANBIHIA HOKATTBIH KOJUIEKIUSJIBIK MATEPAAJIBIHBIH
OHIM/ILTITTH BAFAJIAY
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Tyiiin

Kympicta AKMoONa  OOJIBICBI  JKaFrdalbIHAA OPTYPJI  SKOJOTHSIIBIK-
reorpadusiablk MBIFY Teri Oap HoOKArThiH (Cicerarietinuml.) KOJICKITUSIIBIK
YJITITIEpiH 3epTTey HOTHIKEJIEpl YChIHBUIFAH. OHIMAUNK KOpCeTKImTepl OONbIHIIA
CYPBINTHIK VJTUIepre Taijgay >Kypri3inmi. JKypri3iireH 3eprreyniep HeriziHiae
OHIMLTIT OOMBIHINIA IPIKTEY KYMBICTAPhIHA Kejiecl TeHOTUnTep yehiHbuiaasl:ICC
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8515 (I'peums), ICC 12947, ICC 1431, ICC 456, ICC 1205, ICC 5337 (Uamus),
ICC 3776, ICC 1083, ICC 13283, ICC 13764, ICC 13187 (HUpan), ICC 15697
(Cupus), ICC 7272 (Amxup). Kenripinren HOkKaT yaruiepi Akmoiia OOJBICHI
JKarabIHa ©cipyre >KakChl OCHIMIIENTEeH JKOHE OJapJibl CONTYCTIK SKOTHUIIIHE
COoMKeC CYPBINTAPbI ally YIIH 0acTanKbl MaTepuas peTiH/e nangananyra 00oaaibl.
bynangacTteipy HOTIKECIHIE OyAaHIBIK TYKBIMIAP aJbIHIBI, OJapJaH TYPaKThI
TEHOTHUIITEP/Il aJly YIIIH KYHJIbl TEHETUKAIBIK MaTepua OOJbIN TaObUIaIbl JKOHE
OoJialakTa OTaHAbIK HOKAT ©CIpY/I€ 63 KOJIJIaHBICHIH Ta0aIbl.

KinT ce3mep: koimekmms, HOKAT, OymaHIACTHIPY, OacTamKpl MaTepHal,
OHIMIUTIK, Oarajnay, KyaHIIbUIBIK, TOH110YpIIaK JaKbLUIIaPhI.



