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EDITORIAL

With this issue of 2011, we bring 72 proceedings of the 122, which started life as presentations at the Annual 17%
International Scientific Conference ‘“Research for Rural Development 2011” held at the Latvia University of Agriculture,
in Jelgava, on 18 to 20 May 2011.

In the retrospect of four months later, we can count the Conference as a great success. The theme — Research for Rural
Development - attracted participation of 252 researchers with very different backgrounds. There were 18 presentations
from different universities of Lithuania, 2 from Estonia, 3 from Poland, 1 from Spain, 1 from Ukraine, 2 from Russia and
95 from Latvia.

Four independent reviewers estimated each article.

The proceedings of the Annual 17* International Scientific Conference “Research for Rural Development 20117
is intended for academics, students and professionals researching in the area of crop production, animal breeding,
agricultural engineering, agrarian and regional economics, food sciences, veterinary medicine, forestry, wood processing,
water management, environmental engineering, landscape architecture, information and communication technologies.

The proceedings will also be useful for researchers in educational sciences.
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WINTER OILSEED RAPE (BRASSICA NAPUS L.) AUTUMN GROWTH

Oskars Balodis, Zinta Gaile
Latvia University of Agriculture
balodis.oskars@inbox.lv

Abstract

Lack of data about effect of meteorological conditions, sowing date, sowing rate, fungicide as growth regulator application and other
agroecological factors on rape autumn growth is observed in Latvia. The aim of our research, started in autumn 2007 and continued
up to autumn 2010 in Research and Study farm ‘Vecauce’, was to investigate the influence of agroecological factors (sowing date,
sowing rate and fungicide (as growth regulator in autumn)) application as well as meteorological conditions on autumn plant growth of
two types of winter rape varieties. Winter rape biometrical parameters were estimated, and meteorological parameters (hydrothermal
coefficient (HTC) and growing degree days (GDD)) were calculated. Four year results showed that winter oilseed rape seed germination
was affected by precipitation and air temperature around the sowing time. Calculated GDD correlated with plant biometrical parameters
during trial years. HTC showed moisture effect on rape emergence time. Sowing date was important factor which had strong and
significant impact on biometrical parameters of rape plants in autumn. Earlier sowing date increased height of growth point, root neck
diameter, plant and root mass, and main root length significantly for both cultivars in four trial years. Such agro-ecological factor as
sowing rate (plant density) affected plant biometrical parameters only in some trial years. Plant weight was significantly influenced by
sowing rate for both cultivars if sowing rates were equal. Other important parameter — height of growth point — was not significantly
influenced by sowing rate for both cultivars when similar sowing rates were used in all years; exception was year 2009 for ‘Californium’.

Key words: winter rape, sowing date and rate, growing degree days, hydro-thermal coefficient.

Introduction

Winter oilseed rape (Brassica napus L.) has become one
of the basic crops in modern crop farming in Europe and
Latvia. No decrease in oilseed rape cropping area has been
observed during the last twelve years, and area under rape
reached 109 400 ha in Latvia. Latvia, especially its central
region, has suitable soils and meteorological conditions for
winter rape cultivation. Proportion sown with winter rape is
increasing (from 43% in 2005 to 66% in 2007 from the total
rape sowing area) in central Latvia region — Zemgale; at the
same time, if winter is hard, spring oilseed rape proportion
from the total area can again increase (winter rape — 61%
in 2010 from the total area sown with rape according to
data of Central Statistical Bureau of Latvia). For good rape
wintering, meteorological conditions in autumn as well as
technology used are important factors.

Meteorologist M. Rummukainen (2010) mentions that
drought is becoming a factor to be considered also in the
Nordic and Baltic Sea region. Various climate extremes also
seem to change. Some examples are frequency of intensive
precipitation, cold spells, and heat waves. Therefore analyzing
winter oilseed rape and also other winter crop growth
during autumn effect of meteorological condition on plant
development has to be more carefully analyzed. Hydrothermal
coefficient (HTC) is one of the tools for interpretation of
meteorological conditions’ effect on plant development used
in wheat and other crops and even in forestry. HTC till now
is less used for oilseed rape growing issue interpretation
(Ozolincius et al., 2005; Povilaitis and Lazauskas, 2010).

Rape seed germination and early development
mainly is affected by soil moisture and temperature.
Important rape plant development functions such as
evapotranspiration, photosynthesis, water and nutrient
absorption and other biological and chemical activities are
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regulated by temperature (Rapacz, 1998; Diepenbrock,
2000). Temperature effect on rape plant development can
be interpreted as Growing Degree Days (GDD) and Corn
Heat Units (CHU); both measures of heat accumulated
by a crop over a period of time. GDD are much simpler
to calculate and prove a good estimation of accumulated
heat for most cool season crops like oilseed rape and wheat
(Bonhomme, 2000). GDD calculation is more popular in
Canada and United States, but less popular in Europe. To
evaluate the risks of sowing time selection, the ‘typical’
GDD for specific area should be known. Such information
about ‘typical’ GDD in rape growing areas of Latvia is not
found while enough climate data websites are available for
Canada with GDD maps. Some researches about winter
oilseed rape autumn development with specific accent on
GDD in a region close to Latvia are found (Sidlauskas and
Rife, 1999; Laaniste et al., 2007).

Growth, development and seed yield of winter oilseed
rape are closely related to sowing date and plant (sowing)
density. A number of environmental factors interact
with optimal sowing like soil temperature and moisture
level affecting germination (BBCH 00-09) and seedbed
preparation. Some objectives must be taken into account
when choosing a sowing date: (1) ensuring that high-quality
germination and emergence are possible; (2) optimizing
the weight and number of the harvested plant parts; and
(3) timing the cycle so as to limit the incidence of periods
unfavourable to the crop (various stresses, parasites, frost,
drought, etc.) (Fleury, 1986 cited by Rathe et al., 2006).

Plant density has been observed to have a huge
influence on growth, development and seed yield of winter
oilseed rape (Leach et al., 1999; Diepenbrock, 2000). Stand
establishment generally varies depending on different
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important circumstances, such as soil condition and
water availability during germination as well as weather
conditions (Mendham et al., 1981). Optimal plant density
varies depending on oilseed rape growing region. Optimal
plant density is about 80—150 plants m™ before winter and
60-80 plants m? at the beginning of spring, respectively.
Lower seeding densities (60—70 seeds m?) are required for
hybrids, as mentioned by W. Sauermann (1995) (cited by
Diepenbrock, 2000) in Germany, but optimum crop density
for successful wintering in Nordic states is reported to be 30
to 70 plants m?(Velicka, 2003). Required optimal densities
are changing in length of time together with availability of
more knowledge of rape yield formation.

In agro-ecological conditions of Latvia, data on winter
rape plant autumn development is little documented. The
aim of currently described section of our research was to
investigate the influence of agricultural practice (sowing
date and sowing rate) and meteorological conditions
on autumn plant development two types of winter rape
varieties. Part of research was described already in 2009
(Balodis and Gaile, 2009) using data about plant biometrical
parameters in 2007 and 2008. Now research is complete,
and new data, analyses and conclusions are added in the
current paper.

Materials and Methods

Four-year (starting from 2007/2008 to 2010/2011)
experiments were carried out in the Research and Study
farm ‘Vecauce’ (latitude: N 56° 28, longitude: E 22° 53")
of Latvia University of Agriculture. Three-factor field trial
using two types of winter rape (Brassica napus ssp. oleifera)
cultivars (line ‘Californium’ and hybrid ‘Excalibur’) was
carried out. The paper is focused on plant autumn growth
results for all four seasons. The following factors were
investigated:

Factor A — sowing date:
15— called 1% August,

2md — called 10" August,

3% — called 20" August,

4% — called 1 September,
5% — called 10™ September.

Factor B — sowing rate (120, 100, 80, 60 germinable
seeds per m? — ‘Californium’; 80, 60, 40, 20 germinate able
seeds per m? — ‘Excalibur’ in 2007/2008 and in 2008/2009).
In seasons 2009/2010 and 2010/2011, the sowing rates
were supplemented to equals — 120, 100, 80, 60, 40, 20
germinable seeds per m? for both cultivars.

Soil at the trial site was strongly altered by cultivation
in 2007 and 2010, and by soil-gleyic in 2008 and 2009;
grading composition was loam; pH KCI = 6.7 to 7.4; content
of available for plants K was 103 to 194 mg kg!, and P— 100
to 136 mg kg''; humus content — 25 to 38 g kg!. Pre-crop
was cereal mixture for silage in all years. Traditional soil
tillage with mould-board ploughing was used, rototilling
was used before sowing. The crop was fertilized with a
complex mineral fertilizer at the rate of N-12 to 28 kg ha!,
P-18 to 30 kg ha'', and K-79 to 103 kg ha' before sowing

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)
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depending on a year. Sowing was done according to the
previously described design. Weeds were controlled using
herbicide Butisan Star s.c. (metasachlor, 333 g L' + kvinmerac,
83 g L'"),— 2.5 L ha'!, except autumn and in 2010 when 3.0
L ha' were applied. The herbicide was applied when the
rape was fully germinated in plots of first three sowing dates
in 2007 and 2008. For plots of 4" and 5" sowing date, the
herbicide was not used in autumn 2007 (Lontrel 300 s.c.
(clopiralid, 300 g L"), 0.5 L ha!, was used in spring 2008),
but in autumn 2008 and in all plots in 2009 and 2010 Butisan
Star s.c. was used directly after sowing.

Rape plant density was established by counting plants
in one constant 0.5 m? area of each plot in autumn. At the
end of autumn vegetation, 10-plant samples were taken
randomly from each plot for biometrical analysis. Number
of leaves per plant (No), leaves’, plant and roots’ weight (g),
root length (cm), diameter of root neck (mm), and height of
growth-point (mm) were measured in laboratory. Ten-plant
samples from plots of first, second and third sowing date
and all plants sown on 4" and 5% date were taken for from
1.0 m? dry matter content analyses. Dry matter of leaves
was determined by drying at temperature of 105 °C for 2
hours (ISO 6496: 1999). The dry matter yield of rape leaves
per m? was calculated according to plant number per 1 m?.

Todescribe conditions of autumn growth, meteorological
parameters were analyzed. Meteorological data were
collected from automatically working meteorological
station approximately 1 km from trial site. Hydrothermal
coefficient (HTC) was calculated using (1) formula of G.
Selianinov:

Rx10
Zt (D

where R — is the sum of precipitation (mm) during (ten-
day) period;
>t — the sum of the average daily temperatures during the
same period.

The growing degree days (GDD) were calculated
using (2) formula:

HTC=

G.D.D ( N max =~ “min/ mm ) (2)

bave
where T — daily maximum temperature;
T . — daily minimum temperature;

min

T,,..— base temperature (5 °C).

ANOVA procedures were used for processing the
experimental data.

Meteorological conditions in the autumn of all trial
years were considerably different. October 2009 and 2010
was characterized by very low mean air temperatures.
August 2009 and September 2008 were relatively dry, but
wet August 2010 was extremely.

Vegetative period (mean temperature below 5 °C for
at least 3 days) ended on 4" of November in 2007; and
2008 and renewed for eight to five days period up to 4"
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December; at 1% of November in 2009; (two-week period
in the middle of the October registered with very low
temperatures); at 7" of November in 2010.

Results and Discussion
Oilseed rape autumn growth depending on meteorological
conditions

Winter oilseed rape seed germination (BBCH 09)
length in days was different depending on the sowing year
and the sowing time because of different soil moisture. A
more even seed germination was observed in autumn 2007
(seeds germinated in 8 to 10 days). The longest germination
time was observed in plots sown on 1% August in 2008 and
2009 (15 and 16 days), and in plots sown on 10" September

OSKARS BALODIS, ZINTA GAILE

in 2008, 2009 and 2010 (14 to 17 days).

Our observations showed that appropriate soil moisture
and productive precipitations were very significant for
successful field-germination of seed. Water stress expressed
as hydrothermal coefficient gives clear explanation about
seed germination speed. Dependence on soil moisture,
especially at the beginning of August when mean air
temperature is high and soil surface dries quickly, is critical
for seed germination. The first decade in August was critical
(HTC below 1.0) because of amount of precipitation in
all four trial years; even in years 2008 and 2009 lack of
precipitation was observed in the ten-day period before 1*
sowing date, which that explains the slow seed germination

(Fig. 1).

5.0

4.0

HTC

22.07.-31.07. 01.08.-10.08.

11.08.-20.08.

21.08.-30.08. 31.08.-09.09.

Period of time

Figure 1. Water stress expressed as hydrothermal coefficient in RSF ‘Vecauce’ in autumn 2007, 2008, 2009 and
2010. ( == -year 2010;= - - = - year 2009; = = - year 2008;+-:* - year 2007; === === - threshold).

The role of temperature in seed germination increases
with later sowing date. Longer time for seed germination
was dependent on the air and soil temperature, which agrees
with data of R.E. Blackshaw (1991) who emphasizes the
role of moisture and temperature role for seed germination
— in dry and hot conditions seed germination was delayed
for three days, but in cool conditions — for up to six days. On
the last sowing date, in the first decade of September, the
importance of precipitation decreased because of a lower
air temperature that reduced water evaporation; however
seed germination still had connection to HTC values (see
Fig. 1) when longest seed germination was observed in
2010 (17 days, HTC 0.2) and fastest germination — in
2007 (9 days, HTC 2.8). Difference in germination length
between the cultivars was not observed.

Oilseed rape plants require a specific number of GDD
to develop from growth stage to growth stage between
emergence, flowering and maturity. Also the specific
amount of GDD has to be accumulated before oilseed rate
wintering. In our experiment GDD had various values

because of different meteorological conditions in all trial
years. Four years’ data indicated that sowing time on 1%
August (478 GDD till the end of vegetation period as four-
year average) was risky because the rapeseed plants tended
to overgrow, especially in autumn 2007 (567 GDD) when
the height of root column, which is the most vulnerable
part of the rapeseed plant, reached up to 5 cm above the
soil surface. This agrees with Laaniste et al. (2007) who
reported overgrown plants in Estonian conditions when
515 GDD were accumulated. On the other hand, if sowing
was performed later than 1 September, especially in years
2009 (60 GDD) and 2010 (38 GDD), only 3-4 small leaves
formed which were exposed to the danger for winter-kill.
The autumn development of oilseed rape plants may affect
not only their wintering and subsequent vegetative renewal
in spring, but also the yield. Anumber of leaves was affected
by accumulated GDD in three trial autumns (2008, 2009,
and 2010 — Fig. 2) only for hybrid cultivar ‘Excalibur’. The
plant produced a sufficient number of leaves for successful
wintering (five leaves according to Velicka et al., 2006).

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)
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Figure 2. The relationship between GDD (x) and number of leaves per plant (y)
for ‘Excalibur’ in years 2008, 2009, and 2010 (p<0.05).

More important is leaf area expansion before wintering,
as declared by G. Sidlauskas and C. Rife (1999). They
admitted that only 5 leaves reached the maximum leaf
area during autumn vegetative growth (the plant received
552 GDD until the end of vegetative period). In our trial
it was observed that especially in the last sowing dates
the plant leaves did not reach full expansion and leaf area
was dramatically lower, which was proved by calculating

the last dry mass (DM) from 1 m? (Fig. 3). A significant
relationship between GDD and root neck diameter was
observed for both cultivars in all trial years (y = 0.0153
+ 0.4783x and R?>=0.89 for ‘Californium’; y = 0.0204x +
0.6800 and R?>=0.93 for ‘Excalibur’). A significant (p<0.05)
linear relationship was also observed between GDD and
height of growth point, root mass and length.

500
y=0.94x-51.97

1 400 R>=0.83 ¢ %
e 300 *
3 e
2200
= /
2 100 C

_’/ *

0
0 100 200 300 400 500 600
GDD

Figure 3. The relationship between GDD (x) and DM mass of oilseed rape leaves (y) at the end of
autumn growth for ‘Excalibur’ in years 2009 and 2010.

Plant DM mass of leaves per 1 m? at the end of
vegetation in five sowing dates had strong relationship with
GDD, which underlines to the importance of GDD in plant
preparation for successful wintering (Fig. 3). Correlation
between GDD for ‘Californium’ was not statistically
significant (p>0.05). The trend (Fig. 2) shows relationship
that DM of aboveground vegetation depends mostly on the
accumulation of GDD which agrees with G. Sidlauskas and
C. Rife (1999). Also GDD relationships with plant fresh
mass, plant leaf number, and root mass were observed in
our experiment. More investigations should be performed
on GDD impact on winter rape dry mass indices of different
plant parts.

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

Effect of sowing date

Important plant parameters (plant fresh mass, height
of growth point, root neck diameter, number of leaves
per plant, shoot mass and length) that characterize plant
autumn development were measured each experimental
year. From the four-year results (2007-2010) it is evident
that winter rape biometrical parameters were influenced by
the sowing date, rate and fungicide application in autumn
period, as well as by used cultivar. Sowing date had the
most important and significant (p<<0.05) impact on plant
parameters if compared with sowing rate (density). A
significant (p<0.05) impact of sowing date on all measured
winter rape parameters in autumn 2007, 2008, 2009 and

9
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2010 was noted. The proportion of sowing date influence
(n%) on plant parameters showed that in all experimental

OSKARS BALODIS, ZINTA GAILE

years greater effect of the sowing date was on the height of
growth point and root neck diameter (Table 1).

Table 1

Proportion (n%) of sowing date influence (p<0.05) on winter oilseed rape plant parameters
of cultivars ‘Californium’ and ‘Excalibur’ in autumns 2007 — 2010

Evaluated parameters 2007 2008 2009 2010
Ct |Ef |Ct |Ef |Ct |Ef |Ct |Ei
Height of growth point (92 |95 |84 |90 |93 |90 |95 |95
Root neck diameter 82 |81 |89 |89 |89 |78 |94 |86
Plant mass 70 (55 |71 |79 |72 |53 |83 |63
Number of leaves 70 (66 |43 |58 |73 |34 (79 |59
Root mass 77 |66 |84 |87 |80 |63 (87 |69
Root length 82 |68 |82 (94 |73 |90 |88 |92

>

C7 — line cultivar ‘Californium

Four-year experiments showed that extremely high
growth point was determined for early sownrape (e.g.
1 August; 43.0 mm for ‘Californium’, 66.4 mm for
‘Excalibur’ in 2007), and lowest height of growth point
was observed on the last sowing date (e.g. 10% September;
2.0 mm for ‘Californium’, 2.2 mm for ‘Excalibur’ in 2010).
Optimal height of growth point in our region would not be
higher than 30 mm according to results of researchers from
Eastern Europe countries (Velicka, 2003; Velicka et al.,
2006; Becka et al. 2004); however but experience shows
that plants with higher plant parameter values which could
be theoretically risky for overwintering have survived well
in specific conditions. In our experiment plants tended to
overgrow in year 2007 because of the height of growth
point reached up above the soil surface, which is risky for
overwintering according to Laaniste (2007). In experimental
years with equal sowing rates for both cultivars (2009 and
2010), higher average height of growth point was observed
for ‘Excalibur’ (e.g., 1** August — 44.8 mm in 2010 and
33.6 mm in 2009). Four-year experiment gives evidence

E} — hybrid cultivar ‘Excalibur’

that height of growth point decreased in later sowing dates
and was especially affected by meteorological conditions
in a specific autumn. Also lower height of growth point
was observed for line-type cultivar if compared to hybrid
cultivar.

Plant leaf number (leaf area is even more important)
is also a parameter that influences plant survival during
autumn and affects the seed yield (because of more plant
branching). Results of Estonian researchers (Laaniste et al.,
2007) indicate that plants before wintering reach 9 - 11 leaves
if sown at the beginning of August and 3 - 4 leaves if sown
at the end of August. Accordingly, it was found that the
7-8 leaf stage proved to be the most optimal for successful
overwintering. Sowing date significantly (p<0.05) affected
the number of leaves per plant for both cultivars in all trial
years (Table 1). In 2009-2010 (equal sowing rates were
used for both cultivars), also a tendency was observed that
hybrid cultivar ‘Excalibur’ developed more leaves than line
cultivar ‘Californium’.

Table 2

Average number of leaves depending on the sowing date in years 2009 and 2010

Sowing date Californium |Excalibur
2009 |2010 |2009 |2010
I*t August 7.6 7.2 8.9 7.2
10" August 6.5 7.5 6.9 7.6
20" August 6.5 5.7 7.0 6.5
1% September 5.1 4.9 6.2 5.5
10" September | 3.7 34 | 48 3.8
RS .| 042 | 0.37 | 0.76 | 0.46

Significant differences in the number of leaves were
not noted between the plants sown on 10" and 20" August
2009, but in the year 2010 — between 1% and 10" August
(Table 2). It is with certainty evident than in late sowing
dates 02009 and 2010 the number of leaves was lower than

10

in years 2007 and 2008 (e.g., sown on 10" of September—
on average 4.5 leaves for ‘Californium’, and leaves 5.5 for
‘Excalibur’ in 2007; 5.4 leaves for ‘Californium’, and 5.9
leaves for ‘Excalibur’ in 2008). Importance of number of
leaves difference between plants sown in different dates
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could affect plant wintering and has to be analyzed with
wintering issue in spring.

Sowing date affected also the root neck diameter
significantly (p<0.05) for both varieties in all trial years, and
sowing date impact on this parameter was withinn — 78.1%
for ‘Excalibur’ in 2009 and 1 — 94.3% for ‘Californium’ in
2010 (Table 1). Root neck diameter decreased with later
sowing date (on average from all trial years, from 7.2 mm
in plants sown on 1* August to 1.8 mm in plants sown on —
10" September for ‘Californium’; 9.8 mm for plants sown
on 1* August to 2.3 mm — 10" September for ‘Excalibur’).
Root neck diameter of plants sown on last two sowing
dates was less than 5 mm in all trial years, which might be
risky for good rape wintering according to Velicka et al.
(2006). The same tendency was observed also for root neck
diameter. This parameter in of hybrid cultivar ‘Excalibur’
was greater than in line cultivar ‘Californium’, which was
especially marked in the year 2010 then October was very
cool and ‘Excalibur’ developed larger root neck diameter
in the last two sowing dates (3.0 mm in plants sown on 1%
September, and 1.4 mm in plants sown on 1* September
for ‘Excalibur’, and 1.8 mm and 1.2 mm for ‘Californium’
respectively).

Average fresh plant weight from all trial years was from
90.4 g in plants sown on 1% August 2007 to 0.8 g in plants
sown on 10" September 2010 for ‘Excalibur and’, 42.3 g in
plants sown on 19" August on 2008 to 0.5 g in plants sown
On 10" September 2010 for ‘Californium’. Plant weight
parameter showed a very similar tendency, and also the
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values of plant weight were similar in years 2009 and 2010
(equal sowing rates for both cultivars). Root weight and
root length also were significantly (p<0.05) influenced by
the sowing date for both cultivars in all trial years. The same
tendency was observed that root weight and root length
decreased in later sowing dates: average root weight from
all years: was within 5.3 g in plants sown on 1* August and
0.1 g in plants sown on 10" September for ‘Californium,
and with in 12.7 g in plants sown on 1% August and 0.2 g
in plants sown on 10" September for ‘Excalibur’; average
length was within 20.9 cm in plants sown on 1* August and
9.2 cm in plants sown on 10" September for ‘Californium,
and within 23.8 cm in plants sown on 1* August and 10.6
cm in plants sown on 10" September for ‘Excalibur’.

Effect of sowing rate

Plant development parameter in autumn — plant weight
— was significantly (p<0.05) influenced by sowing rate
in some cases (for ‘Excalibur’ in years 2007, 2009, and
2010; for ‘Californium’ only in years 2009 and 2010).
Use of equal sowing rates for both cultivars in 2009 and
2010 allows discussing sowing rate (plant density) impact
on plant weight with more certainty. Plant weight using
sowing rate of 120 germinable seeds per 1 m? was nearly
three times smaller than using 20 germinable seeds per
1 m? for both cultivars (Fig. 4). Also plant weight was
significantly (p<0.05) influenced by sowing rate in years
2009 and 2010 (Fig. 4) for both cultivars.

50.0

1

40.0

30.0

Plant mass, g

20.0

10.0

0.0

120 100

80 60 40 20

Sowing rate

Figure 4. Sowing rate influence on winter rape plant mass of cultivars ‘Californium’ and ‘Excalibur’

in autumn 2010 (M — ‘Californium’ (C); O —*Excalibur’(E)).

Four-year results showed that height of growth point
was not significantly influenced the by sowing rate for both
cultivars when equal sowing rates were used, the exception
was year 2009 for ‘Californium’ when sowing rate showed
significant (p<0.01) impact on height of growth point using
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rates from 20 up to 120 germinable seeds per 1 m?.
Sowing rate significantly (p<0.05) influenced winter
oilseed rape root weight and root neck diameter for cultivar
‘Californium’ in the years 2009 and 2010 (when low
sowing rates were used) and for *Excalibur’ in 2007, and
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in 2009 as well as 2010 when also high sowing rates were
used. Root length was not significantly (p>0.05) influenced
by the sowing rate in all trial years for both cultivars.

Conclusion

1. Four-year results showed that winter oilseed rape
seed germination was affected by the amount of
precipitation and air temperature around the sowing
time. Seed germination was delayed for some days
during drought (HTC<1) on some sowing dates in
several trial years. The accumulated GDD during
autumn vegetation correlated with plant biometrical
parameters during trial years.

2.  Sowing date was an important factor which had
a strong and significant impact on rape plant
development in autumn. Sowing on earlier dates
significantly increased the height of growth point,
root neck diameter, plant and root mass, and main
root length for both cultivars (line and hybrid) in four
trial years.

3. Sowing rate (plant density) affected plant biometrical
parameters only in some trial years. Plant weight was
significantly influenced by the sowing rate for both
cultivars when sowing rates were equal. The height
of growth point was not significantly influenced by
sowing rate for both cultivars even if equal sowing
rates were used in all years; exception was year 2009
for ‘Californium’.
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Abstract

Research on identification of Ceutorhynchus spp. on winter oilseed rape in Latvia was done during the vegetation season of
2009 and 2010. Field trials were located in the Research and Study Farm “Peterlauki”, Jelgava municipality, Latvia (56°32°17.38N,
23°43°17.65E). Four species of brassica stem weevils were identified: cabbage stem weevil Ceutorhynchus pallidactylus Marsh., syn.
C. quadridens Pan., rape winter stem weevil C. picitarsis Gyll., blue stem weevil C. sulcicollis Pay., and C. typhae Herb. One of the
most common species in winter oilseed rape was cabbage stem weevil C. pallidactylus.

Use of a sweep net for identification of particular species cannot be applied, as in practice no specimens have been collected by this
method. One of the most appropriate methods for identification of Ceutorhynchus spp. on winter oilseed rape has been yellow sticky
traps and water traps that have been used to collect the greatest number of specimens (24) during the vegetation season.

First pests appear during the 2" decade of April, when the plant reaches 33 BBCH. Pest control using systemic insecticide Proteus
110 OD (tiakloprid 100 g L, deltametrin 10 g L") with a dose of 0.75 L ha' was applied when the plant reached 39-44 BBHC. Despite
the high population density (2 to 10 insects on 40 plants), significant (p<0.05) decrease in pest damage by 43-51%, when compared to
untreated area, was recorded during vegetation seasons of 2009 and 2010. Pest control with a systemic insecticide when the plant is in

the stem elongation phase provided a significant (p<0.05) yield increase of 0.5 to 0.7 t ha™.

Key words: weevil, Ceutorhynchus spp., winter oilseed rape.

Introduction

Cultivated areas of winter and spring rapeseed in Latvia
have reached 100 thousand ha. It is forecasted that the areas
will continue to increase. Oilseed rape takes a solid place
in the crop rotations of arable farms throughout Europe,
and almost in all cases its cultivation is connected with
intensive application of plant protection products. This is
a result of increase in disease and weed pressure, and also
distribution of pests.

Cabbage stems weevil Ceutorhynchus pallidactylus
Marsh., syn. Ceutorhynchus quadridens Pan., and rape
stem weevil Ceutorhynchus napi Gyll. (Toshova et al.,
2009; Williams, 2004) have been mentioned as one of the
most harmful pests in Europe and Northern America. Less
damage is caused by rape winter stem weevil Ceutorhynchus
picitarsis Gyll., blue stem weevil Ceutorhynchus sulcicollis
Pay., and Ceutorhynchus typhae Herb. (Alford, 2003;
Veromann et al., 2006). Ceutorhynchus spp. are the most
important pests for oilseed rape in Germany, where they can
cause severe yield losses (Biich and Katzur, 2005; Aljmli,
2007). Weevils are comparably small bugs with the length
of 1.3 to 7 mm (2-3 mm in most cases) and are commonly
found throughout the world (Toshova et al., 2009). More
than one third of Ceuthorhynchus are monophagous or
oligophagous on Brassicaceae species (Toshova et al.,
2009; Evans, 2007). Some of Ceuthorhynchus species
can be mentioned as especially harmful for crucifers, as
their larvae and imago target specific plant parts. Larvae
of C. picitarsis (Gyllenhal, 1837) damage leaf stems;
larvae of C. pallidactylus (Marsham, 1802), C. typhae
(Herbst, 1795) and C. sulcicollis (Paykull, 1800) damage
plant stalks, and C. obstrictus (Marsham, 1802) damage

rapeseed in pods (Toshova et al., 2009). Weevil imago feed
on oilseed rape leafs, stalks, buds and flowers (Toshova et
al., 2009). Crucifer stem weevil is univoltine. Adults exit
from hibernation in March/April and migrate to oilseed
rape fields. Most harmful invasion time of brassica stem
weevil starts with the beginning of stem elongation and
lasts until appearance of flower buds (BBCH 30 — 50)
(Aljmli, 2007), when imago can be observed. In the later
plant development stages damage is caused by emerged
larvae, who tunnel inside the stalks and leaf stems to
feed. Feeding goes on until the 2™ decade of June, when
openings are created in stalks and the larvae drop out on
the soil. Due to the pest damage plants have smaller size,
wither away and die (Kelm and Klukowski, 2000). The
necessity of controlling this particular pest depends on a
specific situation (Hiiesaar et al., 2003).

Imago of brassica stem weevil on oilseed rape can be
identified by using a sweep net, shake cone, water traps,
sticky traps and performing insect counts on the plants (Free
and Williams, 1978; Free and Williams, 1979; Tarang et al.,
2004; Walszak et al., 1998). In Czech Republic, Austria,
Germany and Poland pest emergence and control of pest
population is determined by using yellow water traps, and
treatment is recommended when the threshold number has
been exceeded for over 3 days (Biocontrol-based..., 2010).
Water traps have been used to sample all coleopterous
pests of oilseed rape (Alford, 2003; Walczak et al., 1998).
Sticky traps are more often used for flying insects and have
been extensively used to monitor several different species
of pests on oilseed rape (Alford, 2003). Sweep netting has
been used for sampling of many kinds of oilseed rape pest.

13



IDENTIFICATION AND CONTROL OF RAPE STEM WEEVIL CEUTORHYNCHUS SPP.
IN'WINTER OILSEED RAPE IN LATVIA

This method is most efficient when the crop canopy is dry
and when there is little or no wind (Alford, 2003).

The aim of the research was to identify the best timing
for collection of brassica stem weevil and to determine the
most efficient control measures in winter oilseed rape in
Latvia. Collected data will help to set the most efficient
timing for control measures of brassica stem weevil on
winter oilseed rape.

Materials and Methods
Field trials were located in the Research and Study Farm
“Peterlauki”, Jelgava municipality, Latvia (56°32°17.38N,
23°43’17.65E), using winter oilseed rape Brassica napus
variety ‘Adder’. Sowing was done on 15 August in 2008
and 12 August in 2009. Agrotechnics: previous crop —
black fallow, ploughing and cultivation were done twice
in autumn. Field trial was set up in two variants (control
and treatment), six randomized replications. Plot size was
5 x 10 = 50 m?, isolation bands — 0.01 ha"!. When count
of Ceutorhynchus palidactylus average reached 1 imago
on 40 plants, treatment with Proteus 110 OD (tiakloprid
100 g L', deltametrin 10 g L") was done on 6 May.
Counting of brassica stem weevil was done by using four
methods:
recording of stem weevil — average on 40 plants in plot;
yellow glue trap — yellow glue trap (10 % 25 cm) in every
plot;
yellow water trap — yellow water trap (@ 30 cm, 10 cm
high) in every plot;
sweep net — where every sample was obtained with the help
of 150 insect net sweeps (25 sweeps per every plot) of the
winter oilseed rape stand.
Samples were taken starting with the 2" decade of April
(33 BBHC) until the 1% decade of June (71 BBHC) in
5-day intervals — 20.04., 25.04., 01.05., 05.05., 10.05.,
15.05., 20.05., 25.05., 01.06., 05.06., 10.06., 15.06. in
2009, and 20.04., 28.04., 06.05., 11.05., 17.05., 21.05.,
27.05., 02.06., 09.06. in 2010.

Plant volume invaded by brassica stem weevil (P, %)
was calculated by using the following Formula (1):

P=(n x 100)/N, (1)

where: n = number of insects;
N = total number of sampled stems
(MaTerpupoBaHHbIE CHCTEMBI 3AIIUTHL..., 2005).

Correlation analyses were used to determine the
dependence between the factorial (X), which is the number
of insects, and the resultative attribute (Y), which is yield.
To evaluate the collected data, the estimated value was
compared to the critical value. Obtained results were
analysed with the necessary probability level (p<0.05) and
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actual number of samples.

Weather data received from the Jelgava HMS of Latvian
Environment, Geology and Meteorological Agency were
compared to the long-term average data.

The weather in vegetation season of April 2009 was mild
and dry. Second and third decade of April was without rain.
In April, the average daily air temperature was higher than
the common norm. This was the 2™ driest April in Latvia
during 86 years. Also in May the weather was mild and
dry. In May, the average daily air temperature was higher
than the common norm, and the average precipitation was
not sufficient for development of winter oilseed rape. In
June and July, the air temperature and precipitation were
sufficient for development of winter oilseed rape.

In2010, the average air temperature in May was + 1.3 °C
higher than perennial mean. In the third decade of May, the
air temperature was on - 0.2 °C lower than perennial mean.
Precipitation level was 51.31% of the norm in the second
decade of May. In June, the average daily air temperature
was higher than the norm. Precipitation was below the long-
term average. In July, the average daily temperature was
higher than perennial norm (+ 4.4 °C), and precipitation
was 319% of perennial norm. This was the hottest July
in Latvia during 95 years. In the second and third ten day
period of July there were rainstorms.

High average air temperature and low participation
level in May of 2009 and 2010 was favourable for the
spread of pests and caused problems for pest control.

Results and Discussion

Four brassica stem weevil species have been identified
in Latvia: cabbage stem weevil C. pallidactylus Marsh., syn.
C. quadridens Pan., rape winter stem weevil C. picitarsis
GylL, blue stem weevil C. sulcicollis Pay., and C. typhae
Herb. First imago of the different species mentioned above
has been observed in different plant development stages.
Imago is observed when the air temperature exceeds + 6 °C.
They feed both on wild and cultivated cruciferous plants.
Females make an ovipositor bite either in leaf stem or
stalk and lay 1-2 eggs. In approximately 10 days the larvae
emerge. Larvae feed and damage leaf stems and stalks for
the next three to five weeks. Afterwards they leave the plant
and pupate in the soil. Only one generation of brassica stem
weevils is possible in Latvian climatic conditions. By the
end of the summer imago develops from the pupa and feeds
and damages crucifer leafs. In late August insects head
to overwintering sites in field margins and forest edges
(Alford, 2003; Toshova et al., 2009; Hiiesaar et al., 2003).

In vegetation season of 2009, first imago of
brassica stem weevils were identified on April 20
(BBHC 35) on yellow sticky traps. On the plants and in
the yellow water traps the first insects were counted only 5
days later — April 25, BBHC 39 (Table 1).
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Table 1

Efficiency of different identification methods of brassica stem weevils on winter oilseed rape
in vegetation season of 2009

: Number of insects
Phenological On Average per one
Sampling dates | growth stages . 150 sweeps of
(BBCH) single yellow yellow water trap insect net
plant sticky trap
15 April 33 0 0 0 0
20 April 35 0 3 0 0
25 April 39 2 22 2 0
01 May 44 3 4 0 0
05 May 51 2 3 0 0
10 May 57 1 2 0 0
15 May 60 0 3 1 0
20 May 67 1 3 0 0
25 May 69 2 0 1 0
01June 70 3 0 1 0
05 June 71 2 0 0 0
10 June 72 1 0 1 0
15 June 74 1 0 0 0

In vegetation season of 2010, the first imago of brassica
stem weevil in the trial field was observed one week later by
help of the yellow water trap in the end of April (28 April),
and after a week in early May (06 May) it was recorded on

the plants. Late appearance of the pest can be explained by
the low average air temperature and frequent precipitation
in the last decade of April (Table 2).

Table 2

Efficiency of different identification methods of brassica stem weevils on winter oilseed rape
in vegetation season of 2010

) Number of insects
Phenological On Average per one
Sampling dates | growth stages . 200 sweeps of
(BBCH) single yellow yellow water trap insect net
plant sticky trap
20 April 33 0 0 0 0
28 April 35 0 0 3 0
06 May 39 1 0 25 0
11 May 44 3 1 16 0
17 May 51 2 1 3 0
21 May 67 1 4 0 0
27 May 69 0 2 0 0
02 June 70 0 4 0 0
09 June 71 0 0 0 0

By using the sweep netting, no brassica stem weevils
were collected during vegetation seasons in both years
— 2009 and 2010. In order to control the population of
brassica stem weevil, systemic insecticide Proteus 110 OD
was used by applying a dose of 0.75 L ha™'.

In 2009, the first control measures of brassica stem
weevils were made 10 days after observation of the first
insects on 30 April- BBHC 44. The 10 imago were counted
on 40 plants, which may be considered as a very heavy
infestation — according to the critical thresholds developed
by A. Prieditis the control measures should be taken when
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there is one imago counted on 40 plants (Prieditis, 1999).
The control was done according to the insect counts on the
yellow sticky traps and yellow water traps. In 2010, control
measures using insecticides were done one week later
than in 06 August in 2009. - BBCH 39, when one to two
insects were counted on 40 plants. Control measures could
not be implemented any earlier as there was minor, but
frequent precipitation. With the decrease of precipitation
and increase of the average air temperature at the end of 1%
decade of May, massive emergence of brassica stem weevils
was observed in the 2™ decade of May (11 may) when
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8 insects per 25 plants were counted. This measurement
is close to the critical threshold set in Poland — 6 insects
on 25 plants (Garbe et al., 1996; Alford, 2003). The high
population density in the trial field may be explained by the
close distance to oilseed rape field in the previous season
(~50 m), where some of the insects overwintered.

INGRIDA GRANTINA, ILZE APENITE, INARA TURKA

According to the amount of insect-invaded plants it can
be noted that there has been an increase of pests by 48%
in 2010 if compared to 2009 (untreated variant). This can
be explained by the absence of proper crop rotation in the
trial field (Fig. 1). Most of the Latvian farmers cultivating
oilseed rape face the same problem.

120 -
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5 49
'3 45 47
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40 -
26
20
20 15 14
o = | B
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Figure 1. Brassica stem weevil invaded plants (%) on winter oilseed rape in in vegetation
seasons of 2009 and 2010.

O Control

2009 vegetation season LSD 95% - 45.47
2010 vegetation season LSD 95% - 24.6

Despite the high density of brassica stem weevil on
winter oilseed rape it has been possible to significantly
(p<0.05) decrease the pest damage in 2009 and 2010 —
by 43 — 51% (BBHC 74 development of the pods), when
compared to the untreated area. Systemic insecticide
Proteus 110 OD impacted the hatched larvae by slowing

B Proteus 110 OD in dosage 0.75 L ha

down their feeding and further development.

Pest control of brassica stem weevil with a systemic
insecticide Proteus 110 OD provided a significant (p<0.05)
yield increase of 0.5 to 0.7 t ha! or ~ 19% if compared to
control (Table 3).

Table 3

Influence of brassica stem weevil on the yield of winter oilseed rape
in vegetation season of 2009 and 2010

2009 2010
Variants Compared to Compared to
Yield, control, Yield, control,
t ha' % t ha' %
Control 2.6 100 3.2 100
Proteus 110 OD 3.1 119 3.8 119
LSD, s 0.31 0.26
T -0.99 -0.99
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Conclusions

1.

Four species of brassica stem weevils have been
identified on oilseed rape (C. pallidactylus, C.
picitarsis, C. sulcicollis, C.typhae). C. pallidactylus
is the most common species found on oilseed rape.
In Latvia sweep netting cannot be used for counting
of brassica stem weevils, as no insects have been
captured by this method.

Pest control of brassica stem weevil with a systemic
insecticide Proteus 110 OD on winter oilseed rape
(BBHC 39-44) provided a significant (p<0.05) yield
increase of 0.5 to 0.7 t ha! (~19%) when compared to
untreated areas.

Suitable methods for counting of brassica stem
weevils in winter oilseed rape were use of yellow
sticky traps and water traps.
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Abstract

Maize yield and quality are affected by many factors, including production practices, diseases, pests, and differences in the climate.
Usually it is not possible to do much to change the effect of temperature, but it is important to grow better adapted or characterized
with right maturity rating hybrids. The paper is aimed to determine the impact of accumulated growing degree days (GDD) on maize
development, organic dry matter yield, ODM and chemical composition of maize hybrids. A field trial was carried out in the Research
and Study farm ‘Vecauce’ of the Latvia University of Agriculture (LLU) from 2008 till 2010. Ten (in 2008), eleven (in 2009) and fifteen
(2010) maize hybrids with different maturity ratings according to FAO numbers (FAO 180-340) were harvested at three different times
beginning on 5 September at fourteen-day intervals. GDD were calculated when maize reached a certain growth stage (full emergence,
first tassels, full tassels, first ears, full ears, specific harvest date) to characterize conditions for maize growing in a specific year.
Composition of fresh maize was analyzed for all hybrids using standard methods. Results were statistically processed using methods of
correlation and regression analysis. Our results presented evidence that ODM yield in 2008 and 2009 on last harvest dates was lower
than that on the first harvest date in 2010. Organic dry matter yield was higher in years when more GDD were accumulated. Results
also showed that GDD negatively correlated with the total N, protein, fiber, cellulose, hemi-cellulose, NDF, and ADF concentration.

Key words: maize hybrid, growing degree days, organic dry matter, chemical composition.

Introduction

Many of the world’s most important crops such as
maize, sorghum, rice are now cultivated with good success
outside their zones of origin. Temperature is one of the
most important environmental factors that determines the
rate of plant growth and development. Also maize growth
depends on the temperature. Maize requires a specific
amount of heat to develop from one growth stage to
another. The accumulated heat is one of the most important
environmental factors for the development of the maize
plant. Maize hybrids with different maturity rating require
a different total number of growing degree days (GDD) for
growth, development and maturity. Maize is characterized
by high optimum temperature needed for germination and
growth and belongs to the thermophilic plant species.

Climate is one of the most important limiting factors
for agricultural production: frost risk during the growing
period and low and irregular precipitation with high risks of
drought during the growing period are common problems
in agriculture (Moonen et al., 2002).

Environmental factors of critical importance for
maize growth between planting time and emergence are
temperature, moisture, and physical condition of the
seedbed. Cold soil temperatures may lead to slow maize
emergence, reduced stands and seedling vigor, and delayed
maturity (Griffith et al., 1973). The maize crop can tolerate
a wide range of temperatures (from 5 to 45 °C), but very
low or very high temperatures can have a negative effect on
the yield (Quansah, 2010).

The temperature regime is a key factor in maize
adaptation, and the use of the accumulated heat units
(GDD) is of great importance. Research has shown that
measuring the heat accumulated over time provides a more
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accurate physiological estimate than counting calendar
days (Edmond, 2004).

Maize is a crop with a rapid growth rate that yields best
under moderate to warm temperatures. Cool temperatures
slow down the progress to maturity and high temperatures
hasten maturity (Brown, 1997).

Temperature also affects final leaf number (Hunter
and Tollenaar, 1983) and leaf canopy development, which
influences crop leaf area index. It has also been documented
that low air temperatures reduce radiation use efficiency
(RUE) in maize (Andrade et al., 1993).

Temperatures below and around the minimum
temperature for germination and growth may cause
various types of physiological damage in maize. These
low-temperature effects are often referred to as chilling
injury. Chilling injury is physiological damage caused by
temperatures between 0 and about 12 °C (Miedema, 1982).

Crop growing season and plant developmental stages
are other important factors that influence the forage quality
(Darby and Lauer, 2002). Incidence of stress at any growth
stage may influence the feed and forage digestibility and
reduced nutrient intake. Thus, morphological development
can be used to accurately predict the forage quality of any
crop throughout the season (Mahmood et al., 2010).

The paper is aimed to determine the impact of
accumulated growing degree days on maize development,
organic dry matter yield, and chemical composition of
maize hybrids.

Materials and Methods
A three-factor field trial was carried out during 2008-
2010 in the Research and Study farm ‘Vecauce’ (latitude:
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N 56° 28’, longtitude: E 22° 53°) of the Latvia University
of Agriculture. Trials were arranged in four-replication
randomized blocks with plot size of 16.8 m>. Row width
was 0.7 m. Planted population density was 83300 plants
per ha. Original seed of ten maize hybrids (Factor A) in
2008, of eleven maize hybrids in 2009, and of fifteen maize
hybrids in 2010 with different maturity ratings defined by
FAO number were used: Tango* (standard, FAO 210),
Target* (FAO 180), Estelle* (FAO 200), Salgado* (FAO
200), Silas* (FAO 210), Turini* (FAO 220), Marco®
(FAO 220), Progress® (FAO 220), Ceklad* (FAO 235),
Ronaldinio** (FAO 240), Bombastic® (FAO 240), Celio*
(FAO 250), KX A8151** (FAO 250), Cemet* (FAO 260),
Fernandez** (FAO 260), Paroli®(FAO 260), Celido* (FAO
270), and Cefran** (FAO 340). The seven hybrids marked
with asterisk were used in all trial years, four hybrids
marked with two asterisks — in 2009-2010, but others
— only in one year — 2008 (*) or 2010 (®). Soil at the site
was strongly altered by cultivation: sand loam with pH
KCl1 - 6.7, available for plants content of P — 112 mg kg,
K - 99 mg kg, and humus content — 19 g kg in 2008,
sand loam with pH KCI — 6.4, available for plants content
of P — 129 mg kg, K — 143 mg kg, and humus content
— 21 g kg in 2009; and sod-gleyic sand loam with pH
KCl1 - 7.2, available for plants content of P — 232 mg kg';
K — 190 mg kg, and humus content — 26 g kg in 2010.
Traditional soil tillage was used: mould-board ploughing
in previous fall, cultivation and rototilling before sowing in
spring. The following fertilizers were given: 148 kg ha' N
(18+70+60), 34 kg ha' P, 75 kg ha! K. Maize was sown on
May 6. Planting was carried outby ahand-handled planterata
3-4 cm depth. Weeds were controlled by spraying herbicides:
Arrat d.g. (tritosulfuron 250 g kg'; dicamba 500 g kg')
200 g ha' and Titus 25 d.g. (rimsulfuron 250 g kg')
30-50 g ha' together with surfactant in 2008 and 2009,
and Maisters OD 61 s.c. (foramsulfuron, 30 g L', +
jodosulfuron-methyl-sodium, 1 g L") 1.5 L ha' + Estet
600 e.c. (2.4-D, 600 g L") 0.5 Lha'in 2010 were applied
when maize reached 3-6 leaves stage. In addition, Lontrel
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s.c. (clopiralid, 300 g L") 0.4 L ha! together with Estet
e.c. 2.4 —D, 600 g L'") 0.5 L ha! were applied in 2009
for control of Tussilago farfara and Artemisia vulgaris.
Mechanical weeding was used for the remained weeds
in later maize development stages (in July of all years).
Harvesting was done at three different times beginning on
5 September in 2008, on 4 September in 2009, and on 3
September in 2010 at fourteen-day intervals. The yield was
accounted from 0.7 m? at first and second harvest times,
and from 8.4 m? at last harvest time. Samples were taken
for every hybrid from every replication.

Composition of fresh maize was analyzed for all
hybrids using standard methods: dry matter (DM) (samples
were dried up to constant weight at 105 °C) and organic
dry matter (ODM) (calculated from DM and ash content)
content; all other components were calculated in g kg on
DM basis: total N (by Kjeldahl method), crude protein (by
multiplying total N with the coefficient 6.25; ISO 5983),
crude fiber (ISO 5498:1981), cellulose (calculated from
NDF and ADF), hemi-cellulose (calculated from NDF
and ADF), crude fat (ISO 6492:1999), neutral detergent
fiber (NDF) (LVS EN ISO 16472:2006), acid detergent
fiber (ADF) (Forage analyses, USA, method 4.1:1993),
crude ash (XA) (ISO 5984), and total carbon (C) (CS —
500 method). Results were statistically processed using
methods of correlation and regression analysis.

Daily maximum and minimum temperatures were
recorded by an automatic weather station located near to
the field experiment. Sum of precipitation during the same
period (May-September) was 230 mm in 2008, 327 mm in
2009, and 454 mm in 2010. June and September of 2008
were cool, and the season in general was dry if compared
with long-term average data; sum of active temperature was
1943 °C. Start of the season (May, June) in 2009 was too
cold (Table 1) and unsuitable for the development of maize,
but average day and night temperature in September was
warmer if compared with long-term average data, active
temperature sum per season was 2037 °C. The vegetation
period in 2010 was very suitable for development of maize.

Table 1

The average day and night temperature and precipitation during maize growing season in 2008-2010
and in comparison with long term average

Long-term Temperature, °C Long-term Precipitation, mm
Month Averase 1 2008 | 2009 | 2010 | 2VEreES 2008 2009 | 2010
temperature precipitation
May 112 13 | 110 | 119 43 242 180 | 72.6
June 15.1 146 | 137 | 146 51 442 950 | 378
July 16.6 171 | 171 | 208 75 56.8 1360 | 131.8
August 16.0 164 | 158 | 182 75 90.2 388 | 133.4
September 1.5 106 | 129 | 108 59 148 398 78

For characterizing conditions for maize growing in
specific year, growing degree days (GDD) were calculated
when maize reached a certain growth stage (full emergence,
first tassels, full tassels, first ears, full ears, specific harvest
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date). To calculate daily GDD accumulation, the average
temperature for that day was taken (lowest plus highest,
divided by 2) and subtracted the base temperature, which
for maize is 10 °C. If the lowest temperature for day is
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above 10 °C and the highest is 32 °C or lower, then this
calculation can be done using actual temperature. If the
lowest temperature is less than 10 °C, then 10 °C was

JANIS BARTUSEVICS, ZINTA GAILE

used as the low temperature in the equation. If the highest
temperature is above 32 °C, then 32 °C was used as the
high temperature in the equation (Hoeft et al., 2000).
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Figure 1. GDD accumulation in period between planting and last harvest date in all years:

— 2008;

In 2010, accumulated GDD between planting and last
harvest date was greater (931) if compared to 2009 (761)
and 2008 (735) respectively (Figure 1). Figure 1 shows that
all the season of 2010 was characterized by better warmth
conditions if compared with 2009 and 2008.

Results and Discussion

Average organic dry matter (ODM) content per all
harvest times and all years of early ripening (FAO 180-239)
maize hybrids was 257.2 g kg, but of medium ripening
maize hybrids (FAO 240 — 340) at the same harvest

U2 dhx - 4oph T2

LA yaeld, t hat

oW 50 T

= 2009;

2010.

dates per all years - 237.1 g kg'. There was a significant
correlation between accumulated growing degree days
(GDD) and ODM content of early ripening (FAO 180-
239) maize hybrids (r=0.77 > r, ,=0.28, p<0.05) and also
of medium ripening (FAO 240-340) hybrids (r=0.84 >
r,,s=0.26, p<0.05). Our results showed that GDD highly
correlated (r=0.81 > r, ,=0.26, p<0.05) with ODM yield
of maize hybrids with FAO 240-340 (Figure 2). Range of
ODM yield of maize hybrids per all three harvest dates and
all years was wide (from 7.8 t ha! (Celio at 663 GDD) to
21.8 t ha'! (Fernandez at 931 GDD)).

LAl

Figure 2. The relationship between GDD (x) and ODM yield (y) of maize hybrids with FAO 240-340 in all

years.

According to findings of T. Amon et al. (2004), crude
protein, crude fiber and cellulose content declined in the
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course of the vegetation period. Hemi—cellulose and starch
content increased. Our results showed that GDD negatively
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correlated with the total N, protein, fiber, cellulose, hemi-
cellulose, NDF and ADF concentration, which means that
the content of mentioned parameters decreased during
plant development. Crude fat, ODM, total carbon, and
crude ash positively correlated with the number of GDD.
If we correlate the accumulated GDD with protein content
(maize hybrids with FAO 180-239), the value is low
(r=/-0.26/ <r,  =0.28). In other words, it is not correct to use

0.05
GDD for prediction of the protein content in maize silage.
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Our results showed that hybrids with FAO 180-239
on average per all years reached crude fat content of
22.62 g kg, but later maturity hybrids (FAO 240-340)
- only 20.05 g kg'. The results (Figure 3) represented a
high correlation (r=0.90 > r,  =0.26) between GDD and fat
content of fresh medium ripening maize samples. Whereas
content of fat ranged from 7.2 g kg' to 34.9 g kg' if all
hybrids per all years were analyzed. The average fat content
of fresh maize was highest on the last harvest date.

=M =E L i} Gy
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Figure 3. The relationship between GDD (x) and fat content (y) of maize hybrids with FAO 240-340 in all years.

Also a high correlation (r=/-0.83/ >, =0.26) between
GDD and cellulose content of fresh medium ripening

maize samples was found (Figure 4). The average cellulose
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content of fresh maize was the highest on the first harvest
date.

Gl

Figure 4. The relationship between GDD (x) and cellulose content (y) of maize hybrids with FAO 240-340 in all trial
years.

The number of GDD which was needed for maize
development from sowing to emergence, first tassels,
full tassels, first ears and full ears were calculated using
temperature data of all years.

The critical base temperature for germination of
maize is 9.8 °C, and for emergence the crop needs to
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accumulate about 60 °C. Ideally this period should not
exceed 10-12 days in order to minimize seed damage and
optimize crop establishment (Garcia, 2010). Our results
demonstrated that between sowing date and emergence
were accumulated from 44 (in 2008) up to 69 (in 2010)
GDD were accumulated. Maize emergence was noted after
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16 days in the years 2008 and 2009, but some days earlier
(after 13 days) in 2010 when more GDD were accumulated
even per this shorter period.

Very important is the flowering time of maize
because by it harvesting maturity for silage making can
be approximately predicted. Our results showed that
between sowing date and full ears, 20-41 GDD more were
needed for maize hybrids characterized by FAO 240-340
(525-571 GDD) if compared with those characterized by
FAO 180-239 (484-551) (Table 2). The average tassel
emergence date for the early ripening maize (FAO 180-
239) hybrids was 31 July in 2009, which moves the full
ears stage later (August 12). When season was warmer

JANIS BARTUSEVICS, ZINTA GAILE

(2010), the full ears flowering of medium ripening maize
(FAO 240-340) occurred already on 28" of July when 571
GDD were accumulated after planting. In practice, maize
needs to accumulate between 1000 °C to 1500 °C GDD
to mature, depending on the hybrid (Garcia, 2010). Our
results showed that in years which were characterized by
temperature close to long term average (2008-2009) it
was possible to accumulate up to 750-800 GDD if maize
harvesting could be delayed until first decade of October.
The total number of accumulated GDD from sowing until
early October slightly exceeded 900 only in 2010 (Fig. 1),
which was warmer (Table 1) if compared with long-term
average data.

Table 2
Growing degree days to reach different growth stages
Stage FAO 2008 2009 2010
GDD Date GDD Date GDD Date
Emergence 180-340 44122.05. 46122.05. 69(19.05.
First tassels 180-239 415(26.07. 448131.07. 474119.07.
240-340 402 (25.07. 483 105.08. 501122.07.
Full tassels 180-239 444130.07. 468104.08. 510(23.07.
240-340 454101.08. 514109.08. 530125.07.
First ears 180-239 434129.07. 478105.08. 478120.07.
240-340 445131.07. 511{09.08. 507123.07.
180-239 484104.08. 532(12.08. 551(26.07.
Full ears
240-340 525110.08. 568119.08. 571128.07.

Our results showed that ODM yield in 2008 and 2009
on the last harvest dates (3 October — 735 GDD, and 5
October—761 GDD, respectively) was lower than that on the
firstharvest date (3 September—862 GDD)in2010 (Table 3).
ODM yield of early ripening (FAO 180-239) maize hybrids
at the first harvest time in 2010 (3 September) on average
was 14.71 t ha'!, but that of medium ripening maize hybrids
(FAO 240 — 340) on the same harvest date was 16.97 t ha.

Average ODM content on 3 September 2010 despite the
more accumulated GDD was lower if compared with early
October in 2008 and 2009 when 127-101 GDD less were
accumulated (Table 3). It can be explained by drying down
of maize during September in 2008 and 2009; in addition,
frosts were observed before harvesting in October 2009.
Maize hybrids still looked green with high moisture level
on 3 September 2010.

Table 3

Organic dry matter content and yield of maize at different growing degree days in all years

FAO 180-239 FAO 240-340
Year GDD
ODM, % ODM, t ha’! ODM, % ODM, t ha™!
3 October 2008 735 27.84 12.95 23.87 13.84
5 October 2009 761 27.50 14.61 24.25 15.68
3 September 2010 862 25.67 14.71 23.60 16.97

If above average temperatures occur and the sum of
GDD reaches 850 or more already until early September,
better ODM yields with good quality can be obtained
using medium ripening (FAO 240-340) maize hybrids.
Also some researchers have mentioned that for biogas
production slightly later (by 30-50 FAO units) hybrids as
traditionally grown can be used (Degenhardt, 2005; cited
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by Schittenhelm, 2008). As Global Climate Change is
occurring we will possibly have challenges to grow such
hybrids with good success in Latvia during next decade
as it was widely discussed during NJF Seminar No 430
‘Climate Change and Agricultural Production in the Baltic
Sea Region’ held in Uppsala, 2010 (e.g., Svensson, 2010).
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Conclusions

From three trial years the growing season 2010 was the
warmest. It was noted that hybrid maturity rating (earliness)
did not affect the length of maize seedlings’ emergence;
it was affected by accumulated growing degree days and
for emergence maize needed 44-69 GDD. Entering in
flowering phase was affected as well by hybrid earliness:
early maturity hybrids (characterized by FAO 180-239)
entered into full flowering when 484-551 GDD depending
on a year were accumulated, but medium ripening hybrids
(characterized by FAO 240-340) — when 525-571 GDD
were accumulated. GDD can be used as a predictor of
maize developmental progress. We recommend maize for
silage harvest as late as possible in the autumn, which will
increase ODM yield per hectare. Still yield of maize was
obtained higher when season was warmer; and it was even
possible to obtain a higher yield in early September (in
2010) when the season was warmer than in early October
(2008, 2009) when the season was characterized by
temperature close to the long-term average data.

Warmth conditions of season (characterized by GDD)
affected significantly also chemical composition of maize.
Our results showed that accumulated GDD negatively
correlated with the total N, protein, fiber, cellulose, hemi-
cellulose, NDF and ADF concentration, but positively —
with the fat, total carbon and ash concentration of fresh
maize.
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Abstract

The yield and quality (1000 kernel weight, protein, nitrogen, phosphorus and potassium content) of peas was studied in cultivar
‘Madonna’. The peas (Pisum Sativum L.) were part of the five-year crop rotation experiment where red clover (Trifolium pratense L.),
winter wheat (Triticum aestivum L.), peas, potato (Solanum tuberosum L.) and barley (Hordeum vulgare L.), were following each other.
There were two production variants which followed the crop rotation. In one variant mineral fertilizers and pesticides were used, and
the other variant was conversion to organic without any synthetic agrochemicals. In mineral fertilizing variants the background in all
variants was N20, P25, and K95 kg ha’'. The previous crop was winter wheat which received in fertilized variants mineral fertilizers
with the background of P25 and K95 kg ha'!, the N amount varied from 0 to 150 kg ha™'. The aim of this paper was to study a mineral
fertilizing after-effect on the peas which followed the winter wheat. Herbicide MCPA 750 was used. In conversion to organic, the pea
grains which followed the crop rotation and mineral fertilizing N150 after-effect variants had higher yield, protein and nitrogen content
compared to the other variants where mineral fertilizing after-effect was investigated. Phosphorus contents were higher in NO, and
conversion to organic variants. Potassium content remained lower in N100, and N150 mineral fertilizing after-effect variants. The 1000

kernel weight was significantly higher in the variant of conversion to organic compared to the other variants.

Key words: 1000 kernel weight, conversion to organic, mineral fertilizing after-effect, protein, Pisum sativum L.

Introduction

Over the last few decades, consumer demand for healthier
food and government policies focused on environmentally
sustainable agricultural systems have both promoted a rapid
expansion of organic farming (Jarvan and Edesi, 2009). It
is a well known consumers’ belief that crops grown under
organic conditions are healthier and with better quality than
conventionally grown products, but an improved nutritional
profile of organic vs. conventional crops has not been
ascertained (Gennaro and Quaglia, 2003).

Field peas (Pisum sativum L.) are cultivated mainly to
use them as animal feed and human food. As a leguminous
plant peas are also good soil nutrients because their remains
are rich in protein, so they can improve soil quality even
during a longer period of time (Sanchez, 2004) making
them a valuable previous and following crop. Peas are
important link in crop rotation because of their ability to
fixate atmospheric nitrogen which makes peas vital to
organic farming (Luik et al., 2008). Leguminous plants
are less demanding to soil nitrogen reserve because they
get 70-80% of the necessary nitrogen from the air and the
rest will come from soil (Jaama and Lauk, 1999) therefore
leguminous plants require less mineral fertilization.

Winter wheat (Triticum aestivum L.) is a high nutrient-
demanding and nutrient-using crop. Its nutrient demand is
depending on yield — 60-140 kg of N ha'', 17-33 kg of Pha™!,
and 40-95 kg of K ha' (Kédrblane and Kevvai, 1999). The
previous crop of winter wheat was red clover (Trifolium
pratense L.) which enriches the soil with organics and
nitrogen. In a sowing year, red clover leaves to the soil up
to 160 kg of N ha! in to the soil (Viil and Vosa, 2005)
and has a positive effect on the formation of productivity
elements of crops not only in the first year but also in the
second year, which determines the productivity of the crop
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rotation links (Skuodiené and Nekrosiené, 2007).

L.A. McLean et al. (1974) have reported that the
protein contents of field peas are very dependent on the
N status of the soil and are efficient converters of soil N
to seed protein. Pea protein content can be increased 20-
30% (200-300 g kg") by application of nitrogen fertilizers.
The average protein content of peas is 21-26% (210-260 g
kg') (Kalev and Narits, 2004). Pea plants are assimilating
11-20% (110-200 g kg") of phosphorus and 50-60% (500-
600 g kg') of potassium from the soil which has been given
there with mineral fertilizers (Kérblane et al., 1996).

1000 kernel weight, measure of the size of a grain,
depends on the variety of genetic characteristics, on growth
conditions, and on fertilization (Koppel and Ess, 2007).

The aim of this paper was to study whether there is a
mineral fertilizing after-effect on the pea yield and quality
when the previous crop has received high amounts of
mineral nitrogen.

Materials and Methods

Field trials with the pea cultivar “‘Madonna’ (bred in
Germany) were carried out on the experimental fields of
the Department of Field Crops and Grassland Husbandry,
Estonian University of Life Sciences in 2009. There were
five treatments — second-year conversion to organic (Conv.
Organic CR), NP K, N, P, K, (N50), N, P, K - (N100),
and N, P, K, (N150). Values in brackets show the previous
crop (winter wheat) mineral fertilizers nitrogen amounts
which were applied in the same test block. The peas were
part of the five-year crop rotation experiment where red
clover, winter wheat, peas, potato (Solanum tuberosum
L.), and barley (Hordeum vulgare L.) were following each
other. Peas were sown according to the norm: 227 kg ha’’,
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80 germinate able seeds per 1 m? Peas were fertilized with
Kemira Grow How Power N:P:K — 5:14:28. The previous
crop winter wheat was fertilized with different fertilizers:
Kemira Grow How Power N:P:K —5:14:28, and ammonium
nitrate 34.4 N:P:K — 34.4:0:0. The different winter wheat
fertilized variants were: NP K, N, P K , N, 0P K.
and N . P, K .. The pea variants that had received N P K,
and mineral fertilizers including with mineral fertilizers
after-effect, where sprayed with herbicide MCPA 750
(preparation norm — 0.7 L ha’!, active ingredient 750 g L
dimethylamine salt). The experiments were laid out in four
replications. The size of each test plot was 60 m?. The soil
of the experimental field was Stagnic Luvisol by World
Reference Base (2002) classification (Deckers et al., 2002),
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the texture of which is sandy loam with a humus layer of
20-30 cm.

The soil analyses were carried out at the laboratories
of the Department of Soil Science and Agrochemistry,
Estonian University of Life Sciences. The trial soil was
slightly acidic — pH KC16.0, carbon — 13.8 g kg'!, mobile
phosphorus — 0.103 g kg' (ammonium lactate), mobile
potassium — 0.179 g kg! (ammonium lactate), calcium
—0.980 g kg, magnesium — 0.164 g kg!, and nitrogen —
1.29 g kg of soil.

The average temperatures of many years and the average
temperatures in 2009 were similar. May and July had less
precipitation compared to the average of 1966-1998, but
there was abundant rainfall in June and August (Table 1).

Table 1
Average monthly temperatures (°C) and precipitation (mm) in Estonia during the vegetation period
Temperatures, °C Precipitation, mm
Month Average of Average sum of
* *
Average of 2009 1966-1998%* Sum of 2009 1966-1998%*

May 11.5 11.6 13.4 55.0
June 13.8 15.1 137.4 66.0
July 16.9 16.7 54.6 72.0
August 15.4 15.6 89.2 79.0
May-August 14.4 14.8 294.6 272.0

* —according to the Eerika weather station
** — Jaagus, 1999

The yield was determined by weighing after harvesting
and drying the grains. Yield data and grain quality
parameters were adjusted to 14% moisture content. Yield,
1000 kernel weight, protein, N, P, and K contents were
calculated as average of 4 replications. 1000 kernels were
counted manually and then weighed. In order to get the
protein content percentage, total nitrogen content from
grains was determined by using the Kjeldahl method, and
then for getting the protein content percentage, the number
of nitrogen content was multiplied with the coefficient
6.25. Acid digestion by sulfuric acid solution (Methods
of Soil and Plant Analysis, 1986) was used to determine
phosphorus and potassium content in plant material.
After the digestion the content of total phosphorus was
determined colorimetrically. Total potassium content was
determined by flame photometer.

Experimental data were processed by Statistica 7.0
software (Anova, Fisher LSD test) (Statsoft, 2005).
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Results and Discussion

Study results in 2009 showed that there were no
statistical differences between the variants, but there
was observed an upward trend in the yields (Fig. 1). The
average yields of pea cultivar ‘Madonna’ in 2009 were
2.75-3.72 t ha'l. In variant Conv. Organic CR there were
more root nodules that were initiated by Rhizobia bacteria
which fixate the soil air nitrogen in a form that the plant can
absorb and use nutrients more effectively and therefore the
yields are higher. It has been studied that the use of mineral
nitrogen significantly reduces the root nodulation of grain
legumes (Abdel Wahab et al., 1996). If there is not enough
root nodules to help the plant to supply the soil with air
nitrogen then the plant gets its nutrients directly from the
soil and from mineral fertilizers without the help of root
nodules. Therefore the yield was also higher in the variant
which followed the N150 after-effect.
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Figure 1. Average yield of pea cultivar ‘Madonna’ in 2009, t ha'!. Means followed by a different letter in the same
row are significantly different (p<<0.05). Values in brackets show the previous (crop winter) wheat mineral fertilizers
nitrogen amounts which were applied in the same test block.

The fertilization decreased substantially the 1000
kernel weight of pea grains (Fig. 2). The 1000 kernel
weight was highest in variant Conv. Organic CR —283.8 g.
The fertilized variants had almost a 50-g-lower 1000 kernel
weight. We observed visually that there were fewer pods
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in the Conv. Organic variant than in other variants, and
therefore the grains were able to grow larger and weigh
more. This also explains why the yield was one of the
highest in Conv. Organic CR variant.

200 283.8a

280
260 1
240 ¢
220 ¢
200
180

229.0b

T
7

/

1000 kernel weight, g

Y-

F 4,15~ 7889, p <0.05
220.6b
221.1b 231 3b

T 74

160
Conv. Organic CR
NOPOKO

N20P25K95 (N50)

N20P25K95 (N150)
N20P25K95 (N100)

Variant

Figure 2. Average 1000 kernel weight of pea cultivar ‘Madonna’ in 2009, g. Means followed by a different letter in
the same row are significantly different (p<0.05). Values in brackets show the previous crop (wheat mineral) fertilizers
nitrogen amounts which were applied in the same test block.

Grain nitrogen (Table 2) and protein (Fig. 3) content
can be viewed together. The higher the nitrogen content
in grains the higher the protein content in grains. This can
be explained by the same reasons as in the yield part, and,
moreover the protein content as well as nitrogen content
in grains are particularly sensitive to environmental stress
— rainfall, light intensity, length of growing season, length
of day, and temperature, as well as agronomic factors such
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as plant density, weeds, and soil fertility (McLean et al.,
1974; Holl and Vose, 1980). The protein and nitrogen
contents were lowest in N50 after-effect variant (nitrogen
content — 24.75 g kg!, and protein content — 154.7 g kg™).
In other variants, average nitrogen contents in grains were
between 27.0-29.0 g kg, and protein contents between
170.0-180.0 g kg
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Figure 3. Average protein content in pea cultivar ‘Madonna’ in 2009, g kg™'. Means followed by a different letter

in the same row are significantly different (p<0.05). Values in brackets show the previous (crop winter) wheat mineral

fertilizers nitrogen amounts which were applied in the same test block.

The average phosphorus and potassium contents were

lower in variants that received mineral fertilizers (Table 2).

The previous crop was winter wheat which needs a lot
of nutrients. The higher the yield the more nutrients are

required. Previous crop winter wheat uses a lot of potassium
and phosphorus in order to grow high yields (Kérblane and
Kevvai, 1999).

Table 2

Average nitrogen, phosphorus and potassium content in grains of peas cultivar ‘Madonna’, g kg, in 2009

Variant Nitrogen content, g kg’! Phosphorus content, g kg™ Potassium content, g kg
Conv. Organic CR 28.52a 4.87a 10.24a
NP K, 27.92ab 4.72b 10.41a
N, P, K, (N50) 24.75¢ 3.98¢ 10.33a
N,,P,.K/ (N100) 27.14b 3.55d 10.07ab
N,,P,.K, (N150) 28.83a 34le 9.75b

Explanation: Values in brackets show the previous (crop winter) wheat mineral fertilizers nitrogen amounts which were
applied in the same test block.
Means followed by a different letter in the same column are significantly different (p<0.05)

Other researches have shown that the average

phosphorus content grain can reach 6.3 g kg!, and
potassium content 8.3 g kg'' (Wang and Daun, 2004). In our
experiment, the phosphorus content in grain was slightly
lower ranging between 3.41 g kg' (N150 after-effect) and
4.87 g kg! (Conv. Organic CR), but potassium content was
slightly higher ranging between 9.75 g kg' (N150 after-
effect) and 10.41 g kg (NP K)).

Conclusions

1.

The average yields of pea cultivar ‘Madonna’ in 2009
were 2.75-3.72 t ha''. In conversion to organic, the pea
grains which followed the crop rotation and mineral
fertilizing N150 after-effect variants had higher yield
compared with the other variants. The yield was the
lowest in mineral fertilizing variant N100 after-effect
(2.75 t ha'). There were no statistical differences
between the variants.
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2. The 1000 kernel weight was statistically higher in

variant Conv. Organic CR — 283.8 g. The fertilized
variants had almost a 50-g-lower 1000 kernel weight.

3. The protein and nitrogen contents were the lowest

in the N50 after-effect variant (nitrogen content —
24.75 gkg!, and protein content— 154.7 gkg™'). In other
variants, average nitrogen content in pea grains was
between 27-29 g kg, and protein content — between
170-180 g kg'. There were statistical differences in
nitrogen as well as in protein content in grains between
the variants.

4. The phosphorus content in pea grains was ranging

between 3.41 g kg!' (N150 after-effect) and 4.87 g kg!
(Conv. Organic CR), and potassium content between
9.75 g kg' (N150 after-effect) and 10.41 g kg
(N,PK,). Phosphorus and potassium content in grains
had statistical differences between the variants.
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Abstract

Renewable energy resources play an important role in energy production both in Latvia and in the world. Bio-ethanol is used as a
substitute for oil products in various countries of the world. It is produced from the plants containing starch: cereals, potatoes, beet, maize.
The task of the research was to evaluate the suitability of different varieties of winter wheat, triticale and rye for extraction of bio-ethanol in
Latvia. The research was carried out at the State Stende Cereals Breeding Institute in 2009, and the following varieties and lines of cereals
were examined: winter wheat varieties ‘Mulan’, ‘Skalmeje’, and the line ‘99-115’, developed at the State Stende Cereals Breeding Institute;
winter triticale varieties ‘SW Valentino’, ‘Dinaro’, and the line ‘0002-26, developed at the State Priekuli Plant Breeding Institute; winter
rye varieties ‘Matador’, ‘Placido’ F|, and ‘Dankowskie Nowe’. The content of crude protein and starch of grains, the grain yield, and the
bio-ethanol yield were determined. The highest bio-ethanol yield was acquired from the winter wheat and triticale varieties that had the
highest starch content and the lowest crude protein content of grains. The best results were obtained from winter wheat line ‘99-115” and

variety ‘Mulan’ (409.4 and 406.8 L t), triticale variety ‘Dinaro’ (423.3 L t'), and winter rye variety ‘Matador’ (370.1 L t'.)
Key words: winter wheat, winter triticale, winter rye, crude protein, starch.

Introduction

The renewable energy resources have the priority in the
future energy production. The tendency in the world is to
promote the use of biofuels that significantly reduce the
greenhouse gas emission. By ratifying the Kyoto Protocol
and introducing the Action plan for energy efficiency, the
European Union (EU) made the commitment to achieve the
long-term goals, including the goal to reduce the general
level of EU greenhouse gas emission and increase the share
of renewable energy in the entire energy consumption of
the EU till 2020 (Directive..., 2009). Latvia, similarly to
the majority of countries in the world, has also committed
itself to implement international obligations related to the
prevention of the global climate change.

The use of bio-ethanol for renewable energy resources
is one of the solutions for saving the environment and
reducing the global warming. It also reduces the necessity
to import oil products and provides diversification of fuels
as well as ensures the security of supply.

Bio-ethanol is increasingly used as a substitute for oil
products in various countries of the world. According to
the data for the year 2009, the total amount of bio-ethanol
produced in the world was 74 billion litres. The biggest
producers of bio-ethanol were the United States of America
and Brazil. The EU is mentioned as the third biggest
producer of bio-ethanol. In 2009 it produced 3.7 billion
litres of bio-ethanol. Among the EU countries, France and
Germany are the ones that produce the greatest amount
of bio-ethanol. Latvia produced 15 millions litres of bio-
ethanol in 2009 (Production of..., 2009).

Bio-ethanol is extracted from plants that contain starch,
for example, cereals, potatoes (Solanum tuberosum L.),
beet (Beta vulgaris saccharifera L.), maize (Zea mays
L.). In Latvia, bio-ethanol is produced from cereals. The
research data from other countries shows that cereals are
suitable for production of bio-ethanol (Clarke et al., 2008;
Wang et al., 1997, 1998; Miillerovs and Mikulins, 2008).

The aim of the research was a suitability of several
varieties of winter wheat (Triticum aestivum L.), triticale
(Triticosecale Wittm), and rye (Secale cereale L.) for
extraction of bio-ethanol in Latvia.

Materials and Methods

The research was carried out at the State Stende Cereals
Breeding Institute in the vegetation period of 2009/2010.
Soil at the trial site was sod-podzolic loam with the
following characteristics: pH KCL 5.6 — 6.0, content of
organic substance 22 — 26 g kg', content of plant-available
P-100 mg kg', K- 150 mg kg

Field experiments were carried out in the breeding crop
rotation fields, placed randomly in 4 replications with the
plot area of 12 m?.

The following varieties and lines were examined during
the research: wheat varieties ‘Mulan’ and ‘Skalmeje’,
and the line ‘99-115°, developed at the State Stende
Cereals Breeding Institute; winter triticale varieties ‘SW
Valentino’, ‘Dinaro’, and line ‘0002-26’, developed at the
State Priekuli Plant Breeding Institute; winter rye varieties
‘Matador’, ‘Placido’ F,, and ‘Dankowskie Nowe’.

The previous crop in the experiment field was white
mustard used for green manure.

Soil tillage. The pre-crop — mustard — was worked into
the soil, using the KUHN plough VARIMASTER.

The sowing rate for population rye (‘Matador’,
‘Dankowskie Nowe’) and triticale was 400 germinating
seeds per 1 m? for hybrid rye (‘Placido’ F)) — 200
germinating seeds per 1 m?, and for winter wheat — 450
germinating seeds per 1 m? The sowing was carried out
on 18 September of 2009. Complex fertiliser N4-P20-K20
in the amount of 300 kg ha™' was used as a basic fertiliser.
In the spring of 2010 ammonium nitrate (N 34%) was used
as top-fertiliser in the following amounts:
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at the renewal of vegetation:
o for winter wheat — 90 kg N ha'';
o for triticale and rye — 60 kg N ha';
at the growing stages 31 — 32 for all examined winter
cereals — 60 kg N ha.

The winter cereals were harvested on 8 August using
the harvester WINTERSTEIGER DELTA, which also
determined the weight of grains (kg), and moisture (%).
After drying the samples, they were cleaned with MINI
PETKUS MP100. The yield of winter cereals (t ha') was
recalculated at 14% of moisture and 100% purity.

The analyses of grain quality were carried out in the
Laboratory of Grain Technology and Agro-chemistry of
the State Stende Cereals Breeding Institute. The content
of crude protein and starch was determined by using
INFRATEC ANALYZER 1241.

The ethanol was extracted at the Institute of
Microbiology and Biotechnology of the University of
Latvia. A modified method was used for the extraction
of ethanol. The method is based on the fermentation of
the grain sample with alcohol yeasts (Saccharomyces
cerevisiae) (Vigants et al., 2008).

The formulas (1)-(3) recommended by the Institute
of Microbiology and Biotechnology of the University
of Latvia were used in order to calculate the theoretical
ethanol outcome (L t') and yield (L ha™).

Theoretical outcome of ethanol from starch:

Et:Cxl.]lx2x46
180.16 (1,

where: Et — theoretica 1 outcome of ethanol, g g';
1.11 — factor for starch recalculation into glucose;
2 — stechiometrical factor for the summary reaction
equation of glucose conversion into ethanol;
46 — molar mass of ethanol;
180.16 — molar mass of glucose;
C —starch, g g
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Outcome of ethanol, L t':

Et
0,789 1000 @),

E=
where: E — outcome of ethanol, L t;

E,— acquired outcome of ethanol, g g';

0.789 — ethanol density, g ml.

Ethanol yield, L ha™:

E=ExR (€)2

where: E_— ethanol yield, L ha';
E — outcome of ethanol, L t!;
R — grain harvest, t ha'.

The meteorological data obtained at the Stende station
of hydrometeorology were compiled for the period of
the vegetation and hibernation period. The weather
conditions during the season of 2009/2010 were suitable
for germination and tillering of winter cereals. The thick
cover of snow at the beginning of the winter was beneficial
for wintering. Rather dry and hot weather was registered
during summer. It reduced the potential yield of winter
cereals because grain was dried before full maturation.
During the harvest the amount of precipitation increased,
hampering the harvesting of grain and leaving an impact
on their quality.

The statistical evaluation of data was carried out by
using methods of dispersion, correlation and regression
analysis, as well as descriptive statistics.

Results and Discussion

Grain yield

The grain yield in trials in 2009/2010 was comparatively
good. It ranged from 8.46 to 8.90 t ha' (Table 1). The
average grain harvest of the examined species of winter
cereals did not have significant differences (p>0.05).

Table 1

Average grain yield and quality, and bio-ethanol outcome of winter cereals

Species Crude protein, Starch, Yield, Bio-ethanol Bio-ethanol
g kg! g kg! t ha' outcome, yield,
Lt! L ha'
Winter wheat 126.6 676.8 8.46 400.1 3386
Winter triticale 117.1 647.7 8.74 411.9 3607
Winter rye 104.8 614.9 8.90 367.3 3270
LDS, 3.53 11.94 0.71 10.07 369.18

Evaluating the results of different varieties of the same
species, the average yield of the examined wheat varieties
and lines was 8.46 t ha'' (Table 1). Better grain yield was
obtained from the line 99-115° — 9.00 t ha'. Yield of
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varieties ‘Skalmeje’ and ‘Mulan’ was 0.81 and 0.80 t ha!
lower (8.18 and 8.19 t ha'!, respectively) in comparison to
the yield of the line ‘99-115 (Table 2). The average yield of
the examined triticale varieties and lines was 8.74 t ha!. A
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significantly (p<0.05) better grain yield was obtained from
triticale variety ‘Dinaro’ — 9.65 t ha!. The variety ‘Dinaro’
also had a good yield during the research in previous years
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(Jansone et al., 2010). The yield of triticale variety ‘SW
Valentino’ and the line ‘0002-26” was 0.93 and 1.79 t ha’!
lower (8.72 and 7.86 t ha'' respectively).

Table 2

Grain yield and quality of varieties and lines of winter cereals

Yield, Crude protein, Starch, Bio-ethanol | Bio-ethanol
Varieties and lines t ha'! g kg g kg outcome, yield,
Lt! L ha'!
Wheat
Skalmeje 8.18 123.7 675.8 384.0 3141
Mulan 8.19 128.7 676.8 406.8 3332
L. 99-115 9.00 127.5 678.0 409.4 3684
LDS, 1.16 9.56 38.89 - -
Triticale
Dinaro 9.65 111.1 666.5 4233 4085
SW Valentino 8.72 115.8 642.8 408.7 3564
L. 0002-26 7.86 124.5 634.0 403.7 3173
LDS, 0.78 4.48 10.26 - -
Rye
Placido 9.69 102.8 610.5 365.0 3537
Matador 8.48 101.8 617.0 370.1 3138
Dankowskie Nowe 8.54 110.0 6173 366.9 3133
LDS, 0.49 1.98 3.07 - -

The hybrid rye variety ‘Placido’ F1 had significantly
(p<0.05) higher level of yield in comparison to population
rye varieties ‘Matador’ (-1.21 t ha') and ‘Dankowskie
Nowe’ (-1.15 t ha').

Yield quality

According to the data of other researchers (Reaker
et al., 1998; Clarke et al., 2008), a higher starch and
lower crude protein content of grain has impact on the
bio-ethanol outcome. In our research, the crude protein
and starch content in the grain of the varieties and lines
of winter cereals also was evaluated. Among the species
the rye had the lowest average crude protein content —
104.8 g kg! (Table 1). The winter wheat had the highest
average crude protein content (126.6 g kg'). Although
the wheat grain contained the highest amount of crude
protein, they also had the highest starch content of all the
species — 676.8 g kg'!. During the evaluation of the rye it
was possible to find the same correlation in reverse: the
grain that had the lowest crude protein content also had the
lowest starch content — 614.9 g kg'. The quality parameters
for triticale were in the middle between the wheat and rye
quality parametrs. The starch content is dependent on the
weather and cultivation conditions (Kucerov, 2007).

Evaluating the species separately, no substantial
differences in the crude protein and starch content of grain
were discovered among the examined varieties and lines of
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winter wheat. The crude protein content ranged from 123.7
to 128.7 g kg, and the starch content ranged from 675.8
to 678.0 g kg'. Evaluation of the wheat varieties by taking
into account the crude protein content of the grain showed
they are suitable for baking high-quality bread.

Evaluating triticale varieties and lines it was found that
the crude protein and starch content of the grain depended
greatly on the chosen variety. The variety ‘Dinaro’ that
also had the highest starch content in the research of
previous years (Jansone et al., 2010), had the highest starch
content (666.5 g kg') and the lowest crude protein content
(111.1 g kg"). The variety ‘SW Valentino’ and the line
‘0002-26" were found to have significantly (p<0.05)
lower starch content and substantially (p<0.05) higher
crude protein content than ‘Dinaro’. L. Krejc¢irova and
I. Capouchova (2008) who have carried out research in the
Czech Republic on the suitability of triticale for bio-ethanol
production have acquired data on starch content of different
triticale varieties. The starch content differed depending
on the variety, the place, and the year of cultivation. The
Czech research showed that the starch content of one
variety ranged from 673.3 to 693.9 g kg™'.

As regards the rye, the varieties ‘Matador’ and
‘Dankowskie Nowa’ were found to have significantly
(p<0.05) higher starch content — 617.0 and 617.3 g kg
respectively. The starch content of the hybrid variety
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‘Placido’ F, was slightly lower — 610.5 g kg™'. The varieties
‘Matador’ and ‘Placido’ F, had the lowest crude protein
content— 101.8 and 102.8 g kg™' respectively. It was slightly
higher for the variety ‘Dankowskie Nowa’— 110.0 g kg

Ethanol outcome (L t') and ethanol yield (L ha)

Grain ensures high ethanol outcome. Comparing
the species, the trials showed that the highest ethanol
outcome (L t') was obtained from triticale — 411.9 L t'.
Triticale can provide the ethanol yield in the amount of
3607 L ha! with the yield level of 8.74 t ha!, which is the
highest result among all the examined species of winter
cereals (Table 1). S. Wang et al. (1997) have stated that the
bio-ethanol outcome from triticale grain is 362-367 L t'. F.
Sosulski and K. Sosulski (1994) mention that the outcome
of commercial bio-ethanol from wheat ranges from 324 to
364 L t'. It was found that the ethanol outcome of winter
wheat (400.1 L t") is 11.8 L t! lower than that of triticale,
and with the yield level of 8.46 t ha'' it is possible to obtain
ethanol yield at the amount of 3386 L ha' .

The use of rye in production of bio-ethanol is
economically rentable and a good alternative for production
of biofuels. According to the data of different researches,
the bio-ethanol outcome from rye can be at the amount of
362-409 Lt' (Wang et al., 1997, 1998). During our research
the ethanol outcome acquired from rye was 367.3 L t'.
If the grain yield is 8.91 t ha!, rye can provide the ethanol
yield at the amount of 3270 L ha!. According to the data of
D’ Appolonia (/I’ Annononwua, 1978), the rye grain contains
more starch granules of the size 30-40 and 20-30 um. The
size of starch granules influences the technology of grain
processing for extraction of ethanol. The research has
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shown that the starch granules of the size >10 um (type A)
contain slightly higher amounts of amylose. In order to split
amylose in ethanol production technology it is necessary to
use more energy (Smith et al., 2006). This explains why rye
varieties have lower ethanol outcome.

In order to produce bio-ethanol, it is customary to use
wheat varieties suitable for fodder and technical purposes
and have high starch content. The results of researches from
other countries indicate that the highest ethanol outcome
can be acquired from the soft wheat (Triticum aestivum L.)
varieties (Smith et al., 2006; Sosulski and Sosulski, 1994).
Out of all the examined varieties and lines the highest
ethanol outcome was obtained from the new wheat line
‘99-115’ and the variety ‘Mulan’ (409.4 and 406.8 L t!
respectively). The line ‘99-115" provided the highest
ethanol yield — 3684 L ha'!, due to highest grain yield.

According to the data of the research carried out by
J. Kucerov (2007), the ethanol yield of triticale can be
affected by several factors: firstly, the choice of variety,
because different varieties have different ethanol outcome,
and secondly, the choice of geographical location and agro-
ecological differences depending on the year. According to
the results of our research it can be noted that the highest
ethanol outcome and yield was obtained from triticale
variety ‘Dinaro’ (423.3 L t! and 4085 L ha'' respectively),
which was logical, since this variety had the highest starch
content and the best yield.

The highest ethanol outcome among the rye varieties
was obtained from the variety ‘Matador’— 370.1 L t'. The
highest ethanol yield was obtained from the rye variety
‘Placido’ F| — 3537 L ha'!, because it had the highest grain
yield (9.69 t ha'').
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Evaluating the theoretically calculated and practically
obtained ethanol outcome, the practically obtained outcome
from all the examined varieties of winter cereals was 11-
20% lower than the calculated outcome (Fig. 1). It can be
explained by losses in the process of ethanol production
(Dale and Tyner, 20006).

The most important qualitative characteristics that have
to be taken into account while evaluating the suitability
of species for bio-ethanol production, is the correlation

y=-1.8931x+921.83
R?=0.9138

.Y

e
g

Starch, ¢

|1 I 4l | =i

Crudeprotein, g kg!

a
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between starch and crude protein. In order to determine the
strength of correlation between starch and crude protein
for each species, the analysis of data linear regression was
carried out. Correlation between starch and crude protein
content in triticale grains is described by a regression
equation y =-2.066x + 889.6. The determination coefficient
R?=0.744 shows that in 74% of cases the changes in starch
content can be explained by the changes in crude protein
content (Fig. 2).

4 y=2.0662x+889.67
R2=0.7448

(43 EL

[ENL] | Il i] [Tk
Crudeprotein, g kg!

b

Figure 2. Correlations between crude protein and starch content in wheat (a) and triticale (b) grains.

Correlation between crude protein and starch content
in wheat grain is described by a regression equation
y = -1.893x + 921.8, R*=0.913 (Fig. 2), but a significant
correlation between these indices was not observed for rye
(p>0.05) in this research period.

Correlation analysis was carried out comparing
quality indicators of the winter cereals’ yield and ethanol
outcome. A positive correlation was determined between
grain yield and ethanol yield (r = 0.795 > r, .= 0.468),
between ethanol outcome and starch content (r = 0.7122
>1,,,= 0.468), and between ethanol outcome and ethanol
yield (r = 0.633 > r, . = 0.468), as well as a negative
correlation between grain yield and crude protein content
of grain (r = -0.550 > r, = 0.468) was found for all the
species of winter cereals. Evaluating the correlations it was
confirmed that in order to obtain high ethanol outcome it
is necessary to use the varieties of winter cereals with high
starch content. A good grain yield is also necessary for
obtaining a high ethanol yield. The analysis of correlations
within the species shows that rye displayed deviations from
the general tendency. The analysis of correlations for rye
showed that there is a close correlation only between grain
and ethanol yield (r=-0.832>r, = 0.811). No correlations
between ethanol outcome and other indicators were found
for rye. Such finding suggests paying attention to further
investigations on the size of starch granules.
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Conclusions

1. The average amount of grain yield of the examined
winter cereal species did not differ significantly: it
ranged from 8.46 to 8.91 t ha'!. Evaluating the examined
varieties and lines of each species, the best yield for
wheat was obtained from the line ‘99-115°(9.00 t ha'),
for triticale — the variety ‘Dinaro’ showed a significantly
(p<0.05) better grain yield (9.65 t ha''), and for rye the
best grain yield was obtained from the hybrid variety
‘Placido’ F, (9.69 t ha™).

2. In order to extract bio-ethanol it is important to use
species and varieties of winter cereals with low crude
protein content and high starch content. The results
of the research showed that winter triticale practically
provided the highest ethanol outcome (411.9 L t') and
ethanol yield (3607 L ha'). The average starch content
of winter triticale was lower than that of winter wheat,
while the grain yield was lower than the average yield
of rye.

3. Of all the examined varieties and lines of winter wheat
the highest bio-ethanol outcome was obtained from
the new line ‘99-115" (409.4 L t') and the variety
‘Mulan’ (406.8 L t'). The line ‘99-115" provided the
highest ethanol yield (3684 L ha'), because this line
had the best grain yield. As regards winter triticale,
the highest ethanol outcome and yield was acquired
from the variety ‘Dinaro’ (423.3 L t! and 4085 L ha!
respectively), because this variety was observed to have
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the highest starch content and the best grain yield. The
highest ethanol outcome from winter rye was obtained
from the variety ‘Matador’ (370.1 L t'), and the highest
ethanol yield — from the hybrid rye variety ‘Placido’ F,
(3537 L ha''), which provided the best grain yield.
Having evaluated the correlations between the grain
quality indices, yield and ethanol outcome, it was
found that the highest ethanol yield for winter wheat
and winter triticale can be acquired from the varieties
that provide the highest grain yield, high starch content
and low crude protein content of the grain. As regards
rye, the research has to be continued.
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THE EVALUATION OF OIL-FLAX (LINUM USITATISSIMUM L.) QUALITY PARAMETERS FOR
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Abstract

Oil-flax has a wide range of utilization possibilities, inclusive of bioenergy production. In our research evaluated out two oil-flax

varieties ‘Scorpion’ and ‘Flanders’ after the calorific value, oil, lignin, and ash content; and also the chemical composition in 2008

-2010. The results show that oil-flax shoves have a high calorific value and high lignin content but a low temperature for ash fusion. It

was established that the growth year and some unexplored factors have influence on the ash content. The oil content in the seeds was

336-458 g kg, depending on the chosen variety. The flax shoves can be used as a supplement for biofuel combustion, as they have a

low fusion temperature, a high calorific value, but a comparatively low yield makes oil-flax unprofitable to grow for biofuel production.

Key words: Linum usitatissimum L., shove, lignin, ash, oil, calorific value.

Introduction

Classification of energy crops — dedicated energy
crops - can be divided into three subgroups based on the
utilization of the plant materials in the conversion process
to bioenergy/biofuel: 1) sources of sugar and starches (non-
structural carbohydrates); 2) ligno-cellulosic feedstock; and
3) sources of vegetable oils (Biomass...., n.y.). Oil-flax is an
annual plant that requires more warmth but less moisture
in comparison to fibre flax. From the oil-flax it is possible
to obtain: technical fibre, shoves, oil cake, and straw. All
parts of oil-flax can be used (Ivanovs and Stramkale, 2001;
Stramkale et al., 2008; I'py3aesene et al., 2009).

The flax shoves are considered as waste products,
which are left behind after the cellulose fibre is separated
from the flax stems. The shove yield is 2.5 tonnes to one
tonne of fibre produced (Cox et al., 1999).

In the world, oil-flax has been studied as one of the

energetic plants, and it has been found that other crops are
the most promising (Biomass...., n.y.). Studies in Latvia
have not been conducted on the possibilities of using
linseed biofuel production, although there are studies on
oil content and oil composition.

The aim of the research is to evaluate the utilization of
oil-flax for bioenergy production.

Materials and Methods

Annual crop — oil-flax (Linum usitatissimum L.) from
Linacea family — was tested in the Latvia and under the
conditions described in Table 1. The trial was carried out in
Agricultural Science Centre of Latgale in 2008-2010. The
nitrogen supplementary fertilizer and agrochemicals were
given to the oil-flax in the fir-tree phase (Growth Stages
(GS) 4), and insecticide — at GS 1 and GS 4.

Table 1
Oil-flax trial methods
Trial year

Parameters 2008 | 2009 | 2010
Soil type Humi-podzolic gley soil
Soil composition  pH 7.3 7.0

oM, % 3.8 (Tyrin’s method) 6.5 (Tyrin’s method)

P, mg kg! 36 (DL method) 63 (DL method)

K, mg kg'! 54 (DL method) 98 (DL method)
Pre-crops Spring rape Winter wheat
Complex fertilizers N:P:K, kgha' [6:11.3:24.9, total 300 (N=29.03; P=54.9; K=120.5)
Sowing time 9" May [4" May [ 6" May
Sowing rate kg ha™! 70
Varieties ‘Scorpion’ [ ‘Scorpion’, ‘Flanders’
N fertilizer rate kg ha’! NO, N60, N80, N100
Harvesting time 23 September |21 September [10™ August
Trial plots m? 7.5
Replication 4
Agro-chemicals Insecticide Fastaks 50 e.c. (alfa- cipermetrin, 50 g L'!) 0.3 L ha’!

Herbicide Glins 75 d.g. (hlorsulfuron, 750 g kg™!) 10 g ha'

Lontrels 300 s.c. (clopiralid, 300 g L") 0.3 L ha'! 15\/(1)ngle1)11)1<:5 SLOgaS_iC‘ (MCPA,

35



THE EVALUATION OF OIL-FLAX (LINUM USITATISSIMUM L.)
QUALITY PARAMETERS FOR BIOFUEL PRODUCTION

The flax samples were harvested by hand in the growth
stage of the early yellow ripeness. The plants were tied up
in bundles and left in the field for 5-8 days. When flax was
dry, it was crushed with the machine Eddi, and after that the
pods were cleaned through a sieve. The seeds were cleaned
with a sample cleaner MLN, weighed (accuracy + 0.001 g)
and the seed yield was established taking 100% purity and
9% moisture content.

The sample of 10 g of stems was weighed (accuracy +
0.0001 g) then scutched with the tool JIM-3, broken and
shaken until the shoves were withdrawn and weighed again.
The result was calculated by the formulae (Freimanis et al.,
1980). Five percent may be dust etc., these substances were
eliminated from the shove content (formulae 2).

C =100+ (1)

where C — fibre content, %; S — strow mass, g;
L — fibre mass, g.

K=95-C ©)

where K — shove content, %; C — fibre content, %.
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The meteorological conditions for the growth period
of oil-flax are shown in Figure 1. The weather conditions
during the trial years were different. In 2008, in Latvia the
air temperature in the 3™ ten-day period of May was close
to the long-term average, but there was no rain. Also in
June and July there was no precipitation. In July the average
daily temperature corresponded to the long-term average,
and the amount of precipitation was abundant. The amount
of precipitation in the 1% and 3™ ten-day period of July
was only 40% of the long-term average, but in the second
ten-day period it was 173% of the long-term average. In
the first ten-day period of August, the daily temperature
was 15.8 °C, close to the long-term average, but the
rainfall was 86% of the long-term average. The weather
conditions during trial years were different. In May 2009,
the temperature was the same as the long-term average, but
the amount of precipitation was only 32% of the long-term
average. There was rain in June and July. The amount of
precipitation in August was only 22%, and in September
— 52% of the long-term average. In July and August
2010, the amount of precipitation was only 30% of the
long-term average, but temperature was about 3.8-4.8 °C
higher than the long-term average.

120

100

June

July August September

Figure 1. Average air temperature and sum of precipitation:

T Long-term average, mm Precipitation in 2008, mm HEEE Precipitation in 2009, mm
Precipitation in 2010, mm —#— Long-termaverage, °C ~ —®— Temperature in 2008, °C
—&— Temperature in 2009, °C —&— Temperature in 2010, °C

The following parameters were tested: 1) moisture
content in shoves, according to standard ISO 589-81; 2) ash
content for dry material, according to standard ISO 1171-
81; 3) gross calorific value (Q,, ,) with V (volume)=constant
for dried fuel at 105 °C, according to standard LVS CEN/
TS 14918; 4) net calorific (Q, ) value with V=constant,
according to standard LVS CEN/TS 14918; 5) ash behaviour
when melting in an oxidising atmosphere, according to
standard ISO 540; 6) potassium (K), calcium (Ca), sodium
(Na) and silicon (Si) concentrations in mineralized samples
in shoves were determined with the inductively coupled
plasma optical emission spectrometer Perkin Elmer Optima
2100 DV with concentrated nitric acid; 7) oil content in
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the seed samples was determined by the grain analyser
Infratec 1241"™, which has a specially adapted system,
built-in for the analysis of oil content for flax and hemp;
8) determination of lignin of shoves was performed using
Clason’s method published by G. Zakis. Clason-lignin is
cleaned with 72% sulfuric acid (Zakis, 2008).

The MS Excel programme was used for data statistical
processing. The ANOVA method and correlation and
regression analysis were used. The test of statistically
significant differences (LSD 0.05) with the Fisher criterion
(F-test) and factor density influence was used for the
analysis of mean differences.
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Results and Discussion

Previous research in  Latvia  shows  that
agrometeorological conditions for the 2008 and 2009
growth period did not influence the oil content for the
variety ‘Scorpion’ (Poisa et al., 2010). The air temperature
in the 2010 growth period was higher than the long-term
average (Fig. 1) the result of which was that the oil content
was only 84% of the previous year result (Table 2). The
variety’s or genotype’s, as a factor, influence was essential
(p<0.05) for the oil content in the flax seeds. The average

LIENA POISA, ALEKSANDRS ADAMOVICS

oil content in the seeds was 415 g kg!, which corresponds
to the data in the literature on the subject (Ivanovs and
Stramkale, 2001; Vabsauuk and Jlykamuk, 2008). For the
variety ‘Scorpion’ the oil content was within the range of
33.6-43.8%, and for the variety ‘Flanders’ the range was
449-458 g kg!'. The standard error for the oil content of
variety ‘Scorpion’ was greater than for ‘Flanders’, which
means that the oil content in the seeds of variety ‘Scorpion’
has a greater variation than that in variety ‘Flanders’.

Table 2
Oil content in oil-flax seed DM, g kg™
Variety Year N fertilizer rate, kg ha’!
NO N60 N80 N100
Average =+ standard error 438+7.1 416+7.2 397+10.5 383+8.3
2008 min 427 413 361 351
max 454 434 432 416
Average =+ standard error 425+8.8 416+8.4 408+7.4 398+10.1
Scorpion 2009 min 395 391 384 352
max 448 447 425 439
Average =+ standard error 358+9.8 351£9.5 342+4.9 336+7.8
2010 min 339 332 334 325
max 379 366 350 347
Average =+ standard error 449+6.5 453+7.2 456+6.6 458+7.9
2009 min 435 447 451 449
max 457 465 463 474
Flanders
Average =+ standard error 453+1.2 453+1.7 452+1.4 451+1.9
2010 min 451 450 450 448
max 455 455 455 455

For the variety ‘Scorpion’, the seed yield increased
from 0.09 to 0.59 t ha! when N fertilizer was used, and the
flax straw yield increased from 0.24 to 0.71 t ha™'in 2008
(Fig. 2). As the air temperature was higher in 2010 and there
was a precipitation deficit in the second half of the summer

(Fig. 1), the flax ripened earlier, which in its turn reduced
the yield. Extracted oil varied from 0.36 to 0.88 t ha’,
which is comparatively low, as other oil plants have a
higher oil yield. Therefore it is better not to use oil-flax as a
biofuel, as it can be better utilized elsewhere.

Scorpion

Flanders

Figure 2. Oil-flax yield depending on the oil-flax variety, growing year, and N fertilizer rate, where
O Seed yield, O Oil yield, B DM yield, B Shove yield.
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Ash represents the mineral content of biomass that
depends on the soil and environmental conditions. In
general, the ash content of crop materials biomass is
significantly higher than that of wood (Volynets and
Dahman, 2011).

The ash content in the flax shoves is from 15 g kg

LIENA POISA, ALEKSANDRS ADAMOVICS

(Ross and Mazza, 2010; Tamaki and Mazza, 2010). Our
research shows that ash content in the shoves varied from
12.7 g kg' to 36.0 g kg! (Fig. 3). Which was significantly
influenced (p<0.05) by the growth year (n=82%), and by
the interaction between the growth year, the variety, and the
small N fertilizer rate (n=1.5%).
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Figure 3. Ash content depending on the oil-flax variety, growing year, and N fertilizer rates.

Biomass ashes have a relatively low fusion temperature
the deformation temperature (Dt) is normally in the
range from 750 to 1000 °C, in comparison with coal
which Dt exceeds 1000 °C; because the ash chemical and
mineralogical composition for the coal and biomass is very
different (Baxter and Koppejan, 2005). In our research for
the oil-flax shoves the deformation temperature was 670 °C,
which was not influenced by the growth year, the N
supplementary fertilizer, or the chosen variety. The ash
sphere temperature formation start was at 780-990 °C. The
flax shove ash fusion temperature was much lower than for
coal (1400 °C) (Magasiner et al., 2002).

In 2010, the gross calorific value - for the oil-flax
shoves was from 18.2 to 19.4 MJ kg™, and the net calorific
value from 15.45 to 16.08 MJ kg''. Nevertheless, the large

amount of alkaline metals in the biomass, which causes
corrosion deposit in the boilers, makes this type of biomass
unsuitable for combustion (Wright et al., 2000; Volynets
and Dahman, 2011).

A significant (p<0.05) close linear negative correlation
was observed between Ca (x) and K content in the oil-flax
shoves (y) (r=0.771; n=10), and the relationship is reflected
in the regression equation y = -0.60x + 10.92; R>=0.59.

The variety, the conditions of growth year, and the
N supplementary fertilizer rate significantly (p<0.05)
influenced the amount of chemical elements Ca, K, Na, Si -
in the oil-flax shoves (Fig. 4 - 5). The higher level of K, Ca,
Mg and Na in the biomass can be explained by the use of
pesticides and fertilizers (Wright et al., 2000).
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Figure 4. Potassium (K), and calcium (Ca) amount in oil-flax shoves depending on the oil-flax
variety, growing year, and N fertilizer rates.
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Figure 5. Sodium (Na) and silicon (Si) amount in oil-flax shoves depending on the oil-flax variety,
growing year, and N fertilizer rates.

The high lignin content is detrimental for the quality
requirements of textiles, cellulose and paper products, as
lignin has a dark colouring, and during bleaching it tends to
darken as autoxidation and /or photo oxidation tends to age
it (Ross and Mazza 2010). The flax shoves have a typically
high lignin content (230-310 g kg '), and high also cellulose
(530 g kg") and hemicellulose (240 g kg™') content (Tamaki
and Mazza, 2010; Ross and Mazza, 2010.)

In our research, the lignin content in the oil-flax shoves
was as follows: for ‘Flanders’ from 222 g kg™ to 256 g kg,
and for ‘Scorpion’ from 245 g kg to 271 g kg™'. It was not
influenced by the rate of N supplementary fertilizer.

The flax shoves can be used as a supplement for biofuel
combustion, as they have a low fusion temperature, and a
high calorific value. But a comparatively low yield makes
oil-flax unprofitable to grow for biofuel production.

Conclusions

1. The variety’s or genotype’s, as a factor, influence
is significant (p<0.05) on the oil content of the oil-
flax seeds. The variety ‘Scorpion’ had an oil content
within the range of 336-438 g kg', and the variety
‘Flanders’ - 449 to 458 g kg'. The oil yield was from
0.36 to 0.88 t ha™.

2. The ash content in the shoves varied from 12.7% to
360 g kg'!, and was influenced by the conditions of
the growth year.

3. For the oil-flax shoves the ash deformation
temperature was 670 °C, the start of the sphere
formation temperature was at 780-990 °C, which is a
lot less than for coal (1400 °C).

4. In 2010, the gross calorific value ranged from 18.2
t019.4 MJ kg for the shoves, and the net calorific
value - from 15.45 to 16.08 MJ kg''.

5. The lignin content for the variety ‘Flanders’ was from
222 gkg'to 256 g kg, and for the variety ‘Scorpion’
from 245 g kg' to 271 g kg'. As the shoves are a
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waste by-product, they can be a good supplement for
the manufacture of biofuel.
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Abstract

A study was done at the Latvia State Institute of Fruit-Growing, evaluating new domestic plum (Prunus domestica L.) selections,

for which in 2008 -2010 some fruit quality characteristics were studied.

In result of evaluation four new cultivars were selected from the breeding material and in 2010 handed in for cultivar registration in

Latvia. Cultivar ‘Ance’ is early ripening one month before ‘Victoria’. Cultivar ‘Adele’ is medium ripening one week before ‘Victoria’.

Fruits keep well in cool storage. Cultivar ‘Sonora’ is medium ripening one week after ‘Victoria’ and self-fertile. Fruits of this cultivar

keep well in cool storage, too. Cultivar ‘Lotte’ is medium-late ripening two weeks later than ‘Victoria’, and is partially self-fertile.

Average of three years, the highest soluble solids content was found for cultivar ‘Adele’ (13.28 Brix%), but cultivar ‘Sonora’ had

the total content of acids (1.28 g 100 g™).

Significant changes in flesh firmness were observed at different storage times for cultivars ‘Ance’ and ‘Lotte’. Significant variations

in the total content of acids were determined for ‘Ance’. Whereas cultivar ‘Sonora’ demonstrated substantial fluctuations in soluble

solids content.

Correlations between firmness and soluble solids content were observed for cultivars ‘Ance’ (r=-0.731), ‘Adele’ (r=-0.436) and

‘Sonora’ (r=0.526). Cultivar ‘Lotte’ produced correlations between firmness and total content of acids (r=-0.536).

Significance of interaction was determined within cultivars, years, and years x cultivars.

Key words: Prunus domestica L., flesh firmness, total content of acids, soluble solids.

Introduction

Currently in the world the plum crop is about 10 million
tons. However, over the last ten years Prunus domestica L.
plantations in many parts of Europe fell sharply on account
of virus disease PPV (Plum Pox Virus), and only in recent
years after introduction of virus resistant cultivars the area
again renewed (Ramming and Cociu, 1990; Hartmann
et al., 2010). The harvest period of plums is from June
to October. Plum fruits have rather rich biochemical
content. By virtue of the natural fibre, especially valuable
is their ability to cleanse the intestinal tract, improving
digestion and peristalsis, which is the defense against
arteriosclerosis, rheumatism and gout, as well as helps
reduce blood cholesterol levels. Contributing to the excess
of sodium salts and water clearance from the body, plums
are a good tool for hypertension and the cardiovascular
diseases, as well as to renal insufficiency. In the morning on
an empty stomach to drink prune juice perfectly cleanses
the body. Most of fresh fruit is water on average 84%,
while dry matter is 16%, most of which are carbohydrates
(Herrmann, 2001).

Plum biochemical composition is variable and differs
between cultivars grown in Latvia and, for example,
Germany. It depends on the solar intensity and day length.
Of carbohydrates, plums mainly contain disaccharides
(sucrose, which splits to monosaccharides as fructose and
glucose) and polysaccharides (starch, cellulose, pectins).
Pectins are partially soluble in water, but in concentrated
sugar solution form a gel. Latvian-growing -cultivars
contain glucose, fructose and sucrose in relatively uniform

quantities (2.7:2.1:2.8 g 100 g of edible part) (Kaufmane
et al., 2007), whereas in Germany K. Herrmann observed
much higher levels of sucrose (on average, 7.3 g 100 g' of
edible part), and less glucose (mean 2.3 g 100 g of edible
part) and fructose (0.94 g 100 g! of edible part). Most of the
minerals found in plums are potassium (after German data
- up to 300 mg 100 g of edible part) and phosphorus (up
to 26 mg 100 g' of edible part) (Herrmann, 2001). Plums
also contain significant quantities of minerals Na, Mg, Ca,
Fe, Cu, Cl, J, S, etc. (KperoBuu, 1986). In Russia (Moscow
region), solids and total content of acids in local cultivars
have been studied. On average, solids were 6.3 — 10.7
Brix%, emphasizing the importance of climatic conditions
and soil properties. Sugar content in Russian cultivars was
similar to that in Latvian cultivars, i.e. 2.5 — 9.5 g 100 g
of glucose; 1.0 — 4.5 g 100 g of fructose and 0.6 — 7.0 g
100 g! sucrose. The total content of acids depended on the
cultivar, and on average was from 0.16 to 1.32 g 100 g
(AH3uH U 1p., 1956)

Organic acid content in fruits depends on the
characteristics of the cultivar. Fluctuations in acid
composition from 0.4 to 3.5 g 100 g' are mainly determined
by climatic conditions and plant health. Russian researchers
have looked for a relationship how the cultivar of pollination
affects fruit quality (Konaparses u np., 1971)

Vitamin C in Latvian plums maker up to 9.5 mg 100 g”!,
in German plums — up to 14 mg 100 g' of edible part.
Plums contain quite a lot of vitamins - B,, B,, B, A, E
and PP. Aroma compounds of plums are few and last for
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a very short time. More aroma is found in acidic fruits of
plums and prunes, especially in those which grow further
north — if plums receive intense heat and solar light, they
are sweeter, but less aromatic. Vitamin content in fruits
strongly depends on the cultivar, the growing conditions,
and the fruit maturity (if a plum is completely mellow,
vitamin C is very low) (Kaufmane et al., 2007; Herrmann,
2001).

In the process of fruit ripening, the enzymes react
with their substrates: starch is split down to glucose,
which partially isomerizes into fructose, cellulose and
pectin partially pull down, and the fruit becomes soft;
chlorophyllases pull down chlorophyll, and immediately
afterwards carotene and xanthophylls form the yellow
ground colour. Later develop anthocyanins, which generate
red colours in fruits (Baltess, 1998).

The aim of this study was to introduce with modifications
of fruits’ quality characteristics during storage of new
Latvian cultivars.

Materials and Methods

The study was carried out at the Latvia State Institute
of Fruit-Growing in Dobele, geographical position: East
longitude 23°17.888"; North latitude 56°36.6333". The
plum trial was established in 1998 — 1999. The soil in
the trial was sod-podzolic and carbonate with sandy clay
loam, with organic matter content - 2.7%, soil reaction was
slightly acidic (pH KCI — 6.1), with an average to low P
content (96.4 mg kg'), average K content (278.1 mg kg™)
and low Mg content (274 mg kg'). Soil analysis was
conducted in 2010 by, Agrochemical Research Centre, Ltd.
The trial was carried out with four perspective cultivars
‘Ance’, ‘Adele’, ‘Sonora’ and ‘Lotte’. Three trees per each
cultivar grafted on seedlings of Prunus cerasifera were
planted at distance of 3 x 5 m.

The study was evaluating new domestic plum (Prunus
domestica L.) selections, for which some fruit quality
characteristics were studied in 2008 — 2010.

The study included measurements of some qualitative
characteristics of the fruits immediately after harvesting,
after one week, and after two weeks of storage in
refrigerator (storage temperature + 3 + 1 °C, humidity
89 +2% RH). A total of 60 fruits were harvested at random
at one time. Each measurement of week was carried out in
20 replications. Analysis included:

- the total content of acids (g 100 g') (further in text
TA) was determined by titrating with 0.1 N NaOH (Khan
et al., 2008);

- firmness (kg cm?) of fruit — with a digital penetrometer
(instrument error + 0.01 g cm™) following the standard BS
EN 12143 (July, 2001);

- soluble solids content (Brix%) of fresh fruits (further
in text SSC) (ISO 2173: 2003) — at 20 °C with a digital
refractometer ATAGO N20 (instrument error + 0.01 Brix%)
according to standard BS EN 12147 (July, 2001).

Estimation of the connection between the observed
characteristics was done using analysis of variance
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(significance level a=0.05). Features of bilateral impact
significance were determined by Pearson correlation.
Differences between cultivars and replicate measurements
were compared using descriptive statistics, and additional
analysis of variance was done using Tukey test by which it
is possible to group the results into significantly different
groups, as designated by small letters of the alphabet ¢, in
which * always means lowest value.

Results and Discussion

The requirements of fruit market are targeted mainly
at a few individual characteristics: fruit colour (in Latvian
market plums with yellow fruits have an especially good
demand, unlike rest of Europe where the preferred are
blue plums (prunes)), taste of fruit, and stone adherence
from fruit flesh. For new plum cultivars, an essential
trait is potentially higher fruit firmness that increases
transportability and ensures longer consumption time.
An assessment of disease resistance, tree vegetative
characteristics, and fruit organoleptic rating (1 — 5 scale)
were done before a qualitative evaluation of plum trial.

‘Ance’—a cultivar of very early ripening time (first week
of August). Fruits ripen about a month before ‘Victoria’
(a very popular cultivar grown in many orchards of the
world). Self-sterile. The flavour varies between years, from
good to very good. Fruit skin is thin, yellow with reddish
blush. The suture line is inconspicuous. The stone is easily
separated from flesh. The average yield from the year 2008
to 2010 was 43 kg per tree.

‘Adele’ — a cultivar of middle ripening time. Fruits
ripen about a week before “Victoria’. Self-sterile. Fruit skin
is thin, yellow with reddish over-colour on part of fruit.
Stone separation from flesh is good. Over colour is well
pronounced, if the tree is trained to provide sunlight access
into the canopy. The average yield from the year 2008 to
2010 was 20 kg per tree.

‘Sonora’ — a cultivar with an average of late ripening
time. Fruits ripen about a week after ‘Victoria’. Self-fertile.
Fruitlets are self-thinning. The fruit skin is rather thin, with
reddish ground colour and purple bloom. The suture line is
semi-pronounced. Flavour is good. Stone separation from
flesh at full maturity is good. The fruits are very attractive.
The average yield from the year 2008 to 2010 was 25 kg
per tree.

‘Lotte’ — a cultivar with late ripening time. Fruits ripen
about two weeks after ‘Victoria’. Flavour is very good and
notably sweet. Fruit skin is rather thin, purplish blue with
grayish blue bloom. Stone separation from flesh is semi
good. The average yield from the 2008 to 2010 was 18 kg
per tree.

For the first time, some of qualitative characteristics of
the new cultivars were analyzed in 2008. Analyses were
done for freshly harvested fruits, and then again after
one and two weeks (in figures of measurement periods
called — first, second, third time) (Fig. 1). In assessing
the sustainability of fruit firmness (average of the three-
year period) during storage, it was significantly stable for
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cultivars "Adele’ and’ Sonora’ — within a week firmness
had not changed. Small firmness changes could be observed
after two weeks. Significant and rapid changes in firmness
occurred in cultivars ‘Ance’ and ‘Lotte’, which obviously
will need earlier harvesting and marketing time. Although
this reduces fruit eating quality, it is excusable for the total
harvest time to be prolonged.

If the firmness fluctuations are small, the fruit shelf-
life can be long enough. The more rapid are changes in
firmness, the shorter the shelf-life period. A pronounced
correlation of firmness and SSC was observed in cultivar

ILZE GRAVITE, EDITE KAUFMANE, MINTAUTS ABOLINS

‘Lotte’ for which it is essential to harvest fruit at full
maturity, or suffer a loss of taste. As other plum researchers
have admitted, this increasingly proves the hypothesis that
if determination of maturity of plums is inaccurate, fruit
quality decreases and consumers desire to buy products
diminishes (Vangdal et al., 2007; Crisosto and Kader, 2000).
Long-time studies in Latvia on cultivars from Estonia,
Lithuania, Russia and Sweden during 1999-2004 showed
that fruit firmness ranged between 1.20 — 2.69 kg cm™
(Kaufmane et al., 2010).
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Figure 1. Changes in fruit firmness at different storage times.

During storage there were no significant differences
in SSC between periods of measurement (Fig. 2) for
cultivars ‘Ance’ and ‘Adele’, but during this time they had
significant decrease in the TA (Fig. 3). Cultivar ‘Sonora’
had significant fluctuations in SSC between measurement
periods. Currently there is no exact explanation as to why
there have been such changes during all three years. To
search for an explanation of this, we will continue to extend
further studies about reduction of sugar in the period of

fruit storage. SSC of the cultivar ‘Lotte’ changed, but these
changes over the years didn’t show significant differences.

The average SSC of the studied cultivars was 12.2
Brix%. Average SSC of Latvian growing Prunus domestica
L. cultivars was found to be 15 — 17 Brix% (Kaufmane et
al., 2010). From evaluated cultivars, the highest value of
SSC was found in ‘Ance’ and ‘Adele’. SSC of plum fruits
determines their sweetness the higher the SSC, the sweeter
the fruits.
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Figure 2. Changes in soluble solids content at different storage times.
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Figure 3. Changes in total content of acids at different storage times.

Evaluating the average difference between cultivars
(Table 1), fruit firmness was significantly different for the
cultivar ‘Adele’ it had softer fruit, while the other cultivars
over the years didn't show significant differences. The SSC
was similar in cultivars ‘Adele’ and ‘Ance’ (on average
13.2 and 13.3 Brix% respectively), which was significantly
higher than the other two analyzed cultivars. ‘Sonora’ had
significantly different and higher TA content than other

cultivars. The data can be compared with studies conducted
in Dobele in 1990s, when SSC of cultivar ‘Minjona’ was
13.2 Brix%, but of ‘Victoria’ — 14.9 Brix%, whereas TA
content was 1.34 and 1.48 g 100 g'' respectively (Skrivele
et al, 1998). Average TA of other Latvian growing
Prunus domestica L. research cultivars was found to be
1.15-2.11 g 100 g' (Kaufmane et al., 2010).

Table 1

Analysis of mean values of fruit quality characteristics using the Tukey criterion

Cultivar Firmness, kg cm™ SSC, Brix% TA, g 100 g'!
‘Adele’ 1.272 13.28¢ 0.97®
‘Sonora’ 1.54° 11.34° 1.28¢
‘Ance’ 1.63° 13.20¢ 1.01°
‘Lotte’ 1.67° 11.142 1.08%
p-value<0.001

Cultivar ‘Lotte’ showed a medium negative correlation
(r=-0.536). For these cultivars, as firmness decreased, also

(p<0.001) with SSC: for cultivar ‘Sonora’ — a medium
positive correlation (r=0.526), for cultivar ‘Adele’ - a
medium negative correlation (r=-0.436), for cultivar ‘Ance’

the content of TA increased.
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Fruit firmness

showed a

significant

correlation

- a negative correlation (r=-0.731).
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Figure 4. Correlation between soluble solids content (x), total content of acids (x), and fruit flesh firmness (y).

Cultivar ‘Ance’ had significant, but weak negative (p<0.05). Cultivars ‘Sonora’ and ‘Lotte’ did not show any
correlations between TA and SSC (Fig. 5) (r=-0.149); significant correlations between TA and SSC.
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Figure 5. Correlation between soluble solids content and total content of acids.

After evaluating interactions between factors of Conclusions
research with p<0.001, significant effect on biochemical 1. Fruit quality parameters varied between the years

parameters was found for both factors (cultivars and year), differently for different cultivars. For cultivars whose
which shows heterogeneity of the cultivars. Also for the measurements were fluctuating, the reason could be
interaction among these factors the effect was significant. non-uniform maturity of fruit samples (not for all
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cultivars it is easy to visually estimate the same degree
of maturity, especially for blue fruits). Results were
better for cultivars whose degree of firmness was
decreasing slower. The smallest changes in firmness
showed cultivars ‘Adele’ and ‘Sonora’. During the
study period, these cultivars demonstrated a very good
keeping quality, and density changes within two weeks
were not significant. Fruits of cultivars ‘Ance’ and
‘Lotte’ consumable in shorter period - fruit qualitative
characteristics diminished faster.

Both cultivars and years and the interaction between
these factors showed a significant impact on the
qualitative parameters of the new plum cultivars.

It is difficult to explain why there were fluctuations
during the shelf-life in SSC for cultivar ‘Sonora’, and
in TA for ‘Adele’. After the single-factor variance
analysis, they were significant: p<0.05.

Following the test results and their mathematical
analysis it can be concluded that the time of fruit
harvesting and storage life has very significant impact
on plum fruit quality.
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Abstract

The choice of rootstock is the main precondition for establishing of high yielding and sustainable plum orchards. Therefore
influence of rootstock on the plum cultivars wintering in Latvia climatic conditions becomes more and more actual. Investigation was
carried out with the aim to clarify influence of rootstock on the wintering and health status of plum cultivar ‘Victoria’. Investigation was
carried out at Piire Horticultural Research Centre during two different wintering seasons of 2008/2009 and 2009/2010, in the orchard
planted in 2001. The winter of 2008/2009 was characteristic with sharp temperature fluctuations, but winter of 2009/2010 was snowy
with stable low temperatures. Sixteen widely used rootstocks known in Europe were included. Plum general tree health status (scored
by 1-5 points) and percentage of dead trees were evaluated. No statistically significant differences among rootstocks were established
according to the evaluation of tree health status. Differences in wintering ability among rootstocks were stated between two years of
investigation. Trees grafted on Brompton seedlings and St. Julien d*Orleans demonstrated the highest winter hardiness (4.3 points). No
one dead tree was registered on these two rootstocks. Rootstock GF8/1 was the least suitable for Piire conditions — with general health

status scored at 2.3 points after severe winter of 2009/2010, and only 25% of alive trees.

Key words: Prunus domestica, Prunus cerasifera, wintering, tree health status.

Introduction

The choice of a rootstock is the main precondition for
establishing of high yielding and sustainable orchards.
The lack of appropriate rootstocks is one of the main
reasons limiting development of intensive plum orchards
in Latvia. Compatibility of rootstock and cultivar is the
main condition influencing tree productivity and yield
comprising parameters. A grafted tree is a complex
organism consisting of two different genotypes — rootstock
and cultivar. Therefore tree life, resistance to unfavourable
weather conditions, crown size, precocity, and yielding
intensity depend not only on rootstock or cultivar, but also
on their interaction (Wertheim, 1998).

Caucasus plum (Prunus cerasifera Ehrk) has been the
most used rootstock in Latvia during last several decades.
However, it does not meet the demands of intensive
orchard because of its vigorous habit (Grzyb et al., 1998).
It is not well appropriate also for hobby gardens, if they are
located in moist areas. As an additional drawback should
be mentioned incompatibility of this rootstock with some
cultivars. In Piire Horticultural Research Centre there was
observed insufficient health evaluation of trees grafted on
Caucasus plum as rootstock (Lepsis et al., 2008).

Myrobolana and dwarfing Wangenheims Zwetche as
rootstocks are used in other European countries (Rozpara
and Grzyb, 2007). Pixy is investigated as a dwarfing
rootstock in intensive orchards in Europe (Sosna, 2002).
Also several other plum rootstocks have been included
in the investigations in Europe, but there have not been
performed investigations on these rootstocks in Latvia till
now.

In Latvia cultivars of European plum (Prunus
domestica) are popular and very broadly grown, therefore

the widespread cultivar ‘Victoria’ belonging to this group
was included in the investigation of different rootstocks.
The aim of the investigation was to clarify the influence
of different rootstocks on the winter hardiness of cultivar
*Victoria® in Latvia conditions. Data obtained during two
vegetation seasons (2009 and 2010) and consequently after
two wintering seasons of 2008/2009 and 2009/ 2010 are
discussed.

Materials and Methods

A plum orchard was established in Ptre Horticultural
Research Centre, Latvia, in 2001. In the investigation,
cultivar ‘Victoria’ was grafted on 16 different rootstocks
well known in Europe.

Eight vegetatively propagated rootstocks were included
in the investigation: St. Julien A, Brompton, Ackermann,
Pixy, GF8/1, G5/22, GF 655/2, and Hamyra; as well as eight
generative propagated rootstocks: St. Julien INRA2, St.
Julien d Orleans, St. Julien Noir, Brompton, Wangenheims
Zwetche, St. Julien Wadenswill, Myrobolana, and Pr.
Cerasifera var divaricata.

Plants were planted at 3 x 5 m density, in four
replications, three trees per plot. Soil was sandy loam
on dolomite consisting loamy mother rock, pH KCI 7.2.
Content of plant available phosphorus was 183 mg kg™ and
potassium — 215.6 mg kg Irrigation in orchard was not
available. Weeds in spaces between rows were moved, and
herbicides were applied in strips to control the weeds.

General health status of trees was scored in the
vegetation period of 2008, 2009, and 2010 by the following
scale: 0 — tree completely dead, 1 — tree has lost ability to
grow, 2 — overground part is completely damaged, but new
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shoots are developed, 3 — two and three years old braches
and trunks are damaged, 4 — only annual shoots were
damaged, 5 — tree in excellent condition. Average yield per
tree (kg) was analysed only for data of the year 2008 due to
strong regeneration pruning in the spring of 2009, therefore
there was no significant yield for the cultivar in 2009. The
number of dead trees was registered starting from 2001 till
the end of investigation — the year 2010.

Statistical analysis of results was performed by using
ANOVA.

Meteorological data were obtained from automatic
meteorological station ‘Lufft’, registering meteorological

DZINTRA DEKENA, INA ALSINA

conditions each 10 minutes. Actual meteorological data
were compared to long-term data.

Average air temperature in 2008 — 2010 and long-term
temperature are displayed in Figure 1. Years of investigations
were characterised by different meteorological conditions.
In 2008, relatively sharp temperature fluctuations were
registered during the first three months: in January from
-14.1°Cto+7.9°C, butat the 2" part of March from - 11.6 °C
to + 15.1 °C. Also the January of 2010 was cold, when the
39 decade was the coldest and the temperature dropped
down to - 28.6 °C.
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Figure 1. Average twenty-four hour temperature of 2008, 2009, 2010, and long- terms
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The average amount of precipitation in 2008 — 2010
and long-term observations are illustrated in Figure 2. The
wintering period of 2008 was rich in precipitation. The
total amount of precipitation was 426 mm according to

—4&—2010

—S—long-termobservations

observations of the local meteorological station in Pure. A
lot of precipitation was observed also in June and July of
2009 — 81.4 and 107 mm respectively. That is much higher
than in long-term observations.
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Results and Discussion

In 2008, relatively sharp temperature fluctuations were
registered during the first three months, when in January
temperature ranged from - 14.1 °C to + 7.9 °C, but at the 2™
part of March — from - 11.6 °C to + 15.1 °C. Nevertheless
temperature fluctuations did not influence wintering of
flower buds, plum blossoming was good, and the following
yield developed very well. The highest yield in 2008 was
registered for trees on the rootstock Hamyra — 60.7 kg
per tree (Fig. 3). The yield exceeding 50 kg per tree was
obtained from trees grafted on St. Julien d* Orleans, GF
655/2, St. Julien Noir, Prunus cerasifera, and Ackermann.
The lowest yields were obtained from the trees grafted on
G5/22 and Pixy (36.7 and 40.3 kg per tree respectively).
Tree health status was evaluated as good because the 1%
part of the summer was warm and rich in precipitation.

August was warm, but with insignificant amount of
precipitation — Smm. Also in September was registered low

DZINTRA DEKENA, INA ALSINA

precipitation — only 5.8 mm. It could influence wintering
ability of some rootstocks, especially those which are
sensitive to insufficient moisture with shallow root system.
Also intensity of yielding can influence negatively the
wintering ability of trees in the succeeding winter, especially
it is characteristic for cultivar "Victoria' (Jénes and Kahu,
2008). In 2009, during wintering period a rapid decrease
in air temperature was observed — down to - 21.8 °C,
which could negatively influence tree wintering.

This statement partly was approved in the season
of 2009. Trees suffered less in 2009 after the relatively
mild winter of 2008/2009. The regeneration pruning was
performed in spring, which facilitated development of leaf
surface during the following summer, and also the yield
was not high. Good health status was observed for trees
grafted on Wangenheims Zwetche (4.0 points), although in
2008 average yield for trees on this rootstock was 45.1 kg
per tree.
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Rootstocks

Figure 3. Average yield kg per tree in 2008,

In November of 2009, precipitation was relatively low
(20.4 mm) if compared with long-term observations. A
rapid decrease in temperature was observed in December
(-22.7 °C in the 2" decade), which could influence plum
wintering processes negatively.

Also January of 2010 was cold, and the 3" decade of the
month was the coldest, when temperature dropped to - 28.6 °C.
February was relatively cold, with minimal temperature
- 21.6 °C, but in the 3" decade temperature increased to +
3.5 °C causing very sharp temperature fluctuations, which
can cause tree damages. April, too, had changeable weather,
which could cause mechanical injuries to trees. Nevertheless,
tree health status in 2010 was evaluated as relatively good,
despite unfavourable wintering conditions. Statistically
significant differences among rootstocks were not found
according to the evaluation of tree health status (p=0.62).
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Rootstocks were evaluated more or less differently for
a three-year time period of the investigation according
to health status and number of dead trees. In 2010, trees
grafted on St. Julien d* Orleans and Brompton seedlings
were in the better condition (evaluated at 4.3 points). Also
other researchers have reported about good wintering
ability of trees grafted on these rootstocks (Lepsis et al.,
2008). Comparing the two wintering seasons in Pire, it
is clearly visible that health evaluation of trees grafted on
GF 8/1 has decreased with each year — in spring of 2008
— 3.1 points, but in 2010 — only 2.1 points. From the year
of planting the orchard, 25% of trees were dead for the
cultivar ‘Victoria’ on this rootstock. However, in Estonia
small injuries have been registered for trees on rootstock
GF 8/1 (Janes et al., 2007).
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Table 1

Tree health status (in points) and percentage of dead trees for cultivar ‘Victoria’

Year
Rootstock 2008 2009 2010 Dead trees, %
Ackermann 3.8 4.0 3.8 0.0
St. Julien INRA2 3.8 3.7 3.5 8.3
Brompton seedlings 4.1 4.4 4.3 0.0
Myrobolan 3.8 33 3.2 16.7
GFg/1 3.1 2.3 2.1 25.0
G5/22 3.9 3.8 3.6 0.0
St. Julien d'Orleans 4.2 4.4 43 0.0
Brompton cuttings 3.9 3.8 3.5 16.7
St. Julien Noir 4.2 4.0 3.9 8.3
St.Julien Wadenswill 4.2 3.6 34 0.0
Wangenheims Zwetche 4.1 4.0 4.0 0.0
St. Julien A 3.7 33 3.2 16.7
Pixy 3.7 3.5 3.2 8.3
Hamyra 4.2 3.7 3.7 8.3
P. cerasifera var. divaricata 3.7 3.4 3.2 8.3
GF655/2 3.9 3.9 3.8 0.0
LSDy s 0.56 0.62 0.92 -

Different results are also reported for trees grafted
on Prunus cerasifera which has unsatisfactory wintering
results in Piire. In Estonia its wintering ability is evaluated
higher (Janes et al., 2007), which indicates the possible
influence of soil and microclimatic conditions on the
wintering ability of trees grafted on Prunus cerasifera.
The possible cause of such differences can be the relatively
long vegetation period of the rootstock, which influences
tree wintering ability in the fluctuating meteorological
conditions so frequently observed in Latvia.

In the investigations in Poland, widely grown dwarfing
rootstock Pixy had average wintering results. It should be
taken into account that in the case of sufficient wintering
good yields from trees grafted on this rootstock could be
obtained by planting trees in increased density (Grzyb
and Sitarek, 1998). In addition there is advisable watering
system because of shallow root system of the rootstock
(Grzyb et al., 1998). Sensitivity to moisture conditions
could be the reason for insufficient wintering ability of the
rootstock in Pare in 2008/2009 when low precipitation in
August and September of 2008 was observed (Figure 2).

In 2010, 16.7% of dead trees were registered on the
vegetatively propagated Brompton, Myrobolan and St.
Julien A. Trunk injuries were observed for trees grafted
on Brompton vegetatively propagated rootstock after
the severe winter of 2009/2010 with sharp temperature
fluctuations in March. Good overwintering was observed
for trees grafted on GF 655/2. Similar results are reported
on this rootstock also in other researches (Lepsis et al.,
2008).

Since planting in 2001, no one dead tree was observed
in Pire for cv. ‘Victoria’ grafted on Ackermann, Brompton
seedlings, G5/22, St. Julien d° Orleans, St. Julien
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Wiédenswill, Wangenheims Zwetche, and GF655/2. This
indicates the possible compatibility of the cultivar and
the rootstock and/or good adaptation to Pure climatic
conditions. Overall, tree winter hardiness evaluations
were less satisfactory on all rootstocks included in the
investigation after the winter of 2009/2010 with severe
temperature conditions.

Conclusions

1. The highest wintering and better health status were
observed for cultivar ‘Victoria’ grafted on rootstocks St.
Julien d'Orleans and Brompton seedlings. This proves
good compatibility of the cultivar and the rootstocks and
ability to overcome different overwintering conditions.

2. The worse health status and more dead trees were
observed for trees grafted on GF8/1, which indicates the
unsuitability of the rootstock to the climatic conditions
in Pire.

3. The highest yields in 2008 were obtained from trees
grafted on Hamyra rootstock.
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Abstract

The contents of soluble solids, acids and their ratio as well as phenol content are important indices for quality evaluating of
sour cherry fruits. These parameters are influenced by the cultivar and growing conditions. The trial was carried out at the Latvia
State Institute of Fruit- Growing to evaluate the effect of woodchip mulch and drip irrigation on fruit quality of sour cherry cultivars
‘Bulatnikovskaya’, ‘Desertnaya Morozovoi’, ‘Latvijas Zemais’, ‘Orlica’, ‘Shokoladnica’, ‘Tamaris’, and ‘Zentenes’. The biochemical
composition of the fruits was analyzed in 2009 and 2010. The content of soluble solids was determined with the method of refractometry;
the content of total acids by titrating with 0.1N NaOH; the total content of phenols with the method of spectrometry. The content of total
soluble solids in sour cherry fruits was decreased by use of woodchip mulch. The content of acids, the ratio of soluble solid content to
the acid content and the content of the phenols was not significantly influenced by woodchip mulch and drip irrigation. The cultivar
‘Desertnaya Morozovoi’ showed the highest soluble solid content in the fruits, the cultivar ‘Latvijas Zemais’ — the highest acid content,

and cultivar ‘Tamaris’ — the highest phenol content in the fruits.

Key words: soluble solids, acids, phenols, cherry woodchip mulch, drip irrigation.

Introduction

Sour cherries are valuable fruits which are used for
the processing as well as for consuming in fresh way. The
content of soluble solids, the content of the acids and their
ratio are essential parameters for the evaluation of sour
cherry fruits. High soluble solid to acid ratio is desirable,
because it is precondition of balanced taste of fruits (Voca
et al., 2008). Nevertheless, acids are also necessary for
taste providing. Sour cherries contain dehydroascorbic acid
which is available as vitamin C (Jacob et al., 2003), and
phenolic acids (Prior and Cao, 2000) which have positive
influence on the health.

Another important parameter of fruit quality is the
content of phenols. In human organism, free radicals have
oxidative properties and mostly their influence is injurious.
The scavenging of them done by antioxidants is important
in health protection, and phenols are compounds with high
antioxidative activity. The phenols advance the prevention
of cardiovascular diseases, cancer, arthritis, disease of
Alcheimer (Shi et al., 2005). Sour cherries are rich source
of phenols (Dietrich et al., 2003; Rimpapa et al., 2007).
The positive effect of sour cherries to the health is proven
in several researches. The anthocyans (class of phenolic
compounds) obtained from sour cherries reduce pain (Tall
et al., 2004). Sour cherry juice decreases the strength loss
and muscle pain after physical training (Conolly et al.,
2000).

The fruit quality parameters have varied significantly
among the cultivars of sour cherries. The content of soluble
solids and acids and their ratio are influenced significantly
by both yielding and pollinating cultivar (Ansari and
Davarybejad, 2008). The significant differences in the
phenol content among cherry cultivars were detected in
Croatia (Simuni¢ et al., 2005), Latvia (Ruisa et al., 2008),
and Hungary (Papp et al., 2010).
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The changes in growing conditions can cause significant
changes in biochemical properties of fruits. The decrease in
the content of soluble solids and acids in sour cherry fruits
has been caused by increase in the amount of precipitation
(Szabo 2007 cited from Banati et al., 2010; Poll et al., 1999).
Similarly, the content of soluble solids has been lower if
trees received full irrigation rate or excessive irrigation
compared with deficit irrigation in peach fruits (Crisosto et
al., 1994) as well as in sour cherry fruits (Papenfuss, 2010).
But, in Turkey, different irrigation levels for sweet cherries
did not affect significantly the content of soluble solids and
acids in the fruits (Demirtas et al., 2008). The content of
soluble solids and acids can be influenced also by other
factors. M. Ansari and G. H. Davarnejad have proved the
effect of pollinating cultivar on sour cherry fruit quality,
including biochemical properties (Ansari and Davarnejad,
2008).

The total content of phenols as well as the content of
anthocyans can be influenced by the Sun energy. The content
of phenols and anthocyans in cherry fruits has been higher
in the year with more hours of sunshine in the vegetation
period (Ruisa et al., 2008; Pedisi¢ et al., 2010; Poll et al.,
2003). Ultra-violet illumination has caused accumulation
of the flavonoid compounds (belonging phenols) in the
cells of eggplants (Takeda et al., 1994). Tree covering, in
contrary, did not influence phenol content in fruits of sweet
cherries (Usenik et al., 2009). The synthesis of phenols is
one of plant responses to drought stress. Accordingly, an
increased content of phenols has been detected in leaves of
strawberries after drought period (Borkowska et al., 2004)
as well as in leaves of cherries having the disturbance of the
water transport (Schmid and Feucht, 1986). But there is no
information about effect of soil moisture regulation on the
biochemical composition of sour cherry fruits. However,
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other factors can influence the content of phenols too.
Therefore the accumulation of phenols can be advanced
by nutrient deficiency and graft incompatibility (Dirr et al.,
1994) as well as by infection by fungus Blumeriella jaapii
(Rehm) (Niederleitner et al., 1994).

The aim of the research is to estimate the influence of
woodchip mulch and drip irrigation on the fruit quality
parameters (total content of soluble solids, total content
of the acids, total soluble solids to total acids ratio, total
content of the phenols) of sour cherry cultivars grown in
Latvia.

Materials and Methods

The trial was established at the Latvia State Institute of
Fruit-Growing. The treatment of soil moisture influencing
regimes had three variants: woodchip mulch in the tree
strips, drip irrigation, and the control — bare soil without
irrigation. There were three replications for the mulch and
the control variants, and four replications for the irrigation
variant. Seven sour cherry plants (one of each cultivar)
were planted in every replication.

Sour cherries were planted in spring of 2007 on clayic
Podzoluvisol soil with the content of P— 53 mg kg™, content
of K — 124 mg kg™, pH 6.4. The planting distance was 4 x
4 m. The macronutrients were given yearly as 12 g m? of
N, 5 gm™ of P, and 10 g m? of K in the tree strips. Nitrogen
fertilizer was given in spring (in April), phosphorus and
potassium ferilizers were given in October.

Weeds were controlled both by removing them and
spraying with herbicide Basta® (soluble concentrate,
active ingredient glufosinate-ammonium 200 g L") in 1 m
wide strips along the trees. Perennial grasses were sown in
the space between strips.

The volumetric soil moisture was measured with device
Theta Probe type ML2x once every 7 — 11 days. In variant
with drip irrigation soil moisture was provided, about
200 ml L.

The total amount of precipitation during the period of
active vegetation in Dobele was 275 mm in 2009, and 470
mm in 2010 (these indices are based on data of Latvian
Agency of Environment, Geology and Meteorology). In
2009, drip irrigation was done 12 times. The total amount
of used water was 876 L per 4 m long tree strip. In 2010,
drip irrigation was not done, because soil was moist during
all vegetation season. The sum of temperatures in active
vegetation period was 2454 °C in 2009, and 2604 °C in
2010.
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The fruits of following sour cherry cultivars were tested
for their composition in 2009 and in 2010: ‘Desertnaja
Morozovoi’ and ‘Tamaris’, ‘Bulatnikovskaya’, ‘Latvijas
Zemais’, ‘Orlica’, ‘Shokoladnica’, ‘Zentenes’. The
biochemical content of fresh cherry fruits was determined
at the Laboratory of Biochemistry of the Latvia State
Institute of Fruit-Growing. Each analysis was performed
in 3 replications.

The following characteristics were determined for sour
cherry cultivars:

the content of soluble solids (°Brix) was determined at

the temperature of 20 °C with a digital refractometer

ATAGO N20 (deviation of measuring instrument face

value £0.1%) (ISO 2173:2003);

the content of total acids (g

determined by titrating  with

(ISO 750 — 1998);

the total content of phenols (mg 100 g') was determined

with the method of spectrometry, by using spectrometer

UV-1650-PC at wave length of 765 nm.

Data were statistically processed using analysis of
variance and Duncan test for post hoc analysis.

100 g') was
0.IN NaOH

Results and Discussion

The content of total soluble solids (TSS)

The content of the total soluble solids varied
significantly among cultivars. The highest content of TSS
was observed for the cultivars ‘Desertnaya Morozovoi’
and ‘Shokoladnica’ (on average, 16.9 and 16.3 °Brix,
respectively) in both years (Fig. 1). It was significantly
higher than the content of TSS for other cultivars. A
comparatively high content of total soluble solids was
typical also for cultivar ‘Bulatnikovskaya’ (on average,
15.5 °Brix), which was at same as level with sour cherry
cultivar ‘Erdi Bétermd’, grown and investigated in Iran
(Ansari and Davarynejad, 2008).

The average content of TSS ranged from 13.1 °Brix
to 14.5 °Brix for the other cultivars, where the cultivar
‘Tamaris’ had the less soluble solids in the fruits. The
range of total soluble solids of sour cherry cultivars in
our investigation was similar with that of the cultivar
‘Oblacinska’ (12.0 — 16.0 °Brix), investigated in Serbia
(Miletic et al., 2009), and the average TTS content in our
investigation (14.7 °Brix ) was similar with that of the
cultivar ‘Montmorency’ (14.43 °Brix), investigated in USA
(Chaovanalikit and Wrolstad, 2004).
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Figure 1. The average total soluble solid content of the sour cherry cultivars in 2009 — 2010.

In general, sour cherries (except the cultivar
‘Shokoladnica’) grown with woodchip mulch had a
significantly lower content of total soluble solids in the
fruits compared to the control. Such influence was observed
both in 2009 and in 2010 (Tab. 1).

But difference in TSS content between drip irrigation
and control variants was not significant — like for sweet
cherries in investigation of C. Demirtas (Demirtas et al.,
2008). Obviously, differences in soil moisture in drip

irrigation and control did not reach such level so that
they could influence the accumulation of the TSS. In our
investigation, the average soil moisture in cherry fruit
growing and ripening time was 184 ml L' in the control
variant in 2009; it was significantly less than in drip
irrigation variant — 218 ml L. In 2010, the average soil
moisture in the previous mentioned period did not differ
significantly between the control and drip irrigation
variants, and it was 232 — 236 ml L.

Table 1

The influence of soil moisture treatment and growing year on the content
of total soluble solids in sour cherry fruits

Soil moisture treatments The content of total soluble solids, °Brix

in 2009 in 2010 on average
Woodchip mulch 14.7 14.0° 14.4*
Drip irrigation 15.3° 14.7° 14.9°
Control 15.5° 14.3° 14.8°
On average 15.1%* 14.3%* 14.7

Means in the column marked with the same letter and
means in the row marked with the same symbol did not
differ significantly at p<0.05.

Sour cherry fruits had higher content of the total soluble
solids in the year 2009 than in 2010.

The soil moisture in woodchip mulch variant was
higher than in drip irrigation and control variants in both
years, and the amount of precipitation in 2010 was larger
than in 2009. Therefore precipitation and soil moisture
could significantly increase the water content in cherries
coincidently decreasing the content of TSS. It complies with
other investigations where additional moisture — irrigation
or precipitation - caused decreased content of total soluble
solids in the fruits (Szabo, 2007 cited by Banati et al., 2010;
Poll et al., 2003; Crisosto et al., 1994; Papenfuss, 2010).

However, in our investigation, the cultivar
‘Shokoladnica’ responded with significantly increased
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content of TSS in drip irrigation variant compared with the
control and woodchip mulch in both years.

The content of total acids (TA)

The cultivar ‘Latvijas Zemais’ had more sour fruits than
other cultivars — the content of total acids was significantly
higher compared with other cultivars in both years — on
average, 1.86 g 100 g (Tab. 2). It was similar to the content
of TA of cultivar ‘Oblacinska’ (2.09 — 1.84 g 100 g') grown
in Serbia (Miletic et al., 2009). The lowest content of TA
was observed for the cultivars ‘Desertnaya Morozovoi’ and
‘Tamaris’— on average, 1.19 and 1.29 g 100g™!, respectively,
which was less than for the other cultivars.

Similarly, content of total acids varied from 1.21 to
1.91 g 100 g' (1.21% to 1.91%) in the fruits of sour cherry
cultivars grown in Iran (Ansari and Davarynejad, 2008).

In general, the influence of soil moisture treatment on
the TA content in sour cherry fruits was not significant in
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both years. Nevertheless, in 2009, the cultivar ‘Zentenes
responded with increased content of TA to control variant,
the cultivar ‘Desertnaya Morozovoi’ had increased content
of TA in the woodchip mulch variant, but cultivar ‘Latvijas
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Zemais’ — in the drip irrigation variant. No significant
differences in TA content were detected for the sour cherry
cultivars depending on soil moisture treatment in 2010.

Table 2

The content of total acids in the fruits of sour cherry cultivars in 2009 and 2010

Cultivars The content of total acids, g 100 g!
in 2009 in 2010 on average

‘Latvijas Zemais’ 1.91° 1.82° 1.86°
‘Shokoladnica’ 1.74° 1.69% 1.71°
‘Orlica’ 1.64% 1.64° 1.64*
‘Zentenes’ 1.50¢ 1.63° 1.56%
‘Bulatnikovskaya’ 1.43¢ 1.56° 1.50¢
‘Tamaris’ 1.34¢ 1.23¢ 1.29¢
‘Desertnaya Morozovoi’ 1.01° 1.39¢ 1.19°
On average 1.50%* 1.57%* 1.54

Means in the column marked with the same letter and means in the row marked with the same symbol did not differ

significantly at p<0.05.

The total acid content ranged from 1.47 g 100 g in
woodchip mulch variant in 2009 to 1.59 g 100 g in drip
irrigation variant in 2010. The average content of total acids
in 2009 was significantly less than in 2010. It was contrary
to other investigations where decrease in TA content was
observed in years with more precipitation (Szabo, 2007
cited by Banati et al., 2010; Poll et al., 2003). Increased
content of acids in 2010 could be explained with high
soil moisture and air temperatures which caused active
transpiration. It could enhance the uptake of potassium
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TSS/TA ratio
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which stimulates the accumulation of organic acids in the

fruits (Habib, 2000).
The ratio of total soluble solids to total acids (TSS/TA)
The cultivar ‘Desertnaya Morozovoi’ had the

significantly highest TSS/TA ratio (on average, 14.6) in the
fruits in both years (Fig. 2). It slightly exceeded the TSS/
TA ratio of cultivar ‘Erdi Botermo’ grown in Iran (10.58
- 13.80) which was the highest in the investigation of M.
Ansari and G.H. Davarynejad (Ansari and Davarynejad,
2008).

9.5
8.6 8.5
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Figure 2. The average total soluble solid content to total acid content ratio of sour cherry cultivars in 2009 — 2010.

The cultivars ‘Bulatnikovskaya’, ‘Tamaris’, and
‘Shokoladnica’ had a significantly higher ratio of TSS/TA
in the fruits than the cultivars ‘Latvijas Zemais’, ‘Orlica’,
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and ‘Zentenes’. The cultivar ‘Cigany Meggy’ grown in
Iran had ratio of TSS/TA from 7.65 to 9.80 in the fruits
and it was considered as not appropriate (Ansari and
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Davarynejad, 2008). Such level of TSS/TA ratio had the
cultivars ‘Shokoladnica’, ‘Latvijas Zemais’, ‘Orlica’, and
‘Zentenes’.

The average TSS/TA ratio was significantly higher
in 2009 (10.7) than in 2010 (9.4). In 2009, no significant
differences in the TSS/TA ratio were detected among
soil moisture treatment variants for most of sour cherry
cultivars except for the cultivar ‘Desertnaya Morozovoi’.
This sour cherry cultivar had significantly higher TSS/
TA ratio in control variant compared with mulch variant.

DAINA FELDMANE

TSS/TA ratio in drip irrigation did not differ significantly
from the other variants. The soluble solid-acid ratio was not
significantly influenced by soil moisture treatment in 2010
for all cultivars.

The content of total phenols

High content of total phenols (TP) in the fruits was
typical for the cultivar ‘Tamaris’ (Fig. 3), for which the
average content of total phenols was 339.8 mg 100 g and
it was significantly more than TP for other cultivars in both
years.
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Figure 3. The average total phenol content of the sour cherry cultivars in 2009 — 2010.

The TP content in the fruits of cultivar ‘Tamaris’ was
close to that of the cultivar ‘Montmorency’ (400 mg g)
tested in USA (Chaovalanikit and Wrolstad, 2004).

The fruits of the cultivars ‘Shokoladnica’,
‘Bulatnikovskaya’ and ‘Orlica’ also had a comparatively
high content of TP: from 286.2 to 301.8 mg 100 g'on
average, which is significantly more than for of the
cultivars ‘Latvijas Zemais’, ’Zentenes’, and ‘Desertnaya
Morozovoi’. Sour cherry fruits in Croatia contained 141.6
mg 100 g of TP, on average (Jakobek et al., 2009), which
is similar with the content of TP in the cultivars ‘Zentenes’
and ‘Desertnaya Morozovoi’.

In general, the content of total phenols was influenced
neither by soil moisture treatment, nor by the growing year.
The average content of phenols ranged from221.8 mg 100 g!
(drip irrigation, 2010) to 248.8 mg 100 g' (control,
2010). In 2009, a significantly decreased content of TP
in woodchip mulch variant was observed for the cultivars
‘Shokoladnica’ and ‘Zentenes’ but a significantly increased
phenol content in drip irrigation variant was detected for
the cultivar ‘Tamaris’. However, such influence did not
continue in 2010. Similar situation was observed in the
research carried out in Hungary. There were no significant
differences in the polyphenol content between sour cherries
grown conventionally or organically, but significant
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differences were caused by growing year (Nagy-Gasztonyi
etal., 2010).

Conclusions

1. The content of total soluble solids in sour cherry fruits
was decreased by use of woodchip mulch but was not
influenced by use of drip irrigation for six of seven
cultivars (p<0.05).

2. The content of total acids, ratio of total soluble solid
content to total acid content, and the content of phenols
were not significantly influenced by woodchip mulch
and drip irrigation (p<0.05).

3. The biochemical content of sour cherry fruits varied
among the cultivars and the growing years. The
biochemical peculiarities of the cultivars did not
change depending on the growing years:

- the cultivar ‘Desertnaya Morozovoi’ had fruits
with the highest total soluble solids content, lowest
acid content, and highest soluble solid to acid ratio
(p<0.05);

- the cultivar ‘Latvijas Zemais’ had the significantly
highest total acid content (p<0.05);

- the cultivar ‘Tamaris’ had fruits with the highest total
phenol content (p<0.05).
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POTASSIUM REMOVAL WITH GRASS IN AN APPLE ORCHARD UNDER INFLUENCE OF
MULCH AND IRRIGATION

Valentina Surikova, Aldis Karklins
Latvia University of Agriculture
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Abstract

Potassium (K) is one of the most important nutrients necessary for many life functions of plants, like shoot growth, fruit and flower
bud set, and fruit size. The aim of this study was to determine the content of potassium in orchard lawn for reduction of potassium
fertilizer application and to include the potassium from mown grass into K balance and turnover calculation. The investigation was
done at the Latvia State Institute of Fruit-Growing in Dobele in 2009, on the basis of an established field experiment planted in 1997
with apple (Malus domestica Borh.) cultivar ‘Melba’ (rootstock B9), trees spaced at 1.5 x 4 m distances. Three different treatments
of soil moisture management were compared: control, sawdust mulch, and fertigation. Soil of the experimental plot was Pisocalcic
Cutanic Luvisol (Hypereutric, Hyposkeletic); loam. Organic matter — 25 g kg™!, soil reaction pH — 6.5. Plant-available P was 130.9,
K — 157.7, and Mg — 102.2 mg kg'. Inter-row strips were covered with grass vegetation (Lolium perenne L. and Poa pratensis L.).
Grass samples were collected during cutting, 3 times per season of 2009: May 19, June 20, and August 11. The uptake and removal of
potassium was calculated as kilograms per hectare area. The concentration of potassium in the lawn and the height of grass growth were
significantly influenced by the mowing time and the soil moisture treatment. These results can be a base for further studies of potassium

turnover in an orchard, as well as for fertilizer planning and management.

Key words: Malus domestica Mill., mineral nutrition, nutrient uptake.

Introduction

Potassium (K) is one of the most important nutrients
necessary for many life functions of plants, like shoot
growth, fruit and flower bud set, and fruit size. Potassium
facilitates the water supply in cells, and accumulation of
carbohydrates. The amount of potassium influences also
fruit colour, tree winter hardiness, and disease resistance. If
there is not enough potassium, brown necrotic spots appear
on leaf margins, older leaves can even die, and plants
become susceptible to fungal diseases (Nosal et al., 1990).
Lack or surplus of potassium in the soil greatly depends
on the type of farming and technologies used. It has been
found that at farms where post-harvest residues remains
are left on the field and ploughed down, the total loss of
potassium is significantly lower, because potassium returns
to the circulation (Lipenite and Karklins, 2006).

Development of integrated fruit growing in Latvia
makes some restrictions for use of mineral fertilizers.
These restrictions are fixed in regulations of the Latvia
Council of Ministers, which have been worked out on
the basis of EU guidelines as well as on the fruit and
berry integrated production guidelines which provide the
measures for recording of used fertilizers and mechanisms
of control. The main idea is to minimaze the use of
chemical substances in fruit growing and conform its use
with soil conditions. Therefore regulations require the
farmers to compose annual fertilizing plans based on actual
(or planned) nutrient removal, therefore relevant data sets
should be developed taking into consideration the modern
technologies of orchard crop growing.

The rapidly increasing price of mineral fertilizers
stimulates the producer, without loss of yield and income,
to choose more rational growing technologies with a

suitable fertilization system. It could be stated as minimal
inputs for planned yield goal but taking into consideration
the maintenance of soil fertility status. If the mown grass
is left in the orchard, not only the nutrients come back to
the turnover, but also the content of humus in the soil will
increase. Thus the buffer capacity of soil increases which in
turn preserves nutrients from leaching, as well as improves
soil aeration so influencing positively not only the growth
of apple-tree roots, but also microbiological processes in
soil, increasing and preserving sustainable soil fertility
(Hoagland et al., 2008). This has become especially
important during the latest years, with serious concern for
environment and development of organic and integrated
fruit growing where mineral fertilizers are used as little as
possible.

To provide the practical information for fertilizer
planning it is necessary to clarify the quantity of potassium
found in the mown grass depending on technologies
used for water supply — mulching of soil around trees or
establishment of irrigation systems, which may significantly
influence the grass biomass as well as concentration of
potassium in grass. The aim of this study was to determine
the content of potassium in orchard lawn for reduction of
potassium fertilizer application and to include the potassium
from mown grass into K balance and turnover calculation.

Materials and Methods

The investigation was carried at the Latvia State
Institute of Fruit-Growing, Dobele, in 2009. A field trial
in three replications was set up on the basis of an orchard
established in 1997, for cultivar ‘Melba’ on rootstock B9
(planting pattern 1.5 %X 4 m). Three kinds of soil water
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treatment in tree strips were compared: (1) control — no
water regulation, (2) sawdust mulch, and (3) fertigation,
e.g. drip irrigation with fertilizer additives. In the mulching
treatment, soil surface was covered with a 10-20—cm layer
of sawdust which was renewed every three years. In the
irrigation treatment, ‘Den’ type pipelines with built-in
drippers spaced 0.38 cm apart were used. The irrigation
provided effective moistening of a 1-m—wide zone in
sandy loam soil, which makes about 25% of orchard area.

For the lawn sown in the inter-row strips, Lolium
perenne L. and Poa pratensis L. in proportion 1:3 were
used. The tree strip in the control and drip irrigation
treatments was 1 m wide, and during the growth season
it was maintained free from grasses. The inter-row strips
were 3 m wide. The grass during the experiment was mown
regularly (3 — 5 times per season). The apple-trees were
trimmed as a slender spindle. The average yield was 20 t
ha'! annually.

Soil of the experimental plot was Pisocalcic Cutanic
Luvisol (Hypereutric, Hyposkeletic), fine sandy loam/loam.
Organic matter content in soil was 25 g kg! (according to
Tyurin method, wet combustion), soil reaction was pH
6.5 (in 1M KCI suspension, potentiometrically). Organic
matter — 25 g kg, soil reaction pH—6.5. Plant-available P
was 130.9, K—157.7, and Mg — 102.2 mg kg’ (according to
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Egner—Rheem or DL method). This is a typical automorphic
soil with relatively good water storage and water supply
capacity.

Grass samples were collected during cutting, 3 times
per season of 2009: May 19, June 20, and August 11. From
the start of the growing season till May 19 the average air
temperature was 13.6 °C, precipitation — 9.3 mm; till June
21 — 14.8 °C and 93 mm; and till August 11 — 18 °C and
96 mm correspondingly. Grass samples were collected at
distances of 0 — 15 ¢cm, 15 — 30 cm, and 30 — 45 cm from
the grass-free tree strip. During each sampling the height of
grass growth was measured. Potassium content in grass was
determined using flame photometrics method. Removal of
K was calculated as kilograms per hectare area (kg ha')
(Karklins, 1998).

The results of the investigation were analyzed using
dispersion analysis ANOVA, as well as descriptive statistics
(Descriptive statistic). To compare the data from two
sample groups, the Fisher criterion was used.

Results and Discussion

Soil moisture management positively influenced the
growth of grass in inter-row strips. The applied moisture
treatments and mowing time significantly influenced the
height of orchard grass growth (p<0.05) (Figure.1).
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Figure 1. Height of orchard lawn at different distances from the tree strip depending on moisture
treatment and mowing time, cm.

[ control  —mulch | — fertigation

During the first mowing of grass, the growth at
a 0 — 15 cm distance from the tree strip was the highest in
the fertigation treatment and the shortest — in the control
treatment, and this difference was statistically significant. A
similar situation was observed also at a 30 — 45 cm distance
from the tree strip. Whereas at 15 — 30 cm from the tree
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strip the shortest growth also was in the control treatment,
but the growth in mulch and fertigation treatments did not
differ significantly. Yet significant influence of fertigation
on grass growth in these treatments was found during the
second and third cutting time. This means that the influence
of fertigation may appear later, besides, it must be taken
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into account that from the beginning of vegetation till the
first mowing the precipitation was very low, which can
explain the significantly lower grass growth in the control
treatment. It is possible that in the control treatment the
uptake of nutrients was limited as a result of the drought, as
also shown by other investigations (Shengzuo et al., 2008).

During the second cut, no significant differences
between treatments were found at 0 — 15 cm from the tree
strip. This may be explained by the fact that fertilizer was
applied in the tree strips at the beginning of the growing
season. By increase of precipitation, the fertilizer uptake
by grass near to the tree strip was facilitated in comparison
with the first mowing time. At 15 — 45 cm from the tree
strip, significantly higher grass growth was found in the
fertigation treatment, while in control and mulch treatments
the results showed no significant difference.

During the third cut significant differences were found
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between treatments at 0 — 15 cm from the grass-free tree
strip. This can be explained by the positive effect of mulch
and fertigation on soil moisture, as well as by the relatively
high air temperature during this period. Besides, in all
treatments a certain tendency was observed — along with
increase of distance from the tree strip, the grass growth
decreased. These differences may be the result either
of the applied soil moisture treatment or the specifics of
fertilization in an orchard. Fertilizer was not applied in the
whole area, but only in the tree strips, which means that
closer to the tree strips the inter-row grass growth could
receive more nutrients along with increased uptake due to
higher moisture and temperature.

The results of the investigation showed that the content
of potassium in the orchard lawn grown in was influenced
by the applied soil moisture regulation treatments — sawdust
mulch and fertigation (n=54, p<0.05) (Figure 2).

0.4

% of dray matter

Figure 2. Content of K in orchard lawn dry matter at different distances from the tree strip depending on
moisture treatment and cutting time, g kg™

. —control . — mulch . - fertigation

The concentration of potassium in grass was the lowest
during the first cut. At 0— 15 cm from the tree strip the lowest
potassium content was found in the control treatment. In the
mulch and fertigation treatments, the content of potassium
was 16% higher. In control and fertigation treatments, the
potassium content at 15 — 45 cm from the tree strip was
similar to that at 0 — 15 cm from the tree strip, while in the
mulch treatment it was 28% lower, and the difference was
significant (p<0.05).

During the second cut, the concentration of potassium
in grass was higher by 5 — 15%, yet no significant
differences were found between the first and third mowing
times (p>0.05), except in the mulch treatment where
increase in potassium content was significant. The relative
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increase in potassium concentration may be explained
by changes in precipitation and temperature during this
period. The average air temperature increased for 1.2 °C.
Changes in potassium concentration did not correlate with
changes in precipitation, the latest increased even tenfold
during this period. On June 14, very high amount of
rainfall was observed — 59.5 mm, which should increase
the concentration of potassium in plants, as moisture has
positive influence on it (Malaguti et al., 2006). Probable
that the 4 days which passed between the strong rain and
the mowing of grass were not enough to influence the
potassium concentration, although it has been found that
potassium moves in plants rather quickly (Adamec, 2002).

During the third cut, the content of potassium in grass
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was by 55% higher than during the first cut and 30% higher
than during the second cut. The differences were significant
(p<0.05). During the third cut, the potassium content in
grass had a tendency to increase along with the distance
from the tree strip. The increase inpotassium concentration
was especially expressed in the control treatment, although
no statistically significant differences were found. It can be
concluded with 95% probability that for the formation of 1
ton of grass dry mass, from 22 to 40 kg of potassium are
required. Results of this study comply with the conclusions
of other researchers (Lipenite and Karklins, 2001) that
grasses need on average 27.4 kg of potassium for the
production of 1 t of dry mass.

Still it is not possible to ascertain that the concentration
of potassium in the lawn grass was influenced only by the
mowing time. Theoretically the concentration of potassium
in plants should decrease during the growing season
(Nurzinski et al., 1990), but in this study it was an opposite
— the concentration increased. These contradictions may be
explained by the fact that the grass was cut down several
times during the season, which did not allow grass to go
through all developmental stages; besides it was not in the
same stage of development during all mowing times. The
grass mown on May 20 had already reached beginning of

VALENTINA SURIKOVA, ALDIS KARKLINS

flowering, but on August 11 the mown grass was at a much
earlier stage. Howewer, the development stages of grass
were not different among moisture regulation treatments.

The concentration of potassium could be influenced
not only by air temperature and precipitation during the
growth of grass, but also by other factors. Yet at all mowing
times there was observed a tendency of mulch reducing the
potassium concentration in the lawn.

Although the potassium concentration during the first
cut was lower in the control and mulch treatments (Figure 2),
the removal of potassium was the lowest in the control
treatment (p<0.05); besides it was notably different from
the mulch treatment where the potassium removal was 2
times higher, and from the fertigation treatment where the
removal was 3 times higher. During the second cutting
of grass, significant differences were found between the
control and fertigation treatments. Fertigation increased
the removal of potassium 2 times (p<0.05) as compared to
the control (Table 1). During the third mowing significant
differences were established among all three treatments
(p<0.05): lower removal of potassium was found in the
control treatment, in the mulch treatment it was 56%
higher, while in the fertigation treatment — 2 times higher.

Table 1
Grass biomass and potassium uptake, kg ha™!
Treatment
Cut control mulch fertigation
biomass K uptake biomass K uptake biomass K uptake
1 282.407 5.90° 365.50"" 8.37:" 359.33" 9.04*
2 443.54° 11.17° 503.39¢ 13.13% 542.12¢ 14.19°
3 494.27° 16.54° 503.48° 16.49° 567.69° 19.29¢
Per season,
kg ha'! 1220.21 33.61 1372.38 37.99 1469.14 42.52

a, b, ¢, — significantly different within columns (p<0.05)

*— significantly different within rows (p<0.05).

Such differences were observed because the biomass
of the mown grass significantly varied between moisture
regulation treatments and mowing times. Till May 20 when
the grass was cut for the first time, the precipitation since
the start of growth season was only 9.3 mm, therefore in the
fertigation and mulch treatments where the soil moisture
conditions were presumably better the grass biomass was
higher. These results comply with the results of other
researchers showing that plant biomass significantly
increases when fertigation is used (Hornig and Biinemann,
1993).

No similar studies have been done in Latvia, so there
are no data about the rate of the decomposition of cut
grass and return of potassium into the natural turnover,
but researchers in other countries (Shengzuo et al., 2008;
Tagliavini et al., 2008) have found that potassium returns
into circulation already 1 — 2 years after grass mowing.
Besides it has been investigated (Cazzato et al., 2004;
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Eason et al., 1991) that throwing of cut grass onto the tree
strips significantly increases the amount of organic matter
in soil, which is favourable for the potassium turnover and
availability to plants.

It should be added that the results of the study could be
influenced by weather conditions and other uncontrollable
factors, therefore here are only some tendencies discussed.
Yet a similar investigation in Latvian conditions was
performed for the first time, and the results may become a
base for further studies of potassium turnover in an orchard
as well as for fertilization planning.

Conclusions

Mulching of tree strips in an apple orchard significantly
reduced the concentration of potassium in the orchard lawn
and the height of the cut grass growth.

The potassium concentration in orchard lawn was
significantly influenced by the time of cut during the
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growing season and the height of grass which in turn was
determined by air temperature and precipitation, stage of
grass development, and other factors.

Annual removal of potassium with the biomass of
orchard lawn in the control treatment was 33.61 kg ha',
in the mulch treatment it was 14% higher, and in the
fertigation treatment 26% higher (p<0.05).

Acknowledgements

The investigation was supported by the European
Social Fund.

I would like to thank the Vitols Fund and the LAB-AN
(Latvian Agronomic Society — Foreign Department) for
granting me a bursary.

References

1. Adamec L. (2002) Leaf Absorbtion of Mineral
Nutrients in Carnivorous Plants Stimulates Root
Nutrient Uptake. New Phytologist, 155 (1), pp. 89-
100.

2. Cazzato E., Anesse V., Colreto A. (2004) Effects of
Clipping Management on Some Aspacts of Tall Fescue
(Fescue arundinacea) turf. Acta Horticulturae, 661,
pp- 301-307.

3. Eason W.-R., Newman E.-I., Chuba G.-H. (1991)
Specificity of Interplant Cycling of Nutrients: the Role
of Mycorrhizas. Plant and Soil., 137, pp. 267-274.

4. Hoagland L., Carpenter-Boggs L., Granastein D.,
Mazzola M., Smith J., Peryea F., Reganold J.P. (2008)
Orchard Floor Management Effect on Nitrogen
Fertility and Soil Biological Activity in a Newly
Established Organic Apple Orchard. Biology and
Fertility of Soils., 45, pp. 11-18.

5. Hornig R., Biinemann G. (1993) Fertigation and
Controlled Strip Cover by Weeds in Apple Orchrards.
Acta Horticulturae, 335, pp. 65-72.

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

10.

I1.

12.

13.

VALENTINA SURIKOVA, ALDIS KARKLINS

Karklin§ A. (1998) Aprékinu metodes agrokimija
(Calculation Methods in Agrochemistry). Jelgava,
LLA, 55 Ipp. (in Latvian).

Lipentte 1., Karklip§ A. (2001) Calculation of Plant
Nutrient Removal for the Specification of Normatives.
Proccedings. of the Latvia University of Agriculture,
4, pp. 9-16.

Lipentte I., Karklins A. (2006) Plant Nutrient Balance
Studies in Farms of Latvia VI. Farm “Tereni .
Proccedings. of the Latvia University of Agriculture,
18, pp. 9-16.

Malaguti A., Rombola M., Quartieri A., Lucchi C.,,
Inderst B., Marangoni M., Tagliavini D. (2006)
Effect of the Rate of Nutrients by Fertigation and
Broadcast Application in *Gala' and ‘Fuji* Apple. Acta
Horticulturae, 721, pp. 165-172.

Nosal K., Poniedzialek W., Kropp K., Porebski S.
(1990) Effectiveness of Nitrogen and Potassium
Fertilization of Apple Trees. Acta Horticulturae,
(274), pp. 211-214.

Nurzinski J., Kepta M., Komosa A., Kozera G. (1990)
Seasonal Changes of N, P, K, Ca and Mg Content in
Apple Tree Leaves During Vegetation Period. Acta
Horticulturae, (274), pp. 365-373.

Shengzuo F., Huayong L., Baodong X. (2008)
Decomposition and Nutrient Release of Four Potential
Mulching Materials for Poplar Plantations. Agroforesty
Systems, 74, pp. 27-35.

Tagliavini M., Tonon G., Scandellari F., Quinones A.,
Palmieri S., Menarbin G., Gioacchini P., Masia A.
(2008) Nutrient Recycling During the Decomposition
of Apple Leaves (Malus domestica) and Mowed
Grasses in an Orchard. Agriculture, Ecosystems and
Environment, (118), pp. 191-200.

63



AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)
CHANGES IN SERUM IMMUNOGLOBULINS CONCENTRATION OF NEWBORN CALVES

Indra Eihvalde, Daina Kairisa
Latvia University of Agriculture
indra.eihvalde@gmail.com; daina.kairisa@llu.lv

Abstract

The changes in the serum immunoglobulins concentration were investigated in newborn heifers from birth to 7 days of age.
The mothers of calves were determined serum and colostrum immunoglobulins (Ig) concentration. The research was carried out at
the Latvia University of Agriculture (LLU), in dairy farm ‘Ligotnes’of the Research and Study Farm ‘Vecauce’, in a loose housing
system with 530 cows, of which 430 were milking cows. The cows during the dry period were kept tethered in the farm. Eighteen
heifers and their dams (Latvian Brown and Holstein breeds) which calved from 30 November 2010 to 23 January 2011 were used in
this study. The calves’ serum total immunoglobulin concentration at birth was 9.0 + 1.31 mg dL"! (or 0.09 mg mL"), and after 24 hours
(h) it increased significantly to 4.3 mg dL"' (or 0.043 mg mL™"), p<0.05. The immunoglobulin G (IgG) concentration in calf serum after
birth was 6.8 £1.50 mg dL"' (or 0.068 mg mL""), and after 1 day and after 7 days it did not change significantly. The average Ig serum
concentration in cows was 12.6 £ 1.36 mg dL"! (or 0.126 mg mL"), and Ig concentration in colostrum was 18.5 + 1.68 mg mL"".
On average, close correlation (r=0.56) was found between cow blood serum IgM and colostrum IgM. Correlation between cow and calf

IgG serum concentration proved to be weak (r=0.49).
Key words: calves, cows, serum, colostrum immunoglobulins.

Introduction

The calves are born without their own immunoglobulins,
hence they get them by drinking colostrum (Jezek and
Klinkon, 2004). Colostrum is the first natural food for
the newborn calf. It is secreted during the first few days
after calving. The importance of colostrum for the health
of calves has been known for a long time (Pakkanen and
Aalto, 1997). The high level of immunoglobulins is only
in the first milking colostrum (Quigley and Martin, 1994;
Jezek and Klinkon, 2004). Bovine colostrum is a very
rich source of immunoglobulins and their absorption is
essential to provide passive immunity after birth. These
antibodies protect newborn calves against infectious
enteric and respiratory diseases, which are principal
reasons for mortality of calves (Pakkanen and Aalto, 1997).
The most important aspect of colostral feeding period is
timely provision of an adequate amount of hight quality
colostrum. The first feeding has the greatest influence on
Ig absorption. The timing of colostral feeding is critically
important because the intestine of the newborn is capable
of absorbting large molecules for not more than 24 hours
after birth. At least 100 g of pure Ig must be ingested at each
of the first two feedings of colostrum to achieve a blood
concentrations of at least 1.0 mg dL-' (or 0.01 mg mL™") of
IgG to reduce the incidence of disease and death. During
the first 3 days calves should be fed high quality colostrum.
The recommended volume is 1.5 L' of colostrum for first
feeding. The temperature of the colostrum should be 39 °C
to ensure good digestion and acceptance (Brant et al.,
2001). Immunoglobulins are proteins which are critical
to the identifying and detroying pathogens in the animal.
There are three major types of Ig in colostrum of cattle:
IgG, IgM, and IgA. There are two isotypes of IgG: IgG,
and IgG, (Quigley, 2001) These Ig work together to provide
the calf with passive immunity until the calf’s own active
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immunity develops. Colostrum contains 75 mg mL" IgG,
5 mg mL' IgA, and 4.9 mg mL"' IgM (Zitare, 2001). Most
of the bovine immunoglobulins are IgG they are transfered
from the blood of the cow into colostrum by a higly
specific transport mechanism. This mechanism moves
large amounts of IgG from blood into the udder. Serum
IgG concentrations of the dam decline precipitously,
beginning about 2 and 3 weeks prior to calving. IgM and
IgA are synthesized by the plasmacytes in the mammary
gland (Quigley, 2001). Maternal immunoglobulins are
not transfered across the placenta to the fetus in cattle and
calves are born with very low concentrations of serum
immunoglobulins (Pakkanen and Aalto, 1997). Optimal
supply with colostrum of good quality is important for calf
health, but good management is also essential. The aim of
the research was to estimate the cows’ and newborn calves’
blood serum and colostrum Ig concentration.

Materials and Methods

The research was carried out at the Latvia University
of Agriculture (LLU), in dairy farm ‘Ligotnes’ of the
Research and Study Farm ‘Vecauce’, in a loose housing
system with 530 cows, of which 430 were milking cows.
The cows during the dry period were kept tethered in the
farm. Eighteen heifers and their dams (Latvian Brown and
Holstein breeds) which calved from 30 November 2010 to
23 January 2011 were used in this study. The calves were
housed in individual boxes 2 months after birth. All time
they had a straw bed, which was regulary changed. First
five days of life they got their dams’ colostrum: maximum
4 — 6 L' twice a day. Calves suckled milk from a nipple
pail. From first week of life, calves had free access to the
starter and hay. After calving, blood samples from calves
and their dams were collected. Blood samples of calves
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were collected from the jugular vein into vacutainer tube
(5 mL") at birth, 24 h, and 7 days after calving. Blood
samples of cows were collected from the tail vein
shortly after partum. Blood was separated for 15 min by
centrifugation, chilled (approximaly at 4 °C), and stored
prior to the analysis for immunoglobulins (IgA, IgM, and
IgG) by Immunturbidimetric method in the Laboratory
‘Egila Gulbja Laboratorija’ in Riga. Colostrum samples (500
mL") were obtained immediately after calving, and after 12
h. Quality of colostrum was estimated using a colostrometer
by company ‘Delaval’ (Biogenics — Colostrometer,
1980). Before evaluation, colostrum was heated till 22 °C.
The colostrometer evaluates colostrum’s quality (or Ig
concentration) as superior — 50 to 140 mg mL-!, moderate
—30- 50 mg mL", or inferior <30 mg mL"". These quality
levels are also coded by colour on the colostrometer as
green, yellow, and red (Fleenor, Stott, 1980). Colostrum
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was devided into two 50 mL"' samples, stored frozen at
20 °C, and shipped to the Laboratory of Food processing
of the Faculty of Food Technology of the LLU. Colostrum
samples were analysed for immunoglobulins (IgA, IgM,
and IgG) by Turbidimetric method. Statistical analysis of
the data was perfomed by using Microsoft Excel. Statistical
analysis of results was perfomed by using a T-test. Statistical
significance (p<0.05) was indicated with different alphabet
letters in superscript.

Results and Discussion

Inthis research, Ig concentration in cow blood serum was
determined shortly after calving. The results showed that
total cow serum Ig concentration was 12.6 + 1.36 mg dL"!
(or 0.126 mg mL™") at various intervals - 5 — 24 Ig mg dL"!
(or 0.05—0.24 mg mL") (Table 1).

Table 1
Levels of immunoglobulins in cow (n=18) blood serum
Parameters S Min Max Cv%
Lactation 2.6+0.23 1 4 8.8
Total Ig, mg d“1 12.6 £ 1.36 5 24 45.7
IgM, mg dL! 6.6 £0.97 1 15 62.5
IgG, mg dL*! 6.0 £0.82 1 17 57.7

The average age of the cows was 2.6 lactations,
and the coeficient of variation was 8.8%, which indicates
that the model group is leveled. The chosen model group
shows the cows’ average age in the farm - 2.4 lactations.
IgA was not observed in blood serum. It is mentioned in
the literature that immunoglobulin gets into cow udder
with blood and synthesides. Compared with blood serum,
IgA concentration in colostrum is higher (Neilands, Zitare,
1988). In our research, IgG concentration contained

6.0 £ 0.82 mg dL"' (or 0.06 mg mL"). The first milking
immunoglobulin concentration was 88.1 mg mL' (Table
2), which was superior quality of colostrum (Fleenor and
Stott., 1980), but after 12 h it was decreased significantly
(52.1 £4.95 mg mL"). In publications scientists has found
that high level of immunoglobulins is only in the first
milking colostrum (Quigley and Martin, 1994; Jezek and
Klinkon, 2004).

Table 2

Levels of immunoglobulins in cow (n=18) colostrum

1% milking 2" milking (after 12 hours)

Parameters s, Cv% % as, Cv%
Ig used by

colostrometer, 88.1+5.27¢ 25.4 52.1+4.95° 40.3
mg mL!

Total Ig, mg mL"! 18.5+1.68 38.4 17.0+£1.63 40.7
IgA, mg mL’! 26+0.11 18.0 26+1.17 28.7
IgM, mg mL" 2.9+0.12 17.4 29+0.11 15.9
IgG, mg mL"! 13.0+£1.63 53.6 11.5+1.64 60.5

&b _averages of immunoglobulin level with different superscripts differ significantly (p<0.05)

In the present study, cow age did not significantly
affect Ig concentration in colostrum (t, = 34.0 >t .. =

4.2 where p=1.75>0.05), correlation was r=-0.34. This is
contrary to the data in the literature, where the colostral
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immunoglobulin level rises with the number of lactations
(Avendano-Reyes and Saucedo-Quintero, 2004; Eihvalde
and Kairisa 2010). In our research, concentration of IgA,
IgM un IgG remained at the same level for the next 12 h,
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which confirms of other researchers findings (Elfstrand et
al., 2002). The total Ig concentration in colostrum was 18.5
mg mL'; wheares various literature sources indikate, that
the total amount of colostrum Ig can be 93 — 101 mg mL",
IgA-1.6-62mgmL", IgM - 3.4 — 6.1 mg mL"' and IgG
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- 54 — 93 mg mL"! (Pakkanen and Aalto, 1997; Elfstrand et
al., 2002; Quigley et al., 1995). In our study, total Ig and
IgG was several times less than found in the literature.
The research shows how Ig concentration in cow blood
serum influences Ig concentration in colostrum (Table 3).

Table 3
Correlation coefficient (r) between cows serum Ig and colostrum Ig concentration in cows (n=18)
Colostrum
Serum Total Ig, r a q
mg mL IgA, mg mL IgM, mg mL IgG, mg mL

Total Ig, mg dL! -0.08 0.19 0.58%* -0.13

IgM, mg dL*! 0.00 0.16 0.56* 0.01

IgG, mg dL*! -0.22 0.13 0.30 -0.22

* p<0.05

A negative correlation was observed between the cow
blood serum Ig and colostrum Ig concentration, which shows
that the concentration of cow blood serum Ig did not affect
the concentration of Ig in colostrum. Negative correlation
was between IgG concentration in the cows blood and
colostrum (r=-0.22). It is contradiction to how scientists
say. They say that the primary immunoglobulin in bovine
colostrum is IgG, which is derived from maternal serum

16
14 -

Ig mg d
o]

IgG (Weaver et al., 2000). An average close correlation
(r=0.56) was found between cow blood serum IgM and
colostrum IgM, which demonstrates, that concentration of
IgM in colostrum is affected by the concentration of IgM in
the cow blood serum.

Health of some days old calves can be evaluated by
immunoglobulins concentration in blood serum (Figure 1).

Age in days

a, b

Big (total) #Elg G IgM

The success of passive immunity transfer is
typically assessed by measuring calf blood serum IgG
concentrations at 24 to 48 hours after partus. In our research,
total Ig concentration in blood of the newborn calf was 9.0
+ 1.31 mg dL' (or 0.09 mg mL"'), and after 24 hours it
increased significantly to 4.3 mg dL' (or 0.043 mg mL"),
p<0.05. It is mentioned in the literature that in the blood
serum of newborn calves Ig cannot be found at all or can be
found in small amounts - about 5 mg dL"! (or 0.05 mg mL"")
(Trubka, 1999). In our research (24 hours after birth),
correlation between Ig concentration in colostrum and in
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Figure 1. Changes in calf serum Ig after birth (n=18):
*¢ —averages of immunoglobulin level with different superscripts differ significantly (p<0.05).

blood serum the correlation was negative, which confirms
inferior Ig absobtion in calves blood. IgG concentration in
the calf blood serum after birth was 6.8 £ 1.50 mg dL"!
(or 0.068 mg mL™"), and after 1 day and 7 days it did
not change significantly. In the literature reported, that
the blood serum IgG concentration was higher than 10
mg mL"' by 24 hours after birth, it provides successful
passive immunity. (Shea et al., 2009). Calves with high
serum immunoglobulins have lower mortality rates than
calves with serum IgG < 10 mg mL"' (Godden, 2009).
Whereas IgM concentration in the blood serum at the
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calf birth was 2.2 = 0.50 mg dL"' (or 0.022 mg mL"),
after 24 hours it increased significantly to 4.5 mg dL' (or
0.045 mg mL") (p<0.05), but after 7 days it decreased
significantly to 2.9 £ 0.43 mg dL"' (or 0.29 mg mL™").
Ig concentration in calves blood clarifies the risk factor
of calves diseases. Blood serum concentration in calves
may be influenced by many factors, including calf age at
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first feeding, sex of the calf, body weight, amount of Ig
consumed, colostrum quality, and method of colostrum
feeding (Gvozdic et al., 2008). The IgA concentrations in
calves serum were not found.

The research shows how Ig concentration in cows’
blood serum influences Ig concentration in new-born calf
blood serum (Table 4).

Table 4
Correlation coefficient (r) between cows and newborn calves Ig serum concentration shortly after calving
Cow serum
Calf serum
Total Ig, mg dL! IgM, mg dL*! IgG, mg dL!
Total Ig, mg dL! 0.45 0.20 0.51*
IgM, mg dL*! -0.02 0.06 -0.12
IgG, mg dL*! 0.41 0.15 0.49%*
* p<0.05

Our research showed that between the cow and the
calf IgG concentration in blood serum there was weak
correlation (r=0.49), which confirms researches of other
scientists, that transplacental transport of proteins is a
selective process, singly only IgG, and not IgM or IgA,
cross the placental barrier (Klaus et al., 1969).

Conclusions

The average Ig concentration in cows serum was 12.6 +
1.36 mg dL"! (or 0.126 mg mL™"). In first milking, colostrum
Ig concentration was 18.5 + 1.68 mg mL"!, but in the 2™
milking colostrum was by 1.5 mg mL"' lower. An average
close connection (r=0.51) was found between cows blood
and colostrum IgM concentration. The newborn calves
blood serum at birth contained 9.0 + 1.31 mg dL"' (or
0.09 mg mL") Ig, 24 hours after birth Ig concentration
was higher than 4.3 mg dL"' (or 0.043 mg mL"), there
were significant differences (p<0.05). A statistically
significant correlation was (r=0.49) detected between IgG
concentration in cow and in calf serum. Whereas IgA was
not found in the cow and calf blood serum. Neonates with
not adequate Ig concentration in blood serum can easily
suffer from diseases if placed in a filthy environment or
exposed to hidly virulent organisms.

References

1. Avendano - Reyes L., Saucedo-Quintero J.S. (2004)
Colostrum immunoglobulins transference in Holstein
cattle according the age of the dam. American Society
of Animal Science, 55, pp. 322-324.

2. Biogenics — Colostrometer (1980) Available at: http: //
www.colostrometer.com/support.asp?ID=2,11February
2011.

3. Brand A., Noordhuizen J.P.T.M., Shukken Y.H. (2001)
Heard Health and Production Management in Dairy
Practice, Wageningen, Netherlands, 90 p.

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

4. Eihvalde 1., Kairisa D. (2010) Immunoglobulin level
in colostrum of dairy cows at different age. Proceeding
of the 15" Baltic animal breeding conference, Riga,
pp. 56-60.

5. ElfstrandL.,Lindmark-ManssonH.,PaulssonM.,NybergL.,
Akesson B. (2002) Immunoglobulins, grow factors and
grow hormone in bovine colostrum and the effects of
processing. International Dairy Journal, 12, pp. 879-887.

6. Fleenor W.A., Stott G.H. (1980) Hydrometer test for
estimation of immunoglobulin concentration in bovine
colostrum. Journal of Dairy Science, 63, pp. 973-977.

7. Godden S.M., Haines D.M., Hagman D. (2009)
Improving passive transfer of immunoglobulins in
calves I: Dose effect of feeding a comercial colostrum
replacer. Journal of Dairy Science, 92, pp. 1750-1757.

8. Gvozdi¢D., Stoji¢ V., Samans H., Fratri¢ N., Dakovi¢ N.
(2008) Apparent efficiency of immunoglobulin
absorption in newborn calves orally treated with
zeolite. Acta Veterinaria (Beograd), 58, pp. 345-355.

9. Jezek J., Klinkon M. (2004) Influence of colostral
immunity on gain and health status in calves. Acta
agriculturae slovenica, 8, pp. 179-184.

10. Klaus G.G.B., Bennett A., Jones E.W. (1969)
A Quantitave Study of the Transfer of Colostral
Immunoglobulins to the Newborn Calf. Journal of
Immunology, 16, pp. 293.

11. Martin K.R., Quigley J.D. (1994) Immunoglobulin
concentration, specific gravity, and nitrogen fractions
of colostrum from Jersey cattle. Journal of Dairy
Science, 77, pp. 264-269.

12. Neilands J., Zitare 1. (1988) Imundeficita
etiopatogenéze jaundzimuSiem teliem (New born
calve’s immunodeficiency etiopathogenesis).
Proceedings of International conference, 1998.gada
14. aprili, LLU Zinatnes centrs ‘Sigra’, Sigulda, 61-
63. lpp. (in Latvian).

67



CHANGES IN SERUM IMMUNOGLOBULINS
CONCENTRATION OF NEWBORN CALVES

13.

14.

15.

16.

17.

68

Pakkanen R., Aalto J. (1997) Grow Factors and
Antimicrobial Factors of Bovine Colostrum.
International Dairy Journal, 7, pp. 285-297.

Quigley J. (2001) A primer on colostral
immunoglobulins. Calf Notes. Available at: http:/
www.calf notes.com, 20 January 2010.

Quigley J.D.,, Martin K.R., Dowlen H.H.
(1995) Concentration of Trypsin Inhibitor and
Immunoglobulins in Colostrum of Jersey Cows.
Journal of Dairy Science, 78, pp. 1573-1577.

Shea E.C., Whitehouse N.L., Erickson P.S. (2009)
Effects of colostrum replacer supplemented with
lactoferrin on the blood plasma immunoglobulin G
concentration and intestinal absorption of xylose in
the neonatal calf. Journal of Animal Science, 87, pp.
2047-2053.

Trubka R. (1999) Hipogammaglobulinémijas
etiopatogenéze un diagnostika teliem
(Hypogammaglobulinemia in calf: etiopathogenesis

18.

19.

20.

INDRA EIHVALDE, DAINA KAIRISA

and diagnostic). Veterinarmedicinas raksti 1999,
Jelgava, 328-333. lpp. (in Latvian).
Weaver D.M., Turler JW. VanMertre D.C.,

Hostetler D.E., Barrington G.M. (2000) Passive
Transfer of Colostrum Immunoglobulins in Calves.
Journal Veterinary Internal Medicine, 14, pp. 569-577.
Zitare 1. (2001) Svarigakie nosacijumi, lai ieglitu
veselu telu un izaudzetu labu govi (Most important
concditions to get a healthy calf and breed a good cow).
Latvijas Piensaimnieks, 3, 23-25. Ipp. (in Latvian).

CrenanoBuny H. (1998) Cocmosnue ecmecmeerntoii

Pe3UCmeHMHOCU u UMMYHONO2UNECKOL
PEeaKmuGHOCmU Y HOBOPOJICOEHHbIX Mesim npu
xonubaxkmepuosze (Natural resistence conditions

and immunological influence of newborn calves in
colibacteriotical situations). duccepramust pesyme,
TocynapcBenHil Arpaphelii YHusepcuter Monnosu.
c. 228. (in Rusian).

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)



AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)
EFFECT OF ORAL GLYCEROL ON THE LACTATION PERFORMANCE OF DAIRY COWS IN

POSTPARTUM PERIOD

Marko Kass'?, Tiia Ariko?, Meelis Ots'?, David Arney?, Olav Kdirt*

'Bio-Competence Centre of Healthy Dairy Products, Estonia
2Estonian University of Life Sciences
marko.kass@emu.ee

Abstract

The treatment of ketosis with glycerol was first introduced in the 1950s. Currently, the availability of glycerol as a feed supplement

for dairy cattle has increased due to the rapid expansion of the biodiesel industry. It has been suggested that glycerol can be used as a

dietary glucose precursor for dairy cows in a similar way to propylene glycol. This study examined the effect of orally administrated

crude glycerol on milk production and composition, and energy-status related blood metabolites of primiparous (n=4) and multiparous

(n=4) Holstein dairy cows in the first three weeks of lactation. The treatment group cows were given an oral drench of 500 mL of crude

glycerol once a day before the morning feeding. Long-term oral drenching of crude glycerol had no effect on dry matter intake (DMI),

but there was a positive effect on milk yield. Most milk composition values were not affected by the treatment, but treatment groups

had lower milk protein levels. Blood glucose and insulin concentrations were declined with glycerol administration.

Key words: glycerol, oral drenching, dairy cows.

Introduction

The high yielding cow is unable, insofar as is necessary,
to co-ordinate her metabolism to support milk secretion,
causing a decrease in production and an increasing
frequency of metabolic disorders, such as ketosis. There
are a number of additives used as a preventive tool —
propylene glycol, glycerol, and calcium propionate. The
treatment of ketosis with glycerol was first introduced in
the 1950s (Johnson, 1951; Johnson, 1954). Glycerol, as a
by-product of the biodiesel industry, has been produced by
a reaction that utilizes a base-catalyzed transesterification
of oil (rapeseed oil) in the formation of methyl and ethyl
fatty acid esters in the production process (Thompson
and He, 2006). It has been suggested that glycerol can
be used as a dietary glucose precursor for dairy cows in
a similar way to propylene glycol. Recent studies of this
are different in their methods of administration, quantity,
delivery period and quality of crude glycerol (Stokes et
al., 2002; DeFrain et al., 2004; Ogborn, 2006). However,
there is a lack of information in the literature regarding oral
glycerol administration over the longer period. Also, there
is no data on how glycerol administration in the postpartum
period affects the lactation performance of dairy cows at
different parities; primiparous Holstein cows mobilize
fewer body reserves than multiparous cows (Gallo et al.,
1996; Friggens et al., 2007). The objective of this study
was to study the effect of oral administration of glycerol on
the performance of cows with different parity.

Materials and Methods

The study was carried out at the Mérja experimental
farm of the Estonian University of Life Sciences. This
study examined the effect of orally administrated crude
glycerol on milk production and composition and energy-
status related blood metabolites of primiparous (n=4) and
multiparous (n=4) Holstein dairy cows in the first three
weeks of lactation. Cows were grouped (2 +2) based on body

weight (BW) and body condition score (BCS) according to
the system proposed by Edmonson et al. (1989). The mean
BW was 598 + 11 kg for primiparous and 619 + 25 kg for
the multiparous cows. The mean BCS was 3.44+0.06 for
primiparous and 3.31 + 0.12 for the multiparous cows.

The cows were fed according to Estonian feeding
standards. Both groups were given a basal diet containing
concentrate feed (rapeseed cake — 270, wheat — 240, wheat
bran — 101, corn — 90, corn feed — 85, soyabean meal — 80,
sliced fodder beet — 60, barley — 50, salt — 9, palm oil — 8§,
limestone 5, and Premix Ko 2 g kg'), minerals, and forage
silage (ad libitum) according to nutritional requirements.
Concentrate feed and silage were fed separately. Silage
was removed and measured before the subsequent milking.
Twice weekly a sample of silage was taken for chemical
composition analysis (AOAC, 2005). The treatment group
was given an oral drench of 500 mL of crude glycerol
(82.6% glycerol, 9.3% salts, 7.1% water, 0.6 crude fat,
and 0.4% methanol) once a day just before the morning
feeding. DMI and milk yield were recorded daily.

Milk and blood samples were collected on two
consecutive days, once a week. Milk samples were
combined proportionally according to milk yield, and kept
at +4 °C until analysis on the following morning. The milk
fat, protein, and lactose contents were measured at the Milk
Analysis Laboratory of the Animal Recording Centre, using
an automated infrared milk analyser (System 4000; Foss
Electric, Hillerad, Denmark). Blood samples were taken,
before administration of glycerol, from the coccygeal vein
and were kept frozen at -22 °C till analysis.

Analyses of variance, t-tests and correlation analyses
were used to evaluate the relationships between the
different parameters (SAS Systems 9.1 and Excel statistical
tools). To interpret the results, the following criteria of
significance were used: significant (p<0.05), tendency
(p<0.1), and not significant (p>0.1).
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Results and Discussion

Oral drenching of crude glycerol had no affect on BW
change (p=0.331), nor for BCS change (p=0.536). However,
multiparous cows lost less BCS (0.50) than primiparous
cows (0.75) during the first three weeks of lactation. There
were no effects of treatment on DMI (p=0.928), but there
was an effect of lactation (p=0.029). There was a trend for
a decrease of DMI in the third week in primiparous cows.
Ogborn (2006) has found that cows in second or greater
lactations showed a decreased postpartum DMI with
glycerol as an oral drench for five days. Oral drenching
of crude glycerol had a positive effect on milk yield
(p=0.030); mean milk yields were 30.75 kg for control and
32.04 kg for treatment cows. Additionally, mean DMI and
milk yields were higher in multiparous cows. As found in
the previous study, Ogborn (2006), there was no change in
milk and ECM yields after the short-term administration
of glycerol. Energy corrected milk-yield (p=0.623), milk
fat (p=0.89), and milk lactose contents (p=0.090) were not
affected by treatment. Treatment cows from both parities
had lower milk protein contents (p=0.01) than the control
cows. The mean protein percentage in milk for primiparous
cows in the control group was 3.57, and in treatment group
— 3.20; in multiparous cows the values were 3.50 and 3.36
respectively. Treatment cows had a lower level of blood
glucose (p=0.01) and insulin (p=0.01) concentrations.
The mean concentration of blood glucose (mg dL') for
primiparous cows in the control group was 85.7, and in
the treatment group — 75.6; in multiparous cows the values
were 93.1 and 80.0 respectively. In contrast, both Linke et
al. (2004) and Goff and Horst (2001) reported an increase
in blood glucose levels after oral administration of glycerol.
Ogborn (2006) found that short-term (5 days) oral drenching
of glycerol had no effect on blood glucose, as the samples
were collected at the same time as in the previous study.
However, DeFrain et al. (2004) also detected a decrease
in the blood plasma glucose concentration, and assumed
that glycerol fed in the postpartum period was mostly used
as an energy source by the rumen microorganisms, instead
of entering the gluconeogenic pathways. Concentrations
of blood nonesterified fatty acids were neither affected by
treatment (p=0.622), nor parity (p=0.305).

Conclusion

Long-term oral drenching of crude glycerol had no effect
on DMI, but there was a positive effect on milk yield. Most
milk composition values were not affected by treatment,
but treatment groups had lower milk protein levels. Blood
glucose and insulin concentrations declined with glycerol
administration. The changes in measured parameters over
time acted in the same way for both parities, as expected
multiparous cows produced more milk as they consumed
more dry matter.
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Abstract

Milk production and milk composition are of prime economic importance for farmers. It is well known in dairy management that
the balanced feeding and holding technology is an important lever by which milk production and milk composition can be modified.
The objectives of this work are to establish relation among milk protein and urea content in different farms. Four farms represent three
cow breeds (Holstein Black and White, Latvian Brown, and cross breed XP). Individual cow milk samples (n=8400) were collected
monthly from September 2009 to November 2010. Milk samples were analyzed for total protein, casein, fat, lactose, and urea content
with instrumental infrared spectroscopy method. The average milk yield in farms was significantly different (from 26.8 to 16.0 kg per
control day), and average protein content varied from 3.32 g kg to 3.62 g kg'. The urea content in cow milk was between 21.3 to
42.6 mg 100 mL"'. The average protein content was higher and significantly (p<0.05) different in first yield level (up to 15 kg) for all
farms. Overall, in different farm and milk yield levels correlation between protein and urea was low or very low. In the farm C, average
urea content ranged between 30.0 and 60.0 mg 100 mL"!, which indicated problems in feeding or management in the farm. It was
established that milk productivity traits significantly (p<0.05) varied in farms with different dairy cow holding and feeding technologies

and milk protein and urea content significantly (p<0.05) varied for cows with different milk yield per day.

Key words: dairy cow, milk yield, protein and urea content.

Introduction

Milk is a complex biological fluid consisting of fats,
proteins, minerals, vitamins, enzymes, and lactose. The
composition of milk varies according to the breed, the
genetic background of the animal, the stage of lactation,
the nutritional quality of the animal’s feed, the milking
technology, and the incidence of disease such as mastitis
and general environmental conditions (Coballero et al.,
2003; Savickis et al., 2010).

The most important milk components for cheese and
curd production are milk proteins. Now in Latvia the milk
payment system is based on the content of total protein in
milk, and on milk amount. Therefore task of the Latvian
breeding programmes will be high milk yields with high
protein content.

Normal bovine milk contains 30 to 35 g of protein kg™
Milk total proteins are composed of casein, whey proteins,
and non-protein nitrogen (Depeters and Cant, 1992). The
two principal types of milk proteins are caseins and whey
proteins. Caseins constitute 76 to 86% of the total milk
protein. Whey proteins represent 14 to 24% of milk proteins
and are in solution in the serum phase of milk (Hui, 1993).

Researchers (Joudu et al., 2008) have found that the
content of proteins and caseins in different breed’s cow
milk is different. Observe that Estonian Red breeds cow
milk content highest protein and casein that Estonian
Holstein breeds cow milk. On the contrary S.M. Carroll
et al. (2006) did not find affect from Holstein, Jersy, and
Brown Swiss cows breed or diet in milk total nitrogen and
urea nitrogen content.

Urea is therefore a normal constituent of milk and
comprises part of the nonprotein nitrogen fraction.
Although opinions do vary to some extent, milk urea levels
between 20 and 30 mg 100 mL' are generally considered as

normal for cow’s milk. Urea accounts for roughly 50% of
the non-protein nitrogen fraction in herd bulk milk of dairy
cows, although this may vary from 35 to 65%. For milk
from individual cows, this variation may be even larger
(Bijgaart, 2003). The urea content may be used to monitor
nutritional status of lactating dairy cows and improve dairy
herd nutrition.

The objective of this study was to evaluate the relation
between milk protein and urea content in different farms
with different holding technologies.

Materials and Methods

In the study, individual cow milk samples (n=8400)
were collected monthly from four dairy farms (Farm A-D)
from September 2009 to November 2010. Dairy herds
represent three breeds: Holstein Black and White (HB),
Latvian Brown (LB), and cross breed XP (cross breed from
HB and LB). Average lactation number for cows in farm A
was 2.37, farm B — 1.97, farm C — 3.47, and farm D — 2.16.

Dairy farms were with different number of animals in
herds and with different milking and holding technologies.
Farms A and C had a small (26 and 19 cows accordingly)
number of animals and the traditional holding technology in
the pasture-based seasonal dairying system. In these farms
cows were managed in one feeding group. Whereas farms
B and D were big farms (320 and 150 cows accordingly)
with a balanced feeding and total mixed ration in all years
without pasture period. Management in these farms was
organized in feeding groups according to lactation stage.
Milking frequency was two times per day. Farm B had one
cow group with robotic milking. The herds were under
official performance and pedigree recording.

The monthly control milk samples were analyzed for
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total protein, casein, fat, lactose, and urea content. All
parameters were analyzed in accredited milk quality
laboratory SIA  ‘Piensaimnieku Laboratorija’ with
instrumental infrared spectroscopy method with FOSS
instrument CombiFoss FC.

Data regarding breed of cows and date of milk analysis
were available from monthly records of the herds from
state agency “Agricultural Data Centre” program.

Control day milk yield was grouped into six levels: 1%
— < 15.0 kg, 2" — from 15.0 to 19.9 kg, 3" — from 20.0 to
24.9 kg, 4" — from 25.0 to 29.9 kg, 5" — from 30.0 to 34.9
kg, and 6™ — 35 kg and more.
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The statistical analyses were performed using SPSS
program package and Microsoft Excel for Windows.

The obtained data were analyzed using descriptive
statistics and Pearson correlation analysis. The significance
of the differences between the samples was assessed using
ANOVA.

Results and Discussion

The study results were analyzed separately for each
farm to evaluate cow milk productivity traits in the different
farms (Table 1).

Table 1
Average milk productivity and quality traits during the research
] Farms
Traits A (n=387) B (n=5539) C (n=280) D (n=2194)
Milk yield, kg 24.4+0.35° 23.1+0.10° 16.0+0.34¢ 26.8+0.19¢
Protein content, g kg! 3.32+0.021° 3.62+0.006° 3.61£0.031° 3.49+0.009¢
Casein content, g kg 2.57+0.015* 2.78+0.004° 2.74+0.023° 2.68+0.006°
Fat content, g kg! 4.14+0.042* 4.55+0.014° 4.49+0.053° 4.09+0.016*
Lactose content, g kg! 4.70+0.009* 4.81+0.002° 4.69+0.016° 4.78+0.005¢
Urea content, mg 100 mL"! 21.3+0.35° 26.4+0.13° 42.6+£0.86° 26.2+0.15°

ab.ed_milk productivity and quality traits with unequal letter, difference significantly between farms (p<0.05)

Average cow milk yield in farms significantly differed
(from 26.8 to 16.0 kg per control day). The lowest milk
yield was in farm C with LB breed cows, where cows were
managed in one feeding group. The highest milk yield was
in farm D with several breeds’ cows, from which HM breed
cows predominated and management in this farm was
organized in feeding groups according to lactation stage.

Between farms was statistical significantly difference
in milk constitute and quality. The farm B cow milk had
highest protein, fat, casein and lactose content (3.62 g kg!,
4.55 g kg, 2.78 g kg'!, and 4.81 g kg'). Farm B had LB
and HB breed cows, and management in this farm was
organized in feeding groups according to lactation stage.
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The average cow milk protein (3.57 g kg') and fat
(4.41 g kg") content for all farms was higher than average
milk recording results in Latvia in the year 2010 (3.31 and
4.29 g kg accordingly).

The urea content in farms ranged between 21.3 and
42.6 mg 100 mL'. The average urea content in farm C
was significantly higher (42 mg 100 mL™") than in other
farms, which indicates problems in cow feeding balance
and management. Also Lithuanian researchers (Savickis et
al., 2010) have established influence to urea content in cow
milk from farm.

The next in study were established that total protein and
urea content in milk had influence from milk yield level
and farms (Table 2).
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Table 2
Average protein and urea content in milk of cows with different milk yield per day
Milk yield, levels
Farms | Traits 1 2 3 4 5 6
(£15.0) (15.0-19.9) | (20.0-24.9) |(25.0-29.9) |(30.0-34.9) (35.0>)
+ + + =+

N Protein, g ke’ 3.9340.077 ¢ 3'581,,2'039 3.32@2'029 3'18(1,2'029 3.03 5,2'040 30040561

Urea, mg100 mL! 19.441.37 * | 20.540.724 | 21.940.64* | 21.240.724 | 22.4+1.054 | 22.2+1.43%
5 Protein, g kg 4.0720.019%A 3.80tg.OIO 3.58?(3).088 3.46?8.009 3.342(3).011 3.20;0.016

Urea, mg100 mL"! 23.3+0.31%8 | 25.3+0.27>8| 26.3+0.258 | 28.14+0.28 48| 27.54+0.3748 | 29.44(.52 B
. Protein, g ke 3.91240.043 =5 3.391:’8.043 3.29?2.032 3.22?2.032 3.40?2.204 )

Urea, mg100 mL™! 37.840.935C | 44.8+1.65%C| 45.442.315C| 57.244.17°C | 63.943.54¢C -

Protein, g kg’ 3.05:0.039+8 3.723()).019 3'56139'017 3.44?1(3).015 3.33::1(3).016 3.21240.013 B
D

Urea, mg100 mL™! 23.3+0.4928 | 24.4+0.39 8 26'%?332 27.240.31%B | 27.4+0.36B | 26.7+0.31°¢

a,b,c,dye, f__

group (p<0.05);

milk productivity and quality traits with unequal letter, difference significantly between milk yield levels

AB.CD_ milk productivity and quality traits with unequal letter, difference significantly between farms (p<0.05).

The average protein content was higher and significantly
different in first milk yield level in all farms. Observed
decrease in second milk yield level (15.0 — 19.9 kg) of the
average protein content, but it was highest than third till
sixth milk yield level and significantly different in farms A,
B and D. A significant difference between six yield levels
was establish in farms B and D where higher average cow
milk protein content (4.07 and 3.95 g kg' accordingly) was
in first milk yield level, gradually decreasing to sixth milk
yield level.

The milk urea content was significantly different in
farms A and C in all milk yield levels, but no difference was
observed of cow milk in farm B and D. Difference in milk
urea content between milk yield levels was not observed
in farm A. It should be pointed out that the average milk
urea content had tendency to increase in all study farms
from first milk yield level (<15.0 kg) to the sixth (35.0 kg

and more). The results of this study confirm previous
researcher (Oltner et al., 1985) that milk yield still higher
than milk urea content increase.

To evaluate relation between cow milk protein and urea
content was estimated correlation in all farms and milk
yield levels (Table 3).

Overall, in different farm and milk yield levels
correlation between cow milk protein and urea content
was low or very low. Average closely negative significant
correlation (-0.491) was in farm A for cows with milk yield
level up to 15 kg. These are stronger correlations than those
reported by J.D. Ferguson et al. (1997) -0.138 for milk
protein content. In farms B and D, for the same milk yield
level, a very low significantly positive correlation (0.129
and 0.229 accordingly) was observed. Correlation was
closely negative (-0.449) in farm C with milk yield level
from 30 to 35 kg.

Table 3
Correlation between cow milk protein and urea content in farm and milk yield level
Farms Milk yield, levels
1 (<15.0) |2(15.0-19.9)| 3(20.0-24.9) | 4 (25.0-29.9) | 5(30.0-34.9) | 6(35.0>)
A -0.491** -0.097 0.080 0.053 0.138 0.013
B 0.129%* -0.030 0.041 0.028 0.011 0.012
C 0.075 0.146 0.353* -0.341 -0.449 -
D 0.229** 0.154** 0.021 0.014 -0.034 -0.017

*p<0.05, **p<0.01.
Researchers (Eicher et al., 1999) have observed the
relationships between milk urea and protein content in

respect of the factors parity, daily milk yield and days
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postpartum also vary considerably among herds. E.Z.M.
Oudah (2008) confirms a very low negative correlation
among milk protein and urea content in the lower test-day
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milk yield. Canadian researchers have found negative
relationships between milk protein and milk urea nitrogen
content in dairy cow milk (Arunvipas et al., 2003). Whereas

300 y=-0.002x+3.3607
2—
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T 3.80 .
% o..i.o
£ 320 &
£ W %
S 2.60
£
2
£ 2.00
15.0 30.0 45.0 60.0
Urea content, mg 100 mL"
Farm A (n=26)
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T R>=0.1642
< 440 .
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< L™
= [ ]
2 380 .,
3
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Q
5 ot®
& 2.60
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Farm C (n=19)
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W. Richardt (2002) has established positive correlation
among milk protein and urea content in the cow milk.

y=-0.0142x+3.9635
R>=0.0829

Protein content, g kg™

15.0 30.0 45.0 60.0
Urea content, mg 100 mL"!
Farm B (n=320)
5.00 y=-0.0044x+3.329
- R?=0.0034
2 4.40
&0
5 3.0
=
5t
g 320
(o]
IS
& 2.60
2.00
15.0 30.0 45.0 60.0

Urea content, mg 100 mL!

Farm D (n=150)

Figure 1. Relationship between average individual cow milk protein and urea content during research.

Many researchers (Depeters and Cant, 1992; Bijgaart,
2003) confirm that normal milk urea content in milk is from
15.0 to 30.0 mg 100 mL'. The measurements of milk urea
content could be used to assess the adequacy of protein
feeding in dairy cows and the efficiency of N utilization
for milk production (Jonker et al., 1998; 2002; Nousiainen
et al., 2004). Basing on measurements from each farm and
average cow milk protein and urea content for each cow
in a farm, the relationship between them was estimated. In
farm C, average milk urea content varied between 30.0 and
60.0 mg 100 mL"', which indicates problems in feeding or
management in the farm (Figure 1). In farm B, significantly
influence milk protein content from milk urea content
varied that suggest regression analyze (R*=0.0829).
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Conclusions

1. It was established that milk productivity traits
significantly (p<0.05) varied in farms with different
dairy cow holding and feeding technologies.

2. In farms A, B, and D, milk urea content was not higher
than the allowable level (from 15.0 to 30.0 mg 100
ml') which suggests about balanced feeding or good
management in the farm.

3. The milk protein and urea content significantly (p<0.05)
varied for cows with different milk yield per day the
cow with the highest milk yield had the lowest protein
and highest milk urea content.

4. The evaluation between milk protein and urea content
were significant from low negative (r=-0.491) to low
positive (r=0.353) was established.

5. In farm B, variations in milk urea content significantly
influenced changes in milk protein content, which was
confirmed by regression analysis (R>=0.0829).
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Abstract

This study investigates different environmental effects on birth weight, weaning weight, and pre-weaning daily gain using different
statistical models in the Latvian sheep population. The coefficients of determination (R?) were used to estimate the extent of different
non-genetic factors influencing birth weight, weaning weight, and pre-weaning daily gain. Data were collected of 4460 lambs born
in 36 herds during 2008 to 2010. The birth weight (on average 4.1 + 0.01 kg), weaning weight (on average 21.0 + 0.07 kg) and pre-
weaning daily gain (on average 242.1 + 0.93 g) was significantly affected by type of birth and sex, lambing age of dam (covariate) and
herd, year, season of birth (p<0.01). Coefficients of determination were estimated from 0.14 to 0.42 for birth weight, from 0.13 to 0.49
for weaning weight, and from 0.10 to 0.46 for pre-weaning daily gain. The results show that when the fixed effects of HYS (interaction
between the herd, year, and season of birth) were included it improved the quality of the statistical model most of all, because higher
determination coefficients were obtained for all traits: 0.42 for birth weight, 0.49 for weaning weight, and 0.46 for pre-weaning daily

gain.

Key words: weight, daily gain, performance traits, environmental factors.

Introduction

Sheep farming is one of the oldest agricultural branches
in Latvia. Historically, the main goal was to provide
country with a good quality of sheep (particularly lamb)
meat, also to produce wool and fur. Today, the sheep
breeding becomes more and more popular, because it is
a complementary component of a mixed farming system.
The high fertility and short generation intervals make it
popular among breeders.

Economically important traits in the sheep industry
are birth weight, weaning weight, and pre-weaning daily
gain. These traits are influenced by several genetic and
environmental factors (sex of lamb, type of birth, seasonal
variation during different years). Environmental factors
influence the estimation of breeding value. Investigation
and determination of environmental factors that have
effect on traits and correction of records for these factors
cause estimated genetic parameters and breeding value
to show animal’s genetic potential (Rashidi et al., 2008).
The significant influences of environmental factors on
body weight at the various ages can be explained in part
by differences in year, male and female endocrine system,
limited uterine space and inadequate availability of
nutrients during pregnancy, competition of milk between
twins, maternal effects and maternal ability of dam in
different ages (Mohammadi et al., 2010).

A. Hussain (2006) found that the influence of year of
birth, sex, and type of birth on birth weight was significant.
The age of dam (covariate) affected birth weight of
lambs and was significant (p<0.01) too. Also S.Alipour
and M.A Edriss (1997) reported that there were highly
significant year and sex effects on body lamb weight at
birth.

S.Alipour and M.A.Edriss (1997) reported that year
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of birth, sex, age of dam, and type of birth significantly
affected weaning weight. P.Akhtar et al. (2001) reported
that the effect of type of birth of lamb and age of the dam
on weaning weight was not significant.

According to P.Akhtar et al. (2001) and A.Hussain
(2006), pre-weaning daily gain was affected significantly
by year and season of birth, and sex of lamb (p<0.01).
However, G.D.Snowder and L.D.Van Vleck (2003)
reported that type of birth, sex of lamb, and age of dam had
no significant effect on pre-weaning daily gain.

The influence of environmental factors on the
productivity of sheep has not been widely studied in Latvia,
therefore included it in our study.

The aim of the study was to determine the influence
of environmental factors on three performance traits using
different statistical models in the Latvian sheep population.

Material and Methods

The data for this study were collected from the
Latvian State agency ‘Agricultural Data Centre’ which is
responsible for the data processing of the sheep recording
results. Performance traits examined in the present study
were birth weight, weaning weight (weight at 70 days of
age), and pre-weaning daily gain (the average daily gain
from birth to weaning). Recording data collected from
4460 lambs located in 36 herds (on average 6 to 582 lambs
in one herd). Animals were born in the period from 2008 to
2010 (79% of lambs born in 2010, of witch 86% of lambs
were born in first four months of the year). The twinning
rate in this data set was 70%, but 20% of all lambs born
as singles. The sex ratio males and females was 49.6:50.4,
respectively. Latvian dark-head sheep breed is the main
sheep breed in Latvia, and 94% of all lambs of this study



ENVIRONMENTAL FACTORS AFFECTING
PERFORMANCE TRAITS IN LATVIAN SHEEP POPULATION

belong to this breed. Other breeds of the present study are
Oxforddown, Suffolk, and German Merino Local, since
these breeds have been more recently used like sire breeds
to improve quality of lamb in Latvia.

Each observed value of the trait was assumed to the
different statistical model. As shown in Table 1, interaction
between the birth type of lamb and sex as the fixed effect
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and lambing age of dam as covariate is included in all
statistical models: the fixed herd of birth effect in the 1%
model, the fixed herdxyear (interaction between the herd
and the year of birth) effect in the 2" model, the fixed HY'S
(interaction between the herd, the year and the season of
birth) effect in the 3" model, and the fixed TOB (birth type
of lamb)xsex effect in the 4" model.

Table 1

Gradation classes of fixed factors and covariates

Symbol Factors (fixed or covariates) included in the models Number of gradation classes
(Herd) the herd of birth (fixed) 36 (2" model)
(HerdxYear) interaction between the herd and year of birth (fixed) 59 (3" model)
(HYYS) interaction between the herd, year and season of birth (fixed) 92 (4™ model)
(TOBxSex) interaction between the birth type of lamb and sex (fixed) 6 (all models)
(Age) calving age of dam (covariate) 4 (all models)

The year of birth was divided into 2 classes (yearl®
2008/2009 birth; 2™ birth year 2010). The birth year was
divided into 2 seasons (1* season from October to March,
2% season from April to September). The age of dam (13 —
123 months) was divided into 4 classes.

The quality of the model was determined by calculating
the determination coefficient (CD), using the GLM
procedure of SAS statistical package (SAS, 1998).

Results and Discussion

The results of this study showed that economically
important traits in sheep breeding are birth weight, weaning
weight, and pre-weaning daily gain. These traits are affected
not only by genetic factors but also by environmental
factors as herd, sex, age, season, age of dam, type of birth,
etc. Therefore, it is essential to estimate the extent of all
such factors so that the genetic variation among animals
can be used to design breeding plans for the improvement.

Mean performance values for three traits are summarized
in Table 2. The results showed that the average birth weight
was 4.1 + 0.01 kg, the weaning weight was 21.0 + 0.07 kg,
and the pre-weaning daily gain was 242.1 £ 0.93 g.

The lambs born in 2010 were slightly heavier (4.1
+ 0.01 kg) than the lambs born in years 2008 and 2009
(4.10 £ 0.013 kg) (p<0.01). The lambs born during autumn
season were heavier (4.2 + 0.03 kg) than the lambs born
during the spring season (4.1 + 0.01 kg) (p<0.01). Lambs
born as single were heavier (4.6 + 0.03 kg) than twins (4.0
+ 0.01 kg) and triplets (3.7 + 0.03 kg) (p<0.01). The male
lambs were also heavier than females. The average birth
weight for male lambs was 4.2 + 0.02 kg, and for females —
4.0 £0.02 kg (p<0.01).

The birth weight of lambs varied significantly depending
on the type of birth, and the sex of the lamb born. This is due to
the reason that lambs born as single have to better opportunities
in the dam’s uterus than the multiple births. Male lambs are
heavier than female lambs, witch is due to the reason that the
gestation period for male lambs is slightly longer (1-2 days) as
compared to female lambs (Hussain, 2006).

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

Weaning weight of the lamb indicates the mothering
ability of dam as well the growth potential inherited by
the lamb. The highest value for weaning weight (21.8 +
0.17 kg) was in 2008/2009, while lower (20.8 + 0.08 kg)
was in 2010. The data revealed that the autumn-born lambs
weighed heavier (23.2 + 0.18 kg) than spring born lambs
(20.6 £ 0.07 kg) (p<0.01). Weaning single-born lambs were
heavier at (24.0 + 0.17 kg) than twins (20.4 + 0.08 kg) and
triplets (19.5 + 0.19) (p<0.01). Similarly, the male lambs
were also heavier than the females (21.6 = 0.10 vs. 20.5 £
0.09 kg) (p<0.01).

The finding of L.Carrillo and J.U.Segura (1993) also
reported that the male lambs weighed more than female
lambs at weaning, but single-born lambs were heavier than
twins and triplets. A.Hussain (2006) analyzed variation
of weaning weight in different studies and reported that
wide variation observed in the weaning weight of sheep
suggested that there is a scope for improvement in this trait
by adopting different breeding methods.

The pre-weaning daily gain ranged from 239.1+1.00 g
(in 2010) to 253.2 + 2.23 g (in 2008/2009). Autumn-born
lambs have a higher (271.3 + 2.44 g) pre-weaning daily
gain than spring-born lambs (236.4 + 0.97 g) (p<0.01).
Single-born lambs also have a higher pre-weaning daily
gain (277.9 + 2.16 g) than twins (234.5 + 1.05 g) and
triplets (226.5 + 2.60 g). Male lambs have a higher pre-
weaning daily gain (248.8 + 1.40 g) than female lambs
(235.5+1.21 g) (p<0.01).

M.Nawaz and M.K.Ahmad (1998) reported that single
lambs grew 23% faster than twins, and twin lambs grew 11%
faster than triplets. The superiority of singles over triplets
was 37% in the pre-weaning daily weight gain. Spring-
born lambs grew 33% faster (p<0.01) than autumn-born
lambs, but males grew 14% faster than females (p<0.01).
A.Hussain (2006) pointed out that the contradictions in
different studies may be due to different breeds of sheep,
as well as, climatically and ecological differences where
sheep farming had been practiced.
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Table 2
Mean performance values for three traits
Factors Gradation n Performance traits (X * S5)

classes birth weight (kg) | weaning weight (kg) | pre-weaning daily gain (g)
Year 2008/2009 | 936 4.0 +0.03* 21.8+£0.17 253.2+2.23
of birth 2010 3524 4.1+£0.01° 20.8 £ 0.08 239.1+1.01
Season 1: spring | 3727 4.1+0.01° 20.6 £0.07° 236.4+0.97°
of birth 2:autumn | 733 4.240.03* 23.240.18° 271.3 £2.44°
Singe 870 4.6 £0.03¢ 24.0£0.16° 2779 +2.16
Birth type Twin 3122 4.0+£0.01° 20.4 £ 0.08° 234.5+1.05
Triplet 468 3.7+0.03¢ 19.5+£0.19° 226.5 +2.60
Sex Male 2212 4.2 +0.02¢ 21.6 +0.10¢ 248.8 £ 1.40¢
Female 2248 4.0 +0.02¢ 20.5 £ 0.09¢ 2355+1.21¢
On average: | 4460 4.1+£0.01 21.0+0.07 242.1 +£0.93

b ¢ d _ Performance traits marked with identical letter differ significantly (p<0.01) between the birth years (%),

birth season (®), birth type (%), or sex (%)

The interaction effect between the birth type of lamb
and sex, the effect of lambing age of dam and the effect of
the herd of birth or the interaction effect between the herd
and year of birth or the interaction effect between the herd,
year and season of birth on birth weight, weaning weight
and pre-weaning daily gain were significant in all cases
(p<0.01).

The significant effect of year, sex, birth type and age of
dam on the birth weight of lambs as obtained in the present
study agrees with the findings of other researchers (Hussain,
2006; Babar et al., 2004; Alipour and Edriss, 1997).

The present study only partially confirmed investigations
of S.Alipour and M. A.Edriss (1997) that year of birth, sex,

age of dam and type of birth significantly affected the
weaning weight, and research of P.Akhtar et al. (2001) that
the effect of type of birth of the lamb and age of the dam on
the weaning weight was not significant.

The greatest effect on the pre-weaning daily gain was
significantly observed by year and season of birth and sex
of lamb (p<0.01) thus confirming findings of P.Akhtar et al.
(2001) and A.Hussain (2006).

Coefficients of determination were estimated from 0.14
to 0.42 for birth weight, from 0.13 to 0.49 for weaning
weight, and from 0.10 to 0.46 for pre-weaning daily gain
using different statistical models (Table 3).

Table 3

Coefficient of determination (R?) for performance traits

Information about different models R?
fixed effects and covariates birth weight weaning weight | pre-weaning daily gain
(TOBxSex) + (Age) 0.14 0.13 0.10
(TOBxSex) + (Age) + (Herd) 0.38 0.44 0.40
(TOBxSex) + (Age) + (Herd*Year) 0.41 0.46 0.43
(TOBxSex) + (Age) + (HYS) 0.42 0.49 0.46

The higher determination coefficients for all
performance traits were obtained when the interaction
effect between the herd, year and season of birth was
included in the statistical model. Although the largest
part of the lambs were born during spring the season, it is
possible to improve the quality of the statistical model.

The results of this study confirmed that environmental
factors are significant sources of variation for different
performance traits and therefore play an important role
in expression of genetic potential. Therefore, effects of
environmental factors need to be considered for estimation
of the breeding value.
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Conclusions

1. The data revealed that the male lambs weighed more
than female lambs at birth (4.2 + 0.02 kg) and weaning
(21.6 + 0.10 kg), and they had a higher pre-weaning
daily gain (248.8 + 1.40 g) (p<0.01). Single-born lambs
also were heavier than twins and triplets and had a
higher pre-weaning daily gain: the average birth weight
was 4.6 + 0.03 kg (p<0.01), weaning weight — 24.0 +
0.16 kg (p<0.01), and pre-weaning daily gain —277.9 +
2.16 g.

2. The results showed that the birth weight, weaning
weight, and pre-weaning daily gain was significantly
influenced by various environmental factors: type of
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birth and sex, lambing age of dam and herd, season of
birth (p<0.01).

3. The highest determination coefficients were obtained
using the statistical model with fixed HY'S (interaction
between the herd, the year, and the season of birth)
effect (0.42, 0.49, and 0.46, respectively for birth
weight, weaning weight, and pre-weaning daily gain).
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Abstract

B-Carotene (BC) and a-tocopherol in milk fat have positive implications in human nutrition, besides the specifically protecting
polyunsaturated fatty acids from oxidation. To determine the possible effect on some milk components, nutritional value and lipid
stability of including carrots in the diet of lactating cows, ten cows were selected in a dairy farm and divided into 2 groups (control and
experimental) by 5 cows in each. In experimental group’s diet additionally 7 kg carrots per cow per day were included. Individual cow
milk samples were obtained 1 day before feed enrichment, in days 7, 24, 35, 42 (during the feed enrichment), and 1 week after feed
enrichment. Analyses of milk fat, protein content, somatic cell count (SCC), retinol, BC, vitamin C, tocopherols, immunoglobulins (Ig),
lysozyme, fatty acids (FA) were made, and milk yield was measured. Supplying cow diet with carrots showed a tendency to improve
milk quality by promoting the faster decrease of SCC, and significantly (p<0.05) increasing Ig and lysozyme content, thus potentially
improving milk nutritional value. The vitamin content rose significantly (p<0.05) by retinol and tocopherol contents, but 3-carotene
content increase in milk was not observed. Also milk fatty acid (FA) stability changes during 5 day storage in temperature of 4 - 6 °C

were not observed.

Key words: dairy products, nutritional value, antioxidants, carotenoids, forages.

Introduction

The oxidative and lipolytic stability of milk and
dairy products are of concern to the dairy industry. The
deterioration processes can result in strong off-flavours
and in decreased nutritional quality of dairy products,
making them unacceptable to consumers. The oxidative
stability of milk and dairy products is the result of delicate
balance between anti- and pro-oxidative processes in milk
influenced by factors such as degree of FA unsaturation,
content of antioxidants as tocopherols and carotenoids,
dissolved oxygen, storage temperature, metal prooxidants
(especially copper) (Bergamo et al., 2003; Havemose et
al., 2004; Smet et al., 2008; Zegarska, 2003). Carotenoids
besides their well-known function as vitamin A precursors
have other valuable properties. These properties include
their anti-oxidant functions (radical and singlet oxygen
quenching), role in cell differentiation, precursor of nuclear
receptor ligand, and induction of cell-communication
(Hulshof et al., 2006).

Concerning milk nutritional value, milk fat is one of the
main sources of retinol, BC, vitamin E in the human diet;
better absorption of BC from milk than from many other
foods is also known (Swensson et al., 2007; Zegarska,
2003). Higher levels of a-tocopherol and BC in milk fat
have positive implications in human nutrition: besides
the specifically protecting polyunsaturated FA, it reduces
cholesterol oxidation, and, therefore, its cytotoxicity and
atherogenecity (Bergamo et al., 2003).

Carotenoids are abundant in plant material and appear in
milk as the result of their ingestion by cow. There are often
seasonal and regional variations of retinol and carotenoid
concentrations, which reflect the nature of the forage
used. However, BC is easily oxidized and concentrations
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decrease quickly during storage. Thus, to achieve a high-
concentration of BC in milk, the importance of a cow diet
with high-quality roughage, especially silage or pasture,
cannot be underestimated (Swensson et al., 2007). Since
animals cannot synthesize carotenoids and animal feed
is generally poor in carotenoids, about 30 - 120 ppm of
total carotenoids, are added to animal feed to improve
animal health, enhance meat colour and quality, and
increase vitamin A levels in milk and meat (Ananda and
Vadlani, 2010). Animals in transition period or challenged
with stress may benefit of a feeding strategy including
antioxidants to inhibit free radical attacks and enhance the
antioxidant status. High producing dairy cows are prone
to oxidative stress, and the situation can be exacerbated
under certain environmental, physiological, and dietary
conditions. However, specific feeding strategies may
contribute to enhance immunity and the antioxidant status
(Petit, 2009). It has been demonstrated that carotenoids and
retinol are able to reduce mastitis in dairy cows although
the effect of BC was not systematic. Carotenoids also have
a positive role in fertility independent of the role of retinol
(Chew, 1995; Weiss, 2010).

The spontaneous oxidized flavour (SOF) of milk has
been known for many years, predominantly as a seasonal
problem arising in spring. It tends to occur in well-
managed, high-yielding dairy herds. It has been suggested
that the susceptibility of milk to SOF depends on the
balance between a-tocopherol, BC and the polyunsaturated
FA in the neutral lipids and phospholipids (Zegarska,
2003). Several reports have highlighted the beneficial
action of a-tocopherol supplementation in cows feed on
spontaneous oxidized flavour-related problems in milk,
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but the influence of carotenoids is not as clearly defined
(Noziére et al., 2006).

Carrot roots are rich source of carotenoids. Carotenes
are the main representatives of carotenoids in carrot
roots and constitute about 5.33 mg 100 g' (Kotecha et
al.,, 1998) or BC - 5.650 — 16.300 mg 100 g' (Danish
Food Composition Databank, 2009). The proportions of
individual carotenoids reported are BC (45 - 80 g 100 g),
a-carotene (15 - 40 mg 100 g'), y-carotene (2 - 10 mg
100 g'), and others (3 - 6 mg 100 g') from the sum of
all carotenoids. Thiamine, riboflavin, niacin, folic acid, and
vitamin C are also present in appreciable amounts in carrot
roots. Carrots are also good sources of carbohydrates and
minerals like calcium, phosphorus, iron, and magnesium
(Kotecha et al., 1998). In absorption of carotenoids as fat
soluble constituents the presence of lipids is important.
Fats and oils have been included in concentrate mixtures
for dairy cows principally to increase the energy density of
the diet, enabling high yielding cows in early lactation to
attain their full milk yield potential. More recently lipids
were included in an attempt to alter the fatty acid (FA)
composition of milk fat, thereby improving its nutritional
and physical properties. However, lipids, especially those
containing polyunsaturated FA, have an adverse effect on
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rumen microflora and fibre digestibility, and at high levels
in the diet usually result in reduced yields of milk and milk
constituents. In practical diets the levels of fat added to
concentrates generally do not exceed 5 g 100 g' (Murphy
et al., 1990).

The aim of this study was to assess the influence of
cow feed enrichment with carotenoids on milk quality,
nutritional value and lipid stability.

Materials and Methods

Experimental design. Ten cows were selected in a
conventional dairy farm “Strautini” and divided into
control group (CG) and experimental group (EG) by 5 cows
in each. Cow breed (Holstein, Latvian Brown), lactation
number (3 - 5), stage of lactation and productivity were
as similar as possible in both groups. The basic feed was
equal in both groups, i.c. silage was fed to ad libitum and
rapeseed animal feed — 2 kg per cow per day. In the EG diet
additionally 7 kg carrots per cow per day were included
(Table 1). Both groups also received rapeseed oil 100 g
per cow per day, mixed in dry forage for better carotenoid
absorption. The carotenoids content in cow feed is given
in Table 1.

Table 1

The characterization of cow feed

Content of carotenoids, mg per cow per da
Cow groups Basic feed Additional feed MEP D Y
p-carotene a-carotene Total carotenes
il — 100
Control Silage—ad libitum; Rapeseed oil =100 ¢ 207 - 225
. per cow per day
rapeseed  animal
Carrots — 7 kg,
. meal — 2 kg per .
Experimental rapeseed oil — 100 g | 1090 221 1325
cow per day
per cow per day

Milk sample collection and storage. Individual cow
milk samples were obtained in days 0 (1 day before
additional feed enriched with carotenoids was administered
to the herd), 7, 24, 35, 42 (during the feed enrichment),
and 1 week after special feeding (day 56) from afternoon
milking. Equal amounts of each cow’s milk were pooled
together getting 1 sample of each group that were
immediately cooled to 4 - 8 °C temperature and transported
to the laboratory next morning. Milk was stored at 4 - 6 °C
temperature until analyses of milk fat, protein, SCC, and
FA, or frozen at — 18 °C temperature until analyses of
retinol, a- and y-tocopherols, BC, Ig, and lysozyme.

Feed analyses. Total carotene content in feed was
determined by the extraction of carotene from the sample
(3 g) with petroleum ether (50 ml) and measuring the
concentration on the photometer FEK-56 M by the wave
length 450 nm, in accordance with TOCT 13496.17-95
method.

The extraction of total lipids from feed for analyses
of a- and PB- carotene concentration was performed by
the method of Hara and Radin, 1978. Concentration of o.-
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and (3- carotene in feed was determined by HPLC using
the technique consisting of a Waters Alliance 2695 HPLC
with photodiode array detector, monitoring between 280
and 600 nm, using a 150 x 4.6 mm, RP C18 column and
Empower Pro software. The flow rate was 2 ml min’
and the mobile phase consisted of acetonitrile, methanol-
acetate ammonium 50 mM, dichloromethane and water
(70:15:10:5). Concentration of carotenoids was calculated
by using external standards.

Milk vitamin A, tocopherol, and BC analyses. Milk
(10 ml) was mixed with 10 ml of isopropanol and 5 ml of
hexane: toluene (10: 8 vv''). The tubes were centrifuged
at temperature of 4 °C at 2800 rpm for 5 min. The top
layer was transferred to a clean container, residue mixed
with 3 ml of hexane: toluene mix, centrifuged, extraction
repeating 3 times. Supernatants were collected, evaporated
under a gentle stream of nitrogen on a warm plate at
40 °C until dryness and dissolved in 5 ml of ethanolic
butylhidroxitoluene (2 g 1') and 5 ml 2 M saturated
potassium hydroxide solution. Samples were placed in a
water bath at 40 °C for 30 min, then cooled in an ice water
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bath. The samples were added to 10 ml deionized water,
centrifuged. The extraction was repeated 3 times, and
supernatants were collected. The extracts were evaporated
to dryness under N,. Theresidues were dissolved in 2 ml of
methanol, filtered, and 80 ul was injected for HPLC analysis
using the technique consisting of a Waters Alliance 2695
HPLC with diode array detector, vitamin A monitoring at
325 nm, tocopherols at 292 nm, and BC at 475 nm.
Vitamin C or L-ascorbic acid in milk was determined
in accordance with method of Tillmans (Matiseks et al.,
1998). All reagents and standards for vitamin analyses
were at least analytical grade from Sigma Aldrich.
Analyses of milk FA. Milk fat was obtained by
centrifugation of milk 15 min at 4 °C and 3500 rpm. The
upper cream layer was centrifuged 30 min at 40 °C and
13000 rpm. 7-15 mg of the upper butter oil layer was mixed
with 1 ml of hexane and 10 pl of Na methilate (12.5 g
100 ml' wv'), shaken 1 min, left for 10 min in room
temperature, and centrifuged 5 min at 4 °C and 13000 rpm.
The upper layer was used for further analysis by gas-liquid
chromatography using an ACME model 6100, GLC (Young
Lin Instrument Co.) gas chromatograph fitted with flame
ionization detector, automatic sample injector, and a 30 m
long, 0.25 mm i.d. Alltech AT-FAME analytical column.
The carrier gas (He) flow rate was 2 ml min™'. The injector
and detector temperatures were 225 °C and 250 °C, resp.
The oven temperature was programmed from 50 °C (initial
delay 4 min) till 170 °C at a rate of 8 °C min™' (held 15 min),
till 240 °C at a rate of 6 °C min'. Peaks were identified
according to similar peak retention times using standard
mixture Supelco FAME Mix C4-C24, Sigma Aldrich.
Results were evaluated with a conventional integrator
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program (Autochro-2000, Young Lin Instrument Co.)

FA content was analyzed in days 1 and 5 to compare
the lipid stability in milk stored in 4-6 °C temperature
(poured into 25 ml glass bottles, in dark). The sum of
polyunsaturated FA (linoleic C18:2 cis n-6, C18:2 trans
and linolenic acids C18:3 cis n-6, and n-3) in storage days
1 and 5 were compared.

The above mentioned feed and milk analyses were
carried out in the Scientific Laboratory of Biochemistry and
Microbiology of the Research Institute of Biotechnology
and Veterinary Medicine ‘Sigra’ of the LLU.

Immunoglobulin (IgA, IgG, IgM) and Iysozyme
concentrations were determined by turbodimetric method
(I'panr X., 1973), using pH-meter Jenway 3520 and
spectrophotometer Jenway 6705 UV/VIS (UK) in the
Petera Delles Food Processing laboratory of the Faculty of
Food Technology of the LLU.

Milk fat and protein content was determined by
automated infrared analysis using Milcoscan equipment
(Standard method ISO 9622-1999), and SCC was
determined by “Somacount 300 in the laboratory of Milk
Quality Control of the Sigulda CMAS. Milk yield was
registered once a month from cow supervision data.

Samples were analyzed at least in triplicate. The results
were calculated, analyzed, and graphs were made using
MS Office program Excel or Microsoft Windows for SPSS
software packages.

Results and Discussion

The average milk yield, fat, protein and SCC content
before (D0) and during (D7, 24, 35, and 42) the cow feed
enrichment (D7, 24, 35, 42) are given in Table 2.

Table 2

Characterization of milk before and during feed enrichment with carotenoids

Control group

Experimental group

Parameters Before enrichment | During enrichment | Before enrichment | During enrichment
Milk yield, kg day! 27.65+1.131* * 26.12 + 1.895%** | 22.08 £ 1.626" * 23.44 £ 0.962¢0**
Fat content, g 100 g 4.78 £0.239° 3.66+0.218° 4.49 £+ 0.225% 4.28 +£0.180°
Protein content, g 100 g! 3.05+0.153° 2.92 +£0.046* 3.53+0.177° 2.98 £0.155°

Somatic cell count, 10° ml! 246 +12.300°

152.20 +35.172¢

397 £ 19.850° 128.00 + 72.365¢

Means within rows marked with the same letter did not differ significantly at p<0.05.
* — The average milk yield from January and February months.

** _ The average milk yield from March and April months.

Before feed enrichment (DO) the average milk yield
was significantly (p<0.05) lower in EG, but protein content
and SCC were significantly (p<0.05) higher in EG in milk
as in CG. Comparing results before and during experiment,
milk yield remained similar in both groups; fat content
significantly (p<0.05) decreased in CG, but in EG remained
similar; protein content significantly (p<0.05) decreased
in EG, but in CG remained similar; SCC significantly
(p<0.05) decreased in both groups. During feed enrichment
there were no significant (p<0.05) differences on average

82

milk yield, protein content and SCC between both groups.
However, the fat content was significantly (p<0.05) higher
in EG milk during the feed enrichment. The SCC in all
milk samples did not exceed 400 000 ml"!, and, during the
experiment, decreased in both groups (Figure 1) that can
be related with the lactation period and seasonal changes
(Piena Lopkopiba, 2001). Fluctuations of results can
be also related to cow health, mobility, other factors, as
well as analytical accuracy. As seen from trend line slope
coefficients, the tendency of milk SCC decrease was greater
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in EG: -51.46 versus -21.26 of CG. This tendency of SCC
decrease is in accordance with previous findings (Chew,

1995), showing that feed enrichment with carotenoids have
positive role on cow health, especially mastitis prevention.

500
400
g
< 300 \
= 00 LS T— y=-21.257x+227.07
%) N - <o R? = 0.380
2 100 =—r - vzq
0 y=-51.457x+347.27
. R*=0.579
Samplingdays po D7 D24 D35 D42 D56

== ¢==_Control group

—&8— Experimental group

Figure 1. Somatic cell count of milk during the experiment.

In next figures (2 and 3) we can see that Ig concentration
was significantly higher (p<0.05) in EG milk, as in CG
milk in D24, 42 and 56, but the lysozyme concentration
— in D24, 35, 56 and, particularly, in D42 when the
duration of feed enrichment was the most lengthy. The
decrease of Ig in D35 can be related with sample storage or
analytical error (similar tendency is seen in both groups).
The higher amounts of antimicrobial proteins in EG milk

Sum of Ig,

mgml!

e -

D0 D7 D24 D35 D42 D56

Daysof sampling
= & =Controlgroup == Experimentalgroup

SN B~ O\
1

Figure 2. The sum of immunoglobulins in milk.

In spite of a wide diversity of xanthophylls and
carotenes in forages, BC (especially the all-trans isoform)
is the main circulating carotenoid in bovines (Noziére et
al., 2006). The 9-cis and 13-cis isoforms have been also
observed, as well as a-carotene and lutein (Nozicre et al.,

0.70
0.60

0.50

(]

0.40 +— T
030 +— I
020 +—

pgml!

Concentration,

0.10 =

0.00

Control group Experimental group

OBefore ®™During = Afterfeed supplementation

Figure 4. p-Carotene content in milk.

can be derived from feed enrichment with carotenoids thus
strengthening cow health. In D7 a higher lysozyme and Ig
concentration in EG milk was not observed yet, showing
that the favourable effect can not be obtained immediately,
but after a longer adaptation period to feed enrichment. As
seen from Fig. 4, the growth of PB in this sampling day was
significantly higher in EG milk, as in CG milk.

7\

' /. AN
DO D7 D24 D35 D42 D56
Daysof sampling
= & = Controlgroup === Experimentalgroup

OSO—=NW A

Lysozyme,
mg I'!

Figure 3. Lysozyme content in milk.

2006). In our experiment the BC was measured as the main
representative of milk carotenoids. As seen from Figure 4,
the content of BC in milk of both groups was significantly
(p<0.05) lower during and after feed enrichment, as before.

0.80
5 060 I —
| =
s E
§ o0 0.40 4+— —
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Q
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Figure 5. Retinol content in milk.
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The BC decrease by 36% in EG, and by 39% in CG
looks surprisingly, because the concentration of BC in milk
is highly dependent on the concentration of BC in the diet.
However, different studies confirm that carotenoid transfer
from diet to milk is relatively low (Noziére et al., 2006). The
low content of BC in EG milk could be connected with BC
conversion and accumulation processes in cow body, and
may depend on both - the initial retinol and the BC status
of the animals. Carotenoid availability for secretion in
milk is governed by their transport into lymph and plasma,
their metabolism within tissues (especially conversion into
vitamin A and by utilization as pigments or antioxidants),
as well as their storage in adipose tissues or secretion into
bile by the liver. The extent of carotenoid degradation by
microorganisms in the rumen also remains uncertain because
of the wide range of results. Also a specific effect of stage of
lactation has not been clearly established, and this could be
an important factor affecting concentrations of BC, and other
micronutrients, in milk (Noziére et al., 2006). Other possible
factors, as analytical error also have to be mentioned.

BC concentrations measured in milk of both groups
during and after feed enrichment were similar or higher to
earlier findings — BC in Netherlands raw milk in March was
0.186 £ 0.021 ug g' (Hulshof et al., 2006), but in France
BC in milk of cows whose diet was based on hay and grass-
silage in March and April was (0.056-0.142) + 0.008 ug g'!
(Noziére et al., 2006). BC concentration in milk of cows
fed grass-clover silage was 0.440 + 0.023 ug ml’, but in
milk of cows fed hay was 0.264-0.445ug ml' (Havemose
et al., 2006). In our experiment the concentration of BC
measured in day O was remarkably higher (0.490 + 0.027
for CG and 0.550 + 0.028 ug ml' for EG), as literature data.
BC is one of the most fluctuating milk constituents and its
content depends on cow breed, feeding regimen, lactation
period, health status, milk fat content, as mentioned before
(Noziére et al., 2006).

Comparing the retinol content in milk during the
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fe) (e
H
—
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Figure 6. The sum of a- and y-tocopherols in milk.
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experiment, we can see that it significantly (p<0.05)
decreased in CG milk, while in EG milk remained similar
(Fig. 5), and after the end of feed enrichment slightly but
significantly increased, and was significantly (p<0.05)
higher than that in CG milk. That can be explained by
the fact that for retinol synthesis for EG cows BC is more
available. The results of other authors show, that retinol
content in Swedish raw milk was 0.307 ug ml"' in March
(Swensson et al., 2007), retinol in Netherlands’ raw
milk in March was 0.396 + 2.8 ug 100g™ (Hulshof et al.,
2006). According to Haug et al. (2007), the milk retinol
content is about 0.280 ug ml'. During our experiment the
retinol content in both groups’ milk was similar or above
previously mentioned quantities.

The sum of a- and y-tocopherols was determined (see
Figure 6). Vitamin E is not a single compound; it includes
tocopherols and tocotrienols. In whole milk, a-tocopherol
is the major form of vitamin E (> 85 g 100 g');
y-tocopherol and o-tocotrienol are present to a lesser
extent, about 4 g 100 g each of the sum of tocopherols and
tocotrienols (Haug et al., 2007). According to Haug et al.
(2007),thevitaminEconcentrationinmilkisabout0.6 ugml,
but may increase 3-4 folds by proper feeding regimes.
Before the experiment the sum of a- and y-tocopherols was
significantly higher (p<0.05) in CG milk than in EG milk.
During the experiment it changed significantly (p<0.05) in
milk of both groups, decreasing in CG milk, but increasing
in EG milk. An adverse shift occurred after the end of
feed enrichment. Results are not easily explicable because
carrots are not regarded as important source of tocopherols,
still they contain a small amount of a-tocopherol, i.e.
0.320 - 0.950 mg 100 g' (Danish Food Composition
Databank, 2009). Oil supplementation also could enhance
the absorption of this vitamin from feed. Compared to
previous literature data, the sum of tocopherols in both
groups before, during and after feed enrichment was rather
below 0.6 ug ml™.
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Figure 7. Vitamin C content in milk.
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Concerning vitamin C, which also has antioxidant
activity (Coultate, 2002; Swensson et al., 2007), its content
in milk before additional feeding was slightly higher
(p<0.05) in CG milk (Fig. 7). During and after the feed
enrichment the average vitamin C content resembled in
both groups’ milk without significant differences. The
average vitamin C concentration in milk was 1749 +
1.153 ugml”, that conforms to literature data, i.e. 10-25 ug g’
(Walstra, 2006).

Milk lipid stability was investigated by the storage
stability of polyunsaturated FA. Comparing the
polyunsaturated FA content in milk stored in 4 - 6 °C
temperature in days 1 and 5, there no significant changes of
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it in milk of both groups (Figure 8) were observed. This can
be explained with the induction period when the oxidation
process is still slow due to slow oxygen uptake and milk
lipids are still protected against oxidative damage due to
sufficient antioxidant concentrations (Coultate, 2002).
Compared with many edible fats, milk fat is relatively
resistant to oxidation because of its low polyunsaturated
FA content, and high proportion of saturated FA, and the
presence of natural antioxidants, principally o-tocopherol
and BC (Zegarska, 2003). The average content of
polyunsaturated FA during the feed enrichment was similar
in milk of both groups (2.35 £ 0.198 g 100 g' of total fatty
acids in EG and 2.19 £ 0.183 g 100 g'in CG).
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Figure 8. Polyunsaturated fatty acid content in milk stored in 4-6 °C temperature in days 1 and 5.

However, under more unfavorable storage conditions,
such as light or high temperature influence, or in a longer
period, as in such dairy products, as butter or ice cream
storage, milk lipid stability potentially can be ameliorated
by increased antioxidant vitamin concentrations.

Conclusions

Enriching cow diet with carrots showed a tendency
to promote the decrease of somatic cell count in milk,
significantly (p<0.05) increase immunoglobulin and
lysozyme content, thus potentially improving milk
nutritional value. Milk retinol and tocopherol content in
EG milk rose significantly (p<0.05), but $-carotene content
decreased by 36 and 39% in EG and CG milk, accordingly.
Polyunsaturated fatty acid stability changes during 5 day
storage in temperature of 4 - 6 °C were not observed.
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Abstract

Cereal grains have long been thought to be less important sources of antioxidants than fruits and vegetables although they contain
many antioxidants and are major dietary components worldwide. The aim of the current research was to study and compare an
antioxidant activity (AOA) and total phenolic content (TPC) of different barley varieties and malt types as well as to evaluate possible
interconnection between TPC and AOA of barley and malt samples.

The research was carried out on four lines of hull-less barley ‘3528; *°L-400’; 3475°; ‘3537’ and one variety of flaky barley ‘Klass’
grains, which were cultivated in Latvia in 2010, and their corresponding malt. Commercial sorts of malt - Pilsener, Munich, Caramel

and Dark were used in the research to compare with the malt produced in the laboratory scale.

The antioxidant potential of barley and their products is analyzed by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. Total

phenolic content of barley and malt samples was determined according to the Folin-Ciocalteu spectrophotometric methods.

The values of DPPH radical scavenging activity for 5 barley samples ranged from 4.57 to 5.89 umol TE g'! DW. The total amount
of phenols ranged from 1.96 to 2.43 mg GAE g DW for unprocessed barley samples and from 2.5 to 3.4 mg GAE g' DW for their
corresponding malt. TPC of malt commercial sort ranged from 3.5 to 6.7 GAE g DW. The increase of TPC for commercial malts is

strongly related with Maillard reaction products.
Key words: barley; hull-less barley; malt; phenols; antioxidants

Introduction

A broad definition of an antioxidant is: a substance
that, present at low concentration compared with those of
an oxidizable, substrate significantly delays or prevents
oxidation of that substrate. However, the way antioxidants
can exert their antioxidant activity differs among
compounds. Phenolic compounds are known to quench
superoxide radicals and to inhibit lipid peroxidation.
Melanoidins (brown, nitrogenous polymers and co-
polymers) are the final products of the Maillard reaction
and are known to scavenge free and active oxygen, act as
reducing and chelate metals. However, pro-oxidant activity
has been reported as well (Preedy, 2009).

Interest in barley (Hordeum vulgare L.) as a food grain
is emerging. Over the past decade an increasing interest in
barley for human consumption has been observed, mainly
due to its content of health-related bioactive components.
The health benefits normally associated with barley are
attributed to high amounts of dietary fibre. However,
antioxidants or phenolic structured antioxidant compounds
are also detected in barley (Holtekjolen et al., 2006),
and recent studies have shown that cereals contain more
phytochemicals than previously considered.

Barley is grown in many parts of the world both for food
and for feed uses. In many countries it is mostly used as a
feed crop as well as for brewing and production of ethanol
but in small quantities barley is used in the production
of soups, dressings, baby foods and speciality items.
Whole-grain cereals are a major source of polyphenols,
especially phenolic acids such as ferulic, vanillic, caffeic,
syringic, sinapic and p-coumarin acids. All of them have
potentially antioxidant properties due to the presence of an
aromatic phenolic ring that can stabilize and delocalize the

unpaired electron within its aromatic ring. However, their
mechanisms of action are not fully elucidated (Fardet et
al., 2008), but antioxidant properties of phenols works as a
food preservation (to inhibit lipid oxidation), or for disease
prevention (Liu and Yao, 2007).

Phenolic acids are the major phenilpropanoid
components in barley and different kind of these phenolics
are found in different fraction of cereals (Antoine et al.,
2004). In different barley varieties, the starchy endosperm
contains low level of poliphenols, whereas the outer layers
of the grain (pericarp, aleurone layer, and germ) contain
the highest level of poliphenols (Holtekjolen et al., 2006).
Lately more and more new barley varieties are selected and
one of those is hull-less barley.

In the food industry, hull-less barley (Hordeum vulgaris
L.)isacknowledged as more valuable and more economical,
compared with covered barley. Selected hull-less barley
varieties are able to pass flaky barley criteria; moreover, the
amount of extract substances in hull-less barley is higher
by 4-5% compared to malting barley (Dabina — Bicka et al.,
2010). However hull-less barley is hull free which contains
most of the existing phenol components.

Malting barley and the malting process can have impact
on beer instability owing to the presence of pro-oxidant
and anti-oxidant activities. Polyphenols and phenolic
acids present in malt are natural antioxidants, capable of
delaying; retarding or preventing oxidation processes, and
therefore thought to have a significant effect in malting and
brewing as inhibitors of oxidative damage. About 80% of
beer polyphenols originate from malt and the remaining
20% come from hop (Dvorakova et al., 2008).

The aim of the current research was to study and
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compare an antioxidant activity and total phenolic content
of different barley varieties and malt types as well as to
evaluate possible interconnection between TPC and AOA
of barley and malt samples.

Materials and Methods

Barley and malt samples

The research was carried out on hull-less barley (four
lines ‘3528’; ’L-400’; ’3475’; °3537°, further in text
abbreviated: A; C; D; B, respectively) and flaky barley (one
line ‘Klass’) grains, which were harvested in Latvia in 2010.
The following technology was used for malt production:
washing and steeping of grains (H,O t = 17 + 2 °C) until
moisture content is reached 38 — 40%. Afterwards the
grains were placed for germination from four to six days at
a temperature of 19 + 1° C. The kilning of the germinated
grains was completed in eight hours in a laboratory kiln.
Grains in a thin layer were spread on sieves in a chamber-
type drier with hot air circulation at a temperature of 50 °C
to 80 °C till in the grains a constant moisture content was
achieved (5 = 1%).

In this study experimentally produced malt from hull-
less barley was compared to commercial sorts of malt.
Four kinds of malt, which are produced in “Viking Malt”
(Lithuania) — Pilsner, and “Slodownia Strzegom” (Poland)
- Munich, Light caramel and Black. Kilning and roasting
temperatures were the following: Pilsner — 75 °C; Munich
—100 °C; Caramel — 150 °C and Black — 230 °C.

Chemicals
Gallic acid, Folin-Ciocalteus phenol reagent,
2,2-diphenyl-1-picrylhydraziyl (DPPH) and

(£)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox) were purchased from Sigma-Aldrich
(Switzerland). All other chemicals and solvents (Na,CO,,
ethanol, acetone) are used in the research were with the
highest commercial grade and are obtained from BARTA a
CIHLAR spol.s.r.o. (Czech Republic).

Preparation of extracts from barley and malt

Barley and malt was finely ground in the laboratory
mill CIATRONIC KSW 2669. Four grams of grounded
samples were extracted for 10 minutes in the ultrasound
bath (ULTRASONS, SELECTA P) with 40 ml of solvent.
To reach a compromise between alcoholic and acetone
extractions, a 7/7/6 ethanol/acetone/water (v/v/v) mixture
was tested (Bonoli et al., 2004). After centrifugation at
3000 min' for 10 min using a centrifuge MEDITRONIC
BL-C, the supernatant once more was removed and the
extraction was repeated. The supernatant was collected
in a 50 ml volumetric flask and refilled by solvent till the
marked line (Jakobsone, 2008).

Determination of total phenolic content (TPC)

The TPC of the barley and malt extract was determined
according to the Folin-Ciocalteu spectrophotometric method
(Singleton et al., 1999) with some modifications. First, 0.25
ml of sample was transferred to a 25.0-ml volumetric flask
containing 6 ml of H,O, to which was subsequently added
1.25 ml of undiluted Folin-Ciocalteu reagent. After 1 min,
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3.75 ml 0f 20% aqueous Na,CO, was added, and the volume

was made up to 25.0 ml with H,O. The control sample

contained all the reaction reagents except the extract. After

2 h of incubation at 25 °C, the absorbance was measured

at 760 nm using a spectrophotometer JENWAY 6300. Total

phenols were expressed as gallic acid equivalents (Damien

Dorman et al., 2004).

Determination of DPPH radical scavenging activity

Antioxidant activity of the barley and malt extract were
measured on the basis of scavenging activities of the stable
2,2-diphenyl-1-picrylhydraziyl (DPPH) radical as outlined
by Yu et al., (2003). Briefly, barley or malt extracts diluted
in ethanol/acetone/water (v/v/v) (1:1). The antioxidant
reaction was initiated by transferring 0.5 ml of grain extract
into a sample cavity containing 3.5 ml of freshly prepared
DPPH' methanol solution (0.004 g DPPH to 100 ml
methanol). After 30 min of incubation in the dark at room
temperature, the absorbance was measured at 517 nm using
a spectrophotometer JENWAY 6300. For determination of
dilution ratio the inhibition of DPPH radical was calculated
as a percentage (%) using the formula:

Percentage inhibition (%) = [(A .- Asample)/ A ] x 100
where: A is the absorbance of the control
reaction (containing all reagents except test
compounds),

A ple is the absorbance of the test compound.
Percentage inhibition of DPPH radical is acceptable
within range of 45 — 90%.

Lower absorbance of the reaction mixture indicates
higher free radical scavenging activity. The Trolox
calibration curve was plotted as a function of the absorbance
to concentration of Trolox. The final results were expressed
as micromoles of Trolox equivalents (TE) per gram of dry
weight (umol TE g DW) (Zhao et al., 2008).

Statistical analysis

The differences in the antioxidant activity and total
phenol amount of samples are presented as a mean
+ standard deviation (SD). The differences between
independent groups were specified by two way analysis of
variance (ANOVA), and value of P<0.05 was regarded as
statistically significant. In case of establishing statistically
significant differences, homogenecous groups were
determined by Tukey’s multiple comparison test at the
level of confidence a=0.05.

Results and Discussion

Relatively stable organic radical DPPH has been used
widely for the determination of antioxidant activity of
pure antioxidant compounds of barley and malt extracts.
For evaluation of antiradical activity of barley and
malt, different malting barley varieties and malt types
were measured and compared with their DPPH radical
scavenging activities. Results are expressed as micromoles
of Trolox equivalent per gram of dry weight of samples
(umol TE g' DW) and are shown in Fig. 1. All malting
barley varieties exhibited strong DPPH radical scavenging
activity at the test concentration. The values of DPPH
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radical scavenging activity for 5 barley samples ranged
from 4.57 to 5.89 umol TE g' DW. Obtained results are
lower compared to those reported by Zhao et al., 2008. The
significant differences in DPPH radical scavenging activity
for different barley varieties suggested that variety might
have significant influences on the antioxidant activity

ILONA DABINA — BICKA, DAINA KARKLINA, ZANDA KRUMA

of malting barley. According to Ragaee et al., (2006) the
antioxidant activity in scavenging DPPH radical of barley
was higher than other cereals, like wheat, corn and rye, and
it is important for nutrition because it comprises significant
part of our daily intake.
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Figure 1. DPPH radical scavenging activities in barley grains and malt.

The TPC of flaky and hull-less barley varieties and
their corresponding malt are presented in Table 1. A close
linear correlation in the phenolic content (r=0.90) was
found between the barley and malt (Palmer, 2006). Similar

trend was observed on barley and their corresponding malt
antiradical activity, respectively Klass — 0.91 and a line of
hull-less barley B — 0.86, and C — 0.89.

Table 1

TPC of flaky barley ‘Klass’ and hull-less barley lines and their corresponding malt

Varieties or line TPC, mg GAE g' DW
Barley Malt
Klass 2.06 3.40
3528 (A) 2.27 3.21
3537 (B) 2.27 2.98
L-400 (C) 1.96 2.53
3475 (D) 2.43 3.29

During malting change of DPPH radical scavenging
activity for different barley varieties were not disparity,
with the exception of line B and C. The majority of malts
have higher antioxidant activities than their corresponding
barley, but no qualitative differences were found as Goupy
et al., (1999) reported. The cereals with higher TPC values
were not necessarily better in DPPH inhibition. According

FOOD SCIENCES

to Dordevic et al., (2010), ferulic acid, the main phenolic
acid in cereal grain, showed a weak antiradical effect in
experiments with the DPPH radical, which may explain
the discrepancies. In addition, although the Folin-Ciocalteu
method is widely used to determine total phenolic
contents in botanical and biological samples, it has its own
limitations.
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As shown in the research of Dvorakova et al. (2008),
the highest antioxidant activities were detected for the hull-
less barley lin, than those for hulled varieties. But obtained
results did not match with the given statement. DPPH
scavenging activity of hull-less barley lines A and B are
higher than flaky barley ‘Klass’, but hull-les barley lines of
C and D are lower than varieties of flaky barley.

Four kinds of commercial malt, which are produced in
different kilning and roasting temperatures, were analyzed
of DPPH radical scavenging activity and total phenolic
content.

Black

Caramel

Munich

Pilsener

The influence of kilning temperature on antioxidant
activity is shown in Fig. 2 and on total phenolic content —
Fig. 3. The increase of antioxidant activity could come from
development of such non-enzymatic browning products
as Maillard products; which can also act as antioxidants,
particularly melanoidins (Goupy et al., 1999). Moreover,
kilning leads to more friable tissues and probably allows
better extraction of phenolic acids, mostly present in the
outer layers of the grain (Dvorakova et al., 2008). This
result highlights the hypothesis that after kilning there is
possible better extraction of flavonoids and phenolic acids. .
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Figure 2. The influence of kilning on DPPH radical scavenging activity of commercial malts.

Stronger scavenging effects on the DPPH radical
were found for Caramel and Black malt 12.58 pmol TE
g!' DW. The DPPH radical scavenging effect observed
in this work is in agreement with literature data reported
by Randhir et al., (2007), where a substantial increase in
antioxidant activity due to the thermal processing was
observed in all samples. Results showed that higher malt
kilning temperature resulted in higher antiradical activity,
respectively, (Fig.2.) with increase of kilning temperature
per 80 — 150 °C, antiradical activity increased for 50%

(from 6.06 till 12.58 58 umol TE g' DW). Studies indicate
that the reactions mechanism of the antioxidant and DPPH
depends on structural conformation of the antioxidants,
hence perhaps thermal processing alters the phenolic
structure resulting in improved antioxidant function.
Other factors for improved antioxidant activity could be
due to the additive and synergistic effects between other
phytochemicals and thermally altered phenolics (Randhir
et al., (2007).
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Figure 3. The influence of kilning on Total phenolic content of commercial sort of malts.

Polyphenols are known to have antioxidant activity
and thus, possible health benefits, and barley is therefore
claimed to be good sources of natural antioxidants
(Holtekjolen et al., 2006) The current research showed that
the malt kilned at the lower kilning temperature contains
lower content of TPC comparing to those that have been
kilned at the higher kilning temperature. There we can
assume that TPC has an increase by increasing kilning
temperature (Fig. 3). Positive correlation between kilning
temperature and TPC of malt was observed. The values of
TPC for four evaluated, commercial malt samples ranged
from 3.53 to 6.78 mg GAE g' DW.

Dvarokova et al., (2008) reported TPC of barley ranged
from 0.7 to 1.5 mg GAE g' DW, but their corresponding
malt from 1.6 to 2.7 mg GAE g' DW. Differences could
be explained by used variety, kilning temperature, phenolic
compounds extraction method and solvent.

The nature of the phenolic material in wort is influenced
strongly by how strongly the malt has been kilned (Briggs
et al, 2004). Barley malt contributes phenolic and
polyphenolic compounds to the early stages of the brewing
process. The malt phenolics, upon processing, polymerize
to give rise to beer polyphenolics that furnish colour,
impart astringent taste, as well as a browning substrate,
and participate in precipitation of poorly coagulable
beer proteins (Shahidi and Naczk, 1995). Higher levels
of antioxidant substances in the beer retard deterioration
processes. On the other hand, proanthocyanidins from
barley malt influence the development of haze in beer,
because 80% of these phenolics present in regular beer are
derived from barley malt (Shahidi and Naczk, 1995).
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Conclusions

Even if the amount of phytochemicals is higher in the
hulled barley compared to the hull-less varieties of barley,
the industry should consider the hull-less varieties. The
necessarily of pearling of the hulled varieties will decrease
the amounts of antioxidants in these genotypes considerably
compared to the hull-less samples. Furthermore, the
variations observed in the amount of phytochemicals within
the different types of barley should provide an advantage
for breeders to produce barley varieties of high antioxidant
levels for food uses.

The analysis of five different varieties of barley
did not allow a clear correlation between the level of
phenolic compounds and the antioxidant activity to be
demonstrated because the differences between the samples
were not significant. However, in the case of commercial
type of malt, a great increase of total phenolics also led
to an importance increase of antiradical activity. Thus,
even if phenolic compounds are not the only components
responsible for the antioxidant activity of barley and malt,
they could play a major role.

Studies addressing the impact of thermal processing
on total phenolics and antioxidant activity in foods are
becoming more important due to its role in human health
and disease management. It is essential to understand how
to optimize levels of beneficial phenolics linked to health-
relevant functionality in commercially processed grains.
In general, thermal processing improved the total phenolic
content and antioxidant activity in barley. Therefore, the
antioxidant activity of cereal products is far from negligible.
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Abstract

Taste, smell and the flavour are the most important attributes determining the quality of bread or baked cereal products in general.
Bread flavour is composed of hundreds of volatile and non-volatile compounds, i.e. many alcohols, ketones, aldehydes, acids, esters
and other compounds. Many researchers have been studying volatile compounds in different breads worldwide, but in Latvia only few
studies are conducted on volatile compounds in bread and its production stages. The aim of this research was to analyse the composition
of volatile compounds during wheat dough fermentation. Experiments were done in 2011 and carried out in the Laboratory of Bread
Technology and Laboratory of Packing Material Investigations at the Department of Food Technology in the Latvia University of
Agriculture. An investigation of volatile compounds was done using solid-phase microextraction (SPME) and gas-chromatography
mass-spectrometry (GC-MS). Volatile compounds were analyzed on the 10", 20" and 30" minutes of wheat dough fermentation. In a
fermentation process of wheat dough totally 15 volatile compounds were detected. Eight of them were alcohols, two aldehydes, two
ketones, one ester, one acid and one terpene. Three volatile compounds — 1-octanol, caryophyllene and acetophenone, were detected in
the dough samples only after 30 minutes of fermentation — those were not detected at the earlier stages of fermentation. The peak areas
of 11 volatile compounds increased, but peak area of one volatile compound decreased along the fermentation time. The study proved

that solid-phase microextraction can be used for detection of volatile compounds in wheat dough fermentation process.

Key words: wheat dough, volatile compounds, solid-phase microextraction, gas-chromatography.

Introduction

Wheat (Triticum aestivum) is a raw material for various
staple foods in many parts of the world. It is grown
throughout the world and is adaptable to the wide range
of environmental conditions. Wheat based foods are major
source of nutrients such as carbohydrates, protein, vitamins
and minerals in many regions of the world. It is extensively
used in many parts of the world for the preparation of
different types of bread and many other products (Kent and
Evers, 1994). In many European regions for wheat and rye
bread making is used sourdough. In Latvia sourdough is
typically used for rye bread production, but yeast is used
for wheat bread production. Sourdough is a key element
in traditional rye bread baking, where it contributes
significantly to the process ability, flavour and texture
(Poutanen et al., 2009).

Taste, smell and the flavour are undoubtedly the most
important attributes determining the quality of bread or
baked cereals in general and one of the most important
attributes influencing the acceptance of the consumer
(Schieberle, 1996; Hansen and Schieberle, 2005). Flavour is
usually the result of the presence, within complex matrices,
of many volatile and non-volatile components possessing
diverse chemical and physicochemical properties whereas
the non-volatile compounds contribute mainly to the
taste, the volatile ones influence both taste and aroma.
A vast array of compounds may be responsible for the
aroma of the food products, such as alcohols, aldehydes,
esters, dicarbonyls, short to medium-chain free fatty acids,
methyl ketones, lactones, phenolic compounds and sulphur
compounds (Gatfield, 1988; Urbach, 1997).

The compounds which contribute to the aroma of
food are usually present in trace to ultra-trace amounts

comprising a diverse range of classes of chemical
compounds. This chemical diversity may be further
enhanced by subsequent processing. The physical
properties of these compounds are equally diverse
extending from that of the permanent gases to substances
with boiling points exceeding several hundred degrees.
This facilitates separations but complicates simultaneous
recovery of the full range of aroma compounds. Methods
used to assess the aroma compounds contributing to
flavour in cereals are reviewed (Zhou et al., 1999). The
ingredients and various technological processes (dough
fermentation and the baking process) play a vital role in
the development of characteristic flavour of the bread. The
formation of volatile compounds in dough is started during
lactic acid and alcoholic fermentation (Hansen and Hansen,
1994; Hansen and Schieberle, 2005). Aroma compounds in
typical wheat bread are 3-methylbutanal, 2,3-butandione,
3-methylbutanol, acetic acid,

1-octen-3-one, 1-hexanol, 1-propanol, 2-methyl-1-
butanol, 2-phenylethanol, ethyl acetate etc. (Schieberle,
1996; Poinot et al., 2008), but in bread made by sourdough
composition of aroma compounds are propanol, pentanol,
ethyl acetate, heptanal, acetic acid, ethanol, 2-pentylfurane,
acetaldehyde, 3-methyl-1-butanal etc. (Damiani et al.,
1996; Hansen and Schieberle, 2005; Guerzoni et al., 2007)

Many researchers have been studying volatile
compounds in different breads worldwide, but only
few studies are conducted on formation of volatile
compounds in wheat bread and rye bread made by scald
and sourdough technologies used in Latvia. Solid-phase
microextraction (SPME) can be used for investigation of
volatile compounds in wheat dough fermentation process.
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Solid-phase microextraction is a modern, fast, sensitive,
solvent-free and economical sample preparation technique
before analysis through gas chromatography (Arthur and
Pawliszyn, 1990; Hook et al., 2002). This technique has been
developed to combine sampling and sample preparation in
one step to analyse volatile compounds in bread crumb.
Three different types of fibres can be used to determine
the volatile compounds. Carboxen/Polydimethylsiloxane
showed the best extraction efficiency for volatile analysis
(Ruiz et al., 2003).

The aim of this research was to analyze the composition
of volatile compounds during wheat dough fermentation.

Materials and Methods
Experiments were carried out in the Laboratory of
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Bread Technology and Laboratory of Packing Material
Investigations at the Department of Food Technology in
the Latvia University of Agriculture in 2011.

For this research wheat flour (550" type of flour),
purchased from joint stock company ‘Rigas Dzirnavnieks’
(Latvia) was used. Wheat flour (550" type) is especially
strong flour which is suitable for baking. Properties of 550
type of flour: ash content 0.62 g 100 g, Falling Number
280 s, quantity of protein — 29 g 100g™', stability of protein
— 5 min, water absorption — 58%. Other raw materials
— sugar (Danisco Sugar ‘Dansukker’, Finland), salt
(‘Artimsol’, Ukraine) and dried yeast (S.I.Lesaffre ‘San-
instant’, France) — were purchased from a local retail store.
The recipe for experimental bread making is presented in
Table 1.

Table 1

Wheat dough recipe per 250 g of flour amount

Raw material Amount
Wheat flour, 550% type, g 250.0+1
Salt, g 3.0+1
Sugar, g 3.5+1
Dried yeast, g 3.5+1
Water, mL 160.0+1

The research structure is presented in Fig. 1. Water
temperature for dough mixing was adjusted to 37.5+ 0.3 °C.
Dough mixing time 2 minutes (the first step — slow) and 8

minutes (the second step - fast). The dough samples were
analyzed after 10, 20 and 30 minutes of yeast fermentation
in triplicates.

Wheat flour Salt

Sugar

Dried yeast Water

N

i

I

Dough mixing
=10 (2+8) min, t=25-26 °C

Dough fermentation
=10, 20, 30 min, t=36 1 2 °C

Figure 1. Preparation and analysis of dough samples.

Digital pH meter ‘Jenway 3510’ (Barloworld Scientific
Ltd., UK) was used for pH measurement of dough. For pH
measurement 5.00 + 0.07 g of a sample was mixed with 50
mL of distilled water and stirred for two minutes in a

100 mL beaker (Standard method: AACC 02-52).
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Acidity was measured by titration against standardized
0.1 N NaOH and 1% phenolphthalein alcohol solution
presence until pink colour (AACC 02-31). Moisture
content was analysed drying sample in a moisture scale
‘Precisa XM 105’ (Precisa Instruments AG, Switzerland)
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at the temperature of +110 = 1 °C until constant weight
(Express method).

For detection of volatile compounds 50.0 £ 0.1 g of
mixed wheat dough was used, the sample was weight
into a 250 mL glass container equipped with aluminium
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lid with 1 mm diameter hole in the middle for solid-phase
microextraction (SPME) fibre. The container was placed in
a water bath ‘Clifton Food Range’ (Nickel-electro Ltd, UK)
at water temperature 36 + 2 °C for fermentation process
(Figure 2).

Headspace absorption 10, 20

SPME-Device y and 30 minutes

-

250 °C

‘ Desorption in GC-injection port

Water bath with water
temperature 36 +2 °C

A

B

Figure 2. Volatile compound absorption (A) and desorption (B) process (Drawn by Sporkert and Pragst, 2000).

Volatile compounds were extracted from wheat dough
samples using SPME fibre in a combination with gas
chromatography/mass spectrometry. The SPME fibre itself
is a fused-silica optical fibre, coated with a thin polymer
film — Carboxen/Polydimethylsiloxane (CAR/PDMS). The

1

Do wN

[e BRI

11

SPME device is a modified syringe (Figure 3) consisting of
manual fibre holder and a fibre assembly, which includes
a 1 — 2 cm long retractable SPME fibre (Vas and Vékey,
2004).

1 — Plunger

2 — Barrel

3 — Plunger retaining screw
4 — Z-slot

5 — Hub viewing window

6 — Adjustable needle guide/depth gauge
7 — Tensioning spring

8 — Sealing septum

9 — Septum piercing needle
10 — Fiber attachment tubing
11 — Fused-silica fiber

Figure 3. Schematic diagram of a commercial SPME device (Reprinted by Vas and Vékey, 2004).

The film thickness is 85 wm with biopolar polarity
(Supelco, Inc., USA). Volatile compounds from fibre were
thermally desorbed in the injector of a gas chromatograph-
mass spectrometer ‘Clarus 500 GC/MS ’(PerkinElmer, Inc.,
USA). Before usage, the fibers were conditioned according
to the manufacturer’s instructions (30 min at 250 °C). The
SPME extraction time was done for different duration of
dough fermentation: the first - extraction time is 10 min at
36+2 °C without pre-incubation, the second — 20 min and
the third — 30 min.

Volatile compounds from fiber were thermally desorbed
in the injector of gas chromatograph/mass spectrometer.
Separation of volatiles was carried out on the Elite-Wax
(PerkinElmer, Inc., USA) capillary column (60 m % 0.25 mm
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i.d., DF 0.25 um). The details of the program used in GC—
MS analysis are as follows: the initial temperature was 40
°C, held for 7 min, then ramped from 40 °C to 160 °C at
a rate of 6 °C min™' and from 160 °C to 210 °C at a rate of
10 °C min' with a hold time for 15 min. The total run time
was 47 min for a sample. Mass spectrometer in Electron
impact Ionization mode was set on 70 eV as the electron
energies, while the ion source temperature was set to 250 °C
and inlet line temperature 250 °C. Injections were performed
in splitless mode and helium (He) was used as carrier gas
at a constant flow of 1 mL min'. Acquisition parameters
in full scan mode: scanned m/z 40-300. Compounds
were identified by comparison of their mass spectra with
mass spectral library Nist98. Gas chromatograph-mass
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spectrometer ‘Clarus 500 GC/MS’ was used for the
qualitative analysis of volatile compounds in fermented
wheat dough and in the results there are shown peak areas
of volatile compounds.

Statistical analysis - means, standard deviation of the
means were derived with Microsoft Office Excel 2007
(Microsoft Corporation, Redmond, WA).

Results and Discussion
Water plays a very significant role in bread making.

35
4

e
I~ |
g 32
& -
o il
® 30

- I

2 ap
15

0 10

MARTINS SABOVICS, EVITA STRAUMITE, RUTA GALOBURDA

In quantity, water ranks second as an ingredient in bread
dough. The amount of added water determines dough
consistency and it is also essential for the gelatinization
of starch and for the heat-setting of proteins. The wheat
flour moisture was 11.6 + 0.15 g 100 g'. In dough making
process water in amount of 64% from wheat flour mass
was added. Flour moisture and added water amount formed
dough moisture to 29.60 £ 0.13 g 100 g''. Dough moisture
is summarized in Figure 4.

20 30

Douph femmentanon mme, mun

Figure 4. Moisture content in fermented wheat dough.

The results show that the highest moisture content
(33.71 £0.10 g 100 g") was in dough after 10 minutes of
fermentation, but in the further process (after 20 and 30
min) moisture of dough decreased to 32.52+0.14 g 100 g’!
and 31.22 + 0.15 g 100 g, respectively. This could be
explained by the wheat flour ability to bind water at the

beginning of fermentation, but in the next minutes moisture
was released from dough when temperature was rising to
36+2°C.

Fresh dough had an initial pH 5.833 + 0.049. Dough
pH, acidity and volatile compounds total peak area are
summarized in Table 2.

Table 2
pH, acidity and total peak area of volatile compounds in fermented dough
Fel'*mentaFion pH Acidity, ° Total pgak area (x10°) of
time, min volatile compounds
10 5.64540.042 1.6+0.1 122.19
20 5.575+0.021 1.8+0.1 200.89
30 5.3994+0.038 2.0+0.1 316.73

Flour and yeast contained small amounts of bacteria,
which can produce acetic and lactic acids as their main
metabolic products (Sluimer, 2005). Because of acid
formation in a dough, fermentation pH value decreased.
Freshly prepared dough acidity was 1.0 = 0.1°, but after 30
minutes of fermentation the dough acidity increased to 2.0
+ 0.1°. Comparing the pH value in dough after 10 minutes
or 30 minutes of fermentation, the pH decrease from 5.645
+ 0.042 to 5.399 + 0.038 was observed. Wheat dough
acidity possibly increased due to the formation of various
acids in a fermentation process.
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The volatile profile of different bread types has been
widely investigated during the past years. These studies
demonstrated that bread flavour is composed by different
volatile compounds, belonging to several chemical classes,
mainly heterocyclic compounds, alcohols, aldehydes,
ketones, etc. Depending on the characteristic of each kind
of bread, volatile compounds are present in well defined
ratios (Grosch and Schieberle, 1997; Rehman et al., 2006;
Bianchi et al., 2008).

Analysing the volatile compounds after 10, 20 and 30
minutes of wheat dough fermentation overall was identified
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8 alcohols, 2 aldehydes, 2 ketones, 1 terpene, 1 ester and 1
acid. In wheat dough after 10 minutes of fermentation 11
volatile compounds were detected, after 20 minutes — 12,
but after 30 minutes — 15 volatile compounds. The volatile
compounds that were found in wheat dough fermentation
time are presented in Table 3 as (x10°) of peak area.

The peak areas of detected 11 volatile compounds
increased in dough fermentation process, but peak area
of acetic acid decreased. The highest peak area of acetic
acid was detected after 10 minutes (3.84) of wheat
dough fermentation, but the lowest after 30 minutes of
fermentation (3.03). This can be explained that in the wheat
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dough fermentation process, alcohols and acids which
further can be transformed to ethyl acetate detected after 20
and 30 minutes of fermentation can be formed from yeast.
Ethanol was not detected in wheat dough after 30 minutes
of fermentation as a volatile compound, but it can be formed
from sugars in the fermentation process. Ethyl acetate peak
area increased by 2.91 during fermentation between 20 and
30 minutes. After 30 minutes of fermentation 3 volatile
compounds (1-octanol, caryophyllene and acetophenone)
which were not detected after 10 and 20 minutes of
fermentation were identified.

Volatile compounds in wheat dough at different stages of fermentation feble
Compounds tRetentiQn Peak area (x10°) depending on dough fermentation time

ime (min) 10 min 20 min 30 min
4-amino-1-pentanol 4.77 11.64 15.53 23.77
2-ethyl-butanal 6.09 0.79 0.86 1.63
Ethyl acetate 7.80 n.d. 1.92 4.83
4-penten-2-ol 9.25 76.00 129.91 211.80
2-methyl-1-propanol 14.60 1.46 2.90 3.80
1-ethoxy-2-propanol 16.89 10.48 11.16 19.23
3-methyl-1-butanol 18.09 13.73 27.69 36.68
1-pentanol 19.28 0.41 0.72 1.03
3-hydroxy-2-butanone 20.54 0.57 0.90 1.59
1-hexanol 21.94 2.03 4.22 6.91
Nonanal 23.14 0.51 0.61 1.17
Acetic acid 24.52 3.84 3.16 3.03
l-octanol 26.58 n.d. n.d. 0.79
Caryophyllene 27.81 n.d. n.d. 1.04
Acetophenone 28.96 n.d. n.d. 1.00

n.d. — not detected

Researchers describe that the volatile compounds in
bakery products are formed in mixing, fermentation (yeast)
and baking process. Added raw materials and their amount
has great effect on product’s aroma formation (Martinez-
Anaya, 1996; Thiele et al., 2002; Sabovics et al., 2010).
The highest peak area value (211.80) among all detected
volatile compounds had 4-penten-2-ol (alcohol) indentified
after 30 minutes of fermentation, but the lowest peak areca
value (0.41) was detected for 1-pentanol (alcohol) after
10 minutes of fermentation. From 3 volatile compounds
detected only after 30 minutes of fermentation, the highest
peak area value (1.04) showed caryophyllene (terpene), but
the lowest (0.79) — 1-octanol (alcohol).

In all dough samples 11 common volatile compounds
(Table 3) were found: alcohols (4-amino-1-pentanol,
4-penten-2-ol, 2-methyl-1-propanol, 1-etoxy-2-propanol,
3-methyl-1-butanol, 1-pentanol, 1-hexanol), aldehydes
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(2-ethylbutanal, nonanal), ketone (3-hydroxy-2-butanone)
and acid (acetic acid). Alcohols can be formed in alcoholic
fermentation when yeast can produce long-chain and
complex alcohols, otherwise aldehydes and ketones
can be formed from alcohols. Acetic acid is formed in
dough fermentation process from yeast. Yeast secondary
metabolism can form 3-methyl-1-butanol, which gives
malty flavour to dough. The amount of flavour compounds
formed in dough can be affected by yeast amount and
activity, fermentation time and fermentation temperature.
All of the detected volatile compounds can produce dough
aroma: 2-methyl-1-propanol produce whiskey odour,
4-penten-2-ol — fruity, 1-pentanol — sweet, 3-hydroxy-2-
butanone — like butter or yogurt, 1-hexanol — freshly mown
grass and nonanal - strong fruity or floral odour (Schieberle,
1996; Zhou et al., 1999; Kulp et al., 2003).

Volatile compounds detected after 30 minutes of
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dough fermentation adds more specific aroma to dough,
because caryophyllene give woody spicy and hay odour,
acetophenone - spicy (almond, nuts), fruity (cherry,
strawberry), but l-octanol can give to yeast fermented
wheat dough fresh like orange-rose, waxy and sweet odour
(Schieberle, 1996; Zhou et al., 1999; Kulp et al., 2003).

Conclusion

1. The highest moisture content 33.71 + 0.10 g 100 g
was in dough after 10 minutes of fermentation, but in
the further process (after 20 and 30 min) moisture of
dough decreased to 32.52 £0.14 g 100 g' and 31.22 +
0.15g 100 g.

2. Solid-phase microextrection in combination with GC/
MS can be used for detection of volatile compounds in
fermented wheat dough.

3. After 30 minutes of fermentation three compounds
— 1-octanol, caryophyllene and acetophenone, which
were not present in samples tested after 10 or 20
minutes of fermentation were detected.

4. In all dough samples (after 10, 20 or 30 minutes of
fermentation) totally 15 volatile compounds out of
which 11 volatile compounds were common: alcohols
(4-amino-1-pentanol, 4-penten-2-ol, 2-methyl-1-
propanol, 1-etoxy-2-propanol, 3-methyl-1-butanol,
1-pentanol, 1-hexanol), aldehydes (2-ethylbutanal,
nonanal), ketone (3-hydroxy-2-butanone) and acid
(acetic acid) were detected.
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