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Background. This work aimed at using Hayman’s methodology to study the inheritance of some quantitative traits, such as the
number of pods per plant, pod length, mean pod weight, and yield per plant in 15 diallel hybrids of six green bean cultivars.
Materials and methods. The research was carried out at the Experimental Center of Universidad Nacional de Colombia - Sede
Palmira (CEUNP). A randomized complete block experimental design with four replications was used.

Results. For most of the traits, except yield per plant, the additive-dominant model was adequate. Non-additive effects with
overdominance controlled the number of pods per plant, pod length, and mean pod weight. Most of the characters presented an
unequal proportion of positive and negative genes in the loci (H, < H,). The asymmetric distribution of genes in the parents
(H,/4H,) was below the maximum value (0.25), except for the character “number of pods per plant”. The K /K, ratio confirmed
for most of the traits that there was an excess of recessive alleles over dominant alleles. Dominance effects (h?) for most char-
acters suggested that the substantial contribution of dominance was not due to heterogeneity of loci in these characters. The
narrow-sense heritability was moderate to low. The correlation coefficient r (Yr; Wr + Vr) indicated that dominant genes were
responsible for the increased number of pods per plant and recessive genes for increased pod length and mean pod weight.
Conclusions. Conventional breeding methods like pedigree selection could be employed to improve the characters “pod length”
and “mean pod weight”, and for the number of pods per plant, management of segregating populations should employ the
single-seeded descent method.
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AKTya/IbHOCTB. llesib JaHHOW paboThI - U3y4YeHHe C IOMOIbI0 MEeTO/[0JIOTMM XallMaHa HacIe0BaHUsI HEKOTOPBIX KOJIHYe-
CTBEHHBIX IPU3HAKOB, TAKUX KaK KOJMYeCTBO 6060B Ha pacTeHue, AJIMHA 6064, cpeJHUM Bec 606a U ypoxkail 6060B ¢ pacTe-
HUA Yy 15 AnanienbHbIX THOPUIOB IIECTH COPTOB OBOIIHON (pacoiu.

Martepuasbl U MeTOABL. McciefoBaHUs TPOBOAMINCE B JKCIIepUMeHTaJbHOM neHTpe HarnuonaneHoro yHuBepcutera Ko-
nym6un - [lanemupa (CEUNP). Ucnonib3oBanachk paHZ0MHU3MpOBaHHAs MTOJHOGI04HAs dKCIIepUMeHTalbHas CXeMa C YeThIPb-
MsI HOBTOPHOCTSIMH.

Pe3ynbraThl. [y GOJBIIMHCTBA IPU3HAKOB, 33 UCK/JIIOUEHHEM YPOXKaWHOCTH C OZIHOT'O PAacTeHHs, aleKBaTHOH Oblia aAau-
THUBHO-JITOMUHAHTHAsi MO/ieJib. B KOHTpOJIe KoJinyecTBa 6060B HA pacTeHue, AJMHbI 606a U cpeHeN Macchl 606a mpeobiaa-
JIM iU TUBHBIE 3QPeKThI (HacieJ0BaHHE 10 TUIY CBEPXJOMHUHHPOBaHUs). [y 60IBIIMHCTBA MPHU3HAKOB HAGJII0/1a/10Ch He-
O/INHAKOBOE COOTHOLIEHHE TeHOB C MOJIOXUTEeNbHbIMHU M OTPUIIAaTeIbHBIMHU 3pdeKkTamu B JioKycax (H, < H,). HepaBHoMepHoe
pacnpesiesieHue reHoB y pogutesed (H,/4H,) 6bu10 Hibke MakcuMasbHoro 3HadeHus (0,25), 32 MCK/II0YeHHeM NpU3HaKa «Ko-
J4ecTBo 60608 Ha pacTenue». OTHowmenue K /K, ykasbiBasio Ha npeo6Jia/laHKe pelecCHBHbIX ajliesiel Ha/l JOMUHAHTHBIMH
JUIst 60JIBIIMHCTBA NpU3HaKoB. IddekThl JoMuHupoBaHus (h?) /151 GObUIMHCTBA IPU3HAKOB CBU/IETE/NBCTBYIOT O TOM, YTO
CyIIeCTBEHHBIN BKJIAJ| JOMUHUPOBAHUSA He OBl 00yCJIOBJIEH [eTEPOTeHHOCThIO JIOKYCOB 10 3TUM Ipu3HakaM. Hacienye-
MOCTb B Y3KOM CMBbICJIe GbljIa yMEPEHHOH UJIM HU3KOU. 3Ha4eHUs1 Koapdurrenta koppeasuuu r (Yr; Wr + Vr) cBuzeTenbCcTBO-
BQJIM O TOM, YTO JJOMHUHAHTHbIE TeHbl OTBEYAIOT 3a YBeJIMUEHHEe KOJIMUeCTBa YHc/Ia 6060B HAa pacTeHMe, a peljeCCUBHbIE TeHbI —
3a yBeJIMYeHHUe IJTMHBI 606a 1 ero cpejHeld Macchl.

BbIBOABI. TpauIMOHHBIE METO/bI CeJIEKI[UH, TAKKe KaK MeTO/| IeUTPH, MOTYT OBITh UCIOJIb30BaHbI JJIs YIyJIIeHUs IPH-
3HAKOB JJIMHBI 6060B U cpeJjHero Beca 6060B, a /1/1d Yrcsa 6060B Ha pacTeHHe B paboTe C pacCIleNSoIUMUCH HOMYIAIUIMU
HeOoOX0IMMO HCI0JIb30BaTh METO/, 0TOOPA eJUHUYHBIX CEMSH.

Kalouesswle c/n08a: nyannenbHbIi aHANIN3, aiAUTUBHBIE 3P PEKThI, JOMUHAHTHBIE 3$PEKThI, 3NNCTa3, TeHeTUIeCKHe napa-
MeTpBbI

BbaazodapHocmu: faHHOe WcciejoBaHKe GbI0 nMpodrHaHCHUpoBaHO OT[EIOM HCC/IelJOBAaHUH M PacpoCTpaHeHUs 3HAaHUH
Hannonanbuoro ynuepcuteta Konym6muu - kammyc [lanemupa.

ABTOpBI BEIpQXKAIOT 0COOYI0 GuiarofapHocThb A-py Ppenu A. Canacapy Busbsipeasny 3a MeTO/L0JIOTHYECKYIO TTOALEPHKKY, aHa-
JIN3 ¥ UHTEpPHpeTaLH1Io JaHHBIX B IPOIlecce UCCAe0BaHus, a Takxke A-py Mupuam genb Kapmen Canacap Busbsippean 3a co-
TPYAHUYECTBO B M0JIEBBIX UCCJIEJOBAHUSIX.

ABTOpBI 61ar0AapAT PEIjeH3€eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OLIEHKY 3TOH paGoThI.

JAaa yumuposanus: Koutpepac-Poxac M., I'ycman /I.I'TL, Canacap Mepkazo C.A. [eHeTU4eCKUI KOHTPOJIb KOMIIOHEHTOB ypoO-
»KalHOCTH oBoLHOU dacostu (Phaseolusvulgaris L.). TpydsinonpukaadHoiibomanuke, eenemukeu cesekyuu.2023;184(3):116-124.
DOI: 10.30901/2227-8834-2023-3-116-124
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Introduction

Green beans are unripe fruits of common bean (Phaseolus
vulgaris L.) which are consumed fresh or processed. They are
a good source of nutrients and bioactive compounds, as well
as proteins, carbohydrates, fiber, and vitamins (Fabbri,
Crosby, 2016). It is the sixth most important vegetable in Co-
lombia, in terms of area (5,584 hectares) and production,
(45,124 tons) (Agronet, 2020). A way to increase productivity
of this crop is utilization of genetic improvement programs
aimed at obtaining high-yielding cultivars (varieties). While
there have been huge investments, the success rate has been
slow and very low, and therefore the challenge of green bean
productivity persists.

Genetic studies to establish the mode of inheritance, gene
action and gene effects of major quantitative traits in green
bean are scarce in the literature. Knowledge of the nature and
magnitude of the genetic effects is essential for the selection
process and to know the behavior of segregating generations
(Cruz et al,, 2004). During the execution of the improvement
program, the methods to be followed or the size of the popu-
lation to be carried out should be taken into account. There-
fore, it is necessary to invest in programs that can favor the
generation of superior genotypes, increasing the economic
benefits for farmers.

Green bean pod yield is a highly complex trait, controlled
by hundreds or thousands of genes with very small effects,
which makes it difficult to study. However, yield components
exhibit simpler heritability and, therefore, the selection prog-
ress achieved by selecting these components may be greater
than selecting directly for yield. Knowledge of the nature and
magnitude of the genetic effects controlling yield components
is helpful in planning and executing a breeding program (Ven-
covsky, Barriga, 1992).

The crossing systems or mating designs allow to know
and evaluate the genetic effects of quantitative traits, as well
as to identify and select superior genotypes and design the
most efficient breeding methods. Regarding diallel analysis
methods, C. A. Cruz etal. (2012) mention the method pro-
posed by B. Griffing (1956), C. O. Gardner and S. A. Eberhart
(1966), and the method proposed by B.I. Hayman (1954a,
1954b). Hayman'’s method is based on the knowledge of the
environmental and genetical parameters, such as means, vari-
ance, and covariance, obtained from the diallel analysis (Cruz
etal, 2012). This methodology provides an efficient study of
the gene action involved in the control of traits and identifies
the presence of epistatic interactions, also estimates the ge-
netic component of genotype determination and selection
limit that can be obtained in segregating generations from the
evaluated parents. The present study was conducted to inves-
tigate the gene effects that control genetic control of yield
components in green beans, using the diallel analysis meth-
odology.

Materials and methods

Six green bean genotypes: two commercial cultivars ‘Blue
Lake’ from Ferry Morse Company (G17723) and ‘UNA-
PAL-Milenio’ from Universidad Nacional de Colombia - Sede
Palmira (G51158), and four lines from the world bean collec-
tion of the Genetic Resources Unit, International Center for
Tropical Agriculture (URG-CIAT), previously selected by the
Vegetable Program of Universidad Nacional de Colombia -
Sede Palmira (G23956, G20400, G18212, and G16806), were
subjected to a complete diallel cross design in all possible
combinations without reciprocal crosses. The evaluation of

the 21 genotypes (six parents and 15 hybrids) was carried out
in the second semester of 2019 and first semester of 2020, at
the Experimental Center of the Universidad Nacional de Col-
ombia - Sede Palmira (CEUNP), located in the municipality of
Candelaria (26°C; 1,000 m.a.s.l; annual rainfall 1,028 mm;
relative humidity 75%) (Ortiz et al., 2020).

A randomized complete block experimental design with
four replications was applied. The experimental unit con-
sisted of eight plants, in furrows 8 m long with a 1.50 m dis-
tance between furrows and 1 m distance between plants.
Four central plants were evaluated. The following character-
istics were analyzed: a) number of pods per plant (NPP), all
pods with at least one viable seed on each plant sampled
were counted (was recorded from the four selected plants
from each plot); b) pod production per plant (PPP), the
weight of all pods per plant, expressed in kilograms (based
on the pods collected in the experimental unit); c) mean pod
weight (MPW), the ratio of pod production per plant over
the number of pods per plant, expressed in grams; and
d) pod length (PL), the pod measured from its insertion in
the pedicel to the free apex end, the average length of ten
pods per experimental unit taken and expressed in centime-
ters.

The validity of the genetic information of the recorded
data was based on the genetic assumptions formulated by
B. . Hayman (1960). To verify whether the data fit the addi-
tive-dominant model (absence of epistasis), the sufficiency
test was based on linear regression analysis of Wr on Vr, test-
ing the significance of the regression coefficient (HO: b =1 vs.
Ha: b # 1), the regression should result in a regression coeffi-
cient not significantly different than one (b =1). If b # 1, sig-
nificant epistatic effects were assumed; in this case a second
test was applied after weighing the values of Wr and Vr, the
test (t2) with rotation of the Wr axis on the Vr axis at 45°, fol-
lowed by a new regression coefficient (HO: b = 0 vs. Ha: b # 0),
b was expected to be no different from 0 (zero); the nonsig-
nificant value of the t2 test also confirmed the absence of non-
allelic interaction and, therefore, the genes would be indepen-
dent in their action for the random association. The failure of
these tests completely invalidates the additive-dominant
model (Mather, Jinks, 1982). The different genetic compo-
nents and parameters of variation were calculated, based on
standard procedures (Hayman, 1954a, b; Singh, Chaudhary,
1999), only for those characteristics that fit the additive-dom-
inant model: we estimated D (genetic component related to
additive effects); H, and H, (dominance deviations); h* (dom-
inant gene action); F (frequency of dominant and recessive al-
leles between parents); E (environmental variance compo-
nent); and the following genetic parameters: (H,/D)"? (mean
degree of dominance); H,/4H, (symmetry of allele distribu-
tion between parents); K /K.  (dominant/recessive ratios);
h%/H, (number of genes with dominance); h’e (narrow-sense
heritability); and r (correlation coefficient). Significance lev-
els of all genetic components were determined by t-test. All
statistical procedures were performed with the help of the
Genes program (Cruz, 2020).

Results and discussion

Sufficiency test of the additive-dominant model

Table 1 presents the results of the application of the two
tests to determine the adequacy of the data to the addi-
tive-dominant model for the evaluated characteristics. For the
NPP, PL, and MPW, the test results were from partially to non-
significant, thus validating the use of the additive-dominant
model in the genetic study of these traits. The PPP trait
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Table 1. Sufficiency test of the additive-dominant model based on linear regression analysis of Wr on Vr
for mean pod weight, pod production per plant, number of pods per plant, and pod length,
among six bean parents and their F_s, according to the methodology proposed by B. 1. Hayman (19544, b)

Ta6smmua 1. [IpoBepka AOCTAaTOYHOCTH AAAUTUBHO-JOMHUHAHTHOI MOJ€e/I HA OCHOBE JIMHEHHOTO perpecCHOHHOr0
aHasm3a (Wr/Vr) ajist cpesHero Beca 606a, ypokasi 6060B € pacTeHusl, KOJIn4ecTBa 6060B Ha pacTeHHue U AJIUHbI
606a cpeAy WeCTH POAUTENLCKUX GpopM paco v M UX ru6puAoB F, coriacHO MeT04,0/10ruHy,
npejioxeHHo# b. Xeiimanom (Hayman, 1954a, b)

Regression 2 Rotation axes*W yV ?
Character!
t(H,:b=1) F= t2 (H,: B=b-1=0)
PPP -6.51* 3.66*
NPP -2.73% 1.69 ns
LDV -2.40* 1.57 ns
MPW -2.48* 1.44 ns

Note: ! MPW - mean pod weight; PPP - pod production per plant; NPP - number of pods per plant; PL = pod length

% t-test, average values of Wr and Vr, with a 5% probability level

3 F-test, average values of Wr and Vr by rotation of the axes at 45°, probability level at 5%; ns - not significant

[Ipumeuanue: ' MPW - cpeHuii Bec 606a; PPP - ypoxkait 60608 ¢ pacteHust; NPP - kosnyecTBo 60608 Ha pactenue; PL - fiuHa 606a

% t-TecT, cpeaHMe 3HadYeHUss Wr 1 Vr npu 5% ypoBHe BEpOATHOCTH

3 F-recr, cpesinne 3HayeHns Wr u Vr mpu noBopoTe ocei Ha 45°, ypoBeHb BepOATHOCTH 5%); NS = He 3HAYUMO

showed statistical significance at 5%, indicating the presence
of epistasis; in this case, the analysis cannot be performed us-
ing Hayman’s methodology.

W /V_Analysis

Number of pods per plant (NPP)

The results concerning the trait “number of pods per
plant” (NPP) are shown in Table 2. They demonstrate that the
components associated with additive effects (D) and domi-
nance effects (H,, H,, and h?) are controlling the trait inheri-
tance. However, the values of dominance effects were of
higher magnitude (H,=3582.89** H,=3008.47** and
h? =8752.56**) compared to additive effects (D = 336.65**),
indicating that the character “number of pods per plant”
(NPP) is more influenced by dominant effects. Similar results
were obtained in the studies conducted by M. P. Da Silva et al.
(2004), J.H.Chung, E.Stevenson (1973),W.Krause etal
(2012), and E. Y. Owusu et al. (2020) in green beans, kidney
beans, and cowpea. However, E.E.Arunga etal. (2010),
M. A. A. Barelli et al. (1999), R. Rodrigues et al. (1998), E. V. Ro-
drigues et al. (2018), E. V. Rodrigues et al. (2016), F. D. Rocha
etal. (2014), and N.]J. Nayak et al. (2018) reported contradic-
tory results in which additive effects predominated for this
trait.

No significant environmental effects (E) were found for
this trait (Table 2), indicating that the differences were mainly
based on genotypic variations. This result corroborates the
findings reported by Igbal et al. (2011).

The difference between D-H, estimates also provides in-
formation about genetic effects on inheritance of the charac-
ter. When the estimate is negative, dominance genetic effects
predominate; however, positive estimates reveal the presence
of additive genetic effects. As shown in Table 2, the D-H, esti-
mate (-3246.24**) presented a negative and significant value,
which indicates the predominance of dominant genetic ef-
fects in this trait and is confirmed by the narrow heritability
value (h% =0.23), suggesting that the simplest breeding
method, based on the selection in later segregating genera-
tions, when the trait of interest is already fixed, such as the

single seed descent (SSD) method, can be recommended to
obtain satisfactory gains in terms of the NPP in future genera-
tions. This result corroborates the findings reported by
M. P. Da Silva etal. (2004) and M. A. A. Barelli etal. (1999)
who observed a genetic advance with intermediate heritabil-
ity estimates for the trait NPP.

The proportion of genes with positive dominance effects
(H,) is shown from the H, versus H, value. IfH, > H,, genes will
be more positive (increase), on the other hand, if H, <H,,
genes will be more negative (decrease). The H, value
(3582.89**) was higher than the H, value (3008.47**), indi-
cating that genes thatincrease the trait NPP (dominant genes)
were more frequent among the parents than the recessive
genes. The distribution of genes among parents expressed by
the H,/4H, ratio was symmetrical (0.21) for the trait (see Ta-
ble 2), indicating a symmetrical distribution of favorable or
unfavorable genes among the parents. Similar results were
reported by A. M. Igbal etal. (2011) and M. P. Da Silva et al.
(2004). The overall dominance effects of heterozygous loci
(h?) were found to be significant (8752.56**), indicating that
dominance was due to heterozygosity where most of the
dominant genes had positive effects.

The proportion of dominant genes in the parents is re-
flected in the K /K, value. If K /K, > 1, there are more domi-
nant genes in the parents. Conversely, if K /K, < 1, then there
are more recessive genes in the parents (Singh, Chaudhary,
1999). In this study, the ratio K /K, = 1.53 showed a higher
predominance of dominant genes for the trait NPP (see Ta-
ble 2) and was confirmed by the positive F value (460.29).

The estimation of the number of genes or gene blocks
with dominant effects (h?/H, = 2.91) indicated the existence
of at least three genes or three gene blocks acting on the ge-
netic control of the trait. However, this estimator underesti-
mates the number of genes with little or no dominance (Cruz
etal., 2012).

The estimation of the mean degree of dominance
(H,/D)"?= 3.26 indicates the existence of overdominance
among the genes involved in the genetic control of the trait
(see Table 2). Similar results were obtained by M. P. Da Silva
etal. (2004) and M. A. A. Barelli et al. (1999). This result can
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Table 2. Genetic parameters and variance components for the traits “number of pods per plant” (NPP),
“pod length” in cm (PL), and “mean pod weight” (MPW) in green bean (Phaseolus vulgaris L.) using Hayman’s method

Ta6una 2. leHeTHYeCKHe MapaMeTpbl 1 KOMIIOHEHTHI JUCIIEPCUH JJIs IPU3HAKOB «KOJIMYECTBO 6060B HA pacTeHUe»
(NPP), «a1uHa 606a» B cM (PL) u «cpegHuii Bec 606a» (MPW) y oBougHoii ¢paconu (Phaseolus vulgaris L.),
paccyuTaHHbIe IO MeToAy XeliMaHa

Genetic parameters? NPP PL MPW
D 336.65 ** 1.04 ** 0.12
H, 3582.89 ** 1.22* 0.21
H, 3008.47** 0.75 0.05
h? 8752.56** -0.04 -0.05
F 460.29 -0.59 -0.30
E 0.13 0.06 0.13 **
D-H, -3246.24 ** -0.19 -0.09
(H,/D)"? 3.26 1.09 1.31
H,/4H, 0.21 0.15 0.06
K /K, 1.53 0.59 0.05
h*/H, 291 -0.05 -1.04
h?%e 0.23 0.81 0.68
r -0.66 0.55 0.43

Note:'D - additive gene action; H, - variance component due to dominance effects of alleles with positive effects; H, - variance component
due to dominance effects of alleles with negative effects; F - relative frequency of dominant and recessive alleles; h? - dominant gene
action; E - experimental error; D-H, - difference between additive and dominant gene effects; (H1/D)"? - mean degree of dominance;
H,/4H, - allele distance (symmetry); K /K - dominant/recessive ratios; h?*/H, - number of genes with dominance; h”e - narrow-sense
heritability; r - correlation coefficient;

*, ** _ significant at the 5% and 1% probability level, respectively

Mpumeyanue: ' D - anauTuBHOE JledcTBIe reHoB; H, - KOMIIOHEHT BapHaluH, 06yC/I0BIeHHbIH 3ddeKkTaMu JOMUHUPOBAHUSA ajlieeit
C MIOJIOKUTEeNbHBIM 3¢ dexToM; H, -~ KoMIOHeHT Bapuaruy, 06yc/I0B/IeHHbIN 3pdeKTaMu JOMUHUPOBAaHHUA ajliesiell C OTPULATeIbHbIM
s¢dekTom; F - oTHOCHTesNbHAs YacTOTa AOMHUHAHTHBIX M PELleCCUBHBIX ayuiesedl; h? - JoMHHAHTHOe AelcTBHe reHoB; E - ommbka
aKcnepuMenTa; D-H, - pasnuna Mex iy aAAMTUBHBIM M IOMUHAHTHBIM 3pdekTamMu renos; (H, /D)2 - cpejHsAs cTeneHb JOMMHUPOBaHHS;
H,/4H, - paccrosanue mexay anensamu (cummerpus); K /K. — cooTHOlIeHHe JOMUHAHTHOCTH U pereccuBHOCTH; h?/H, - ynciio renos
C JOMHUHHpOBaHUeM; h’e - HacJie[lyeMOCTb B y3KOM CMBICJIE; I' = K03QGHULMEHT KOPPeALHY;

*,** — 3HaunuMBbl Ha 5% U 1% ypoBHe BEPOATHOCTH COOTBETCTBEHHO

be corroborated through graphical analysis in cases where
the regression line of Wr on Vr intercepts the ordinate axis be-
low the origin point (Figure 1).

The correlation r (Yr, Wr + Vr) (-0.66) was negative, indi-
cating that genes that increase the trait “number of pods per
plant” are predominantly dominant (see Table 2). These re-
sults coincide with those found by M. P. Da Silva et al. (2004)
and M. A. A. Barelli et al. (1999). The order of dominance is re-
flected in the covariance (Wr) and variance (Vr) relationship
in the graph (see Figure 1). The higher proportion of domi-
nant genes will be found closer to the origin point and will
present lower values of Wr and Vr, while those found further
from the origin point will present a higher number of reces-
sive genes and higher values of Wr and Vr (Vallejo, Estrada,
2013). In this case, parents 2 (G23956), 3 (G20400), 5
(G16806), and 6 (G51158) were the most suitable for obtain-
ing superior lines, since they carried a higher proportion of
dominant genes and were located at the lower limit of the re-
gression line (see Figure 1).

Pod length (PL)
The genetic variance components for the pod length trait
(PL) were significant for D and H,, while H,, h? F, and E were

not significant (see Table 2). When comparing the magnitude
of additive (D = 1.04**) and dominance (H, = 1.22*) compo-
nents, the non-additive component was revealed to have
a greater contribution to the expression of the mentioned
character (see Table 2). Similar results were obtained by
A.K.Islam etal. (2006) and A. M. Igbal etal. (2011). It was
also observed that the estimates obtained for D-H, (-0.19)
were negative, revealing that dominant effects are more im-
portant in the expression of the trait, as well as indicating
overdominance, which can be confirmed by the value of
(H,/D)'2=1.09 (see Table 2).

The environmental component (E) estimate was non-sig-
nificant, suggesting the minimum role of environment in
modifying this trait. Similar results were provided by Gangad-
hara et al. (2019) and Igbal et al. (2011).

The heritability estimation showed a high narrow-sense
heritability (h%e = 0.81; > 60%) for the studied trait, indicat-
ing that PL is highly heritable. Such magnitude allows the sug-
gestion that desirable genes will be transmitted to the next
generations with higher reliability. Considering the domi-
nance components, the magnitude of H,(1.22*) was higher
than H,(0.75), indicating the predominance of genes with
positive effects among the parents for the PL trait, and this
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Fig. 1. Regression between Wr vs. Vr and limiting parabola for the number of pods per plant (NPP) in green bean
(Phaseolus vulgaris L.). Parents: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212; P5 - G16806; P6 - G51158

Puc. 1. Tpaduk 3aBucumoctu Wr ot Vr 1 orpaHuduBaoas napa6oJia Ajs KoJmyecTsa 60608 Ha pactenue (NPP)
y oBomiHO# ¢pacosm (Phaseolus vulgaris L.). Pogutesm: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212;
P5-G16806; P6 - G51158

can also be confirmed by the H,/4H, ratio. When evaluating
the proportion of parents that are homozygous dominant or
recessive, it is observed (H,/4H, =0.15) that there was no
symmetry in the distribution of genes favorable and unfavor-
able to the increase of this trait among the parents.

The negative F value (-0.59) revealed that recessive genes
were more frequent than dominant genes and were in a de-
creasing position, as confirmed by h? (-0.04) (see Table 2).
The predominance of homozygous recessive forms was de-
tected by analyzing the ratio of dominant to recessive genes in
the studied parents (K, /K, = 0.59).

1,8

A positive correlation (r = 0.55) between the order of do-
minance of the parents (Wr + Vr) and their average value (Yr)
indicated that recessive genes increased the pod length trait
(see Table 2). Figure 2 shows the distribution of parents, ac-
cording to the proportion of dominant and recessive genes, as
follows: parents 1 (G17723), 2 (G23956), and 6 (G51158)
were located at the upper limit of the regression line, indicat-
ing that these parents have recessive genes for increasing pod
length, and at the bottom of the line with the lowest pod
length were parents 4 (G18212), 3 (G20400) and 5 (G16806)
with the highest number of dominant genes.

1,6 | Wr3= 1.1 Vr

1,4 A
1,2 A

1 i
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Fig. 2. Regression between Wr vs. Vr and limiting parabola for pod length (PL) in green bean (Phaseolus vulgaris L.).
Parents: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212; P5 - G16806; P6 - G51158

Puc. 2. Tpad¢uk 3aBucumocti Wr ot Vr ¥ orpaHM4YuBawunias napaéoJia ajis AauHbl 606a (PL) y oBomHoi ¢pacou
(Phaseolus vulgaris L.). Pogutenun: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212; P5 - G16806; P6 - G51158
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Mean pod weight (MPW)

The additive genetic component (D = 0.12) and the com-
ponent related to dominant gene action with positive effects
(H, =0.21) indicated that both additive and dominant gene
deviations contributed to the expression of mean pod weight,
although variation due to dominance deviations had a much
greater contribution to the expression of this trait (see Ta-
ble 2). Similar results were obtained by W.Krause etal.
(2012) and E. V. Rodrigues et al. (2018). The value of H, was
higher than the value of H,, indicating unequal gene frequency
in the parents, and this was also supported by the ratio of
H,/4H, (0.06 < 0.25). The environmental component E was
significant and its magnitude was higher than the respective
value of D and H, (Table 2), indicating a higher environmental
effect in the trait’s expression.

Negative values of F (-0.30) and h? (-0.05) indicated that
recessive genes were more frequent than dominant genes
with the increasing position. The overall dominance effects of
heterozygous loci (h?) were found to be nonsignificant, indi-
cating that dominance was due to homozygosity. Estimation
of the number of h*/H, genes with dominance could not be
performed because h? was not significantly different from
Zero.

The ratio of dominant to recessive genes in the K /K, pa-
rents (0.05) was less than one, indicating that recessive genes
drove them. Significant environmental effects (E) were found,
indicating the influence of the environment on this trait. The
negative value of D-H,(-0.09), indicated overdominance,
which could be confirmed by the (H,/D)"/? = 1.31 value. The
heritability value (h?e = 0.68) indicated some selection possi-
bilities in the segregating generations (see Table 2).

The correlation r (Yr, Wr + Vr) (0.43) was positive, indicat-
ing that genes increasing the trait “mean pod weight” were
predominantly recessive (see Table 2). The relative ranking of

the parents in terms of the proportions of dominant and re-
cessive genes is presented in Figure 3, suggesting two clearly
defined groups: parents 1 (G17723), 2 (G23956) and 6
(G51158) carry the highest proportion of recessive genes for
increasing mean pod weight and are therefore located at the
upper end of the regression line, while at the lower end near
the origin point of the line for lower mean pod weight were
parents 4 (G18212), 3 G20400) and 5 (G16806) with the
highest proportion of dominant genes.

Conclusions

Both additive and non-additive genetic effects were in-
volved in the inheritance of the following traits in hybrids ob-
tained from diallel crosses among six genotypes of P. vulgaris:
the number of pods per plant, mean pod weight, and pod
length. However, for the traits “number of pods per plant”,
“pod length”, and “mean pod weight”, the non-additive genetic
effect was the major contributor to the expression of the
traits. The number of pods per plant is determined by domi-
nant alleles, while the mean pod weight and pod length char-
acters are determined by recessive alleles. The parents
P1(G17723); P2 (G23956) and P6 (G51158) showed higher
concentration of alleles favorable for increasing the pod
length and mean pod weight characters, and the parents
P2 (G23956), P5 (G16806) and P6 (G51158) for the number
of pods per plant. The heritability, in the narrow sense (h%e),
was low for the trait “number of pods per plant”; conse-
quently, management of segregating populations should be
accomplished by the single-seeded descent method. With the
high magnitude of narrow-sense heritability (h2e) for the pod
length and mean pod weight characters, it can be inferred that
the most appropriate selection method is the pedigree
method.
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Fig. 3. Regression between Wr vs. Vr and limiting parabola for mean pod weight (MPW)
in green bean (Phaseolus vulgaris L.). Parents: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212;
P5 - G16806; P6 - G51158
Puc. 3. T'paduk 3aBucumoctu Wr oT Vr 1 orpaHu4uBaias napa6oJia A cpegHero Beca 606a (MPW)
y oBoutHOM pacosm (Phaseolus vulgaris L.). Pogutesm: P1 - G17723; P2 - G23956; P3 - G20400; P4 - G18212;
P5 - G16806; P6 - G51158
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