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1. INTRODUCTION

The high productivity and successes in selection are basbé ase of a rich genetic diversity of sources with wiffe
valuable qualities. They serve as donors in crossbreedthgeaombination of hereditary factors. Most oftémjted starting
material and its genetic uniformity slow down the selecgitocess and lead to unsatisfactory results. Commandwhite
lupine are versatile legumes, rich in protein and wiithe possibilities for use in the complete nutritiorfaysim animals. In
our country, these crops are little known compared thtivaal peas and fenugreek, but their fresh mass and gmibec
successfully used in feeding ruminant and monogastric ahiamal can be considered as a possible substitute toeasoy
meal. Their contribution to biological nitrogen in thgamic farming system is undeniable and will increase.

Of importance is the fact that crops such as white lupiapifus albus L.) and common ax (Lathyrus sativus L.) can
be grown on acidic soils that have low fertility or hrghly eroded (especially in the foothills and mountairregsons)..
Regardless of the advantages of growing these cropsutparBn variety list lacks registered Bulgarian varietiesi pine
andgrass pea.

2. PURPOSE AND OBJECTIVES OF THE RESEARCH

In order to realize the set goal, the experimental workaivasd at performing the following tasks:

1. Morphological, ecological and biochemical assessifertllection specimens of white lupin agichss pea.

2. Determination of phenotypic correlations between maitstemd establishment of genetic distance in the white

lupine andyr ass pea varieties.

3. Evaluation of the elements of productivity of the mdd/arieties in terms of stability and adaptability.

4. Analysis of the ways of inheritance of economicadljuable quantitative traits in F1 and F2 - hybrid generatio

Broadcasting prospective numbers suitable for use indhditions of Central Northern Bulgaria.

3.MATERIAL AND RESEARCH METHODS

3.1. Selection material used in research

The scientific research activity, field trials (eattion, hybridization, comparative and competition) exjplerimental
work were carried out at the Il experimental field of thetitnte of Forage Crops - Pleven.

Callection kenndl. In the study of samples from the working collection, giktivars of grass pea (BGE027129,
BGE025277 and BGE015741 originating from Spain; LAT4362, LA5108 and L3d bfiginating from Portugal and seven
cultivars of white lupine P1457923 (Greece); P1368911 (Czech Repuldi® imcluded ); PI533704 (Spain); Pl457938
(Morocco); KALI (Poland); Zuter (France) and Lucky801 (France) proviefibreign gene banks. The influence of abiotic
environmental factors was studied under a natural bagkdrof crop cultivation. The Polish attempts were maderding
to the technology for growing the relevant plant specidéth a soil subtype of leached chernozem, medium in huthas
mechanical composition of which is sandy clay (Naiden@l.et978).

Biometric analysis was performed in two phenological phad plant development. Biometric measurements were
taken on 10 plants of each variety. A biometric charact@izaf main quantitative signs was made in the relevant
phenological phases as follows: in the beginning of ftavgephase: - height of the plant (cm) - fresh weighthef plant
(aboveground biomass) (g); - number of leaves per plantsh fseight of leaves per plant (g); - fresh weight of stems pe
plant (g); -weight of dry stems (g); - weight of dry root mass (g); - lengtioofs per plant (cm); - fresh weight of roots per
plant (g); - dry weight of roots per plant (g); - numbetutifers per plant (g); - weight of tubers per plant (g);- tubeghtei
(mg); - specific tuber-forming ability; - saturation of the rogstem of one plant with tubers; aboveground biomass yield (kg
da-1); in the technical maturity phase:- plant height (cmyimber of beans per plant; - number of seeds per plant; - numbe
of seeds in one bean; - weight of seeds per plant (gglegrain weight (g); - seed weight in one bean (g); - seed ({eld
da-1). In the case of common ax varieties in the techmiaturity phase, the sign - number of branches wasndigted, in
the case of white lupine varieties in the beginning of éidmg phase, the dry weight of the leaves per plant (gjritheators
were also recorded: sowing-beginning of flowering (days), sgpwéchnical maturity (days), degree of early maturity and
duration of the vegetation period (days).

Hybridization nursery. Hybridization was carried out between suitable genotyppesseeds of which were sown
according to seed quantities in rows with 50 cm inter-rogv Ehcm intra-row spacing. To achieve this goal, the vasietie
LA5108, BGE027129 and BGE025277 were used fogtlass pea, and for the white lupine P1533704, Zuter and Lucky801,
characterized by alternately manifested characters. Tleayeartered and pollinated on average 25-30 each. All plants fro
the parental components and hybrids were grown accorditigetscheme P1,F1,F2,P2. Sowing in compact sowing was
carried out manually at a row spacing of 0.50 m and 0.05 mnattiieirow, and in sparse sowing at a row spacing of 0.50 m
and 0.10 m within the row at a seeding depth of 3 cm.

Compar ative Palish experience. The Polish experience is based on four replications witirnzest plot size of 5 m2.
The productive possibilities of the following hybridém ofgr ass pea were studied: - LHL (BGE027129 x LA5108); LHL-
(BGE025277 x LA5108) and LHL-3 (LA5108 x BGE027129).

Consortium variety experience. The experiment was carried out in four repetitions witlaraest plot size of 10 m2.
The productive potential of the hybrid lines of wHitpine - L5 (Lucky801 x P1533704), LN1-1 (Lucky801 x P1533704) was
studied. Parent cultivars of white lupine were used asatenirhe field trials were conducted using the long plethod.

3.2. Applied selection-genetic methods in resear ch.

3.2.1. Statistical processing of the obtained results

The data from the biometric assessment were averagddhe numerical and metric ones were used talagdcthe
variance (c2), the mean square deviation (o) and the coefficient of variation (CV) according to Dimova and Marinkov (1999).
Hierarchical cluster analysis was applied, using Ward (1963)deaclidistance as a measure of genetic distance. Gorrelat
analysis of the data from the yield structural elemeves used in conducting an effective team for severaktréite
coefficient of variation (CV%) was used to compare the bditiaof different traits. Dimova and Marinov (1999) dispersio



analysis was used to establish reliable differencesdeetihe individual variants and dependencies between yielesvahd
the studied elemesit

3.2.2. Selection and genetic evaluation of plant material

The manifestations of heterosis and inbreeding depresgre evaluated according to Omarov's methodology (1975).
Dominance rates were calculated using the Romero andF&g) formula. The method of Sobolev (1976) was used to
determine:-Tn - manifestations of transgression;;MNmber of genes by which the parental forms differ; D -ifestations
of dominance; E - epistatic gene effectd2- coefficient of heritability, Pp- coefficient of efficiey of the mass selection.
Phenotypic coefficient of variation (PCV) and genotypieficient of variation (GCV) were determined according ittg8
and Chaudhury (1985). Genetic advance (GA) was calculatettamgroo Singh and Chaudhury (1985). Genetic gain (GG)
according to (Johnson et al., 1955). The cytoplasmic effectcf®y@ding to Reinhold (2002), the coefficient of early mayurit
according to Kuzmova (2002).

3.2.3. Parameter sfor determining ecological stability adaptability
The obtained data were processed by two-factor analf/sigriance for each trait to determine the effegafotype (G),
environment (E) and genotype-environment interaction (G X!i.evaluation of the ecological stability of the istigated
varieties was made by applying the following methods: &gon analysis - according to Eberhart and Russell, (1966),
through the regression coefficient (bi) and the variandaeftleviations from the regression (Si2); - Finlagt &vilkinson
(1963) by "bi"; Tai (1979) by “ai” and “Ai”; Theil (1950) by the "T' parameter; Analysis of variance: — average Non-covalence
by the parameters "W2" of Wricke (1965) and "Wi", of Anniccluiar{1992); Non-parametric analysis using: the 'Pi'
parameter and rank (R) model of Lin and Binns (1988); rank (Rording to Huehn (1990); adaptability rank according to
Nascimento et al. (2009); coefficient of variation (CV, %Qarding to Francis and Kannenberg, (1978); adaptive capacity
(OAS and SAC); genotype stability (Sgi); criterion (GxE)gi; t&dection value of the genotype (SCG) according to
Kilchevski and Hotyleva (1985a; 1985b); stress resistancea¢thrding to Rossielle (1981) and homeostaticity (Hom)
according to Khangildin (1984). A GGE biplot model was madeovioilg (Yan, 2002). A principal components factor
analysis was also performed on the collection of comaxcand white lupine cultivars based on the traits andatatis used
in the study.

3.2.4. Modular organization of the quantitative sgn.

The modular organization of the quantitative sign is preseatcording to the model of Dragavtcev (1995). The
module reflects all stages of realization of genetienfdas depending on the level of environmental factors during
ontogenesis. The method of orthogonal regression waie@pp identify the phenotype by genotype described by iéram
(Dragavtcev, 1995; Dragavtsev, 2002), showing the possibiligvaluating the hybrids common ax and white lupine by
genetic-physiological systems at different environmeimtets.

3.2.5. Methods for biochemical evaluation of common ax and white lupine cultivars
A biochemical assessment of the varieties and praspditiride forms was carried out according to the followimgjcators
crude protein (CP), crude fiber (CW) content according toddjdl raw ash (SPep) - according to the Weende method;
phosphorus (P) and calcium (Ca), % of dry matter (CB) - cexophetrically (Sandev, 1979). A De Marton dryness index
was calculated (according to Kuzmova, 2003). Data fronstildied indicators were processed statistically usirgdgdoft
Office 2002 Excel, Statgraphics Plus 2.1 and the GENES 2009iddb\é XP statistical package (Cruz, 2009).

4. RESULTS AND DISCUSSION

4.1. Studieson grass pea (Lathyrus sativusL.)

4.1.1. Genetic distance of common ax cultivar s accor ding to mor phological characters

The data in Table 7 show the presence of reliabferdiices in relation to the factors year and genotyperins of
the number of leaves per plant, fresh and dry weiglthefoots and weight of the dry root mass of thatpdd technical
maturity. Genotypic differences were insignificant ftan fresh weight, leaf and stem fresh weight, root lengtiey talbmber
and weight, specific tuber forming ability, plant heighimber of branches, number and weight of seeds per plant.

4. RESULTS AND DISCUSSION

4.1. Studieson grass pea (Lathyrus sativusL.)
4.1.1. Genetic distance of grass pea cultivars accor ding to mor phological characters

The data in Table 7 show the presence of reliablerdiices in relation to the factors year and genatyperms of the
number of leaves per plant, fresh and dry weight of tbis @nd weight of the dry root mass of the plantchiriieal maturity.
Genotypic differences were insignificant for plant fregkight, leaf and stem fresh weight, root length, tuber rurabd
weight, specific tuber forming ability, plant height, numbebm@nches, number and weight of seeds per plant.

The genotype factor had the strongest influence on thianea values of the indicators: number of tubers pamtpl
weight of dry stems and number of beans per plant. Rellatilose effects of environment and genotype as fauters
observed for parameters such as root length and tuber wighdifferences that are observed in terms of weatla&e rit
possible for the individual signs to appear within wide Eydin the one hand, and for the formation of certaimds between
the individual genotypes, on the other.

The data presented in Table 8 support this thesis. Indicatoobserved where, regardless of the effect of environmental
conditions, clear trends can be formed between indivigieradtypes. However, it should be emphasized that fandinedual
indicators, due to their different genetic basis, theiehaf the studied genotypes is not identical. Accordante obtained
experimental data, the tested samples are characterinesidnjificant differences among themselves regardingéhisire.
The variation in plant height ranged from 44.13 cm for BGE0157411%038 52.53 cm, followed by variety LAT4362
50.73 cm and the differences in values were not statiistisignificant.

The study of the main elements of productivity is an imporséage in establishing the best variety for the specific
growing conditions. From the analysis of the results, clear that the cultivars BGE027129 and LA5108 have tjteebt
values for the number of branches, beans and seedsapgrrpbpectively 6.00; 15.80; 26.20 and 5.53; 15.53; 28.27.



Table 7. Analysis of the variance of the studied characters igihgs pea samples

MS
Source DF
froch weight | nomber | weight | Sem fesh weight) rootlength | "E R
Year 248.9858* 2005.429** | 125.8043** 43.6038* 3.7164ns 0.2807**
Variety 56.571ns 233.4036* 18.8272ns 12.0657ns 3.772ns 0.1297**
Error 10 20.2107 42.0142 7.9529 7.1766 1.485 0.0187
root dry weight nodule nodule weight specific _n_odulating plant height, TS;EET?
number ability cm
cThOIa
Year 0.0269** 257.854 ns 0.1212 ns 0.0186 ns 81.9562 ns 9.1743 ns
Variety 0.0057** 433.266ns 0.0782ns 0.0469ns 41.5926ns 17.5824*
Error 10 0.0005 145.401 0.0629 0.0662 45.065 3.2305
nbumber of pods number Number of seeds weight per dry root weight
ranches seeds per plan plant
Year 2.4568* 11.2307ns 114.3373ns 13.9387** 0.3516**
Variety 1.2206ns 29.8929* 65.9842ns 4.5483ns 0.0149**
Error 10 0.3724 8.3551 56.7175 1.4289 0.0026
*[** significant at p < 0.05/0.01ns— notsignificant
Table 8. Characteristic of the investigated varieties grass pea
Trait/Variety BGE027129 | BGE025277 | LAT4362 | LA5108 | LAT5038 |BGEQ015741 | LSDy.s | LSDg.01
aboveground fresh
weight 18.07 17.62 19.49 9.28 13.47 21.01 8.17 | 11.63
> leaves number 47.30 47.40 49.93 33.30 40.87 59.53 11.79 | 16.77
'S | leaf fresh weight 8.49 7.79 9.45 4.14 6.51 11.45 5.13 7.29
E 4 stem fresh weight 9.58 9.83 10.04 5.14 6.96 9.56 4.87 6.93
% root length 13.41 11.73 11.59 9.95 11.55 11.09 2.21 3.15
@ | root fresh weight 0.89 1.04 0.82 0.47 0.66 0.95 0.24 | 035
£ | root dry weight 0.22 0.19 0.19 0.10 0.13 0.19 0.03 | 0.05
§: nodule number 41.13 28.28 34.32 10.41 12.67 25.27 2193 | 31.2
nodule weight 0.35 0.23 0.27 0.17 0.15 0.59 0.45 0.64
specific nodulating
ability 0.40 0.22 0.32 0.36 0.23 0.62 0.46 0.66
- Plant height, cm 49.21 50.67 50.73 45.60 52.53 44,13 19.23 | 27.36
S dry stems weight 18.07 17.62 19.49 9.28 13.47 21.01 8.17 | 11.63
@ | humber of branches 6.00 4.92 4.60 5.53 3.73 4.87 2.52 3.58
c_i pods number 15.80 10.00 12.27 15.53 9.53 14.93 5.85 8.33
LE> Number of seeds per
< | plant 26.20 16.00 22.80 28.27 23.27 28.53 15.27 | 21.72
£ | seeds weight per pla 4.65 4.26 3.17 2.98 2.80 5.52 2.53 | 3.60
dry root weight 0.67 0.75 0.72 0.88 0.73 0.92 0.25 0.36

Of the studied set of specimens, grass pea LA5108, althbogimaged to form a large number of seeds per plant, they
were relatively small and therefore their weight penpifd not exceed 3.00 g. The plants from BGE015741 are distivegli
by the highest seed mass (5.52 g). A good match betweerenambweight of seeds per plant was also found in BGE027129
and BGE025277. A difference was also found in the indicastased to the root system of the plants. Regardingetiggh
and weight of roots at technical maturity, LA5108 and BGE0157d bfinterest, with values of these parameters above
average. In the flowering phase, according to the samaeacteristics, the varieties BGE025277 (11.73 cm; 1.04 g) and
BGE027129 (13.41 cm; 0.89 g) prevail.

By weight of the above-ground mass BGE015741, LAT4362 and BGEO027 Hi2fcaitly exceed the other varieties,
especially LA5108 (9.28 g). These cultivars are also definelésisable in terms of number (25 - 41) and weight of tubers
(0.27 g - 0.59 g) per plant and specific tuber forming abilitg0. 0.62), although none of them overall does not have
maximum values in all these indicators. Accordinthfirst two characteristics, LA5108 and LAT5038 varietiesqoeréd
poorly, and BGE025277 according to specific tuber-forminttgbi

The studied cultivars differ in their phenological developtmBifferences were found from the onset of the ppkaee
to the beginning of flowering. LA5108 is characterized by tiwtest average duration of the sowing - flowering period (57



days). For BGE027129 LAT4362 and BGE025277 this period is within 62-64 day$038 and BGE015741 cultivars
bloomed the latest (67-68 days). The observed differencle wcturrence of individual phenological periods in the studi
varieties are preserved until the end of the vegetg@iod. To the group of early varieties can be attributedl1i08 with

an early maturity factor of 1.00 and a duration of vegwiatf 91 days. The samples LAT4362 and BGE027129 are
characterized as medium early with a coefficient of hdb @ vegetation period of 96-98 days. LAT5038 and BGE015741
varieties with a vegetation period of more than 100 des/$ate ripeners.

The values of genotypic variance (Table 10) for almogtreltacters (except number of leaves and fresh weighots)
were lower than the corresponding phenotypic variances asidifferences for dry weight of stems, number of brasc
number of pods per plant and weight of seeds per plant allersomenpared to the differences in other indicators.

The values of genotypic variance (Table 10) for almostratacters (except number of leaves and fresh weighots)
were lower than the corresponding phenotypic variancesasiclifferences for dry weight of stems, number of bragc
number of pods per plant and weight of seeds per plant allersnmenpared to the differences in other indicators.

Table 10. Genetic components of variation of quantitative triaitgrass pea specimens

Trait/Variety Min. Max. %}//0()3 CVP (%)| GA GG Vg Ve | H2 (%)
aboveground fresh weighi  5.24 28.94 21.12 27.43 | 5,55 | 56.16 | 12.12| 20.21 | 64.27
leaves number 17.40 75.40 17.22 14.00 | 20.28| 28.78 | 63.80| 42.01 | 82.00
leaf fresh weight 1.99 20.02 23.89 35.13 | 2.65| 72.89 | 3.62| 7.95 | 57.76
stem fresh weight 3.25 16.40 14.99 31.23 | 1.25| 64.77 | 1.63 | 7.18 | 40.52
root length 9.00 14.94 7.56 1050 | 1.29 | 21.73| 0.76 | 1.49 | 60.63
root fresh weight 0.26 1.21 23.87 16.93 | 0.56 | 34.78 | 0.04 | 0.02 | 85.56
root dry weight 0.04 0.28 24.88 12.76 | 0.17 | 27.10 - - 91.95
nodule number 1.00 62.00 38.65 47.72 |16.39| 97.99 | 95.96| 145.4 | 66.44
nodule weight 0.10 1.31 24.31 86.82 | 0.04 | 178.15| 0.01 | 0.06 | 19.52
specific nodulating ability 0.17 1.17 - - 0.08 | 218.7 | -0.01| 0.07 | -41.14
Plant height, cm 31.20 58.00 - - 0.70 | 58.61 | -1.16| 45.07 | -8.35
dry stems weight 2.86 12.75 40.88 33.51 [13.47|169.99| 4.78 | 3.23 | 81.63
number of branches 2.40 6.00 12.26 14.09 | 2.81 | 85.21 | 0.28 | 0.37 | 69.49
pods number 6.40 21.40 18.75 20.16 |17.54|142.81| 7.18 | 8.36 | 72.05
Number of seeds per plan 5.80 36.80 6.66 28.96 | 3.31|229.93| 3.09 | 56.72 | 14.04
seeds weight per plant 0.60 8.81 29.79 35.05 | 7.88 | 316.67| 1.04 | 1.43 | 68.58
dry root weight 0.23 0.90 13.87 11.10 | 0.81 | 111.51] - - 82.40

Vg: - genetic variance; Ve: - phenotypic variance; Géenetic progress; GG - genetic gain; PCV (%) - ph@hoty
coefficient of variation GCV (%) - genotypic coefficient ofiaion; H2 (%): heritability in a broad sense;

Genotypic variance values ranged from 0.01 for tuber weigl¥st86 for tuber number. Genotypic varianceswa
relatively low for stem fresh weight, root length aresfr weight, tuber weight, number of branches and seethtysr plant,
with a numerical value close to unity.

The number of tubers (145.40) and the number of seeds per plart)(&& distinguished with the highest phenotypic
variance, and with minimal (0.02; 0.06; 0.07) root dry weighber weight and specific tuber-forming ability. Higher
phenotypic variance was also observed for plant height (43Noimper of leaves per plant (42.01) and plant fresh weight
(20.21). This indicates that these are traits highly infladrxy the rearing environment.

High PCV and GCV values for tuber number and weight, sktgnveight, seed weight per plant and leaf fresh weight
indicate that there is considerable variability insthéraits and that selection based on them can beiedfeGCV values
ranged from 6.66% and 7.56% for number of seeds per planbainiéngth to 38.65% and 40.88% for number of tubers per
plant and dry stem weight. The variation of PCV valsestionger, with the weakest for root length (10.50%) andadity
weight (11.10%). Strong variation was found for tuber weightramaber (47.72%; 86.82%), for fresh leaf weight (35.13%)
and for seed weight per plant 35.05%. According to the alaladiata, moderate values of PCV and GCV were reported for
number of leaves (17.22%; 14.00%), for number of branches (1212688%), number of pods per plant (18.75%; 20.16%)
and root dry weight mass (13.87%; 11.10%), and the roothdrajt had low values of PCV and GCV. In this study, PCV
was relatively greater than GCV for tuber number angteleaf and stem fresh weight, seed number and weightgrer pl
and plant fresh weight; however, for the traits numbégafes, fresh and dry weight of roots, weight of drjnstand weight
of dry root mass, GCV values exceeded those of PCV, indlicdie high proportion of genotypic effect in the phenatypi
manifestation of these traits. Heritability valueswaseful in predicting the expected genetic progress achiethd selection
process. Its values vary from 14.04% for the number ofssgedplant to 91.95% for the dry weight of the rootsodding
to the interpretation of this coefficient, the hdiility of tuber weight (19.52%) and number of seeds per damedium,
and for the other characters it is high. The traitshhaé high heritability such as root dry weight, rocttireveight (85.56%),
stem dry weight (81.63%), number of leaves per plant (82.00%),arushipods per plant (72.05%) and number branches
(69.49%) indicate the relatively small influence of enmimental factors on the phenotype and selection for suthdsm be
relatively easy due to the high additive effect. The gerelvance data for the traits number of leaves andsydze plant,



dry stem weight and number of pods per plant show that wheseleet the top 5.00% high-yielding genotypes as parents,
plants with improved expression of these traits can lexted in the progeny i.e. the mean genotypic value endw
population for these parameters will be increased. Timbic@tion of high values of the genetic advance with heghidbility
suggests the presence of an additive type of their inhegita

Table 11. Eigenvalues and vectors of the correlatiamixrfar 17 characters in grass pea varieties

Trait PC1 PC2 PC3
aboveground fresh weight 0.302 0.059 0.173
leaves number 0.295 -0.052 0.261
leaf fresh weight 0.296 -0.040 0.201
stem fresh weight 0.284 0.178 0.123
root length 0.197 0.281 -0.333
root fresh weight 0.274 0.166 0.248
root dry weight 0.299 0.168 -0.075
nodule number 0.263 0.180 -0.255
nodule weight 0.271 -0.244 0.083
specific nodulating ability 0.186 -0.382 -0.047
Plant height, cm 0.178 0.344 -0.051
dry stems weight 0.289 -0.181 -0.071
number of branches 0.242 -0.112 -0.449
pods number 0.127 -0.314 -0.437
Number of seeds per plant 0.065 -0.393 -0.190
seeds weight per plant 0.283 -0.090 0.214
dry root weight -0.016 -0.404 0.335
aboveground fresh weight

leaves number 56.61 26.73 10.41
leaf fresh weight 0.5661 0.8334 0.9374
stem fresh weight 9.623 4.5439 1.7689

PC1; PC2; PC3 = principle components 1, 2 and 3 respectively

Traits that have high heritability coefficient valuesndined with moderate genetic advance (GA) as a percentélge of
study population mean, i.e. plant fresh weight, leaf fresight, number of branches and seed weight per plant subgest t
the applied team in their improvement can be succesdiuéeTeigenvalues were extracted (Table 11). greater than unity,
which determines the choice of three components. They ax@8ar5% of the total variation. The first component explain
56.61%, the second 26.73%, the third 10.41% of the total variatienlowest values of the first principal component (@ab
12) have the varieties BGE025277 and BGE015741, which are distirduiy high values of fresh weight of stems, weight
of seeds per plant, fresh weight of leaves, number of taberfesh weight of roots . LA5108 and LAT5038 had the hitghes
values.

Figure 10 presents the distribution of genotypes accotditigeir values for the principal components PC1 and PC2.
According to the values of the second principle comporthet first position is occupied by BGE025277, followed by
LAT5038, which has positive values of all three main comptnéime formation of the second principal componergiated
to the traits root length, tuber number and plant heighg.signs fresh weight of stems and roots are involveukifidrmation
of all three principle components and cannot be stratthbuted to any one of them. The studied genotypediaided into
four groups.

The first group with positive values on PC1 and PC2 incladég variety LAT5038, which is distinguished by tall
plants, with a small number of leaves, with low fresh laissweight (leaves and stems). The second group is repcebgnt
LA5108 with high expression of the characters number of beahseeds per plant and weight of dry root mass, but also
with lower values of number and weight of tubers per plant.

The third group unites the cultivars BGE015741, LAT4362 and BGEO2étagd in the quadrant with negative PC1
and PC2 and having high values of plant fresh weight, numbereés, fresh weight of leaves and stems, length of, roots
number and weight of tubers and number of seeds pemna pi the quadrant bounded by negative PC1 and positive PC2,
variety BGE025277 is located alone.

Information about the correlative relationships betwéenstgns is also provided by the applied PC analysigjghro
the magnitude of the angle that the vectors of two sigalee. The vectors of the traits fresh weight of stérash weight of
roots, dry weight of roots and number of tubers formgshagles, indicating the presence of a positive relsliip between
them. The relationship between number of leaves asth fiveight of leaves is similar. Positive correlatiorsenalso found
between specific tuber-forming ability and number of peelsplant, number of branches, dry stem weight, dry steight
and root length. The presented cluster analysis was omatliee basis of the obtained data from the investigsitgs. From
figure 11 it can be seen that on the dendrogram the saamplgstwo main clusters.



Table 12. Values of varieties by principal components

o Principal components
Varieties

PC1 PC2 PC3
BGE027129 -0.18 -0.36 -0.18
BGE025277 -0.70 0.42 -0.70
LAT4362 -0.09 -0.17 -0.09
LA5108 0.58 -0.42 0.58
LAT5038 0.39 0.19 0.39
BGE015741 -0.49 -0.58 -0.49

PC1; PC2; PC3 = principle components 1, 2 and 3 respectively
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Figure 10. Projection of the grass pea varieties and signsemdbtor plane.
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Figure 12. Dendrogram (2014-2016) of grass pea specimens
(Lathyrus sativus L.)

The first cluster located in the lower part of the degdm is represented by two varieties LA5108 and LAT 5038. The
second cluster is covered by the remaining varieties fbimavo subclusters. A separate place is occupied by BGE01574.
Within this subcluster, the most closely related, wlith fewest distance units, are the cultivars LAT4362 aBE®712.

The variety BGE02527 can also be assigned to their group.iGeiyanost distant are BGE02712 and LAT4362 from the
second cluster compared to LAT 5038 from the first.

5.1.2.Trait evaluation of grass pea cultivarsfor ecological stability

The results of the variance analysis (Table 15) shatvithis relevant to study both the mean value of aldtudied
characters (plant height, plant fresh weight, number of geadplant, weight of seeds per plant and number of tubers per
plant).

As well as an assessment of their stability and thetgpa (variety) - environment (year) interaction effect. tdtigtically
significant differences were found between the culwarterms of fresh weight of the root mass. Thgdat proportion of
total variance was accounted for by the effect of triaty®n plant height, plant fresh weight, number of seeddquerand
seed weight per plant, followed by cultivar genotype for tuberb®u per plant.



Table 16 shows the response of a set of varieti@sding to the investigated characteristics. The vasdtiAT5038 and
LAT4362 are characterized by the highest values of thepiait height (figure 13), but also by the highest regression
coefficient (bi=2.71; bi=2.24), and in the second variety idasy well proven. BGE015741 exhibits very good stability
(bi=0.06); to growing conditions, but the plants of thisety are the smallest. BGE025277 is also stable and thkesecond
position according to the characteristic values.

The parameters based on the analysis of variance (PRnW@Vi) determined it as the most stable in termslanit
height. The cultivar BGE027129 was inferior with a regogssoefficient approaching unity (bi=0.80) and accordmthe
W2 parameter of Wricke (1965) quite responsive to improvememsvironmental conditions.

Cultivars exhibit different environmental stabilitydaresponsiveness in terms of stem fresh weight per plaobréing
to the values of the parameters bi, PP and W2, LAT5038&7d362, which is also a very good fresh biomass productivity,
can be attributed to the group of stable varieties.

Variety BGE027129 combines good productivity. The overall etialuaf all parameters defines it as the closestdo th
ideal genotype of the group of varieties in this respect. High regression coefficient (bi>1) shows that BGE0252d7 an
LA5108 are characterized by greater variability compared totiher varieties, but grown on a high agrophone (under
comfortable conditions) they can express their bioldgiapabilities very well.

Table 15. Analysis of variance for plant seed weight stabilityd ayrain yield elements of grass pea cultivdrathfyrus
cultivarsL.) (2014-2016)

MS

Source of Df | Plant height, | Stems fresh| Number of | Seeds weight| Root mass| Nodule
variation cm, weight, g | seeds per plar per plant Fresh number per

weight, g plant
Environments (E 1376.7693** | 966.4065** | 1463.5444** | 25077.4166** | 10.6097* | 19.9694**
Genotypes (G) 160.0427** | 131.0643** | 328.1511** 252.9347** 0.1438 173.1761**
G x E nteractions) 10 559.188** 145.8959** | 352.5311** 190.1807** 0.1006 87.8828**
E/G 12 | 695.4516** | 282.6477** 537.70** 4338.0533** 1.8521 76.5639**
E/ BGE027129 2 163.0427* | 174.7171** 427.40** 7330.5683** 1.0505 25.40*
E/ BGE025277 2 33.2667* 311.1312** 1122.20** 3171.6552** 1.6972 42.1167**
E/ LAT4362 2 | 1168.0667** | 144.3432** 509.40** 2719.5408** 1.2539 176.60**
E/ LA5108 2 917.60** 609.3791* | 254.0667** 4886.202** 2.905 1.40
E/ LAT5038 2 | 1841.8667** | 109.581** 323.2667** 2665.4516** 1.2977 21.6667**
E/ BGE015741 2 48.8667 346.7342** | 589.8667** 5254.9022** 2.9085 384.40
Total 17

*[** significant at p< 0.05/0.01
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Figure 13. Selection significance of grass pea varieties accorditiget coefficient of linear regression
(bi) and the value of the investigated characters

G1 - BGE027129; G2 - BGE025277; G3 - LAT4362; G4 - LA5108; G5 -LAT5@8B: BGE015741; A

- plant height, B - fresh biomass weight, C - number alsger plant, D - weight of seeds per plant, E -
number of tubers per plant;

Table 16. Estimation of adaptability and stability parameterstfie characters of the studied grass pea cultivars

Eberhart and Russe Tai Plaisted and Wricke | Annicchiarico
Variety (1966) (1979) Peterson (1979)| (1965) (1992)
bi | SP ai | A PP W2 W,
plant height, cm
BGE027129 0.08** 6.25** -0.80 | 18.68 146.88 1519.41 85.48
BGE025277 0.36** 0.93* 0.36 3.34 67.19 191.23 98.36
LAT4362 2.24** 5.20%* 2.24 | 15.93 99.89 736.22 91.13
LA5108 1.94** | 20.09** 1.94 | 60.72 86.32 510.15 82.26
LAT5038 2.71* | 62.89** | 2.71 | 188.72 155.08 1656.07 86.95
BGE015741 0.06** -0.07 -0.46 | -0.06 114.44 978.80 79.31
Stems fresh weight, g
BGE027129 0.89 18.59** | 0.89 | 56.37 20.25 97.82 108.65
BGE025277 1.37* 3.21** 1.37 | 10.21 18.06 61.32 85.86
LAT4362 0.84 12.11* | 0.84 | 36.92 18.57 69.81 76.32
LA5108 1.69** | 58.11* 1.70 | 174.83 41.26 447.85 63.25
LAT5038 0.76 6.42** 0.76 | 19.83 17.48 51.62 54.44
BGE015741 0.44** | 125.88** | 0.44 | 378.18 58.22 730.54 88.51

*[ ** significant at p< 0.05/0.01

The variety LAT5038 is also stable (bi=0.99), but it, tbgetwith LAT4362, is low productive and does not represent
selection interest on this basis. BGE025277 can be defstink anost variable and the least productive.

Table 16. Estimation of adaptability and stability parameters for characters of the studied grass pea
cultivars

Eberhart and Russell Tai Plaisted and Wricke Annicchiarico

. (1966) (1979) Peterson (196p) (1992)

Variety (1979)
bi | SP ai | A PP W2 Wi
Number of seeds per plant
BGE027129 111 | 4976= | 111 | 149.8|  50.42 256.11 93.99
BGE025277 1.82** 126.01** 1.82 | 378.5 92.52 957.91 32.68
LAT4362 1.40% 11.53* 1.40 | 35.16 43.32 137.85 82.00
LA5108 0.05** 60.80** -0.65 | 182.4 132.58 1625.60 90.85
LAT5038 0.99 33.19* 0.99 | 100.1 45.07 167.00 82.94
BGE015741 1.32%* 66.05** 1.32 | 198.7 57.90 380.83 97.87
Seeds weight per plant

BGE027129 1.28* 0.16 1.32 | 1.07 71.67 880.78 109.75
BGE025277 0.83** 0.22 0.87 1.24 27.29 141.24 99.75
LAT4362 0.44** 1.43* 0.81 4.90 38.18 322.66 67.04
LA5108 1.18** 0.32 1.08 1.57 22.27 57.58 42.29
LAT5038 0.65** 0.42 0.80 1.84 39.40 342.97 64.86
BGE015741 1.60** 7.32** 1.12 | 22.59 28.21 156.57 99.95

*[** significant at p< 0.05/0.01

The most successful combination between stabilityrasgonsiveness in plant seed productivity was showratigty
BGE025277 (bi=0.83; PP=27.29; W2=141.24; Wi=99.75). The level of thpteymin him increases with the improvement



of the growing conditions, with a deterioration of deaditions, it slightly decreases. On this basis, #8382 and LAT5038,
which are low productive, respond poorly to improving thé@renment.

For them, the regression coefficient is bi=0.44 dr0.65. BGE015741 and BGE027129 according to stability paraseter
were the most variable in different growing media. Sumheties require a high level of farming in order to prodilee
maximum number of grains per plant. According to 8teindicator, BGE027129 and BGE027129 are the most stable
cultivars in different growing environments in terms afber of tubers per plant, while cultivars LAT4362, LAT5@8@!
BGEO015741 can be characterized as ecologically unstable. Thetngamost of the favorable conditions of the emviment
for the formation of the sign. LA5108 is characterizedhgydmallest number of tubers per plant, which is also disshed
by a very low value of th8i? index.

The GGE biplot is presented in the form of a polygon (&dl4), the concentric circles visualize the distantedsn
the varieties and the "ideal genotype" that should teédcin their center.

The varieties farthest from the center are markedhervértices of the polygon. All varieties fall withimig range. The
lines dividing the polygon into sectors represengtao$ hypothetical environments. The variety forming dorner of the
polygon for each sector has the highest value forttitiesl trait in the environment that falls within thatteec

Table 16. Estimation of adaptability and stability parameters for tiaacters of the studied grass pea cultivars

Plaisted Wricke Annicchiarico
Eberhart and Russell Tai and (1965) (1992)

Variety (1966) (1979) Peterson

(1979)

bi [ SP ai | PP W2 W,
Nodule number per

BGE027129 0.79 9.13** 0.77 28.00 11.41 46.99 67.95
BGE025277 2.80 6.20** 2.90 18.52 11.80 53.60 37.25
LAT4362 5.87 24.50% 6.13 69.12 25.49 281.66 132.59
LA5108 0.050 -0.09 -0.66 -0.18 9.62 17.16 31.49
LAT5038 1.36 6.01** 1.38 18.63 10.50 31.93 41.48
BGE015741 -4.24 52.75** -4.52 153.10 -4.24% 35.44 80.94

*[ ** significant at p< 0.05/0.01
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Figure 14. The GGE biplot for seed weight per plant (A) and numbéuters per plant (B) (2014-2016)
GENO 1 - BGE027129; GENO 2 - BGE025277; GENO 3 - LAT4362; GENOLA5108; GENO 5 -
LAT5038; GENO 6 - BGE015741; ENV - 1; 2 and 3 are 2014 respegtiz@l5 and 2016;
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The results of the GGE biplot analysis for seed weigbtveld that the first two principal components (PC1 and PC2)
determined 99.70% of the total variation of the trait @salt of genotype-environment interaction. In the conduetsshrch,
the vertices of the polygon are occupied by the vari&@s027129, BGE025277, LA5108, LAT5038 and BGE015741. The
variety BGE027129 best showed its biological potential in 2BGBE015741 in 2015 and 2016. The location of 2016 near
the center of the concentric circles defines it asrhbst suitable environment for development. It was fohad the closest
to the "ideal" genotype in this respect were the vaseBGE025277, LAT4362 and LAT5038, followed by LA5108,
BGE027129 and BGE015741.

In terms of number of tubers per plant, the first pasitsataken by BGE027129, characterized by the best combirtdition
stability and trait level. The most favorable yearstdevelopment were 2015 and 2016. According to averagedtivity,
the remaining varieties can be ranked in descending ordee ifolfbowing sequence BGE015741>LAT4362>AT5038>
BGE025277 >LA5108. BGE015741 and LAT4362 are characterized by the stroagabtlity of the trait, variety LA5108
is characterized by the best stability, but also thesbwroductivity.

The average value of the trait and its coefficient afiation for each variety divide the coordinate systeto four
quadrants (Figure 15). Varieties with high ecological stalsihd high productivity fall into the third quadrant. Hoe trait



plant seed weight, itis BGE015741, followed by BGE025277, whiesssproductive and is located very close to thesdzsc
of the coordinate system. These varieties are most iengddr selection.
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Figure 15. Stability of grain productivity and fresh mass indica@esording to Francis and
Kannenberg, (1978) and distribution of varieties accordirtbeovalue of the coefficient of
variation (VC, %)

Gen 1 - BGE027129; Gen 2- BGE025277; Gen 3 - LAT4362; Gen 4 - LARA&8,5 -
LAT5038; Gen 6- BGE015741;

The varieties that would occupy a place in the second quaai@mlso of interest, they are highly productive, bs al
highly variable. In such a situation is the varietyEI27129, which shows responsiveness only in favorable emveotal
conditions. The placement of variety LAT4362 in the fourth quadestifies to its stability in this trait, but alswre limited
biological possibilities in terms of seed weight per plamthe first quadrant fall the highly variable and low pradotigc
varieties LA5108 and LAT5038.

BGEO027129 located in quadrant three of the coordinate sysaenssout with high above-ground biomass values and the
lowest variability.

In the second quadrant are the highly productive of freshdse BGE025277, LAT4362 and BGE015741. The high value
of their coefficient of variation defines them as ecatally unstable. In the first and fourth quadrants aspeetively the
varieties LAT5038 and LA5108, distinguished by a lower marzifast of the trait.

5.1.4. Application of the ecological-genetic model in the selection of grass pea

5.1.4.1. Modular organization of the quantitative sign in the grass pea

Table 22 presents the influence of the environmentvenmodules determining the productivity of above-ground and
root biomass of six cultivars of common ax. The fdiomaof the module number of seeds per plant is the restiie mutual
influence of number of beans per plant and numbereafssper bean. Environmental limits directly affect theesgion of
both component traits. The variety BGE027129 is an ecologinalle stable expression of which it occupies the €irst
second position in the rank analysis. Such compensaacyions were also found in the other varieties andgliie reason
why the variety BGE015741 overall moved to the better secositigmoin the resulting trait number of seeds per plant
together with BGE027129.

Table 22. Influence of environmental conditions on the modulesl ggoductivity per plant and number of seeds per plant
in common ax varieties (by reported value)

Variety Year

2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016

Module I. Seed productivity per plant
Component trait 1 Component trait 12 Resultant trait

Seeds per plant Weight of one seed (g) Seed weight per plant (g)
BGE027129 22.00 19.80 37.00 | 0.316 | 0.253 | 0.135 6.947 5.010 5.01
BGE025277 9.00 5.80 33.00 | 0.528 | 0.991 | 0.174 4,753 5.747 5.75
LAT4362 15.00 19.20 34.00 | 0.291 | 0.150 | 0.085 4.358 2.888 2.89
LA5108 29.00 35.00 21.00 | 0.191 | 0.079 | 0.131 5.541 2.752 2.75
LAT5038 14.00 22.40 28.00 | 0.307 | 0.121 | 0.097 4.300 2.720 2.72
BGE015741 16.00 34.40 35.00 | 0.384 | 0.256 | 0.252 6.142 8.809 8.81

The weight of the tubers per plant and saturation ofdbiesystem with tubers are included as structural elenoénhe root
system mass module of a plant. In the studied group daftiesi BGE025277 and LAT5038 recorded the highest average
value for the last trait (4.54-4.22) and the stable stgasition in rank. In the final ranking according to the rewylirait
weight of the root system, BGE025277 took first place,BBE027129, LAT4362 and BGE015741 took second place.

The root system weight of LA5108 plants was the lowestefMVranking the common ax varieties from the working
collection by grain productivity for the studied period (Table BE015741 and BGE027129 stand out with stable positions
(ranks 2-1-1 and 1-3-3, respectively). Variety BGE025277 occupthird position with ranks 4-2-2. These varieties are
highly productive, and no statistically significant diflaces were found between those with the second and thiedTifze
lowest average yields were found in varieties LAT4362 (67.6 kg @ad )L AT5038 (64.9 kg.da-1), which were ranked 4
and 6, respectively.



Table 22. Influence of environmental conditions on the modulesl ggoductivity per plant and number of seeds per
plant in common ax varieties (by reported value)

Variety Year

2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016

Modulell: Number of seeds per plant
Component trait 1 Component trait 12 Resultant trait

pods number per plant Number of seeds peiog Number of seeds per plant
BGE027129 11.00 17.60 19.00 1.90 1.13 1.95 22.00 19.80 37.00
BGE025277 7.00 6.40 17.00 1.29 0.91 2.01 9.00 5.80 33.00
LAT4362 7.00 12.60 17.00 2.11 1.52 2.00 15.00 19.20 34.00
LA5108 13.00 16.20 17.00 2.28 2.16 1.23 29.00 | 35.00 21.00
LAT5038 8.00 10.60 10.00 1.63 2.11 3.00 14.00 22.40 28.00
BGE015741 9.00 21.40 14.00 1.69 1.61 2.48 16.00 | 34.40 35.00

Table 22. Influence of environmental conditions on the modulesl ggoductivity per plant and number of seeds per
plant in common ax varieties (by reported value)

Variety Year
2014 [ 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016
Modulelll : fresh plant weight

Component trait 1 Component trait 12 Resultant trait

fresh leaves weight fresh stems weight fresh plant weight
BGE027129 | 11.767 9.018 4.67 6.11 11.869 10.77 | 20.79 | 17.98| 15.44
BGE025277 8.861 11.924 2.58 8.01 16.401 5.07 | 20.79| 24.41| 7.65
LAT4362 13.58 11.972 2.79 9.881 14.842 5.39 | 25.55| 24.72| 8.18
LA5108 5.574 4.344 2.50 5.65 6.224 3.54 9.92 | 11.87| 6.04
LAT5038 10.833 6.717 1.99 8.80 8.820 3.25 | 1755| 17.62| 5.24
BGE015741 | 20.021 11.539 2.79 8.92 10.657 9.10 | 31.56| 19.58| 11.89

Table 22. Influence of environmental conditions on the modulesl sgoductivity per plant and number of seeds per
plant in common ax varieties (by reported value)

Variety Year

2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016

ModulelV: nodule weight per plant
Component trait 1 Component trait 12 Resultant trait

number of nodules per plat nodule weight nodule weight per plant
BGE027129 | 62.00 | 27.60 | 33.80 | 0.0079 | 0.0074 | 0.011 | 0.491 0.205 0.36
BGE025277 | 19.63 | 23.40 | 41.80 | 0.0128 | 0.0082 | 0.006 | 0.252 0.192 0.25
LAT4362 38.17 | 43.80 | 21,00 | 0.0085 | 0.0064 | 0.009 | 0.324 | 0.281 | 0.19
LA5108 14.44 | 15.80 1,00 | 0.0097 | 0.0176 | 0.100 | 0.140 0.278 0.10
LAT5038 30.00 | 7.00 1,00 | 0.0073 | 0.0181 | 0.100 | 0.219 0.127 0.10
BGE015741 | 28.80 | 31.00 | 16,00 | 0.0455| 0.0096 | 0.010 | 1.311 0.297 0.16

Table 22. Influence of environmental conditions on the modulesl ggoductivity per plant and number of seeds per
plant in common ax varieties (by reported value)

Variety Year
2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016
Module V: fresh root weight
Component trait 1 Component trait 12 Resultant trait
saturation of the root system of on nodule weight per plant fresh root weight
plant with nodule
BGE027129 2.006 4.351 2.181 0.491| 0.205| 0.36 | 0.985| 0.892| 0.785
BGE025277 4.782 5.104 3.745 0.252 | 0.192 | 0.25 | 1.205 | 0.980 | 0.9362
LAT4362 3.565 3.007 2.488 0.324 | 0.281 | 0.19 | 1.155| 0.845 | 0.4728
LA5108 5.000 1.640 2.636 0.140| 0.278 | 0.10 | 0.7 | 0.456| 0.2636
LAT5038 5.046 3.858 3.746 0.219 | 0.127 | 0.10 | 1.105| 0.490 | 0.3746
BGE015741 0.858 2.734 5.769 1.311 | 0.297 | 0.16 | 1.125| 0.812| 0.923

The data presented in Table 24 for the average greendsoyredd show that only variety LA5108 (371 kg da-1) has
statistically proven differences compared to all otfzeieties.



Table 24. Influence of the environmental conditionsh@nseed yield and green mass modules of grass pea varieties

(by reported value and by rank)

Variety Year (kg.da?) Ranks
2014 | 2015 | 2016 2012-2014 | 2014 | 2015 | 2016 | Average
Module: Grain yield
BGE027129 | 138.90 100.20 | 100.20 113.10 1 3 3 2
BGE025277 95.10 114.90 | 115.00 108.30° 4 2 2 3
LAT4362 87.20 57.80 57.80 67.60 5 4 4 4
LA5108 110.80 55.00 55.00 73.60° 3 5 5 4
LAT5038 86.00 54.40 54.40 64.90 6 6 6 6
BGEO015741 | 122.80 176.20 | 176.20 158.40 2 1 1 1
Module aboveground fregfield

BGE027129 | 831.60 719.20 | 617.60 722.80 1 4 1 2
BGE025277 | 831.60 976.40 | 306.00 704.70 2 2 4 3
LAT4362 1022.00 | 988.80 | 327.20 779.30 3 1 3 2
LAS108 396.80 474.80 | 241.60 371.10 4 6 5 5
LAT5038 702.00 704.80 | 209.60 538.80" 5 5 6 5
BGEO15741 | 1262.40 | 783.20 | 475.60 840.40 6 3 2 4

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a 9%

For the selection of this crop, the variety BGE027129 isterest, which, in addition to high grain yield, has biatad)i
capabilities to develop greater above-ground biomasgydtier with LAT4362 occupy the best positions accordirthiso
indicator and are rated with rank 2. In third position aftent with rank 3 is the grade BGE025277.

The highest yield (840.40 kg.da-1) is characterized by thetyd8GE015741, but it also shows great variability (from
rank 6 in 2014 to rank 2 in 2016) and is rated with an average fdnfoiothe period of research.

5.1.4.2. Method of orthogonal regressions. Genotype identification by phenotype.

On the coordinate system in Figure 16, the abscissassth@ value of the weight of the root system of ed¢cheogras
pea samples, and on the ordinate the corresponding \eakutiee weight of the fresh biomass or the weighiefyrain of a
plant (at technical maturity).
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Figure 16. Distribution of mean values of grass pea varigties) the orthogonal regression line
A - weight of green biomass per plant (g), B - weight of noass per plant (g), C - weight of seeds per plant (g),
1-BGE027129; 2 - BGE025277; 3 - LAT4362; 4 - LA5108; 5 - LAT5038, 6GEB15741

When crossing varieties from the first quadrant, newtypes with a better combination of desirable favorabteegand
characterized by a positive shift along the genetic-plygical systems of attraction and adaptability can beategeWith
positive adaptability and attraction are BGE027129 and LAT486%:ifavorable year 2014 in terms of fresh biomagghtie
When plant development proceeds under restrictive consli(gil5) a shift of BGE027129 to the fourth quadrant is found.

Of special selection value are the genotypes in thedfiratirant with adaptability, but with "weak" genes for attoacti
LAT4362 retains its place in the first quadrant grown unaiéavorable conditions, which suggests that it possepses
complexes ensuring its good development in different micrimgioal niches.

From the point of view of hybrid variability, the vety BGE025277 is also of interest, which, when the cenittiation
worsened (2015), moved from the second to the first quadiantpying the best position in terms of adaptability.

In the negative part of the regression line are thetiegsieA5108 and LAT5038. Their location in the second andl thir
guadrants defines them as genotypes with weak adaptivetgapAd 5038, unlike LA5108 placed under limiting conditions,
moved into the second quadrant, indicating that it haster lmetmbination of attraction genes.

In the technical maturity phase, BGE027129 has the highestgaductivity and occupies the upper right corner of the
first quadrant. From its location on the coordinate sysieis clear that it possesses a reliable set ofggdatermining its
genetic variability (attraction genes) and adaptationmautifested only in optimal breeding conditions. In thme quadrant
is the variety LA5108, which is located very close tolthe of adaptability, which means that it carries weak&action
genes.

The phenomenon of different directionality occurs under unéble conditions (2015). Only variety BGE015741 falls
from the second to the first quadrant by passing fromejgative to the positive part of the regression lines tshowing the
best adaptive capacity. The cultivars LAT4362, LA5108 and LAT5088er the same growing conditions, moved to the
extreme left in the third quadrant, showing that the geetitrol over adaptability in them is redefined unfaaby.

5.1.5. Genetic analysis of quantitativetraitsin grass pea hybrids

During the selection of nitrogen fixation - productivitytbé common ax varieties, in addition to the presehgaluable
genes related to signs determining the productivity ofittwe-ground mass of the plant, it is necessary totpentian to
signs determining specific tuber-forming ability, numbed aveight of tubers, length of roots, root system weigfiet
Therefore, the F1-F2 hybrids and their parental fonme analyzed in the research (Table 25) in order to estdlse mode
of inheritance of the investigated traits.

Table 25. Distinctive features of the studied parental components

Trait/Variety BGE027129 BGE025277 | LA5108
compacted sowing
Root mass fresh weight (g) 0.24a 0.65¢ 0.41b
Leaves fresh weight (g) 14.21b 9.12b 4.19a
Aboveground fresh weight (g) 10.74a 5.23a 7.86a
Nodule number 9.78a 25.61a 10.63a
Nodule weight (g) 0.09a 0.11a 0.21a
thin sowing
Root mass fresh weight (g) 0.42a 0.53b 0.69b
Leaves fresh weight (Q) 6.06b 13.85¢c 1.78a
Aboveground fresh weight (g) 4.74a 11.74b 3.47a
Nodule number 5.46a 17.61b 5.93a
Nodule weight (g) 0.03a 0.14b 0.07a

Different letters (a, b, c. . .) in the same columnacat a significant difference between treatments aDjps

From the data presented in Table 26, it can be seemttanse cropping, the traits root fresh weight, fesgth weight,
plant aboveground biomass and tuber weight per plant showedtvadgue heterosis reaching -86.81% -88.05% for the
hybrid BGE025277 x LA5108 by number and weight of tubers per plemexception is the cross between LA5108 and



BGEO027129, in which true heterosis is positive for tuber nunfPlants from this cross, as well as the reciproasd,

distinguished by the highest level of depression.

Table 26. Biometric data of the quantitative characteristicthefinvestigated gragss pea crosses in dense cropping

Xereposzuc Fq Henpecust CremneHu Ha
F1 F, (%) F. (%) JIMIMAHHUPaHE
in Fy in R~
XuOpuIHN KOMOMHAITUH X X XUIMOTCTUYCH HUCTHHCKHU (hp2) (hp2)
CBEIKO TErJIO HA KOPEHUTE
LA5108 x BGE027129 0.34b 0.59c 4.62 -17.07 -73.53 0.18 6.24
BGE027129 x LA5108 0.15a 0.19a -53.85 -63.41 -26.67 -2.06 | -3.18
LA5108 x BGE025277 0.64b 1.32d 20.75 -1.54 -106.3 0.92 13.17
BGE025277 x LA5108 | 0.209c | 0.435b -60.57 -67.85 -108.1 -2.68 | -1.58
CBEXO TErJI0 Ha JINCTaTa
LA5108 x BGE027129 | 3.304a | 4.323ab -64.09 -76.75 -30.84 -1.18 | -1.95
BGE027129 x LA5108 3.95a 7.14b -57.07 -72.2 -80.76 -1.05 | -0.82
LA5108 x BGE025277 | 4.658b | 3.021a -30.01 -48.93 35.14 -0.81 | -2.95
BGE025277 x LAS108 | 7.701c | 4.995ab 15.72 -15.56 35.14 0.42 | -1.35
HaJ;3eMHa OHOMaca Ha PaCTCHHETO
LA5108 x BGE027129 | 4.761a | 8.655b -48.81 -55.67 -81.79 -3.15 -0.9
BGE027129 x LA5108 | 2.622a | 6.338ab -71.81 -75.59 -141.7 -4.64 | -4.11
LA5108 x BGE025277 | 7.518b 4.11a 14.87 -4.35 45.33 0.74 -3.7
BGE025277 x LA5108 | 5.505b 3.0l1a -15.89 -29.96 45.32 -0.79 | -5.38

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a9

Root fresh weight per plant was inherited positively domigd@t92) in LA5108 x BGE025277, intermediately (0.18) in
LA5108 x BGE027129, and negatively superdominantly in their recgps. With the exception of BGE027129 x LA5108,
in the remaining hybrid combinations, epistatic geneaateons play a major role in the inheritance of thi.tNegative
overdominance characterized the inheritance of the traifdriesh weight and plant aboveground biomass in LA5108 x
BGE027129 regardless of the crossing direction. With dagirtyipe of inheritance are the hybrids obtained froossing
LA5108 with BGE025277.

Table 26. Biometric data of the quantitative characteristicthefinvestigated graqss pea crosses in dense cropping

Xerepozuc F1 Henpecus Crenenu Ha
F1 F (%) F> (%) JIMMHUHHPaHE
in Fy in R
XuOpHIHN KOMOWHAITMH X X XHUIIOTETHYEH HCTHHCKH (hp1) (hp2)
Opoli TPyIKU Ha pacTeHHe
LA5108 x BGE027129 31.5b 16.5a 208.67 196.33 47.62 50.11 | 29.62
BGE027129 x LA5108 10.408a | 3.845a 1.99 -2.09 63.06 0.48 | -29.93
LA5108 x BGEO25277 | 145p | 515D -19.98 -43.38 2552 | 048 | 891
BGE025277 x LA5108 3.379a 12a -81.35 -86.81 -255.1 -1.97 -1.63
TErJI0 IPYIKK Ha PacTeHHe
LA5108 x BGE027129 0.183bc | 0.198bc 22.22 -23.42 -8.2 0.37 -1.21
BGE027129 x LA5108 0.07a 0.044a -59.62 -74.7 37.14 -1 -2.86
LA5108 x BGE025277 0.126ab | 0.52c -25.04 -48.72 -333.3 -0.54 7.2
BGE025277 x LA5108 0.028a | 0.115ab -82.53 -88.05 -310.7 -1.79 | -1.64

Different letters (a, b, c. . .) in the same columncat a significant difference between treatments aD 9%

The F1 dominance value of LA5108 x BGE027129 shows that the infeeritaf leaf fresh weight trait is negative
dominant type and in the reciprocal cross BGE027129 x LA510@ltkeeitance is positive dominant.

According to the fresh biomass weight of a plant, itadceable that the hybrid plants obtained from crgs&iA5108
with BGE025277 are not depressed, while those resulting frossing LA5108 with BGE027129 especially BGE027129 x
LA5108 have a high degree of depression regardless ofubralbde growing medium (thinning). Plants from the lasssro
under the adverse cropping environment showed no depressiomamehbelic type of inheritance of the trait (Table 27).

The lower value of the indicator degree of dominandhersecond generation (F2) compared to the first (F1)ndigies
the importance of the dominant genes in the inheritanteedfraits. With a change in the medium limit (cultivatunder
thin cropping, (Table 27) some differences in the respondgedifiybrid plants to the growing medium are also observe
According to the signs fresh weight of the roots,Hregight of the leaves and weight of the aboveground dssnof the
plant the true heterosis is negative analogous to mediuiririclense cropping.

At the same seeding rate, the plants of LA5108 x BGE02712¢tharreciprocal have a negative sign of the transigies
coefficient. The number of genes influencing the mataf@s of the trait by which the parents are distingedsts different.



In LA5108 on BGE025277 regardless of the crossing direction arehthnment limit, the parents differ by 1-2 genes. In
the LA5108 x BGE027129 cross, especially in the thinned crop (33017)2it is much larger.

Table 27. Biometric data of the quantitative traits of the gddcrosses grass pea in sparse sowing

Heterosis I Depression Degrees of
F1 F (%) F. (%) dominance
in Fy in R
Hybrids X X hypothetical true (hp1) (hp2)
root mass fresh weight, g
LA5108 x BGE027129 0.46b | 0.936b -17.12 -33.33 -103.5 -0.7 5.64
BGE027129 x LA5108 0.112a 0.306a -79.82 -83.77 -173.2 -3.28 -3.69
LA5108 x BGE025277 0.333ab | 0.989b -45.41 -51.74 -197 -3.46 9.48
BGE025277 x LA5108 0.109a 0.323a -82.13 -84.2 -196.3 -6.26 -7.18
leaf fresh weight
LAS108 x BGEO27129 | 5 3975 | 2.616a -38.98 -60.53 -9.36 071 | 122
BGE027129 X LASIO8 | 5 4604 | 4.325ab 39.34 -0.87 20.82 072 | 0.38
LAS108 x BGE025277 4.749ab 6.512b -39.23 -65.71 -37.12 -0.51 -0.43
BGE025277 x LA5108 7.85b 10.767c 0.45 -43.32 -37.16 0.01 0.98
aboveground fresh weight
LA5108 x BGE027129 3.58a 3.485a -12.79 -24.47 2.65 -0.83 -1.95
BGE027129 x LA5108 3.487a 2.552a -15.05 -26.43 26.81 -0.97 -4.89
LA5108 x BGE025277 8.037b 8.401c 5.68 -31.54 -4.53 0.1 0.39
BGE025277 x LA5108 5.885ab 6.152b -22.62 -49.87 -4.54 -0.42 -0.7

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a 9%

The crosses LA5108 x BGE027129 and LA5108 x BGE025277 exhibit neghtiminance in fresh weight of the roots,
with dominant gene actions prevailing in the latter.

Table 27. Biometric data of the quantitative traits of the gddcrosses grass pea in sparse sowing

Heterosis I Depression Degrees of
F1 ) (%) F> (%) dominance
in Fy in F
Hybrids X X hypothetical true (hp1) (hp2)
nodule number
LAS108 x BGE027129 | 44.667b | 44.75a 684.32 653.24 -0.19 165.84 | 332.38
BGEO27129 X LASI08 | 73453 | 10.427a 28.88 23.78 -42.06 7 40.27
LA5108 x BGE025277 15.667a | 73.667b -6.1 -11.03 -370.2 -1.1 123.14
BGE025277 x LA5108 3.65a 17.165a -78.12 -79.27 -370.3 -14.08 1.04
nodule weight per plant
LA5108 x BGE027129 0.318b 0.253a 536 354.29 20.44 13.4 20.3
BGE027129 x LA5108 0.04ab 0.056a -20 -42.86 -40 -0.5 0.6
LA5108 x BGE025277 0.079ab 0.43b -24.76 -43.57 -444.3 -0.74 18.57
BGE025277 x LA5108 0.018a | 0.095a -82.86 -87.14 -427.8 -2.49 -0.57

Different letters (a, b, c. . .) in the same columndat a significant difference between treatments ad 0%

By tuber weight per plant, hybrids exhibited negative truerbsis in both growing environments. An exception is
LA5108 x BGE027129, which has high heterosis (354.29) and predominatdtiepgene interactions in crop thinning.
Transgression coefficients (Tp) for fresh weight of rqmis plant (Table 28) were positive for the LA5108 x BGE025277
combination, and at the thinned seeding rate the reciprarss was almost twice as high (2.42), (Table 29).

Negative values of epistatic gene interactions in somesesounder changing environmental conditions indicate
suppression of dominant allele expression leading to loWwengiypic expression of the trait. The values of broadesen
heritability coefficients (H2) and selection efficienayefficients (Pp) are high for LA5108 x BGE025277, which indicates
that in the general phenotypic expression of this tregtgenotype has a relatively high share in both condenskdilated
sowing.

In the hybrid plants from this cross, selection by piyg®can start already in the early generations-(F2). In LA5108
x BGE027129 with thinning of the crop, the parameter (Pp) fosdtection efficiency has a negative sign, indicatirag t
despite the high heritability, the selection for thisttvail be effective in the later hybrid generations (F56). Regarding
the fresh weight of the leaves, a positive transgregdip) was found for all combinations in dense croppinthén_A5108
x BGE025277 combination, both the reciprocal and the trarsignes/ere higher than the other hybrid crosses, even a
thinning of the crop where all the values of this iatlic were negative.



Table 28. Values of the gene parameters of the quantitative thite studied grass pea crosses in the F2 hybrid
generation in a dense crop

Crosses/ Parameters [ 7 | N | D | E | H | Pp
root mass fresh weight, g
LA5108 x BGE027129 3.55 0.10 0.15 -0.18 0.914 0.49
BGE027129 x LA5108 1.27 7.37 2.71 -2.47 0.933 0.16
LA5108 x BGE025277 2.53 0.42 0.4 -0.39 0.91 0.47
BGE025277 x LA5108 2.10 0.03 -0.17 0.09 0.987 0.47
leaf fresh weight
LA5108 x BGE027129 6.27 0.01 0.68 -0.02 0.987 0.40
BGE027129 x LA5108 8.17 0.07 0.08 0.16 0.914 0.49
LA5108 x BGE025277 11.45 2.59 -2.12 1.20 0.929 0.14
BGE025277 x LA5108 14.64 0.17 -0.31 -0.23 0.98 0.50
aboveground fresh weight
LA5108 x BGE027129 9.10 11.45 -4.49 3.55 0.983 -0.19
BGE027129 x LA5108 12.16 6.62 -2.69 2.30 0.93 0.12
LA5108 x BGE025277 10.79 1.05 0.21 -0.69 0.931 0.61
BGE025277 x LA5108 21.81 0.03 -0.26 -0.07 0.975 0.46
nodule number
LA5108 x BGE027129 3.84 34.59 6.10 -8.03 0.41 -0.03
BGE027129 x LA5108 22.02 36.95 9.32 -9.14 0.98 -1.27
LA5108 x BGE025277 0.68 101.1 3.53 15.81 0.1 -3.73
BGE025277 x LA5108 28.05 1.71 -0.9 0.91 0.94 0.29
nodule weight per plant

LA5108 x BGE027129 6.65 0.00 -0.03 0.01 0.925 0.49
BGE027129 x LA5108 0.01 49.80 11.41 -11.78 0.79 -1.52
LA5108 x BGE025277 5.19 0.00 0.03 -0.03 0.91 0.50
BGE025277 x LA5108 4.24 0.01 -0.08 0.06 0.945 0.49

Tn - manifestations of transgression; N - number of gdayewhich the parental forms differ; D - manifestasiaf
dominance; E - epistatic gene effects; H2 - coeffici€hedtability in a broad sense; Pp - coefficient iéetiveness
of the mass team;

When the crop is thickened, the parental forms diffeginiicantly in terms of the number of genes determinirgy th
expression of the trait. Positive values of epistatic intemas (E) predominated in the cross LA5108 x BGE025277. As a
result, a high proportion of individuals from successiveegations of collapsing populations with enhanced phenotypi
expression of the trait can be expected. In LA5108 x BGE027128phef gene interactions is also preserved.

Negative epistatic interactions imply a reduction in theekeg@f phenotypic manifestation of that trait compareditio f
additive inheritance. The genetic share in the totatptypic expression is high especially in dense cropping, vikievident
from the relatively high values of heritability coeféints (from 0.15 to 0.983).

These data, as well as the relatively high valuesarhtefficiency coefficients (Pp) - for BGE027129 x LA5108 (0.49-
0.67) and BGE025277 x LA5108 (0.50-0.48) indicate that the tearabfrésh weight will be effective and can to take place
in the earlier hybrid generations (F2 - F3).

The number of genes (N) by which the parental forms diffeerms of the productivity of the fresh aboveground bissn
is not large (& 2). An exception is LA5108 x BGE027129 and the reciprocal and sedmwing (6-11).

In the present study, negative D values indicate that domalieles determine lower aboveground biomass per plant.
Positive values for epistatic gene interactions (E) wedserved only when crossing cultivar LA5108 with BGE027129,
reinforcing the action of dominant alleles and leadngtronger phenotypic expression.

The high coefficients for heritability of the trait (H2>0)@hd that of team effectiveness (Pp) for LA5108 x BGE025277
and BGE025277 x LA5108 from 0.46 to 0.61, give reason to pregitfor this trait, the team will be effective in -early
hybrid generations.

Participating crosses differed significantly among thelues in the number of genes (N) determining the trait, om
BGE025277 x LA5108 to 26 in LA5108 x BGE027129.

The data on the number of tubers per plant show thatuinder of genes that differentiate the original pardotahs
varies widely (N from 1 to 11 in thin seeding and from 1.ZGd in dense seeding). Dominant alleles of the indicategsgen
(D) act in the direction of determining a greater numbeulwérts per plant (except BGE025277 x LA5108).

The highest transgression indicators (Tp) were found inhgfi®id plants of the combination between LA5108 x
BGE027129 grown under conditions of a larger food area. Idagbaying hybrid generations of the two crosses, genotype
with greater probability of gene combinations leadiogan increase in the number of tubers per plant caexpected.
Predominantly negative values for epistatic interact{&)sndicate the potential for lower phenotypic exprassf the trait
in subsequent generations. In the present study, hetjtatmefficients (H2) were high in all crosses except LA5108 x



BGE025277 (0.10).Based on the values of the selection efficparameter (Pp), we can predict that the selectioraot®l
with increased number of tubers will be more efficienater generations (F5F6).

Taonuua 29. Values of the gene parameters of the quantitative trhitiseostudied crosses grass pea in the F2 hybrid
generation in a thin crop

Crosses/ Parameters Tn | N ‘ D ‘ E ‘ H? Pp
root mass fresh weight, g
LA5108 x BGE027129 -5.12 33.01 -14.14 9.23 0.94 -1.89
BGE027129 x LA5108 -4.70 20.07 -9.68 5.99 0.977 -1.21
LA5108 x BGE025277 1.25 0.07 -0.51 0.11 0.982 0.41
BGE025277 x LA5108 2.42 1.25 0.71 -0.75 0.97 0.45
leaf fresh weight
LA5108 x BGE027129 -2.99 26.08 7.39 -6.84 0.71 -0.85
BGE027129 x LA5108 -3.49 6.18 0.65 -2.00 0.31 0.67
LA5108 x BGE025277 -0.37 2.66 -2.09 1.22 0.929 0.21
BGE025277 x LA5108 -0.79 2.30 0.06 1.09 0.15 0.48
aboveground fresh weight
LA5108 x BGE027129 12.86 0.49 -0.65 0.41 0.98 0.41
BGE027129 x LA5108 1.54 0.49 -0.70 0.41 0.979 0.50
LA5108 x BGE025277 19.42 0.18 -0.28 0.25 0.983 0.47
BGE025277 x LA5108 2.32 0.62 -0.66 0.48 0.913 0.59
nodule number
LA5108 x BGE027129 42.36 0.05 0.14 -0.13 0.99 0.62
BGE027129 x LA5108 163.95 0.20 0.33 -0.25 0.99 0.65
LA5108 x BGE025277 4.49 8.67 3.20 -2.81 0.76 0.08
BGE025277 x LA5108 17.38 11.21 5.92 -3.65 0.98 -0.99
nodule weight per plant
LA5108 x BGE027129 2.12 0.01 -0.23 0.03 0.952 0.46
BGE027129 x LA5108 0.08 30.56 6.63 -7.48 0.51 -0.28
LA5108 x BGE025277 2.61 0.00 0.00 -0.01 9.06 0.50
BGE025277 x LA5108 4.06 0.01 0.10 -0.03 0.915 0.48

Tn - manifestations of transgression; N - number ofegdoy which the parental forms differ; D - manifestatiofs
dominance; E - epistatic gene effects; H2 - coeffiadieritability in a broad sense; Pp - coefficienefféctiveness of the
mass team;

The transgression index (Tp) values show that in the mgUR2 populations from the LA5108 x BGE027129 and
BGE025277 x LA5108 crosses, individuals possessing a sigriifidsigher tuber mass per plant can be successfully selected
compared to the parental forms . The estimated numtgenas that differed parental forms in tuber weight t@asmall,
except for BGE027129 x LA5108 in both growing environments (30.5804.9

Interallelic interactions (E) were positive, albeit lawthe LA5108 x BGE027129 combination. Heritability coefficent
(H2) are relatively high and it can be assumed that thetigeshare in the phenotypic expression of the trajfréster.
Selection efficiency (Pp) values suggested that selectionrmisfavith higher tuber weight would be effective in earlier
generations especially for LA5108 x BGE025277 and BGE025277 x LA5108.

5.2. Studies on the white lupine (LupinusalbusL.)

5.2.1. Genetic distance of white lupine cultivar s accor ding to mor phological characters

The study of the regularities of the variation of the qtativte signs makes it possible to objectively selestexmateria
for crossing, taking into account the influence of theadification variability. They are also the factoitiwihe largest share
on the variation of the indicators. An exception isstyforming ability, where the share of the genotypaliisost twice that
of the environment (Table 34).

From the analysis of variance in the present studysttitestically reliable influence of the years oe thanifestation of
the signs was established. Although significantly lowhez influence of the genotype in the general variaifdghe signs was
also proven, which shows that there are significanbtypic differences between the varieties of whiterepiThese facts
allowed to calculate the reliability of the differentetween the arithmetic means of the varieties ppatiog in the sample.
According to the individual characteristics analyzed giweotypes are divided into a different number of groupsstitatly
reliably different from each other.

Genotypes with tall plants are prone to lodging espeaialtier conditions of intensive farming, which leads to digvapt
of the grain pouring process and to incorrect informattwyutitheir qualities. During the study period, plant heiglable
35) ranged from 46.27 cm (P1368911) to 57.30 cm (Lucky801).

Among the studied samples, the varieties Zuter (56.33 BM)7923 (54.20 cm) and P1533704 (52.47 cm) can be
attributed to the group of high-growing ones.



Table 34. Analysis of the variance of the studied characters inthige lupine samples

df MS
Source of Nodule nodule | specific | rootlength | rootfresh | leafdry | leaf number
variation number weight | nodulati weight weight
ng
ability
Environmer| 2 | 607.2245* | 0.4774** | 0.0343* | 364.3278* | 133.6580** | 19.5890** | 13,970.7154**
ts (E) *
Genotypes| 6 | 317.5450**| 0.2001** | 0.0588** | 22.2653** | 7.1864* | 0.7727** | 647.2919**
(G)
Ocrarpk | 12| 25.1351 0.0254 | 0.0080 3.9155 1.8915 0.2007 79.5857
Source of df | leaffresh | leaf dry stem stem dry | Plant abovegrou| aboveground
- weight weight fresh weight height,cm | ndfresh | dry weight
variation : .
weight weight
Environm | 2 | 1,076.08* | 26.79* | 674.74* | 986.62** | 16,202.4* | 6,921.8** | 1,316.6019**
ents (E)
Genotypes| 6 | 51.905** 2.28** | 153.73* | 26.08* 302.63** | 110.3798*| 20.0620**
(G)
Ocrarbk ‘12 9.951 0.341 20.70 5.45 ‘ 47.23 44.16 6.3371
*[ ** significant at p< 0.05/0.01
Table 35. Characteristic features of the investigated white lupamepdes
Root
Aboveground mass mass Nodules
seeds fresh fresh nubmer | weigt
Cultivar number of | number of | weight | number | weight (g) | weight (9)
plant height | pods seeds (9) of leaves (9)
P1457923 54.20 9.74 27.23 7.69 18.26 15.47 1.92 10.20 | 0.40
P1368911 46.27 8.92 24.62 5.73 21.44 18.05 2.03 8.00 0.23
P1533704 52.47 11.70 32.54 7.80 16.48 19.40 1.59 5.20 0.16
P1457938 47.60 9.33 25.67 6.42 24.97 23.20 1.97 8.00 0.42
KALI 47.57 10.54 24.64 5.92 20.43 17.67 1.12 3.40 0.11
Zuter 56.33 10.30 28.79 8.77 19.35 15.12 1.30 6.78 0.39
Lucky801 57.30 9.23 28.27 8.63 22.15 17.66 2.22 15.93 | 0.35
LSDo.05 9.47 4.78 12.06 3.30 7.17 10.80 1.22 9.58 0.25
LSDo.o01 13.27 6.70 16.91 4.63 10.05 15.14 1.71 13.4 0.35
LSDo.001 18.77 9.48 23.91 6.54 14.21 21.41 2.43 18.9 0.50

The reproductive capacity determined by the number of séedglant is a main feature ensuring the selectionradge
of the genotype. On average, during the study period, tietiga PI533704 and Zuter managed to form about 10-11 beans
with 28-32 number of seeds per plant. KALI also producega lsumber of pods (10-11) but with fewer seeds (24) per plant.

Zuter and Lucky801 are distinguished by the highest produdipahilities in terms of seed weight per plant, where the
seed mass reaches 8.63-8.77 g. Under the specific testimosdihe least productive were P1368911 and KALI (5.73-5.92
9).

The varietal characteristics of PI368911, P1533704 and espelldhyr938 (23.20 g.) allow them, under the specific
weather conditions, to form a quantitatively significaroductivity of above-ground mass in a fresh state cosdptar the
other samples. In the conducted studies, the lowest freigintper plant (15.12-15.47 g) was characterized by the earieti
Zuter and P1457923.

According to the weight of the root system, the vaggetiucky801 and P1368911 with a fresh weight of the roots a@bove
grams per plant are of interest, followed by P1457938 (1.97 g) and923587.92 g). The varieties KALI and Zuter are
distinguished by the lowest weight of the roots (1.12-1.30 g).

The number of tubers varies from 15.93 to 3.40. On averagettav@eriod, Lucky801 has a great advantage over the
other varieties and has formed the most tubers. P1457923, PI368DP14&7938 managed to form 8-10 tubers and the rest
between 3 and 6-7. Regarding the tuber weight trait, caoasidediversity was observed between cultivars. Tubéghie
ranged from 0.11-0.16 in KALI and P1533704 to 0.40-0.42 in P1457923 and BR579

The necessary phenological observations were castieduring the comparative assessment of white lupinetiesi
according to early maturity.

The studied samples of white lupine show varietal claratics in terms of the duration of the period of sowing
beginning of flowering. P1533704 and Zuter were the eatlicdwer (59 days), followed by PI368911, P1457938 and KALI



(60 days). This period is slightly longer in the varieties Lucky8@ILRI457923 (62-63 days). Lucky801 and P1457923 ripen
later and reach technical maturity in an average of 107 -da@8. To the group of ultra-early varieties can bebaitieid
P1533704 and Zuter with an early maturity coefficient of 1.0@&arly P1368911, P1457938 and KALI with a coefficient of
1.25 and late Lucky801 and P1457923 with a coefficient greater thén 1.6

According to the indicators related to the above-ground dmsntraits, the weakest variation in the sample of extiudi
cultivars was observed in relation to the dry weighhefleaves (PCV 17.48%; GCV- 4.37%) with the lowest phenotypic
and genotypic coefficient of variation calculated respebti¢Table 37).

Table 37 Genetic components of quantitative trait variation inteviupine samples

Min Max Vg Ve GCV PCV |GA | GG H2
Trait/Parameter (%) (%) (%)
Nodule number 1.90 15.90 | 10.52| 25.14| 16.75 | 20.18 |2.97|178.39 49.70
Nodule weight 0.10 0.40 0.01 | 0.03 | 12.50 | 15.24 |0.24|166.27| 50.09
Specific nodulating ability 0.10 0.20 0.001| 0.01 8.71 24.89 |0.09|145.64 80.81
Root length 8.10 12.10 0.11 | 3.92 | 10.62 | 20.82 |0.23| 49.14| 44.10
Root fresh weight 1.60 3.60 0.46 | 1.89 7.61 25.37 [0.41/102.79 21.61
Leaf dry weight 0.40 1,00 0.01 0.2 - - 0.11/113.99 14.79
Leaf number 25.90 4450 | 29.16| 79.59 | 20.45 | 30.07 |3.56| 54.14| 67.58
Leaf fresh weight 6.70 12,00 1.09 | 9.95 | 17.35 | 27.98 |0.41| 72.03| 31.47
Leaf dry weight 0.80 2.10 0.09 | 0.34 4.37 17.48 |0.01| 51.77 | 59.23
Stem fresh weight 7.60 17.80 6.99 | 20.7 | 20.07 | 31.36 |2.81| 99.39| 68.24
Stem dry weight 4.40 8.20 1.09 | 546 | 22.61 | 34.78 [0.31| 89.99| 62.60
Plant height, cm 51.20 65.10 1.84 | 47.23 | 42.84 | 48.68 |7.37| 71.97| 9.12
Aboveground fresh weight 15.10 23.20 0.02 | 44.16 | 51.22 | 32.62 |1.25| 71.52| 88.05
Aboveground dry weight 5.80 9,00 0.71 | 6.34 | 42.07 | 33.66 |0.31] 63.88| 53.31

Vg: - genetic variance; Ve: - phenotypic variance PCV {i)enotypic coefficient of variation GCV (%) - genotypic
coefficient of variation; ; GA - genetic progress; G@enetic gain; H2 (%) - heritability in a broad sense

Significant variation was recorded for the other charactspecially plant height (PCV48.68%; GCV- 42.84%), dry
stem weight (PCV- 34.78%; GCV- 22.61%), dry and fresh biomass weight (P€23.66% ; GCV- 42.07%; PCV-
32.62%; GC\- 51.22%). The small difference in PCV and GCV values by plaight suggests that the observed variation
is due to genetic factors. The variation in the sigreged|to the root system is within smaller limits.

It is most significant in relation to the fresh weighttoé roots (PCV- 25.37%; GCV- 7.61%) and the specific tuber-
forming ability (PCV- 24.89%; GCV- 8.71%). Weaker variation was recorded for the indicatonlmrt weight per plant
(PCV - 15.24%; GCV- 12.50%). The genetic variance (Vg) values ranged from 0.0Gpé&mific tuber-forming ability to
29.16 for number of leaves per plant, while the phenotyaiiance (Vp) values ranged from 0.001 for specific tubenifoy
ability to 43.15 again for number of leaves per plant.

The genetic variance value of almost all traits is than the corresponding phenotypic variance value. Exnspdi@
tuber weight per plant and specific tuber-forming abilitheve genetic and phenotypic variance are equal, whiem i
indication of the significant magnitude of their genetigataility.

Higher environmental variance (Ve) for number of legvesplant (79.59), plant height (47.23), aboveground biomass
fresh weight (44.16) and number of tubers per plant (25.14) inditwethey were strongly influenced by environment in
which the plants develop, while for the other signs thfluence is weaker. The genetic variance (Vg) values dafngm
0.001 for specific tuber-forming ability to 29.16 for numbeteafves per plant, while the phenotypic variance (Vp) galue
ranged from 0.001 for specific tuber-forming ability to 43atfain for number of leaves per plant.

The genetic variance value of almost all traits is lasn the corresponding phenotypic variance value. Exospdi@
tuber weight per plant and specific tuber-forming abilithhere genetic and phenotypic variance are equal, wkiem i
indication of the significant magnitude of their genetidalzlity. Higher environmental variance (Ve) for numbéteaves
per plant (79.59), plant height (47.23), aboveground biomass freigihtw44.16) and number of tubers per plant (25.14)
indicated that they were strongly influenced by environnierwhich the plants develop, while for the other signs this
influence is weaker.

In the present study, the traits specific tuber beariilgyathi2 — 80.81%) and aboveground fresh biomass weight-(H2
88.05%) showed relatively higher heritability coefficieatues in a broad sense (Table 36) followed by stem fresh weight
(H2 — 68.24%), number of leaves per plant (H&7.58%) and weight of dry stems (H52.60%).

Genetic progress (GA) in selection refers to the imgment of traits in the future new population comparedestérting
population. High genetic advancement (GA) combined with hegftability was obtained for number of leaves per plant
(3.56), stem fresh weight (2.81) and fresh biomass weigkf)(1suggesting the additive type of their inheritance and that
they are more -weakly dependent on the conditions ofxteenal environment. High heritability combined withvigenetic
progress was found for specific tuber-forming abilitg @ny stem weight, indicating the involvement of nonitde gene
actions (dominance and epistasis).
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Figure 21. Dendrogram of the white lupine samples (2014-2016)

L |

]

=1 L3 o e

Based on the data for the investigated characteristickjster analysis was made, according to which thelearare
divided into two main clusters. From the dendrogram in Ei@lr, it can be seen that the first cluster is reptedeby ony
one variety P1457923. The second cluster is covered by théniegnaarieties, formed in two subclusters. The firsiugr
within the cluster was the most numerous and included LuckyBBB3704, KALI and Zuter, with the last two cultivars
being the most closely related. The second group afaine cluster is smaller and is represented by PI368911 and P1457938,
which are genetically most distant from Pl1457923. The 38r&disted in the table determine about 89.27% of thé tota
variation.

The first factor explains (Table 38) 42.16%, the second 28.#%e third 19.21% and 7.17%. The first principal component
was related to dry leaf weight and dry aboveground bispmasnber and weight of fresh leaves, and root length.

Table 38. Eigenvalues and vectors of the correlation matriXfocharacters in white lupine varieties

Trait PC1 PC2 PC3 PC4
Nodule number -0.1395 0.5054 -0.0351 0.3001
Nodule weight -0.2723 0.0923 -0.4128 -0.0892
Specific nodulating ability -0.226 -0.2289 -0.3638 -0.3146
Root length 0.1461 -0.3828 -0.2096 0.5731
Root fresh weight -0.0927 0.2798 -0.3662 0.004
Leaf dry weight -0.3779 -0.1111 -0.1755 0.0261
Leaf number 0.195 0.4349 -0.2547 -0.1618
Leaf fresh weight 0.1153 -0.4464 -0.2626 -0.0719
Leaf dry weight 0.2263 0.1376 -0.3941 0.2737
Stem fresh weight -0.3356 -0.0862 0.0511 -0.3834
Stem dry weight -0.3937 -0.0753 0.0054 0.2346
Plant height, cm -0.3614 0.1538 0.1197 0.0359
Aboveground fresh weight 0.2107 -0.0078 -0.4055 -0.2244
Aboveground dry weight -0.3707 -0.0484 -0.1293 0.3376
Parameters

Eigen value 5.90 2.90 2.68 1.004
Cumulative(%) 42.16 62.89 82.09 89.26
Variability (%) 42.16 20.73 19.21 7.17
Standard deviation 2.43 1.70 1.64 1.002

PC1; PC2; PC3PC4 = principle components 1, 2 and 3 respectively

With most of the signs affecting the first main, 8ezond has a negative or slightly positive relationshipa greater
extent, the second principal component was influenceditmper of tubers per plant, number of leaves, fresh weighbotsf,
plant height, and weight of tubers per plant. Of the stuttagts, only three stem fresh weight, stem dry weiglalt glant
height positively influenced the three main components. fdarth principal component is primarily related to rigotgth
and dry aboveground biomass weight. The number of tubersayer thle weight of dry leaves and stems also have a less
positive influence.

Figure 22 shows sample values for the first three prihcpaponents. P1457923, Zuter, and Lucky801 have positive
values on all three components, and the remaining culthars positive values on the first and second third graci
components.

The cultivars P1457923 and P1533704 were more strongly affectdtbliyst principal component. The second principal
component has a more significant impact on PI368911, P1457938 aky8Ddc There is no significant difference in the
influence of the first two principal components on KAsrd Zuter.

Figure 23 plots the samples according to their valuethéofirst (PC1) and second factor (PC2). Samples P1457923 and
Lucky801 have negative values on PC1 and positive value€anTeir location on PC1 is determined by the indisator
related to the formation of the number of leaves, tbight of dry leaves and the weight of aboveground fbesmass, and
on PC2 by the low values of fresh weight of leaves,tfenfroots and the specific tuber-forming ability.



The samples KALI and P1533704 are located in the sectorpeihive values on PC1 and with negative values on PC2.
Their location relative to the first principle compohendetermined by root length and fresh leaf weight, andtlegative

PC2 values are related to the elements dry weight bfmass and weight of fresh and dry stems.
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Figure 22. Values of the white lupine varieties according todbeponents
PC1; PC2; PC3; PC3 = principal components 1, 2 and 3;

The varieties P1368911 and PI457938 are located in the planepusitive values for both principle components.
Determining their position in this quadrant are numbeeafés per plant, weight of fresh and dry aboveground bfgmas
number of tubers and fresh weight of root mass.
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Figure 23. Projection of varieties and traits on the vector plane
A - for the quantitative signs: Y1 - number of tubers; YiZber weight; Y3 - specific tuber-forming
ahility; Y4 - length of roots; Y5 - fresh weight of reptY6 - dry weight of roots; Y7 - leaf number;
Y8 -leaf fresh weight; Y9 -leaf dry weight; Y10 - stefresh weight; Y11 - stems dry weight; Y12
- plant height; Y13 - aboveground mass fresh weight; Ybbveground mass dry weight; B - for
the white lupine samples;

The Zuter variety appears as independent of the coordirstrsin the negative part of both principle componédtss.
localization there is due to the signs specific tubemfng ability, weight of dry above-ground biomass, dejght of roots,
weight of dry and fresh stems.

The vectors of root dry weight, stem fresh and dry wegyid,aboveground dry weight signs form sharp angles, indicat
a strong positive relationship between them. Theioalstiip between the number of tubers and the fresphivef the roots
is of the same sign; tuber weight and plant height; esajth and leaf fresh weight. The correlation coeffitidretween the
studied signs were established.

5.2.2. Evaluation of traits of white lupine cultivarsfor ecological stability

According to the data from the dispersion analysis @4b), the studied varieties differ reliably in their gene
essence, with the exception of the trait weight of seetieans, where the influence of none of the ssunégariation wa
statistically proven

The values of mean sum of squares for plant height, nunfiseeds per plant and weight of seeds per plant shothéhat
influence of the growing environment is many timesrgger than the influence of the other two factors gendygugety)
and the interaction «genotype-environment» . The significant variation of these signs by year shows that their formation
depends to a large extent on the changing growing condifibrescultivar factor had a greater share of influence tha
total variation in plant height and seed weight relativéhe genotype-environment interaction. In the numbeeedls and
beans per plant, the latter factor has a larger share.



Table 40. Analysis of variance for plant seed weight stabilitgd grain yield elements of white lupine cultivars

MS

Source of Df | plant height,| Number of Number of | Seeds weigh| Seeds weight pg
variation cm pods per plan seeds per plan  per plant pod
Environments (E) 19852.47** 8.95* 2266.74** 163.15** 2.43
Genotypes (G) 307.69** 13.81* 118.61** 23.76* 0.41
G x E nteractions 12 1 141,73+ 36.17** 230.05** 17.24% 0.11
E/G 14 | 2957.55** 32.28** 521.01** 38.08* 0.44
E/ P1457923 2 | 4041.60** 67.84* 860.68* 68.70* 0.07
E/ P1368911 2 | 1501.07** 5.93* 9.31* 0.50 0.32
E/ P1533704 2 | 2844.87* 34.27* 975.77** 56.01* 0.24
E/ P1457938 2 | 2071.40** 60.68** 678.90** 42 .43 0.51
E/ KALI 2 | 2133.32** 17.15% 160.35%* 9.25* 0.21
E/ Zuter 2 | 3943.47* 7.39* 137.22%* 12.73* 0.99
E/ Lucky801 2 | 4167.15** 32.68* 824.82%+ 76.95% 0.74
Total 20

*[ ** significant at p< 0.05/0.01

The calculated parameters of the phenotypic stabiligaoh variety according to the studied traits are pteden table
410. The Lucky801 variety is characterized by a marginal valtleedfait plant height, but also with a maximum value of
the "bi" parameter (bi=1.21).

It can be referred to the genotypes with well-expressedagical plasticity. Zuter (bi=1.18) and P1457923 (bi=1.18),
whose plants are also tall, belong to the same gesgonsive to improvement of growing conditions. Vardeties PI368911,
P1457938, KALI are lower, and wita coefficient of “bi”<1, which testifies to their stability under deteriorating conditions.

Table 41. Assessment of adaptability and stability parameterthéotraits of the studied white lupine varieties

Eberhart and Russell Tai Theil Plaisted and | Wricke | Annicchiarico
Variety (1966) (1979) (1950) Peterson (1965) (1992)
(1979)
bi [ SP a | M T PP W2 Wi
plant height, cm
PI1457923 | 1.18** 47.569** | 1.18 | 139.28] 96.54 38.15 414.53 95.02
PI368911 | 0.71** 23.167** | 0.71 | 68.267 | 95.44 48.00 583.33 84.60
P1533704 1.00 1.826** 1.00 | 5.910 | 99.79 14.56 10.13 99.92
Pl1457938 | 0.85** 0.937* 0.85 | 3.344 | 99.84 21.35 126.53 90.46
KALI 0.87** 2.565** 0.87 | 8.060 | 99.62 20.73 115.83 90.37
Zuter 1.18** 1.283* 1.18 | 4.320 | 99.89 24.96 188.40 105.27
Lucky801 | 1.21** 1.427* 1.21 | 4.690 | 99.89 29.26 262.03 105.83
Number of pods per plant
Pl1457923 | 5.59** 10.988** | 6.16 | 28.687 | 58.66 9.815 109.69 73.70
PI368911 | -2.15* -0.200 | -2.55 | -1.867 | 100.00 4,901 25.44 79.65
P1533704 3.07* 8.690** 3.33 | 25.127 | 34.97 6.649 55.40 101.66
P1457938 4.11 15.440** | 4.50 | 43.801| 35.39 9.420 102.91 70.59
KALI -0.58 6.486** | -0.78 | 19.031| 2.26 5.740 39.83 92.15
Zuter -0.99 2.254* | -1.24 | 6.412 | 16.77 4,724 22.41 93.72
Lucky801 -2.04* 10.754** | -2.42 | 30.222 | 15.98 7.986 78.33 73.78

*[** significant at p< 0.05/0.01

Variety P1533704 has a statistically insignificant regassioefficient with a value of 1.00, which defines it bse as
possible to the “"ideal" genotype for this trait. The valoéthe other stability parameters, combined with rthmerical
expression of the feature, also determine it as the preftrred. The criteria (PP) of Plaisted and Peterson (196D) a
ecovalence (W2) of Wricke (1965) determined the cultivars PI136891 Zaier as the most stable for the trait number of
beans per plant. These two varieties managed to formemagevof about 9 - 10 beans per plant over the yeaestoid,



second only to variety PI533704 forming 10 - 11 beans. Pl45792B146@938 are characterized by high variability and
medium high biological potential in terms of number of beans.

A high regression coefficient (bi) of 1.23 to 1.67 defirtes arieties PI457938, Lucky801, P1457923 and P1533704 as
ecologically unstable in number of seeds per plant, biit satne responsiveness. The varieties P1533704 and Lucky801
under favorable development conditions can provide a refaiarge number of seeds per plant.

The variety PI1368911 is low productive with respect to trag.tFrom the values of bi (bi=0.13), as well as other
parameters, it is clear that this variety is ecoloyicgthble and low adaptive. Its low biological potentiaés not allow it to
have an advantage over other varieties.

According to the information provided by all stabilityrpmeters (tables 41), Zuter is close to the ideal typeicong
high productivity (large number of seeds per plant) with ecologieddility. This variety is suitable for growing innade
range of environmental conditions. The study of cultibgrseed mass of a plant shows that its numerical expnesgspends
on both the growing environment and the genotype.vehiety Zuter is distinguished by the highest seed maléswed by
Lucky801, P1533704 and P1457923.

The values of the stability parameters show that waR&33704 under certain favorable environmental conditians
develop its potential and form an even greater numbegasidper plant. From the evaluation of the varietiesdological
stability, it is evident that the variety PI368911 has teskt value of the regression coefficient (bi=0.11), whéshifies to
its stability and low adaptability.

Lucky801, P1533704 and P1457923 are highly productive but ecologically ungb@bll). They are suitable for growing
at a high level of agrotechnics. Of selective intereghé Zuter variety, which has a high seed mass per at@htjood
environmental stability according to the stabilityakiation criteria used. The KALI cultivar is also low \edifie, but with an
unsatisfactory level of the trait compared to almdsbthler cultivars.

In terms of plant height, the varieties Lucky801 and Zutediateguished by the tallest plants, and the variety PI368911,
occupying the extreme left position of the coordinastesy, is characterized by the lowest plants. Accorditigisandicator,
P1457923 turns out to be the most variable. The high yieldiniyartd Lucky801 and Zuter exhibited lower stability than the
lower growing cultivars P1533704 and P1457938.

Table 41. Assessment of adaptability and stability parameterthfotraits of the studied white lupine varieties

Theil Plaisted | Wricke Annicchia-
Eberhartand Russell Tai (1950) and (1965) rico
Variety (1966) (1979) Peterson (1992)
(1979)
bi | SP a | A T PP W2 Wi
Number of seeds per plant
PI1457923 | 1.36** | 105.558* | 1.36 | 308.429| 59.92 58.47 611.32 75.18
PI368911 | 0.13** 1.369* 0.13 4.494 45.01 51.93 499.23 79.93
PI533704 | 1.67** 27.609** 1.67 | 81.017 90.70 48.02 432.30 102.06
P1457938 1.23* 76.676** 1.23 | 224.205| 63.07 47.16 417.45 73.26
KALI 0.63** 13.187** 0.63 | 39.040 72.77 31.99 157.54 82.34
Zuter 0.65** 0.679* 0.65 2.552 97.91 27.80 85.68 99.65
Lucky801 1.34** 95.931** 1.34 | 280.346| 61.98 55.30 557.07 80.12
Seeds weight per plant
P1457923 1.43 8.298** 1.43 | 24.755 59.75 4.498 50.98 79.94
PI368911 | 0.11** -0.115 0.11 0.115 45.31 3.693 37.18 69.91
P1533704 1.49 1.371* 1.50 4.540 90.87 2.648 19.27 92.19
P1457938 1.14 4.636** 1.14 14.102 62.91 2.988 25.11 68.95
KALI 0.56 0.566 0.56 2.201 73.06 2.271 12.81 74.41
Zuter 0.73 -0.116 0.73 0.234 97.84 1.742 3.75 114.11
Lucky801 1.53 8.711* 1.53 | 25.942 62.32 4.891 57.73 92.18

*[** significant at p< 0.05/0.01

The "ideal" genotype is the one that has both a high mgaression of the studied trait and a high stability ireckffit
environments. In reality, such a genotype may not dxigtjt can be used as a benchmark when evaluating genotypes. In
terms of number of beans per plant, the length of thergedefined the cultivars P1457923 and P1457938 as highly variable.

The short vector at PI368911 characterizes the variettahke, but it forms few beans per plant. The cultiRi&33704
is in a more favorable position due to the higher esgioa of the trait. The most desirable variety is KAldhich exhibits
an average level of trait stability and manages to falatively many beans per plant. The absolute favoritumber of
seeds per plant is variety P1533704, followed by Lucky801, whiciglidyhunstable as can be seen from the figure itself.

The variety Zuter is less productive than PI533704, but formesyashort vector with the axis characterizing tladbisity
of the genotypes, which gives it a certain advantage wiosvngn different growing environments. The cultivars B3BL,

KALI and P1457938 are low yielding and highly variable. R\iegard to the trait of plant seed weight, the distributib
varieties on the coordinate system shows that groemgronments have a different influence on the maaifiest of the
trait in individual genotypes.

The varieties P1368911 and KALI can be defined as stable angrosuctive with the lowest seed weight. Variety
P1457923 is relatively high yielding and highly variable. Of bieg interest is Zuter, which is stable and highly productive.



Lucky801 is ecologically unstable, but is also highly progrecéind could be included in future breeding programs tamobta
new forms with increased seed weight from a plant. Céioelanalysis of ecological stability parameters showetiséwed

mass per plant was closely related to the Wi index afiéahniarico (1992) (r=0.87).
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Figure 25. GGE biplot analysis for the traits - plant height, nundfgrods per plant, number of seeds per plant,
seed weight per plant
Geno 1 - P1457923; Geno 2 - PI1368911; Geno 3 - PI1533704; Geno 4 - PI4&6A9R85 - KALI; Geno 6 - Zuter;
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Figure 27. Stability (VC%) of cultivar traits according to Francisldfannenberg (1978)
A - aboveground mass - number of leaves, B - aboveground neaght of whole plant, fresh, C - root mass -
fresh weight, gram, D - root mass of tubers - numberghkgth of roots; Genl - PI457923; Gen2 - PI368911;
Gen3 - PI1533704; Gen4 - P1457938; Gen5 - KALI; Gen6 - Zuter; Gengky801,;



The mean value of the trait and its coefficient of wama(Figure 27) for each variety divide the coordinateesysinto
four quadrants. Varieties with high ecological stability high productivity fall into the lower right quadrant of ¢twordinate
system. For the trait number of leaves per plant, taeséhe varieties Lucky801 and KALI. The last varietjuisher away
from the abscissa axis, which speaks of its greateshiity. These cultivars are most favored in selectmuoreate leafier
genotypes.

The cultivars (PI368911 and PI533704) located above this quadraatsar¢all plants, but are more variable and
responsive only to favorable environmental conditidie location of the cultivars at the bottom Iéftiee coordinate system
P1457923 and P1533704 reveals their stability, but also a Ipatential in terms of the trait.

In terms of fresh biomass weight of the whole plant, vafé457938 maintains its position. As the most preferreu fro
a selection point of view, only the PI533704 variety remaitsich is highly productive and has the lowest varigbil
compared to the other varieties. From the presentatithre cultivars according to the fresh weight ofrib@ mass, it is clear
that a selection compromise can be made on the cURi¥&i7938, which is characterized by the lowest variabilitheftrat
and with a root weight around the average for the dlugiieup of cultivars. The cultivars PI368911 and Lucky801 have
higher trait values, but also very highly dependent onging environmental conditions.

In terms of root length, the low variable varieties P145792368911 and P1457938 make an impression. The lowest is
PI368911, not inferior in magnitude to the sign of the moreabtes PI457938. In this quadrant, the most preferred is
P1457923, whose plants form long roots very little affectethbyadverse impact but the factors of the growingrenment.

Zuter can be defined as a genotype with a relatively gogptaalbity, both by this trait and by the fresh weight o th
whole plant; variety KALI by weight of fresh biomass, ren of tubers and length of roots per plant; P1457923 by fresh
weight of root mass and P1457938 by number of tubers per plant.

5.2.4. Application of the eco-genetic model in the selection of white lupine

In the present study, the limiting factor of the envinent is the year. The analysis of the elements ofyattvity (Table
47) shows significant variation by year and average sadfi¢he studied signs. With regard to the module nuntezenls
per plant, varietal differences were established botkrims of the component characters and the resultieglore number
of seeds formed per plant in 2014 and 2016 was greater than inT2@&ldxception was the variety Lucky801, the plants of
which managed to form 40 seeds per plant in 2014.

Table 47. Influence of the environmental conditions on the proditgtmodules seeds per plant and number of seeds per

plant in white lupine varieties (by reported value)

Variety Year

2014 | 2015 | 2016 | 2014 2015 | 2016 | 2014 2015 2016

Module |- Seeds weight per plant
Component trait 1 Component trait 12 Resultant trait
Number of seeds per plant Seeds weight (g) Seeds weight per plant,
P1457923 20.00 16.00 13.80 0.282 0.248 0.282 5.63 3.97 3.89
PI1368911 12.90 1.20 24.90 0.234 1.650 0.233 3.02 1.98 5.80
PI1533704 24.00 26.00 28.80 0.239 0.215 0.240 5.73 5.60 6.90
P1457938 18.60 7.00 13.90 0.251 0.211 0.250 4.66 1.48 3.47
KALI 15.20 4.00 24.40 0.239 0.120 0.241 3.64 0.48 5.87
Zuter 17.40 22.00 25.20 0.305 0.205 0.305 5.30 4,51 7.68
Lucky801 20.30 40.00 29.20 0.306 0.248 0.306 6.21 9.90 8.93
Modulell: Number of seeds per plant
Number pods per plant Number of seeds peiog Number of seeds per plant

P1457923 5.70 5.00 5.50 3.51 3.20 2.51 20.00 16.00 13.80
PI1368911 3.90 7.00 10.00 3.31 2.31 2.49 12.90 16.20 24.90
PI1533704 7.20 10.00 11.50 3.33 2.60 2.50 24.00 26.00 28.80
P1457938 5.00 5.00 5.60 3.72 1.40 2.48 18.60 7.00 13.90
KALI 5.60 2.00 12.00 2.71 2.00 2.03 15.20 4.00 24.40
Zuter 4.60 12.00 10.10 3.78 1.83 2.50 17.40 22.00 25.20
Lucky801 4.70 14.00 11.70 4.32 2.86 2.50 20.30 40.00 29.20

The lower values of the productivity of the seeds havegative impact on the total weight of the seeds dafrat phlthough
a compensatory reaction on the part of the planthisgais also possible through the second component trait.

When forming the green biomass productivity module per glablte 49), two component characteristics leaf weight and
stem weight were used. The variety PI368911 (17.959 g) distinguitsie#f with the highest above-ground biomass in 2014,
and P1533704 (12.60-11.00 g) in 2015-2016. According to the secongbrent trait, fluctuations in varieties and their
dependence on growing conditions were also established.

The module mass of tubers per plant directly depends ondigatvof one tuber and the number of tubers on the plant.
According to the first sign, the varieties Lucky801 and P23 are of breeding interest, although they do not rétain
productive capabilities when growing conditions changeedisas P1457938, which is characterized by an average level but
also with good stability of the sign.



Average tuber weight per plant was 0.138 g for 2014, 0.030 g for 28d%.022 g for 2016. In most of the studied
varieties, the increased number of tubers is atxperese of their weight. A good combination between nurabdrweight
of tubers was found in variety PI457938, which has the highegtles score.

Table 47. Influence of the environmental conditions on the proditgtmodules seeds per plant and number of seeds per

plant in white lupine varieties (by reported value)

Variety Year

2014 2015 2016 2014 2015 2016 2014 2015 2016
Modulelll : aboveground fresh weight
Component trait 1 Component trait 12 Resultant trait
leaf fresh weight stem fresh weight aboveground fresh weight
P1457923 13.128 5.282 1.89 12.859 10.989 2.27 25.987 16.271 4.16
PI1368911 17.959 3.942 2.33 22.57 5.382 1.98 40.529 9.324 4.31
PI533704 13.068 12.600 | 11.00 12.78 5.046 3.72 25.848 17.646 | 14.72
P1457938 15.279 7.101 3.44 29.23 11.138 3.41 44.509 18.239 6.85
KALI 13.335 6.368 3.00 17.36 9.832 3.13 30.695 16.200 6.12
Zuter 15.543 2.570 2.55 18.5 3.031 3.16 34.043 5.601 5.71
Lucky801 12.87 2.788 4.57 23.77 3.270 5.71 36.64 6.058 10.28
ModulelV: nodule weight per plant
nodule number nodule weight; nodule weight per plant

P1457923 3.60 16.00 11.00 0.147 0.026 0.022 0.53 0.412 0.240
PI1368911 3.80 11.60 8.60 0.087 0.016 0.020 0.33 0.186 0.170
PI533704 1.60 3.00 11.00 0.094 0.053 0.015 0.15 0.16 0.167
P1457938 4.20 7.80 12.00 0.171 0.036 0.023 0.72 0.277 0.272
KALI 1.20 2.20 6.80 0.075 0.028 0.024 0.09 0.062 0.160
Zuter 1.75 8.60 10.00 0.354 0.030 0.030 0.62 0.261 0.298
Lucky801 8.40 6.60 32.80 0.038 0.022 0.018 0.32 0.146 0.582

Table 47. Influence of the environmental conditions on the proditgtmodules seeds per plant and number of seeds per
plant in white lupine varieties (by reported value)

Variety Year

2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016
Module V: root fresh weight per plant
Component trait 1 Component trait 12 Resultant trait

;urﬁ)glljm)efsroot mass of one pla nodule weight per plant root fresh weight per plant
P1457923 5.587 4.760 3.438 0.53 0.412 0.240 2.961 1.961 0.825
PI1368911 13.867 4.220 4.224 0.33 0.186 0.170 4.576 0.785 0.718
PI1533704 17.947 4.656 8.030 0.15 0.16 0.167 2.692 0.745 1.341
P1457938 4.822 5.617 3.246 0.72 0.277 0.272 3.472 1.556 0.883
KALI 16.589 16.081 | 5.475 0.09 0.062 0.160 1.493 0.997 0.876
Zuter 3.692 3.287 2.520 0.62 0.261 0.298 2.289 0.858 0.751
Lucky801 12.581 6.342 2.945 0.32 0.146 0.582 4.026 0.926 1.714

The root mass module of a plant is the result of théijptiohtive inheritance of the two component traits saioineof the
root mass of a plant with tubers and weight of the tutfesiplant, the product of which gives the already mapticesulting
trait.

The effects of growing environment on grain yield and abaxeyt biomass are presented in Table 48. The final Eelect
was made on the highest average ranks. From the sedaatgde collection, the highest seed yield was reportddifiy801
(155.25 kg da-1, 247.5 kg da-1, 223.25 kg da-1) and P1533704 (143.25 kg dao,Kgtda-1, 172.50 kg da-1 1) during all
three years of research. These varieties occupy #idesfirst and second positions according to the rankiadysis.
P1368911; PI457938 and KALI are distinguished by high variability and grald below the average (90.00 kg da-1, 80.08
kg da-1, 83.25 kg da-1) for the studied group of cultivars. Threrethe ranking analysis assigns them the last 6th pasitio

The highest yields in terms of fresh above-ground biortiabte 49) are the varieties P1457938 and P1533704 with an
average yield for the period 597.9885.12 kg da-1. The second variety is impressive, which helatively high grain yield,
and in terms of green biomass yield is highly variadein 2014 it took the last place with rank 7. With valtlese to the
average yield of green mass are P1368911 (451.36 kg da- 1), KALI 94kd da-1) and Lucky801 (441.48 kg dal).



Table48. Influence of environmental conditions on seed yield ardrgmass modules, for white lupine varieties (by reported
value and by rank)

Variety Year Yield (kg dat) Ranks
2014 | 2015 | 2016 2014-2016 | 2014 | 2015 | 2016 | Average
Module Grain yield
PI457923 | 140.75 | 99.25 | 97.25 112.42° 3 4 6 4
PI368911 | 7550 | 49.50 | 145,00 90.00" 7 5 5 6
PI533704 | 143.25 | 140.00| 172.50 151.92¢ 2 2 3 2
PI1457938 | 116.50 | 37.00 | 86.75 80.08 5 6 7 6
KALI 91,00 | 12.00 | 146.75 83.25 6 7 4 6
Zuter 132.50 | 112.75| 192,00 145.75° 4 3 2 3
Lucky801 | 155.25 | 247.50| 223.25 208.67 1 1 1 1
Module Green mass yield

PI1457923 | 649.68 | 406.78| 104.00 386.82 6 3 7 5
PI368911 | 1013.23| 233.10| 107.75 451.36 2 5 6 4
PI1533704 | 646.20 | 441.15| 368.00 485.12 7 2 1 3
PI457938 | 1112.73| 455.98| 171.25 579.98 1 1 3 2
KALI 767.38 | 405.00| 153.00 441.79 5 4 4 4
Zuter 851.08 | 140.03| 142.75 377.98 4 7 5 5
Lucky801 | 916.00 | 151.45| 257.00 441.48 3 6 2 4

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a9

5.2.4.2. Method of orthogonal regressions. Genotype identification by phenotype

In the graph presented in figure 28, so-called orthogomgkssions are used, from where the method is called the
orthogonal regression method.

When the coenotic situation worsened (in 2015), the megitizdly valuable variety was P1457938, which is located in
the quadrant bounded by the positive part of attractivesredsadaptability (figure 26). It exhibits a good combination of
genes for adaptability and attraction (rapid transitioplaétic substances when conditions deteriorate). Rbattiss variety
form aerial and root mass of high weight.
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Figure 28. Distribution of mean values of white lupine varieties

A - green biomass weight per plant (g), B - root mass weigihplant (g), C - seed weight per plant (g), 1- P1457923;
2 - PI368911; 3 - PI533704; 4 - PI1457938; 5 - KALI, 6 - Zuter; 7 -Lucky801

The varieties P1533704, KALI and Zuter represented in the graiite negative part of the adaptation line are thstle
adaptable. They do not respond positively to being placedavorable growing environment. Variety PI368911, as can be
seen from the graph in 2014, has the highest adaptaalitiipugh it is placed very close to the regression lifeemgrowing
conditions worsened (2015), it moved to the negative pahtechdaptability line and occupied an almost terminal positi
which testifies that the genetic control of adaptabititierms of the traits fresh aboveground biomass weightaotdveight
is redefined to negative at these environment limits.

At technological maturity, the Lucky801 variety is chardzeat by positive manifestations of genes for adaptalaitity
attraction. The greater distance to the adaptabitigyih 2015 compared to 2014 indicates that this varietgthasy attraction
genes. Variety PI533704 is in the same quadrant (bounded by theeppaiti of the adaptability and attraction lines), but
occupies a far right position at both environmental limitisich is determined by its having stronger genes for adégtab
(showing good environmental stability).

The positive shift of these two varieties on thegiblpgical systems of attraction (Lucky801) and adaptability (PI533704)
defines them as the most interesting in breeding workrastsao obtain hybrids combining favorable genes fantseed
weight and root mass weight.

The varieties P1457923 and Zuter are also of interest fobicatory selection; which are also well adapted tagba in
the environment. They are characterized by negativetitraess, but are quite close to the line of adajittabil

5.2.5. Genetic analysis of quantitative traitsin white lupine hybrids
From the biometric data presented in Tables 50 anil 84n be seen that stocking density the number ofgufmrplant is
inherited negatively superdominantly with a greater influefapistatic gene actions.

Table 50. Characteristics of the studied genotypes

Trait\Variety P1533704 Zuter Lucky801
Dense sowing
nodule number per plant 11.00a 10.00a 32.80b
nodule weight per plant (g) 0.17a 0.30a 0.58b
root fresh weight (g) 0.17a 0.38b 0.69¢
aboveground fresh weight (g) 4.68a 6.44b 7.15¢
seeds weight per plant, g 6.90a 7.68b 8.93c
Rare sowing
nodule number per plant 11.65a 10.59a 34.75b
nodule weight per plant (g) 0.18a 0.33a 0.64b
root fresh weight (g) 0.20a 0.37b 0.71c
aboveground fresh weight (g) 5.38a 7.41b 8.22¢c
seeds weight per plant, g 8.62a 9.60b 11.17c

Different letters (a, b, c. . .) in the same columndat a significant difference between treatments ad s

An exception is P1533704 x Lucky801 characterized by positive domitinance. In the same cross, a negative true
heterosis was found (-11.86%), and in the reciprocahéterosis was the highest, reaching 259.45%. In the ségtnid
generation, plants derived from P1533704 and Zuter were thedieasissed, regardless of the direction of crossing (62.20-
62.21%).

In the first generation, PI533704 x Lucky801 and its reciprocatisiat with the highest tuber weight, while in the second
generation, no statistically significant differences evésund between individual hybrids and a relatively hiigvel of
depression was observed. On this basis, all four combisasibow positive heterosis, while the reciprocal hygtathl
heterosis has a significantly higher value (205.88% - 276.412thelhybrid combination P1533704 x Lucky801 dominant
gene effects predominate, while in all others epistdais a greater role in the inheritance of the traitafsd 52).



Table51. Biometric data of the quantitative characteristicthefinvestigated white lupine crosses in dense planting

F1 F2 Heterosis Depression ~ Degrees of
(%) F2 (%) dominance
in Fy in R
Hybrids X X hypothetical true (hp1) (hp2)
nodule number
PI533704 x Zuter 17.41a | 6.58ab 65.81 74.1 62.21 | -13.82| 15.68
Zuter x P1533704 23.81ab| 9.00c 126.76 138.1 62.2 -26.62| 6
PI1533704 x Lucky801 28.91bc| 5.41a 32.01 -11.86 81.29 0.64 | -3.03
Lucky801 x P1533704 39.54c | 7.40b 80.55 259.45 81.28 -1.62 | 2.66
nodule weight
PI1533704 x Zuter 0.54a | 0.26a 129.79 80 51.85 469 | 0.77
Zuter x P1533704 0.52b | 0.25a 121.28 205.88 51.92 438 | 0.46
P1533704 x Lucky801 0.67b | 0.20a 78.67 15.52 70.15 1.44 | -1.71
Lucky801 x P1533704 0.64b | 0.19a 70.67 276.47 70.31 -1.29 | 1.8

Different letters (a, b, c. . .) in the same columndat a significant difference between treatments a®0s

Regarding the fresh weight of the root mass in F1, theids/ PI533704 x Lucky801 and Lucky801 x PI533704 again
prevailed, and statistically proven differences warentl between them. The values of both the hypothetietd.Z7-
285.45%) and the true (78.95-752.94%) heterosis effect are pdsitiv@uter x P1533704 and Lucky801 x P1533704,
respectively, i.e. when P1533704 is used in the paternal form.

Judging from the obtained values for the depression of F2splaatcan assume that when crossing the varieties P1533704
and Zuter, the resulting hybrids will be slightly deprdsgd.29— 11.32%). The degrees of gene dominance in F1 and F2
characterize heterosis from the standpoint of genetimbaltheory. They show that heterosis in F1 is dueeimominance,
with only Lucky801 x P1533704 having a negative sign. In therskbgbrid generation, in most of the hybrids, the efféct
epistatic gene interactions (hp2 >hp1l) on the manifestafitire trait is significantly greater.

In terms of aboveground biomass fresh weight, Zuter x PI5337pkeases with its high performance in both hybrid
generations. However, none of the hybrids exceeded ahg gfarental forms, so the negative values of hesesbew. In
accordance with these manifestations, PI533704 x Lucky80ltsanetiprocal can be indicated as thast depressed (=~ -
35..-36%).

From the presented biometric data on productivity expdesseseed mass per plant, it can be seen that th@éankerof
the trait is from positive over dominant in Zuter x P15337048Rand P1533704 x Lucky801 (1.03), dominant in PI533704
x Zuter (0.85) and negative dominant in Lucky801 x PI533704 (-0.53). loroeal crosses, a stronger true heterosis effect
was found, ranging from -0.78% for P1533704 x Zuter to 22.46% for Lucky801 x PK3370

The plants obtained by crossing P1533704 with Zuter weréiveialess depressed (787 - 8.48%) compared to the
combination between Lucky801 and PI533704. With the exceptibnaddy801 x PI533704, in the rest of the crosses in the
second generation, epistatic gene effects predominated, géusitower expression of the trait in the hybrid plants

Table 51. Biometric data of the quantitative characteristicthefinvestigated white lupine crosses in dense planting

E R Heterosis Depression Degrees of dominanc
(%) F2 (%)
Hybrids X X hypothetical true in F1(hpr) | in B (hpo)
root fresh weight
P1533704 x Zuter 0.68a| 0.61b 147.27 78.95 10.29 3.86 6.38
Zuter x P1533704 1.06b | 0.94c 285.45 178.95 11.32 7.48 12.67
PI1533704 x Lucky801 1.58d | 0.41a 267.44 128.99 74.05 4.42 -0.15
Lucky801 x P1533704 1.45¢ | 0.63b 237.21 752.94 56.55 -3.92 -1.54
aboveground fresh weight
PI1533704 x Zuter 1.97b| 1.79a -64.57 -69.41 0.14 -4.08 -8.57
Zuter x P1533704 3.50c | 3.17¢ -37.05 -45.65 9.43 -2.34 -5.43
PI1533704 x Lucky801 1.08a| 1.46a -81.74 -84.9 -35.19 -3.91 -7.21
Lucky801 x P1533704 1.91b | 2.59b -67.71 -59.19 -35.6 3.24 5.38

Different letters (a, b, c. . .) in the same columnacat a significant difference between treatments a9

Tables 52 and 53 reflect the average values of the F12hgkfids and the obtained biometric data for the aedly
parameters under sparse sowing conditions. Accordirfgetaumber of tubers from one plant when thinning the crap, it
found that in all hybrids the heterosis (hypothetical eead) effect is negative and reaches up to 63.58% in Lucky801 x



P1533704 and up to 74.22% in P1533704 x Lucky801, respectively. A cemalimgg was observed in the level of depression.
At the different limits of the medium, plants from tbmsses P1533704 x Zuter and the reciprocal are the lgasisded.
And also in the type of inheritance in the second geioarat which the significant share in the expressiotheftrait falls

on epistatic gene interactions (hp2 >hp1).

Table51. Biometric data of the quantitative characteristicthefinvestigated white lupine crosses in dense planting

=] ) Heterosis I Depression| Degrees of dominanc
(%) F2 (%)
Hybrids X X hypothetical true in Fi(hpy) | In B (hp)
seeds weight per plant
PI533704 x Zuter 7.62a| 7.02a 4.53 -0.78 7.87 0.85 -1.38
Zuter x P1533704 8.14a| 7.45a 11.66 5.99 8.48 2.18 0.82
PI1533704 x Lucky801 8.96b | 7.36a 13.2 0.34 17.86 1.03 -1.09
Lucky801 x P1533704 8.45b| 7.43a 6.76 22.46 12.07 -0.53 0.96

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a 9%

Changing the environmental conditions affects the maatfests of heterosis and the weight of tubers per plamet trTie
heterosis effect was most pronounced in PI533704 x Lucky801 (233.88)ed by PI533704 x Zuter (83.33%). These
hybrids show a certain responsiveness to improvemiegtowing conditions, while in their reciprocal crosske true
heterosis is even negative. For tuber weight per pld?i633704 x Zuter and the reciprocal inheritance was pesltiminant
and in the other two crosses it was negative domitarder favorable growing conditions, the genetic cdrdhanges so
that in the second generation, non-allelic gene interectibthe epistasis type already prevail.

Table 52. Biometric data of the quantitative characteristicthefinvestigated white lupine crosses in thinned sowing

F1 F. Heterosis I Depression| Degrees of dominanci
(%) F2 (%)
Hybrids X X hypothetical true in Fy (hpy) | in F(hpo)
nodule number
PI533704 x Zuter 11.33a | 10.11a -31.47 -28.05 7.87 6.6 15.47
Zuter x P1533704 15.50ab | 41.00b -26.8 -23.14 8.48 5.62 13.85
PI1533704 x Lucky801 25.01bc| 7.78a -61.38 -74.22 17.86 -1.23 -2.74
Lucky801 x P1533704 34.20c | 6.40a -63.58 -27.47 12.07 1.28 2.73
nodule weight
P1533704 x Zuter 0.33a | 0.42b 29.41 83.33 -27.27 1 4.4
Zuter x P1533704 0.32a | 0.66¢ 25.49 -3.03 -106.25 0.87 10.8
PI1533704 x Lucky801 0.60b | 0.23a 46.34 233.33 61.67 -0.83 1.57
Lucky801 x PI1533704 0.58b | 0.17a 222.22 -9.38 70.69 -0.74 2.09
root fresh weight
PI533704 x Zuter 1.17a | 0.35a 310.53 216.22 70.09 10.41 1.53
Zuter x P1533704 1.81a | 2.03c 670.21 805 -12.15 45 102.57
PI1533704 x Lucky801 1.31b | 0.78b 187.91 84.51 40.46 3.35 2.55
Lucky801 x P1533704 2.04b | 0.52a 348.35 920 74.51 -6.22 -0.51

The fresh weight of the root system is characterizeghbgven stronger expression of the heterosis effegpaed to the
restrictive growing conditions, especially in the peotal crosses (805.00%, 920.00%). The lowest depression wasround
Zuter x P1533704 (-12.15%), and the highest in Lucky801 x P1533704 (74.51%)afthve of inheritance of the trait in the
first generation is preserved as in the dense cropnhibeisecond generation at P1533704 x Zuter and its reciutuaades
Zuter x P1533704, with dominant gene effects playing a significamore important role in the first.

Reciprocal crosses, falling into a better nutritiogralironment, show their biological capabilities ardeed the parental
forms in terms of the productivity of fresh above-groundrass. An expression of their hybrid strength is the pesitalue
of both the hypothetical (48.55%, 38.34%) and the true (28.21%, 14.488)die effect. In these crosses, the inheritance of
aboveground biomass weight is positive superdominant. Greatgti\sgy to environmental conditions was found in higler
with parental components PI533704 and Zuter, which lacked depresnly under favorable growing conditions. In the
second hybrid generation, interallelic interactions predatad in plants from all crosses (hp2 >hp1).

Under favorable environmental conditions, the parentsesfdrmed the first generation hybrids, whose seed perss
plant was lower. Therefore, the heterosis effecty bgpothetical and real, has a negative sign. Theebighue heterosis (-
15.20%) was observed in the hybrid Lucky801 x P1533704 in the diresftitre maternal variety, and the lowest in the
reciprocal (-49.78%). The data in Table 51 show that theritaimce of the trait in the first generation is superdontina
positive for Lucky801 x P1533704 and superdominant negative forhedfst

A shift in the genetic control of trait expression waseyved when the rearing environment was changed. In the plant
from the reciprocal crosses in the second generdtiermanifestations of epistasis prevail (hp2 > hp1l).



Table 52 presents the values of the gene parameter&fstuiiied traits in the studied crosses. The results $taivint
the conditions of the generally accepted density of spwinsitive manifestations of transgression were ksied for all
signs.

As the most significant were in P1533704 x Lucky801 and themacal and the signs number of tubers per plant (11.14
- 11.21), fresh weight of aerial mass (1.24 - 1.54) and weigbteds per plant (1.71 - 1.87), indicating that in the tybri
generations from these crosses, homozygous genotypés expected, in which there will be gene recombinateading
to a quantitative increase of these signs.

The number of genes by which the parents differ imtiraber of tubers per plant is large. The situation idasiffor the
other traits, with the exception of seed weight from a plamthich the number of genes controlling the trait by wiih
parental forms differ is comparatively smaller (12.38 t@2pb.

For most of the signs, unidirectionality is observedhia action of the dominant alleles of the genes detengithe
corresponding signs. Their negative value indicatedhleataction leads to a decrease in the phenotypic esaifon of the
signs. This is most pronounced in the PI533704 x Lucky801 dDosg.in Zuter x P1533704 in terms of fresh weight of the
root mass, the allelic interactions are of the pasibverdominance type (32.62) and cause the formation oféeheaot
mass.

Table 52. Biometric data of the quantitative characteristicthefinvestigated white lupine crosses in thinned sowing

Fi F. Depressio| Degrees of dominance
Heterosis I n
(%) F2 (%)
Hybrids X X hypothetical true in F1 (hpy) | in F(hp)
aboveground fresh weight
PI533704 x Zuter 5.36a | 6.66a -16.18 -27.67 -24.25 -1.02 0.52
Zuter x P1533704 9.50b | 10.49b 48.55 28.21 -10.42 3.06 8.07
PI533704 x Lucky801 | 5.31a | 15.59c¢ -21.85 -35.32 -193.6 -1.05 12.43
Lucky801 x P1533704 | 9.41b | 12.74b 38.48 14.48 -35.39 1.9 8.37
seeds weight per plant
PI533704 x Zuter 7.26b | 7.56ab -20.31 -24.38 -4.13 -3.78 -6.33
Zuter x P1533704 6.62ab| 8.76b -27.33 -31.04 -32.33 -5.08 -1.43
PI533704 x Lucky801 | 5.61a| 6.90a -43.30 -49.78 -22.99 -3.37 -4.71
Lucky801 x P1533704 | 7.31b | 7.94ab -26.12 -15.20 -8.62 2.03 3.07

Table 53. Values of the gene parameters of the quantitative thittse investigated white lupine crosses in the F2 hybrid
generation in a dense crop

Crosses/Parameters Thn N D E H? Pp
nodule number
PI1533704 x Zuter 0.69 120.19 -18.99 24.81 0.63 -1.88
Zuter x P1533704 0.19 257.16 -27.95 47.21 0.47 -0.96
PI533704 x Lucky801 11.14 1576.4 -298.90 327.66 0.51 -48.98
Lucky801 x PI533704 11.21 1490.6 -240.50 206.64 | 0.75 -38.42
nodule weight
PI533704 x Zuter 0.55 2.17 -0.41 1.05 0.78 0.54
Zuter x P1533704 0.08 168.06 -12.34 28.71 0.11 0.00
P1533704 x Lucky801 0.08 539.84 -54.05 95.67 0.05 -0.82
Lucky801 x P1533704 0.07 816.72 -85.44 145.63 0.03 -1.75
root fresh weight
PI1533704 x Zuter 0.14 148.69 -18.99 28.91 0.46 -0.85
Zuter x P1533704 0.16 68.80 32.62 -18.97 0.61 -9.47
P1533704 x Lucky801 0.14 457.72 -26.82 71.83 0.34 -2.75
Lucky801 x P1533704 0.14 655.07 -24.23 92.88 0.23 -7.83

Tn - manifestations of transgression; N - number of gbgavhich the parental forms differ; D - manifestatiohdominance;
E - epistatic gene effects; H2 - coefficient of heritapilit a broad sense; Pp - coefficient of effectivenesBefnass team;

The data from the hybridological analysis show that énsacond generation of the last cross, epistatic gitena with
a negative sign predominate, and it can be assumediithailt reduce the degree of phenotypic expression of#ite(ttoot
fresh weight) compared to full additive inheritance. Rasiépistatic interactions occurred in all other hybfidsn 1.05 in
PI533704 x Zuter for tuber weight to 2532.58 in PI1533704 x Lucky801 for akmwedjfresh weight.

Stronger inter-allelic interactions prevailed in PI1533704 xkk801 and its reciprocal in tuber number and weight per
plant and aboveground biomass fresh weight. The geneticlaidn to the overall phenotypic manifestation of ikuenber
of tubers was higher in Lucky801 x P1533704 (0.75), followed by thes dPtis33704 x Zuter (0.63), which was also



distinguished by a high coefficient of inheritance in trembrsense (0.78) and in weight on the tubers of a plant. Opatkiss,

the hybrids obtained from PI533704 and Lucky801 are more |abdardless of the crossing direction. A similar analog
can be made in the inheritance of the trait fresh weigtiteofoot mass, as for P1533704 x Zuter and Zuter x P1533704 the
value of the inheritance coefficient is in the range 0.48;0and for the other crosses 0.23-0.34.

Table 53. Values of the gene parameters of the quantitative hitse investigated white lupine crosses in the F2 hybrid
generation in a dense crop

Crosses/Parameters ’ Tn | N ‘ D E ‘ H? ‘ Pp
aboveground fresh weight
PI1533704 x Zuter 0.93 771.15 -278.7 191.61 0.13 -62.80
Zuter x P1533704 1.15 79.41 -27.97 20.27 0.39 -6.37
P1533704 x Lucky801 1.24 9899.30 -4037 2532.6 0.03 -1032
Lucky801 x PI533704 1.54 62.71 -30.72 17.48 0.66 -8.36
seeds weight per plant

PI1533704 x Zuter 0.68 23.93 -4.83 5.97 0.29 0.07
Zuter x P1533704 0.71 13.61 -0.65 3.3 0.14 0.46
P1533704 x Lucky801 1.71 25.31 -4.68 6.17 0.65 0.19
Lucky801 x PI533704 1.87 12.38 -2.91 3.53 0.66 0.4

Tn - manifestations of transgression; N - number of gegevhich the parental forms differ; D - manifestatiohdominance;
E - epistatic gene effects; H2 - coefficient of heritapilit a broad sense; Pp - coefficient of effectivenessemass team;

A higher heritability coefficient was obtained for tihait fresh weight of aerial mass when cultivar P1533704 uged as
pollinator. A higher genetic share is indicated by the &lgility coefficient values for the trait plant seed weighP1533704
x Lucky801 and Lucky801 x P1533704 (0.65-0.66). Crossing direction defiriitiences the inheritance of the trait in
PI533704 and Zuter. It is preferred that strain PI533704 be used partémt form.

Selection efficiency data combined with heritabiligefficient values show that the probability of mass sieledy
phenotype in the early hybrid generations of genotyp#s imtreased tuber weight we can allow in the cross PI533704 x
Zuter (0.54), and by seed weight per plant at Lucky801 x PI533704 (0Oyfh)e Bame token, the mass at Zuter x PI533704
(0.46) actually the probability of effective mass selectibrhomozygous genotypes will be greater in the lateritlyb
generations (F5 - F6). The negative value of the effisi@oefficient of the team for the other signs suggestapplication
of multiple individual teams in the selection processdli@se crosses.

Placed in a favorable cenotic environment (larger foed)a a different reaction was found in some of tharidg. The
values of the transgression indicators allow to detertiie samples of the homozygous genotypes with the maxand
minimum for the studied characters, which can be obtaigdtie combination of the parental components involaetté
hybrid combinations. The data from the hybridologicadlgsis (table 54) show that there is almost the sawed &
transgression (11.62 - 12.38) in P1533704 x Lucky801 and the rezijmfdbe number of tubers per plant, while in PI533704
X Zuter the transgression index is higher compared to thig limdéng environmental conditions.

The hybrids show a certain similarity in terms of tubergiveper plant, fresh weight of green biomass and seed weight
per plant. The negative sign in all hybrids suggests that plathtsncreased root weight cannot be selected. The nuafbe
genes influencing the manifestation of the investigataitst which differentiate the parental forms, is diffeyditth in
relation to the limit of the environment and in tida to the direction of crossing. In the cross P153378dter the difference
is small (2-3), while in its reciprocal it is signifita(4227). A relatively small number of genes differed betwe&33704
and Lucky801 in tuber weight per plant (8).

The same cultivars differ significantly in the numbegehes determining the manifestation of the signs shfmeight
of the root and aerial mass, and a certain analogy &\a@bin the dense crop. The situation is similar fostesl weight of
a plant in which the number of genes controlling the trawlgh the parental forms differ is comparatively smafe79 to
62.55). From the values found for allelic interactions, tp@sidominance and over-dominance of the dominant alleles
determining the expression of all characters in Zuter x371®8, in the number of tubers per plant and fresh weight of the
above-ground mass in P1533704 x Lucky801 were established.

Dominant alleles determine a better numerical expressitrese characters in the plants of the indicatédithy. When
analyzing the index of interallelic interactions, it carsben that epistasis is negative for a significaritqgidhe investigated
traits. In the cross between PI1533704 and Lucky801, posfiistasis was maintained for tuber weight, root frestgit and
seed weight per plant, indicating a relatively strong infbeeon the phenotypic expression of the traits. The sdhrefresh
weight of root mass (310.55) and number of tubers (106.95) aragadbpleigh for Lucky801 x PI1533704.

The genetic share in the general phenotypic manifestatithre investigated indicators, expressed by the caaftiof
heritability in a broad sense, is high in the cro§4883704 x Zuter Lucky801 x P1533704 for number (0.51; 0.92) and weight
(0.71; 0.79) of tubers and weight of seeds per plant (0.93; 098hel crosses between PI533704 and Lucky801, a
significantly higher coefficient of inheritance of ttrait (0.83; 0.79) was found for tuber weight when the plante gewn
under more favorable conditions.

From the values showing the effect of selection, whicthé crosses PI533704 x Zuter in number of tubers (0.57) and
Zuter x P1533704 in weight of seeds per plant (0.70) reflect ayeodifference compared to the parent forms and takirg int
account the coefficient values of heritability, it d@assumed that with these combinations mass seledgtidre effective
in the earlier hybrid offspring.



Table54. Values of the gene parameters of the quantitative tfite investigated white lupine crosses in the F2 hybrid

generation in a thinned crop

Crosses/Parameters [ Tn | N | D | E [ H ] Pp
nodule number

P1533704 x Zuter 3.02 2.85 -1.20 1.26 0.51 0.57

Zuter x P1533704 -0.41 4227.50 956.90 -920.7 0.13 -224.80

P1533704 x Lucky801 11.62 5673.60 1071.20 -1175 0.07 -219.20

Lucky801 x PI533704 12.38 517.46 -93.75 106.95 0.92 -15.53
nodule weight

P1533704 x Zuter 0.12 37.99 11.21 -9.70 0.71 -1.95

Zuter x P1533704 0.12 141.45 33.47 -32.07 0.75 -6.64

P1533704 x Lucky801 0.32 50.63 -9.50 11.46 0.83 -0.64

Lucky801 x PI533704 0.33 58.86 -11.58 13.30 0.79 -0.91

root fresh weight

P1533704 x Zuter -0.40 470.02 -298.40 135.72 0.05 -89.58

Zuter x P1533704 -0.31 125.14 42.13 -31.15 | 0.90 -10.92

PI1533704 x Lucky801 -0.10 51.75 -8.27 11.30 0.48 -0.27

Lucky801 x PI533704 -0.21 1633.50 -222.50 310.55 0.16 -23.25

Tn - manifestations of transgression; N - number of gegevhich the parental forms differ; D - manifestatiohdominance;
E - epistatic gene effects; H2 - coefficient of heritapilit a broad sense; Pp - coefficient of effectivenessemass team;

Table54. Values of the gene parameters of the quantitative tftibe investigated white lupine crosses in the F2 hybrid

generation in a thinned crop
Crosses/Parameters [ T | N | D | E [ W2 | Pp
aboveground fresh weight
PI1533704 x Zuter 1.16 644.20 -149.00 141.92 0.15 -18.34
Zuter x PI533704 1.53 78.62 25.74 -19.72 0.31 -5.99
P1533704 x Lucky801 1.60 1017.3 207.68 -216.10 0.59 -46.08
Lucky801 x P1533704 2.33 191.21 40.08 -41.71 0.52 -7.42
seeds weight per plant

P1533704 x Zuter 1.17 11.10 -6.36 3.66 0.93 -1.18
Zuter x P1533704 2.03 7.79 0.70 -2.32 0.97 0.70
PI1533704 x Lucky801 1.45 62.55 -42.54 18.84 0.19 -13.63
Lucky801 x P1533704 2.05 9.9 -6.74 3.40 0.96 -1.38

Tn - manifestations of transgression; N - number of gegevhich the parental forms differ; D - manifestatiohdominance;
E - epistatic gene effects; H2 - coefficient of heritapilit a broad sense; Pp - coefficient of effectiveneskemass team;

Figure 30 shows the results of the test are 16 F1dw/btithe limit of the medium expressed by two differemirsprates
for the traits aboveground biomass weight and seed weigptare.

It can be seen that the studied hybrids differ in theliyadif their genetic systems when the limits of theiesnment are
changed. It is clear from the figure that when the cersitti@tion worsens (dense cropping), the most valualidachis
additively obtained by crossing the varieties Lucky801 and PI53@%0Zhis hybrid exhibits a good combination of genes
for adaptability and attraction under adverse conditigffsen thinning the crop, such a combination was found onlyen t
hybrids Zuter x PI533704 (3) and PI1533704 x Lucky801 (2) with positive atineertd adaptability values.

Hybrid plants from the crosses P1533704 x Zuter and P1533704 x Lucky80ib§vP1533704 x Lucky801 (4)) under
dense cropping fell into the quadrant defined by negative aoiityt and attraction, indicating that the genetic oolnof
adaptability is unfavorably redefined for higher plamsity. sowing for these hybrids.

Hybrids from Lucky801 x PI533704 and Zuter x P1533704 are characteripesbitiye attractiveness, but differ too much
in their adaptive capabilities, occupying diametrically agite places on the orthogonal regression line. Whenittg the
crop, the scatter around the regression line decreggaficantly. The situation is similar in terms of plaeed weight, where
a donor combining high values of the parameter weighbatf mass and plant seed weight cannot be emitted. Graphica
analysis shows that at both limits of the environmésat,scope of variability in adaptability and in attrawctis substantial.

V1. Characteristics of growth, development and compar ative biological characteristics of prospective lines
grass pea and white lupina
6.1. Compar ative test of hybrid linesgrass pea (L athyrus sativusL.)
The occurrence of the phenological phases of developiméiné¢ varieties and lines was followed by dates devisl -
sowing; beginning of flowering; technical maturity. Table 60spres data on the main periods of plant development for
individual lines and varieties of grass pea.



12.00 +
1100 +
10.00 +
9.00 +
500 +
700+
6.00 +
5.00 +
4.00 +
3.00 +
200 +
100 +
0.00

4.00 —

350+

300+

250 +

200 +

150 +

CEEX0 TETI0 Ha KOpeHNTE,
CBER0 TELN0 Ea KOPEHHTE,

050 +

t t t t t 1 0.00 t t t t t {
0.00 0.50 1.00 1.50 2.00 250 3.00 0.00 0.50 1.00 1.50 2.00 250 3.00
Terno ra HasemHEaTa GHomMaca, g Terno Ha HagseMHarTa bHOMaca, g

Rare sowing- dasa nauano Ha ubprex (A) Dense sowing ¢a3a Havano Ha sdhTex (B)

8.00 —

o
=
=

750+

oo
oS
=

700+

o
5 6s0
o

20
=
=

3
g 6.00
2

2 550 + 750 4+ -ad
B 500 +

o
2 as0t
5

CBeR0 TELN0 Ea KOPEHHTE,

4.00 +

=
ih
=

3.50 +

3.00

t t t t t i
6.00
0.00 0.50 1.00 1.50 2.00 2.50 300
TErmo Ha CeMEHATA OT PACTEHHE, § 0.00 0.50 1.00 1.50 a.on 250 3.00
Terno Ha CEMEHATa 0T pacTeHHE, g

Rare sowing- technical maturity (C) Dense sowing technical maturity (D)

Figure 30. Distribution of mean values of common ax varietiesgltihne orthogonal regression line
A - P1533704 x Zuter; B - Zuter x P1533704; C - PI533704 x Lucky801; D - Lucky801 x PI53B7843, 4 - individual
plants of the respective hybrid

Table 60. Phenological development of lines and varieties graa§20192021r.)

Phenophases/ Year Date of sowing Date of germination Beginningof
variety (line) flowering
2019 05.03 05.04 17.05
BGE027129 2020 20.03 02.04 10.05
2021 04.03 08.04 18.05
2019 05.03 05.04 16.05
LA5108 2020 20.03 02.04 08.05
2021 04.03 08.04 13.05
2019 05.03 05.04 19.05
BGE025277 2020 20.03 02.04 12.05
2021 04.03 08.04 20.05
2019 05.03 05.04 15.05
LHL 2020 20.03 02.04 07.05
2021 04.03 08.04 11.05
2019 05.03 05.04 17.05
LHL-2 2020 20.03 02.04 07.05
2021 04.03 08.04 11.05
2019 05.03 05.04 17.05
LHL-3 2020 20.03 02.04 10.05
2021 04.03 08.04 18.05

Certain differences were found in the onset of flowerisgyell as in the rates of growth and reaching technichiniha
The main influence on the rate of full emergence and imgaklopment of plants in our conditions of the field experiment
was the average daily air temperature, with sufficiemiunt of moisture in the upper soil layer before sowing.

The earliest flowering phenological phase occurremitivar LA5108 and line LHL in all three years of thady (Table
60). Lines LHL-2 and LHL-3 start flowering 2-3 days later thiii. . BGE025277 is the latest blooming variety. At the end
of the growing season, differentiation was observed inahyg #owering genotypes, with LA5108 reaching technical mitgtu
in 80 to 104 days, and LHL line 77-101 days.



Plants of cultivars BGE025277 and BGE027129 complete their ggas@ason in 81-107 days, depending on sowing date
and climatic conditions. Lines LHL-2 and LHL-3 matglghtly later with a difference of 3-5 days comparethth due to
their slower growth and development.

Table 60. Phenological development of lines and varieties gras€2pea2021 r.)

Phenophases/ Year Full bloom Technical maturity Vegetation period, days
variety (line)
2019 27.05 19.06 106
BGE027129 2020 20.05 09.06 81
2021 25.05 16.06 104
2019 23.05 17.06 104
LA5108 2020 17.05 08.06 80
2021 21.05 14.06 102
2019 26.05 20.06 107
BGE025277 2020 19.05 09.06 81
2021 27.05 13.06 101
2019 22.05 14.06 101
LHL 2020 16.05 05.06 77
2021 20.05 11.06 99
2019 22.05 17.06 104
LHL-2 2020 16.05 08.06 80
2021 18.05 10.06 98
2019 26.05 17.06 104
LHL-3 2020 18.05 10.06 82
2021 28.05 13.06 101

In 2021, at an average daily temperature of 5.16 C° for the month of March, the plants germinated for a relatively long
period of time, 35 days after sowing. In 2019, at higher daily temperatures (9.50 C°) due to the small and unevenly distributed
amounts of precipitation, plants sprouted in about 30 days, and in 2020, at a temperature of 8.18 C°, sprouting occurred after
13 days. In these initial phenological phases of plantio@vent, no differences were found between cultivardiaes.

It is noteworthy that for the varieties BGE025277 and B&HE 29 the height of the plants is 48-49 cm, while foother
parental component variety LA5108 it does not exceed 44 che @ah

Close to the LA5108 variety are the LHL and LHL-2 linebjck occupy an intermediate position with a plant heifht o
45-46 cm. According to this trait, LHL-3 lines emerged a&sghnotype forming plants with the highest stems (53 ang
the differences with LA5108 and BGE027129 were statisticaghjificant (Figs. 32 and 33).

The productive potential of the genotypes depends oruthéeer of beans per and per seed plant and the number of seeds
per bean. BGE027129, LA5108 formed a higher number of pods peflplanthe situation is similar for line LHL-2, which
also has 14 beans, followed by LHL (13). The values ofitldisator in line LHL-3 and variety BGE025277 were lower by
9 and 10 beans per plant, respectively.

Figure 32. Line grass pea —

Figure 33. Linegrass pea -
LHL (BGE027129« LAS108) LHL-2 (BGE025277x LA5108)

As a result of the study, significant phenotypic vaoiatwas found in another main component affecting productivity
number of seeds per plant. According to this morphologichtator, the genotypes are usually presented in an analogous
way as the previous trait. In line LHL-2 and varietiéd$lL08 and BGE027129, the number of seeds reaches 24-26 Lifthe fo
position is occupied by line LHL (22), and BGE025277 and line [3Hihare the last two places with 15 and 16 seeds per
plant, respectively.

Of the tested plant forms, varieties LA5108 and LHL-2 diffierem the others in terms of the number of seeds e b
and formed an average of 3 seeds per bean. In beans frothehéwo cultivars BGE027129 and BGE025277 and lines LHL
and LHL-3, up to 2 seeds per bean can be fed.

The mass of seeds per plant is a trait that is highlylaetetewith grain yield and gives an indirect idea of riregnitude
of biological yield. The lowest values of this indicatere found for LA5108 (2.97 g), followed by LHL-2 (3.03 g) below



the sample mean (3.98 g) (Figures 30, 31 and 32). Regarding dnistafive trait, variety BGE027129 (4.64 g) and lines
LHL (4.41 g) and LHL-3 (4.57 g) are distinguished by the highest meehlictivity statistically significant.

Table 61. Biometric analysis of quantitative traits of varietésl lines grass pea (2019-2G21

Plant height| Number of | Number |Number of | Seeds weigl| 1000 seed
cm pods per of seeds |seeds per per plant, mass, g

Variety (lines) plant per pd plant g

BGE027129 48¢c 14d 2a 24c 4.64f 268c
LAS108 44a 14d 3b 26d 2.97a 115a
BGE025277 49d 9a 2a 15a 4.25¢ 285¢
LHL (BGE02712% LA5108) 46b 13c 2a 22b 4.41d 172b
LHL-2 (BGE025277x LA5108) 45b 14d 3b 26d 3.03b 204b
LHL-3 (LA5108x GE027129) 53e 10b 2a 16a 4.57e 246¢C
Average 48 12 22 2 3.98 215

Different letters (a, b, c. . .) in the same columricat a significant difference between treatments a 9%

LASI08

SN

. Figure 34. Line gpass pea - LHL-3 (LA5108 x
BGE027129)

Seed productivity. One of the main characteristics charaictgrihe economic value of the genotype is its proditigti
which depends mainly on the weight of seeds from one plhetlabt parameter is determined by several of its components
- the number of productive nodes per plant, the number of seelddsgreand the mass of 1000 seeds.

The varieties BGE025277 (285 g) and BGE027129 (268 g) stand out svitigtest mass per 1000 seeds, which can be
attributed to the large-seeded genotypes. Of the selectedl tigles, LHL-3 had a slightly lower mass per 1000 seeds (246
g), not significantly different from them. Lines No. LHL72 g) and LHL-2 (204 g) obtained values for the mass of 1000
seeds, which characterized them as medium-seeded.drotieof small-seeded genotypes with a mass of 1000 seeds below
150 g, variety LA5108 (115 g) can be included.

Differences in weather conditions did not significaiatffgct the formation of grain yields in common ax gepesy(Table
62). The yields obtained in the individual years of thie\sdo not differ significantly from each other.

Table 62. Grain yield (kg da-1) in varieties - parental componentshghdd line grass pea LHI(20192021)

2019 2020 2021 Average %
Variety (lines)
Grain yield
BGE027129 138.85 131.19 131.78 133.94c 126.06
LA5108 80.93 75.10 77.62 77.88a 73.94
LHL 116.33 98.95 111.08 108.79b 107.04
Average (P1+P2) 109.89 103.145 104.7 105.91b 100.00

Different letters (a, b, c. . .) in the same columrdat a significant difference between treatments aD D&

Under the conditions of the favorable year 2019, thaiobd grain yields varied from 80.93 kg da-1 for LA5108 to 138.85
kg da-1 for BGE027129. Line LHL occupies an intermediate positidna yield of 116.33 kg da-1, surpassing the average
yield of parental forms (109.89 kg da-1). In 2020, yields are géynatahtly lower compared to the previous year. It is
noteworthy that the differences between LA5108 (75.10 kg agard)LHL line (98.95 kg da-1) are smaller, and variety



BGEO027129 again took the first position (131.19 kg da-1). The 3@2at is characterized by a significant amount of
precipitation in the second half of the growing seasoomRhe tested varieties, 131.78 kg da-1 for variety BGE027129,
111.08 kg da-1 for line LHL and 77.62 kg da-1 for LA5108 wettainlkd, respectively.

The lowest average grain yields during the studied periodneeoeded for variety LA5108 (77.88 kg da-1). BGE027129
achieved the highest yields (133.94 kg da-1), followed by line LHL (10&y#f-1). LHL exceeded by 7.04% the average
yield obtained from the parental varieties, although tfierdnces were not statistically proven.

6.1.1. Chemical parametersof a candidate variety grass pea (LathyrussativusL.) LHL

To analyze the biochemical composition of the godithe released candidate varieties common ax and whiteeluie
main indicators were determined - dry matter, crudeepr@®o), crude fiber (%), calcium and phosphorus. The esfithe
study show (Figure 35) that the dry matter percentage ofthblished line (LHL) is 89.57. The crude protein conteat&
23%. Arelatively low crude fiber content (3.96%) was fourttk Values for phosphorus and calcium content are 0.179% and
0.72%, respectively.
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Figure 35. Biochemical evaluation of line LN1-1 grass pea
Dry in-in — dry matter (%); CP - crude protein (%); CBI -
raw fibers (%); Ca Calcium (%); P- phosphorus (%);

6.2. Compar ative testing of hybrid lines of white lupine (LupinusalbusL.)

The duration of the vegetation period, calculated as thdauof days from the date of sowing to the date of teatni
maturity in the studied genotypes - prospective lines@ental varieties, varies from 114 days (for PI533704 &diL
for 2020) to 142 days (for Lucky801 for 2021 year). Line LN1-1 isrdisished by the shortest vegetation period from 114
to 135 days (Table 64).

In accordance with the climatic conditions and their jemmdowments, the lines and varieties of white lupinterms
of the occurrence of the individual phenological phases lamdidration of the vegetation period can be characterzed a
follows: P1533704 and PI533704 as early; and Lucky801 and LN5 asrlataring.

Table 64. Phenological development of white lupine lines andetims (2019-202t.)

Variety (lines) | Year Date of Date of | Beginning Full bloom Technical | Vegetation period

sowing | germination of maturity days
flowering

Lucky801 2019 05.03 08.04 20.05 27.05 15.07 132
2020 20.03 04.04 22.05 29.05 18. 07 119
2021 04.03 26.04 21. 05 26. 05 24. 07 142
P1533704 2019 05.03 08.04 13.05 21.05 11. 07 128
2020 20.03 04.04 15.05 20.05 13.07 114
2021 04.03 26.04 18. 05 22.05 20. 07 138
LN5 2019 05.03 08.04 16.05 24.05 10. 07 127
2020 20.03 04.04 17.05 26.05 16. 07 117
2021 04.03 26.04 21. 05 25. 05 22. 07 140
LN1-1 2019 05.03 08.04 11.05 20.05 14. 07 131
2020 20.03 04.04 14.05 19.05 13.07 114
2021 04.03 26.04 16. 05 21.05 17.07 135

Plant height (Table 65) largely determines lodging resistand suitability for mechanized harvesting. In termsanfit
height, variety Lucky801 emerges as the genotype forming phattitghe tallest stems (108 cm). Taking into account the
climatic conditions during the growing years, the geeaesponsiveness of the Lucky801 variety to improving grgwi
conditions is evident (Figure 36).

Line LN5 (Lucky801 x PI1533704) and variety P1533704 occupy an intermedisiteopavith plant height (Figure 34) in
the range of 80 - 87 cm. Data analysis shows that ferfitN1-1 the value of this trait is 68 cm. The situat®gsimilar in



terms of height of formation of the first bean. Varietizky801 sets its first beans as low as 44 cm. Theevafithis parameter
for variety PI533704 is 36 cm, respectively. The longer-stairime LN5 set first beans at a higher height of aboutd0 c
and line LN1-1 at 33 cm.

The observed differences in the number of beans per planbastatistically significant. It was found that theeyaal
variety Lucky801 formed the highest number of beans per plantf@8yved by line LN5 with 28 beans. Line LN1-1 and
variety P1533704 fall behind on this indicator, managing to feoormore than 23-24 beans per plant.

The results for the number of seeds per plant aressitoithe previous trait and show superiority of Lucky801 (2Bd)
line LN5 (114) over P1533704 (103). The last position is occupiechbyIN1-1 whose plants managed to feed 92 seeds.

In the biometric analysis, no compensatory mechanisnmes egtablished on the part of the trait number of sedoisains,
therefore no change was observed in the arrangementteflwpine genotypes.

Seed weight per plant. Seed productivity is distinguishedsatieiresult of the ratio of many components, of tvithe
influence of the number of seeds per plant and the nid€906 seeds is decisive.

Figure 36. Representative plants of Lucky801,
PI533704, LN5 and LN1-1 at technological
maturity

In the present study, on average for the period 2019-2021, the LuckgB6tly was distinguished by the highest seed
productivity (45 g), and the seed mass per plant in line LN5 (®¢apied an intermediate position compared to the two
parental components. Variety PI533704 and line LN1-1 shogrtain similarity in terms of the number of beans ardise
per plant and the number of seeds in a bean, thereforerthetatistically reliably close to each other inithpeoductivity
(30 g; 26 g).

Table 65. Biometric analysis of quantitative traits of varietiesl lines of white luping20192021r.)

Variety (lines) Plant height | Height of | Number of| Number | Number of | Seeds weigl 1000 seed

cm first pod pods per | of seeds | seedsper| perplant,| mass,g
plant per mod plant g

Lucky801 P1) 108c 44b 33a 4da 130a 45hb 349b

P1533704 P2) 80ab 36ab 23a 5a 103a 30a 298a

LN5 (Lucky801x

P1533704) 87b 40ab 28a 4a 114a 37ab 339b

LN1-1 (Lucky801x

P1533704) 68a 33a 24a 4a 92a 26a 305a

Different letters (a, b, c. . .) in the same columndat a significant difference between treatments ad 0%

The mass of 1000 seeds depends on the features of thepgeant/on environmental factors. Data analysis shaats th
the productivity of Lucky801 is very well matched with theed size (349 g). However, the other variety PI1533704 was
characterized by the lowest average weight per 1000 seedg)(28@l was overtaken by line LN1-1, whose seeds were
slightly heavier (305 g) (Figures 35 and 36). Of interest isLI® distinguished by mass per 1000 seeds (339 g) statistically
not proven to differ from the better parent (Lucky801).

Grain yield. As a complex quantitative trait, the formataf grain yield is directly dependent on changing climatic
conditions. In the conducted field experience, the yieldhife lupine varieties and lines varied significarmtyyyear (Table
66).

In the most favorable year 2019, the grain yield of whifnle ranged from 370 kg da-1 to 446 kg da-1. The most
productive genotypes were variety Lucky801 and line LN5ellii.1 exhibits biological properties close to theosel
parental component PI533704. Line No. LN5, even in the unfaleoealyironment, managed to fully express its productive
capabilities and accumulate a significant amount of semtliption (315 kg da-1), which exceeded the average value of the
parents (107.14%). In 2021, fluctuations range from 260 kg d&92t&g da-1.

On average for the study period, line LN1-1 gave a highan yield (263 kg da-1) compared to variety PI533704 (260
kg da-1), although it was not significantly different fromTihe last position of this line is due not to the fhett it is les
leafy but to the shorter growing season, during whichlg fa form a significant seed mass, as well as tskioeter plants.

Differences in grain yields between line LN5 (315 kg.da-1) a&adety Lucky801 (339.00 kg.da-1) were not
mathematically proven, therefore these genotypes falltive same statistical group. The numerical expressidihg grain



yield of line LN1-1 in the individual years of the study (370 kgld 111 kg da-1, 308 kg.da-1) give reason to believe that it
is significantly influenced by changes in climate caonds.

Table 66. Grain yield (kg.da-1) in varieties - parental componentshghdd lines of white lupine (2019-2021)

Variety (lines) 2019 | 2020 | 2021 | Average | %
Grain yield

Lucky801 P1) 446 178 392 339c 115.31

PI533704 P2) 376 112 260 249a 84.69

LN5 419 158 368 315c 107.14

LN1-1 370 111 308 263a 89.46

Average (P1+P2) 411 145 326 294b 100.00

Different letters (a, b, c. . .) in the same columndat a significant difference between treatments a0 9%

Figure 35. White lupine line Figure 36. hitélupine line
LN1-1 (Lucky801x P1533704) LN5 (Lucky801x P1533704)

The yield obtained from it is lower than the averagdefttvo parent components (294 kg.da-1). Variety P1533704 has a
lower average value of grain yield (249 kg.da-1), and the differesropared to line No. LN1-1 is statistically unproven.

6.2.1. Chemical parametersof the candidate varieties of white lupine (LupinusalbusL.) LN1-1and LN5
The selected white lupine candidate cultivars (LN1-1 aN8)lpossessed high grain dry matter values (91.66%; 91.51%)
(Figures 39 and 40).
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Figure 39. Biochemical evaluation % S T
of line LN1-1 white Ilupine Figure 40. Biochemical evaluation of line
(Lupinus albus L.) LN5 white lupine Lupinus albus L.)
dry matter (%); CP - crude protein (%); CBI - raw fibers (%);-@alcium (%); P- phosphorus (%);

In line LN5, the higher crude protein content (32.94%) was auadbwith the lower crude fiber content (11.50%). For
line LN1-1, a crude protein content of 30.44% and a crude ditretent of 13.82% were found. In terms of calcium content
the white lupine lines do not differ significantlyfn each other (0.24%; 0.207%). The values showing the phosootest
are also very close, as for LN1-1 it is 0.42%, and_fé5 it is 0.456%.

VII. CONCLUSIONS
With the grass pea

Strong phenotypic variation was found for number and wefhibers, fresh weight of leaves and stems, nuraber
weight of seeds per plant and fresh weight of plant, aldggr genotypic variation for number of leaves, freshdmyd
weight of roots, weight of dry stems and dry root weight.

Root dry weight, root fresh weight (85.56%), stem dry weight6@%), number of leaves per plant (82.00%), number of
pods per plant (72.05%) and number of branches are characteriaiggh ineritability. (69.49%).

A strong positive correlation was found between plaedsweight with tuber weight (r=0.712) and dry stem weight
(r=0.853) and mean root fresh weight (r=0.499) and specific fabming capacity (r =0.520).

The influence of the genotype and the environment wasep on all the investigated characters except for thghivef
the fresh root mass. For plant height, plant fresh weigihber of seeds per plant and seed weight per plant,ng@estro
influence of the environment factor was found, and ferrtmber of tubers per plant, of the genotype factor.



BGEO027129 was distinguished as ecologically stable with highs/alyglant height, stem fresh weight, number of seeds
and tubers per plant, and BGE025277 in plant height, seed wethhtarber of tubers per plant. These cultivars are suitable
for growing in a wide range of environmental conditions.

BGEO015741 has the best expression of number and weight of gesipiant, has high adaptability and is responsive to
improving growing conditions.

BGEO027129 has high breeding value and value in number of bedBs16) and seeds per plant (16.07; 26) and weight
of seeds per plant (2.29; 4.65), and BGE015741 in plant heigh6(384.3), number (16.43; 29) and weight of seeds per
plant (2.09; 21.01).

BGE025277 is of breeding interest for the traits plant h¢h67) and seed weight per plant (4.26), which are combined
with good homeostaticity (77.22; 1.65) and relative stakiit§9; 40.18) to the environment.

The highest average seed yield was reported for BGE015741 (1&8.d8-1), BGE027129 (113.10 kg da-1) and
BGE025277 (108.30 kg da-1), and fresh aboveground biomass for BGE015740 (@50a41) , LAT4362 (779.3 kg da-1)
and BGE027129 (722.80 kg da-1).

LAT4362 and BGE025277 formed heavier fresh shoot and root mdsaxaibited a good combination of adaptability
and attraction genes. BGE027129, BGE025277 and BGE015741 were breddaltge in terms of seed weight per plant.

A negative heterosis effect was found in almost all lghat both environmental limits. Only in LAT5108 x
BGEO027129, the heterosis is high and positive in termseofitimber of tubers per plant.

Dominant to superdominant negative inheritance was found. int BGE027129 x LAT5108 for root fresh weight,
aboveground biomass weight and tuber weight per plant; LAT5108E&0B7129 by leaf fresh weight and aboveground
biomass weight. Non-allelic interactions occurrechia inheritance of tuber number and weight per plant in BGE026277
LAT5108.

The overall phenotypic expression of fresh weight otg,0aboveground mass and tubers is strongly genotypically
determined and mass selection for these traits ggin lvethe earlier hybrid progeny (F2 - F3).

According to the biochemical composition of the gradGE015741 is distinguished by high values of crude protein
(28.44%), calcium (1.90%) and phosphorus (0.29%), LAT5038 by crude fiber (4@AB%NAT4362 by crude ash (14.82%).

At thewhite lupine

A statistically reliable influence of the environmearid the genotype on the manifestation of the studied siges
established. The variation in the tuber-forming abditplants is determined to the greatest extent by the ymnéctor.

High heritability combined with low genetic progresssviaund for specific tuber-forming ability (80.81%; 0.09) and dry
stem weight (62.60%; 0.31), indicating the involvement of riditave gene actions.

A strong positive correlation was found between thektedf fresh aboveground biomass and the weight of dryrasll f
leaves (r=0.881; r=0.897), plant height (r=0.587) and dry weifgtatots (r=0.569); of plant height with dry weight of above
ground mass (r=0.963).

The calculated parameters of environmental stalijtyplant height identify PI533704 as the most stable and high
growing, by number of beans and seeds per plant and seghltwer plant variety Zuter as the most desirable, neat id
type, combining high productivity with ecological stépi

Lucky801 is by most signs ecologically unstable, but highbgpctive, and therefore suitable as a parent component in
breeding programs for obtaining highly productive varieties

P1457923 and P1457938 were of high selection value and valuesbfirgight of root mass (1.11; 0.95 and 1.92 g; 1.97
g) and number of tubers per plant (5.58; 5.37 and 10.20; 8.00).

The highest average seed yield was reported for Lucky801 (2Kg.6a1) and P1533704 (151.92 kg da-1). PI368911;
P1457938 and KALI are distinguished by high variability and grédybelow the average (90.00 kg da-1, 80.08 kg,da-1
83.25 kg.da-1) for the studied group of cultivars. The highelstsyie terms of fresh aboveground biomass are the \exieti
P1457938 and P1533704 with an average yield of 597.98 - 485.12 kg da-1.

Plants from P1457938 formed high weight fresh shoot andmass and exhibited a good combination of adaptabilidy a
attraction genes.

Strong genes of physiological systems - attraction and duiétgtian plant seed weight and root mass weight are 3ssske
by Lucky801 and PI533704 varieties, and P1457923 and Zuter vahetiesgood adaptation.

Limiting environmental conditions influence the ocenee of heterosis and degrees of dominance. Positiviedtei®sis
was found in P1533704 x Zuter and PI1533704 x Lucky801 crosses for tuber waighdoh fresh weight per plant at both
media limits.

The traits tuber weight per plant and root fresh weightI88%704 x Zuter were inherited in pronounced positive
dominance and overdominance. Manifestations of negadtimenance were found in Lucky801 x P1533704 for tuber weight
and root mass per plant.

The hybrids P1533704 x Zuter and Lucky801 x P1533704 are characteyizethigh coefficient of heritability in both
limits of the environment by the number and weight of theits, Zuter x PI533704 by the fresh weight of the root amal ae
mass, and almost all hybrids by the weight of the seedd .

The overall phenotypic expression of seed weight per plafiter x PI533704 is highly genotypic and a greater effect
of mass selection can be expected in the earlier hylogepy (F2 - F3).

At full maturity, with maximum values for biochemicalrpmeters, PI1368911 and Lucky801 stand out for crude protein
(30.14%; 28.88%), Zuter for crude fiber (51.82%), P1457923 and KALI for cal¢uiv%), P1457938 for phosphorus
(0.123% ) and KALI for raw ash (6.277%).

The correlation coefficient of crude protein conterthvgrain yield (r=0.17) and with the vegetation period (r=0i§3)
positive, but statistically insignificant.



VII1. Contributions
8.1. Scientific contributions
8.1.1. Contributions of an original scientific nature
A complex evaluation of a set of genotypes of the spepi@ss pea and white lupine was carried out according to basic
guantitative signs and qualitative indicators and accoraitigeiir reaction to environmental limiting factors.
The genetic diversity of the set of samples of theseiepavas evaluated by a large number of parametersdrétathe
above-ground biomass and the root system, as well iasliogtors related to the quality of fresh mass anadgrai

The use and joint application of various methods for deténgriecological stability and adaptability enables @am
complete assessment of selection materials in tefrtfeeccomplex magnitude of the trait and its stabilityo3d of the
genotypes that realize their productive potential regtistably, regardless of changing abiotic factors,radicated.

The method of orthogonal regression has been developedy mikes it possible to evaluate the quantitative polygenic
traits in the varieties and hybrids of white lupine andg@ea common ax through the physiological-genetic systéms
adaptability and attraction and to identify the besiiygres.

The adaptive capabilities of the varieties and hybridgats pea and white lupine have been proven by ghiftexmean
values of the characters along the coordinate systbmpdssibility of matching and combining in one genotypeegédor
attraction and adaptability is shown.

Based on the genetic analysis, high heritability and gepeigress were found for plant, fresh leaf and seed waight
number of branches per plant in grass pea, as well asrfuner of leaves, fresh stem weight and total plant foeshass ,
which will support the construction of a selection strafegyheir improvement.

8.1.2. Scientific contributions of a confirmatory nature

The influence of the main factors - genotype, envirarninaad the genotype-environment interaction, on which the
phenotypic expression of individual quantitative and qualéaparameters depends, has been confirmed. In grass pea
cultivars, the genotype factor has the strongest inflei@m the number of tubers per plant, and in white lupirtbetuber-
forming ability.

Correlation relations were confirmed both between sepgratgs of quantitative signs and qualitative indicators,
which facilitate the selection of suitable genotypes.

The manifestation of a different type of dominance in tineiitance of most of the studied characters was coediiim
both plant species. The action of dominant alleles isieénted by the direction of crossing as well as envietai
conditions.

Genetic control of traits has been confirmed to occimguboth additive and non-additive gene effects. Norlialle
interactions were shown in the expression of tuber rumid weight in hybrids of the two plant species antdaveground
biomass weight in white lupine Lucky801 and PI533704 (4). Thiddhgxhibits a good combination of genes for adaptability
and attraction (rapid displacement of plastic substanegbsh conditions deteriorate. When thinning the crop, such a
combination was found only in the hybrids Zuter x PI533704 (3) and PI533704 x Lucky801 (2) with positive values for
attraction and adaptability.

8.2.Contributions of a scientific and applied nature

For the first time in our country, through a quantitatimel complex assessment and with the help of modern mattamat
and statistical methods, an in-depth analysis of the mantitative signs and qualitative indicators of grass(batnyrus
sativus L.) and white lupine (Lupinus albus L.) samples nvade. The varieties LAT5108, BGE015741 and BGE027129
grass pea and PI1533704, Zuter and Lucky801 white lupine werefietbrats valuable starting material for the selection of
new plant forms distinguished by early maturity and irsedagroductive potential.

Promising genotypes were obtained from grass pea (LAT5108 x BGE025277-A1) with a favorable combination of tuber
weight and fresh aboveground biomass produstirid from white lupine (Lucky801 and P1533704 (4), Zuter x PI533704
(3) and P1533704 x Lucky801 (2)) by weight of the root system and aboveground biomass, which are suitable for research
related to organic agriculture.

Grass pea (BGE027129, BGE025277 and BGE015741) and white lupine (P1888i70dter) cultivars characterized by
high trait value and ecological stability were identified @ould be included in a breeding program to improvseeticeops.

The developed ecological-genetic approach will make it plessb reveal new regularities in the team theory thed
ecological-genetic organization of the quantitativét fraplants. In light of this approach, progress will ibade in the
development of new selection models.

A transition was made from selection based on them®bf "gene-trait" to selection of genetic-physiolofggstems
with an emphasis on adaptability (ad) and attraction {Ete.attempt to identify the genotype by phenotype withbahging
the offspring will increase the efficiency of theesglon process many times over.

RESULTSOF THE DISSERTATION DEVELOPMENT

In collaboration with other scientific collaboratoesich ax and white lupine varieties have been selectetenghized:

New variety every time Yodai grass pea ax (LHL line)ti8g was obtained by multiple individual selection in thess
BGE027129 x LAT5108. The height of the plants at technological maturity of the grain reaches 46 cm. The vegetation period
is an average of 93 days. The new variety ripens 4-5hitfgse the varieties BGE027129 and LAT5108. On average, one
plant produces 13 well-nourished beans with a total of 22 nigrdeveloped seeds. The seeds are medium-sized with a white
seed coat, with a flat oval shape. Its seed productivity (@) 4xceeds the average of the parental varieties (3.80 g). The
weight of 1000 seeds is about 172 g. The crude protein conten8®23The variety has good resistance to cracking of the
beans. It is drought tolerant. It is weakly attacked bgakes and enemies.

A new variety of Gaia white lupine (line LN1-1). It wabtained by the method of artificial sexual hybridizatéord
between the varieties Lucky801 and PI533704 and followed muliiplridual selection. It is adapted to adverse
environmental conditions. It exhibits tolerance toremmically important diseases and is resistant to loddingadvantage



of the new variety is the shorter growing season - 1¥6.dlants of LN1-1 were characterized by a determinigtie of
stem development and a plant height of 68 cm. The heighedirst rosette of beans develops at 33 cm. Theregtence

is medium in size, blue-white, the seeds are white @wiunein size. The formed beans do not crack and the skedst
spoil, and their number reaches 24. The average nurhbeeds in one bean is 4-5. The mass of 1000 seeds wasa805 g
was higher than the value of PI5S33704. Ripe grain has a cratenpcontent of up to 30%. It is characterized by a higher
seed yield (263 kg da-1) compared to variety P1533704 (249 kg da-1).

A new variety of white lupine Monica (line LN5). The dedwvariety is intended for seed production. It was obtaiyed
repeated individual selection from the cross Lucky801 x P1533704. It belongs to the medium ripening group with a duration
of the growing season of 129 days. It has genetically coatptgowth. Pods are formed on the main stem and on s&drte
lateral branches of the first and second order. Planhh&g87 cm. The variety has high lodging resistance and good
adaptability to abiotic conditions. The first bearns planted at 40 cm. The pods of the plant are formedeom#in stem and
on shortened lateral branches of the first and secaiat.

About 28 uncrackable beans form on one plant. The inflere® is mediunsized, blue-white, the seeds are white,
medium-sized. The number of seeds in one plant is on avétdgdhe protein content of the grain is 33%. The vaigety
distinguished by high potential productivity. The varietdistinguished by high potential productivity (37 g is the snafs
seeds per plant). The mass of 1000 seeds is 339 g. Its averiaggadda(315 kg da-1) in the competitive varietal trials
conducted exceeded the average of the parental forms (2941)g da-

ABSTRACT: The research was conducted in the period from 2014 to 2021 iretveSExperimental Field of the
Institute of Forage Crops-Pleven, Bulgaria. As a resyugboseful scientific activity at the Institute, new etigs ofgrass
peaand white lupine were created, as well as promising ladfiehese crops in the field of grain production. The dithie
study was to investigate the selection-genetic pog@hilior the enrichment of the genetic diversitygrass pedLathyrus
sativus L.) and white lupine l{upinus albus L.) through the methods of combinatorial selectida.achieve this goal, the
following tasks were performed: A morphological, ecolagi@nd biochemical evaluation of collection samplegrags pea
and white lupine was made. Phenotypic correlationsdmiwnajor traits in these species were determinedcti®elend
genetic studies were carried out and the ways of inheritahegonomically valuable quantitative traits in thebitid
generations were studie@rass peaamples with high heritability were characterized by dvgtweight, root fresh weight
(85.56%), stem dry weight (81.63%), number of leaves per pla@0®?, number of pods per plant (72.05%) and humber
of branches (69.49%). A strong positive correlation was finetleen plant seed weight with tuber weight (r=0.712) and dry
stem weight (r=0.853) and mean root fresh weight (r=0.499)sprdific tuber forming capacity (r=0.52@ominant to
overdominant negative inheritance was found in F1 at BGE027129xLA&XO0®ot fresh weight, aboveground biomass
weight and tuber weight per plant; TA108x BGE027129 by leaf fresh weight and aboveground biomass wéight
allelic interactions occur in the inheritance of tubembar and weight per plant in BGE0252¢[ZAT5108. In white lupine,
high heritability combined with low genetic progress @sd for specific tuber-forming ability (80.81%; 0.09) airg
stem weight (62.60%; 0.31), indicating the involvement ofadditive gene actionsA strong correlation was found between
the weight of fresh aboveground biomass with that obdid/fresh leaves (r=0.881; r=0.897), with plant height (r=0.&8d)
with dry weight of roots (r=0.569); of plant height with dvgight ofove ground mass (r=0.963). Tuber weight per plant and
root mass in PI533704xZuter were inherited in pronounced positis@nance and overdominance. The dominance of
Lucky801x P1533704 in tuber weight and root mass is nega@veated and recognized as new are the varigtigmss pea
(Yodai) and white lupine (Gaia and Monica).
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