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PE3IOME

OueHeHn ca o6wo 1,134 o6pasum ot
7 pactutenHm Buga (Sesamum indicum L.,
Helianthus annuus L., Arachis hypogaea L.,
Glycine max (L.) Merr., Brassica napus L.,
Linum usitatissimum L. w»n Papaver
somniferum L.) cbxpaHeHu 3a 25 rognHu B
HauunoHanHata reHb6aHka Ha bBbarapus.
Bcuuky cemeHHM obpasum ca nofabpxaHu
B 6asoBara Konekuus npu ycnosuaTa 3a
OBbNrOCPOYHO ChbXpaHeHMe C HACKO B/laroChb-
AbvpxaHue (5+2%) B XxepMeTuyecku 3aTBO-
peHn KoHTenHepu npu —18°C. Bb3 ocHoBa
Ha eKCnepumMeHTasIHO NoJlyYyeHUTe faHHu ca
onpegeneHn ceMeHHUTe XapakTepucTuky 3a
CbXpaHuMmocTTa - O (CTaHAapTHO OTK/IOHe-
HMEe Ha CeMeHHaTa CMbPTHOCT MpU CbXxpa-
HeHue), P50% (BpeMeTo, 3a KOEeTO XMW3He-
CnocobHOCTTa Ha cemeHaTa naga fo 50%)
n P10% (BpemeTo, 3a KOETO XM3Hecnocoob-
HOCTTa MM ce noHwxasa ¢ 10%) nossons-
Bally [a ce npefckaxe Npoab/HKUTENHOCT-
Ta Ha CbXpaHeHMe Ha ceMeHaTta WM HyxjaTta
OT penpogyumpaHe. PesyntaTite nokassar
3HaUUTENHW pas/MkK B 3arybara XusHe-
CNOCOBHOCT Ha cemeHaTa KakTo Mexay Bu-
[oBeTe Taka 1 BbTpe BbB Buga. MuHuman-
HUTE U3MEHEHUA MeXAy KbiHAemMocTTa Ha
ceMeHaTta B HayasloTO Ha CbXpaHEeHWETOo U
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SUMMARY

A total of 1,134 seed accessions
from 7 plant species (Sesamum indicum
L., Helianthus annuus L., Arachis
hypogaea L., Glycine max (L.) Merr.,
Brassica napus L., Linum usitatissimum L.
and Papaver somniferum L.) stored for 25
years in the National Genebank of
Bulgaria are evaluated. All seed
accessions are maintained as base
collection under long-term  storage
conditions with low moisture contents
(5+£2%) in hermetically closed containers
at —18°C. On the basis of experimental
data, the seed storage characters o
(standard deviation of seed death in
storage), P50% (the time for viability to fall
to 50%) and P10% (the time for viability
reduction of 10%) are determined allowing
the prediction of seed storage life and the
regeneration needs.

The results showed significant differences
in loss of seed viability among species
and within the species. Minimal changes
between seed germinations at the
beginning of storage and after a
significant time of storage in both first
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cnep 3HauuTeNHO nepvog Ha CbXpaHeHwue,
KakTo Npu NbpBUS KOHTPOJIEH TecT (C Bpeme
Ha cbxpaHeHue 10 roguHu), Taka WU npu
BTOPUS KOHTPO/SIeH TecT (C BpemMe Ha
CbXpaHeHne 25 roauHu), ca OTKpUTM 3a
obpasumte oT BugoBetTe Sesamum indicum
L. n Papaver somniferum L. MHoro no-
roflieMu passivkm B KbsiHsseMocTTa cnef 10 un
25 ronHn Ha CbXpaHeHne ca perncTpupaHu
Mexay OTAeNnHuTe reHotunose Ha Arachis
hypogaea L. n Glycine max (L.) Merr.
CToiiHOCTMTE Ha G Bapupat oT 24.39 rogu-
HK (Arachis hypogaea L.) go 125 rognHu (3a
Sesamum indicum L. n Helianthus annuus
L.). YcTaHOBEHO € LWMPOKO BapupaHe Mexay
BMAOBETE MO OTHOLUEHME Ha BpeMeTo, 3a
KOeTO XM3HecnocobHOCTTa Ha ceMeHara ce
noHmwkasa o 50% u go 10%. Wscneasa-
HETO WNCTPUPA NOMTOXUTESNTHUAT edekT oT
pPaHHUAT KOHTPO/ BbPXY CbXPaHMMOCTTa Ha
ceMeHarta W Hyxjara OT penpoayuupaHe
KaTo WHCTPYMEHT 3a OrpaHuyaBaHe Ha
HexenaHu saryom.

Knrouosu aymu: reHbaHka,
macnogariHun cemMeHa, Kb/IHAEMOCT,
NPOABL/KUTENNIHOCT Ha >XMBOT CeMeHarta,
CEeMEeHHa XXW3HeCnocobHOCT

YBO/,

CbxpaHeHMeTo Ha cemMeHata B
reHb6aHkn e Hai-pa3npocTpaHeHaTa TeXHUKa
3a ex-situ CbxpaHeHve Ha pacTUTesIHN reHe-
TUYHK pecypcu OT 20-Te TOAMHU Ha MUHa-
nua Bek (Pita et al., 2005; Pérez-Garcia et
al.,, 2009). ToBa € OTHOCUTENHO €EBTUH
MeTOJ 3a 3anasBaHe Ha LIMpoka rama ot
reHeTuyHa nnasma. B noeeueto 6a30Bu
KOMEKUMN Ha TeHHGaHKMTE CbXpaHsIBaHETO,
3-7% BNaxHOCT Ha cemeHaTa un -18° C nnn
No-HUCKa TeMnepaTypa Ha CbXpaHeHue Teo-
pPeTMYHO OCUrypsiBa KM3HECNOoCcobHOCTTa,
XXM3HEHOCTTa W FreHeTnYHa UsiJIoCT Ha cemMe-
Hata 3a xunagu roguHn (Ellis and Roberts,
1980). Bbnpekn ToBa, Tbil Kato cemeHarta
ca XMBMW MaTepuann, Te N3NCKBaT Noaxoas-
LM YCMOBUSA Ha CbXPaHEHNEe 1 HenpekbcHaT
MOHUTOPVHT, 3a Aa ce rapaHTMpa noaabp-
XaHe Ha Xu3HecnocobHocTTa um. CemeHa-
Ta, KOMTO ce cbbupaT M CbxpaHsiBaT B
ceMeHHa reHbaHka, TpsabBa pga 6baat c
BMCOKO KauyecTBO W MakcvManHa XXWU3H-
CNoCcOoGHOCT. [MbpBOHAYa/IHATa UM XM3HE-

control test (with storage time of 10 years)
and second control test (with storage time
of 25years) are detected for accessions
from Sesamum indicum L. and Papaver
somniferum L. species. More differences
in germinative activity after 10 and 25
years of storage are registered between
individual genotypes of Arachis hypogaea
L. and Glycine max (L.) Merr.

The o values varied from 24.39 years
(Arachis hypogaea L.) to 125 years (for
Sesamum indicum L. and Helianthus
annuus L. There are wide variation across
species, both in time taken for the viability
to fall to 50% and in time taken for the
seed viability reduction of 10%. The study
illustrates the positive effect of both seed
storability early monitoring and prediction
of regeneration needs as a tool for limiting
undesired losses.

Key words: genebank, oilseeds,
seed germination, seed longevity, seed
viability

INTRODUCTION

Storage of seeds in genebanks has
been the most common technique for ex
situ conservation of plant genetic
resources since the 1920s (Pita et al.,
2005; Pérez-Garcia et al., 2009). It is a
relatively cheap method of conserving a
broad range of germplasm. In most base
genebank collections, 3 to 7% seed
moisture and -18°C or lower storage
temperature theoretically assure seed
viability, vigour, and genetic integrity for
thousands of years (Ellis and Roberts,
1980).

However, as seeds are living material,
they require proper storage conditions
and continuous monitoring to ensure that
viability is maintained. Seeds that are
collected and stored in a seed genebank
must be of high quality and at maximum
viability. The initial viability of the seeds,
seed moisture content and its interaction
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CNOCOGHOCT, CbAbPXaHWETO Ha Brara B
cemMeHaTta ¥ B3auMOAEeNCTBUMETO MM C OTHO-
cuTenHaTa BNaXHOCT Ha Bb3fyxa 1 Temne-
paTypaTa uMaT 3HAUUTEHO BNSIHWE BbPXY
NPOABL/DKMTENIHOCTTA MM Ha CbXpaHeHue
(Roberts, 1973). Ho pgopu npu cemeHa,
CbXpaHsaBaHW Npu ONTUMASIHM  YC/OBWUSA,
NoAXoAsALM 3a AbJATOCPOYHO CbXpaHeHue,
XXM3HECNocobHOCTTa MOXe Aa Hamanee B
pe3yntaT Ha npouecuTe Ha CTapeeHe Wau
B/lollaBaHe Ha cemeHaTa (Sastry et al.,
2008). >XusHecnocobHOCTTa Ha cemeHaTa
MbpPBOHAYa/HO Ce MOoHWKaBa 6aBHO, a cnej,
ToBa 6GbLP30 Nopaay cTapeeHe Ha ceMeHaTa
(Roberts and Ellis, 1982). ETo 3awwo e Bax-
HO fa ce 3Hae Kora TO3u craj, HacTbhBa,
Taka 4ye obpasuuTe pa moraT ga 6bpar
penpoayuMpaHu 1 3aMeHEHU HAJTMYHUTE UM
cemMeHa C ApYyrM umally BUCOKa XKM3HeCno-
cobHocT (Ho-Sun et al., 2013). CbxpaHsiBa-
HV MpY €4HN U CbLW YCNOBUSA CemMeHaTta Ha
pasnuyHuUTe pacTUTeNHW BUAOBE Ty6AT
XXM3HECNOCOBHOCTTa CY B pasnnyHa CTenex.
CemeHaTa Ha MacrofaiHuTe KynTypu ce
Xapakrtepmsupar € KbC XMBOT Ha CbXpa-
HeHne (Copeland and McDonald 2001;
Stoyanova, 2001; Walters et al., 2005;
Desheva, 2016; Desheva et al.,, 2017).
BaleSevi¢-Tubi¢ et al. (2010) cbobuwiaBa, Ye
XVMUYECKUSIT CbCTaB Ha MacsiofainHuTe ce-
MeHa MpUYMHSIBA MNOSBSBAHETO Ha cheuu-
hryHKM MpoLecK No BpeMe Ha CbXpaHeHue.
CemeHara, 6oratu Ha aunuau, umat orpa-
H/YYeHa NPOABL/MHKUTENHOCT Ha XMBOT nopa-
ON TexHua crneundryeH XMMUYEH CbCTaB.
CemeHaTa Ha MacnofaiHuTe KynTypu ca
MHOrO 4yBCTBUTE/IHU KbM CYpPOBWUTE YC/O-
BWS Ha OKOonHaTa cpega. MNMpeanonara ce, ye
BMCOKOTO CbAbpXaHWe Ha Mac/io ce OKMuC-
NnsiBa No-1ecHo, KoeTo BioLlaBa KayecTsarta
Ha ceMeHaTa 3a cbxpaHeHue (Kausar et al.,
2009). Nagel et al., (2011) 3aknouBaT, ye
MMa TEeHOTUMEH KOMMOHEHT, yvacTsal, B
onpefensHeTo Ha >XW3HeCnocobHOCTTa Ha
cemeHaTta npu Brassica napus. Hskou xu-
MWUYHWU M/MAn IN3MYHN CBOIMCTBA Ha CEMEH-
HaTa 00BMBKA CbLLO BAMSAT BbPXY CTEMNeH-
Ta Ha NOKb/IHBaHe Cref, CbXpaHeHue, Tbil
KaTo cemeHaTta Ha CTPYKTYpHUTE W MUIMEH-
TaUMOHHUTE MyTaHTU Cce Bfowasar no-
O6bp30 B CpaBHEHVE C Te3u Ha AUBUTE UM
poacteeHmum (Debeaujon et al.,, 2000;
Clerkx et al., 2004).

with relative humidity of the air and the
storage temperature have significant
influence on seed longevity (Roberts,
1973).

Even in seeds stored under optimal
conditions suitable for long-term storage,
viability may decrease as a result of seed
ageing or deterioration processes (Sastry
et al., 2008). Seed viability declines slowly
at first, and then rapidly as seeds age
(Roberts and Ellis, 1982).

Accordingly, it is important to know when
this decline occurs so that the accession
can be regenerated by replacing the
exiting seeds with ones having high-
viability (Ho-Sun et al., 2013). Kept under
the same storage conditions, seeds of
different plant species lose viability to a
various degree. Seeds of oil crops are
characterized as short-lived (Copeland
and McDonald, 2001; Stoyanova, 2001,
Walters et al., 2005b; Desheva, 2016;
Desheva et al., 2017).

BaleSevi¢-Tubi¢ et al. (2010) reported that
the chemical composition of oilseeds
causes specific processes to occur during
storage. The seeds rich in lipids have
limited longevity due to their specific
chemical composition.

Oil seeds are very sensitive to the harsh
environmental conditions. It is
hypothesized that their oil content readily
oxidize, which deteriorate the seed health
in storage (Kausar et al., 2009).

Nagel et al. (2011) concluded that there is
a genotypic component involved in the
determination of seed viability in Brassica
napus. Certain chemical and/or physical
properties of the seed-coat also affect
germination rate after storage, since the
seed of both structural and pigmentation
mutants tends to deteriorate faster than
that of their wild-type progenitor
(Debeaujon et al.,, 2000; Clerkx et al.,
2004).
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[eHeTMYHaTa epo3ust Ha maTepuasu-
Te, NoAabpXaHn B reHbaHknTe, ce pasriex-
[Ja KaTo CbOoTBeTeH Npobnem Ha MexayHa-
pogHo HmBo (FAO, 1997) n ce npenopbyBa
HenpekbCHaT MOHWUTOPWHI Ha hakTopuTe,
NpUYMHSABALLM TeHeTUYHa epo3ust B ex Situ
KonekummuTe, 3a fa ce cBefe 40 MUHUMYM
3ary6aTa Ha reHeTM4YHO pasHoobpasune (Ruiz
et al., 1999). EAMH OT OCHOBHUTE (pakTopw,
NpUYMHABALLM TEHETUYHA epo3usl, € HEBDB3-
MOXHOCTTa fa ce OTKpue 3arybara Ha
Kb/IHAEMOCT nopagu nunca Ha MOHUTOPWHT
Ha Xwu3HecnocobHocTTa (FAO, 1997). Cne-
[oBaTeNHO TecTBaHeTO Ha XXM3Hecnocoob-
HOCTTa Ype3 Kb/IHAEMOCT € OT CbLLECTBEHO
3HayeHMe 3a noaAbpXaHuTe KOoNMeKkuunm B
CeMeHHUTe reHb6aHkn 1 Moxe ga 6bae 6bp3
HauuH 3a naeHTuuupaHe Ha npobnemuTe
C yc/noBusiTa 3a CbXpaHeHve Ha cemeHarta
(Walsh et al., 2003).

Llenta Ha ToBa u3cnegsaHe e fa ce
OLEHAT MPOMEHUTE B >XM3HECNOoCcobHoCTTa
Ha macnofaliHi cemeHa, CbXpaHsiBaHu 3a
25 roAuHM Npy ycnoBusita Ha AbArOCPOYHO
CbXpaHeHune B HaumoHasHata reHHa 6aHka
Ha Bbnrapus.

MATEPVAJT U METOOU

OueHeHn ca obwo 1,134 cemeHHu
obpasum ot 7 pactutenHn Buga (Sesamum
indicum L., Helianthus annuus L., Arachis
hypogaea L., Glycine max (L) Merr,
Brassica napus L., Linum usitatissimum L.
and Papaver somniferum L.) cbxpaHeHn 3a
25 rogmHn B HauuoHanHata reH6aHka Ha
Bbarapusa. Benukmn obpasum ca nogabpxaHu
Kato 6as3oBa KONeKkuus npu ycnosusTa 3a
ObNTOCPOYHO  CbXpaHeHMe  C  HUCKO
CbAbpXaHue Ha Bnara B cemeHara (5+2%)
B XEpPMEeTWYeCKM 3aTBOPEHN KOHTelHepu
npu —18 °C.

>KusHecnocobHoCTTa Ha cemeHaTa e
ycTaHOBeHa Ha 6a3ara Ha CcTeneHta Ha
NOKb/IHBAHETO MM NpU CbxpaHeHue. Kbii-
HAEMOCTTa Ha cemeHaTa e onpejeseHa
KakTo crefga: TOYHO npeay CbXpaHeHUeTo,
cnen 10 roavHu cbxpaHeHue u cnep 25
roAVHU cbxpaHeHve. TecToBeTe 3a Kb/Hse-
MOCT Ca MpOBefeHV CbINnacHo npasunara
Ha ISTA (1985). CbLulo Taka ca NpuaoXeHu
1 npenopbknte 3a padoTa B reHbaHka (Ellis
et al., 1985a; 1985b; Hanson, 1985). Ceme-

The genetic erosion of material
maintained in genebanks is considered a
relevant problem at the international level,
and the continuous monitoring of the
factors causing genetic erosion in ex situ
collections is recommended to minimise
the loss of genetic diversity (Ruiz et al.,
1999). One of the main factors causing
genetic erosion is the failure to detect loss
of germination due to a lack of viability
monitoring (FAO, 1997).

Thus, viability testing through germination
is essential for the maintenance of a seed
genebank collection and can be a rapid
way of identifying problems with the seed
storage conditions (Walsh et al., 2003).

The aim of this study is to assess
the changes in the viability of oilseeds
stored for 25 years under long term
storage condition in the National
genebank of Bulgaria.

MATERIAL AND METHODS

A total of 1,134 seed accessions
from 7 plant species (Sesamum indicum
L., Helianthus annuus L., Arachis
hypogaea L., Glycine max (L.) Merr.,
Brassica napus L., Linum usitatissimum L.
and Papaver somniferum L.) stored in the
National Genebank of Bulgaria are
evaluated. All seed accessions are
maintained as base collection under long-
term storage conditions with low moisture
contents (5+2%) in hermetically closed
containers at —-18 °C.

Seed viability is detected on the
basis of germination rate of accessions in
storage. The seed germination is
determined as following: just before the
storage, after 10 years of storage and
after 25 years of storage. The germination
tests are carried out according to ISTA
rules (1985). The recommendations for
work in the gene banks are also
implemented (Ellis et al., 1985a; 1985b;
Hanson, 1985). Seeds stored at —18 °C
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HaTa, CbXxpaHsBaHu npu -18° C B npoAb/i-
XeHne Ha 10 u 25 roanHu, ca npeasapu-
TENHO MOAroTBEHW npeau da 6baar nocra-
BEHW [a NOKb/IHAT: TEMNEepPUpPaHeTo Ha KOH-
TeiiHepuTe 3a cemeHa npu cTaliHa Temne-
patypa B npoAb/ikeHWe Ha 24 vaca e
nocfiefBaHo OT MOBTOPHO OBJIAXHSABAHE Ha
cemMeHarta, Kakto e OonucaHo Mo-paHo oT
(Stoyanova, 2001).

CbabpXaHVeTo Ha Bfnara B CeMeHa-
Ta npegu n cnep onpefesieHo Bpeme Ha
CbXpaHeHue e onpeaensHo nNo MeToabT Ha
ISTA (1985) cbC cywunHA nNpu HamasieHa
paboTHa npo6a (okoslo 3 g cemMeHa OT
obpaseL).

MpobuT aHanu3 3a MoaenupaHe Ha
[JaHHW OT eKkcneprMeHTa 3a CbXpaHsaBaHuTe
CeMeHa e U3Mon3BaH CblNacHo Mojenute,
onucaHn 3a nNpbB NbT OT Roberts (1973).
Toli ce ocHoBaBa Ha /NvHelHaTa B3auMo-
Bpb3Ka MexAay >Xu3HecnocobHocTTa U ne-
profa Ha cbXxpaHeHWe. HaknoHbT Ha Tasu
NMHWA e CTOWMHOCTTa Ha O W npeceyHaTa
Touka e (TeopeTMyHaTa) NbpBOHAYa/IHA
Xn3HecnocobHocT Ha cemeHarta Ki (Ellis and
Roberts, 1980). B3aumoBpb3kara, M3Mn0ns-
BaHa 3a U3yncrieHue, e

v = Ki — p/a,

KbAEeTO: V € >XWM3HecnocobHocTTa B
Probit cneq p rogmMHn Ha cbxpaHeHue.

MpoAb/MKUTETHOCTTA Ha CbXpaHeHue
Ha cemeHaTta (CbXpaHMMOCTTa) € onucaHa
ype3 KOHCTaHTUTE 3a CbxpaHeHue P50 u
P10 cnopeg Ellis and Roberts (1980),
Kbaeto P50% BpemMeTO, 3a KOETO XU3He-
CcnocobHocTTa Ha cemeHaTa naga o 50%, a
P10% e BpemeTO, 3a KOETO >XM3HEecnocob-
HOCTTa UM ce noHmxasa ¢ 10%.

WHpopmaumaTa  3a  CEMEHHUTe
06pasum nNpy CbxpaHeHueTo e nogabpxaHa
kato 6a3a pgaHHuM 3a ACCESS. Heob6pabo-
TeHuTe (haiifioBe C AaHHK ca 13Mnon3sBaHn 3a
CTaTUCTMYECKN aHaM3 4pe3 aHaM3 Ha
BapuaHca (ANOVA) n Paired-Samples T-
test, nsnonssarikm IBM SPSS Statistics 19.

for 10 and 25 years, respectively, are pre-
conditioned before these are set to
germinate: equilibration of seed
containers at room temperature for 24
hours is followed by re-humidification of

seeds, as described earlier from
(Stoyanova, 2001).
The moisture content of seed

accessions, both before and after the time
of storage, is determined using oven
methods of ISTA (1985) for reduced
working sample (about 3 g per
accession).

The Probit analysis for modelling of
data from seed storage experiments is
used according to the models first
described by Roberts (1973). It is based
on a straight line relationship between
viability and storage period. The slope of
this line is the value of o and the intercept
is the (theoretical) initial viability of seeds
Ki (Elis and Roberts, 1980). The
relationship used for calculation is:

v = Ki — p/o,

where: v is the viability in Probit
after p years in storage.

Seed longevity is described by
storage constants P50 and P10 according
to Ellis and Roberts (1980), where P50%
is the time for viability to fall to 50% and
P10% is the time for viability reduction of
10%.

The information for seed
accessions in storage is maintained as
ACCESS-database. The raw data files are
used for statistical analysis by analysis of
variance (ANOVA) and Paired-Samples
T-test test using IBM SPSS Statistics 19.
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PE3YJITATU N OBCBXXOAHE
KbfiHAeMOCT Ha cemeHa cnep
nepuos Ha CbXpaHeHue npu ycrnoBusi
3a ObJ/ITOCPOYHO CbCTOSAHUE
W3cnepBaHn ca cemeHa oOT 7
pacTuTenHu Buaa, cbxpaHsaBaHu 3a 10 u
25 rognHn B HaunoHanHata reHbaHka Ha
Bbbarapua. Pe3syntatute nokasear, e
NPOMEHNTE B Kb/IHAEMOCTTA Ha cemeHarta
BapvpaT 3HauuTesIHO MexXay BuoBeTe.
OTKpUTN ca MUHUMAJTHN MPOMEHUN B KbJl-
HAeMoCTTa Ha CemMeHa Npu CbXpaHeHue
3a obpasuute OT BMAoOBETE Sesamum
indicum L. n Papaver somniferum L. Pa3-
NINKUTE Ca He3Hauumu Mexzay KbiHse-
MOCTTa Ha CemMeHara B Haya/ioTo Ha
CbXpaHeHueTo W crfief 3HauuTesneH ne-
puon Ha CbXpaHeHue KakTo nNpu nbpBus
KOHTPOJIEH TECT (C BPEME Ha CbXpaHeHune
10 roguHW), Taka W Npu BTOPUSA KOH-
TponeH TecT (C BpeMe Ha CbxpaHeHue 25
roavHu). 3a octaHanuTe BUOOBE pasfu-
Knte ca 3Haummum npu HMBO pP<0.001 cno-
pes paired T-test. Hail-ronsmo noHmxe-
HUEe Ha Kb/IHAEMOCTTa e perncTpupaHo 3a
Arachis hypogaea L. n Glycine max Merr.
Cnep 10 roguHu cbxpaHeHwe cpefHute
CTOMHOCTM Ha Kb/IHSEMOCTTa Ha CeMeHa
OT obCTBUM U coda cnagaT oT 93,03% Ha
75,66% un oT 92,79% Ha 86,08%, pgokato
cnep 25 roguHu cbxpaHeHue ot 93,03%
0o 69,74% wn cboTBEeTHO OT 92,79% po
81,45%. CpefHuTe NPOLEHTN HA KbJiHAE-
MOCT Ha cemeHarta oT Brassica napus L. n
Linum usitatissimum L. cneg 25 roganHin
CbXpaHeHue crnagaT ¢ okono 7% B cpas-
HEHME CbC CPefHUTE MM HayaslHW CTOii-
HocTu. BaBHO HapacTBaHe Ha Kb/IHAEeMOCT-
Ta Ha cemeHa npu Helianthus annuus L.
ce Habnwpgasa cnepn 10 roguHy cbxpaHe-
HWe, HO BTOPUAT KOHTPOJIEH TECT MNokas3sa
no-3HauyMTesIHO HamaneHue ot 92.68% fo
89.41% npwu p<0.001 (Tabnumua 1).

RESULTS AND DISCUSSION
Seed germination after period of
storage under long-term condition

Seed accessions from 7 plant
species stored for 10 and 25 years in the
National gene bank of Bulgaria are
evaluated. The results showed that
changes in germination percentages
varied considerably among species.
Minimal changes of seed germination
under storage are detected for accessions
from Sesamum indicum L. and Papaver
somniferum L. species. No significant
differences are examined between seed
germinations at the beginning of storage
and after a significant time of storage in
both first control test (with storage time of
10 years) and second control test (with
storage time of 25years). For other
species differences are significant at
p<0.001 level according to paired T-test.

The highest decrease of germination is
recorded for Arachis hypogaea L. and
Glycine max Merr. After 10 years of
storage, the mean germination values of
peanut and soybean seeds declined from
93.03% to 75.66% and from 92.79% to
86.08%, while after 25 years of storage,
from 93.03% to 69.74% and from 92.79 to
81.45% respectively. The mean
germination percentages of Brassica
napus L. and Linum usitatissimum L. after
25 years of storage dropped by about 7%
in comparison with the mean initial
germination values. A slow increase of
seed germination of Helianthus annuus L.
is observed after 10 years of storage but
the second control test presented a more
significant decrease from 92.68% to
89.41% at p<0.001 level (Table 1).
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Ta6nvua 1. MpoMeHU B CTOMHOCTUTE Ha >XU3HECTNOCOGHOCT Ha CeMeHa Mpu
nscrieqBaHUTE BUAOBE B 3aBUCMMOCT OT MEPUMOABT MM Ha CbXpaHeHue B

HauvoHanHata reH6aHka Ha BBnrapvm

Table 1. Changes in the seed viability values of studied species depending on
storage period in the National Gene bank of Bulgaria

CpepfHa cToiHocT Ha | CpefHa CTOMHOCT Ha %Eﬁﬂ::l\ggr%og;:a
nbpBOHaYasiHaTa | KbniHAemocTTa cneg 10 25 FoaVHM A
Bu Bpoii 06pa3um Kb/THAEMOCT rOAMHN Ha CbXpaHeHne cux aﬂeHme
s ec'Ei"es Number of Mean value Mean value of Meariw) value of
P accessions of initial germination after 10 S
L germination after 25
germination, % years of storage, % o
+SD +SD years, %
B B +SD
Sesamum indicum L. 68 99,47+1,36 99,66+1,23 99,32+1,41
Helianthus annuus L. 67 92,68+6,50 93,05+6,52 89,41+10,92***
Arachis hypogaea L. 68 93,03+6,53 75,66+18,44** 69,74+21,18**
Glycine max (L.) Merr. 578 92,79+7,26 86,08+13,62*** 81,45+14,01***
Brassica napus L. 103 96,77+5,20 92,36+8,35*** 89,06+9,25***
Linum usitatissimum L. 126 95,49+5,52 92,25+4,38*** 87,90+8,20%**
Papaver somniferum L. 124 98,43+3,90 99,32+1,38 97,02+5,42

***P<0.001; **P<0.01; *P<0.05; SD-cTaHAapTHO OoTKNOHeHWe /standard deviation (%)

Ha dwurypa 1 e npeacraBeHa
cTeneHTa Ha BapupaHe mMexay
reHoTunoBeTe B pamKMTe Ha Buga upes
pas/iMkM B CTaHOApPTHUTE  OTK/IOHEHMUSA
(SDs), nsuncnenn 3a cpegHuTe CTOMHOCTK
Ha Kb/IHAEMOCTTa cfef cbxpaHeHue. [Mo-
rofieMn pasfnvkn B KbnHaemocTTa cneg 10
1 25 rognHn cbXxpaHeHne ca peructpupaHu
Mexay oTAesiHUTe reHoTunose Ha Arachis
hypogaea L. n Glycine max (L.) Merr. Kakto
€ TMOoCOYeHO Mo-rope, Kb/HAEMOCTTa Ha
ceMeHara OT (BLCTbUW M COA Hamanssa
6bp30 cnen 25 rOoAMHW CbXpaHeHwe W
TexHuTe SDs ce yBenuyaBaT 3HauYUTESHO,
CbOTBETHO OT * 6,53% [0 + 21,18% un oT +
7,26% po + 14,01% (Tabnuua 1 n durypa
1). Hai-ronemute o6xBaTn B CTENEHTa Ha
Kb/IHAEMOCT Ha cemeHaTa, Hab/nogasaHu
npu Te3u pABa Buaa, Cce Ab/xaTr Ha
pas/ikMTe B OUENsABaHETO Ha CeMeHa
Mexay reHoTunose, UHAYUMpaHW KakTo oT
ycnosusta npeau npuéupaHeTo um, Taka u
OT noAAbpXaHeTo Ha ceMeHa npeau u no
BpeMe Ha CbxpaHeHue (Stoyanova, 2001;
Walsh et al.,, 2003; Pita et al., 2005;
Desheva, 2016; Desheva et al., 2017).

In Figure 1 is presented the rate of
variation between genotypes within the
frame species by differences of standard
deviations calculated for the mean values
of germination after storage. More
differences in germinative activity after 10
and 25 years of storage are registered
between individual genotypes of Arachis
hypogaea L. and Glycine max (L.) Merr.
As recorded above seed germinability of
peanuts and soybean declined rapidly
after 25 years of storage and theirs SDs
increased significantly from +6.53% to
+21.18% and from £7.26% to +14.01%,
respectively (Table 1 and Figure 1). The
largest range in seed germination rate
observed in these two species is due to
differences in seed survival between
genotypes induced both by pre-harvest
conditions and by maintenance of seeds
before and during storage (Stoyanova,
2001; Walsh et al.,, 2003; Pita et al.,
2005; Desheva, 2016; Desheva et al.,
2017).
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MpynupaHe Ha o6pasunTe B
paMKuTe Ha BuAa, B 3aBUCUMOCT OT
npomMsiHaTa B Kb/IHAEMOCT Ta UM cnep
25 nepuoja Ha CbxXpaHeHue npu
ycnoBusTa 3a OBbAroCcpoYHO
CbXpaHeHue B reHHaTa 6aHka

pynvpaHe Ha 06pa3unTe B paMKu-
Te Ha BMAa, B 3aBMCMMOCT OT NpoMsiHaTa
B Kb/IHIEMOCTTa UM cneg, 25 nepuoga Ha
CbXpaHeHue npu ycnosusATa 3a AbJro-
CPOYHO CbXpaHeHMe B reHHaTa 6aHka e
npeacTaBeHo B Tabnvuya 2.

Grouping of accessions within
the frame species depending on the
change in germination after 25 period
of storage under long-term storage in
the genebank

Grouping of accessions within the
frame species depending on the change
in germination after 25 period of storage
under long-term storage in the genebank
are presented in Table 2.

Tabnuua 2. MpynupaHe Ha o6pasuuTe B pamMKuMTe Ha BUAa, B 3aBUCUMOCT OT
npomsiHata B KbJ/IHAEMOCTTa MM crfieg 25 nepvoga Ha CbXpaHeHue npu
yCMoBUATa 3a AbJ/ITOCPOYHO ChXpaHeHne B reHHaTa 6aHka
Table 2. Grouping of accessions within the frame species depending on the
change in germination after 25 period of storage under long-term storage in the

genebank
MoHnxaBaHe
MUHUMA/THO fos ﬂOHVI:(aaBaHe Ha ﬂOHel/I):i(ZBaH
yBeanq: Bane NpoMsHa B | Kb/IHAEMOCT K?THTSM%CT KbIHAeMoCT
KbAHseMocTTa | KB/HAEMoCT nog 10% 200/A Hap 20%
Bug TNA g Withouth Decrease 2 Decrease
Speci Minimal P Decrease S
pecies . change of germination o germination
increase of 9= germination
S germination below above
germination 10% from 20%
10 to 20%
NA F NA F NA F NA F NA F
Sesamum indicum L. 68 9 0,132 | 45 | 0,662 | 14 | 0,206 0 0,000 | 0 | 0,000
Helianthus annuus L. 67 21 0,313 | 10 | 0,149 | 24 | 0,358 9 0,134 3 0,045
Arachis hypogaea L. 68 4 0,059 9 0,132 8 |0118 | 12 | 0,176 | 35 | 0,515
Glycine max Merr. 578 103 0,178 | 54 | 0,093 | 148 | 0,256 | 154 | 0,266 | 119 | 0,206
Brassica napus L. 103 8 0,078 | 14 | 0,136 | 48 | 0,466 | 29 | 0,282 | 4 | 0,039
Linum usitatissimum L. 126 13 0,103 | 12 | 0,095 | 54 | 0,429 | 40 | 0,317 | 7 | 0,056
Papaver somniferum L. 124 20 0,163 | 46 | 0,374 | 51 | 0,415 5 0,041 | 1 | 0,008

TNA-06u, 6poit obpasuu/total number of accessions, NA-6poin o6pasuu/number of accessions, F-

yecTtoTalfrequencies

YecToTara Ha reHoTunuTe ¢ MUHK-
Ma/IHO YyBEJ/IMYEHUE Ha KbJIHAEMOCTTa €
Hail-Hucka 3a Arachis hypogaea L.
(0.059) u Hali-Bucoka 3a Helianthus
annuus L. (0.313). YecToTaTa Ha CeEMEH-
HUTE Npobu 6e3 NPOMSsiHa B Kb/THAEMOCT-
Ta ca ot 0,093 3a obpasyute ot Glycine
max Merr. go 0,662 3a o6pasuute OT
Sesamum indicum L. Bwugosete oT

The frequency of genotypes with

minimal increase of germination rate is
the lowest for Arachis hypogaea L.
(0.059) and the highest for Helianthus
annuus L. (0.313). The frequency of seed
samples saved withouth change varied
from 0.093 for accessions from Glycine
max Merr. to 0.662 for accessions from
Sesamum indicum L. Brassica napus L.,
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Brassica napus L., Linum usitatissimum
L. u Papaver somniferum L. umaT BUCOK
% Ha o6pasuu, KOUTO nokasBaT NoHWXa-
BaHe B XXM3HEeCcnocobHoCTTa Ha ceMeHarta
00 10% B cpaBHeHMe C NbpBOHa4YanHaTa
UM  KbJ/IHAEMOCT, CbOTBETHO 46,6%,
429% n 41,5%. lNpn cycama He ca
perucTpypaHn reHoTunoBe C HamasieHve
Ha >XKU3HEeCcnocobHoCcTTa Ha cemeHaTa C
Hag 10% cnepn 25 roguHu CbXxpaHeHwue,
JokaTo yecTtoTata Ha obpasuuTte oT obe-
TbUUTE N COATA C MOHWXEHA Kb/IHAEMOCT
Ha cemeHa Hag 10% e 3HauyuTenHa.

Cnopeg Stoyanova (2010) o6pasum-
Te, NogabpXaly cblara Kb/IHAeMOCT Un
Masiko MO-BUCOKM HWBMW Cfnef nepuoga Ha
CbXpaHeHue B reHbaHka, ce Knacuguumpar
B KaTeropumsaTa Ha "CbxpaHeHu 6e3 npoms-
Ha". O6pasunTe C NOHWKEHA XU3HeCnocob-
HOCTTa Ha cemeHa Ao 10% ca onucaHu
Kato obpasum c "MUHMManHa npomsHa'.
Tes3n aBe kateropuu ce cuutar 3a “ycnewu-
HO CbXxpaHumum o6pas3ymn”. Obpasuute C
MOHWXKEeHa XM3HEeCnocobHOCTTa Ha ceMeHa
Hag 10% ce onucBa Kato TakMBa CbC
"3HauuMTeneH cnag’. Bb3 ocHoBa Ha Tasu
Knacudmkauma u pesynratute, NosyveHu
OT KOHTPOJSIHUTE TecToBe crief 25 rogvHu
CbXpaHeHue, obpasuuTte OT u3cnenBaHuUTe
BM0BE Ca rpynupaHn no cnegHua Hauvx:

- [pynara Ha "ycnewHo
CbXpaHeHuTe o6pasumn" -100% oT
obpasunte Ha Sesamum indicum L., 95,2%
OoT o6pasumte Ha Papaver somniferum L.,
82% ot obpa3suumTte Ha Helianthus annuus
L., 68% oT o6pa3uyute Ha Brassica napus
L., 62,7% o1 o6pa3unte Ha Linum
usitatissimum L., 52.7% oT obpa3yuTte Ha
Glycine max Merr. n 30,9% o1 ob6pasuute
Ha Arachis hypogaea L .;*

- F'ynata Ha  obpasuuMte  CbC
.3HauUMTeNneH cnag“ B >KM3HEHOCTTa Ha
ceMmeHarTa- 69.1% oT o6pasuute Ha Arachis
hypogaea L., 47.3% oT o6pa3sumte Ha
Glycine max Merr., 37.3% oT o6pasumTte Ha
Linum usitatissimum L., oT o6pa3uute Ha
Brassica napus L., 18% oT ob6pasuute Ha
Helianthus annuus L. n 4.8% ot ob6pa3yuTe
Ha Papaver somniferum L.

O6pasuuTte B rpynara CbC ,3Hauu-
TeneH cnag“ B KM3HECnocobHocTTa Ha
ceMeHata cnefBa fa 6baar penpoay-

Linum usitatissimum L. and Papaver
somniferum L. had high % of accessions
that showed dropping in the seed viability
not higher than 10% in compare with
initial germination, respectively 46.6%,
42.9% and 41.5%. Sesame genotypes
with decrease in seed viability above 10
% after 25 years of storage are not
recorded, while the frequency of peanuts
and soybean accessions with decrease
seed germination above 10% are
significant.

According to Stoyanova (2010)
accessions maintaining the same
germination rate or a slightly higher level
after period of storage in genebank are
classified in the category “conserved with
no change”. Accessions with seed
viability reduction of about 10% are
described as showing “minimal change”.
These two categories are considered as
“successfully stored accessions".
Accessions with seed viability reduction
of above 10% are described as
“significant decline”. Based on this
classification and the results obtained
from the monitoring tests after 25 years of
storage accessions from investigated
species are grouped as following:

- Group of “successfully stored
accessions“-100% of accessions from
Sesamum indicum L., 952% of
accessions from Papaver somniferum L.,
82% of accessions from Helianthus
annuus L., 68% of access. from Brassica
napus L., 62.7% of access. from Linum
usitatissimum L., 52.7% of access. from
Glycine max Merr. and 30.9% of access.
from Arachis hypogaea L.;

- Group of “significant decline”-
69.1% of access. from Arachis hypogaea
L., 47.3% of access. from Glycine max
Merr., 37.3% of access. from Linum
usitatissimum L., 32% of access. from
Brassica napus L., 18% of accessions
from Helianthus annuus L. and 4.8% of
accessions from Papaver somniferum L.

Accessions in the group with
significant decline of seed viability should
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LuMpaHu 3a Aa ce NpefoTBpaTy eBeHTyasHa
3ary6a Ha obpa3uu B 6baeLle.

MporHo3upaHe Ha CbXPaHUMOCT -
Ta Ha ceMeHaTa cnej peaslHO AbAro-
CPOYHO CbXpaHeHne B HauuoHanHaTa
reH6aHka

MHOro ca  dpaktopute,  KOWUTO
onpefensit NPOAb/DKUTENIHOCTTAa Ha XUBOT
Ha cemeHaTa B nepuoja Ha CbXpaHeHneTo
KaTo CTpyKTypaTa Ha CeMeHaTta, CbAbpXa-
HVe Ha Bnara Ha cemeHaTa, Temneparty-
paTta, OTHOCUTE/NIHaTa B/IaXHOCT, HavaslHa-
Ta XU3HECNoCO6GHOCT Ha cemeHarta, cTaguu
Ha 3penocT npu npubupaHe, U MbpPBOHA-
4asIHOTO CbAbPXaHUe Ha Bfara Ha cemeHa-
Ta, NOCTbNBALWYM MpKU cbxpaHeHue (Probert
et al. 2009; Singh et al., 2017). Malenci¢ et
al., (1996, 2003) and BaleSevi¢-Tubi¢ et al.
(2010) npegnonarat, 4e CbXpaHMMOCTTa Ha
cemMeHaTa e reHeTU4YHO onpejeneHa, n ve
CbLUECTBYBAT 3HAYUTESHN pa3Muns Mex-
[y copToBe OT CblUMTE KyNTypu B CMOCO6-
HOCTTa MM fda MoaAbpXaT KayecTBOTO Cu
no Bpeme Ha cbxpaHeHue. Cnopeq Lu et al.
(2004), reHeTUYHUTE XapakKTepUCTUKN Ha
BMAOBETE U cpefaTa Npeay CbxpaHeHue ca
OCHOBHUTE (hakTopy 3a MNOHWXaBaHe Ha
XM3HecnocobHocTTa Ha cemeHa. MNpeacTa-
BEHV ca XUMOoTe3n, CBbP3aHu C XMMUYHUTE
CbCTaBKM Ha cemeHaTa, 3a Aa ce 06sACHU
pasnukarta B MPOAb/HKMTE/IHOCTTA Ha XUBO-
Ta Ha Bugosete (Seiler, 2010). CeMeHHUTE
BMAOBE, KOUTO MpUTEXaBaT BUCOKO CbAbpP-
XaHve Ha Macno, He ce CbxpaHsaBaT fobpe
B CpPaBHEHME C Te3u, KOUTO CbAbpXaT Mo-
Masiko (Copeland and McDonald, 1995;
Nagel and Bérner, 2010; Santos et al.,
2016). Pesyntatute ot Sharma (1977)
SICHO noyepTaBaT HamansBaliMTe TEHAEH-
UMM B 0OLWIOTO CbAbpXaHWe Ha Macnio u
Kb/IHIEMOCT Ha ceMeHaTa Mo BpemMe Ha
CbXpaHeHVeTo Ha macnogaliHu BUaoBe.

OueHkaTa Ha MPOABL/IKUTESIHOCTTA
Ha XXMBOT Ha cemMeHaTa B TOBa Mpoy4yBaHe
ce O0CcHoBaBa Ha CTOMHOCTTa Ha O
(cTaHAApTHO OTKNIOHEHME HA CeMeHHaTa
CMBbPTHOCT NpU CbXpaHeHne), onpeaensiia
nepvoga, npes KOWTO MPOLEHT XXM3HEHOCT
ce Hamansea c eauvH Probit, kakto e
onucaHo oT Hong et al. (1980). Cnopep,
Ellis and Roberts (1980), npogbaxuTen-

be regenerated to prevent possible loss
of samples in the future.

Predict of seed longevity after

real long-term storage in the National
Gene bank of Bulgaria

Many factors determine the seed

longevity during storage as seed
structure, seed moisture  content,
temperature, relative humidity, initial

viability, stage of maturity at harvest, and
initial moisture content of seed entering
into storage (Probert et al., 2009; Singh
et al., 2017). Malenci¢ et al., (1996, 2003)

and BaleSevi¢c-Tubic et al. (2010)
suggested that seed longevity is
genetically  determined and that
significant  differences exist among

cultivars of same crops in their ability to
maintain quality during storage.

According to Lu et al. (2004), the genetic
characteristics of species and pre-storage
environments are the main factors for
seed viability decline. Hypotheses
relating to chemical constituents of seed
have been put forward to explain the
variation of longevity among species
(Seiler, 2010).

Seed species that possess high oil
content do not store well compared to
those that contain less oil (Copeland and
McDonald,1995; Santos et al., 2016). The
results of Sharma (1977) clearly pointed
out to declining trends in total oil content
and seed germination during storage of
oilseed species.

The measure of seed longevity in
this study is based on the o value
(standard deviation of seed death in
storage), defining the period during which
the percentage viability is reduced by one
Probit as described by Hong et al. (1980).

According to Ellis and Roberts (1980), the
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HOCTTa Ha XMBOTa Ha CEMeHHaTa napTuaa,
BpEMETO, Npe3 KOeTo BCUYKM CeEMeHa ca
3arybusin XmM3HecrnocobHocTTa cu, 3aBuUCu
OT CTOHOCTTa Ha O M OT CbOTHOLUEHNETO
Ha cemeHarta, KOUTO ca XXM3HecnocobHu B
Hayasl0To Ha cbxpaHeHueTo, Ki (B Probit).
Pe3syntatuTe OT oOueHKaTa Ha CbXpaHu-

life span of a seed-lot, the time until all
the seeds have lost viability, depends on
the value of o and on the proportion of
the seeds which are viable at the start of
the storage, Ki (in Probit). Results from
the assessment of Probit longevity for 7
oil plant species are presented in Table 3.

MOCTTa 3a 7 Mac/ofaiHu pacTuTenHu enaa
ca npencraseHu B Ta6nmua 3.

Tabnmua 3. CbXxpaHMMOCT Ha CeMeHaTa nMporHosvpaHa crief, peasHo
OBbNrocpoYvHO CbXpaHeHne B HaumoHaiHaTa reH6aHka

Table 3. Seed longevity predicted after real long-term storage in National Gene
bank of Bulgaria

SPECIES NA 50%' v=K;-1/ *p yec;'rs ;;;;s ;l;;s
Sesamum indicum L. 68 |3,46|v=2,739-0,008*p | 125,00 | 342,25| 184,35
Helianthus annuus L. 67 |4,48|v=1,496-0,008*p| 125,00 | 186,88 | 66,40
Arachis hypogaea L. 68 |3,46|v=1,407-0,041*p| 24,39 34,29 | 11,96
Glycine max (L.) Merr. 578 | 5,76 | v=1,397-0,019*p 52,63 73,47 25,59
Brassica napus L. 103 | 5,45 | v=1,78-0,021*p 47,62 84,71 | 32,79
Linum usitatissimum L. | 126 | 4,72 | v=1,67-0,019*p 52,63 87,84 | 32,77
Papaver somniferum L. | 124 | 3,90 | v=2,319-0,012*p 83,33 193,17 | 91,13

NA-6poi1 o6pasum/number of accessions, SM-cbabpxaHue Ha Bnara B ceeHata/seed moisture content, %
wet basis

V- XMn3HecnocobHocTTa B Probit cneg p roavHu Ha cbxpaHeHue; K; — nbpBOHaYasiHa XM13HEeCnoCoBHOCT Ha
cemeHata B Probit/Probit value of initial seed viability; 1/0 — nsmepBa BnowasaHeTO Ha cemeHaTa npu
cbxpaHeHne/measure of seed deterioration in storage; 0 — cTaHOapTHO OTK/IOHEHWE Ha CeMeHHaTa
CMBPTHOCT Npu cbxpaHeHue/standard deviation of seed death in storage; P1gy% — BpEMETO B rognHN 3a KOETO
XM3HecrnocobHOCTTa Ha ceMeHaTa ce noHmkasa ¢ 10% / time in years for seed viability reduction with 10%;
Psos — MONOBMHATA OT XMBOTA HA CeMeHaTa 1in n3mepsa BpemeTo A0 50% XM3Hecnoco6HOCT Ha ceMeHaTa

npu cbxpaHeHue/seed half-life or measure of time to 50% seed viability in storage

Haii-Bucokata ctoiiHoct 3a  Ki
(2.739) e otueTeHa 3a Sesamum indicum
L., a Hail-H1ckaTa 3a Glycine max (L.) Merr.
(2.397), cnegBaH oT Arachis hypogaea L.
(1.407). CteneHTa Ha B/iollaBaHe Ha ceme-
Ha (1/0) Bapupa mexay -0.008 n -0.041. Ta
€ Haii-Bucoka 3a Arachis hypogaea L. (-
0.041) ©n Hail-HMCKa CBLOTBETHO  3a
Sesamum indicum L. n Helianthus annuus
L. (-0.008). CycamoBuTe U CNBbHYOr1EA0BK-
Te cemeHa umatr o CTolHOocTM Hag 100
roguHn (0=125 rognHun). dbCTbUnUTE, panu-
uara, cosita, /leHa M MakoBuUTe KynTypu
umaT o CTOMHOCTU mexay 24.39 n 83.33
roguHu (Tabnuua 3). Pesyntatute noTebp-
XJaBaT, Ye MPOABb/IKUTE/IHOCTTAa Ha ceme-
HaTa Bapupa Mexay BugoseTe. MHOro
aBTOPU NOCOYBAT, Ye CbXPaHNMOCTTa Bapu-

The highest K; value (2.739) is
recorded for Sesamum indicum L., while
the lowest for Glycine max (L.) Merr.
(1.397), following from Arachis hypogaea
L. (1.407). The rate of seed deterioration
(1/0) varied between -0.008 and -0.041. It
is the highest for Arachis hypogaea L.
(-0.041) and the lowest for Sesamum
indicum L. and Helianthus annuus L.
(-0.008), respectively. Sesame and
sunflower seeds had o values above 100
years (0=125 years). Peanuts, rape,
soybean, flax and poppy seeds had o
values between 24.39 and 83.33 years
(Table 3). The results confirm that seed
longevity varied among species. Many
authors also indicated for seed longevity
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paHe Mexay cemelicTBarta, reHotunuTe, B
napTnaMTe Ha cemeHaTa W JOpU Mexay
OoTAe/IHUTE cemeHa BbTpe B efHa M Cblia
Topb6a M 3aBWCAT OT YycnoBuaTa Ha
cbxpaHeHune (Walters et al 2005; Nagel et
al.,2009; Probert et al., 2009; Nagel and
Borner, 2010; Nagel et al.,, 2010; van
Treuren et al., 2013; Ho-Sun et al., 2013).
YcTaHOBEHW ca rosieMu pasnnyuus no oTHO-
lWeHVe Ha BUOOBETe, KaKTo 3a BpeMeTo,
HeobXo4MMO 3a HaMausiABaHe Ha XWU3HeCno-
cobHocTTa Ao 50%, Taka U 3a BpeMeTo 3a
HamasiiBaHe Ha XXu3HecnocobHocTTa Ha
cemeHa ¢ 10%. P50% Bapupa oT 34.29
rogMHn o 342.25 roguHu. M3umcneHoto
6e3onacHO Bpeme 3a CbxpaHeHue (P10%)
e Hali-kpatkoTo 3a Arachis hypogaea L.
(11.96 roguHn) n Hak-gbNro 3a Sesamum
indicum L. (184.35 roguHu). CwbriacHo
pesynrtatuTte, npeactaseHn B Tabnuua 3,
npu onucaHWTe C Hai-Kkbca CbXpPaHMMOCT
pacTtutenHu sugose (Arachis hypogaea L. 1
Glycine max Merr.) KOHTPO/IHUTE NPOBEPKU
cnefBa fa ce U3BbpLUaT He No-KbCHO OT 10
3a (pweTbumTe M 20 rogmHa 3a cosTa OT
HayasloTo Ha CbxpaHeHue. BpemeTo 3a
6e3onacHo  cbxpaHeHuve (P10%) 3a
Brassica napus L. 1 Linum usitatissimum L.
e YOb/MKeHO A0 32 roguHu, aokato 3a
Helianthus annuus L. e okono 60 roguHu
unn  noseye. [lporHosmpaHuTe cpeaHu
CpoKoBe 3a 6e30MacHO CbXpaHeHue Ha
Papaver somniferum L. ca Hag 100 roguHu,
[0KaTO 3a pacTUTesnHNUA BUA, ONucaH ¢ Haw-
Obnra  NPoOABL/DKATENIHOCT  Ha  XMBOT
(Sesamum indicum L.), e Hag, 180 rogumHu.

Pe3yntatnte ot TOoBa u3cneaBaHe
we gonbnHAT 6Gasata [daHHM  3a
CbXpaHeHue Ha CemMeHa W Le nocnyxar
3a popmupaHe Ha Mofesnin 3a nnaHupaHe
Ha HyXaute OT penpogyuupaHe Ha
obpasuure.

N3BOAN

Pesyntatute OT MOHUTOpPUHIA Ha
1,134 cemeHa OT 7 pacTuTenHu Buaa cnep
10 u 25 roguHM CbxpaHeHwe mnokassaT
3HaYMTEeNHN pa3/ivkn B 3arybara Ha XusHe-
CMOCOBGHOCT Ha ceMeHaTa Mexay BuAOBeETe
N B pamMkuTe Ha Buga. MNo-ronemu passivki B
Kb/IHAEMOCTTa Ca PErucTpupaHn mexay
oTAenHuTe reHoTunoBe Ha  Arachis

variation among families, genotypes,
seed lots, and even among individual
seeds inside the same bag and depend
on the storage conditions (Walters et al.
2005; Nagel et al. 2009; Probert et al.
2009; Nagel and Borner 2010; Nagel et
al., 2010; van Treuren et al. 2013; Ho-
Sun et al. 2013). There are wide
variations across species in both the time
taken for viability to fall to 50% and the
time for seed viability reduction by 10%.
Psoy ranged from 34.29 years to 342.25
years. The calculated safe storage time
(P10%) is the shortest for Arachis
hypogaea L. (11.96 vyears) and the
longest for Sesamum indicum L. (184.35
years). According to the results presented
in Table 3 plant species described with
shortest longevity (Arachis hypogaea L.
and Glycine max Merr.), should not be
monitored later than 10 years for peanuts
and 20 years for soybean from the
beginning of storage, respectively. The
safe storage time (P10%) for Brassica
napus L. and Linum usitatissimum L. is
prolonged to 32 vyears, while for
Helianthus annuus L. is about 60 years or
more. The predicted mean safe storage
times for Papaver somniferum L. are
above 100 years, while for plant species
described  with longest  longevity
(Sesamum indicum L.) is above 180
years.

The results of this study will
complement the database for the seed
storability and will serve to form enriched
patterns for need planning from
regeneration.

CONCLUSIONS

The results of monitoring of 1,134
seed accessions from 7 plant species
after 10 and 25 years of storage showed
significant differences in loss of seed
viability among species and within the
species. More differences in germinative
activity are registered between individual
genotypes of Arachis hypogaea L. and
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hypogaea L. n Glycine max (L.) Merr. O6L0
5 OT oueHeHuTe Kyntypu (hbCTbuM, COSK,
panuua, /leH 1 Mak) ce xapakrepusupar c
KpaTbK XM3HEH LKL cref peanHo Abaro-
CPOYHO CbXpaHeHue B HauuoHasiHaTa reH-
6aHka Ha Bbarapusa (o <100 roguHu). Haii-
ObNra CbXpPaHUMOCT umat C/bHYorega u
cycama. YCTaHOBEHUW ca rofsieMu pasnunyms
Mexzy BMOOBETe, KakTo 3a BpemMeTo, Heob-
XO4MMO 3a HamansiBaHe Ha XW3Hecnocob-
HOCTTa Ha ceMeHaTa UM A0 50%, Taka n 3a
BPEMETO 3a HamasisiBaHe Ha >XW3Hecnocob-
HocTTa Ha cemeHarta ¢ 10%. P50% Bapupa
oT 34.29 roauHn po 342.25 roguHu.
N3uncneHoto 6e3omacHO Bpeme 3a Cbxpa-
HeHne (P10%) e Hai-kpaTko 3a Arachis
hypogaea L. (11.96 rognHun) 1 Hain-gbaro 3a
Sesamum indicum L. (184.35 roguHn).
Mpefcka3BaHeTO Ha yectoTaTa Ha KOHTPON-
HWTe TecToBe 3a u3cnefBaHWTe BUAOBE U
TAXHATa Knacudkauma cnopeg nepvoga Ha
6e30MacHO CbxpaHeHWe Npy yc/0BUATa Ha
HaumoHanHata reHeTnyHa 6aHka Lle 6bae
OT CbLLECTBEHO 3HayYeHUe 3a Cb3faBaHe Ha
MoZen 3a MOHUTOPUHT Ype3 hopmmnpaHe Ha
"dnnTbp 3a 3acTpaweHnTe obpasun’, 3a ga
ce npeasuanM HeobxoAumocCTTa OT Prpoay-
umpaHe. Toea We 6bae rapaHums 3a npej-
BUAMMOCT Ha pesynratnte OT CbXpaHe-
HMETO B reHb6aHkata 3a NpoAb/DKUTENEH
nepuog oT Bpeme.

BNATrOgAPHOCTHU

Bnarogapum Ha npodp. AcH Cwiika
CtonHOBa 3a gbaroroguwHata U pabota
Kato pbkoBOAMTEN Ha HauvoHanHata
reH6aHka B Bbarapus, Kakto U Ha BCUYKK
ysieHoBe OT NepcoHana, KouTo ca paboTnau
B HaunoHanHata reHHa 6aHka Ha Bbarapus
oT 1978 1. A0 AHec.

Glycine max (L.) Merr. Generally, 5 of the
evaluated crops (peanuts, soybean, rape,
flax and poppy) are characterized with
short life span after real long-term storage
in National Gene bank of Bulgaria (o <
100 years). The longest storability had
sunflowers and sesame. There are also
wide variations across species in both the
time taken for viability to fall to 50% and
the time for seed viability reduction by
10%. P50% ranged from 34.29 years to
342.25 years.

The calculated safe storage time (P10%)
is the shortest for Arachis hypogaea L.
(11.96 vyears) and the Ilongest for
Sesamum indicum L. (184.35 vyears).
Predicting the frequency of control test for
the investigated species and their
classification according to the safe
storage period under the conditions of the
National genebank will be essential in
create a monitoring model through
forming a “filter for the endangered
accessions" to predict the need for
regeneration. This will be the guarantee
for predictability of storage results in the
genbank for an extended period of time.
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PE3IOME

LlenTa Ha npoyyBaHeTOo e pga ce
onpegenu BANSHNETO Ha COMEBUSA CTpec C
NaCl BbpXy xapakTepucTUKUTe Ha KbiHSAe-
MOCT M pacTexa Ha npopacTbuuTe npu 5
O6barapckn copta cycam- HeseHa, Aiiga,
MuneHa, Cagoso 1 n Codhmsa. Manonssaxu
ca 5 pas3nuyHun KoHueHTpaumm Ha NacCl (25,
50, 100, 125 and 150 mM), a kaTo KOHTpona
JeoHn3upaHa Bofa. 3a ycTaHOBsBaHe TO-
NlepaHTHOCTTa KbM 3acofsiBaHe ca npoyude-
HU CnefHUTE XapaKTepucTUKM CBBbP3aHU C
Kb/IHAEMOCTTa - Kb/Hsema eHeprus (%),
Kb/HAemocT (%), koeMUMEHT Ha CKOPOCT
Ha nokbaHBaHe (% day™), UHAEKC Ha no-
Kb/IHBaHe ¥ CpefHO BpeMe 3a MOKb/IHBaHe
(day). OAb/mkMHaTa Ha Kb/IH U KOpeH (cm),
CBEXO WM CyXO TErno Ha Kb/lH U KOpeH ca
N3MepeHn Ha [eceTusaT OeH OT MOKb/IHBa-
HeTo. M3uncneHn ca MHOEKCUTE Ha XU3He-
HOCT W Ha TOJIepPaHTHOCT KbM 3acosisiBaHe.
YcTaHOBeHN ca PeHOTUMNHUTE KopenawlmoH-
HU BPB3KM Mexay NpoyyBaHUTe nokasare-
M. He e ycTaHOBEHO B/MSHWE Ha MNOBU-
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SUMMARY
The aim of study is to determine the
effect of NaCl salinity stress on

germination characteristics and seedling
growth of 5 Bulgarian sesame cultivars -
Nevena, Aida, Milena, Sadovo 1 and
Sofia. Five different concentrations of
NaCl (25, 50, 100, 125 and 150 mM) are
used as treatments and deionized water is
used as control. To determine the salinity
tolerance, the following germination
characteristics - germination energy (%),
germination percentage (%), coefficient of
velocity of germination (% day'l),
germination rate index and mean
germination time (day) are studied. The
data for the shoot and root length (cm),
fresh weight (mg plant™) of shoot and root
and dry weight (mg plant™) of shoot and

root are measured ten days after
germination. Vigour index and salt
tolerance index are also calculated.

Correlations between investigated
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lWaBaHeTO Ha KoHUeHTpauusTa Ha NaCl
BbPXY Kb/IHSleMaTa eHeprust U Kb/IHSeMOCT-
Ta Ha cemeHata oT cycam. C yBenuuyaBaHe
Ha conesaTta KoHueHTpauus ot 0 go 150
mM NaCl ce ygbmkasa cpegHOTO Bpeme 3a
NoKb/IHBAHE Ha ceMeHaTa. YBe/iMyaBaHeTo
Ha coneBata KOHLEeHTpaLums oka3sa NHX1OK-
pallo BAMSIHME BbPXY HauYa/HUST pacTex
Ha KbfHa n kopeHa. CopT Codwma e Hali-
To/lepaHTEH KbM 3aco/fisiBaHe B HavasiHUTe
eTany Ha pacTeX Ha KbnHa W KopeHa, a
Hall-4yBCTBUTESIEH € COPT MuneHa.
KntouoBun gymu: cycam (Sesamum

indicum L.), Kb/HS€MOCT, 3acosisiBaHe,
pacTex Ha KbJiH 1 KOpeH
CobkpauleHna: GE - KbnHAema

eHeprus (%), G — kbsHAemocT (%), (CVG) -
KoeULMEHT Ha CKOPOCT Ha MokbnBaHe (%
day™), GRI - nHgekc Ha nokbneaHe, MGT -
cpefHO BpeMe 3a nNokbsiBaHe (day), VI -
WHAEKC Ha XWU3HEeHOCT, LSh - Ab/mkuHaTa Ha
Kb/H (cm), LR - gb/mknHa Ha kopeHa (cm),
R/Sh - cbOTHOWeEHNE KOpeH/KbsiH (cm),
FWSh - cBexo Terno Ha Kb/iH (g), FWR -
CBEXO Tersi0 Ha kopeH, DWSh - cyxo Terno
Ha KbJH (g), DWR - cyxo Ters10 Ha KOpeH.

yBO/[,

CycambT € BaxHa MacnogaiHa
Kyntypa. CycamoBOTO cemMe MMa OT/IndHa
XpaHuTesiHa CTOMHOCT C BMCOK U YHUKa-
NIeH NPOTEMHOB CbCTaB, KOETO o npasu
noytn cobBbpweHa XpaHa (Dalia, 2001;
Gaballah et al., 2007). CycambT € agan-
TMBEH KbM peauvua BUAOBe No4yBK, BbMpe-
KA 4e onTumasiHWTe 3a pasBuUTUETO MY
ycnoBus ca npu gobpe nsueneHn, naogo-
poaHu nousu ¢ fobpa cTpykrypa (06ukHO-
BEHO MACBHYHO-T/IMHECTA NMOYBA) NpU HEYT-
pasiHo pH. KynTuBmpaHmaT cycam cpelya
peavua cTpecoBn hakTopu, BKIHYUTENHO
COJIEHOCT, Cylla, HanosiBaHe U oxnaxga-
He. CopToBeTe cycam nokassaT 3Hauu-
TENHN pas3NukM B CTeNeHTa UM Ha Tose-
paHTHOCT kbM con (Yahya, 1998). Pas-
JINYHM NpOYYBaHWSA NokKassar, Ye cycaMbT
e yyBCcTBUTENEH KbM coneHocT (Rhoades
et al., 2000, Suassuna, 2013, Dias et al.,
2017). Koca et al. (2007) Hab6niopasat
oTpuuartesiim edpektn Ha coneHoctTa (50 u
100 mM) Bbpxy OGUOXMMUYHATA WU aHTU-

characters are determined. The effect of
increasing NaCl levels on germination
energy and final germination percentages
are not recorded. Increasing salinity
concentration from 0 to 150 mM NacCl
prolonged mean germination time.
Increasing salt concentration had an
inhibitory effect on the initial seedling
growth. Sofia cultivar is the most tolerant
at seedling growth stage and Milena is the
most sensitive variety.

Key words: sesame (Sesamum
indicum L.), germination, salinity, seedling
growth

Abbreviation: GE - germination
energy (%), G - germination percentage
(%), CVG - coefficient of velocity of
germination (% day™), GRI - germination
rate index, MGT - mean germination time
(day), VI - Vigour index, LSh - length of
shoot (cm), LR - length of root (cm), R/Sh -
root/shoot ratio (cm), FWSh - fresh weight
of shoot (g), FWR - fresh weight of root
(g), DWSh - dry weight of shoot (g), DWR -
dry weight of root (g).

INTRODUCTION

Sesame is an important oil seed
crop. The sesame seed has excellent
nutritional value having high and unique
protein composition making them a nearly
perfect food (Dalia, 2001; Gaballah et al.,
2007). Sesame is adaptable to a range of
soil types, although it performs well in
well-drained, fertile soils of medium
texture (typically sandy loam) at neutral
pH.

Cultivated sesame encounters a number

of stress factors including salinity,
drought, waterlogging, and chilling.
Sesame cultivars show  significant

variation in the degree of salt tolerance
(Yahya, 1998). Various studies have
indicated the sesame crop to be sensitive
to salinity (Rhoades et al., 2000;
Suassuna, 2013; Dias et al., 2017). Koca
et al. (2007) observed the negative effects
of salinity (50 and 100 mM) on the
biochemical and antioxidant defense
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OKCMAAaHTHa 3aluTHa cucTemMa Ha cycama u
cnefoBaTeslHO BbpPXy pactexa. Te OTKpu-
BaT, Ye HSAKOM CycameHu COpToBe nokassar
3HaUMTE/IHO HaMa/IiBaHe Ha Ab/DKMHATA Ha
KOpeHuTe 1 Ha Kb/IHOBETe, A0KATO /unug-
HaTa nepokcujauus ce yBesMyaea B OTrO-
BOp Ha coneHoctTa. OCBeH ToBa e Habsto-
JaBaHO, 4Ye MapamMeTpuTe Ha pacTexa,
nunuaHaTa nepokcugaums U HaTpynBaHeTo
Ha MPOJIMH ca B NOJIOXWTE IHA Kopesauus ¢
ToNlepaHTHOCTTa Ha kbM con (Matysik et al.,
2002). Nma cbobLieHns codelm, Ye cycama
€ YMepeHo TonepaHTeH KbM COMIEBUS CTpeC
(Bahrami n Razmjoo, 2012). Bazrafshan n
Ehsanzadeh (2014) cvobuwasaTt, 4e pacrte-
HUATa NpY MOKb/IHBAHE W HayasleH cTafuii
Ha pacTex MOoHacAT MO-BWCOKM HMBA Ha
COMIEHOCT, U Ye e HabnaaBaHo Bapu-paHe
Mexay cycamoBuTe reHotunose. Cno-pepq
Mahmood et al. (2003), cycamoBuTe pacrte-
HUWS C BMCOKA TOMEpPaHTHOCT KbM (hu3non-
OfMYeH CTpec B Havya/HuTe asu CbLo
morat Aa 6bAaT no-TonepaHTHW B cTagus
Ha Bb3pacTHU pacTeHusl.

Mokb/BAaHETO Ha CeEMEHa e OCHOBEH
npoLec B pa3BUTMETO Ha pacTeHusITa, 3a Aa
ce nmonyvart onTuManeH 6poi npopacTbLm,
KOeTo BOAU A0 NO-BUCOK J06MB Ha cemeHa
(Houle et al., 2001, Ashraf and Foolad,
2005, Sanchez et al., 2014, Tabatabaei and
Naghibalghora, 2014). ConeHocTTa KaTo
usno 3abasa M npegoTBparTaBa NokbBa-
HEeTO Ha ceMeHa U Cb3faBaHeTO Ha Mnpo-
pacTbup. MNOHMXaBaAHETO Ha Kb/IHAEMOCTTa
B COJIEHMWTE MOYBM B MOBEYETO C/lyyail ce
B/OWaBa OT [BWKEHWETO Ha cosfeBus
pa3TBOp B NoyBeHaTa MOBBLPXHOCT Mopaau
usnapsiBaHe. Kb/iHAEMOCTTa U MHAEKCHT Ha
pacTex Ha pacTeHusiTa ca [Ba OT Haii-
BaXKHWUTE KpUTEprs 3a 0TOOP Ha TONepaHTHN
coptoBe (Bybordi, 2010).

Llenta Ha u3cnegsaHeTo e fa ce
onpefenu B/IUSIHUETO Ha COMEBUS CTpec
BbpPXY XapakTepucTUKUTE Ha Kb/IHAEMOCT U
pacTexa Ha npopacTbuuTe npu 5 copTa
cycam.

MATEPVAT N METOON

M3nonssaHn ca cemeHa o1 5
6barapcky copta cycam - HeseHa, Anga,
MwuneHa, Cagoso 1 u Codmsa. CemeHata
ca MOBBPXHOCTHO CTEPUIM3UPAHU Ype3

system of sesame, and consequently on
growth. They found that some sesame
cultivars showed considerable reduction
in root and shoot lengths, while lipid
peroxidation is increased in response to
salinity. Moreover, it is observed that
growth parameters, lipid peroxidation, and
proline accumulation are positively
correlated with the salt tolerance of
sesame (Matysik et al., 2002). There is
report pointing to it being moderately
tolerant to salt stress (Bahrami and
Razmjoo, 2012). Bazrafshan and
Ehsanzadeh (2014) reported that plants at
germination and initial growth stages
tolerate higher salinity levels, and
variability has been observed between
sesame  genotypes. According to
Mahmood et al. (2003), sesame plants
with high tolerance to saline stress in
initial phases can also be more tolerant
during adult stage.

Seed germination is an essential
process in plant development to obtain
optimal seedling numbers that result in
higher seed vyield (Houle et al.,, 2001;
Ashraf and Foolad, 2005; Sanchez et al.,
2014; Tabatabaei and Naghibalghora,
2014). Salinity generally delays or
prevents seed germination and seedling
establishment. Reduction of germination
in saline soils mostly is aggravated by
movement of saline solution to soil
surface due to evaporation. Germination
and plantlet growth indices (e.g.,
percentage and vigour) are two of the
most important criteria for selection of
tolerant cultivars (Bybordi, 2010).

The aim of study is to determine the
effect of salinity stress on germination
characteristics and seedling growth of 5
sesame cultivars.

MATERIAL AND METHODS

Seeds of five Bulgarian sesame
cultivars: Nevena, Aida, Milena, Sadovo 1
and Sofia are used. The seeds are
surface sterilized by dipping the seeds in
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notansHeTo um B 30% pas3TBOpP Ha eTaHo/ B
NPOAb/KEHNE HA 3 MUHYTU W MU3NNaKBaHe
cTtaparefiHo € fgectwivMpaHa Boja M
Bb3YLUHO-CYX0 M3CYLUeHN, Npeaun aa 6vaat
n3non3sBaHu B TECTOBETE 3a NOKb/IBaHe, 3a
[a ce n3berHat BCSAKaKBM IbOWMYHU aTaku.
3a TpeTupaHe ca 13nos3saHu NeT pasinyHmn
KoHueHTpaumm Ha NacCl (25, 50, 100, 125 un
150 mM), a KaTto KOHTpO/sa e u3nos3BaHa
JelioHn3npaHa Boja. 3a BCeKM BapuaHT oT
onnTa ca 3a/I0KeHN No [Be MOBTOPEHUSA OT
no 25 ceMeHa 3a Nokb/IBaHe MeXay Py/10HU
duntbpHa xaptua (Grade FT 55) ¢ 20 ml ot
CbOTBETHUTE TECTBaHW pa3TBoOpuU. XapTusata
€ 3amMeHsHa Ha BCeku 2 [HW, 3a Ja ce
npegoTBpaTty  HaTpynBaHEeTO Ha  CO/u
(Rehman et al., 1996).

XapTueHuTe py/IoHN CbC CeEMeHa ca
noctaBeHn B 3aneyaTaHu M1acTMacoBu
TOp6UuukKM, 3a ga ce msberHe 3arybara Ha
Bnara. CemeHara ca nocTaBeHW pfa
nokbnHatr npy 25 + 1 °C Ha TbMHO B
npogb/mkeHve Ha 10 gHu. CemeHaTta ce
cumtaT 3a MNOKb/IHAMW, KOrato Kb/HBLT €
npopacHas Hail-masiko 1 mm. BposiT Ha
NoKb/IHAINTE CEMEHA Ce 3anncBa exeaHeB-
HO, [OKaTO ce MOCTUrHe MOCTOsIHEH GpOI.
OT 6pos Ha MOKbNHaIMTE CeMeHa ca
u3cneiBaHu  HAKOMIKO  XapakKTepPUCTUKK
BK/IIOUBALLUM KbsiHAieMa eHeprus (%) kaTo
nbpBo 6poeHe cnegq 3 agHn (GE, %),
KbnHsAemMocT (%) kaTo KpaiiHO 6poeHe cnef
6 aHn (G%), KoeUUMEHT Ha CKOPOCT Ha
nokbnHeaHe (CVG, % day™), uHgekc Ha
nokbnHeaHe (GRI) n cpegHo Bpeme Ha
nokbnHBaHe (MGT, day). KoeduumneHTbT Ha
cKkopocTTa Ha nokbiHBaHe (CVG,% day™) e
nsuncneH cnopeg Kader n Jutzi (2004).
VIHaekcbT Ha nokbnHeaHe (GRI% day™)
CpefHOTO BpeMe Ha MnokbjHBaHe (MGT,
day) ce wusuucnagatr no popmynara Ha
Kader (2005).

[aHHnTe 3a Ab/KMHaTa Ha Kb/H U
KopeH (cm) (LSh u LR), cBexo Terno (g) Ha
Kb/H 1 KopeH (FWSh n FWR) n cyxo Terno
(g) Ha kbNH 1 KopeH (DWSh un DWR) ca
U3MepeHU Ha OeceTusAT AeH cnef, NoKb/-
BaHeTo. Cyxute Terna ca onpegesieHu cnep
n3cywasaHe npu 80° C B Npoab/hKeHUEe Ha
24 yaca B cyLliuHa.

Xun3sHeHns mHgekc Ha cemeHa (VI)
ce onpegenu no ypasHeHueTo Ha Florez
et al. (2007). TonepaHTHOCTTa KbM 3aco-

30% etanol solution for 3 minutes and
rinsed thoroughly with distilled water and
air-dried before being used in the
germination tests to avoid any fungal
attacks.

Five different concentrations of NaCl (25,
50, 100, 125 and 150 mM) are used as
treatments and deionized water is used as
the control. For each variant of the
experiment, two replicates of 25 seeds
are germinated between rolled filter paper
(Grade FT 55) with 20 ml of respective
test solutions. The papers are replaced
every 2 days to prevent accumulation of
salts (Rehman et al., 1996).

The rolled paper with seeds is put
into sealed plastic bags to avoid moisture
loss. Seeds are allowed to germinate at
25+1 °C in the dark for 10 days. Seeds
are considered germinated when radicle
had extended at least 1 mm. The number
of germinated seeds is recorded daily until
a constant count is achieved. From the
germination counts several germination
characteristics are studied including
germination energy (%) as first count after
3 days (GE), germination percentage (%)
as final count after 6 days (G, %),
coefficient of velocity of germination
(CVG, % day'l), germination rate index
(GRI), and mean germination time (MGT,
day). Coefficient of velocity of germination
(CVG, % day'l) is calculated according to
Kader and Jutzi (2004). Germination rate
index (GRI, % day") and mean
germination time (MGT, day) are
calculated according to the formula of
Kader (2005).

The data for the shoot and root
length (cm) (LSh and LR), fresh weigh (g)
of shoot and root (FWSh and FWR) and
dry weight (g) of shoot and root (DWSh
and DWR) are measured ten days after
germination. Dry weights are measured
after drying at 80°C for 24 h into an oven.

In order to determine the seed
vigour index (VI), equation from Florez et
al. (2007) is wused. Salt tolerance is
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nsBaHe ce usuucnasa no opmynaTta, ga-
AeHa oT Mujeeb-ur-Rahman et al. (2008).

[aHHunTe ca aHanusvpaHu ypes Ba-
puaunoHeH aHanms (ANOVA) n Duncan's
multiple test (Duncan, 1955). AHanu3bT
Ha BapumaHca € M34uC/IeH Mo paH4oMU-
3upaH 6710k0B Au3aliH c gBa haktopa:
reHotun n TpetnpaHe ¢ NacCl (coneHocrT).
3a [a ce OueHn cTeneHTa Ha BAUSIHUE Ha
reHoTuna u TpeTupaHeTo (COseHoCTTa)
BbPXY PpasMYHNTE XapaKTEepPUCTMKN Ha
MOKb/IHBAHE W XapaKTepPUCTUKU Ha Mpo-
pacTbka e NpPUIoXeH MeToAbT, ONMcaH oT
Plochinskii (1970).

®eHOTUMHMTE Kopenaummn ca n3vmc-
NIeHN Ype3 usnon3BaHe Ha PEeHOTUNHUTE
BapvaHcn 1 KoBapuaHcu  (Lidansky,
1988). Cratuctnyeckute aHanusn ca
U3BBbPLUEHN ypes cTaTucTMyeckaTa
nporpama SPSS 19.0.

PE3YJITATU N OBCBXOAHE
XapakTepuCTUKN Ha MOKbJ/IHBaHe
Pesyntatute o1 aByd)akTopHMSA

aHa/IM3 Ha BapuaHca nokassa, 4Ye BuS-
HMETO Ha reHoTuN, 3acosisiBaHe 1 B3aMMo-
JelicTBneTo reHotTun X 3aconsBaHe 3a
XapakTepucTukute Ha MoKb/HBaHE —
KoedhMLMEHT Ha CKOPOCT Ha NOKb/IHBaHe
(CVG, % day), uHAEKC Ha NOKb/IHBaHE
(GRI, % day') n cpegHo Bpeme 3a
nokbsiHBaHe (MGT, day) ca 3Hauumwu.
Hail-cunHo BAvsiHWE BBPXY Kb/HSemara
€HEeprusa 1 Kb/IHAEMOCTTa MMa reHoTuna,
cboTBeTHO 44,33% wu 37,29%, pokarto
Hali-Ma/iko BNUSIHUE MMa TPEeTUpPaHeTo ¢
NaCl, cbvotBeTHO 2.94% u 5.72%
(Tabnuua 1). EdbekT OT noBuaBaHe Ha
HmBata Ha NaCl BBbpPXY Kb/Hsaemarta
€Heprus U Kb/IHAEMOCTTa HE ca OTYETEHU
(Tabnuua 2). TpetupaHeTo ¢ NaCl nma
Hal-CUMHO BAUSIHME BbPXY KoeduuueHTa
Ha CKOpOCT Ha nokb/HBaHe (CVG, % day’lf,
WHOEKCHT Ha nokbsiHBaHe (GRI, % day™)
W cpedHoO Bpeme Ha nokbaHBaHe (MGT,
day), cboTBeTHO 64.85%, 55.83% un
62.27% (Tabnuuya 1).

calculated by the formula given from
Mujeeb-ur-Rahman et al. (2008).

Data are analyzed by analysis of
variance (ANOVA) and Duncan’s multiple
range test (Duncan, 1955). The analysis
of variance is calculated according to
randomized complete block design with
two factors: genotype and treatment
(salinity). To estimate the degree of
genotype and treatment  (salinity)
influence on different germination and
seedling characteristics is applied method
described by Plochinskii (1970).

Phenotypic correlations are
calculated by using of phenotypic
variances and covariance (Lidansky,

1988). Statistical analyses are performed
using the statistical program SPSS 19.0.

RESULTS AND DISCUSSION

Germination characteristics

The results of two-way analysis of
variance showed that the effect of
genotype, salinity and genotype x salinity
interaction are significant for the
germination characteristics - coefficient of
velocity of germination (CVG, % day'l),
germination rate index (GRI, % day'l), and
mean germination time (MGT, day). The
strongest individual influence  for
germination energy and final germination
had genotype, respectively 44.33%, and
37.29% (Table 1), while the lowest
influence had treatment with NaCl,
respectively 2.94% and 5.72%. The effect
of increasing NacCl levels on germination
energy and final germination percentages
are not recorded (Table 2). The
treatments with NaCl had the strongest
influence on the coefficient of velocity of
germination (CVG, % day-1), germination
rate index (GRI, % day-1), and mean
germination time (MGT, day), respectively
64.85%, 55.83% and 62.27% (Table 1).
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Tabnuua 1. AHaIM3 Ha BapuaHca 3a nokasartesinte KbHaemarta eHeprus (GE, %),
Kb/HseMocT (G, %), kKoedULUMEHT Ha CKOPOCT Ha NOKbJIHBaHe (% day'l), GRI -
WHOEKC Ha NoKb/IHBaHe, MGT - cpefHO BpeMe 3a NoKbJ/IHBaHe (OHW)

Table 1. Analysis of variance for the characteristics germination energy (GE, %),
germination percentage (G, %), coefficient of velocity of germination (CVG, %
day'l), germination rate index (GRI, % day'l), and mean germination time (MGT,
day).

M3TOUHNLM HA BapUpaHe CpefHo KBagpaTHO OTKNOHeHWe/Mean square
Source of Variation df GE G CVG GRI MGT
"eHoTMn/Genotype 4 203,43*** | 50,63*** | 65,41* | 15,38*** | 0,03*
ConeHoct/Salinity 6 8,99ns 5,18ns |692,85*** | 49 ,68*** | 0,41***
B3anmopeicteue/lnteraction | 24 | 10,90ns |5,56ns | 60,97** | 4,75** | 0,04***
CTeneH Ha BnuaHue/Degree of influence, %
eHoTun/Genotype 4 44,39 37,29 4,08 11,52 3,50
ConeHoct/Salinity 6 2,94 5,72 64,85 55,83 62,27
B3anmopeicTteue/lnteraction | 24 | 14,26 24,58 22,83 21,34 25,16

** 3HAuMMOCT Npu HMBO Ha BeposATHOCT 0.01%, cbrnacHo F-test / Significant at the 0.01 probability level

according to F-test,

*** 3HAUMMOCT Mpu HUBO Ha BeposiTHOCT 0.001%, cbrnacHo F-test / Significant at the 0.001 probability level

according to F-test,

ns HepokasaHo cbrnacHo F-test / Not significant according to F-test

CVG paBa vHAMKauma 3a ckopocTTa
Ha nokb/fHBaHe. ToW HapacTBa, Korato
OpoOAT Ha MOKb/IH&/IMTE CeMeHa ce
yBenuyaesa, a BpemeTo, HeobxoauMMOo 3a
nokbsHBaHe, Hamanssa (Kader and Jutzi,
2004). GRI oTpassiBa npoueHTa Ha
MOKb/IHA/IM CEeMeHa 3a BCEeKM feH oOoT
nepuoja Ha nokb/AHBaHe. [10-BUCOKUTE
cToliHocTn Ha GRI nokassaT no-BUCOKO U
no-6bp30 nokwbsiHBaHe (Kader, 2005). Mpwu
MO-HUCKM CcTOMHOCTM Ha MGT, cemeHaTa
nokbNHBaT no-6bpP30 (Kader, 2005). B
HaleTo u3cnefBaHe MNPUIOKEHNETO Ha
yBenuyaeal, ce COfieBU CTpec uma
3HaunTeneH oTtpuuaTteneH edekt BbPXY
KoedmumeHTa Ha CKOpPOCT Ha MOKb/IHBaHe
(CVG,% day™) 1 MHAEKCHT Ha NOKb/IHBaHe
(GRI,% pgeH-1) (Tabnuua 2). Hali-BUCOKM
CVG wn GRI ca ort6enasaHm npu
KOHTPO/IHUTE BapuaHTu 1 C NoBuLLIaBaHe Ha
HMBaTa Ha COJIEHOCT Te3W XapaKTepucTukn
HamanaBaT. 3HauuTeslHM  pasnkm  ca
yCTaHOBEeHW Mexay copTtoseTe npu 50 mM
NaCl 3a CVG n GRI. CVG e Haii-BUCOK 3a
Sofia n Haii-H1CBHK 3a Milena (Tabnuua 2).

The CVG gives an indication of the
rapidity of germination. It increases when
the number of germinated seeds
increases and the time required for
germination decreases (Kader and Jutzi,
2004). The GRiI reflects the percentage of
germination on each day of the
germination period. Higher GRI values
indicate higher and faster germination
(Kader, 2005). The lower MGT, the faster
a population of seeds has germinated
(Kader, 2005). In our study the
application of increasing salt stress had
substantial negative effects on the
coefficient of velocity of germination
(CVG, % day™") and germination rate
index (GRI, % day™) (Table 2). The
highest CVG and GRI are noted in control
variants and with increasing of salinity
levels these characteristics are reduced.
Significant differences are found among
cultivars at 50mM NacCl for CVG and GRI.
CVG is the highest for Sofia and the
lowest for Milena (Table 2).
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Tabnuua 2. BAnsHWe Ha pas/InyHUTe HMBA Ha COJIEHOCT BbPXY XapakTepucTuku
Ha NoKbJ/IHBaHe Npu 5 copTa cycam
Table 2. Effects of different salinity levels on germination characteristics of five
sesame varieties

HwvBa Ha coneHocTt/Salinity levels

CopT
Culti\F/)ars 0 mM 25 mM 50 mM 75mM | 100 mM | 125 mM | 150 mM
NaCl NacCl NaCl NacCl NaCl NacCl NacCl
KbnHsema eHeprug/Germination energy, %
Nevena 92a 96a 94ab 100b 92a 96a 92a
Aida 92a 86a 92a 90a 88a 90a 86a
Milena 94ab 98a 98c 96b 98a 98a 100a
Sadovo 1 100c 98a 98c 98b 96a 98a 94a
Sofia 96b 100a 96ab 100b 98a 100a 100a
Means 94,80 95,60 95,60 96,80 94,40 96,40 94,40
KbnHaemocTt/Germination, %
Nevena 94ab 96ab 94a 100b 94a 96a 94a
Aida 92a 94a 94a 94a 96a 94a 94a
Milena 96b 98ab 98a 96ab 98a 98a 100b
Sadovo 1 100c 98ab 98a 98ab 96a 98a 96ab
Sofia 96b 100b 96a 100b 98a 100a 100b
Means 95,60 97,20 96,00 97,60 96,40 97,20 96,80
KoedhuumeHT Ha CKOpoCT Ha nokbHBaHe /Coefficient of velocity of germination, % day™
Nevena 78,94b 58,23a [70,76bc  |66,67a |57,50a 50,06a 51,82a
Aida 63,54a 58,69a [63,02b 56,45a [56,74a 52,33a 53,05a
Milena 85,51b 64,40a |49,48a 65,86a [58,51a 59,82c 52,08a
Sadovo 1 80,72b 65,78a |60,51b 62,89a [53,12a 52,27a 50,55a
Sofia 77,41b 64,88a [73,86¢C 58,40a |60,31a 56,24bc 52,17a
Means 77,23 62,40 63,53 62,06 57,24 54,15 51,94
MHAaekc Ha nokb/iHBaHe/Germination rate index
Nevena 19,50b 15,58a [18,50bc 18,75a |14,83ab 13,33a 12,75a
Aida 15,91a 14,16a (16,41b 14,91a |[13,50a 12,91a 12,25a
Milena 21,50bc 17,16a |13,66a 17,75a [15,50ab [16,58b 13,83a
Sadovo 1 22,33c 18,16a |16,50b 17,25a (14,91ab [14,08ab |12,33a
Sofia 20,66bc 17,58a [19,91c 14,75a |16,75b 15,25ab 13,83a
Means 19,98 16,53 17,00 16,68 15,10 14,43 13,00
CpeaHo BpeMe 3a Nokb/iHBaHe/Mean germination time, day

Nevena 1,26a 1,71a 1,42ab 1,50a 1,74a 1,99b 1,93a
Aida 1,58b 1,70a 1,58bc 1,78a 1,76a 1,91b 1,88a
Milena 1,17a 1,55a 2,02d 1,52a 1,70a 1,68a 1,92a
Sadovo 1 1,24a 1,52a 1,65¢C 1,59a 1,88a 1,91b 1,97a
Sofia 1,29a 1,55a 1,35a 1,72a 1,66a 1,78ab 1,92a
Means 1,31 1,61 1,61 1,62 1,75 1,86 1,92

CpefgHute B cblyata KOoHa, nocnefiBaHn oT efHu U cbliy GykBW, He ce pasnuyasaT 3Hauymmo (p <0,05)
cnopepg, Duncan's test.
Means in the same column followed by the same letters are not significantly different (p<0.05) according to

Duncan’s test.

C yBé€J/Ind4aBaHETO Ha KOHLUEeHTpa-

Increasing salinity concentration

umsaTa Ha coneHoct ot 0 go 150 mM NaCl
ce yab/kaBa CpefHOTO Bpeme 3a no-
KbfiHBaHe. lpu Hali-BMCOKa KOHLeHTpa-
ums Ha con (150 mM NacCl), MGT Bapupa
B 06/IM3KM rpaHuUM, CbOTBETHO OT 1.88

from 0 to 150 mM NacCl increased mean
germination time. At the highest salt
concentration (150mM NacCl), the MGT
varied within close ranges, respectively
from 1.88 days (for Aida) to 1.97 days (for
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AHn (3a Aida) go 1.97 gHu (3a Sadovo 1)
(Tabnuuya 2). lMopobHn pesyntatn 3a
NOMOXMTENIHOTO BANSIHUE HA pasnyHUTe
KoHueHTpauun Ha NaCl Bbpxy MGT ca
oT6enA3aHN Npu HAKOKO KynTypu (Demir
et al., 2003; Khajeh-Hosseini et al., 2003;
Atak et al., 2006; Panuccio et al., 2014).

XapakTepucTuUKN Ha npopac-
ThunTe

MNHOEKCHT Ha >KU3HEHOCT mnokKasBa
KanaumMTeTbT 3a NOKb/IHBAHE U TEHAEHUUA-
Ta 3a pactexa Ha npopactbuuTe (Deng et
al.,, 2014). B HaweTo wu3cnegBaHeTo ca
HablaaBaHN 3HAYNTENHN PasIVKN MeXay
TpetupanuaTa ¢ NaCl un VI. 3HauuTenHo
noHmxeHne Ha VI e HabnwgaesaHo, B
3aBMCUMMOCT OT MOBULUABAHETO Ha KOHLEH-
Tpauyusata Ha NaCl (Tabnvmua 3 u Tabnvua
4). MopgobHa TeHOeHUMs ce Habnwogasa U
OT Apyrv aBTopy NpW pasnyHK pacTeHus
(Khajeh-Hosseini et al., 2003; Al-Mutawa,
2003; Rahman et al., 2008; Basalah, 2010;
Cokkizgin, 2012; Saddam Hussain et al.,
2013). Haii-Bucok VI e HabnogaBaH Npu KoH-
TPOJSIHUA BapuaHT 3a copT Milena (922.56),
[oKaTo Hali-HUCBK e oT6ensizaH npu 150
mM NaCl (173.90) 3a Aida. VI HapacTBa,
Korato KoHueHTpauusaTta Ha NaCl Hamans-
Ba, KOETO MoKasBa, Ye NoBHLLEeHATa KOHLIEeH-
Tpauua Ha NaCl npuumHABa BpefHO Bb3-
JAelicteue BbpXy cemeHaTa (Tabnuua 4).

Sadovo 1) (Table 2). Similar results about
positive influence of different NaCl
concentrations on MGT are noted in
several crops (Demir et al., 2003; Khajeh-
Hosseini et al., 2003; Atak et al., 2006;
Panuccio et al., 2014).

Seedling characteristics

Vigour index represents the
germination  capacity and growing
tendency of seedling (Deng et al., 2014).
In our study significant differences are
observed between NaCl treatments and
VI. Considerable decrease in VI is
observed, depending on the increase in
the concentration of NaCl (Table 3 and
Table 4). Similar trend is observed by
other authors on different plants (Khajeh-
Hosseini et al.,, 2003; Al-Mutawa, 2003;
Rahman et al., 2008; Basalah, 2010;
Cokkizgin, 2012; Saddam Hussain et al.,
2013). The highest VI is observed in the
control variant for Milena variety (922.56),
while the lowest is noted at 150mM NacCl
(173.90) for Aida. The VI increased when
the NaCl concentration decreased, which
shows that increased NaCl concentration
caused a harmful effect in the seed
(Table 4).

Tabnmua 3. AHaIM3 Ha BapuaHca 3a XU3HeHuAT uHaekc(VI), AbmkuHata Ha
KbaHa (LSh) n gbmknHata Ha kopeHa (LR)
Table 3. Analysis of variance for vigour index (VI), length of shoot (LSh) and

length of root (LR)

V3T OUHNLM Ha BapupaHe CpefiHo KBagpaTHO OTK/NOHeHMe /Mean square
Source of Variation df VI LSh LR
eHoTun/Genotype 4 51135,79*** 0,98*** 17,68***
ConeHoct/Salinity 6 385525,14*** | 54 29*** 68,28***
B3animopeicTteue/Interaction | 24 20188,02*** | 1 25*** 6,99***
CTeneH Ha BnmsaHune/Degree of influence, %
renoTun/Genotype 4 6,80 0,83 6,80
Conenoct/Salinity 6 76,94 69,32 39,37
BsailimogeiicTeme/Interaction | 24 16,12 6,39 16,11

*** 3HAUMMOCT MpU HUBO Ha BeposiTHOCT 0.001%, cbrnacHo F-test / Significant at the 0.001 probability level

according to F-test
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Tabnuua 4. BnusHve Ha pasnnyHyM HUBa Ha COSIEHOCT BbPXY XapakKTepUCTUKN Ha
npopacTbuUnUTe NPU NeT copTa cycam
Table 4. Effects of different salinity levels on seedling characteristics of five
sesame varieties

ConeHocT/Salinity

Copt 0mM ‘ 25 mM ‘ 50 mM ‘ 75 mM ’ 100 mM ’ 125 mM ’ 150 mM CpeaHu
Cultivars NaCl NaCl NaCl NaCl NaCl NaCl NaCl Means
XKunsHeH nHaekc/Vigour index
Nevena 680,56b 717,12b 648,60c | 670,00c | 417,36a | 197,76a | 186,12b 502,50
Aida 590,64a 594,08a 348,74a | 453,08a | 356,16a 196,46a 173,90a 387,58
Milena 922,56e 642,88a 451,78b | 768,96d | 547,82c | 378,28c | 213,00c 560,75
Sadovo 1 785,00d 731,08bc 651,7c 645,82c 428,16a 346,92b 172,80a 505,07
Sofia 753,60c 763,00c 802,56d 500,00b | 488,04b 382,00c 318,00d 572,46
Means 746,47 679,27 580,68 607,57 447,51 300,28 212,76
[bmknHa Ha kbnH/Length of shoot, cm
Nevena 3,80a 3,568a 3,00ab 3,00b 2,44a 0,90a 0,85a 2,51
Aida 3,64a 3,57a 2,58a 2,28a 2,08a 1,11a 1,04a 2,33
Milena 3,97a 3,28a 2,98ab 2,34ab 1,94a 1,42b 0,97a 2,41
Sadovo 1 3,95a 3,29a 3,08ab 3,02b 2,28a 1,52b 1,00a 2,59
Sofia 3,76a 3,18a 3,38b 2,65ab 2,18a 1,64b 1,44b 2,60
Means 3,82 3,38 3,00 2,66 2,18 1,32 1,06
[bmkrHa Ha KopeH/Length of root, cm
Nevena 3,90ab 3,89b 3,70ab 3,44c 2,00ab 1,21a 1,08ab 2,75
Aida 2,78a 2,75a 2,74a 2,54ab 1,63a 0,98a 0,81a 2,03
Milena 5,64c 4,73b 3,58ab 3,25bc 2,67ab 2,44b 1,16b 3,35
Sadovo 1 5,49¢ 4,17b 3,57ab 3,57¢ 2,18ab 2,02b 0,80a 3,11
Sofia 4,98b 4,45b 4,09b 2,35a 2,80b 2,18b 1,74c 3,23
Means 4,56 4,00 3,54 3,03 2,26 1,77 1,12
CbhoTHOLeHMe KopeH/KbaH Root/shoot ratio, cm
Nevena 1,03ab 1,09b 1,23a 1,15b 0,82a 1,34b 1,27b 1,13
Aida 0,76a 0,77a 1,06a 1,11ab 0,78a 0,88a 0,78a 0,88
Milena 1,42c 1,44c 1,20a 1,39b 1,38c 1,72ab 1,20b 1,39
Sadovo 1 1,39c 1,27bc 1,16a 1,18ab 0,96b 1,33ab 0,80a 1,15
Sofia 1,32b 1,40c 1,21a 1,14a 1,28c 1,33ab 1,21b 1,23
Means 1,19 1,19 1,17 1,14 1,04 1,32 1,05
CBeXo Terno Ha kbaH/Fresh weight of shoot (mg plant™)
Nevena 49,1a 49,0b 44,0b 39,6¢ 28,6b 18,0a 15,1b 34,77
Aida 49,5ab 43,6a 34,8a 34,2b 30,3c 16,7a 15,3b 32,06
Milena 49,0a 45,3a 43,3b 36,3b 30,5¢ 24,0b 17,5¢ 35,13
Sadovo 1 51,0b 50,5b 42,4b 40,5¢ 34,5d 26,3b 14,5a 37,10
Sofia 49,7ab 49,4b 44,0b 31,3a 28,1a 25,2b 21,2d 35,56
Means 49,66 47,56 41,7 36,38 30,4 22,04 16,72
CBexo Terno Ha kopeH/Fresh weight of root (mg plant™)
Nevena 16,4bc 12,0c 11,5a 8,4b 6,8a 5,3a 5,1bc 9,36
Aida 15,2bc 12,3d 12,0a 6,6a 6,5a 5,la 4,1a 8,83
Milena 11,5a 10,6a 10,4a 10,0bc 8,2ab 7,9b 5,4c 9,14
Sadovo 1 13,2ab 12,4d 11,6a 11,1c 9,8b 9,1b 4,9b 10,30
Sofia 18,2c 11,1b 9,90a 9,0b 7,0a 6,0a 5,8d 9,57
Means 14,90 11,68 11,08 9,02 7,66 6,68 5,06
Cyx0 Terno Ha KbiH/Dry weight of shoot (mg plant™)
Nevena 2,7a 2,4a 2,2a 2,2a 1,9a 1,8a 1,8a 2,14
Aida 2,6a 2,3a 2,3ab 2,0a 2,0a 2,0a 1,9a 2,16
Milena 2,6a 2,6a 2,5ab 2,5a 2,4a 2,3a 1,8b 2,39
Sadovo 1 2,9a 2,7a 2,6b 2,6a 2,5a 2,2a 2,0c 2,50
Sofia 2,4a 2,4a 2,3ab 2,3a 2,2a 2,0a 1,7b 2,19
Means 2,64 2,48 2,38 2,32 2,2 2,06 1,84
Cyxo Terno Ha koper/Dry weight of root (mg plant™)

Nevena 1,1a 0,9ab 0,6a 0,6a 0,4a 0,2a 0,2a 0,57
Aida 0,8a 0,7a 0,6a 0,5a 0,3a 0,25a 0,2a 0,48
Milena 1,15a 1,0ab 0,9ab 0,9a 0,7a 0,4a 0,15a 0,74
Sadovo 1 1,6a 1,3b 1,2b 0,9a 0,5a 0,5a 0,4a 0,91
Sofia 1,5a 0,9ab 0,9ab 0,5a 0,5a 0,4a 0,4a 0,73
Means 1,23 0,96 0,84 0,68 0,48a 0,35 0,27

CpefHuTe B cblyaTa KosioHa, Noc/ieABaHu OT €4HM U Cbluy BYKBU, He ce pasnmuasat 3Haummo (p <0,05) cnopes Duncan's

test.

Means in the same column followed by the same letters are not significantly different (p<0.05) according to Duncan’s test.
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ObmKnHuTe Ha KbfiHa M KOopeHa ca
Hali-BaXXHUAT napameTbp 3a CTpec KbM
3aconsiBaHe, Tbii KaTo KOpeHuTe ca B NpsK
KOHTaKT ¢ no4ysara u abcopbupar Boga u
XpaHWTeNHW BelecTBa OT Hesd, a Kb/jHa
CcHabasBa ocTaHasiaTa 4acT OT pacTeHWeTo
(Saddam Hussain et al., 2013). AHanu3bT
Ha BapuaHca nokassa, 4Ye B/IMSHWETO Ha
reHotmna, HuBata Ha NaCl u B3aumogei-
cteueTo reHotun X HuBa Ha NaCl ca 3Ha-
ymmm npm p < 0.001 KakKTo 3a Ab/KMHATA Ha
Kb/iHA Taka W 3a Ob/DKMHATa Ha KopeHa
(Table 3). ConeHocTTa OkasBa Hai-CUHO
B/IMSIHE BBPXY BapmaHca Ha Ab/hkKMHaTa
Ha Kb/fHa WM KopeHa. B noseueTo cryuali
yBeNMyaBaHeTO HuBaTa Ha  COJIEHOCT
noATucKa Ab/XMHATA Ha Kb/iHA U KOpeHa.
CpefHata [Ab/KMHA Ha KbfHa Bapupa
Mexay 1.06 cm 1 3.82 cm npu pasninyHn
KoHueHTpaumm Ha NaCl. Hai-gbnbr KbiH
ce Habnwgasa Npu KOHTPOJSIHUSA BapuaHT
Ha copTtoBeTe Milena n Sadovo 1, cboTBET-
Ho 3.97 cm mn 3.95 cm, HO Te He ca CTa-
TUCTUYECKM [OKa3aHW. Hali-KbCUAT KbiH €
0.85 cm npu KoHueHTpaums 150 mM NacCl
3a copta Nevena (Tabnuua 4). CteneHta
Ha HamasaBaHe Ha Ab/hKMHAaTa Ha Kb/iHa B
CpaBHeHWe c KOHTposa 3a copToBeTe Nevena
n Milena ce oTtuuta Kato Hali-ronsama npu
Ha-BMCOKO HMBO Ha cosieHocT (Purypa 1).

Shoot and root length are most
important parameter for salt stress
because roots are in direct contact with
soil and absorbs water and nutrient from
soil and shoot supply it to rest of the plant
(Saddam Hussain et al., 2013). The
analysis of variance showed that the
effect of genotype, NaCl levels and
genotype x NaCl levels interaction are
significant at p < 0.001 for both length of
shoot and root (Table 3). The salinity had
the strongest influence on the variance
for the shoot and root length. Generally,
increasing salinity levels inhibited the
shoot and root length. Mean of shoot
length varied between 1.06 and 3.82 cm
at various NaCl concentrations. The
longest shoot length is observed in the
control variant of Milena and Sadovo 1
varieties, respectively 3.97 and 3.95 but
they are not statistically proven. The
shortest shoot length is 0.85 cm at
150mM NaCl concentration for Nevena
cultivar, respectively (Table 4). The rate
of reduction in shoot length in comparison
with the control for Nevena and Milena
varieties are recorded as the largest at
the highest salinity level (Figure 1).
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Fig. 1. Shoot length reduction of 5 sesame varieties at 5 different salinity levels
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CpepgHata [Ab/DKMHA Ha KopeHa
Bapupa mexagy 2,03 cm mn 3,35 cm B
KOHTpOonMTe 1 mexay 1,12 cm un 4,56 cm
npu pas/iMyHUTE HUBA HA COJIEHOCT.
KakTo ce ouyakBalle, KOHTponaTta W Haw-
Bucokata KoHueHTpaumsa Ha NaCl unmar
CbOTBETHO Hal-gbarata W Hali-kbcata
Ob/MKMHA Ha KopeHa. Haii-ronemute
cpefHu Ob/MKMHM Ha KopeHa ca 3,35 cm
n 3,20 cm, cboTBeTHO 3a Milena n Sofia
(Tabnuua 4).

Hail-masiko HamasieHne B Ab/DKU-
HaTa Ha Kb/iHa N KopeHa npy 150 mM
NaCl e oTueTeHo 3a copTa Sofia. 3atoea
TOM e no-ToNepaHTeH KbM BMUCOKaTa
COJIEHOCT B paHHUTe cTagum Ha pasBu-
TVe, KaKTO Mo OTHOLLEeHWE Ha Ab/hKuHaTa
Ha KbjlHa, Taka M NO OTHOLWEHWe Ha
Ob/XnHaTa Ha kopeHute (Purypa 2).

Mean root length varied between
2.03 cm and 3.35 cm in the varieties and
1.12 cm and 4.56 cm for salinity levels.

As is expected, the control and the
highest NaCl concentration had the
longest and the shortest root length,
respectively. The largest mean root
lengths were 3.35 cm and 3.20 cm for
Milena and Sofia, respectively (Table 4).

The lowest reduction in shoot and
root length at 150 mM NaCl is recorded
for Sofia variety. Therefore Sofia is more
tolerant to high salinity in the early
development stages in terms of both
shoot and root lengths (Figure 2).
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Fig. 2. Root length reduction of 5 sesame varieties at 5 different salinity levels

ConeHocTTa uma 3HauuTeneH equexTt
BbPXY CBEXOTO U CYXOTO TEr/10 Ha Kb/HA 1
kopeHa (P <0.001) (Tabnuua 5). C ysenu-
yaBaHeTO Ha coJfieBaTa KOHLEH-Tpauus
Te3un nokasaresiv Hamansaeat. (Tabnuua 4).
Pa3nuknTe B Ternata Ha CBeXMWTE Kb/IHOBE
WU KOPEeHW ca 3Hauu-TeHW MpW Pas/InyHu
COpTOBE MpY NOBE-YETO HMBA Ha COMEHOCT

Salinity had significant effect on
shoot and root fresh weight (P <0.001)
(Table 5). Increase in salt concentration
reduced these characters (Table 4).
Differences in fresh shoot and root weight
are significant in different cultivars under
most of salinity levels (P <0.05) (Table 4).
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(P < 0.05) (Tabnuua 4). Sadovo 1 nma Haii-
BMCOKATa CTOMHOCT Ha CBEXO0 Terno Ha
CTb6/I0TO MpPU KOHTPONHUAT BapuaHT (0.0
mM NaCl), gokato Sofia nokassa Hai-
BMCOKMN CTOHOCTU Ha CBEXW Terna Ha KbiH
N KopeH npu TpetupaHe ¢ 150 mM NacCl
(Tabnuua 4).

Sadovo 1 had the highest value of fresh
shoot weight under control variant (0.0
mM NaCl), while Sofia showed the
highest values of both shoot and root
fresh weight under 150 mM NacCl
treatment (Table 4).

Tabnuuya 5. AHaIM3 Ha BapuaHca 3a CBeXO0TO Ters1o Ha Kb/l 1 kopeH (FWSh and
FWR) n cyxoTo Terno Ha Kb n KopeH (DWSh and DWR)

Table 5. Analysis of variance for fresh weigh of shoot and root (FWSh and FWR)
and dry weight of shoot and root (DWSh and DWR)

/3T OYHULM Ha BapupaHe CpefHO KBagpaTHO OTKNOHeHMe/Mean square
Source of Variation df EWSh FWR DWSh DWR
eHoTun/Genotype 47,44** 14,48*** 0,47* 0,31*
ConeHoct/Salinity 6 |1565,04*** 61,01*** 1,34+ 1,10%**
B3anmogeicteue/lnteraction | 24 | 16,77*** 1,82* 0,22ns 0,04ns
CTeneH Ha BnuaHue/Degree of influence, %
eHoTun/Genotype 4 1,89 11,87 9,22 11,25
ConeHoct/Salinity 6 93,71 74,97 39,61 60,75
B3animopeicTteue/Interaction | 24 4,02 8,94 25,84 9,60

** 3HAuMMOCT Npu HMBO Ha BeposATHOCT 0.01%, cbrnacHo F-test / Significant at the 0.01 probability level

according to F-test,

*** 3HAUMMOCT Mpu HUBO Ha BeposiTHOCT 0.001%, cbrnacHo F-test / Significant at the 0.001 probability level

according to F-test,

ns Hepoka3aHo cbrnacHo F-test / Not significant according to F-test

YBenMuaBaHeTO Ha KOHLUEeHTpauumTe
Ha NaCl HamansBa M CyxoTO Tersn0 Ha
Kb/lHA UM KOpEeHa Ha BCUYKM U3C/efBaHu
o6pasuu. CToHOCTMTE Ha CyXOTO TErs0 Ha
Kb/lHA M KOpeHa Cce MPOMEHSIT upes3
yBenMuaBaHe KOHLEeHTpauusTa Ha cofTa.
Haii-BUCOKM CTOMHOCTM Ha Cyxu Terna Ha
Kb/IHOBE W KOpPEHW ca MonyYyeHun ot
KOHTpo/HUTe 06paboTkn. OT apyra cTpaHa,
ce Habnogasa HaMmasnieHne Ha CTOMHOCTUTe
Ha CyxOTO Terli0 Ha Kb/lHA U KOpeHa B
CbOTBETCTBME C  MOBULLIABAHETO  Ha
KOHUeHTpauusita Ha conTta. Hali-Bucoku
CyXM Terna Ha KbJ/H 1 kopeH (2.9 mg plant™
and 1.6 mg plant!) ca nonyyenn ot
KOHTPO/THOTO TpeTupaHe Ha copTa Sadovo
1. Haii-Hucka CTOMHOCT Ha CyX0To Terno Ha
kbnH (1.17 mg plant™) e nonyuero ot 150
mM NaCl npu Sofia, gokato Hai-HUCKOTO
CYX0 Tersi0 Ha KOpeHa € perucTpvMpaHo 3a
copta Milena (Tabnuua 4).

BnvsiHMETO Ha COJIeHOCTTa BbPXY
WHAEKCa Ha coneBa TOMEpPaHTHOCT npu

The increase in NaCl
concentrations decreased also the shoot
and root dry weight of all the sesame
cultivars. The shoot and root dry weight
values changed by increasing salt
concentration. The highest shoot and root
dry weights are obtained from control
treatments. On the other hand a
decrease is observed on shoot and root
dry weight values in accordance with
increasement on salt concentration. The
highest shoot and root dry weight (2.9 mg
plant’ and 1.6 mg plant®) are obtained
from control treatment in Sadovo 1. The
lowest value of shoot dry weight (1.17 mg
plant'l) is obtained from 150 mM NaCl in
Sofia, while the lowest root dry weight is
recorded for Milena variety (Table 4).

Effects of salinity on salt tolerance
index of investigated sesame cultivars at
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uscneaBaHuTe cycamoBM COPTOBE Mpu eTan
Ha pacTex Ha npopacTbuuTe ca npeacra-
BeHu B Tabnuua 6. CopTtoBeTe umart cneg-
HUAT peq Ha nogpexaaHe npu Hali-BUCO-
KOTO HUBO Ha cosieHocT (150 mM NacCl):

Milena <Sadovo 1 <Nevena <Aida
<Sofia.

CopTbT Sofia e Hail-ToniepaHTeH KbM
COMeHocTTa, a copTbT Milena e Haii-
YyBCTBMTE/IEH B paHHWA CcTaguii  Ha
npopacteaHe (Tabnmua 6).

seedling growth stage are presented in
table 6. The cultivars had the following
order at the highest salinity level (150 mM
NaCl):

Milena < Sadovo 1< Nevena< Aida
< Sofia.

The cultivar Sofia is the most
tolerant to salinity, while Milena variety is
the most sensitive at early seedling
growth stage (Table 6)

Tabnuua 6. BanaHMe Ha HuBaTa Ha COMIEHOCT BbPXY MHAEKCHT Ha cofieBa
TONIepaHTHOCT NpY COPTOBE CycaM BbB (ha3a pacTex Ha npopacTtbLuumTe

Table 6: Effects of salinity levels on salt tolerance index of sesame (Sesamum
indicum L.) cultivars at seedling growth stage

HunBa Ha coneHocT CopTtoBe/Cultivars
Salinity levels Nevena Aida Milena Sadovo 1 Sofia

25 mM NaCl 103,18 98,44 83,35 95,03 106,50
50 mM NaCl 95,30 82,87 68,26 84,71 97,20
75 mM NaCl 92,54 75,08 58,17 83,95 63,69
100 mM NaCl 61,33 57,79 47,97 56,82 63,44
125 mM NaCl 28,45 32,55 40,17 45,10 48,66
150 mM NacCl 27,35 28,82 22,16 22,93 40,51
CpegHu/Means 68,02 62,59 53,35 64,76 70,00

Bcuukm nonyyeHn pesyntartu nokas-
BaT, 4Ye Ppas/IMyHN XapakTepUCTUKN Ha
npopacTBaHe ca 3HauYuTeNHO MOBAWUAHW OT
cTpeca Ha coneHoct. Kandil et al. (2017)
cbobLaBaT, ue HexenaHuaT edekT oT
BMCOKATa KOHLIEHTpaums Ha CcofieHocTTa
BbPXY Ab/IKMHATA Ha KOpeHa M Ha KbfHa
MOXe [ia Ce Ob/DKM Ha TOKCUYHUA eddeKT Ha
COMEHOCTTa, KOWTO HamansiBa Ab/hxuHaTta
Ha KOpeHa W KOpeHa, KakTo W Ha nogrtuc-
KaHeTo Ha UMTOKMHe3aTa 1 paswmpsiBaHeTo
Ha knetkute (Munns, 2002). OcBeH TOBa
HamasiiBaHETO Ha  XOPMOHWTE,  KOMTO
CTUMY/IMPAT pacTexa 1 yBesimyaBaHeTo Ha
XOPMOHUWTE, KOUTO BBL3NPENATCTBAT pacTe-
Xa, moraT ga ca npuymHa 3a no-kbCcu Abf-
XVHWN Ha KopeHuTe u KbaHoseTe (Kurum et
al., 2013).

KopenaunoHHU BpPB3KU Mexay
n3cnenBaHUTeE XapakTepucTuKn

KoedhmmeHTUTE Ha KOopenaums Mex-
[y BCUMYKN Bb3MOXHU KOMOMHaUMK ca oue-
HEHM M ca nokasaHun B Tabnnua 7a u
Tabnmua 7b. GE nokasBa 3HauuTenHa
nonoxutenHa kopenaums ¢ G (0.435 *) u

All results obtained indicated that
different seedling characteristics are
significantly affected by salinity stress.
Kandil et al. (2017) reported that the
undesirable effect of high concentration
of salinity root and shoot length might be
due to the toxic effect of salinity, which
decreases root and shoot length as well
as inhibition of cytokinesis and cell
expansion (Munns, 2002).

Additionally, the decrease in hormones
that stimulate the growth and increase in
hormones that hinder growth can cause
shorter root and shoot lengths (Kurum et
al., 2013).

Correlation between investigated
characteristics

Correlation coefficients between all
possible combinations are estimated and
are shown in Table 7a and Table 7b. GE
showed significant positive correlation
with G (0.435*) and R/Sh (0.432%). G

340




R/Sh (0.432 *). G kopenvpa NoayXuTesHo ¢
R/Sh (0.448 *). CVG un GRI ca B oTpuuya-
TesHa Bpb3ka ¢ MGT (-0.994 ** 1 -0.935 **)
npw p<0.01 1 B nonoxutesiHn ¢ VI (0.825 **
n 0.854 **), LSh (0.697 ** n 0.690 **), LW
(0.667 ** n 0.835 **), FWSh (0.694 ** n
0.724 **), FWR (0.620 * n 0.650 **), DWSh
(0.533 * n 0.613 **) 1 DWR (0.605 ** n
0.670 **). Kopenauuata mexay CVG u GRI
e Bucoka u nonoxutenHa (0.940 **).
Bpb3kata mexgy GRI n R/SH e 3Hauuma
npu p<0.01 (0.471 **). OTpMLATENTHN CUIIHN
N 3Haummm kopenauum (p< 0.01) ca
ycTaHoBeHn wmexgy MGT, VI, LSh, LR,
FWSh, FWR, DWSh n DWR. VI kopenupa
nonyxutenHo c¢ LSh, LR, FWSh, FWR,
DWSh un DWR. LSh nokassa 3Hauvnma
nonoxuntenHa kopenauusa ¢ LR, FWSh,
FWR, DWSh n DWR. Kopenauunte mexay
LR, R/Sh, FWSH, FWR u DWR ca
NOJIOXUTESTHW U 3HAYMMWU MpU  HUBATa
p<0.05 " p<0.01. FWSH e B nosoxutenHa
Bpb3ka ¢ FWR (0.908 **), DWSh (0.794 **)
n DWR (0.874 **). B3aumMoBpPb3KUTE MeXay
FWR n DWSh (0.849 *) n FWR n DWR
(0.841 **) cbWO ca MNOAOKUTENHN N
3Haummum  npu  p<0.01 HmBa. DWSH
Kopenupa cwuiHo W nosnoxutenHo ¢ DWR

(0.878 **) (Tabnvua 7a n Tabnuua 7b).

correlated positively with R/Sh (0.448%).
CVG and GRI are in negative relationship
with  MGT (-0.994** and -0.935*) at
p<0.01 and in positive with VI (0.825**
and 0.854**), LSh (0.697** and 0.690**), LR
(0.767** and 0.835**), FWSh (0.694** and
0.724**), FWR (0.620* and 0.650**), DWSh
(0.533** and 0.613**) and DWR (0.605**
and 0.670**). Correlation between CVG and
GRI is high and positive (0.940**). The
relationship between GRI and R/SH is
significant at p< 0.01 (0.471**). Negative
highly significant correlations (p< 0.01) are
found between MGT, VI, LSh, LR, FWSh,
FWR, DWSh and DWR. VI correlated
positively with LSh, LR, FWSh, FWR,
DWSh and DWR. LSh showed significant
positive correlation with LR, FWSh, FWR,
DWSh and DWR. The correlations between
LR, R/Sh, FWSH, FWR and DWR are
positive and significant at the 0.05 and 0.01
levels. FWSH is in positive relation with
FWR (0.908*%), DWSh (0.794**) and DWR
(0.874**). Relationships between FWR and
DWSh (0.849*) and FWR and DWR
(0.841**) are also positive and significant at
0.01 levels. DWSH correlated highly and
positively with DWR (0.878**) (Table 7a and
Table 7b).

Tabnuua 7a. PEeHOTUMMHU KOpenaunoHHU KoedULUMEHTU MexXay u3csiefBaHuTe
nokasartesin Npu cycama npu coneBu cTpec
Table 7a. Phenotypic correlation coefficients of investigated characteristics in

sesame under salinity stress

GE G CVG GRI MGT \
GE 1
G 0.435* 1
CVG 0.040 0.050 1
GRI 0.210 0.241 0.940* 1
MGT -0.021 -0.060 -0.994** -0.935** 1
\ -0.016 0.220 0.825** 0.854** -0.831** 1
LSh -0.205 0.074 0.697** 0.690** -0.708** 0.888**
LR 0.082 0.262 0.767** 0.835** -0.769** 0.925*
R/Sh 0.432* 0.448* 0.278 0.471* -0.271 0.282
FWSh -0.107 0.124 0.694** 0.724* -0.699** 0.911*
FWR -0.182 0.063 0.620** 0.650** -0.631** 0.800**
DWSh 0.027 0.193 0.533** 0.613* -0.554** 0.755*
DWR 0.029 0.214 0.605** 0.670** -0.612** 0.854**

** Kopenauuute ca 3Hauumun npu H1BO 0.01/Correlation is significant at the 0.01 level (2-tailed).

*. KopenauuuTte ca 3Hauumu npu H1uBo 0.05/Correlation is significant at the 0.05 level (2-tailed).
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Tabnuua 7b. deHOTUNHM KOpenauvioHHU KOeULMEHTU MexXay u3cneaBaHuTe
nokasartesin Npu cycama npu coneBu cTpec

Table 7b. Phenotypic correlation coefficients of investigated characteristics in
sesame under salinity stress

LSh LR R/Sh FWSh FWR DWSh DWR
LSh 1
LR 0.895** 1
R/Sh 0.001 0.410* 1
FWSh 0.967** 0.942** 0.161 |1
FWR 0.878** 0.843** 0.175 ]0.908** 1
DWSh 0.743* 0.799** 0.261 | 0.794** 0.849** 1
DWR 0.825** 0.888** 0.269 |0.874* 0.841** 0.878** 1

** Kopenauuute ca 3Hauumun npu H1Bo 0.01/Correlation is significant at the 0.01 level (2-tailed).
*. Kopenayunte ca 3Haunmu npu H1Bo 0.05/Correlation is significant at the 0.05 level (2-tailed).

n3BOAU

Haii-cunHoTo uHamMBMAyanHo BAWs-
HMe BBPXY Kb/lHAemara eHeprns u Kbi-
HAeMOCTTa Mma reHoTuna, AoKaTo TpeTu-
paHeTo ¢ NaCl Bansie Hail-CU/THO BLPXY
XapaKkTepuUCTUKUTE Ha MOKb/IHBaHe (KO-
eP1UneHT Ha CKOPOCTTa Ha MOKbJ/IHBaHe,
WHAOEKC Ha MOKb/IHBaHEe W CpefHOo Bpeme
Ha MOKb/IHBAHE), KaKTO W BbPXY Xapak-
TEPUCTUKUTE Ha npopacTbka (4b/HKMHA
Ha Kb/IH U KOPEH, CBEXM N CyXK Tersa Ha
Kb/1H 1 kopeH). CopTbT Sofia e Hali-Tone-
paHTeH KbM 13cnegBaHUTE HMBA Ha cosie-
HOCT, a copTbT Milena e Haii-4yyBCTBUTENEH
B paHHWTe eTanu Ha npopacTBaHe. Cpeg-
HOTO BPeme Ha MOKb/IHBaHe kKopenupa 3Ha-
YMTESHO W OTpULLATENIHO C BCUYKU U3CNes-
BaHW XapakTepuUCTUKW, C W3K/IOYEeHUe Ha
Kb/lHAEMATa €eHeprs 1 Kb/HSEeMOCTTa.
Heobxogummn ca [OMBbAHUTENHW NPOy4Ba-
HMS 3a OLEHKa Ha Kb/IHAEMOCTTa Ha ceme-
HaTa W paHHUTE eTanu Ha pacTex Ha
npopacTbLuWTe NpY NOJIEBM YC/I0BUS.

CONCLUSIONS

The strongest individual influence
for germination energy and final
germination  had  genotype, while
treatment with NaCl had the strongest
influence on the germination
characteristics as coefficient of velocity of
germination, germination rate index, and
mean germination time as well as on the
seedling characteristics- length of shoot
and root, fresh and dry shoot and root
weight. The cultivar Sofia is the most
tolerant to the investigated levels of
salinity, while Milena variety is the most
sensitive at early seedling growth stage.
Mean germination time correlated
significantly and negatively with all
investigated characteristics, except
germination energy and germination.
Additional investigations are needed to
evaluate germination and early seedling
growth under field conditions.
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