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Counsmauk (Helianthus annuus L) — 1€ OJMiii-
Ha KyJIbTypa, sika HahOUIbII momyiaspHa y €Bpori
ta lliBHiYHWI AMeEpHIl, a TaKOX € CTPaTeridHO
BOXJIMBOIO B YKpaiHi. Y JIBOOCPEIKHOMY JIiCOCTE-
my YKpaiHu COHSIIHHK 3a3BHYail CIFOTh HAIPUKIHII
KBiTHS 200 Ha MOYaTKy TpaBHA. MiTO3 y pOCIHUH BiJ-
OyBaetbes pu T > 7°C, oTke U1l XOPOILIOTO POCTY
Ta PO3BUTKY NMPOPOCTKIB ONTUMAalbHA TeMIleparypa
€ kmouoBuM ¢akropoM. OJHAaK B OCTaHHI POKU Ha-
NPUKIHI KBITHA Ta Ha MMOYATKy TPABHS YacToO CIOCTe-
piraerbcst moxonomanHs 10 0°C Ha MOBEpXHi IPyH-
Ty, W0 HETaTWBHO BIUIMBA€ Ha TPOPOCTAHHSA Ta
MMOYaTKOBHI PO3BUTOK POCIUH COHSIIHMKA. LI mpo0-
JIeMa TaKoX TIPUBEPTAE yBary CeJeKIIOHEPiB CO-
HAITHUKA 1 B IHIIAX KpaiHax [6]. TakuM 9uHOM, TTOK-
pameHas  xojoxocTiiikocti (XC) coHAmHWKAa Ha
paHHIX eTramax pocTy Ta PO3BUTKY JUIS 3a0e3IeveH-
HSl YCHIIIHMX paHHIX IOCIB € aKTyaJlbHOI 3aja-
Yer0.

Ha croroani mepeBakHa OUIBIIICTE BHPOIIEHOTO
arpapisiMu COHSIIIHMKA € T10puaaMu, OCKIJIbKH BOHH,
SK TIpaBUIIO, IEMOHCTPYIOTh BHUILY MPHCTOCOBAHICTD
(retepo3uc). OTe, BaXKIUBO MaTH XOJIOMOCTIHMKI
riopumy.

Uu MOXIIMBO CTBOPUTH TaKi TIOpHIN IIITXOM
CXpENTyBaHHS XOJIOMOCTIMKUX MiHIN? XoJomoCTiii-
KiCTb — IIe KOMIUIEKCHA O3HaKa, SKa BH3HAYAE€THCS
YHUCJICHHUMH (akTopamu. Y BHIIUX POCIHH 1JIEH-
tugdikoBano moHax 1000 reHiB, IO IHAYKYHOTh-
csa xonmogoM [9]. OnmHak y KyKypyaA3w pe3yasTaToM

]
IHCTUTYT pocnuHHMUTBa iMeHi B.A. KOp’eBa HAAH YkpaiHu

*ABTOp, IKOMY HeOo6XiAHO HaACUNaTU KOpPecnoHAEeHLlo:
Mp. lepoie XapkoBa, 142, m. XapkiB, YkpaiHa 61060;

Ten.: (+38 098) 949-45-24

enekTpoHHa nowra: yuriev1908nauka@gmail.com

Hapgiwna 13.04.2023
MpunHaTa go apyky 18.09.2023

Sunflower (Helianthus annuus L.) is an oilseed
crop, which is the most popular in Europe and
North America and strategically important in
Ukraine. In the Left-Bank Forest-Steppe of Ukraine,
H. annuus is usually sown in late April or in early
May. Mitosis in plants occurs at T > 7°C, therefore,
for good growth and development of seedlings,
optimal temperature is a key factor. However, re-
cently surface soil temperature has often dropped
to 0°C in late April and early May, negatively
affecting the germination and initial growth of
sunflower plants. This problem also comes into
notice of sunflower breeders in other countries [1].
Thus, it is vital to improve cold tolerance (CT)
in early stages of sunflower growth and deve-
lopment, so as to enable successful early sowing.

Nowadays, vast majority of sunflowers grown
by farmers are hybrids, as they generally have a
higher fitness (heterosis). Therefore, it is vital to
have cold-tolerant hybrids.

Is it possible to create such hybrids by crossing
cold-tolerant lines? Cold tolerance is a complex
feature determined by numerous factors. In higher
plants, there are more than 1,000 cold-induced
genes [9]. However, in corn, crossing with a cold-
tolerant line resulted in a cold-tolerant hybrid with
a high probability [4].

The study goal was to evaluate sunflower lines
as donors of the CT trait (i. e. to verify their ability
to confer this trait to their offspring) and to assess
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CXpELIyBaHHS 3 XOJIOJOCTIMKOIO JIHI€I0 3 BHCO-
KOO BipoTigHicTio OyB X0J0AOCTiHKMi Ti0pua [3].

Meta poOoTm — OIliHKa JIiHIA COHSIIHUKA SK
JIOHOPIB O3HAKH XOJOMOCTIMKOCTI (TOOTO TIepeBipka
iX Ha 3MATHICTH IEpPeNaBaTH IO 03HAKY ITOTOMKAaM)
Ta [IAHCH CTBOPEHHS XOJOJOCTIHKHMX TiOpHIiB
COHSIIIHUKA TIISIXOM CXPEN[yBaHHS XOJIOMOCTIHKHX
TIHIH.

COHALIHUK BUPOILYBajdH BiAMOBIAHO OO CTaH-
napTHux arporexHoiorii [1]. XKinounmu gopmamu
Oynu minii Mx845A, Cx1002A, Cx1006A, Cx1010A,
Cx1012A, Cx146A, Cx51A, Cx777A, Cx808A,
Cx908A, Cx93A. Jhmii X15107B, X15113B,
X5713B, X15146B, X1580B, X1575B, X15157B,
X06134B, X06135B, X114B, X276B, X4413B,
X4713B, X4913B, X526B, X5613B, X720B,
X785B ciyryBanu 4ojoBiunME GhopMaMu. Y IITIOMY
orpumano 192 F1 ribpunaux kombinamii. CKpuHIHT
miHii Ta F1 riOpumie Ha CTIMKICTh 10 HU3BKHX
MO3UTUBHUX TEMIIEpaTyp IPOBOAMBCS 3a JOIOMO-
TOI0 TECTY XOJIOAHOTO MPOPOLIYBaHHS, SIKUH 3ampo-
nonyBaB A. Il. Jlaxanoe [4]. Hacinus mnomimanu
Ha 3BOJIOKEHHUH (iNBTPYBaJbHUN Mamip, SKAH 3rop-
TajJu B PYJIIOHU (25 HACIHUH Ha PyJoH, 4 PyJIOHH Ha
KOKHI JiHiI0 a0o ri0pux). 3pa3ku iHKyOyBadu Mpu
5°C. KoHTponbHe HACiHHS MPOPOIIYBajH 33 TEM-
reparypu 25°C, OCKUTBKH BOHA BBa)KA€THCS OITH-
ManpsHOO0. Ilepion mpoportyBanns ckiamas 10 mio.
Ha 10-ty moOy mpoBommian oONiK IpopocTkiB. Ha-
CIHMHA BBaXKaJlaCh CXOXKO0, SKIIO PEECTPYBAIH
HOPMAaJIbHO PO3BUHYTHH MPOPOCTOK (puc. 1) 3rimHo
3 pexomermartisimu 1.I. Jleypau ta JI.B. benpchkux
[5].

X0NMoAOCTIMKICTD PO3Pax0OBYBaJH K CXOXKICTh IPU
5°C BigHOCHO cxoxocTi pu 25°C y BigcoTkax. 3B’ s-
30Kk MK XC F1 Ta ixHiX 0aTbKIBCHKHUX JIIHIN OLIIHIO-
BaJIM METOJIOM JIIHIHHOTO perpeciifHoro aHamisy.

chances of creating cold-tolerant sunflower hybrids
by crossing cold-tolerant lines.

Sunflower was grown in compliance with
standard farming techniques [5]. Lines Mkh845A,
Skh1002A, Skh1006A, Skh1010A, Skhl1012A,
Skh146A, Skh51A, Skh777A, Skh808A, Skh908A,
and Skh93A were taken as female forms. Lines
Kh15107V, Kh15113V, Kh5713V, Khl15146V,
Kh1580V, Kh1575V, Khi15157V, Kh06134V,
Kh06135V, Kh114V, Kh276V, Kh4413V, Kh4713V,
Kh4913V, Kh526V, Kh5613V, Kh720V, and
Kh785V were taken as male forms. In total, 192 F1
hybrid combinations were obtained. The lines and
F1 hybrids were screened for tolerance to low po-
sitive temperature by A.P. Lakhanov’s cold germi-
nation test [6]. Seeds were placed on wetted filter
paper, which was rolled up (25 seeds per roll, 4 rolls
for each line/hybrid). The samples were incubated
at 5°C. The control seeds were germinated at 25°C,
which is considered to be the optimal temperature.
The germination period was 10 days. On day 10,
seedlings were counted. The seed was considered
germinable if a normally developed seedling
(Fig. 1) was recorded in compliance with [.G. Leurda
and L.V. Belskikh’s recommendations [7].

Cold tolerance was computed as germinability
at 5°C related to germinability at 25°C in percent.
Relationship between CT of F1 and their parents
was assessed by linear regression analysis.

Three female lines, (Skh93A, Skh1006A and
Skh777A) were found to be cold-tolerant (their
cold tolerance amounted to 88.8%, 79.3%, 76.4%,
respectively). As to the male lines, Kh720V (93.6%),
Kh4913V (77.9%), and Kh06134V (96.0%) showed
high germinability at 5°C [3]. It was expected
that they might become donors of the CT trait
for the offspring. However, only some hybrid

Puc. 1. HopmanbHo (+) i HeHOpMarbHO (—) NPOpPOCHi HAaCiHMHKN COHSILLHMKA (BIATBOPEHO 3a [5]).
Fig. 1. Normally (+) and abnormally (—) germinated sunflower seeds (reproduced from [7]).
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Byno Bcranosneno, mo tpu xinoui JiHii (Cx93A,
Cx1006A Ta Cx777A) e xomomocTiiikumu (88,8,
79,3, 76,4% BignosigHo). Yonosiui minii X720B
(93,6%), X4913B (77,9%) 1 X06134B (96,0%) mpo-
JIEMOHCTPYBaJIM BHCOKYy cxoxicte mpu 5°C [2].
OuikyBanocsi, 0 BOHU MOXYTh CTaTH JOHOPAMH
o3Haku XC mnsg cBoro moroMcTBa. OnmHAK TIIBKH
nesiki riopuaHi komOiHaiii (3—6 3 11-18 BapiaHTiB),
oTpyuMaHi Bix 1ux JiHik, Maau XC Ha piBHI 85,1—
100%. KomOinamis Cx1012A / X06134B Oyna enu-
HUM XOJIOOCTIMKUM TiOpHIIOM, SIKUM TIOXOIUB Bil
minii X06134B. ABTOpH TakoX OTpUMAald JEKiJb-
Ka XOJOMOCTIHKWX TiOpWIiB BiJ JKIHOUMX JIiHIN
Cx146A, Cx1002A, Cx808A i Cx1012A Ta Big
yonoBiunx JiHid X4713B, X1575B, X1580B,
X5613B, X15113B, X06135B, X15157B, X5713B
1 X785B, xoua 111 OaTbKIBCHKI JIHII He Bij3Ha4a-
JUCS BHCOKOIO cxoxicTio mpu 5°C. Yortmpu Ti0-
punanx komOiHamii 3 XC 6mmspko 100% 3acimy-
rOBYIOTh Ha ocoOmuBy yBary: Cx1002A / X785B
(cridikicte OarbkiBcbkux miHIM 13,6 1 0% Bin-
moBigHo), Cx1010A / X785B, Cx1012A / X785B
i Cx1012A / X5613B (crilikicTh 000X 0aThKiBCHKHX
niHi# onmusbko 0%).

VY pesynbrari excrepuMeHTiB Oymo moOyno-
BaHO 29 minili perpecii. Tunosi rpadiku npeacras-
neno Ha puc. 2. Koedimientn xopemsauii <0,25 Ta
3HaueHHsa P > 0,10 BKa3yroTh Ha BIJCYTHICTH CTaTH-
cTUHO 3Hauymoro 3B’s3ky Mixk XC F1 Tta ixmix
OaTbKiBCHKMX JIiHIA. Hampukian, cmocrepiramrach
MPaKTUIHO HYAhOBa Kopemsmis Mixk XC ribpumis,
OTPUMAaHUX y PE3yAbTaTi CXPENIyBaHHS KIHOYOL
ninii Cx1006A 3 pi3HUMH YOJIIOBIYUMH JTHISIMH Ta
XC uwmx yonosiumx minHid. KoedimieHT nerepmi-
Harii R? 0,02994 os3navae, mo jume 3% Bapia-
oenpHOCTI XC mmx TiOpPUIIB TOSCHIOETBCS CTild-
KICTEO 7O HU3BKHX [IO3UTUBHUX TEMIIEpaTyp
ixaix yomoBiumx miHid. KoedimienT kopensmii
R 0,173 Bkasye Ha myxke cinaOkuil (He3HATyIIWHA)
npsMuii 38’530k MK XC 1ux TiOpumiB Ta iXHIX
yonoBiunx JiHiHA. Cxun bi = 0,511 os3Hauae, 1o
ko XC dgonoBivoi JiHil migBumiyBaiacs Ha 1%,
XC 1ii ribpuamie 3pocrama tineku Ha 0,1511%
(puc. 2, A). CrocrepiraBcsi claOKui 3B’ 30K MiX
XC 1i0pumiB, OTpUMaHHUX Y PE3YAbTATi CXPEIIy-
BaHHA 4ojoBivoi dinii X06134B 3 pisHEMHU XKiHO-
gyumu JiHisAMH, 1 XC nux xinounx niHid. Koedi-
mient getepminanii R? 0,01827 o3navae, 1o Tifib-
ku 1,8% BapiabenpHOCTi Y-3HaueHb (F1) mosicHro-
Baoch X-3HadeHHsMH (miHii). Koedimient xo-
pemsmii R —0,1352 mokasye, mo OyB myxe crna0-
KUl (He3HATIyIIHii) 3BOPOTHIN 3B 530K MK X Ta Y.
Cxun bi= —-0,02266 o3Hauae, mo KoM X-3HadeH-
Hs migBuiryBajioch Ha 1%, To Y-3HaueHHS HaBiTh
3amKyBaiioch Ha 0,02266% (puc. 2, B).
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combinations (3—6 out of 11-18 variants) derived
from these lines showed CT of 85.1-100%.
Skh1012A / Kh06134V was the only cold-tolerant
hybrid originated from Kh06134V. The authors
also obtained several cold-tolerant hybrids from
female lines Skh146A, Skh1002A, Skh808A, and
Skh1012A and from male lines Kh4713V, Kh1575V,
Kh1580V, Kh5613V, Khi15113V, Kh06135V,
Kh15157V, Kh5713V, and Kh785V, though these
parental lines did not excel in germinability at
5°C. Four hybrid combinations with about 100%
CT are worth of special mention: Skh1002d /
Kh785V (tolerance of the parental lines was
13.6% and 0%, respectively), Skh1010A / Kh785V,
Skh1012A / Kh785V, and Skh1012A / Kh5613V
(cold tolerance of both parents was around 0%).

As a result of the experiments, twenty-nine
regression lines were constructed. Typical graphs
are presented in Fig. 2. The correlation coefficients
of <0.25 and P-values of >0.10 indicate that
there is no statistically significant relationship
between F1 CT and CT of their parental lines.
For example, there was next to zero correlation
between CT of the hybrids derived from crossing
Skh1006A female line with different male lines
and CT of these male lines. The determina-
tion coefficient (R*) of 0.02994 meant that 3%
of the variability in the hybrids” CT was explained
by tolerance of their male lines to low positive
temperature. The correlation coefficient R of 0.173
meant that there was a very weak (insignificant)
direct relationship between the hybrids’ CT and
male lines’ CT. The slope b: = 0.1511 meant that,
when CT of a male line was increased by 1%, CT
of its hybrids only increased by 0.1511% (Fig. 2A).
There was a weak relationship between CT of the
hybrids derived from crossing Kh06134V male
line with different female lines and CT of these
female lines. The determination coefficient of
0.01827 meant that 1.8% of the variability of Y
(hybrids) was explained by X (lines). The correlation
coefficient of —0.1352 meant that there was a very
weak (insignificant) inverse relationship between
X and Y. The slope b: = —0.02266 meant that,
when the X value was increased by 1%, the Y value
even decreased by 0.02266% (Fig. 2B).

Relatively low values of R? (below 0.06 in vast
majority of the regressions), big scattering of the
individual values and wide prediction intervals
mean that there is a great deal of uncertainty asso-
ciated with generating cold-tolerant sunflower
hybrids from cold-tolerant lines.

To check these results, the authors applied
a multiple linear regression to determine the re-
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BimHocHo Hu3bki 3HaueHHs R? (mmxue 0,06 y
MEepeBaKHOI OUIBIIOCTI perpeciii), BETUKHHA pO3-
KWJ 1HIUBiAyaJbHUX 3HA4YeHb 1 IIMPOKI IHTEpBaIH
MPOTHO3YBAHHS 03HAYaIOTh, IO TMPHCYTHS 3HAYHA
JacTKa HEBHU3HAYEHOCTI, IMOB’S3aHA 31 CTBOPCHHSIM
XOJIOMOCTIMKUX TIOPHIIB COHSIITHHUKA 3 XOJOMOCTIH-
KHX JIiHIH.

A

200

150

lative contributions of each independent variable
(parental lines’ CT) in the total variance (F1 CT).
The equation of the fitted model was as follows:
Y = 65.80781 + 0.01727X1 + 0.10534X2, where
Y — F1 CT, X1 — CT of female lines, and X2 — CT
of male lines. The constant represents the value
(65.80781) that would be predicted for the hybrids’
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Puc. 2. JliHinHa perpecia XC F1 3anexHo Big X0OnodoCTiNKOCTi GaTbKiBCbKMX iHii: A — XONoAaocCTiikicTb ribpuais,
oTpuMaHux Big xiHovoi niHii Cx1006A; B — xonogocTinkicTb ribpuais, oTpumaHux Big 4Yonosidoi niHii X06134B:

® — XONOAOCTINKICTb OKpeMux riGpuaiB; YopHa niHis
YepBOHa MiHis — iHTepBan nporHo3yBaHHs 95%.

— perpecis; 3eneHa niHia — posipunn iHTepsan 95%;

Fig. 2. Linear regression of F1 CT on their parental lines’ CT. A — cold tolerance of the hybrids originated from
female line Skh1006A; B — cold tolerance of the hybrids originated from male line Kh06134V; e — cold tolerance
of individual hybrids; black line — regression; green line — 95% confidence interval; red line — 95% prediction interval.

OnepxkaHi  pe3yabTaTd TEPEBIPSUIM  MHOYKHH-
HOIO JIHIHHOIO perpeciero uisi  BU3HAYCHHS
BIIHOCHHUX BHECKIB KOXHOI HE3aJe)XHOI 3MiH-
Hoi (XC 0aTbKiBCHKHX JiHIM) y 3arajbpHy BapiaH-
cy (XC Fl). PiBusaus migiOpanoi momeni Oyno
HactynHuM: Y =65,80781 +0,01727X1+0,10534X2,
e Y — XC F1, X1 — XC xiHoumx jJiHii, a X2 —
XC yonoBiuux niHiil. Koncranra mpencrasnse 3Ha-
yeHHs (65,80781), 1o Oy10 6 CIporHo3oBaHe IS
XC F1, axbu Bci HesamexHi 3MiaHI (XC 6aTbKIBCh-
KUX JIiHIA) OJHOYACHO MOpPiBHIOBANM HYM0. CXHI
b, 0,01727 noxkasye, mo CHPOrHO30BaHE 3HAYCHHS
Y Oyne 30inmburyBatucs Jmie Ha 0,01727% 3 Kok-
HuM 30inpIeHHsM X1 Ha 1%, pu He 3MiHeHOMY X2.
Cxun b2 0,10534 o3Hauae, 110 CIIPOTHO30BAHE 3HA-
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CT if all the independent variables (parental
lines’ CT) were simultaneously equal to zero. bl
of 0.01727 meant that the estimated value of Y
would increase by 0.01727% for each increment
of 1% in XI, provided unchanged X2. Similarly,
b2 of 0.10534 meant that the estimated value
of Y would only increase by 0.10534% for each
increment of 1% in X2, provided unchanged
X1. R? of 0.0166599 meant that the predictors
(Xi) only explained 1.7% of the variance of
Y. Coefficient of multiple correlation was 0.129073.
It meant that there was a very weak correlation
between the predicted and observed Y values. Thus,
this approach confirmed previous calculations by
simple linear regression.
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yeHHs Y Oyne 30iumpmryBatuchk Ha 0,10534% 3 xoxk-
HUM 30inbmendsM X2 Ha 1%, npu He 3MiHeHOMY X 1.
R? 0,0166599 o3nauae, 110 MPOTHOCTHYHI 3MiHHI
(Xi) nosicarorots TinbkU 1,7% Bapiancu Y. Koedi-
IIEHT MHOXXHMHHOI Kopeismii ctadosuB 0,129073.
Ile o3Hadae, M0 MiX CHPOTHO30BAHUMHU Ta (HaKTHU-
HAMH 3Ha4eHHSMH Y iCHyBaja AyXe cllabka Kope-
mamig. OTke, MeW MOXig TiATBEPIUB IONEPEIHI
pO3paxyHKH, OTPHUMaHi 3a JOMNOMOTOI0 MPOCTOi
JiHiiHOI perpecii.

TakuM YUHOM, OTPUMAaHUH pe3yabTaT MOKHA Bil-
HECTU Ha paxyHOK OararodaxrtoprHoi npupomu XC,
HaBiTh SIKIIO BPAXOBYETHCS TIJIBKHM CTIHKICTH 0 IO-
3UTUBHUX CyOomnTUManbHUX Temneparyp [7]. Oue-
BHJTHO, IO Ba)KKO TOEMHATH BCl (YM OCHOBHI) KOM-
moHeHTH XC B OIMHOMY TCHOTHIT. XOJIOMOCTIHKICTh
OaTbKIBCHKUX JIiHIH COHAINHWKA HE TapaHTye, M0
iXHi riOpuau OyAyTh XOJIOAOCTIMKMMHM, TOOTO TakKi
JiHIT MOXYTh BHABHUTHCS HECIPOMOXHHMH CTaTd
TIOHOpaMU I1i€l O03HaKW cBoemy mortoMctBy. H. Tet-
reault Ta cmiBaBT. [8] BUBYANMM TpHU MPHUPOAHI IOITY-
nsnii Bugy OararopiuHoro coHsiHuKa Helianthus
maximiliani. Tonynsauii «Texas» 1 «Kansas» Oynu
XOJIOMOYYTIIMBUMH, a momyisis «Manitoba» me-
MOHCTpyBajla CTiHKICTh JI0 HHU3BKHX TeMIIepa-
Typ. IIpote XC F1 ribpuais «Manitoba» / «Texas»
CTaTUCTUYHO He BifpisHanack Bix XC momymsmii
«Texas».

OTxe, s MIIBUIICHHS MAHCIB CTBOPEHHSI XOJIO-
TOCTINKHAX TIOpUIIB COHSANTHUKA MOXXE 3HATO0O0WTH-
Cs MOJICKYJISIPHUM CKPWUHIHT OaThKiBCHKUX JIHINA Ha
MIpEeIMET TeHiB, MO BiAmoBimaTh 32 XC 1 BceOiuHi
JOCITiPKEHHS 3aKOHOMIPHOCTEH 1X yCIiaKyBaHHS.
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4. JlaxaHoB All. OueHka XOnogoCTOMKOCTU MOMneBbIX KynbTyp. B:
YnoseHko B, pegaktop. [lnarHocTMka yCTOMYMBOCTWU pacTe-
HWUIA K CTpeccoBbIM Bo3aencTBusaM. JleHuHrpag: BUP; 1988. c.
62-75.

5. Neyppa UII, Benbckux J1B. Onpefenexve kadecTBa ceMsiH. Arnb-
6om. Mocksa: Konoc. 1974. C. 34.
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Hence, this may be attributed to multi-factor
nature of CT even if we consider tolerance to
suboptimal positive temperatures only [2]. It is
obvious that it is difficult to combine all (or major)
components of CT in one genotype. Cold tolerance
of parental sunflower lines does not guarantee
that their hybrids will be cold-tolerant, i. e. cold-
tolerant lines may be incapable of becoming donors
of this trait for their offspring. H. Tetreault ef al. [8]
examined three natural populations of the perennial
sunflower species Helianthus maximiliani. ‘Texas’
and ‘Kansas’ populations were cold-susceptible,
while ‘Manitoba’ population showed tolerance.
However, CT of ‘Manitoba’ / ‘Texas’ F1 hybrids
did not statistically differ from that of the ‘Texas’
population.

Thus, molecular screening of parental lines
for genes responsible for CT and comprehen-
sive investigation of inheritance patterns for
such genes may be required in order to enhance
chances of creating cold-tolerant sunflower hy-
brids.
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