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Abstract. Seed heterogeneity (regarding some main parameters) in dependence of their
position on mother plant was found in a study conducted with 11 varieties of Lupinus albus L. At
technological maturity, pods (respectively the seeds in them), situated in the lower (1stlayer) and
upper half (2" layer) of 20 plants, selected randomly, were collected separately. The results of the
conducted analyzes showed that 1000 seeds mass, germination, germ length and weight of the
seeds from the 2" layer were lower in comparison with those from the 1st layer by an average of
12.3, 4.2, 13.1 and 19.5%, respectively. In contrast, the crude protein content of the 2nd layer
seeds exceeded the protein content of the 1st layer seeds by a relative value of 15.0%. The
seedling vigour index, as a summary indicator for evaluation, showed higher viability of the seeds
formed in the pods from the 15t layer (1028) compared to the vigour of the seeds from the 2™ layer

(856).
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Introduction

The main purpose in a seed
production program is to achieve
maximum seed quality. The quality
depends on different factors such as
agronomic practices, meteorological
conditions, fruit position on the mother
plant and others [PASSAM et al., 1997]

With the consent of other authors,
heterogeneity found in commercial seeds
may due to intra or inter plant variation.
Seed development within a crop is not
equal [SIPPIQUE et &l 2003] - pProjonged periods
of flowering and seed formation could
lead to production of seeds with different
characteristics and quality MYASYA 2001]
That is a prerequisite for heterogeneous
seeds and is defined as maternal type
heterogeneity ~ [PANAYOTOV. 2005 Qther
authors also point out that seed
heterogeneity due to pod position on the
mother plant and even ovule position in a
pod are plant components that contribute
to variation in seed quality [PRASAD et &l 2010]
Seed heterogeneity has been shown to
have large effects on germination,
dormancy and some characteristics of
seeds harvested from plants grown in the
same environment, between
inflorescences (pods) on the same plant,
and between different positions of the
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same inflorescence. Also, the seed
position on the parent plant has been
suggested as a cause of variability in
seed quality [MUASYA 2001 The strong
impact of maternal heterogeneity has
been reported by a number of
researchers: [ALAN and ESER, 2007. PANAYOTOV,
2005, 2010] jn vegetable crops, [CHEPLICK and
SUNG, 1998] gpg [FOROUGHI et al, 2014] jn \weed
species, [ILLIPRONTI et al.,, 2000] gnq [PRASAD et al,

20101'in legumes and others.

The aim of the study was to
determine the manifestations of
heterogeneity (including 1000 seeds
mass, crude protein content, germination,
initial growth parameters and seedling
vigour index) of white lupine seeds
depending on their position on the mother
plant.

Material and methods

The lab experiment was carried out
in 2016 at the Institute of Forage Crops
(Pleven). The subjects of the investigation
were seeds of eleven varieties of white
lupine  (Lupinus albus L.) (Astra,
Nahrquell, Ascar, BGR 6305, Shienfield
Gard, WAT, Kijewskij Mutant, Hetman,
Start, Amiga, Garant), which were
harvested in the previous year. At
technological maturity, pods (respectively
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the seeds in them), situated in the lower
(1st layer) and upper half (2nd layer) of 20
plants, selected randomly, were collected
separately. Analyzes were conducted on
average seed samples for each variant.

Crude protein content and 1000
seeds mass were determined.

Twenty seeds of each variant in
three repetitions were set in Petri dishes
(12 cm in diameter), on filter paper.

Distilled water (8 mL) was pipetted
into each petri dish. The seeds were
placed in a thermostat at 22 °C, and kept
moist for 7 days.

Seed germination (%), weight of
primary germ (root + stem) (g), length of
primary germ (root + stem) (cm) and
seedling vigour index (SVI) (with the
consent of other authors) [HBPULBAKI and
ANDERSON1973] were calculated.
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The data were processed with the
software product Statgraphics Plus for
Windows Ver. 2.1.

Results and discussion

The results in the present
experiment regarding 1000 seeds mass
showed significant differences between
the seeds from the two layers in all lupine
varieties, except for the variety Start
(Figure 1).

The seed mass from the 1% layer
varied from 202.02 to 310.72 g, and from
the 2" layer - from 177.26 to 263.32 g.
Decrease, expressed in relative values,
was in the ranges 4.5 -21.8% (average
12.3%). It was more strongly represented
in the large-seeded varieties Astra, Amiga
and Kijewskij Mutant.
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1-Astra, 2-Nahrquell, 3-Ascar, 4-BGR 6305, 5-Shienfield Gard, 6-WAT, 7-Kijewskij Mutant,

8-Hetman, 9-Start, 10-Amiga, 11-Garant

Figure 1. Mass of 1000 seeds in lupine varieties in dependence of seed position on the
plant (15t and 2™ layers)

The analysis of the data showed a
correlation with a medium positive value (r
= 0.437) between the 1000 seeds mass
and the percentage decrease of the
seeds from the 2" layer. The results
obtained were consistent with those of
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other authors [MUASYA 2001, ILLIPRONTI et al., 2000b,

SIDDIQUE et &l (2003] ' foynd in common bean,
soybean and pea varieties, respectively.
The higher seed weight in early pods may
be related to a higher seed filling rate
[MUASYA, 20011 " The higher rate of seed filling
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in early and middle pods could be due to
less competition for the accumulation of
insoluble reserves before the formation of
all seed [COCKS 19901 The early pods also
used a large influx of assimilates when
the plant passes from vegetative to
reproductive phase [BEWLEY and BLACK, 1994].
On the other hand, BERTIN et al, (1998)
suggested that meteorological conditions
during plant growth could also affect fruit
size and weight, along with the pod
position on the plant and the sequence of
their formation.

According to other authors, the
production of heterogeneous seed was
one of the strategies to perpetuate higher
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plants [MATILLA et al, 2005] | o " to provide the
survival of the offspring, the individual
plant might produce seeds that are
heterogeneous in terms of the degree of
dormancy, germination, and such
characteristics such as size, shape,
colour.

Position of pods and seeds on the
mother plant considerably contributes to
the heterogeneity in the physiological
qualities of the seeds, including
germination [PRASAD et 4k, 2010] "n this studly,
higher germination was observed for
seeds from the 1% layer (97.7% on
average) and lower - for seeds from the
2" layer (93.5% on average) (Table 1).

Table 1
Germination and initial growth parameters in lupine seeds in dependence of their position
on the plant
Cultivar Seed position Germination, % Germ length, cm Germ weight, g SVI
Astra 1t layer 96.7 efoh 7.31 b 0.344 ¢ 707
2n |ayer 93.3 bode 591 @ 0.264 2 551
Nahrquell 15t layer 98.3 o 9.74 e 0.407h 958
2" Jayer 94.4  cdef 7.92 ¢ 0.310° 748
Ascar 15t layer 100.0 " 11.19 hi 0.396 foh 1119
2n |ayer 94.4 odef 822 ¢ 0.266 2 776
1st layer 100.0 10.61 ¢ 0.453 i 1061
BGR 6305 Hug layer 92.5 bed 9.59 = 0.383 ©fo 887
Shienfield  1stlayer 91.7 abc 10.70 ¢ 0.476 981
Gard 2" Jayer 96.1 defoh 9.49 de 0.400 o 912
WAT 15t layer 95.0 odefg 9.18 d 0.439'1 872
2n |ayer 88.3 @ 824 © 0.373 def 728
Kijewskij 1st layer 98.3 o 11.27 0.461 i 1109
Mutant 2" Jayer 95.6 defah 1017 f 0.364 cde 972
Hetman 15t layer 98.3 o 12.71 & 0.526 1250
2n |ayer 90.0 2 10.84 o 0.406 o 975
Start 15t layer 100.0 " 12.25 0.529'! 1225
2" Jayer 93.3 bode 10.61 ¢ 0.404 990
Amiga 15t layer 98.3 o 7.95 ¢ 0.401 ¢ 782
24 layer 93.3 bode 753 ° 0.356 703
Garant 15t layer 98.3 o 12.66 0.540'! 1245
2n |ayer 97.5 fon 12.03 I 0.485k 1173
LSD 3.92 0.371 0.023

* Means in each column followed by the same letters are not significantly different (P > 0.05)

SVI —seedling vigour index

As a whole, there was a general
downward trend in seed germination of
the 2nd floor, which was demonstrated in
most varieties (except Astra, Kijewskij
Mutant and Garant). In a similar
experiment, the other authors AN and ESER
2007 proved that the germination
percentage of pepper seeds is influenced
by the fruit position on the mother plant.
Seeds obtained from the 1 floor showed
the highest germination (91.5%), while
seeds from the 2" and 3™ - 86.0 and
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81.8%, respectively. In a study with
Xanthium strumarium, the other authors
[FOROUGHI et al., 2014] found that seeds ripened
in the upper and middle third of the
mother plant had 67 to 78 % higher
germination than those that riped in the
lower third of the plant.

Most studies of the maternal impact
on seed germination focus on abiotic
environmental factors M/ANG et &, 2019]

It is well known that environmental
factors such as light, temperature, and
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soil moisture affect seed germination [KEPA the sensitivity of the seeds to these
et al., 2008; RIZZARDI et al, 20091 The other authors hormones, are influenced by
also confirmed that differences in seed environmental conditions during seed
maturation time in the upper part of the reported that seed germination
mother plant compared to the lower part percentages were 40 to 50% lower in
might contribute to differences in seed seeds maturing in competitive conditions
germination [ROMAGOSA et al. 2001] than in non-competitive one’s

According to the authors, the development. In addition, the other
endogenous levels of gibberellins and authors [BRAINARD et al. 2005, AJSUVAKOVA, et . 2020.
abscisic acid in the seeds, or changes in BUTNARIU, et al., 2020, SALEHI, et al., 2020]

Table 2

Analysis of variance for seed germination and germ growth depending on the factors
studied
Degrees of Sum of Influence Sum of Influence Sumof Influence
freedom squares of factors squares of factors squares of factors
Indicators Germination Germ length Germ weight
Total 65 935.126  100.0 224.343  100.0 0.380 100.0
Factor A -cultivar 10 196.678 21.0* 183.827 81.9* 0.233 61.3*
Factor B — seed-layers effect 1 291.48 31.2% 30.860 13.8* 0.126 33.1*
AxB 10 197.708 211 7.422 3.3* 0.012 3.3*

Error 44 249.26 26.7 2.235 1.0 0.009 2.3
*LSD at 0.05 probability level

The other authors indicated that the g, respectively) concerning the seeds
position at which seeds mature on an from the lower (1%!) layer, at values from
individual plant have significant effects on 5.91 to 12.03 cm and from 0.264 to 0.485
their germination and subsequent g for those of the upper (2") layer. The
seedling growth [KICEL 1995, CHEPLICK and SUNG varieties that were characterized by more
1998, STOLERU, et al., 2019, SHARIFI-RAD, et al., 2020]_ As essential differences in the seed
in the previous indicators, in all 11 parameters from the two layers were
varieties, the initial growth parameters Astra and Ascar (from 19.2 to 32.8%),
(germ length and weight) revealed higher while the differences between Amiga and
and statistically significant values (from Garant were less pronounced (5.0 =+

7.31 10 12.71 cm and from 0.344 to 0.540 11.1%).
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Figure 2. Crude protein content in lupine varieties in dependence of seed position on the
plant (15t and 2™ layer)

Vigour represents the total sum of determine their level of activity and

those properties of the seed that manifestation during the period of
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germination and seedling emergence 5™
2003 't is positively related to the ability of
a seed population to provide an optimal
stand under optimal and suboptimal
environmental conditions [PORNEOS. 1995],

In the studied varieties, the seeds
formed in the pods from the 1%t layer had
increased seedling vigour index (average
1028). Considerably lower, with a
variation of 5.8 to 30.6%, was the
seedling vigour index in the seeds formed
in the pods from the upper layer. The
other authors also established that seeds
obtained from a single plant, even within a
single pod, might differ in their vigor. The
authors pointed out that the seeds of the
earliest-formed pods in soybeans (cultivar
PRS-1) had the greatest vigour [PRASAD etal,
2010. KURZBAUM, et al., 2019, PETRACHE, et al., 2014].

The variance analysis showed
significant influence of the factors “variety”
and “seed-layers effect" in terms of seed
germination and seedling growth (Table
2). The effect of the “variety” factor was
dominant in the two parameters of initial
growth (81.9 and 61.3%), while in the
seed germination, the influence of the
“seed-layers  effect” (31.2%) was
determinative. According to The other
authors, in plants with indeterminate
growth, the buds and flowers of the same
plant develop progressively due to
continuous flowering. In this way, the
fruits of the plant strongly compete with
each other for the available assimilates
(ALl and KELLY, 1992] Thjs competition affects
subsequent fruit size and seed quality
[STEPHENSON et al., 1988; MARCELIS and BAAN HOFMAN-
ENER, 1995 The crude protein content, one
of the main components determining the
feed quality in legumes, varied widely —
from 211.35 to 313.40 g kg DM in the
tested varieties. The differences in the CP
content between the seeds from the two
layers were unidirectional (245.71 and
280.82 g kg DM' on average,
respectively for the seeds from the 1t and
2" layer), statistically significant (except
for varieties WAT and Kijewskij Mutant)
and had an average value of 15.0%. In a
similar study with five pea cultivars, the
other authors [NANEVA and SACHANSKI, 1972.
BUTNARIU and BUTU, 2020 found a hlgher protein
content of the seeds from the lower and
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middle layers in three of them, and a lack
of similar dependence in the other two. In
general, researches on this issue in the
scientific literature are limited, and in
many cases controversial.

Conclusions

The results of the conducted study
proved the presence of heterogeneity (in
terms of 1000 seeds mass, germination,
initial growth parameters, and protein
content) of the seeds, depending on their
location on the mother plant, in 11 white
lupine varieties. The values of parameters
of 1000 seeds mass, germination, germ
length and weight of seeds from the upper
(2") layer were lower compared to those
from the lower (1) layer by an average of
12.3, 4.2, 13.1 and 19.5%, respectively.

In contrast, the crude protein
content of the 2nd layer seeds exceeded
the protein content of the 1st layer seeds
by a relative value of 15.0%.

The seedling vigour index, as a
summary indicator for evaluation, showed
higher viability of the seeds formed in the
pods from the 1% layer (1028) compared
to the vigour of the seeds from the 2"
layer (856).
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