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High yields of seeds, green pods and green biomass is the main goal of soybean breeding in many countries.
An assessment of relationships between the productivity traits and their effect on the yield may be useful in
developing effective crop cultivation programs. In soybean, the stem growth habit and the branching character
are interrelated with plant productivity and in most cases determine it. Therefore, the aim of the present work
was to study the variability of the level (strength) and the structure of correlations between 92 morphological,
phenological, biochemical, agronomic traits of soybean accessions with different growth habits, and branching
characters in different weather conditions. 270 soybean accessions of different ecological and geographical origin
from the VIR collection have been grown in the Krasnodar region within 3 years. Field studies of the traits and
biochemical analysis were carried out according to VIR guidelines. The variability of correlation matrices as regards
the strength and structure of relationships was analyzed using the correlation and factor analysis (the principal
component method), as well as the method developed by N.S. Rostova. A comparison of the level (R?, coefficient
of determination) and structure of correlations in different years has shown that the deterioration of external
conditions is followed by an increase in the strength of relationships (R?) between the traits and in the difference
between correlation matrices’ structure. Soybean adaptation to the changing conditions occurs due to the
rearrangements of relationship systems, whereas the degree and direction of these changes are determined by
the growing conditions and specificity of the accessions response. Under favorable conditions, the structure of
correlations in soybeans with different growth habits, and branching characters has more similarity than in the
conditions critical for development. The highest level of relationships (R?) between the traits was observed in the
year that was unfavorable for the growth of the semi-cultivated accessions (with the indeterminate growth habit
and a large number of branches of the 1st and 2nd order). The green biomass productivity of accessions with the
determinate growth habit and more than two branches is most strongly associated with the branch weight, while
in accessions with the indeterminate growth habit and with (or without) 1-2 branches it depends on the growing
season duration, one leaf weight and the number of leaves per plant. In the semi-cultivated accessions (with the
indeterminate growth habit and numerous branches of the 1st and 2nd order), it correlates, besides the listed traits,
with the number of nodes, the internode length, the main stem diameter, the weight of leaves, seed morphometric
parameters and their quality.
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BbicoKas ypoXKalHOCTb CeMsH, 3eJIEHOI Macchl, 3efieHblX 60608 — OCHOBHasA Liefib Cenekuuy cov BO MHOMMX CTpa-
Hax. OueHKa CBA3el Mexzy npusHakamy NPogyKTUBHOCTM U UX BAWSHWE Ha YPOXKaWHOCTb MOMe3Hbl Npu pas-
paboTke 3pdEKTMBHBIX MPOrPamMmmM Mo BO3LENbIBAHMIO KyJbTYpbl. Y COM TUM POCTa CTe6sIA 1 XapaKTep BETBNEHNSA
B3aVIMOCBA3aHbl C MPOAYKTMBHOCTBIO pacTeHUs 1 B 6OMbLIMHCTBE CJlyyaeB onpeaensior ee. [IpoBefeHo nsydeHne
MN3MEHUYMBOCTM YPOBHSA (CUMbI) 1 CTPYKTYpPbI Koppenauuii 92 mopponornyecknx, GeHonornyeckux, bnoxmmmye-
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M3meHUnBOCTb KOppenaLmii Mopdonornyeckmnx
MPU3HAKOB y COM C Pa3HbIM TUMOM PoCTa

CKUX, XO3ANCTBEHHbIX MPU3HAKOB y 06pa3L0oB COM C Pa3HbIM TUMOM POCTa 1 Pas3/INYHbIM XapaKTepoM BETBIEHUA
B KOHTPACTHbIX MOTOAHbIX YC0oBMAX. 270 06pasLioB COM Pa3HOrO SKONOro-reorpaduyeckoro NponNCXoXaeHNs 13
konnekumn BUP Bblipawymsanm Tpu roga B KpacHogapckom Kpae. I3MeHUnBOCTb KoppenAaLMOHHbIX MaTpUL, Mo cuie
N CTPYKTYype CBA3eN aHaM31pPOoBayv C MOMOLLbIO KOPPENALMOHHOIO 1 GaKTOPHOro aHanm3a (MeTofa rnaBHbIX KOM-
MOHEHT) 1 Nno meToay, paspabotaHHomy H.C. PoctoBoit. CpaBHEHME YPOBHSA 1 CTPYKTYPbl KOppenALmi nokasano,
YTO NPY YXYALIEHNN BHELIHUX YCIIOBUI YBENNUMBAIOTCA CUMa CBA3EN MeXAY MPU3HaKamuy 1 pasfinumne B CTPyKType
KOPPEeNAUMOHHbIX MaTpuL. AfanTauma COM K MEHALWMMCA YCIOBUAM MPONCXOAMT 3@ CYET NepecTpoek cuctem
cBA3eN, MpuYemM CTeneHb Y HanpaBieHye STUX N3MEHEHWI ONpeaenAlTCcA YCIOBUAMM Npomu3pacTaHia 1 cnew-
NPrKoN peakumm o6pasLioB. B 61aronpusaTHbIX yCIOBUAX CTPYKTYPbl KOPPENALMIA Y COPTOB COM C PasHbIMU TUMOM
pocTa 1 XapakTepom BeTBfieHUA Gonee CXOfHbl, YeM B KPUTUYECKMX AnA pa3BuTUA. Camblii BbICOKUI YPOBEHb
ceasen (R?) mexnay npvsHakamn Habmoganca B He6NaronpuATHBIN 4718 POcTa rof Yy NoAyKyNnbTyPHbIX 06pa3LoB
(C NHOETEPMUHAHTHBIM TUMOM POCTa U 6ONbLIVM YMCIOM BETBEW NEPBOro 1 BTOPOro nopaaka). [poayKTMBHOCTb
3e/1eHOI Maccbl 06Pa3sLoB C eTEPMUHAHTHBIM TUMIOM POCTa 1 YMCSIOM BeTBeii 6onee 2 Hanbonee CUbHO CBA3aHa
CO CpefHell Maccoln BeTBY; y 06pa3sLoB C MHAETEPMUHAHTHBIM TUMOM POCTa U € 1-2 BeTBAMM (MM 6€3 HUX) OHa
3aBUCKT OT ANNHbBI BEreTaLMOHHOIO Neproaa, CpeAHe MacCbl O[HOIO INCTA U YNCSIA IMCTbEB Ha pacTeHnK. Y nony-
KYJIbTYPHbIX 06Pa3LoB C MHAETEPMUHAHTHBIM TUMOM POCTa M MHOXXECTBOM BETBEW MEPBOro 1 BTOPOro nopsaka
OHa KoppenupyeT, KpoMe NepeUrcieHHbIX NPYU3HAKOB, C YNCSIOM Y3/10B, ANIMHON MEXA0Y3NNA U [NAMETPOM F/1aB-
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HOro cTeb6nA, Maccol NNCTbEB, MOpd)OMeTpVI‘-IECKVIMVI napamMmeTpamm CceMAH N NX Ka4yeCTBOM.
KnioueBble cnoBa: cof; reHeTn4ecKne pecypchbl; TN POCTa; NSMEHUYNBOCTb; KOppenAaynu; MHOFOMeprII7I aHanums.

Introduction

Soybean is one of the most economically important legumi-
nous crops, ranking first among them in the world in terms of
cultivated areas (http://www.fao.org/faostat). The numerous
varieties that have been created by now differ by a huge variety
of forms and demonstrate adaptation to various climatic condi-
tions. Along with the specialized varieties, the semi-cultural
forms are also industrially cultivated. The latter are commonly
used for producing green fodder and green manure, as well
as for the development of modern varieties. Soybeans are
characterized by several types of the main stem growth: the
varieties with indeterminate and determinate growth habit are
distinguished. Since the determinate growth habit very rarely
occurs in the wild-growing soybeans, this type of stem is as-
sociated with the domestication of the species (Liu et al., 2007,
Tian etal., 2010). Previous studies have shown that the type of
stem growth in soybean is mainly controlled by the Dz locus;
the indeterminate growth habit is dominant or not fully domi-
nant with respect to the determinate dt/ (Woodworth, 1932).
Also known is the second locus, which controls stem growth
and is designated as Dt2. The Dt2 allele is almost dominant
with respect to dt2. The Dt2/Dt2 genotypes determine semi-
determinate phenotypes in the D¢//Dt] genetic background,
while the d2/dt2 genotypes determine the indeterminate ones.
However, the phenotype is determinate in the d¢//dt1 genetic
backgrounds, because d?/ is epistatic to D¢2 and d¢2 (Bernard,
1972). It has been reported about the identification of the third
allele in the D¢l (dti-t) locus, which produces a phenotype
with some characteristics of both dt/ and Dt2 (Thompson
et al., 1997). The DtI gene (=GmTflI) is homologous to the
terminal flower 1 (TFL1) gene of Arabidopsis, i.e¢., the regu-
latory gene encoding the apical meristem signaling protein.
The transition from the indeterminate to determinant type
occurred through four independent single-nucleotide substi-
tutions, each of which resulted in the replacement of amino
acids (Tian et al., 2010).

The stem growth habit in soybean is an agronomically
important trait, which is interconnected with many economi-
cally important characters. However, it is often difficult to
distinguish between the indeterminate and determinate
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growth habit in field conditions, since their manifestation
is influenced by the day length and the unfavorable growth
conditions (Bernard, 1972). The branching character has not
less influence on the grain and feed productivity of plants. The
semi-cultivated varieties are distinguished by a large number
of branches; the modern ones have no 2nd order branches, or
form only the main stem.

Considering the importance of soybean as a food and forage
crop, high yield of seed, green biomass and green pods is the
main goal of soybean breeding in many countries. An assess-
ment of relationships between the productivity component
traits and their effect on the yield may be useful in develop-
ing effective crop cultivation programs. In this regard, a lot
of research is devoted to the study of correlations between
plant characters, as well as to the search for indicator traits
which can be used for selecting accessions with the necessary
economically important traits. In the works reviewed by the
authors, seed productivity was connected with phenological
and morphological characters, such as the ‘days before rip-
ening’ and ‘grain filling period’ (Ferrari et al., 2018), plant
height and number of branches (Aditya et al., 2011; Hakim,
Suyamto, 2017), number of pods per plant (Board et al., 2003;
Nagarajan et al., 2015; Rodrigues et al., 2015; Machado et al.,
2017), number of nodes and pods with 2—3 grains (Machado
et al., 2017), number of seeds per plant (Rozhanskaya et al.,
2016), number of pods per plant and nodes on the main stem
(Silva et al., 2015), as well as the number of seeds per plant
and the 1000 seed weight (Vu et al., 2019). A number of works
have noted a close relationship between seed productivity and
green biomass (Leshchenko et al., 1987) or the above-ground
mass of the plant (Huang et al., 2009).

There may be several reasons for so different, sometimes
even opposite results concerning the relations between the
traits of the seed and biomass yield obtained in studies of
different authors. On the one hand, it can be explained by
the nature of quantitative traits, which are characterized by
continuous variability determined by the influence of a large
number of genes, or by the redistribution of the number and
range of genes due to the change of the limiting environmental
factors. On the other hand, many authors studied correlations

709



M.O. Burlyaeva
N.S. Rostova

using a limited number of genotypes, evaluated a different
number of traits employing different statistical methods, and
therefore obtained different results. Besides, the studies did
not take the diversity of the studied forms into account. It is
known that a change of only the sample size can reveal the
previously inconspicuous connections (Rostova, 2002). For
instance, a simultaneous study of hay, silage, and green fodder
soybean accessions may yield one set of results, whereas their
separate analysis may yield a different set of data (Burlyaeva,
Rostova, 2014).

Though the amount of correlation studies in soybeans per-
formed by now is quite huge, there is no common point of
view on the relationships between the quantitative traits that
determine the seed and green biomass productivity. In spite
of the obvious difference in morphological and economically
important traits between the accessions with different growth
habit and branching characters, we failed to find any studies
differentiating varieties according to these characters and
analyzing the links between productivity elements taking the
morphotype into account. The information about correlations
is fragmented and is limited to a statement of facts; mean-
while, the study of the correlations variability allows making
a judgment on the interrelationships between traits, inherited
variability, and helps to choose the right breeding strategy.

The purpose of the present work was to study the variability
of the level (strength) and structure of correlations between
morphological, phenological, biochemical, economic traits in
soybean accessions with different growth habit and branching
characters in different weather conditions.

Materials and methods

To study the variability of the structure of correlations between
morphometric, biochemical and economically important
soybean traits, 270 accessions representing domestic and
foreign varieties of different ecological and geographical
origin were selected from the global VIR collection (the
N.I Vavilov All-Russian Institute of Plant Genetic Resources).
Ninety-two traits of soybean varieties have been investigated
(Supplement)1. The soybean plants included in the study
significantly differed from each other. They were divided
into three groups according to the growth habit and branch-
ing characters. The first group included accessions with the
determinate growth habit and a large number of branches
(more than two), the second group united the semi-cultivated
accessions with the indeterminate growth habit and numer-
ous branches of the 1st and 2nd order, while the third group
consisted of the accessions with the indeterminate growth
habit with 1-2 branches or without them.

The data selected for the analysis resulted from the field
experiments, which were carried out in 1989, 1992 and 1994
at the Kuban Experiment Station of VIR (KOS VIR) located
in the steppe area of the Prikubanskaya Plain. The trial years
were characterized by contrasting meteorological conditions.
In 1989, the growing degree days above 10 °C amounted to
3590 °C, 3156 °C in 1992, and 3578 °C in 1994. The amount
of rainfall during the growing season in 1989 was 394.7 mm,
334.3 mmin 1992, and 177.1 mm in 1994. In 1989 and 1992,
the rainfall exceeded the average long-term norm, whereas in

1 Supplementary material is available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx14.pdf
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1994 it was significantly below the norm. The high moisture
availability in 1992 was observed only in the first half of the
growing season, while the second half of the summer was
characterized by insignificant rainfall.

The accessions were sown according to the collection nurs-
ery pattern. Each variety was sown in a four-meter single-row
plot, with the inter-row spacing of 70 cm and 10 cm between
plants in a row. Phenological observations, botanical and
morphological descriptions of the accessions were carried out
in accordance with the The International COMECON List of
Descriptors for the Genus Glycine Willd (1990). The green
biomass yield was estimated in the mowing ripeness phase
(the onset of pods filling). The weight of branches, leaves and
pods was determined at the same time for 10 plants of each
accession. After ripening, the analysis was carried out on
10 soybean plants selected from the middle of a row.

The content of dry matter, fiber, protein in green biomass,
oil and protein in the seeds was determined in the bioche-
mistry laboratory of the Kuban Experiment Station of VIR,
while the content of trypsin, chymotrypsin in the seeds was
analyzed in the Biochemistry Department of VIR according
to the Methods of biochemical research in plants (Ermakov
et al., 1987). The green biomass biochemical composition
was analyzed when assessing the green biomass yield in the
mowing ripeness phase.

The revealing of regularities in variability and of the degree
of correlation of 92 economic and biological traits in diffe-
rent environmental conditions with different types of soybean
growth and branching characters, determination of their infor-
mation value, adjustment of the initial set of traits by discard-
ing redundant and secondary characters were performed using
statistical data processing, which included correlation analysis
and factor analysis of the correlations system using the prin-
cipal component method. The identification of the groups of
the most interconnected traits (pleiades) was carried out by
analyzing the systems of correlations when constructing the
correlation circles (matrix images in the form of the correla-
tion cylinder sections) (Terentiev, 1959). The analysis was
performed for nine correlation matrices calculated for each
sample (for three groups of accessions, composed according
to the growth habit and branching characters, for three years
of research). The correlations were compared concerning the
strength (level) of relationships (R2 — coefficient of determina-
tion) and their structure (traits rearrangement in the correlation
pleiades). The differences between the correlations matrices
in the strength of relationships were determined by compar-
ing the average values of the determination coefficients (R?)
(Wright, 1920). Similarity of characters relationship systems
(correlation matrices) was calculated between matrices with
z-transformation (Rostova, 2002). The R. Fisher’s z-transfor-
mation was introduced for converting the distribution of the
correlation coefficients (r) to the normal one according to the
formula z = 0.5 In((1+1)(I-r1)). After the z-transformation,
each of the compared correlations matrices (diagonal elements
excluded) was rearranged into a vector. The obtained 9 vec-
tors were used to form a new data array; in it, each matrix
was regarded as a trait, and the individual coefficients in this
matrix as values of the trait. The compared matrices were or-
dinated using the principal component method. The first main
component was regarded as the factor of matrices similarity,
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and the proportion of variance corresponding to this compo-
nent (FD1%) was used as an indicator of the degree of all the
compared matrices similarity. The second main component
was interpreted as an indicator of differences in the structure
of matrices (Rostova, 2002). After grouping 9 correlation ma-
trices by the principal component method and combining them
with the correlation circles (matrix images in the form of the
correlation cylinder sections), the regularities in the matrices
distribution and changes in the structure of relationships in
them were determined, i.e., the variability of the system of
correlations in soybean accessions with different growth habit
and branching character in different weather conditions have
been revealed. Data analysis was performed using Statistica.7
and Excel 7.0 for Windows.

Results

At the initial stage of the study, the entire set of traits was
analyzed in order to assess their relative informativeness. The
factor analysis of all traits was performed using the data com-
bined for three years of research and for each year separately.
It has shown that the studied traits variability is associated
with ten main factors. The studied traits got distributed into
the factors of growth habit, seed weight and size, growing
season duration, plant height, seed biochemical composition,
leaf size and shape, green biomass biochemical composition,
plant color (anthocyanin content in organs), the content of
anti-nutrients in seeds, inflorescence parameters, and of green
biomass yield. A more detailed description of this analysis is
given in a previously published paper (Burlyaeva, Malyshev,
2013). As aresult, 20 traits were selected as the most important
ones for studying the accessions concerning their growth habit
and green biomass productivity indicators. Also, the characters
most strongly associated with the coordinated variability of
plants in changing environmental conditions were identified.
These included the weight of plants, branches and leaves; the
number of leaves, branches and nodes; the average weight of
one leaf and branch; stem diameter; plant length; internode
length; middle leaf length and width; percentage of leaves
from the total plant weight; growing season duration; the
content of protein, fiber and dry matter in the green biomass;
the content of protein and oil in seed; 1000 seed weight; and
the seed hilum width.

Further studies of variability of the correlations level and
structure were carried out using the adjusted set of traits. The
evaluation of matrices for the relationships structure variability
(by the traits rearrangement in the correlation pleiades) was
carried out using the principal component analysis according
to the method by N.S. Rostova (2002) described above in the
Materials and Methods section. The first main component
was interpreted as the factor of matrices similarity, while the
second component reflected differences in the structure of
matrices connection. The proportion of the main component
variance was taken as the indicator of the degree of the com-
pared matrices similarity.

A comparison of nine z-transformed correlation matrices
(three groups for three years of study) has shown that the
similarity of the structure of correlations between accessions
from different groups is lower than within each group (52.2 %
for all groups, 70.9 % for group 1, 52.4 % for group 2, and
65.5 % for group 3). When studying the variability of correla-
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Fig. 1. Correlation structure variability in soybeans with different growth
habit and branching characters in years of research.

F1 - matrix similarity factor; F, - matrix specificity factor. 7 - group of accessions
with the determinate growth habit and more than 2 branches; 2 - group of
accessions with the indeterminate growth habit and numerous branches of
the 1st and 2nd order; 3 - group of accessions with the indeterminate growth
habit and 1-2 branches (or without them).

Strength of relationships in correlation matrices

of the accessions with different growth habit

and branching characters in different year of the study
(1989, 1992, 1994)

Group Year

1989 1992 1994
1 0.060 0.103 0.086
Accessions with the determinate
growth habit and over 2 branches
2 0.181 0.160 0.274
Accessions with the indeterminate
growth habit and numerous branches
of the 1st and 2nd order
3 0.063 0.134 0.077

Accessions with the indeterminate
growth habit and over 1-2 branches,
or without them

tion matrices for each year, the largest differences between
them were observed in 1994 with correlations similarity of
67.0 %, while in 1989 and 1992 variability of the trait cor-
relation structure was approximately the same (73.4 % and
73.6 %, respectively) (Fig. 1).

The factorial variance of the correlation matrices of all ac-
cessions over the years of the study was 83.4 % and exceeded
the factorial variance of the matrices calculated for groups
(69.7 %). It follows, that the correlation structure variabil-
ity for these accessions is largely affected by the genotypic
properties of the variety. In 1994, the strongest differences
were noted between the structure of correlations in matrices
calculated for all groups; obviously, the conditions critical for
growth caused serious and diverse changes in the structure of
correlations in different accessions. The highest variability in
the structure of correlations was noted for the semi-cultivated
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Variability of correlations of morphological traits

of soybeans with different growth habit
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Fig. 2. Correlation structure of traits variability in accessions with different growth habit and branching characters in different years of the study.

U - plant weight in pod filling phase; L, - leaves weight; L,,, — one leaf average weight; L% — leaves percentage of the total plant weight; L, — middle leaf width;

L, — number of leaves per plant; V,, — branches weight; V,,,

- one branch average weight; V - number of branches per plant; H - plant length; h; — average

internode length; Di - stem diameter; N - number of nodes per plant; W1 — 1000 seed weight; R, — seed hilum width; T - sprouting-to-maturity period duration;
DR - dry matter content in green biomass; Pro — protein content in green biomass; Pro, — protein content in seeds; OL, - oil content in seeds.

accessions (with the indeterminate growth habit and a large
number of branches of the 1st and 2nd order).

As the growing conditions changed, an instability of the
structure of relationships between traits was also noted in
this group, though the degree of traits determination (R2, the
relationships strength) was the strongest (Table).

When comparing the level and structure of correlations in
different years, one can notice that the strength of relationships
between the traits and the difference in the correlation matrices
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structure increase with the deterioration of external conditions.
Under favorable conditions, the structure of correlations in
soybean varieties with different growth habit and branching
characters is more similar than in the conditions critical for
vegetation. The adaptation of soybeans to the changing con-
ditions in different groups occurs due to restructuring of the
relationship system specific to a particular group.

To reveal more specific differences in the structure of trait
relationships in accessions from different groups in different
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years of the study, matrix images in the form of the correla-
tion cylinder sections were used (Fig. 2). The correlation
relationships in the green biomass productivity pleiad were
the strongest and most stable in all accessions. In 1989, a year
that was favorable for growth, the plant weight in accessions
of the first group was associated with the weight of leaves,
branches and the number of leaves. A strong and permanent
correlation was also observed between the growing season
duration and the dry matter content in the vegetative mass.
In 1992, in the conditions of a cold and wet year, there was
a strengthening of correlation relationships in the plant mass
productivity pleiad, and the stem diameter character entry into
the pleiad. A significant increase was also noted for the cor-
relation between the growing season, the weight of 1000 seeds
and protein content in them. Under severe drought conditions
in 1994, the influence of the growing season on other traits
increased. The plant length was determined by the growing
season duration. The 1000 seed weight correlated with the high
protein content in seeds both in 1992 and in 1994.

The second group composed of semi-cultivated accessions
was distinguished by strong relationships between almost all
traits, and the strongest ones were observed in 1994, a year
that was dry and critical for soybean growth. In contrast to
accessions from the first group, in 1989, a year that was favor-
able for vegetation, the green biomass productivity depended
not only on the leaves weight and number, but also on the
number of nodes and the internode length. Also, a very strong
correlation was observed between the 1000 seed weight and
the oil content in seeds. The growing season duration corre-
lated with the plant length and with the content of dry matter
in the green biomass. At low temperatures in 1992, the role
of plant weight significantly increased in the total variability
due to the increased strength of correlations with the weight
of leaves and stem diameter. The leaf weight correlated with
the 1000 seed weight, stem diameter and oil content in seeds.
In contrast to 1989, the 1000 seed weight strongly correlated
with the internode length. Similar to the accessions with the
determinate growth habit, the relationship between the grow-
ing season duration and dry matter remained stable in all years
of the study. Under the conditions of 1994, an increase in all
correlations is accompanied by a weakened influence of the
number of nodes on the variability of plant structures. The
green biomass productivity, on the contrary, correlated with
the majority of the studied parameters. There formed a rela-
tionship between the stem diameter and leaf characteristics,
the percentage of leaves and the number of branches per plant.
It is interesting to note that in contrast to 1992, there was a
negative correlation between the leaf width and the protein
and oil content in seeds.

In all the years of the study, the most stable and strong
correlations in the third group of accessions (with the inde-
terminate growth habit and with 1-2 branches, or without
them) were those between the green matter productivity, the
weight of leaves, the number of leaves, and the growing sea-
son duration. In 1989 and 1994, there was a stronger negative
relationship between the percentage of leaves per plant and
the growing season duration than in the accessions from the
first and second groups. The correlations between the traits of
green biomass productivity were similar to the relationships
revealed in the accessions with the determinate habit growth.

BNONOTNA PA3BUTUA PACTEHWI / DEVELOPMENTAL BIOLOGY OF PLANTS

2019
23:6

M3meHUnBOCTb KOppenaLmii Mopdonornyeckmnx
MPU3HAKOB y COM C Pa3HbIM TUMOM PoCTa

The strongest relationships between the traits were observed
in the conditions of 1992. That year, the stem diameter and
the number of nodes per plant played a more significant role
in the total variability of traits. The growing season duration
correlated with the protein content in seeds. The trait of plant
length had a greater significance than for the accessions from
other groups. This trait was associated with the internode
length, the growing season duration, dry matter content in
green biomass and protein content in seeds. The drought of
1994 increased the strength of relationships between traits,
though to a lesser extent than the growing conditions did in
1992. The structure of correlations in 1994 was close to the
structure of relationships between traits in the accessions with
the determinate growth habit.

Discussion

A comparison of the average level of traits determination (R?)
(Fig. 3) and stability of the structure of their relationships
(correlations) (FD1%) performed for both different years and
different groups has shown that the level of strongest rela-
tionships and similarity in the structure of correlations were
observed for the vegetative mass productivity, growing season
duration, and the number of branches per plant. A comparison
of the R%/FD1% ratios for nine correlation matrices (all years
and groups) displays a noticeable decrease in the similarity
in the structure of relationships between such traits as the
growing season duration, seed hilum width and the number
of branches per plant.

These traits are the main ones in the pleiades of the grow-
ing season duration (T), seed and pod parameters (R, ), stem
characters, growth habit i.e., growth habit and branching
characters (V); they have a high level of relationships with
other plant traits (not included in their own pleiades) and are
characterized by strong variability of these correlations, which
depends on both conditions and genotype. It means that the
same traits in different groups form relationships with differ-
ent traits under the changing conditions. The lability of the
trait correlations described above apparently plays a role in
the plant adaptation to various growth conditions.

An analysis of the determination coefficients variability
revealed the highest level (strength) of relationships between
the traits in the pleiades of seed productivity, growing season,
and plant characters (growth habit and branching characters)
(Fig. 4). Alower level of determination and its relative stability
were observed for such traits as stem diameter, leaf length,
protein content in seeds, and dry matter content in green bio-
mass. The traits in the pleiad of green biomass productivity,
shoot, and leaf width were distinguished by a lower variability
of the determination coefficients, i. e., displayed a stable level
of relationships (correlations).

A detailed study of the correlation structure variability has
shown that the relationships of green biomass productivity
with the weight of branches and leaves, and with the number
of leaves, are stable, display the highest level of relationships
and are characteristic of all accessions. The green biomass
increase in the varieties with the determinate growth habit and
a large number of branches is influenced more by the average
weight of a branch, while the growing season duration, one
leaf weight, and the number of leaves per plant have a stron-
ger impact on the accessions with the indeterminate growth
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Puc. 4. Traits determination and variability of the strength of relationships between them.

X-axis — average determination (R2); Y-axis — standard deviation of the average determination coefficient (SDRZ). For trait designations see

Supplement and Fig. 2.

habit, 1-2 branches or without them. In addition to the above
mentioned traits, the green biomass productivity in the semi-
cultivated accessions (with the indeterminate growth habit
and numerous branches of the 1st and 2nd order) depends
on the number of nodes and the main stem internode length.
Changes in the environmental conditions cause both general
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rearrangements in the structure of correlation relationships,
and individual ones, which are characteristic of plants with a

certain growth habit and branching.

The studies of correlation relationships between the traits
in soybean varieties with different growth habit and branch-
ing characters have resulted in revealing a regularity in these
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characters variation under different environmental conditions.
A minor deterioration in the growing conditions entails a
slight decrease in the degree of correlation of all the traits.
More tough conditions change the behavior of the traits of the
generative and vegetative spheres. Fig. 4 shows the separation
of these traits into two groups. R? values either diminish, or
increase for the vegetative organ traits. Determination coef-
ficients sharply increase for the traits associated with seed
productivity. Separation of the green biomass and seed pro-
ductivity traits in terms of the degree of correlation in varieties
of the first and second groups (with numerous branches) was
observed during their development during a drought. The ac-
cessions from the third group (with few branches) displayed
such a separation of traits during vegetation in a year with
excessive moisture in the initial phases of growth and insuf-
ficient moisture in the second half of summer. The difference
between the varieties during critical periods was associated
with the branching characters in these groups. In a dry year,
the accessions with numerous branches experienced a greater
moisture deficiency from the first phases of vegetation (from
the branching period). The varieties characterized by a small
number of branches did not experience such a severe influence
of drought at that time. For them, the most unfavorable year
was the one with a long period of vegetative organs growth
(the phase before flowering) and insufficient moisture during
the periods of mass flowering and pods formation.

Thus, the seed and green biomass productivity not always
show a direct and strong correlation between them. The rela-
tionships between these traits is influenced by both the condi-
tions of the year and the features of the variety. The variation
of R? values for green biomass and seed productivity has its
specificity in each group, which should be taken into account
in breeding for the main economic traits.

Conclusion

A comparison of the correlation coefficient values calculated
for all accessions, groups distinguished by the growth habit
and branching characters, and for the years of study, yields
results that are noticeably different. The data calculated for
all accessions regardless of the growth habit and branching
characters, characterize only the species specificity of the
coordinated variability of soybean traits and do not reveal the
features of varieties that are important for understanding their
behavior in changing environmental conditions. This was not
taken into account in most works that dealt with determining
correlations between the traits and identifying indirect traits
for selection for important economic characters. That is why
the selection using the indicator traits identified by other
researchers often did not yield a proper result.

References

Aditya J.P., Bhartiya P., Bhartiya A. Genetic variability, heritability and
character association for yield and component characters in soybean
(G. max (L.) Merrill). J. Central Eur. Agric. 2011;12:27-34. DOI
10.5513/JCEA01/12.1.877.

Bernard R.L. Two genes affecting stem termination in soybeans. Crop
Sci. (1972);12:235-239. DOI 10.2135/cropscil972.0011183X00120
0020028x.

Board J.E., Kang M.S., Bodrero M.L. Yield components as indirect se-
lection criteria for late-planted soybean cultivars. Agron. J. 2003;95:
420-429.

BNONOTNA PA3BUTUA PACTEHWI / DEVELOPMENTAL BIOLOGY OF PLANTS

2019
23:6

M3meHUnBOCTb KOppenaLmii Mopdonornyeckmnx
MPU3HAKOB y COM C Pa3HbIM TUMOM PoCTa

Burlyaeva M.O., Malyshev L.L. Application of factor and discriminant
analysis for evaluation of the source material of soybean for green
mature yield and differentiation of varieties by direction of utiliza-
tion. Trudy po Prikladnoy Botanike, Genetike i Selektsii = Proceed-
ings on Applied Botany, Genetics and Breeding. 2013;173:55-67.
(in Russian)

Burlyaeva M.O., Rostova N.S. Variability and determinancy of mor-
phological, biochemical and agronomic characteristics in forage
soybeans of various uses under the conditions of Krasnodar region.
Trudy po Prikladnoy Botanike, Genetike i Selektsii = Proceedings
on Applied Botany, Genetics and Breeding. 2014;175(2):42-52. (in
Russian)

Ermakov A.l., Arasimovich V.V., Jarosh N.P., Peruanskii Yu.V., Lu-
kovnikova G.A., Ikonnikova M.I. Methods of Biochemical Studies
of Plants. Leningrad, 1987. (in Russian)

Ferrari M., Carvalho L.R., Pelegrin A.J., Nardino M., Szareski V.J.,
Nardino M., Szareski V.J., Olivoto T., Rosa T.C., Follmann D.N.,
Pegoraro C., Maia L.C., Souza V.Q. Path analysis and phenotypic
correlation among yield components of soybean using environmen-
tal stratification methods. Aust. J. Crop Sci. 2018;12:193-202. DOI
10.21475/ajcs.18.12.02.pne488.

Hakim L., Suyamto S. Gene action and heritability estimates of quan-
titative characters among lines derived from varietal crosses of
soybean. Indones. J. Agric. Sci. 2017;18:25-32. DOI 10.21082/ijas.
v18n1.2017.p25-32.

Huang Z.W., Zhao T.J., Gai J.Y. dynamic analysis of biomass ac-
cumulation and partition in different yield level soybeans. Acta
Agron. Sin. 2009;35(8):1483-1490. https://doi.org/10.1016/S1875-
2780(08)60096-6.

Leschenko A K., Sichkar V.I., Mikhaylov V.G., Maryushkin V.F. Soy-
bean. Kiev: Nauk. Dumka Publ., 1987.

Liu B., Fuyjita T., Yan Z.H., Sakamoto S., Xu D., Abe J. qtl mapping
of domestication-related traits in soybean (Glycine max). Ann. Bot.
2007;100(5):1027-1038. DOI 10.1093/a0b/mecm149.

Machado B.Q.V., Nogueira A.P.O., Hamawaki O.T., Rezende G.F,,
Jorge G.L., Silveira I.C., Medeiros L.A., Hamawaki R.L., Hamawa-
ki C.D.L. Phenotypic and genotypic correlations between soybean
agronomic traits and path analysis. Genet. Mol. Res. 2017;16(2).
DOI 10.4238/gmr16029696.

Nagarajan D., Kalaimagal T., Murugan E. Correlation and path coef-
ficient analysis for yield and yield attributes in soybean, Glycine
max L. (Merr). Int. J. Farm Sci. 2015;5:28-34.

Rodrigues B., Serafim F., Nogueira A.P.O., Hamawaki O.T., Sou-
sa L.B., Hamawaki R.L. Correlations between traits in soybean
(Glycine max L.) naturally infected with Asian rust (Phakopsora
pachyrhizi). Genet. Mol. Res. 2015;14(4):17718-17729. https://doi.
org/10.4238/2015.December.21.45.

Rostova N.S. Correlations: Structure and Variability. St. Petersburg:
St. Petersburg State University Publ., 2002. (in Russian)

Rozhanskaya O.A., Lomova T.G., Shilova T.V., Gorshkova E.M. New
somaclonal lines of soybean to be bred in Siberia. Sibirskiy Vestnik
Selskohozyajstvennoy Nauki = Siberian Herald of Agricultural Sci-
ence. 2016;(2):35-42. (in Russian)

Shchelko L., Sedova T., Korneychuk V., Pastucha L., Sinskiy T., Ho-
firek P, Bares 1., Segnalova Ja. (Compilers). The International
Comecon List of Descriptors for the Genus Glycine Willd. Lenin-
grad, 1990. (in Russian)

Silva A.F., Sediyama T., Silva F.C.S., Bezerra A.R.G., Ferreira L.V.
Correlation and path analsysis of soyben componentes. Int. J. Plant
Anim. Environ. Sci. 2015;5(1):177-179.

Terentiev P.V. Method of correlation pleiades. Vesinik Leningradskogo
Gosudarstvennogo Universiteta = Bulletin of the Leningrad State
University. Ser. Biol. 1959;2(9):35-42. (in Russian)

715



M.O. Burlyaeva
N.S. Rostova

Thompson J.A., Bernard R.L., Nelson R.L. A third allele at the soybean
dtl locus. Crop Sci. 1997;37:757-762. https://doi.org/10.2135/crops
¢i1997.0011183X003700030011x.

TianZ., Wang X., Lee R., LiY., Specht J.E., Nelson R.L., McCleanc P.E.,
Qiub L., Ma J. Artificial selection for determinate growth habit in
soybean. Proc. Natl. Acad. Sci. USA. 2010;107(19):8563-8568. DOI
10.1073/pnas.1000088107.

Variability of correlations of morphological traits
of soybeans with different growth habit

VuT.T.H,, Le T.T.C., Vu D.H., Nguyen T.T., Ngoc T. Correlations and
path coefficients for yield related traits in soybean progenies. Asian
J. Crop Sci. 2019;11:32-39. DOI 10.3923/ajcs.2019.32.39.

Woodworth C.M. Genetics and breeding in the improvement of the soy-
bean. Illinois Agr. Exp. Stn. Bull. 1932;384:297-404.

Wright S. The relative importance of heredity and environment in de-
termining the piebald pattern of guinea-pigs. Proc. Natl. Acad. Sci.
USA. 1920;6(6):320-332.

ORCIDID
M.O. Burlyaeva orcid.org/0000-0002-3708-2594

Acknowledgements. The work was carried out according to the Thematic Plan of VIR in the framework of the state assignment No. 0662-2019-0002.
Conflict of interest. The authors declare no conflict of interest with respect to the present study.

Received May 26, 2019. Revised July 17, 2019. Accepted July 22, 2019.

716

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 2019+ 23 - 6



