
INTRODUCTION

The model of self-pollinating cereal crop breeding for a con-
ventional system is to develop genetically uniform varieties
— pure lines that are highly productive under optimal agro-
nomic conditions with high inputs of fertilisers and crop
protection chemicals (Lammerts et al., 2007). Breeding for
sustainability is a process of applying varieties to an envi-
ronment instead of changing circumstances. In organic and
low input agriculture systems the genetically uniform lines
can have limited ability to adapt to environmental changes
(Murphy et al., 2007). The grain yield and quality of cereals
in organic farming is much more influenced by the interac-
tion of the genotype and environment than in the conven-
tional system (Konvalina and Moudrý, 2007).

Agrobiodiversity is now viewed as a key component of sus-
tainable farming systems. The presence of genetic diversity
within a field stabilises production and provides much more
than do monocultures (Chaitel et al., 2010). Employing ge-
netic variation in breeding programmes for organic farming
can allow to develop varieties with higher stability and

adaptability. There are several methods of using genetic het-
erogeneity to increase grain yield level and quality, and
resistance to diseases, which included growing of variety
mixtures and hybrid populations (Lammerts et al., 2007).
Variety mixtures have been shown to have stability of yield,
which may result from more effective restriction of both bi-
otic and abiotic stresses Thus, while a mixture may not
out-yield the best individual variety at any given site, rank-
ing orders within mixtures are subject to much less varia-
tion between environments than are the ranking orders of
single varieties (Finckh et al., 2000; Wolfe, 2000; Swanston
et al., 2005).

Alternative approaches to pure line breeding have been de-
veloped, including population breeding. Populations have
much greater variation, as typically every plant represents a
distinct genotype. This genetic variation in the field has the
potential to adapt through natural selection to different and
changing environmental conditions and to provide more sta-
ble yield in variable environments (Murphy, et al., 2005;
Finckh et al., 2010).
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Winter hardiness is a very important trait for wheat in all
environments in Latvian agroclimatical conditions. Results
of studies have confirmed that resistance of populations to
abiotic stresses is closely connected with parent traits. Par-
ents with better values used in a cross result in the best
population, unless negative genetic correlation proves other-
wise (Murphy et al., 2007). In winter wheat breeding pro-
grammes for organic and low input conditions, it is neces-
sary to involve genotypes with better nutrient-efficiency to
contribute to crop robustness (Lammerts, 2010). The aim of
this study was to compare and evaluate grain yield, quality
and other traits of barley pure lines, hybrid populations,
genotype mixtures, as well as winter wheat hybrid popula-
tions and parental varieties in organic and conventional
farming systems.

MATERIALS AND METHODS

Spring barley field trials were carried out in 2010 and 2011
in Priekuïi in four locations with distinct crop rotations:
C1 – conventional breeding field, C2 – conventional seed
production field, O1 – organic trial and seed production
field, and O2 – organic farm. Four distinct varieties along
with breeding lines, populations and mixtures developed
from them (Table 1) were sown in four replications of 12.3
m2 plots in a randomised complete block design with seed
rate 400 untreated seeds able to germinate per m2. Breeding
lines with traits suitable for organic farming were selected
during F3–F6 generations. The seed for populations was
multiplied in the respective location starting from the F4
generation. The seed for other genotypes was obtained from
the location O1; seed mixtures were prepared every year by
mixing the components 1:1 according to germination abil-
ity. Trials were carried out on sod-podzolic loamy sand (ex-
cept loam in C2 in 2011); soil properties are summarised in
Table 2. In C1 and C2 the pre-crop was potato; mineral fer-
tiliser with N 80-83 kg ha-1, P 45-48 kg ha-1 and K 75-84
kg ha-1 as well as herbicide was applied.

Winter wheat. The trials were conducted in two growing
seasons 2009–2011 in Stende and in Priekuïi in three sites.
In 2009/2010, ten hybrid populations (F4 to F7) were se-
lected under the conventional breeding programme and
evaluated in Stende and Priekuïi under organic conditions
and 23 parental varieties assessed in Stende under organic
and conventional conditions. Two populations and seven
parental varieties were excluded from further investigations,
as all plants died during winter in both sites.

Plot size was 5 m2, in four replications; seed rate — treated
500 seeds able to germinate per m2 used for C and 550 un-
treated seeds used for O field.

In the conventional field the pre-crop was white mustard;
mineral fertiliser before sowing was applied as N 15 kg
ha-1, P 45 kg ha-1 and K 90 kg ha-1, and after plant regen-
eration, surface fertilisation of NP 364 kg ha-1 and N 135
kg ha -1 was used as well as herbicide application. Organic
fields were managed according to organic standards, and the

winter wheat pre-crop in this case was pea. Trials were ar-
ranged on sod-podzolic loamy sand. Soil properties are
summarised in Table 3.

The traits winter hardiness, grain yield, and quality (content
of crude protein, content of gluten, Sedimentation Value
and thousand grain weight (TGW) were evaluated.

Winter wheat infection level with snow mould Fusarium ni-

vale Ces. was scored using the scale 1 to 9 (1 – variety re-
sistant to snow mould; 9 – 100% infected) and winter hardi-
ness scored as 1–9 (9 – high winter hardiness).

For both barley and wheat, grain yield was assessed by the
direct method and was recalculated to 14% moisture con-
tent, thousand grain weight (TGW) by standard method (LV
ST ZM 43–95), volume weight, content of crude protein
and starch in dry matter by using a Near Infrared Transmit-
tance grain analyser Infratec 1241.

Two-factor ANOVA was used for statistical analysis (ex-
cept single-factor ANOVA for barley lodging data). To
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T a b l e 1

BARLEY GENOTYPES INCLUDED IN THE TRIAL

Parents of mixture
components

Denomination

pure lines ‘Primus’, ‘Idumeja’ line 1, line 2

‘Anni’, ‘Dziugiai’ line 3, line 4, line 5

populations ‘Primus’, ‘Idumeja’ population 1 (F7–F8)

‘Anni’, ‘Dziugiai’ population 2 (F7–F8)

mixtures line 3 + line 4 mixture 1

line 2 + line 5 mixture 2

‘Primus’ + ‘Idumeja’ mixture 3

‘Anni’ + ‘Dziugiai’ mixture 4

female parent, male parent

T a b l e 2

SOIL AGROCHEMICAL PROPERTIES IN BARLEY TESTING LOCA-
TIONS

Soil
characteristics

2010 2011

O1 O2 C1 C2 O1 O2 C1 C2

Soil pH KCL 5.7 6.5 5.5 5.6 5.4 6.6 5.4 4.5

Humus content, % 2.8 3.5 2.6 2.8 2.1 3.0 3.0 2.3

K2O, mg kg-1 144 173 132 159 98 167 165 155

T a b l e 3

SOIL AGROCHEMICAL PROPERTIES IN WHEAT TESTING LOCA-
TIONS

Soil characteristics 2010 2011

O (Stende) C ( Stende) O (Stende) O (Priekuïi) C

Soil pH KCL 6.89 5.9–6.1 6.75 4.98 6.75

Humus content, % 2.9 2.2–2.6 3.0 2.5 2.6

K2O, mg kg-1 114 102–129 119 74.4 105

P2O5, mg kg-1 167 162–237 156 67.8 189



evaluate spring barley and wheat yield stability and adapt-
ability, regression of yield on environmental indexes was
done. For barley, pairs composed of parents and material
derived from them were processed in separate groups (‘Pri-
mus’/‘Idumeja’ and ‘Anni’/‘Dziugiai’). Coefficient of re-
gression (b), mean yield over environments and deviation
from regression line (sd

2) were used as measures of stability
and adaptability according to Eberhart and Russell (1966)
and Finlay and Wilkinson (1963).

Genotypes with b larger than 1 were considered as respon-
sive to favourable environments; genotypes with a high
mean yield and b close to 1 — stable and with wide adapta-
tion, and the ones with b lower than 1 — with better re-
sponse to unfavourable environments. A low sd

2 value is
presumed to indicate high stability. Most of the regression
models were insignificant including all yield data, and
hence barley data from location O1 were excluded from sta-
bility analysis. In that location, the low yield was caused by
cockchafers (Melolontha melolontha) which damaged plant
roots unequally in the trial.

Meteorological conditions were in general favourable for
barley development in both years. Mean air temperature in
the vegetation period surpassed the long term average by
2.6 and 2.4 °C in 2010 and 2011, respectively, resulting in
early maturity. The amount of rainfall was 143% of the
long-term average in 2010, which promoted lodging in con-

ventional locations; in 2011, precipitation was close to
average (93%).

During the autumn/winter period in both years, weather
conditions were not favourable for wheat wintering. High
infection of snow mould influenced negatively the winter
wheat grain yield. During the growing season, air tempera-
ture and soil moisture content was sufficient for wheat de-
velopment.

RESULTS

Spring barley. Grain yield. Effect of location on grain
yield was significant in both years, but effect of genotype
— only for the group derived from ‘Anni’ and ‘Dziugiai’ in
2010 (P < 0.01). Yield data for ‘Primus’/‘Idumeja’ group is
provided in Table 4 and for the ‘Anni’/‘Dziugiai’group in
Table 5.

Average yield in location C1 was 3.23 t ha-1 (2010) and
3.71 t ha-1 (2011). Yield above highest yielding parent with
no significant differences occurred for mixtures in five
cases, for population 1 in 2011 and for line 3 in 2010.

In location C2 the material yielded on average 4.24 t ha-1

and 4.75 t ha-1 in 2010 and 2011, respectively. Non-
significant increase for highest yielding parent was only for
pure lines of the ‘Primus’/‘Idumeja’ group in two cases.
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T a b l e 4

GRAIN YIELD OF BARLEY VARIETIES ‘PRIMUS’, ‘IDUMEJA’ AND RELATED GENOTYPES, t ha-1

Year Location Genotype

'Primus' 'Idumeja' Line 1 Line 2 Mixture 2 Popula- tion 1 Mixture 3

2010 C1 2.45c 3.44ab 3.34ab 3.07bc 3.88a 3.34ab 3.04bc

C2 3.68b 4.23ab 4.57a 4.08ab 3.84ab 4.15ab 4.21ab

O1 2.69 2.79 2.80 2.70 3.12 2.95 2.58

O2 3.55 3.22 3.97 3.65 3.50 3.79 3.56

2011 C1 3.44 3.38 3.98 3.65 3.49 3.62 3.57

C2 4.33 4.63 4.77 4.64 4.62 4.38 4.28

O1 2.71 3.26 3.14 2.80 2.96 2.92 3.39

O2 1.06 1.27 1.43 0.81 1.34 0.83 1.21

a,b,c – values marked with different letters are significantly different within a row (P < 0.05).

T a b l e 5

GRAIN YIELD OF BARLEY VARIETIES ‘ANNI’, ‘DZIUGIAI’ AND RELATED GENOTYPES, t ha-1

Year Location Genotype

‘Anni’ ‘Dziugiai’ Line 3 Line 4 Line 5 Mixture 1 Mixture 2 Popula-
tion 2

Mixture 4

2010 C1 3.76ab 3.13c 4.02a 3.45abc 3.74ab 4.00a 3.88ab 3.68abc 3.32bc

C2 4.80a 3.69c 4.59ab 4.65ab 4.48ab 4.52ab 3.84c 4.48ab 4.41abc

O1 2.79b 2.92b 3.32ab 3.06ab 3.57a 3.36ab 3.12ab 3.10ab 2.77b

O2 3.80ab 3.31b 3.98a 3.71ab 3.71ab 3.74ab 3.50ab 3.73ab 3.24b

2011 C1 4.05 3.69 3.77 4.00 4.00 3.94 3.49 3.84 3.75

C2 5.23a 4.57ab 4.43b 4.62ab 4.72ab 5.23a 4.62ab 4.50b 4.65ab

O1 3.56 3.12 3.68 3.41 3.90 3.53 2.96 3.25 3.44

a,b,c – values marked with different letters are significantly different within a row (P < 0.05).



Location O1 provided average yield of 3.07 t ha-1 in 2010
and 3.30 t ha-1 in 2011. Significant differences were only in
2010 for the ‘Anni’/‘Dziugiai’ group, where line 5 sur-
passed both parents. Mixtures over yielded the highest
yielding parent occurred in four cases, populations in two
cases and lines in five cases (Table 7). Average yield in lo-
cation O2 was 3.60 t ha-1 in 2010 and 1.39 t ha-1 in 2011
due to incidence of cockchafers.

Line 3 significantly surpassed the yield of the lower yield-
ing parent ‘Dziugiai’ and non-significantly of the higher
yielding parent ‘Anni’. Overall, lines provided higher yield
in comparison to better yielding parent in five cases; popu-
lation 1 yielded above and below the parent range in 2010
and 2011, respectively (differences not significant).

Yield stability. Among the material with yield above aver-
age, comparatively stable yield was found for line 4, but
lines 3 and 5 showed specific adaptation to unfavourable
environments (Table 6). Mixture 1 provided the highest
mean yield between all environments and was slightly bet-
ter adapted to favourable environments, and population 2 to
unfavourable ones.

Grain quality. In all locations and both years the effect of
environment on grain quality parameters was significant
and the effect of genotype was significant with the excep-
tion of volume weight in 2010 and crude protein in 2011 for
the ‘Primus’/‘Idumeja’ group (P < 0.05).

Crude protein content in conventional locations was on av-
erage 155 g kg-1 in 2010 and 135 g kg-1 in 2011; in organic
locations — 137 g kg-1 and 127 g kg-1, respectively

In general, protein content of pure lines, mixtures and popu-
lations in all locations varied within the range of parental
varieties. Only a few accessions had insignificantly higher
or lower protein content in comparison to the range between
the respective parents (Table 7). Protein content of popula-
tion 1 in 2011 in locations C1, O1 and O2 surpassed that of
parents, although the differences were not significant (Fig.
1).

For mixture 1 a tendency was observed in both years in lo-
cations O1 and C2 to have protein content on average 5
g kg-1 lower in the two pure lines compared to components
of the mixture (difference not significant).

Grain starch content in conventional locations was on aver-
age 598 g kg-1 in 2010 and 605g kg-1 in 2011; in organic lo-
cations it was 611 g kg-1 and 610 g kg-1, respectively. Only
mixture 2 in O2 in 2011 had starch content significantly
higher than in the parent of component line 2 ‘Primus’ and
equal to parent of component line 5 ‘Dziugiai’. The values
were above the range of parents for mixture 3 and breeding
lines only under organic growing conditions, although nega-
tive tendencies were observed as well (Table 7).

Grain volume weight was on average 631 g L-1 in 2010 and
690 g L-1 in 2011 under conventional farming and 662 g L-1

in 2010 and 678 g L-1 in 2011 under organic farming.

Lower volume weight compared to parents was found in
several cases for all kinds of accessions (Table 7) of the
‘Anni’/‘Dziugiai’ group. A tendency for line 3 was to have
lower volume weight than the parents in all locations except
O1 in 2010 (differences significant in three cases). Popula-
tion 2 had volume weight below the range of parents in con-
ventional locations.

Average TGW values were 40.4 and 51.3 g under conven-
tional environments and 43.5 and 44.8 g under organic envi-
ronments in 2010 and 2011, respectively. Pure lines of the
‘Anni’/‘Dziugiai’ group significantly surpassed parents in
several cases, especially line 5 with the exception of con-
ventional locations in 2010 only. Parents ‘Anni’ and
‘Dziugiai’ were significantly exceeded by mixture 2, which
consisted of lines from both cross combinations; in three
cases there was a tendency to exceed the other two parents.
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T a b l e 6

YIELD STABILITY AND ADAPTABILITY PARAMETERS OF BAR-
LEY MATERIAL

Genotype Mean yield
t ha-1

Coefficient of
regression (b)

Deviation
from regres-
sion (s2 d)

P-value

Mixture 1 4.05*^ 1.06 0.02 0.00

Line 5 4.02*^ 0.70∨ 0.01 0.00

‘Anni’ 4.00*^ 1.36 0.02 4.01

Line 3 3.97*^ 0.66 0.04 0.00

Line 4 3.84^ 1.01 0.02 0.00

Population 2 3.80^ 0.89 0.02 0.00

Line 1 3.72? 1.25 0.01 2.43

Mixture 4 3.65 1.11 0.02 0.00

Mixture 2 3.63 0.81 0.09 0.01

Population 1 3.52 0.95 0.01 5.85

‘Idumeja’ 3.50 1.11 0.06 0.00

‘Dziugiai’ 3.49 0.89 0.04 0.00

Mixture 3 3.45 1.01 0.04 0.00

Line 2 3.44 1.20 0.01 2.61

‘Primus’ 3.19 1.04 0.08 0.00

Average 3.67

*significantly higher than average (P < 0.05); ^higher than average without
significant difference; ∨coefficient of regression significantly different
from 1
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Fig. 1. Crude protein in grain of barley population 1 in comparison with
parents in 2011.



Both populations surpassed TGW of parents insignificantly
in locations C2 and O1 in 2011 (Table 7).

Infection with leaf diseases. The average level of net blotch
under natural background was score 6.8. It ranged 6.0–8.0
under conventional locations and 5.5–8.0 under organic lo-
cations. ‘Idumeja’ and ‘Anni’ were the most susceptible
parents. Disease scores were generally lower at locations C2
and O1 and higher at locations C1 and O2. Effect of geno-
type on infection with net blotch was significant (P < 0.05)
with the exception of the ‘Primus’/‘Idumeja’ group in C2
and O1 in 2011 and the ‘Anni’/‘Dziugiai’ group in C2 and
O2 in 2010. The effect of location was significant with the
exception of the ‘Primus’/‘Idumeja’ group in 2011. Mixture
2 had significantly lower infection compared to both pairs
of parents in C1 location in 2010, but it was not signifi-
cantly lower than for component lines of this mixture.
Population 1 was significantly less infected than parents in
location C1 in 2010 and population 2 showed a tendency to

lower infection in C1 in both years. Higher infection com-
pared to parents was observed for nearly all accessions of
the ‘Anni’/‘Dziugiai’ group under organic locations in 2011
(differences significant for line 4, mixture 2 and population
2 in O2). Overall, some advantages were found for all kinds
of accessions in location C1 only, whereas in organic loca-
tions the infection level exceeded the range of parents in
2011 in several cases (Table 7).

The average infection level with powdery mildew was com-
paratively low: score 2.4 in 2010 and score.9 in 2011. It
ranged from 0–6.5 under conventional conditions and 0–5.8
under the organic ones. A tendency to lower infection with
the disease was found in organic locations and for the
‘Primus’/‘Idumeja’ group. The most susceptible parent was
‘Dziugiai’. The effect of genotype on infection with pow-
dery mildew was significant (P < 0.05) with the exception
of O1 in 2011 for both groups and O2 in the same year for
the ‘Primus’/‘Idumeja’ group for which no signs of infec-

156 Proc. Latvian Acad. Sci., Section B, Vol. 66 (2012), No. 4/5.

T a b l e 7

NUMBER OF ACCESSIONS WITH TRAIT VALUES OUTSIDE THE RANGE OF PARENTS/COMPONENTS

Traits Year Mixtures (n = 4) Populations (n = 2) Lines (n = 5)

C1 C2 O1 O2 C1 C2 O1 O2 C1 C2 O1 O2

Grain yield 2010 +2 – +2
-1

-1 – – +2 +1 +1 +1 +2
+1

+3

2011 +2
-1

– +1
-1

- +1 -1 – -1 +2 +1
-1

+2 +2
-1

Crude protein 2010 – – – -1 – – – – – – -1 –

2011 +1 – +1 +1
-2

+1 – +1 +2 – -3 +1
-1

+1
-2

Starch 2010 – – -1 -1 – – – -1 – – +2 +1
-1

2011 – – -1 +1
-2

-1 -1 -1 -1 – – -2 +3
-1

Volume weight 2010 -1 -1,-1 – -1 -1 -1 – – +2
-1,-2

-2 – -1
-1

2011 +1
-2

-1
-2

– – -1 -1 – – +1
-2

-1

-2
-1 +1

-1

TGW 2010 +2
+1

– +3
-1

– – – +1
-1

– +1 – +4
+1

+2
+1

2011 +2 +3
+1

+2
+1

+2 – +2 +2 – +4
+1

+3
+2

+3
+2

+1
+1

Infection with net
blotch

2010 -2
-1

– – – -1
-1

– – – -4 – – –

2011 -4 – +2 +2 -1 – +1 +1 +1
-2

– +2 +2
+1

Infection with pow-
dery mildew

2010 +2
+1

+2
+1

-1 +3
-1

+1
+1

+2 +1
-1

+1
-1

+4 +2
-2

-2

+3
+2

2011 +1 +2 -1 – +1 +1 +1 – +2
-1

+1
-3

+1
-3

–

Lodging 2010 – -1 – -1 – – – – – -2 – –

2011 – * – * – * – * – * – *

Weed ground cover 2010 * * +2
-1

+1,-1
-1

* * -1 -2 * * -1
+1

-1

2011 * * +1
-1

+3
-1

* * -1 +2 * * -4 -4

* Observation not made; difference significant for numbers in bold (P < 0.05); positive numbers — above and negative numbers — below the range of re-
spective parents/components



tion were found. The effect of location was significant in

both years. Significantly lower infection with mildew com-

pared to parents was observed for line 1 and line 2 in loca-

tion O1 in 2010.

Population 2 was significantly less infected than parents in

O2 in 2010 and showed a tendency to lower infection under

organic conditions while population 1 was more infected

with mildew than the parents in all locations (differences

significant in C1 2010 and C2 2011). Mixture 2 consisting

of breeding lines originating from both cross combinations

had higher infection in comparison to parents ‘Primus’ and

‘Idumeja’ under conventional locations and in O2 in 2010

and also in comparison to parents ‘Anni’ and ‘Dziugiai’ in

conventional locations in 2010 (majority of differences sig-

nificant). In general, for mixtures and populations, some ad-

vantages were found under organic locations but no advan-

tages under conventional locations.

Lodging. Average lodging scores in conventional locations

were 5.0 and 8.3 and in organic locations — 7.5 and 8.0 in

2010 and 2011, respectively. Lodging for most accessions

varied between the scores of parents; no advantages were

found, only a few cases mixtures and lines lodged more

than the respective parents (Table 7).

Weed ground cover. Weed ground cover in stem elongation

stage in location O1 was 39–65% in 2010 and 6–15% in

2011; in O2 it was 29–53% and 7–17%, respectively. Effect

of genotype on weed ground cover was significant only in

location O2 in 2010, where the average score was the high-

est (39%): significantly lower amount of weeds in compari-

son to parents ‘Primus’ and ‘Idumeja’ was observed for

mixture 3 consisting of both varieties. The short stem vari-

ety ‘Anni’ with a low development rate had the highest

weed ground cover (Fig. 2). Weed ground cover of mixture

3 was below that of the parents also in O1 in 2010, but it

exceeded that of parents in 2011. For populations and lines

insignificant advantages were observed in several cases

(Table 7).

Winter wheat. Resistance to abiotic stress-resistance to

snow mould and winter hardiness. In local wheat breeding

programmes parental varieties originating from different

countries (Germany, Poland, USA, Latvia, and Byelorussia)

were used. The varieties were bred mostly for conventional

system, with high productivity, grain quality suitable for

food but with different winter hardiness.

In Latvian agroclimatical conditions during 2009–2011 the

serious limiting factors for wheat yield were low winter har-

diness and high infection level with snow mould in both

sites (Priekuïi and Stende) and both growing systems. In the

years of investigations wheat genotypes were infected with

snow mould (Fusarium nivale (Fr.) Ces) at a score of

3.6–9.0 (Table 8). A lower infection level of snow mould

was observed for parental varieties ‘Krista’ (LV) and

‘Bilina’ (BY), 98-131(LV) in both conditions.

Winter hardiness of wheat populations depended on parent

resistance to abiotic and biotic stress. The best results were

shown for populations from combinations where both or

one of parents was characterised by good adaptability to lo-

cal conditions. In all environments populations 08-6 (As-

157Proc. Latvian Acad. Sci., Section B, Vol. 66 (2012), No. 4/5.

Fig. 2. Weed ground cover in barley stem elongation stage in location O2

in 2010.

T a b l e 8

WINTER WHEAT POPULATIONS AND PARENTAL VARIETIES IN-

FECTION LEVEL (1-9) WITH SNOW MOULD (Fusarium nivale (FR.)

CES, 2010/2011

Genotype Denomina-

tion

Mean win-

ter hardi-

ness,

1–9

Organic field Conven-

tional field

(Stende)
Stende Priekuïi

? ‘Haldor’ 3.2 8.7 - 7.9

? 66 3.5 8.1 - 7.5

population 08-4 5.2 8.2 7.3 8.0

? ‘Ibis’ 5.7 7.3 - 7.5

? ‘Dekan’ 3.3 8.8 - 8.5

population 08-5 5.4 8.7 8.1 7.7

? ‘Astron’ 5.9 7.9 - 8.0

? ‘Bill’ 6.8 8.7 - 7.0

population 08-6 5.2 6.3 7.2 5.1

? ‘Bilina’ 7.3 5.0 - 6.3

? KOC/2520/97 3.2 8.9 - 9.0

population 08-7 5.8 7.8 7.2 6.9

? ‘Cubus’ 3.2 9.0 - 9.0

? 98-131 7.8 5.4 - 5.7

population 08-9 7.3 7.3 6.4 5.6

? A.St.2519 6.3 7.0 - 8.3

? ‘Krista’ 7.9 3.6 - 5.2

population 08-13 6.3 7.9 7.6 7.4

? NIC 4680A 3.7 8.3 - 8.0

? ‘Redford’ 1.5 9.0 - 9.0

population 08-28 5.3 7.4 8.0 7.0

Winter wheat populations

Mean 5.78 7.7 7.4 6.8

Max. 7.3 8.7 8.1 8.0

Min. 5.2 6.3 6.4 5.1

Winter wheat parental varieties

Mean 5.22 7.6 - 6,5

Max. 7.9 9.0 - 9.0

Min. 1.5 3.6 - 5.2

? female parent, ? male parent



tron/Bill) (5.1-7.2 scores), 08-9 (Cubus/98-131) (5.6–7.3)

and 08-13 A.St.2519/ Krista (7.4–7.9) were less infected

with snow mould (Table 8). Winter hardiness of those

populations was scored 7.9–5.9.

Grain yield and stability. Grain yield of populations varied

between 1.32–6.54 t ha
-1

under organic conditions, and

1.71–6.58 t ha
-1

in conventional conditions (Table 9). Pro-

ductivity of parental varieties was between 1.32–5.41 t ha
-1

under organic conditions, and between 2.00–6.89 t ha
-1

un-

der the conventional growing system. Productivity of geno-

types was tightly linked with the snow mould infection

level and winter hardiness.

ANOVA showed that the grain yield for winter wheat popu-

lations and parental varieties was significantly (P < 0.01)

influenced by all three main factors (genotype, year and lo-

cation) and their interaction: effect of genotype �
2

= 11%,

environment �
2 =

50%, and interaction of these factors �
2

=

23.5%. Grain yield of parental varieties significantly dif-

fered in all locations. ANOVA confirmed that the grain

yield was mainly determined by genotype �
2

= 51%, envi-

ronment �
2

= 20% and G x E �
2

= 17%.

The grain yield of six wheat populations was significant

lower than that of parental varieties under organic condi-

tions. Only two populations 08-9 Cubus/98-131 (2.32

t ha
-1

), 08-5 Ibis/Dekan (2.68 t ha
-1

) had insignificant

higher yield in comparison with one parent.

Under conventional conditions significant higher yield com-

pared to the average yield of populations was obtained from

populations 08-7 Bilina/KOC/2520/97 and 08-13

A.St.2519/Krista. A tendency for higher yield in conven-

tional conditions was shown for wheat population 08-6 As-

tron/Bil. Three populations had yield lower than the par-

ents, but productivity of three populations insignificantly

exceeded that of the parents. Only two populations 08-6 and

08-9 had higher yield than both parental varieties.

Population 08-6 Astron/Bill had insignificant higher yield

in comparison with the average population yield under con-

ventional conditions, but not a stable level under unfavour-

able circumstances (Table 10).

Regarding yield stability parameters, the majority of regres-

sion models were not significant (Table 10). However,

populations with adaptability to unfavourable environments

(08-6 and 08-9), with wide adaptation (08-12) and a ten-

dency to adaptation to favourable environments (08-7 and

08-13) could be identified.

Grain quality. TGW values were closely associated with

genotype in both years and unimportantly influenced by lo-

cation. Average TGW for populations was 47.82 g in or-

ganic conditions and 49.49 g in the conventional field; for

parental varieties respectively 47.32 g and 49.31 g (Table

11). Populations showed insignificant tendency to have

highest TGW compared by parental varieties in both farm-

ing systems sites.

The content of crude protein in wheat grain is closely con-

nected with growing conditions and nutrient uptake (N),

and less affected by genotype. In organic growing condi-

tions in both sites the crude protein content of populations

and parental varieties was lower compare to that in the con-

ventional field. In O field average crude protein content of

populations was lower than that of parental varieties, except

for population 08-(‘Haldor’/2936/96) — 122 g kg
- 1

. This

population showed a tendency to have higher protein con-

tent than for parental varieties and grain was suitable for

food. Average crude protein content for parental variety

‘Haldor’ in both years was 101 g kg
-1

and 2936/96 – 96

g kg
-1

.

In conventional conditions the average content of the crude

protein of populations was lower, -156 g kg
-1

, in compari-

son with parental varieties, -162 g kg
-1

, (Table 10), but the

grain quality of all genotypes was suitable for food.

The content of gluten was positively correlated with crude

protein (r = 0.61 P0.05 = 0.48) and also influenced by asso-

ciated with the growing environment and nutrient uptake,

but was less affected by genotype. The average gluten con-

tent of populations was lower in all locations when com-

pared to that of parental varieties. In O fields the average

content of gluten of populations was 172 g kg
-1

, and paren-

tal varieties 189 g kg
-1

, in C growing conditions — 277 g

kg
-1

and 292 g kg
-1

(Table 11).

The gluten quality Sedimentation Value or Zeleny index

also was closely connected with crude protein content. A

significant positive, close correlation r = 0.71 P0.05 = 0.52

was found between these variables. Also, a significant posi-

tive, close correlation (r = 0.88 P0.05=0.52) was found be-

tween Zeleny index and gluten content. Value of the Zeleny

index of all genotypes was lower in O conditions than in the

C field. In O conditions the average value of Zeleny index

was 30.6 mL for populations and 34.4 mL for parental va-

rieties, and in C, respectively, 56.6 mL and 54.9 mL (Table
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T a b l e 9

GRAIN YIELD T HA
-1

OF WINTER WHEAT POPULATIONS IN DIF-

FERENT GROWING CONDITIONS, 2010–2011

Populations 2010 2011

ST B ST C ST B ST C PR B

08-4 1.82 4.83 2.05 2.71 1.31

08-5 1.97 2.40 3.43 4.53 1.39

08-6 2.44 5.27 3.83 6.52 1.58

08-7 2.17 6.47 3.03 5.73 2.26

08-9 1.84 3.70 2.82 5.42 1.52

08-12 1.60 4.63 2.74 5.73 1.75

08-13 1.98 5.80 3.40 6.54 2.13

08-23 2.06 4.27 1.50 2.73 1.92

08-27 2.07 6.63 2.71 2.83 1.73

08-28 2.58 4.37 3,10 1.41 1.57

Average 2.12 4.9 2.81 4.40 1.70

*ST- Stende *PR-Priekuïi



11). Populations showed insignificant tendency to have
highest Sedimentation Value, compared to that of parental
varieties in conventional conditions.

DISCUSSION

Barley parental varieties and breeding lines were selected
for the experiment with emphasis on differences in traits
important for growing under organic farming and mostly in
relation to competitive ability with weeds (early develop-
ment rate, maturity time, plant growth habit) and grain vol-

ume weight and TGW (‘Primus’, ‘Idumeja’). Consequently,
the largest gain of mixtures, populations and lines in com-
parison to parents in pure stand can be expected in respect
to weed ground cover and the grain quality traits mentioned.
The results show only one case of significant reduction of
weed ground cover for one variety mixture which occurred
in the organic field with comparatively highest weed
amount. In addition several desirable tendencies were ob-
served for pure lines, populations and mixtures. No signifi-
cant advantages regarding volume weight were found,
whereas significantly higher TGW was observed only for
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T a b l e 1 0

GRAIN YIELD AND STABILITY PARAMETERS OF WINTER WHEAT POPULATIONS AND PARENTS, 2010/2011

Genotype Mean grain yield t ha-1 Mean grain yield in all grow-
ing conditions

t ha-1

Coefficient
of regression

(b)

Deviation
from regres-

sion (sd
2)

P-value

O C

08-4 Haldor/66 1.91 3.76 2.83 2.03 0.80 0.28

Haldor 3.23 4.87 4.05 - - -

66 2.77 2.00 2.38 - - -

08-5 Ibis/Dekan 2.68 3.45 3.06 0.52 1.87 0.78

Ibis 4.07 6.53 5.30 - - -

Dekan 2.00 3.50 2.75 - - -

08-6 Astron/Bill ^3.12 5.88 ^4.50 0.73 0.02 0.02

Astron 3.73 4.83 4.28 - - -

Bill 4.37 5.00 4.68 - - -

08-7 Bilina/KOC/2520/97

2.58 *6.58 ^4.58 1.62 0.33 0.00

Bilina 4.34 6.54 5.44 - - -

KOC/2520/97 3.65 6.89 5.27 - - -

08-9 Cubus/98-131 2.32 4.55 3.43 0.95 0.84 0.00

Cubus 2.07 2.02 2.04 - - -

98-131 3.72 1.72 2.72 - - -

08-12 Haldor/14(ASV) 2.67 3.76 3.21 1.19 0.56 0.02

Haldor 3.23 4.87 4.05 - - -

14 2.87 3.42 3.14 - -

08-13 A.St.2519/Krista

2.69 *6.15 ^4.42 1.41 0.44 0.01

A.St.2519 3.27 3.20 3.23 - - -

Krista 4.41 6.71 6.06 - - -

08-23 Nic99-3946B/Verbena/Krista

2.05 2.98 2.11 0.62 0.52 0.09

Nic99-3946B/ Verbena 3.21 4.23 3.72 - - -

Krista 4.41 6.71 6.06 - - -

Winter wheat populations

Mean 2.50 4.63 3.31

Min. 1.91 2.98 2.11

Max. 3.12 6.58 4.58

Winter wheat parental varieties

Mean 3.45 4.56 4.07

Min. 2.00 2.00 2.04

Max. 4.41 6.89 6.06

*significantly higher than average of populations (P < 0.05); ^ higher than average of populations without significant differences; ∨coefficient of regression
significantly different from 1

female parent, ? male parent



pure lines, indicating that breeder’s selection for this trait
was more effective than natural selection. The same can be
concluded regarding grain yield: the only case of significant
yield gain over parental varieties was for breeding line 5 un-
der organic O1 management. Yield of this line was close to
the better yielding parent ‘Anni’ under C1 and organic envi-
ronments in other cases, and the regression coefficient was
significantly below 1, indicating adaptability to unfavour-
able environments. Since the selection of lines was made
with the aim to create varieties for organic growing condi-
tions, line 5 can be considered as a breeder’s success.

It has been experimentally shown that variety mixtures can
be an alternative to growing pure varieties; there are distinc-
tive epidemiological and ecological factors leading to no-
ticeable decrease of pest and weed incidence resulting in
higher and more stable yield (Tratwal and Gaùæzewski,
2006). Experiments with cereal variety mixtures in Den-
mark and UK have shown that it is possible to obtain sig-
nificantly higher yield in comparison to the average of com-
ponents in pure stand under organic and also conventional
farming (¨stergård et al., 2005; Jones et al., 2006; Clarke et

al., 2007). The results of our barley experiment do not
strongly support the advantages of mixtures. No significant
yield gain was obtained for mixtures in any growing sys-
tem; only some insignificant advantages were observed un-
der organic and conventional locations, and mostly for mix-
tures of breeding lines. According to the results of
regression analysis, different tendencies were observed for
mixtures; only mixture 1 had mean yield level over all loca-
tions significantly above average and the coefficient of re-
gression 1.06 indicated fairly stable yield with a little trend
to better adaptability to favourable growing conditions.
Mixture 1 was composed of two distinct breeding lines
from the cross combination ‘Anni’/‘Dziugiai’, one of which

was had a rapid early development, erect plant growth habit
with a tendency to adaptation to unfavourable growing con-
ditions (b = 0.66; line 3), and the other with prostrate plant
growth habit, slower development and the most stable yield
among the tested accessions (b = 1.01; line 4). This indi-
cates that combination of such distinctive genotypes may
result in a fairly stable mixture with average yield above the
components.

It has been reported that mixtures can be an effective tool in
reduction of disease incidence, as the necessity to use fungi-
cides and the threat to lose the efficiency of disease resis-
tance genes can be reduced (Martínez et al., 2007). In our
study the only significant reduction of infection level in
comparison to parents in pure stands was found for net
blotch in mixture 2 in C1 location in 2010. However, signif-
icantly higher infection was observed for powdery mildew
in two cases under conventional growing conditions. This
contradiction may be explained by the fact that genotypes
for the experiment were chosen without emphasis on resis-
tance to diseases, and differences between the component
varieties were often insignificant.

Growing of populations is considered as one of the ways to
increase genetic diversity of self-pollinated cereal crops. As
populations are heterogeneous they should be able to adjust
to variable environments due to a compensation mechanism
that is better than in pure lines and varieties (Wolfe, 2008;
Wolfe et al., 2008; Finch et al., 2010). Extensive long-term
experiments with composite cross populations for winter
wheat are carried out in UK (Wolfe, 2006), where a ten-
dency to yield higher in comparison to parental varieties un-
der conventional and organic managements was reported.
Populations developed with the aim to achieve high yield
exceeded eight of nine parental varieties (Haigh et al.,
2007). However, in testing in Germany the same popula-
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T a b l e 1 1

AVERAGE, MINIMUM AND MAXIMUM OF GRAIN QUALITY TRAITS FOR WINTER WHEAT POPULATIONS AND PARENTAL VARIETIES,
2010/2011

Populations Pariental varieties

O C O C

TGW, g

Mean. 47.82 49.49 47.32 49.31

Min. 45.61 45.86 45.41 46.36

Max. 53.04 53.86 49.81 57.55

Crude protein content, g kg -1

Mean. 102 156 117 162

Min. 94 151 103 137

Max. 111 163 130 184

Gluten content, g kg -1

Mean. 172 277 189 292

Min. 168 251 173 251

Max. 176 313 227 336

Sedimentation Value (Zeleny index), mL

Mean. 30.6 56.6 34.6 54.9

Min. 29.3 53.7 29.1 52.3

Max. 32.8 61.1 38.6 58.7



tions in general did not over yield the parents but provided
more stable yield (Finckh et al., 2010). The ability of com-
posite cross populations to better adapt to various growing
conditions, when compared to parental varieties was shown
by testing the previously mentioned wheat populations in
Hungary (Wolfe and Döring. 2010). In our experiments the
barley populations investigated originated from simple
crosses between two parental varieties, and wheat popula-
tions from crosses between two or three parental varieties.
Thus, the genetic diversity was not as high as in composite
cross populations, as the expected advantage would likely
not be very evident. Yield of barley populations was in be-
tween the level of parents in most cases and insignificant
yield gain was obtained sometimes and mostly under or-
ganic growing conditions (Table 7). A tendency to form
higher yield in conventional conditions was shown by three
wheat populations (08-6 Astron/Bill and 08-7
Bilina/KOC/2520/97), but in organic conditions the yield of
populations was between or less the parents. The results in-
dicated that high yielding genotypes are not characterised
by stability to unfavourable conditions. Regarding yield sta-
bility, barley populations were fairly stable with a tendency
to suitability to unfavourable environments (regression
model significant for population 2 only); wheat populations
showed variable adaptability. Grain quality of wheat com-
posite cross populations surpassed ten of twelve parents
(Haigh et al., 2007), but in our barley experiments no sig-
nificant gain for population grain quality traits was found.
However, crude protein content and TGW surpassed parents
insignificantly in some cases ands starch content and vol-
ume weight was below that of parents.

Quality traits of wheat populations grain in both growing
conditions was also intermediate to that of the parents and
did not exceeded the highest values of the best parents. Ten-
dency to have highest TGW compared to that of parental
varieties was found in both farming systems sites for popu-
lations. The grain quality values of all genotypes were
lower in O conditions than in C conditions.

One of the most important basic breeding tasks for wheat is
quality for milling and baking. Breeding for baking quality
in wheat is determined largely by the common negative cor-
relation between yield and grain protein. The main aim of
breeding for organic farming is to select genotypes with ac-
ceptable yield and grain quality suitable for bread, by devel-
oping good lines combining high protein content with high
gluten quality (Wolfe et al., 2008).

Winter hardiness is a very important trait for wheat in all
environments in Latvian agroclimatical conditions. Studies
have confirmed that resistance of populations to abiotic
stress is closely connected with parent traits: the higher
quality parents used in a cross, the better quality the result-
ing population, unless a negative genetic correlation proves
otherwise (Murphy et al., 2007).

Döring et al. (2010) concluded that the advantage of highly
diverse populations in ensuring higher yield level over that
of monocultures is greater in more variable environments;

the same relationship was found for variety mixtures, but it
was weaker than in populations. Our results did not clearly
support this idea, and there were some non-significant yield
gains for barley under organic and also under conventional
C1 locations, and for wheat under conventional conditions
only. This might be explained by comparatively lower di-
versity of populations. Regarding the infection level with
barley leaf diseases in organic and conventional growing
systems, we can see opposite tendencies for net blotch and
powdery mildew in respect to genetically diverse accessions
and pure lines as well. Greater advantages over parents in
respect to net blotch were found under conventional loca-
tions but in respect to powdery mildew — under organic lo-
cations.
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VAI ÌENÇTISKI DAUDZVEIDÎGAM MATERIÂLAM IR PRIEKÐROCÎBAS GRAUDAUGU SELEKCIJÂ BIOLOÌISKAI
LAUKSAIMNIECÎBAI?

Bioloìiskajâ lauksaimniecîbâ nepiecieðamas ðíirnes, kurâm raksturîga augsta pielâgoðanâs spçja nelabvçlîgiem vides apstâkïiem. Lai
paaugstinâtu paðapputes augu konkurçtspçju, saglabâtu pietiekamu raþîbu un graudu kvalitâti, tiek izmantoti ðíiròu maisîjumi un
populâcijas. Divu gadu izmçìinâjumos tika izvçrtçtas vasaras mieþu ðíiròu maisîjumu un hibrîdo populâciju, kâ arî ziemas kvieðu
populâciju priekðrocîbas salîdzinâjumâ ar tîrajâm lînijâm un vecâkaugiem. Mieþu genotipu maisîjumiem un populâcijâm netika konstatçtas
pârliecinoðas priekðrocîbas ne bioloìiskos, ne konvencionâlos audzçðanas apstâkïos. Labâki rezultâti attiecîbâ uz raþu un tûkstoð graudu
masu nelabvçlîgos audzçðanas apstâkïos novçroti bioloìiskâs lauksaimniecîbas vajadzîbâm izlasîtâm selekcijas lînijâm. Attiecîbâ uz
genotipu maisîjumiem secinâts, ka atðíirîgu genotipu kombinçðana var dot salîdzinoði stabilu maisîjumu ar raþas lîmeni virs vidçjâ. Graudu
raþas un kvalitâtes râdîtâji bioloìiskajos apstâkïos visiem izvçrtçtajiem genotipiem bija zemâki nekâ konvencionâlajâ laukâ. Abos
izmçìinâjumu gados un visas audzçðanas vietâs ziemâju kvieðu raþas limitçjoðs faktors bija ðíiròu ziemcietîba. Populâciju ziemcietîba bija
atkarîga no krustoðanâ izmantoto ðíiròu izturîbas pret abiotiskajiem faktoriem. Kvieðu populâciju raþîba un graudu kvalitâte bioloìiskajâ
laukâ nebija augstâka, salîdzinot ar vecâkaugiem. Nonâkot sliktâkos audzçðanas apstâkïos, augstraþîgo populâciju raþas lîmenis krasi
pazeminâjâs. Tas liecina par genotipu sliktu adaptâcijas spçju.

Received 1 November 2012
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