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Abstract

The organic farming sector is increasing in importance and requires varieties with stable yield and adapted to
organic growing conditions. Heterogeneous populations of self-pollinating crops can potentially offer an advantage
over currently used homogeneous varieties. The aim of the study was to compare yield, grain quality traits and
genetic diversity in two bi-parental spring barley (Hordeum vulgare L.) populations over the course of six to
eight generations. Populations were made by simple crosses, divided as subpopulations in F4 generation and then
cultivated in parallel at two organic and two conventional sites for consecutive five generations. After that all
subpopulations were compared in joint field trial at one organic and one conventional site to determine if they
had divergent grain yield and quality properties. The genetic diversity of two subpopulations from each cross was
studied in the seventh cultivation season using nine SSR (simple sequence repeat) markers.

Mixed-effect modelling showed that cultivation environment was significant for grain yield and not significant for
grain quality traits. Cultivation of subpopulations derived from the two crosses over six generations concurrently
under conventional and organic conditions did not significantly change genetic diversity or allelic composition as
assessed by SSR markers — each pair of subpopulations from the same cross were similar in both environments
with one population showing a small drift. Similar proportion of alleles contributed by each parent was observed
thus indicating that none of the parental varieties was preferred by selection.

Key words: bi-parental populations, genetic adaptation, Hordeum vulgare, natural selection, SSR markers.

Introduction

During the last century, intensive barley
breeding has resulted in the development of genetically
uniform varieties, with wide adaptation to conventional
farming systems with high inputs of mineral fertilizers
and pesticides (Bellucci et al,, 2013). High input
agricultural systems are becoming unsustainable due to
a decrease in the availability of resources, such as water,
oil and phosphorus, which is further exacerbated by
human population growth, required increasing levels of
agricultural production (Fess et al., 2011). Attempts to
create single-genotype varieties have led to a reduction
in genetic diversity of crop plants (Li et al., 2014).
Genetic diversity is essential for the adaptation of both
wild and cultivated species to future environmental
changes, and is increasingly recognised as a crucial
aspect of agricultural systems, especially considering
the impacts of climate change (Barrett, Schluter, 2008;
Mercer, Perales, 2010; Raggi et al., 2015). In Europe,
genetically uniform crop varieties started to replace more
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genetically heterogeneous landraces in the 1920s, with
the replacement rate increasing after the end of World
War II. As an alternative to uniform varieties, genetically
diverse population varieties that undergo natural selection
and are able to adapt to fluctuations in environmental
conditions can be utilised. Populations (landraces) that
undergo both natural selection and farmer selection
have been shown to increase yield, disease resistance,
genetic diversity and adaptability over time (Murphy
etal., 2005). Genetic diversity within cultivated varieties
and the resulting ability to adapt to heterogeneous and
fluctuating environments in time and space is particularly
pertinent to organic and low-input agricultural systems
(Ostergérd et al., 2009).

Changes in genetic diversity in cereal
populations subjected to natural selection have been
assessed in several previous studies. Restriction fragment
length polymorphism (RFLP) markers were used to
compare allelic frequencies of subpopulations derived
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from two composite cross populations (CCPs) cultivated
for ten years at four contrasting sites in France. Strong
differentiation of agro-morphological traits (earliness,
resistance to pathogens, etc.) was found, and RFLP
diversity also showed highly significant differentiation
between subpopulations, indicating that natural selection
greatly influenced the development of these populations.
Nodecrease in genetic diversity and a higher than expected
heterozygosity were observed and introgression of new
alleles was also detected, which was attributed to a low
level of outcrossing (6%) in wheat (Enjalbert et al., 2011).
Rouselle et al. (2011) cultivated wheat populations over
12 generations and observed no loss of within population
diversity and little genetic divergence of subpopulations.
In a study of the genomic region surrounding the wheat
semi-dwarfing gene RAt-B1 a slight reduction of diversity
was detected in wheat CCP, with selection favouring
individuals carrying the tall allelic form of the RA#-B1
gene (Raquin et al., 2008). A study of genetic diversity
in barley using SSR markers revealed that 12 Sardinian
six-rowed landraces had the same level of within
population genetic diversity as a representative sample
of 59 six-rowed and two-rowed modern commercial
varieties (Bellucci et al., 2013). Investigation of genetic
diversity in seven barley parental populations (breeding
lines, landraces and varieties) and CCPs derived
from these parental populations revealed evolution of
populations over 13 years of cultivation and selection
effects at adaptive traits and abiotic stress response loci
(Raggi et al., 2015). Nevo et al. (2011) found changes
in flowering time and in SSR allelic turnover over a 28
year span in wild barley and wheat populations in Israel,
which were attributed to climate change. However, in a
short term study cultivating one barley variety and one
landrace for five generations under three scenarios of
increased atmospheric CO, concentration and increased
temperature, lower yield and fewer seeds were observed
when compared to controls, indicating that barley might
not respond positively to rapid and strong selection in
elevated CO, concentration and increased temperature,
possibly due to lack of phenotypic plasticity and ability
for fast genetic change (Alemayehu et al., 2013).

An investigation of wheat CCPs subjected to
natural selection in organic and conventional systems
indicated that within five years of cultivation under
conventional and organic management systems,
characteristics for early vigour, but not allelopathy, were
improved in organically-managed CCPs in comparison
to conventionally-managed CCPs. An increase in plant
height was observed in both management systems
(Bertholdsson et al., 2016). Knapp et al. (2013) studied
genetic changes using SSR markers in wheat CCPs
under two conventional and two organic sites over
11 generations. Results showed that no adaptation to
management or to sites could be detected, i.e. the allele
frequencies did not change in significantly different ways
at the four sites. To our knowledge, no investigations
of changes in genetic diversity in barley populations
cultivated simultaneously in organic and conventional
farming environments have been published.

The aim of this study was to compare yield
and grain quality traits and genetic diversity of two bi-
parental populations cultivated in parallel in both organic
and conventional environments for six to eight seasons.

Materials and methods

Spring barley populations performed in
2004 from two bi-parental cross combinations
‘Primus’/‘Idumeja’ (P/I) and ‘Anni’/‘Dziugiai’ (A/Dz)
were used in the study. In the first cross, an old (in use
since 1901), late maturing Swedish variety ‘Primus’
with very tall plants was crossed with an early maturing
Latvian variety ‘Idumeja’ (released in 2001) with medium
tall plants and rapid early development. In the second
cross, an Estonian variety ‘Anni’ (released in 1993) with
comparatively short plants and good yield in various
growing conditions was crossed with a Lithuanian
variety ‘DzZiugiai’ (released in 1947) with tall plants
and very rapid early development. F1 to F3 generations
of population from each cross were cultivated in
conventional conditions. Starting from the F4 generation,
populations were divided into subpopulations (Table 1)
and cultivated in two organic (O) and two conventional
(C) sites (location 57°19" N, 25°20" E) (Table 2). Field
trials for comparison of all eight subpopulations were
carried out in 2012 and in 2014 (F9 and F11 generations,
respectively) in the O1 and C1 sites in four replications of
12.3 m? plots in a randomized complete block design with
a seeding rate of 400 untreated viable seeds per m?. Each
of the eight subpopulations was tested in both organic and
conventional conditions. Plant shoot samples for DNA
extraction were collected in 2013 (F10 generation).

Table 1. Denominations of subpopulations

Cross Site of cultivation Denomination

Primus/Idumeja 0O1 P/1-O1*
Cl P/1-C1*
02 P/1-02
C2 P/1-C2

Anni/Dziugiai 0Ol A/Dz-O1*

Cl A/Dz-C1*

02 A/Dz-02

C2 A/Dz-C2

O — organic, C — conventional; * — subpopulations genotyped
in year 2013 (F10)

Testing was performed on Luvisol (Lv), soil
properties are summarized in Table 3.

Meteorological conditions were generally
favourable for barley development in both field trial years.
In 2012, a high level of precipitation delayed sowing.
However, the beginning of May was dry and warm
(temperature in the first ten-day period was 2.3°C above
the long term average). The remainder of the growing
season was high in precipitation, with alternating warmer
and cooler days. The rainfall maximum was reached in the
second ten-day period of July, when it was 160% above
the long term average. The average level of precipitation
during the growing season was 64% above the long term
average. The first and second ten-day period of July were
cooler than the long term average by 2.5°C and 1.8°C,
respectively, whereas the first ten-day period of May and
July were warmer than the long-term average by 2.1°C
and 3.2°C, respectively. In 2014, sowing was done in
the last ten-day period of April and no precipitation was
observed during that period, but average air temperature
was 2.3°C above the long-term average. In May and
June rainfall increased (73% and 38% above long term
average), and temperature in the first and second ten-day
period of June was 3.4°C below the long-term average,
resulting in delayed plant development. In July, rainfall
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Table 2. Characteristics of crop management in cultivation (2007-2013) and field trial sites

Location Crop management
ol — Precrop — green manure (legumes)
certified organic trial field i/fmhty managfeg}ent - greedn manure in crop rotation
2012 and 2014)* anagement ot diseases and pests —no
( Management of weeds — 1 x harrowing at tillering stage
Precrop — perennial grass
02 Fertility management — farmyard manure used in precrop

certified organic farm

Management of diseases and pests — no

Management of weeds — no

Precrop — potato
Fertility management — mineral fertilizer

Cl- NP, K, kg ha' (2012)
conventional breeding field N, P, K, kg ha' (2014)
(2012 and 2014)* Management of diseases — no

Management of pests — insecticide (2012)
Management of weeds — herbicide
Precrop — potato
Fertility management — mineral fertilizer

C2- N, P, K kgha'!

80 45 80 .
Management of diseases — no

conventional seed production field

Management of pests — insecticide
Management of weeds — herbicide

Note. O — organic, C — conventional; * — years when field testing for comparison of all subpopulations was performed in the

respective site.

Table 3. Soil agrochemical properties at organic (O1) and
conventional (C1) field trial sites in 2012 and 2014

. 2012 2014
Indices
0Ol Cl (0) Cl1
Soil pH KCL 5.7 5.7 5.5 5.8
Humus content % 2.3 2.7 2.1 2.3
K mg kg 77 128 106 123
P mg kg'! 70 115 79 75

was 82% below the long term average, but air temperature
was higher by 2.3°C.

Ninety six individuals from each of four spring
barley subpopulations (P/I-O1, P/I-C1 A/Dz-O1 and A/
Dz-C1) (Table 1) and 20 individuals from each parental
variety were genotyped. Plant shoot samples were taken
randomly from individual plants in the field during the
tillering stage in 2013, in the seventh generation after
initiation of cultivation in the respective site. DNA was
extracted using the modified protocol of Edwards et al.
(1991). Nine simple sequence repeat (SSR) markers
were multiplexed in three marker sets: set A (Bmag0125,
Bmac0067, Bmac0032), set B (Bmag0135, WMCIES,
Bmag0173) and set C (Bmag0353, Bmac0093,
Bmac0156) (Macaulay et al., 2001). The forward primer
was synthesised with a 6-FAM, HEX or NED fluorescent
label to allow visualisation of amplification products on
a fluorescent sequencer. Multiplex polymerase chain
reactions (PCRs) were performed in a total volume of
reaction 20 ul containing 1 uL template DNA, 4uL 5x
HOT FirePol® Blend Master Mix (Solis BioDyne,
Estonia), 0.2 uM of forward (labelled) and reverse
primers. PCR conditions were as follows: 95°C for 15
min, 40 cycles of 95°C — 20 sec, 58°C (set A and B) or
60°C (set C) —40 sec, 72°C - 60 sec, 72°C — 10 min. PCR
products were separated on an ABI 3100 x 1 capillary
sequencer, and genotyped using software GeneMapper
4.0. Population genetic parameters were calculated using
GenAlEx 6.5 (Peakall, Smouse, 2012).

Statistical analysis was performed in computing
envinronment R, version 3.2.2. (R Core Team, 2015)
using mixed effect models implemented in package /me4
(Bates, Maechler, 2013). We compared the full model
(with all the fixed effects in question with up to three way
interactions) stepwise against reduced models without the
effects in question. Year, site of cultivation and site of field
trials were considered to be fixed effects, and genotype
to be a random effect. In each case, we concluded that
a fixed effect is significant if the difference between
the likelihood of two models is significant. The most
probable model was then used to calculate p-values using
the Satterthwaite approximation, which is implemented
in the package /merTest (Kuznetsova et al., 2013).

Results

Yield in organic fields was lower than in
conventional fields and in individual populations was
48% to 61% of that in conventional fields in 2012 and
75% to 81% in 2014. The highest average yield over all
field trial environments were obtained for subpopulations
cultivated in O2 and C2 sites and it was lowest for
subpopulations cultivated in C1 (for cross P/T) and O1
(for cross A/Dz) (Table 4).

All variables (testing environment, cultivation
site and testing year) and their two way and three way
interactions significantly affected grain yield (Table 5).
Subpopulations from both crosses cultivated at the Ol
location showed opposite tendencies in both testing years
while tested in the respective Ol site: in 2012 they were
the lowest yielding among subpopulations, while in 2014
they were the highest yielding; however, the differences
between subpopulations were not statistically significant.
The subpopulation P/I-O2 produced the highest yield in
both testing years at the C1 site and P/I-C1 was lowest
yielding in three out of four testing environments. The
subpopulation A/Dz-O1 was lowest yielding in both
testing environments in 2012 and highest yielding in both
environments in 2014, while the yields of subpopulation
A/Dz-C2 showed an opposite trend.
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Table 4. Grain yield and quality indices obtained from field trials of the eight subpopulations in organic (O1) and

conventional (C1) conditions in 2012 and 2014

) Field trial ‘Primus’/‘Idumeja’ ‘Anni’/‘Dziugiai’
Indices Year . Average

site P/I-O1 P/1-02 P/A-C1 P/A-C2 A/Dz-O1 A/Dz-O2 A/Dz-Cl A/Dz-C2

2012 Cl1 4.10a 4.13 4.20 3.75 4.19 3.93 4.25 3.99 4.32

Grain yield 0Ol 2.25b 1.99 2.18 2.21 2.28 2.02 2.45 2.43 2.45

tha' 2014 C1 398a 3.80 393 3.69 3.89 4.20 4.15 4.13 4.01

0Ol 3.15¢ 3.11 2.96 2.87 3.08 3.32 3.30 3.31 3.28

Crude 2012 Cl1 128.88 a 126 125 130 127 134 131 130 128

protein 0Ol 14538 b 146 147 143 147 146 146 144 144

o ke 2014 Cl1 123.63 ¢ 125 126 128 117 121 123 125 124

Ol 134.63 d 135 139 137 136 136 131 132 131

2012 Cl1 606.13 a 604 607 606 605 605 606 609 607

Starch 0Ol 602.75b 602 601 604 602 603 603 603 604

g kg! 2014 Cl1 615.13 ¢ 613 605 616 620 617 622 614 614

0Ol 617.75 ¢ 617 615 618 619 618 620 616 619

Volume 2012 C1 695.00 a 684 684 679 684 707 707 710 705

weight 0Ol 694.88 a 692 688 694 697 693 697 698 700

oL 2014 Cl1 697.50 a 662 674 654 669 694 690 691 702

0Ol 703.50 b 696 705 702 702 703 715 703 702

Thousand 2012 C1 47.10 a 48.1 48.5 47.1 47.9 47.5 45.7 46.7 453

grain 01 4825 a 50.9 50.1 52.0 52.5 44.7 45.5 46.0 44.3

weight 2014 Cl 47.19 a 47.2 50.0 47.5 48.1 45.7 46.3 46.3 46.4

g 0Ol 44.73 a 47.2 47.8 47.2 47.2 42.0 42.7 42.4 41.3

Note. Means of traits of field trials with different letters are significantly different at the level of p < 0.05.

Table 5. Restricted maximum likelihood (REML) estimates
from mixed lineal model (+ standard error) for yield

Random effect variance Ylel_d
t ha'!
Cross 0.02+£0.14
Residual 0.01£0.12
Coefficient estimates

Intercept 4.26 £ 0.13
Cultivation site C1 -0.39 £ 0.12
Cultivation site 02 —0.03+0.12
Cultivation site O1 -0.23 £0.12
Testing environment O1 -1.89 £0.12
Year 2014 -0.31 £0.12
Cultivation site C1 : testing environment O1 0.34 £0.16
Cultivation site O2 : testing environment O1 -0.02+£0.16
Cultivation site O1 : testing environment O1 -0.14£0.16
Cultivation site C1 : year 2014 0.35 £ 0.16
Cultivation site O2 : year 2014 0.12+0.16
Cultivation site O1 : year 2014 0.28 £ 0.16
Testing environment O1 : year 2014 1.12 £0.16
Cultivation site C1 : testing environment O1 : 039 +0.23
year 2014

Cultivation site O2 : testing environment O1 : 0124023
year 2014

Cultivation site O1 : testing environment O1 : 0.12+ 023
year 2014

Note. Significant (p < 0.05) effects tested by Satterthwaites’s
approximation are in bold.

Crude protein content was significantly higher
(p < 0.05) in organic testing environments compared to
conventional testing environments. Starch content was
slightly (but significantly) higher in the conventional
testing environment in 2012 (p < 0.05), but no significant
difference was observed in2014 (p>0.05). Volume weight
was higher in 2014 in the organic testing environment
(p <0.05), but did not significantly differ among field trial
environments in 2012 (p > 0.05). Thousand grain weight
did not differ significantly (p > 0.05) between testing

environments (Table 4). Environment of cultivation was
not a significant factor for any of the measured grain
quality traits. Crude protein content and starch content in
grain were significantly affected by testing environment,
testing year and their interaction. Thousand grain weight
was significantly affected by testing year and interaction
of testing year and testing environment. Grain volume
weight was significantly affected by testing environment
and interaction of testing year and testing environment
(Table 6).

Investigation of genetic diversity and allelic
composition showed that tested individuals from each of
the parental varieties were monomorphic and homozygous
at all loci. The parental varieties of one cross ‘Anni’ and
‘Dziugiai’ were not distinguishable at the loci Bmac0067
and WMCIES, while the parental varieties of the other
cross ‘Primus’ and ‘Idumeja’ were not distinguishable at
the loci WMCI1ES8 and Bmag(0173. However, the parental
varieties of both crosses could be distinguished from each
other using a combination of all the analysed markers. In
addition, a possible homozygous null allele was detected
at the locus Bmac0156 in the varieties ‘Dziugiai’ and
‘Primus’, as no amplification products were detected
even after repeated genotyping.

All  markers were polymorphic in all
subpopulations with the exception of Bmac0067 in
subpopulation A/Dz-O1 and marker WMCIES in
subpopulations A/Dz-O2, A/Dz-Cl1 and P/I-O2. In
total, 53 alleles were identified over the nine loci. The
average number of alleles per loci ranged from 1.889
(in subpopulation A/Dz-C1) to 3.556 (in A/Dz-O1) and
was significantly lower (o = 0.05) in A/Dz-Cl than in
all other subpopulations, but the difference was not
significant among the other three subpopulations. The
average number of alleles with a frequency over 5%
was similar in all subpopulations, indicating that the
lower number of alleles in subpopulation A/Dz-Cl
was due to a decrease in rare alleles in comparison to
the other subpopulations. The average values over all
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Table 6. Restricted maximum likelihood (REML) estimates from mixed lineal models (+standard error) for protein
content in grain, starch content in grain, thousand grain weight and volume weight

Random effect variance Protein Starc{h Thousand grain weight Volume Weight
gkg' gkg' g gl

Cross 0+0 0.83 +£0.92 7.04 £2.65 119.29 £10.92

Residual 11.04 £3.32 7.69 +£2.77 1.77+1.33 60.08 + 7.75

Coefficient estimates

Intercept 128.87 = 0.99 606.13 £1.18 47.10 +1.93 695.00 + 8.19

Testing environment O1 16.5£1.40 -3.38+1.39 1.15+£0.67 —0.125 + 3.88

Year 2014 —5.25+1.40 9.00 +1.39 0.09 +0.67 —15.50 + 3.88

Testing environment O1 : year 2014 -5.5+1.97 6.00 = 1.96 —3.61 £ 0.94 24.12 £5.48

Note. Significant (p < 0.05) effects tested by Satterthwaites’s approximation are in bold.

loci of the other genetic diversity indices (the number
of effective alleles, Shannon’s information index and
expected heterozygosity) were all similar between the
four subpopulations (Table 7).

The major allele frequencies in each
subpopulation were as expected from the parental variety
genotyping results. The observed heterozygosity was low,

ranging from 0.005 in subpopulation A/Dz-C1 to 0.035
in subpopulation A/Dz-O1 (average 0.019) (Table 6).
The frequencies of alleles not found in the parental
varieties were also low, ranging from 0.005 to 0.059
(average 0.018) over all four subpopulations, indicating
that the level of pollination from outside sources and/or
mechanical seed admixture was low.

Table 7. Genetic diversity indices of analysed spring barley subpopulations

Subpopulation Na Na Freq. >5% Ne 1 He Ho
P/1-01 3.000a+0.408 1.778+0.222  1.633+0.173 0.525+0.120 0.323 £0.077 0.012+0.011
P/I-C1 3444a+0242 1.667+0.167 1.731+0.165 0.593 +£0.106 0.366 +0.074 0.023 £0.014

A/Dz-01 3.556a+0.530 1.778+0.222  1.779+0.192 0.598 £0.140 0.363 £ 0.086 0.035+0.019
A/Dz-C1 1.889b+0.261 1.667+0.167 1.649+0.163 0.466+0.117 0.328 +£0.082 0.005 + 0.005

Note. Na — average number of alleles per locus, Na Freq. >5% — number of alleles with frequency >5%, Ne — effective number of
alleles, I — Shannon’s information index, He — expected heterozygosity, Ho — observed heterozygosity; means of number of alleles
with different letters are significantly different at the level of p < 0.05.

Analysis of the majorallele frequencies indicated
that the majority of loci did not significantly differ from
the expected ratio of 1:1, which would be expected from
an advanced generation of a simple cross. In the cross
‘Anni’/‘Dziugiai’, the allelic ratio at locus Bmag0173
was significantly different from 1:1, where the ‘Dziugiai’
allele was in a higher proportion in both subpopulations.
In the cross ‘Primus’/‘Idumeja’, the ‘Idumeja’ allele
of locus Bmag0125 was significantly higher in both
subpopulations, the ‘Idumeja’ allele of locus Bmag0135
was significantly higher in subpopulation P/I-C1, while
the ‘Primus’ allele of locus Bmac0032 was significantly
higher in subpopulation P/I-O1 and the ‘Primus’
allele of locus Bmag0353 was significantly higher in
subpopulation P/I-C1. The loci that were monomorphic
between the parental varieties of each cross were also
monomorphic in the subpopulations (their ratio was not
significantly different from 1). The locus Bmac0156
possibly had a homozygous null allele in the varieties
‘Dziugiai’ and ‘Primus’, as described previously. It is
also possible that a heterozygous null allele was present
at this locus in the varieties ‘Anni’ and ‘Idumeja’, as
the genotyped subpopulations had a high number of
individuals with missing data, which could indicate the
presence of a homozygous null allele. These individuals
did not have missing genotypes at the other analysed loci,
indicating that DNA quality or PCR inhibition was not a
significant factor.

Principal  coordinate  analysis  (PCoA)
indicated that the parental varieties of each cross were
well differentiated, and the individuals within each

subpopulation did not show any preferential clustering

with either of the parental varieties (Figs. 1-2).
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Figure 1. Principal coordinate analysis (PCoA) of the
SSR data of 95-96 individuals of two subpopulations
derived from cross ‘Anni’/‘Dziugiai’ cultivated in parallel
for six seasons in organic and conventional conditions

[ -.|c Idumeja

Primus
n
- . P/-O1
(5 ]
s - = u PICI
4 n e
g a"" nfan
um LY L 2 Primus
L LY ] alp .
- 711 o ldumeja

PCoAl

Figure 2. Principal coordinate analysis (PCoA) of the SSR
data of 95-96 individuals of two subpopulations derived
from cross ‘Primus’/‘Idumeja’ cultivated in parallel for
six seasons in organic and conventional conditions
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Pairwise comparison of genetic identity between
subpopulations shows that they are clustered together
by their origin. Subpopulations originating from cross
P/1 are differentiated from subpopulations derived from
cross A/Dz (Table 8).

Table 8. Pairwise subpopulation matrix of Nei genetic
identity

Subpopulation A/Dz-O1 A/Dz-C1 P/I-O1  P/I-Cl
A/Dz-O1 1.000
A/Dz-C1 0.995 1.000
P/1-01 0.455 0.443 1.000
P/I-C1 0.470 0.457 0.980 1.000

The highest genetic identity (0.995) was found
between A/Dz-O1 and A/Dz-Cl1 and between P/I-O1
and P/I-C1 (0.980) indicating that the subpopulations
of the same origin were genetically similar, as expected
according to Figure 2. A slightly larger differentiation
between subpopulations of cross P/I was observed if
compared to cross A/Dz.

Discussion

To the best of our knowledge, the present study
is the first that analyses the effect of cultivation of the
same bi-parental populations in organic and conventional
farming systems. We cultivated two populations derived
fromthe crosses ‘Primus’/‘Idumeja’and ‘ Anni’/‘Dziugiai’
in parallel in two organically and two conventionally
managed sites resulting in eight subpopulations. In the 6™
and 8" cultivation years we tested field performance of all
eight subpopulations in one organic and one conventional
site, and genotyped two subpopulations per cross in the
7™ cultivation year.

Highest yields were observed in conventional
conditions, as expected in cereals according to meta-
analysis performed by Seufert et al. (2012). Protein
content in both test years was higher in organic growing
conditions demonstrating better nitrogen uptake and
use by plants. In contrast to mineral fertilization before
sowing in conventionally managed fields, green manure
was grown as a pre-crop in organic fields, ensuring that
nutrients became available gradually over the vegetation
period, whereas availability of mineral fertilizer could
be negatively affected to a greater extent due to dry soil
conditions immediately after sowing (2014) and extremely
wet weather after sowing (2012 and 2014). Other grain
quality traits were less affected by growing conditions
and either no difference in trait values for organic versus
conventional growing systems was observed, or significant
differences were observed only in one testing year.

Only subpopulations originating from O2
site were never the lowest yielding ones among the
four subpopulations from the same cross in any of the
testing environments. The subpopulation P/I-O2 showed
a tendency to benefit from change from organic to
conventional growing conditions in both field trial years,
and showed higher yields than other subpopulations
from the same cross tested in the C1 site. Probably this
tendency might mean, if natural selection has occurred
in very fluctuating environments (some of the cultivation
years in O2 site were with extremely low yield level),
the population can better adapt to further changes in
environmental or agronomic conditions.

Study of Verhoeven et al. (2008) shows that
first trait recognised to respond to natural selection in
annual plants is flowering time. In our study flowering

time was heterogenecous within the subpopulations and
no discernible tendencies were observed.

Rapid adaptation in crop plants has mostly
been studied with regard to climate change. Contrasting
results between response due to elevated CO, and
temperature has been recorded: Alemayehu et al. (2013)
found that over four generations barley yields do not
increase; however, Frenck et al. (2013) documented that
yield of oilseed rape has the potential to improve under
natural selection over four generations. Both barley and
oilseed rape in the previously mentioned studies did
not adapt to elevated temperature over the course of the
studies, but both studies employed a limited number of
varieties (two and four, respectively). Long term studies
over 28 generations in wild wheat and barley subjected
to changing climatic conditions in Israel showed an
influence on earliness and SSR allelic composition in 20
populations (Nevo et al., 2011). A 10 year study of two
wheat CCPs with six derived subpopulations cultivated
in different parts of France showed that first changes in
agro-morphological traits were observed after six years
of cultivation. The first observed trait to change was plant
height, which can be explained by competition for light
and presence of polymorphic dwarfing loci, followed by
earliness (Enjalbert et al., 2011). In our study we found
a significant effect of subpopulation cultivation site
on grain yield but not on grain quality traits; however,
yield differences between subpopulations were minor. It
must be taken into account that bi-parental populations
have much lower level of diversity than CCPs and the
subpopulations in this study were compared after only five
and seven years of cultivation, in addition, the cultivation
sites were close to each other therefore meteorological
conditions were similar each year.

We observed that each pair of subpopulations
derived from the two crosses was genetically similar. They
had high Nei genetic identity index (>0.95) and each pair
clustered together in PCoA. This is in agreement with
Rousselle et al. (2011) who observed no loss of within
population diversity and little genetic divergence of
sub-populations in wheat populations cultivated over 12
generations. We found that in bi-parental subpopulations
there were more alleles at most loci than in the parental
varieties. This could be explained by a small outcrossing
rate of barley and possible mechanical admixtures of
seeds of other varieties. A similar outcrossing rate was
detected in a study of gene flow from modern barley
varieties to landrace populations (Bellucci et al., 2013).
Given the fact that only two parental varieties were used
to create each population, high genetic diversity was not
expected. PCoA analysis indicated that individuals of
the subpopulations were intermediate between parental
varieties, and no clustering with only one of the parents
of each cross was observed.

In general, there was no preferential contribution
of alleles from one parent to the subpopulations. The few
loci that were statistically different from the expected 1:1
allelic ratio could possibly be due to genetic drift. The
utilised SSR markers were unlinked to each other, and
some of them were associated with QTLs for reaction
to Fusarium gramineum, plant height, kernel weight
and days to heading (database GrainGenes, http://wheat.
pw.usda.gov/GG2/index.shtml). However, these traits
were not assessed in our study. The utilised markers were
not chosen on the basis of association with a particular
trait, and no association of markers and traits was
detected. The use of a larger number of DNA markers
may have enabled identification of genomic regions that
were preferentially inherited from either parental variety.
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However, given there was relatively weak selection
pressure on these populations — only natural selection,
no phenotypic or bulk selection, and the number of
generations was relatively small, it is possible that the
inheritance of traits and alleles has been balanced between
the parental varieties. In addition, the relatively small
number of generations since the initial cross would not
have allowed for recombination to disrupt large linkage
blocks inherited from each parent, therefore, a relatively
small number of markers on each chromosome could be
sufficient to detect preferential inheritance of genomic
regions from one parental variety. The advantages of these
segregating populations could be more pronounced under
more severe selective pressures, or over a larger number
of generations, allowing increased genetic recombination
and adaptation to local environmental conditions.

It is possible that the significant decrease in the
number of alleles identified in subpopulation A/Dz-Cl
was influenced by an unusually high incidence of barley
yellow dwarf virus in 2010 particularly at the C1 site.
Data on infection rate of the parents shows that variety
‘Anni’ was the most infected (score 5 from range 0-9),
variety ‘Idumeja’ had score 2, and varieties ‘Primus’ and
‘DzZiugiai’ did not have the virus symptoms. There was no
large decrease in the frequency of SSR marker alleles from
the parental variety ‘Anni’ in the subpopulation and the
decrease in the number of alleles was due to loss of low
frequency alleles. This could be due to relatively lower
disease resistance in the cross-pollinated or admixed
individuals, or could alternatively be a result of a slight
genetic bottleneck due to the disease, reducing the number
of individuals contributing to the next generation.

The relatively low level of genetic variation
resulting from the use of only two genetically
homogeneous varieties in the creation of the bi-parental
crosses might restrict options for genetic adaptation to
growing environments. It cannot be ruled out that the use
of other or more varieties, or more genetically diverse
material (landraces, CCPs) might have resulted in faster
adaptation; therefore a larger number of genotypes should
be involved to determine the influence of increased genetic
and trait diversity. Also a larger number of generations
under more severe selection pressure could possibly lead
to increased adaptation to certain growing conditions.

Asignificanteffectofcultivationenvironmentwas
found in the case of grain yield. However, it is impossible
to differentiate if the reason for this was adaptation to the
particular environment or an environmental effect of the
seed production site (cultivation site in previous season)
or a combination of these two factors. Environmental
conditions of parental plant cultivation can influence
seed and seedling performance (Donohue, 2009).

Conclusions

1. The results of the field trials indicated that
while there were some significant differences in yield
between subpopulations derived from organic and
conventional cultivation sites, the grain quality traits were
not similarly influenced. The genetic analyses indicated
that there was little or no significant differentiation
between the two pairs of analysed subpopulations.

2. Short-term cultivation of two barley
populations in organic and conventional growing
conditions did not significantly change genetic diversity
or allelic composition as assessed by simple sequence
repeat (SSR) markers — each pair of subpopulations
derived of two bi-parental populations was genetically
similar. They had high Nei genetic identity index and

each pair overlapped in principal coordinate analysis
(PCoA). However, a small level of differentiation was
observed for one pair of subpopulations and one of the
populations had significantly lower number of alleles.

3. Each parental variety contributed a similar
proportion of alleles to the subpopulations; therefore we
can conclude that there was no major selection pressure
for or against the genetic contribution of one particular
parental variety in the derived subpopulations.

4. The agronomic and genetic similarities
between the analysed spring barley subpopulations
suggest that populations derived from simple two parent
crosses and grown in organic and conventional conditions
are due to a number of different factors, including the low
level of phenotypic plasticity of barley, the limited genetic
diversity in the parents (and the low outcrossing rate of
barley), low selection intensity on the subpopulations
during the period of cultivation.

5. Future directions for further investigation
include the use of composite cross populations (CCPs)
to increase the initial genetic diversity of derived
populations, cultivation of populations in conditions with
more intense selective pressures, and the assessment of
additional agronomic or phenotypic traits, which may be
more rapidly influenced by divergent selection between
subpopulations.
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Vasarinio mieZio hibridiniy populiacijy reakcija i auginimg
taikant ekologine ir tradicine Zemdirbystés sistemas

I. Mezaka!, I. Lo¢mele!, D. Rungis?, L. Legzdina'

Latvijos zemés tkio iStekliy ir ekonomikos institutas

?Latvijos valstybinis miSkotyros institutas ,,Silava“

Santrauka

Ekologinis tikininkavimas tampa vis svarbesnis, todél didéja ir poreikis veisliy, pasizyminciy stabiliu derliumi bei
tinkamy auginti ekologinémis sglygomis. Heterogeniskos savidulkiy augaly populiacijos yra pranasesnés uz Siuo metu
auginamas homogenines veisles. Tyrimo tikslas — palyginti grudy derliy, jy kokybés pozymius ir geneting jvairove
dviejy vasarinio miezio (Hordeum vulgare L.) populiacijy, auginty ir tirty Sestoje—astuntoje palikuoniy kartoje.
Populiacijos, sukurtos taikant paprastus kryZminimus, F, kartoje buvo suskirstytos j subpopuliacijas ir tuo pat
metu augintos ekologinio bei tradicinio auginimo vietose penkias kartas. Siekiant nustatyti, ar turi i$skirtiniy gridy
derliaus ir kokybés savybiy, visos populiacijos buvo palygintos bendrame lauko bandyme vienoje ekologinio ir
vienoje tradicinio auginimo vietose. Kiekvieno kryzminimo dviejy subpopuliacijy genetiné jvairové tirta septintg
auginimo sezong naudojant devynis paprastyjy pasikartojanciy seky (PPS) zymeklius.

Misraus modelio taikymas parodé, kad auginimo aplinka buvo reikSminga gridy derliui, taciau netur¢jo jtakos
ju kokybés pozymiams. Subpopuliacijy, gauty per Sesiy karty kryzminimus, auginimas tuo paciu metu taikant
ekologing ir tradicing zemdirbystés sistemas, reikSmingai nepakeité genetinés aleliy sudéties, jvertintos PPS
zymekliais — kiekviena to paties kryzminimo subpopuliacijy pora buvo panasi abiejose aplinkose, taciau viena
populiacija parodé nedidelj nuokrypj. Nustatyta, kad abi tévinés veislés prisidéjo panasiu kiekiu aleliy, o tai rodo,
kad selekciniu atzvilgiu né viena i§ téviniy veisliy nebuvo pranaSesné uz kita.

ReikSminiai Zodziai: genetiné adaptacija, Hordeum vulgare, kryzminimas, natiirali atranka, PPS Zymekliai.
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