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Correlation of Seed and Vegetative Productivity Elements
in Collection Samples of White Lupine

Abstract. The purpose of the study was to establish the strength and general pattern of
correlations between quantitative traits that form vegetative and seed productivity in white
lupine. Research methods used included field, weighing and measuring, and mathematical and
statistical methods. A significant positive correlation was found between the average strength
of seed productivity and such traits as plant height, number of lateral shoots, number of beans
from central and lateral clusters, etc. A strong positive correlation was detected with the vegetative
development of plants, and a weak one with the number of seeds per bean and the weight of 1000
seeds. A significant strong positive correlation of vegetative productivity with such quantitative traits
as the weight of beans from the central cluster and the weight of leaves and stems was established.
A positive correlation of average strength was found with the number of beans from central and
lateral clusters, weight of beans from lateral shoots, root weight, etc. It was found that the seed
productivity of white lupine plants is mainly conditioned by the development of such traits as the
number of beans from lateral clusters, weight of leaves and roots, number of seeds and weight
of seeds from the central and lateral clusters. The formation of vegetative productivity primarily
depends on the weight of beans from the central cluster and the weight of leaves and stems. The
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use of the established regularities of productivity formation will enhance the effectiveness of the
selection of selective material according to the specified parameters

Keywords: correlations, central and lateral clusters, seed weight, number of beans and seeds,
number of seeds per bean, the weight of 1000 seeds

RELEVANCE

The method of correlation analysis is widely
used to determine the relationship between
quantitative traits, the variability of which is
caused by phenotypic and genotypic factors.
The correlation coefficients between the same
traits can vary depending on the species and
even the variety of plants and growing condi-
tions. Such patterns of variability in the correla-
tion between individual traits are fully consist-
ent with the basic principles of the genetics of
quantitative traits and their phenotypic mani-
festation in the genotype-environment interac-
tion (Litun et al.,, 2004). Selection of high-yield-
ing genotypes requires extensive knowledge
on the patterns of plant productivity. This fully
applies to white lupine, the yield level of which
is determined by indicators that form seed and
vegetative productivity.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Correlation analysis has been used by many
scientists to evaluate the selection material of
different crops (Usyk, 2009; Kobyzieva, 2009;
Tryhub, 2002; Katsan, 2014; Bulintsev et al., 2015;
Marchenko et al, 2019; Carpici & Celic, 2012). It
has been established that the formation of lu-
pine yields depends to a greater extent on such
components as the number of beans and seeds
per plant, the number of seeds per bean, the
weight of seeds per plant, and the number of pro-
ductive shoots (Friehiwot et al., 2019; Sozinov &

Khalimullina,2019; Vitko & Vanga,2015). Thus, the
study of the interrelationships of various plant
productivity traits with each other is a topical is-
sue, since on the basis of the established patterns
it is possible to determine the direction of the
selection of selective breeding material to create
new varieties that can meet modern production
requirements. This will allow predicting of the
selection process and increase its efficiency.

Purpose of the study. To establish the
strength and direction of correlations between
quantitative traits that form vegetative and seed
productivity in white lupine.

MATERIALS AND METHODS
Field and laboratory studies were conducted in
2016-2019 at the Institute of Agriculture of the
National Academy of Sciences of Ukraine. The
fields of selection crop rotation are located in
the Fastiv district of Kyiv Oblast. The years of the
research differed in temperature and moisture
availability, which made it possible to evaluate
the manifestation of seed productivity traits
in white lupine under different growing con-
ditions. The weather conditions in 2016 were
generally relatively favourable for the growth
and development of lupine plants and the for-
mation of good seed productivity. The hot and
dry weather during the growing season in 2017,
and especially the drought during flowering
and bean setting, led to a significant decrease
in plant productivity. Sufficient moisture and
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optimal temperature conditions in 2018 con-
tributed to the good development of lupine
plants and high seed yields. The lack of mois-
ture during the period of flowering, seeding,
and filling of beans in 2019 led to accelerated
maturation and reduced seed productivity.

The subject of the research was 50 collection
samples of white fodder lupine. The field experi-
ments were conducted using the standard tech-
nology of lupine cultivation. Winter grain crops
preceded the lupine sowing. Sowing was done in
wide rows (row spacing was 45 cm). The plot area
was 6.0 m?, the repetition is fourfold. The study
used field, weighing and measuring, and mathe-
matical and statistical methods. The correlation
analysis was carried out according to the rele-
vant methods described by B.0. Dospekhov (Dos-
pekhov, 1985).

RESULTS AND DISCUSSION

The number of lateral shoots is the main factor
determining the formation of seed and vege-
tative productivity of white lupine due to the
development of lateral clusters. It has a strong
correlation with lateral cluster traits such as
the number of beans, the number and weight
of seeds, and the average bean weight. A weak
negative correlation was found with the num-
ber and weight of seeds from the central clus-
ter, and with the number of seeds per bean from
both the central and lateral clusters. Thus, the
enhanced development of lateral shoots can
lead to a decrease in the productivity of the cen-
tral cluster and also reduce the size of the seeds.

The number of beans from the central clus-
ter primarily determines its productivity, so it is
closely positively correlated with the weight of
shiny beans, number, and weight of seeds. The
correlation of average strength was established
with the traits of leaf, stem, and root weight. The

Plant and Soil Science (12)1

number of beans from lateral shoots showed
strong correlations with the weight of shiny
beans, the number and weight of seeds from lat-
eral clusters.

For lupine as a feed crop used for green fod-
der for animals, it is important to determine the
features of vegetative mass formation, including
correlations between the elements of its pro-
ductivity. A strong correlation was established
between the weight of shiny beans from the cen-
tral shoot and the number and weight of seeds
from the central clusters, between the weight of
beans from the lateral shoots and the number
and weight of seeds from the lateral clusters,
and between the weight of leaves and stems.
Positive correlations of medium strength were
found between most of the other traits (Table 1).

The analysis of the relationships between
the structural elements of seed productivity re-
vealed a weak correlation in most cases, with
both positive and negative values. The weight of
the seeds from the central and lateral clusters
directly depends on the number of seeds formed
on them, so the value of the correlation strength
is close to one. The value of the correlation coef-
ficients between the number of seeds from the
central clusters and the number and weight of
seeds from the lateral clusters was almost zero,
which proves the possibility of creating varieties
with seed yields achieved by the development of
both lateral and central clusters.

Establishing patterns of productivity for-
mation based on determining its correlations
with the constituent structural elements will
help to increase the accuracy of evaluation and
the effectiveness of the selection of selective
material according to specified parameters.
It was found that seed productivity with most
traits (plant height, number of lateral shoots,
number of beans from the central clusters and
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lateral clusters, etc.) had an average positive development of plants, and a weak one with
significant correlation (Fig. 1). A strong positive  the number of seeds per bean and the weight of
correlation was detected with the vegetative 1000 seeds.

Table 1. Matrix of paired correlation coefficients between traits of seed
and vegetative productivity of white lupine plants, 2016-2019

General plant Green mass productivity structure ..
7 . . Y Seed productivity structure
structure (shiny bean phase)
= . number of
o number of number of weight of
o beans seeds per 1
© ., beans seeds seeds
=8 bean
o| ©8
2 = =
= 53| 8e3| 53| o3 g g @ 53| 83 58 02| 58| 823
5 €5/ 25| 55| 25 o ] 9 €5 25 g5 25 55| 38535
c & = © 5 & = © 5 ] 2 <] @ = c 5 g5 o] L35 T 5
(S ) -_ 0 QO -_ O — 7] - (S ) -0 QO -0 (S ) -0
1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 | -0.04

3| 0.78 | -0.02

4| 0.16 | 0.78 | 0.22

5| 067 | 012 | 0.88 | 0.28

6| -001| 036 | 0.09 | 039 | 0.21

7| 010 | 037 | 0.16 | 0.41 | 0.27 | 0.79

8| 027 | 038 | 0.38 | 0.38 | 0.44 | 0.57 | 0.67

9| -014 | 084 | -0.08 | 0.70 | 0.09 | 056 | 0.49 | 0.43

10| 0.77 | 0.02 | 094 | 0.29 | 0.86 | 0.19 | 0.25 | 0.44 | -0.02

11| -0.24 | 0.82 | -0.21 | 0.72 | 0.03 | 0.58 | 0.52 | 0.38 | 0.91 | -0.15

12| 0.78 | 0.04 | 093 | 033 | 0.84 | 0.25 | 030 | 0.46 | -0.01 | 097 | -0.11

13| -0.17 | -0.25 | -0.08 | -0.05 | -0.01 | 0.44 | 030 | 0.11 | 0.25 | -0.02 | 0.25 | 0.03

14| -0.17 | 0.21 | -0.22 | 0.24 | -0.08 | 0.46 | 037 | 0.19 | 0.29 | 0.05 | 0.28 | 0.04 | 0.14
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Figure 1. Correlation of seed productivity of plants with elements
of its structure and other traits
Note: 1 - plant height, 2 - number of lateral shoots, 3 - number of beans from the central cluster, 4 - num-
ber of beans from the lateral clusters, 5 - leaf weight, 6 - root weight, 7 - number of seeds from the cen-
tral cluster, 8 - number of seeds from the lateral clusters, 9 — weight of seeds from the central cluster, 10 -
weight of seeds from lateral clusters, 11 - number of seeds in 1 bean from the central cluster, 12 - number
of seeds in 1 bean from lateral clusters, 13 - weight of 1000 seeds, 14 - vegetative productivity of plants

The established average correlations be-
tween seed productivity and leaf weight in-
dicate that increased photosynthetic activity
associated with the development of the leaf
surface contributes to its growth. Besides, a
well-developed root system of plants ensures
the formation of increased seed productivity.
The high correlation of seed productivity with
a green mass of plants proves that good overall
plant development leads to the formation of in-
creased seed productivity.

The high correlation of seed productivity
with a green mass of plants proves that favour-
able overall plant development contributes to
the generation of higher seed productivity. A
significant strong positive correlation of vege-
tative productivity with such quantitative traits
as the weight of beans from the central cluster
and the weight of leaves and stems was estab-
lished (Fig. 2). The weight of the beans from the
central cluster during the shiny bean phase,
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which is the best for harvesting lupine for green
fodder, has a stronger correlation with vegeta-
tive productivity compared to the beans of the
lateral clusters, because the latter are not yet
sufficiently developed during this period. A
strong correlation with the weight of leaves and
stems determines their influence on the for-
mation of productivity and fodder qualities of
green mass.

A positive correlation of average strength
was found with plant height, number of lateral
shoots, number of beans from the central and
lateral clusters, weight of beans from lateral
shoots, and root weight. A weak positive cor-
relation was established with the dry matter
content. An important feature is the almost
complete absence of a correlation between
vegetative productivity and protein content,
which suggests that research should be direct-
ed toward creating forms that can combine high
yields of green mass with high protein content.
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The study of correlations between quanti-
tative traits in white lupine was also conduct-
ed by scientists from the Institute of Fodder
Crops (Bulgaria) and the Lupine Research In-
stitute (Russian Federation) (Kosev & Vasileva,
2020 (a); Kosev & Vasileva, 2020 (b); Zaharova
et al., 2014). Bulgarian scientists have found a
strong positive correlation between seed pro-
ductivity and the number of seeds per plant
and plant height, and a close relationship be-
tween vegetative productivity and plant height,
number and weight of leaves, and root weight.
According to the data collected by Russian sci-
entists, there is a strong correlation between
seed weight and bean weight, plant weight, and
number of seeds, and a weak correlation with
the weight of 1000 seeds. The conclusions of
these authors are consistent with the results of
this study and validate its findings.

o

Figure 2. Correlation of vegetative productivity of plants with elements
of its structure and other traits

Note: 1 - plant height, 2 - number of lateral shoots, 3 - number of beans from the central cluster, 4 - num-
ber of beans from the lateral clusters, 5 - weight of beans from the central cluster, 6 — weight of beans
from the lateral clusters, 7 - weight of leaves, 8 - weight of stems, 9 - weight of roots, 10 - dry matter con-
tent, 11 - protein content

CONCLUSIONS

The seed productivity of white lupine plants is
largely determined by the development of such
traits as the number of beans per lateral cluster,
weight of leaves and roots, number of seeds per
central and lateral cluster, and weight of seeds
per central and lateral cluster. Therefore, when
evaluating selection material, it is especially
relevant to consider the values of these traits,
which will facilitate the targeted selection of
highly productive genotypes. When evaluat-
ing the vegetative productivity of white lupine
plants, selection should be based on higher val-
ues of such traits as the weight of beans from
the central cluster and the weight of leaves and
stems. The second most important traits in
the formation of green mass are the number
of beans per plant, the weight of beans from
the lateral clusters and the weight of roots. The
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application of the established patterns of efficiency of the selection of selective material
productivity formation will contribute to the according to the specified parameters.
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HaujioHanbHOT akagemii arpapHuX Hayk YKpaiHu»
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CniBBigHOLLEHHS eNIeMeHTIB HaciHHEBOI Ta BereTaTUBHOI
NPOAYKTUBHOCTI Y KONEKLWIiNMHUX 3pa3KiB NIONuHy 6inoro

AHoOTaUif. MeToI0 JOCTiIKeHb 6y/I0 BCTAHOBJIEHHS CUJIM Ta 3aTaJIbHOTO XapaKTepy KOPEJIAIiHNX
3B'I3KiB MDK KiIBKICHMMU O3HaKaMy, 110 GOPMYIOTh BEreTaTUBHY Ta HACIHHEBY IIPOAYKTHBHICTD
MonuHy 6i7oro. MeTomu HAOCHTIIKeHHSA BKIIIOYAJIM II0JIbOBUM, BaroBO-BUMIpIOBAJIbHUM Ta
MaTeMaTUYHO-CTaTUCTUYHUN MeToOY. BUABIEHO MOOCTOBIpHY IIO3UTHMBHY KODEJALil0 MDK
CcepeIHbOI0 CUJIOI0 HAaCiHHEBOI TPOAYKTUBHOCTI Ta TAKMMU 03HAKaMH, SIK BUCOTa POCJIUH, KUIBKICTh
6IUHMX ITaroHiB, KUIBKICTh 606iB 3 IEHTpaabHOI Ta 6IYHMX KUTHULH TOLIO. CUIBHY ITO3UTUBHY
KOPEJIALIi0 BUABJIEHO 3 BETeTaTUBHUM PO3BUTKOM POCJIHH, a CIabKy - 3 KUIbKICTIO HAaCiHUH y 6061
Ta Macoio 1000 HaciHUH. BCTAaHOBJIEHO IOCTOBIPHY CWJIBHY ITO3UTHBHY KODEJIALil0 BeTreTaTUBHOI
TTPOAYKTHUBHOCTI 3 TAKUMMU KiJIbKiICHUMU O3HaKaMHU, IK Maca 606iB 3 1IeHTpasbHOi KUTHULIi Ta Maca
nucTd i cre6et. [TOSUTUBHUM KOPEJAIiNHNH 3B'S30K CepeIHbOI CHIU BUABJIEHO 3 KiIbKICTIO 606iB 3
LIEHTPaJIbHOI Ta 6iYHUX KUTHI[b, Macoio 606iB 3 6iYHMX IaTOHiB, MaCcOI0 KOPEHiB TOII0. BCTAHOBJIEHO,
110 HaciHHEBa MPOAYKTUBHICTh POCIIMH JIIONIMHY 6i/I0T0 B OCHOBHOMY O6YMOBJIEHA PO3BUTKOM
TaKUX 03HAK, AK KUTBKICTh 606iB 3 6iHMX ITaroHiB, Maca JIUCTS i KOpeHiB, KiIbKiCTb HaciHUWH i Maca
HaCiHHA 3 IeHTpaIbHUX i 61YHUX MaroHiB. POpMyBaHHA BETeTaTUBHOI ITPOAYKTUBHOCTI B IIEPIIY
Yepry 3aJIeKUTh Bif Macu 606iB 3 IIeHTpabHOI KMTHILI Ta MacH JIUCTA i cTebesl. BUKOpHCTaHHS
BCTAaHOBJIEHVX 3aKOHOMipHOCTel (QOpMyBaHHA IIPOAYKTUBHOCTI JO3BOJIWUTH IiABULIUTU
edeRTHUBHICTb 060PY CeNERLIMHOT0 MaTepialy 3a BKa3aHUMU IIapaMeTpaMu

Knou4oBi cnoBa: KopesilliliHi 3B'13KY, LieHTpaJIbHa Ta 6iuHi KUTHII, Maca HaciHHS, KiIbKiCTh 606iB
i HaciHMH, KiTBKiCTh HAaciHUH y 6061, Maca 1000 HaciHUH
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