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EFFECT OF ECOLOGICAL GROWING CONDITIONS
ON PRODUCTIVITY STABILITY AND PLASTICITY
OF MALE STERILE HYBRIDS OF SUGAR BEETS

BuBueno amantuBnuii morernian HoBux YC riOpHiB IyKpoBHUX OypsKiB, CTBOPEHHX 3a YYacTIO TeTPAILIOIHUX 3allH-
JIOBAYiB OiJIOIEPKIBCHKOI CeNeKINi 3a1eKHO BiJl TPYHTOBO-KIIMAaTHYHUX YMOB 30H BHPOINYBaHHS. 3a perioHaMu BUJILIEHO
HaWOLIBIN TWIACTHYHI | cTaOUIBHI TIepCIeKTHBHI TIOpUAN Yy IIMPOKOMY Jiiala3oHi eKoJIoTiuHUX yMoB BuporryBanHsi. Hosi UC
ribpuay 3aBIsIKM BHUCOKiH NJIACTHYHOCTI 3/1aTHI YCIIHO aganTyBaTHCs [0 JIMITYIOUMX (BakTopiB KUTTE3a0e3neueHHs |
CTPECOBHX SIBHIL Y PI3HUX IPYHTOBO-KJIIMATHYHUX 30HAX, MAIOTh BMCOKY BPOXKANHICTb KOPEHEIUIONIB, LYyKPHUCTICTD 1 301p
uykpy. Haii6inbin uinuumu auist BupoGHuuTea € riopuam, y sikux koediuienr crabinbrocti nepesuutye 70 %. 3a pesysbrara-
MH JOCIDKEHb TAKOMY PIBHIO Bianosigaors yci gocipkysani UC ribpuau — 3a piBHEM BPOKAHKHOCTI KOPEHEIJIOAIB, 11yK-
PUCTICTIO i 300pOM 3 OJIMHHUIII TLTOIIT.

Kio4oBi ci1oBa: miacTUUHICTD, CTA0UIBHICTD, KOe(DIIIIEHT perpecii, MPOAyKTUBHICTE TiOPHU/IIB.

Introduction. Evolutional, ecological and bio-energetic factors, which direct the processes of po-
tential implementation, ensure the preservation of the activity of certain organism functions; play a
leading role in the adaptation system of sugar beet cultivation. Adaptation of a hybrid characterizes its
adjustment degree to soil-climatic conditions, and plasticity is its ability to survive in certain ranges of
the environmental conditions [3, 4].

Analysis of recent research and publications. According to the definition of a founder of agro-
nomical ecology Giovanni Azza [1], the yield level is a derivative of two components — productivity
and stability.

Ecological researches help identify the effect of abiotic and biotic factors of the certain environment on
genotype as well as their impact on growth, development and crop capacity of sugar beet hybrids. The ac-
cumulation of the environmental changes is seen in the variability of certain quantitative features of a plant
structure — its phenotype, which form some morphological characteristics of a plant structure, yield capaci-
ty, output quality, resistance to biotic and abiotic factors, defined by an original form [2, 3, 5].

High sensitivity of some hybrids to unfavorable growing conditions affects the area of their spreading into
certain ecological zones and limits their general spreading. Which is why, the main task of plant breeding is to
widen the response of hybrids to the environmental conditions, in particular for the regions with stressful hy-
drothermal conditions. Based on the testing results of sugar beet hybrids in different growing regions, it is
possible to predict genetically established degree of their adaptability to growing conditions [5, 7-10].

Evaluating hybrids by the parameters of ecological plasticity, it is possible, with high accuracy, to
expect stable sugar yield for many years in a definite agro-climatic zone.

The purpose of the research is to determine, among the studied sugar beet hybrids of Bila
Tserkva selection, the genotypes which show stable productivity in various ecological conditions.

Materials and methods. The studying of the ecological condition effect of the Steppe, the Forest-
Steppe and Polissia on root crop capacity, sugar content and sugar yield was carried out on the hybrids
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of Bila Tserkva RBS (research breeding station) of the Institute of bio-energetic crops and sugar beets
of the NAAS (National academy of agrarian sciences) — Aidar, Heroi, Dzhura Kiborh, Kozak — using
the methodology of the Institute [2] Phenotypic effect and regression coefficient were determined ac-
cording to the methodology [5, 6].

Results and discussions. To make a quantitative stability estimation of a hybrid crop capacity
level, two parameters are used:

- regression coefficient characterizes the effect of certain environmental conditions on the crop
capacity level,

- average quadratic deviation of factual yields from general dispersions (it characterizes yield
stability in various growing conditions).

General adaptability tendency of MS hybrids to a certain growing region, based on the ecological
research results, was determined according to regression coefficient of Eberhart and Rassel:

b= ZXUIJ

] . (M
2.1
where b;— regression coefficient of the yield of each (i-¢4) hybrid under better or worse conditions;
X;; — crop capacity of i-th variety in any j-conditions;
I; — index of j-th conditions, which is a difference between the average yield of all varieties in these conditions and general
average yield among all the trials.

According to Eberhart S.A. & Rassel W.A., a quantity of regression coefficient characterizes a
general tendency in crop capacity change of each MS hybrid depending on certain ecological condi-
tions. If regression coefficient has a sign approximate to 1 (b; @ 1.0), then a hybrid is considered to be
plastic (Fig. 1).
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Fig. 1. Estimation of MS hybrids according to coefficient
of Eberhart and Rassel.

Among the studied MS hybrids according to regression coefficient, Heroi, Aidar and Kiborh ap-
peared to be plastic, Dzhura was highly plastic.

The stability degree of crop capacity of MS hybrids is fixed according to a deviation indicator from
general dispersion: the higher a negative deviation indicator from general dispersion, the higher stability of
crop capacity MS hybrid has; hybrids with deviations from regression which approximate zero are plastic,
and those which are distant from zero and have a positive sign are very plastic (Fig. 2).

Among the studied MS hybrids, Kozak had high genetic stability; its deviations from average dis-
persion had sign “minus” and its value was significantly < 0. MS hybrids Heniy, Aidar and Kiborh
were plastic (their deviations approached to +0) and Dzhura was very plastic (deviation indicator from
average dispersion was the most distant from zero).

An integrated ecological estimation of hybrids as to the suitability degree of some regions for the
cultivation of MS sugar beet hybrids was carried out through ecological variety testing by means of
laying a multi-factor trial, where the interaction of a hybrid and soil-climatic conditions of certain re-
gions was studied.
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Fig. 2. Characteristics of MS hybrids as to stability and plasticity.

The trial was done by a mix scheme, when the effect of ecological conditions of the regions was
combined with the effects of differences in soil fertility within the repeats of the demonstration trials
of RBS (research breeding station) of the Institute. The estimation was done according to the follow-
ing statistic indicators: average crop capacity, dispersion and standard deviation from average arithme-
tic mean; maximal and minimal value and fluctuation range of crop capacity, error of average arithme-
tic mean; determination of homeostatic and coefficient of agronomical variety stability.

To determine homeostatic and agronomical stability, the equations were used:

Average arithmetic mean x= Z X/n, )

where X — variant, n — quantity variant (indicators);

2]

dispersion o'=—, 3)
n—1
where f — frequency; x — average arithmetic mean;
standard deviation O'=\/02 , 4)
error of average arithmetic mean S, =0 / \/Z , (5)
ecological coefficient of variations, in %; it characterizes a degree of an indicator variability

V. =1000/x,

homeostatic — an indicator of a genotype breeding value
X
Hom =— (6)
Vv,
— coefficient of agronomical stability; varieties whose stability coefficient exceeds 70% are the
most valuable for cultivation

As =100 —Ve. 7

The results of ecological research of MS sugar beet hybrids by zones of Ukraine are given in Table 1.

The best MS hybrids which exceeded average root crop capacity the most — 45.6 t/ha, were: on the
average — Kozak and Aidar (46.7 and 45.7 t/ha, respectively); and in the Forest-Steppe and the Steppe
zones — all the studied hybrids. In the Forest-Steppe zone, Dzhura, Aidar and Kozak were the best as
to root crop capacity (49.5, 49.4 and 49.2 t/ha, respectively), and in the Steppe zone — Aidar, Kiborh
and Dzhura (54.2, 54.3 and 54.5 t/ha, respectively).

It is possible to argue about the stability of MS hybrids to negative effect of the ecological condi-
tions of the growing region based on the variation range of crop capacity (difference between maxi-
mal and minimal): the lower this indicator, the more stable a hybrid is. Kozak appeared to be the best
hybrid according to this indicator, then Heroi and Aidar (R = 17.1-20.4 t/ha).

7
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Table 1 — Ecological variety testing of MS sugar beet hybrids by zones of Ukraine in 2016

MS hybrids Iy =
o s
Ecological region "E’ 5 5 Jg g s Z
S o = 2 = > =
> = < ¥ a < =
Roots, t/ha
Polissia 35,5 33,8 33,8 32,7 32,3 33,6 -12,1
Forest Steppe 49,2 48,9 49,4 48,6 51,3 49,5 3,8
Steppe 52,5 53,9 54,2 54,3 54,5 53,9 8,2
Average 45,7 45,5 45,8 452 46,0 45,6
Standard deviation 9,0 10,5 10,7 11,2 12,0
Max — max. crop capacity 52,5 53,9 54,2 54,3 54,5
Min — min. crop capacity 35,5 33,8 33,8 32,7 32,3
R — fluctuation range of crop capacity 17,1 20,1 20,4 21,6 222
Sx — error of average arithmetic mean 4,0 4,7 4,8 5,0 5,4
Ve, % — variation coefficient 19,8 23,0 23,3 24,8 26,1
Hom — homeostatic 2,31 1,98 1,97 1,82 1,76
As — coefficient of agronomical stability 80,2 77,0 76,7 75,2 73,9
Sugar content, %
Polissia 18,0 17,7 17,8 17,8 18,2 17,9 -0,2
Forest Steppe 18,6 18,5 18,6 18,4 18,6 18,5 0,4
Steppe 18,2 18,0 18,9 17,1 17,8 18,0 -0,1
Average 18,3 18,1 18,4 17,8 18,2 18,1
Standard deviation 0,31 0,40 0,57 0,65 0,4
Max — max. crop capacity 18,6 18,5 18,9 18,4 18,6
Min — min. crop capacity 18 17,7 17,8 17,1 17,8
R — fluctuation range of crop capacity 0,6 0,8 1,1 1,3 0,8
Sx — error of average arvithmetic mean 0,14 0,18 0,25 0,29 0,18
Ve,% — variation coefficient 1,67 2,24 3,08 3,66 2,20
Hom — homeostatic 10,9 8,1 6,0 49 8,3
As — coefficient of agronomical stability 98,3 97.8 96,9 96,3 97,8
Sugar yield, t/ha
Polissia 5,80 5,98 6,02 5,81 5,87 5,90 -2,36
Forest Steppe 9,15 9,04 9,19 8,94 9,53 9,17 0,91
Steppe 9,56 9,71 10,25 9,28 9,70 9,70 1,44
Average 8,17 8,24 8,49 8,01 8,37 8,26
Standard deviation 2,06 1,99 2,20 1,91 2,16
Max — max. crop capacity 9,56 9,71 10,25 9,28 9,70
Min — min.crop capacity 5,80 5,98 6,02 5,81 5,87
R — fluctuation range of crop capacity 3,76 3,72 4,23 3,46 3,83
Sx — error of average arithmetic mean 0,92 0,89 0,99 0,85 0,97
Ve, % — variation coefficient 25,2 24,1 26,0 23,8 25,9
Hom — homeostatic 0,32 0,34 0,33 0,34 0,32
As — coefficient of agronomical stability 74,8 75,9 74,0 76,2 74,1

Error of average arithmetic mean and variation range are used to haracterize average arithmetic at
5 % value 1 (x % ty55,) — the smaller fluctuations in average range, the more reliable the result is.

Variation coefficient characterizes the degree of average arithmetic variability — up to 10% — low
variability, 10-20 — average and >20 — high. The majority of MS hybrids of sugar beets have higher
variability of crop capacity — V > 20%.

Homeostatic characterizes breeding value of a hybrid genotype — the higher this indicator, the
higher the hybrid is estimated for further breeding work. Homeostatically all the studied MS hybrids
appeared to be valuable as to root crop capacity and sugar yield, Kozak, Dzhura and Heroi were more
valuable as to sugar content.

Coefficient of agronomical stability characterizes economic value of a hybrid; according to it, the
most valuable for cultivation are the hybrids which have stability coefficient more that 70%. Based on
the research results, all the studied MS hybrids correspond to this level by both the level of root crop
capacity and sugar content and yield per area unit.
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Specific significance of a hybrid is explained by both genetic potential (£;) and stability of its real-
ization (R;). The comparison of indicators E; and R;is carried out according to average value in the trial

of ecological variety testing, which is £;,=0, and R, = 1.

To compare independent distributed samples of equal volumes (N = const s;’) Cochran’s criterion
is used. The value of Cochran’s criterion (Gys) is taken from the table according to the degrees of free-
dom of a number of the studied region — » and a number of hybrids — N-1.

If Cochran’s criterion is G, < Gos, sample dispersions differ significantly; if Gper > Gos — sample
dispersions differ slightly.

Calculations of specific significance of MS hybrids were made by sugar yield (Table 2).

Table 2 — Estimation of practical value of MS hybrids as to sugar yield in 2016, t/cwt

Ecological region, r

Hybrid Polissia | Forest-Steppe | Steppe Total Average Ei R B
Kiborh 5.80 8.45 9.27 23.5 7.84 -0.42 0.92 6.58
Heroi 6.00 9.00 9.70 247 8.23 -0.03 1.00 7.73
Kozak 6.40 9.10 9.60 25.1 8.37 0.11 0.87 5.93
Aidar 6.00 9.20 10.30 25.5 8.50 0.24 1.13 9.98
Dzhura 5.0 9.50 9.70 25.1 8.37 0.11 1.08 9.15

30.1 45.3 48.6 123.9 14.3
X; 6.02 9.05 9.71 8.26 Gfact. = 0.46
#, -2.24 0.79 1.45 Gys by degrees of freedom 2 and 4 0.64
S N= 5 r= 3 tos = 203 | \ Ginee: < Gos

According to the calculation Gy, < Gys (0,46 <0,64), so sample dispersions differ significantly.
Rank estimation of practical value of MS hybrids is made in such consequence:

— generalized random error §° = Zﬂf /N =14,3/5=2,86,

— vE for the estimation of difference E; by relation to £;= 0:
S* N-1

—X
7

vR for the estimation of difference R; by relation to R=1:

Ve =los =1,95

J
Ve =losa| ST/ Nx Y E*.j =4,69
1

A corresponding rank among the three ones is determined by parameters:

First
Y<E; ‘ I-y>R;
. . Second
Equations to determine ranks
for E; and R; —ySE<y I1-y<R Zl+y
Third
_ 7/> E[ + y< Ri

Rank estimation of practical value of MS hybrids of sugar beets as to sugar yield is given in Table 3.

Table 3 — Rank estimation of practical value of MS hybrids of sugar beets as to sugar yield

. Genotype effect Plasticity degree Total number

MS hybrid E; rank R; rank of ranks
Kiborh -0,4 3 0,9 1 4
Heroi 0,0 3 1,0 1 4
Kozak 0,1 1 0,9 1 2
Aidar 0,2 1 1,1 3 4
Dzhura 0,1 1 1,1 3 4
Average 0 1,0
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The lower the rank of the tested hybrid compared with a local one, the higher its economic value is.

Genotype effect in the studied MS hybrids by sugar yield manifested in this way: Kozak, Aidar
and Dzhura belonged to the first rank; others — Kiborh and Heroi — to the third one. These MS hybrids
had such ranks by their plasticity degree: Kiborh, Heroi and Kozak belonged to rank I, and Aidar and
Dzhura — to rank I11.

MS hybrid Kozak appeared to be the best according to the sum of ranks (rank sum 2); other hy-
brids had the same rank sum — 4.

Conclusions. According to the research results of the expertise of new MS sugar beet hybrids as to
ecological plasticity and stability, it has been established:

Due to high plasticity, new MS hybrids are well adapted to limiting factors of life support and stressful
events in various soil-climatic zones; they have high root crop capacity, sugar content and yield.

The most valuable hybrids for cultivation are those whose stability coefficient exceeds 70%. The
research results prove that all the studied MS hybrids correspond to this level both by the level of root
crop capacity and sugar content and yield per area unit.

As to the sum of ranks, MS hybrid Kozak is the best (rank sum 2); other hybrids have the same
sum of ranks — 4.
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Bausinne 3KoJ0rMYecKuX YCJOBHIf BBIPAIMBAHNSA HAa CTAOMABHOCTH M MJIACTHYHOCTH MPOTYKTHBHOCTH MYJKC-
KMX CTePHIIbHBIX THOPHUAOB CaXapHO# CBEKJIbI

M.B. Ponk, M.A. KopneeBa, J.P. IpmanTpayT, JI.M. Kapnyk, C.Il. Baxunii, E.B. Kpukynosa, A.A. [laBanyen-
ko, B.B. [Tonnmyk, B.I1. MbIkoJiaiiko

W3yueHo aganTuBHBIA HoTeHIHANI HOBBIX UM rulpuioB caxapHON CBEKIIbI, CO3JJAHHBIX [PU YYacTUX TeTParuIOUIHBIN
omnpUMTeNel OEOIepPKOBCKOM CeleKINH B 3aBHCHMOCTH OT IIOYBEHHO-KIMMATHUECKUX YCIOBHI 30H BbIpamuBanus. 1lo
pervoHaM BhleIeHbl HanOolliee INIACTHYHbI U CTa0MIIbHBIE TIePCIIeKTUBHBIE THOPHU/BI B IIMPOKOM JHAMNA30He SKOJIOTHIECKIX
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yeosuii BeipanuBanus. Hoeie UM rubpujipl Giiarojiapst BRICOKOH IIACTHIHOCTH CHOCOOHBI YCIEIIHO aJalTHPOBAThCS K
JMMUATUPYIONAM (akTopaM KM3HEoOeCleueHns ¥ CTPECCOBBIX SBIEHUN B Pa3iIUYHBIX MOYBEHHO-KIMMATHYECKAX 30HAX,
HUMEIOT BBICOKYIO YPOJKAHHOCTh KOPHEILION0B, CaXapucToCTh U cOop caxapa. HauGosee MeHHBIMHU JUIsE IIPOU3BOJICTBA SIBIIS-
I0TCsl THOPUABL, B KOTOPBIX Koaddunuent crabmibHocTa npessiniaer 70 %. Ilo pesynbraraM mccneoBaHmii TaKOMY YPOBHIO
COOTBETCTBYIOT Bee uccienyembie UM rubpuipl — 10 ypoBHIO yPOXKAHHOCTH KOPHEIJIOAOB, CAXaPUCTOCTH U cOOPY C SAHHHM-
11bI MJIOLAJIM.

KiTioueBble ¢lIoBa: 11J1aCTHYHOCTD, CTAOUIIBHOCTD, KOY(DMHUUMEHT PErpeccuu, NMPOU3BOAUTEILHOCTb THOPHIOB.

Effect of ecological growing conditions on productivity stability and plasticity of male sterile hybrids of sugar
beets

M. Royik, M. Kornieieva, E. Ermantraut, L. Karpuk, S. Vakhniy, O. Krikunova, A. Pavlichenko, V. Polishchuk,
V. Mykolaiko

Adaptive potential of new MS (male sterile) hybrids of sugar beets, developed with tetraploid pollinators of Bila Tserkva
selection depending on soil-climatic conditions of the growing area, was studied. The most plastic and stable promising hy-
brids in a wide range of ecological growing conditions were singled out by regions. Due to high plasticity, new MS hybrids
are well adapted to limiting factors of life support and stressful events in various soil-climatic zones; they have high root crop
capacity, sugar content and yield.

The most valuable hybrids for cultivation are those whose stability coefficient exceeds 70 %. The research results prove
that all the studied MS hybrids correspond to this level both by the level of root crop capacity and sugar content and yield per
area unit.

Key words: plasticity, stability, regression coefficient, hybrid productivity.
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IMPROVEMENT OF THE ELEMENTS OF TECHNOLOGY
OF MICROPROPAGATION CORNUS MAS L.

Icuye psin poGiieM 3 po3MHOXKEHHSM i MOMIMPEHHIM KU3MIY — HaJA3BUYANHHO IIHHOT IJI00BOI KyIbTypH B YKpaiHi. Ile-
PCIIEKTUBHUH CIIOCIO PO3MHOKEHHsI KM3WIIY — 3aCTOCYBAHHS MIKPOKIOHAJIBHOTO PO3MHOXeHHS in vitro. IIlmsxoM psiy exc-
[IepUMEHTIB HAMHU BCTAHOBJICHO TEXHOJOTIHMHI IPUHAOMHU, sIKi JO3BOJIIOTH YIOCKOHAIUTH MPOIEC MIKPOKIOHAILHOTO PO3M-
HoxeHust Cornus mas L. (coptu Hixkuuii Ta EK30THYHMIT) Ha eTalli BBeJGHHS B aCeITHYHY KyJIbTYpy: 1) BiiOip eKCIJIaHTiB y
(a3sy 3enennii Konyc; 2) aexonraminauis npenaparom bianigac 300 (7 r/n aBroksIaBoBaHOro aucTuiaTy); 3) Bigbip excruia-
HTIB 3 OPYHBOK MeianbHOI YaCTHHU narona; 4) BUPOLLYBaHHs JOHOPHHUX POCIMH B YMOBAaX AENO3WTapito; 5) cymicHe 3acTo-
CYBaHHS SIK @aHTHOKCHIAHTIB ackopbinoBol kucaoru (15 mr/n) ta nonisinianiponigony (0,5 r/a) cnocoboM poaaBauHs ix y
XUBMJIbHE CEPEIOBHILE.

KorouoBi ciioBa: in vitro, aHTHOKCH/IaHT, IEKOHTAMIHAHT, €KCIUIAHT, KU3WI, POCIUHA-OHOP.

Introduction. Cornel (dogwood), also referred to as cornelian cherry (Cornus mas L.), a European
species, is the only edible of many other species of cornel [1, 2]. The plants of this genus are common
in the Eastern and Southern Europe, the Caucasus, Asia Minor, China and Japan. In Ukraine, cornel
occupies nets to the most important place among the rare crops due to its unique consumer, medical,
technical and other values, as well as to its undemanding to growing conditions. Cornel plants have
high decorative qualities due to their early and abundant flowering, dense intensively green leaves,
bright and beautiful fruits. They can withstand the cutting well and are resistant to dust and gases.
They are used as a hedge in sunny and semi-shadowed areas. The wood is solid, very good, highly
valued as a material for joinery and lumber. Cornel has wide ecological amplitude, it can grow in a
variety of conditions, spread in the mountains to an altitude of 1000-1500 meters above sea level,
grow on any soil.

Cornel is grown in Ukraine on private plot mainly s. The largest in Ukraine and the world
industrial cornel orchard of 10.5 thousand trees grown on 14 hectares is located on basis of
"Tokmatske 2010" farm. An important fact is that the seedlings were purchased in the Crimea, which
makes problems with the purchase of planting material nowadays.
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