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ABSTRACT

Background. White mustard is a plant whose economic importance is gradually increasing. This is a result
of the growing demand for its seed material due to a more common use of its green biomass in the
developing systems of integrated and organic crops. The aim of the study was to estimate the effect of the
sowing date of white mustard cultivar ‘Nakielska' on plant development, the length of growing period and
the ability to achieve full seed maturity.

Material and methods. The study presents the results of a three-year field experiment on white mustard
(Sinapis alba L.). It was a one-factorial experiment in the randomized complete block design with four
replications. The variable factor was the sowing date. White mustard was sown on 13 dates at seven-day
intervals, from the beginning of April to the end of June or beginning of July depending on year, and
harvested after reaching seed maturity.

Results. For successive sowing dates, starting in April, the total average daily temperature at maturity
systematically increased until it reached a maximum for the plants sown at the beginning of May.
Maturation of white mustard sown from the end of May happened at successively lower temperatures, and
the lowest total of average daily temperatures was recorded at sowing date 13. The average day length for
the period from sowing to emergence of white mustard lengthened at sowing dates from the beginning of
April to the beginning of June and for the next sowing dates (10—13) it shortened, reaching eventually 16.6
hours. With delayed sowing of the white mustard cultivar ‘Nakielska’, with a time-frame for growth for
seeds, the plant growth period was significantly shortened and this had the effect of accelerating emergence
and shortening rosette formation and budding.

Conclusion. Vegetative development of white mustard grown for seeds sown from the beginning of April
until mid-May proceeded at a systematically growing day length. Plants sown after mid-May until the first
days of July came into the generative phase at ever shorter day length. The flowering of plants sown in
mid-May proceeded at an average day length of 17 hours, whereas those sown at the beginning of July had
an average day length of 14 hours.
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INTRODUCTION application of its green biomass in the developing

systems of integrated and organic crops (Pigtka et al.,
In recent years there has been observed a growing 2004; Thiessen-Martens and Entz, 2011). Studies by
interest in the cultivation of white mustard in Poland  Jankowski and Budzynski (1999) and Tobota and
and other EU countries. This is a result of the growing ~ Musnicki (1999) indicate that to achieve optimal
demand for seed material due to the more common  white mustard growth and development, it should be
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sown at the time of sowing spring cereals. Those
authors report that, taking into consideration the
quantity and quality of seed yield, sowing dates after
mid-May should be considered as delayed. According
to Oplinger et al. (1991) and Du val (2015), due to its
strong photoperiodic reaction, quite high resistance to
spring frosts and susceptibility to drought, it is
recommended to sow white mustard in early spring.
However, Brandt (1992) and McKenzie et al. (2006)
obtained good production results with sowing in the
first half of May. The length of the growth period
presented in the literature ranges from 80 to 120 days
(Brandt, 1992; Oplinger et al., 1991). Currently we
observed the need to increase the range of
commodity plants, so-called emergency plants, for
late re-sowing of frozen winter cereals or oilseed
rape. According to Davis et al. (2010), white mustard
is more resistant to high temperatures and
precipitation deficits in summer than spring oilseed
rape. Taking into consideration the small number of
new studies concerning an assessment of white
mustard response to a delayed sowing date and the
related changing day length and pluvio-thermal
conditions, it was deemed justifiable to carry out
extended research in this area. The research
hypothesis assumed that white mustard, as a long-day
plant, will respond to a delay in an early spring
sowing date by shortening its vegetative development
and that the increasing length of the day and

changing pluvio-thermal conditions will have an
effect on the length of the whole growing period. The
aim of this study was to estimate the effect of the
sowing date of white mustard cultivar "Nakielska'
and the changing pluvio-thermal conditions on plant
development, the length of growing period and the
ability to achieve full seed maturity.

MATERIAL AND METHODS

The field study was conducted over the period 2005—
2007 at the Research Station Mochetek (53°13” N;
17°52" E), Poland. The experiments were performed
in Luvisol (IUSS Working Group WRB, 2007), with
a reaction similar to neutral (pH in 1 M KCl 6.0) and
an average abundance of macroelements. The
experimental factor was the sowing date of white
mustard. The interval between successive sowing
dates was seven days (Table 1). Classic tillage was
applied in the period from harvesting the previous
crop (spring barley) to sowing white mustard, and
fertilization with nitrogen 34.5 kg-ha™ N, phosphorus
50 kg-ha” P and potassium 70 kg-ha” K was applied
prior to sowing. Additionally, nitrogen in an amount
of 34.5 kg-ha was applied at the beginning of stem
clongation and 34.5 kg-ha' at the flowering stage.
The sowing rate was adapted to obtain a plant density
of 120 plants per m”.

Table 1. Sowing and harvesting dates of white mustard grown for seeds

Symbol of
sowing date

Year 2005
Sowing date 06.04 13.04 20.04 27.04 04.05 11.05 18.05 25.05 01.06 08.06 15.06 22.06 29.06
Harvesting date  26.07 26.07 05.08 05.08 18.08 18.08 31.08 09.09 09.09 22.09 22.09 22.09 28.10
Year 2006
Sowing date 12.04 19.04 26.04 02.05 10.05 17.05 24.05 31.05 07.06 14.06 21.06 28.06 05.07
Harvesting date  26.07 26.07 02.08 02.08 09.08 09.08 28.08 15.09 15.09 15.09 29.09 29.09 29.09
Year 2007
Sowing date 04.04 11.04 18.04 25.04 02.05 09.05 16.05 23.05 30.05 06.06 13.06 20.06 27.06
Harvesting date  01.08 01.08 08.08 08.08 21.08 29.08 05.09 12.09 12.09 12.09 21.09 21.09 21.09
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During plant growth observations were carried out
of the beginning and end of developmental stages.
This enabled registration of precipitation total, air
temperature and day length for individual periods,
and calculation of the total day hours for individual
periods. White mustard growth conditions were
calculated in the following periods: from sowing to
the end of emergence; from the beginning of rosette
formation to the end of budding; at flowering; from
the beginning of seeds to harvesting.

Taking into consideration the number of sowing
dates studied (13), the attribute of continuity was
given to the experimental factor. In-depth analyses of
the relationships between the formation of research
characteristics and the passage of time were performed.

To analyse the relationship between plant sowing
date and meteorological parameters at successive
developmental stages, sowing dates were transcoded
to the same linear scale, where value 1 denotes the
date 01 April, after which sowings were performed
for each of 3 years. This enabled an analysis of the
correlation between the studied parameters, including
the sowing date treated as a continuous variable.
Analysis of individual meteorological parameters
from the years of the study was complemented by
determination of the standard deviation.

Average daily air temperature and total
precipitation from April to October in the successive
years of the study were respectively: in 2005 —
13.4°C and 257.8 mm, in 2006: 14.3°C and 362.6
mm, in 2007 — 13.7°C and 400.5 mm. Detailed
analysis of the meteorological conditions are given in
the chapter Results.

RESULTS

The first four sowing dates differed significantly in
total precipitation during white mustard emergences,
7.5 mm — date 2, 30 mm — date 3, which was also
characterized by quite high variability of rainfall in
the years of the study (Fig. 1). During the study
period the beginning of May (date 5) abounded in
rainfall — on average 45 mm with low variability in
each year. Emerging plants at subsequent sowing
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dates (6-13) had rainfall below the average total for
all dates. The first six sowing dates of white mustard
from April to 17 May, at a systematically falling
number of growth period days, was characterized by
a gradually falling total precipitation for the period
from rosette formation to budding from 100 mm
(date 1) to 38 mm (dates 5 and 6). From date 7 to 13,
the amount of water from rainfall in those periods
ranged from 50 mm to more than 80 mm. The
flowering of the white mustard from the first five
sowing dates proceeded at a precipitation level of 29—
38 mm. In plants sown later, total precipitation
during this stage varied between (39-75 mm), but
was regularly higher than with the sowings
performed up until 10 May. The maturation of plants
sown in April proceeded at similar total precipitation
level of 65—72 mm. Plants sown at the beginning of
May (date 5) reached their maturation period with the
highest total precipitation level of 94 mm. With
further delay in the sowing date, a decrease in total
precipitation was noted during plant maturation as
well as throughout the white mustard growth period.

From plant sowing to the full emergence of white
mustard, the sum of average daily temperatures at the
first sowing date was the lowest (102°C), but it
increased systematically and at date 13 it amounted
to 175°C (Fig. 2). For sowing in the middle of April
(date 2) and at the end of June and beginning of July,
the sums of average temperatures for the stages of
rosette formation and budding were similar at 600°C,
whereas for the other sowing dates they fluctuated
within the range 440-500°C. The sum of average
daily temperatures during white mustard flowering in
the present study (Fig. 2) ranged on average from
360°C at date 2 to 557°C at date 8.

For successive sowing dates from April, the total
average daily temperature at maturing grew
systematically and reached a maximum for the plants
sown at the beginning of May (date 5). Maturation of
white mustard sown from the end of May proceeded
at successively lower temperatures, and the lowest
total of average daily temperatures was recorded at
sowing date 13.
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Fig. 1. Total precipitation in mm in individual agrophenophases of white mustard grown for seeds — average from the
study years (bars show standard errors)
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Fig. 2. Total average daily air temperatures in °C in individual agrophenophases of white mustard grown for seeds —
average of years of study (bars show standard errors)
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The average day length for the period from
sowing to emergence of white mustard lengthened at
dates from the beginning of April to the beginning of
June (from date 1 to 9) and from then (10-13) it
shortened, reaching eventually 16.6 hours (Fig. 3).
The period of white mustard rosette formation and
budding also occurred at different day length
dependent on the sowing date, although with low
variability between the years of the study. At the first
sowing date the period of rosette formation and
budding of white mustard occurred at a day length of
15.5 hours, at subsequent dates until the middle of
June (date 11) the day length increased systematically
to 16.7 hours. At later dates (12 and 13) the day was
getting shorter. Flowering of white mustard sown at
the first six dates proceeded on average at a day
length of 16.8 hours. From sowing from around 25
May (date 8) this stage fell on a gradually shortening
day. For the last sowing date the average day length
amounted to 14.8 hours.

The sowing date affected the length of all
phenological phases of white mustard (Fig. 4). On
average over the years, emergence occurred within
the time-frame from 7 to 12 days, while a slightly
longer time of emergences was typical of plants sown
up to the end of May (sowing dates 1-6), and at
successive dates emergence occurred several days

faster. The period from leaf rosette formation to
budding lasted from 26 to 43 days. The longest time
for this stage occurred in plants sown at the first four
dates (1-4), but with a clear tendency of shortening
this time in the successive weeks of sowing. At the
other dates white mustard developed the rosette and
formed flower buds in about 30 days. Flowering
lasted from 21 to 29 days. Plants from the first five
weeks of sowing (4-12 April to 2-10 May) were at
this stage for 21-24 days, whereas in plants from
subsequent sowing dates it lasted from 25 to 29 days.
Maturation of white mustard seeds occurred within
the time-frame from 32 to 43 days.

According to the methodology, successive dates
for plant sowing were always longer than the
previous by 7 days. Total rainfall and temperature for
that time was positively correlated with the sowing
date (Table 2). With a delay in white mustard sowing,
within the dates intended for its growth for seeds,
emergence was accelerated and rosette formation and
budding stages were shortened, but the delay had no
significant effect on the length of flowering and
maturation periods. Plant emergence from later
sowing dates lasted for a significantly shorter time
and at higher temperatures. No correlation was
shown between delaying the sowing date and the
weather conditions of the flowering period.

19

18

17
£
g 16
)
3 15
()
g 14
g
© 13
o
£
=12

11

10

1 2 3 4 5 6 7 8 9 10 1 12 13
Sowing date
—& - sowing-emergence = @ - rosette-budding +---&++* flowering =—>— maturing

Fig. 3. Average length of growth day in individual agrophenophases of white mustard (bars show standard errors)
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Figure 4. Length of growth period of individual agrophenophases of white mustard cultivated for seeds — average from
the study years (bars show standard errors)

Table 2. Simple correlation coefficients (r) between sowing date of white mustard grown for seeds (measured by the
number of days from 01 April to the sowing day) and meteorological parameters in period preceding sowing and in

successive agrophenophases of white mustard

Meteorological parameter

Period
total rainfall ~ total temperature number of days  total day hours

Prior to sowing 0.939* 0.943%* 0.917* -

From sowing to full emergences -0.133 0.490%* -0.642%* -0.443%*
From rosette formation to the end of budding -0.254 0.208 -0.703* -0.682*
Flowering 0.246 0.188 0.206 0.044
From the beginning of maturation to harvesting -0.366* -0.376* 0.085 -0.230
Growing — from sowing to harvesting -0.287 0.026 -0.420%* -0.637*

* values of correlation coefficients statistically significant at p = 0.05
In the period from the beginning of maturation to  DISCUSSION

harvesting the sowing date showed a low and
negative correlation with the total precipitation and
temperature. Analysing the whole plant growth
period, the significant effect of a delay in the sowing
date on reducing the number of growth days and in
the total hours of the daylight required in white
mustard cultivation has been shown.
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In the present study, plants had varied humidity
conditions depending on the sowing date. Total
precipitation at individual stages and throughout the
growth period was the most variable characteristic,
both for the years of study and for sowing dates. No
relationships were observed between the sowing date

www.agricultura.acta.utp.edu.pl



Harasimowicz-Hermann, G., Wilczewski, E., Kisielewska, W. (2017). The effect of pluvio-thermal conditions and changing day
length on white mustard (Sinapis alba L.) development. Acta Sci. Pol. Agricultura, 16(3), 121-129

and plant water supply during germination. Delaying
sowing from April to the second half of May or to
June, when the air temperature is increasing, resulted
in the shortening of the germination stage from 11-12
to 7-9 days. In the study by Paszkiewicz-Jasinska
(2005) this stage lasted as long as 13—16 days, which
the author justified by high humidity levels in
conditions of heavy rainfall. Similarly, Murawa et al.
(2003) recorded full emergence after 12-20 days,
whereas for Tobota and Musnicki (1999), and DuVal
(2015) it was after 5-10 days. In the present study,
a delay in sowing had a negative effect on plant
supply with water in the periods of rosette formation
to budding (dates 1-6) and maturation (dates 5—13).
According to the long-term data, the period of rosette
formation to budding, lasting on average about 30
days, should be very wet, but in the years of the study
there was a high variability in the amount of rainfall.
In the third year of the study, monthly precipitation in
June and July was very heavy and exceeded 100 mm.
However, the variability of rainfall in years is typical
of Central and Eastern Europe (Brant ef al., 2009;
Niedzwiedz et al., 2009; Palmer and Riiséanen, 2002).
The sum of average daily temperature from plant
sowing to their harvesting amounted to 1717°C,
whereas both early and late sowing dates cause that
the values of this parameter were slightly lower.
According to Zekaite (1999) and Dorsainvil et al.
(2005), precipitation deficits combined with high
temperatures in the first weeks of growth adversely
affects further plant vegetative development. The
present study confirms the variability of flowering
duration in different years, that is already known
about from the literature (Zekaite, 1999). This was
particularly large in regard of the first six sowing
dates.

The studies by Paszkiewicz-Jasinska (2005)
showed that drought and high temperatures during
plant maturation cause an acceleration in the ending
of this stage and a shortening of the growth period.
Results obtained in the present study confirm the
relationship between the maturation period and the
water supply. We observed a remarkable decrease in
total precipitation during the maturation period of
white mustard that had experienced delayed sowing,
which resulted in a shortening of the duration of this
stage even in the conditions of a decreasing sum of
temperature. Plants sown later had a shorter period of
vegetative development and this developmental stage
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proceeded with a significantly shorter day in
comparison with those sown earlier. A relationship
between delay in sowing and a shortening of the
growth period has also been documented by Brandt
(1992), Tobota and Musnicki (1999) and Zekaite
(1999). Variable weather conditions are also a reason
for a high variability in the dynamics of other plants’
development in this region (Bieniek et al., 2016;
Jedrszezyk et al., 2016). Tobota and Musnicki (1999)
demonstrated that the duration of budding in white
mustard is characterized by the lowest variability and
the length of maturation by the highest. The same
authors, as well as Murawa et al. (2003), reported
that the length of the whole growth period is strongly
determined by weather conditions, which mostly
affect the wvariability of duration of the plant
generative stage. In the present study involving
a delay in sowing from the beginning of April to the
beginning of July, the effect of this delay on the
duration of generative development was unstable and
lower than the effect that it had on the duration of
vegetative development.

One of the results of a considerable delay in sowing
was the displacement of particular agrophenophases
into conditions with a different circadian rhythm. In
the present study, the vegetative development of
white mustard grown for seeds sown at dates from
the beginning of April (date 1) to mid-May (date 6)
proceeded at systematically increasing day length,
whereas with a further delay in sowing the generative
development occurred with a shortening day,
particularly at dates from 6 to 13. The average length
of the day during flowering of white mustard sown
for seeds at the beginning of July amounted to
slightly more than 14 hours. With increasing delay in
the sowing date the seed maturation period of white
mustard happened on increasingly shorter days. Over
the years of the study variability in length of the
maturation stage was relatively high and irregular and
it resulted in a great variation in the time of seed
maturation for harvest. On average, in the 3 years of
the study, the duration of mustard growth ranged
from 92 to 112 days. Plants sown at the beginning of
April were characterized by the longest growth
period. At subsequent sowing dates white mustard
growth time was shortened, mainly as a result of
a shortening of the vegetative development period,
particularly the period of rosette formation. The plants
sown for seeds after 20 June were characterized by the
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shortest growth period. According to Brandt (1992)
and Zekaite (1999), the length of the whole growth
period of plants sown at the optimal sowing date
range from 95-102 days and delay in the sowing date
leads to a shortening of the growth period. This
shortening growth period was also found in the
present study.

CONCLUSIONS

1. Delaying the sowing of the white mustard cultivar
‘Nakielska’ beyond dates intended for its
cultivation for seeds resulted in a shortening of
the plant growth period. This was accomplished
by accelerated emergence and a shortened period
from rosette formation to the end of budding. This
acceleration did not systematically affect the
length of flowering and maturation, even although
they proceeded at lowering temperatures and
decreasing precipitation.

2. Vegetative growth of white mustard cultivated for
seeds sown at dates from the beginning of April to
the middle of May occurred at systematically
increasing day length. The flowering stage of
plants sown in mid-May proceeded at an average
day length of 17 hours.

3. Plants sown from the middle of May to the first
days of July came into the generative stage and
flowered in a gradually shorter day, which for the
plants sown at the beginning of July was slightly
more than 14 hours but which still allowed the
plants to reach full seed maturity.

REFERENCES

Bieniek, A., Draganska, E., Pranckietis, V. (2016).
Assessment of climatic conditions for Actinidia arguta
cultivation in north-eastern Poland. Zemdirbyste-
Agriculture, 103(3), 311-318.

Brandt, S.A. (1992). Depths, rates and dates of seeding and
yield of yellow mustard (Sinapis alba L.) in west-
-central Saskatchewan. Can. J. Plant Sci., 72, 351-359.

Brant, V., Neckar, K., Pivec, J., Duchoslav, M., Holec, J.,
Fuksa, P., Venclova, V. (2009). Competition of some
summer catch crops and volunteer cereals in the areas
with limited precipitation. Plant Soil Environ., 55(1),
17-24.

Davis, J.B., Brown, J., Wysocki, D.J. Sirovatka, N. (2010).
Pacific Northwest mustard variety trial results.

128

University of Idaho, http://www.cals.uidaho.edu/
brassica/Variety-trial-info/MVT%20Report%20
2010.pdf.

Dorsainvil, F., Diirr, C., Justes, E., Carrera, A. (2005).
Characterisation and modelling of white mustard
(Sinapis alba L.) emergence under several sowing
conditions. Eur. J. Agron., 23, 146—-158.

DuVal, A.S. (2015). Applied Nitrogen Effects on Yellow
Mustard  (Sinapis alba L.) Production in the
Willamette Valley. Doctoral thesis, Oregon State
University, pp. 104

IUSS Working Group WRB (2007). World Reference Base
for Soil Resources 2006, first update 2007. World
Soil Resources Reports No. 103. FAO, Rome

Jankowski, K., Budzynski, W. (1999). The effects of some
agronomic factors on Sinapis alba yield. Proc. 10"
International ~ Rapeseed  Congress,  Cannbera.
http://www.regional.org. au/au/gcirc/2/605.htm.

Jedrszezyk, E., Skowera, B., Gawgda, M., Libik, A.
(2016). The effect of temperature and precipitation
conditions on the growth and development dynamics
of five cultivars of processing tomato. J. Hort. Res.,
24(1), 63-72.

McKenzie, R.H., Middleton, A.B., Bremer, E. (2006).
Response of mustard to fertilization, seeding date,
and seeding rate in southern Alberta. Can. J. Plant
Sci., 86, 353-362.

Murawa, D., Pykato, I, Adomas, B. (2003). Ocena
plonowania i wybranych cech jakos$ciowych nasion
dwoch odmian gorczycy biatej w zaleznosci od
stosowanych herbicydéw. Rosliny Oleiste — Oilseed
Crops, 24, 193-208.

Niedzwiedz, T., Twardosz, R., Walanus, A. (2009). Long-
term variability of precipitation series in east central
Europe in relation to circulation patterns. Theor.
Appl. Climatol., 98, 337-350.

Oplinger, E.S., Oclke, E.A., Putnam, D.H., Kelling, K.A.,
Kaminsid, A.R., Teynor, T.M., Doll, J.D., Durgan,
B.R. (1991). Alternative field crops manual: mustard.
University of Wisconsin-Extension; Cooperative
Extension — University of Minnesota; Center for
Alternative Plant and Animal Products; Minnesota
Extension  Service, http://www.hort.purdue.edu/
newcrop /afcm/mustard.html.

Palmer, T.N., Réisdnen, J. (2002). Quantifying the risk of
extreme seasonal precipitation events in a changing
climate. Nature, 415, 512-514.

Paszkiewicz-Jasinska, A. (2005). Wpltyw wybranych
czynnikow agrotechnicznych na rozwoj gorczycy
biatej, plon i jego jakos¢. II. Wplyw nawozenia
azotem 1 gestosci wysiewu na sktad chemiczny

www.agricultura.acta.utp.edu.pl



Harasimowicz-Hermann, G., Wilczewski, E., Kisielewska, W. (2017). The effect of pluvio-thermal conditions and changing day

length on white mustard (Sinapis alba L.) development. Acta Sci. Pol. Agricultura, 16(3), 121-129

nasion gorczycy biatej (Sinapis alba L.). Ro$liny  Tobola, P., Musnicki, Cz. (1999). Zmienno$¢ plonowania

Oleiste — Oilseed Crops, 26, 467-478. jarych ro$lin oleistych z rodziny krzyzowych.
Pigtka, T., Krotka, K., Krzymanski, J. (2004). Gorczyca Rosliny Oleiste — Oilseed Crops, 20, 93—100.

biata podwojnie ulepszona — alternatywna jara roslina  Zekaite, V. (1999). Dependence of white mustard crops on

oleista. Rosliny Oleiste — Oilseed Crops, 25, 403—413. the sowing time and seed rate on light soils.
Thiessen-Martens, J.R., Entz, M.H. (2011). Integrating Zemdirbyste, Mokslo-Darbai., 66, 116—123.

green manure and grazing systems: A review. Can. J.
Plant Sci., 91, 811-824.

WPLYW WARUNKOW PLUWIOTERMICZNYCH | ZMIENNEJ DLUGOSCI DNIA NA ROZWOJ
GORCZYCY BIALEJ (Sinapis alba L.)

Streszczenie

W pracy przedstawiono trzyletnie wyniki badan polowych nad gorczyca biala. Byly to doswiadczenia
jednoczynnikowe, w uktadzie losowanych blokow, w czterech powtorzeniach. Czynnikiem zmiennym byt
termin siewu. Gorczycg bialg wysiewano w 13 terminach w odstgpach co siedem dni, od poczatku kwietnia
do przetomu czerwca i lipca, a zbierano po osiagnigciu dojrzato$ci nasion. W miar¢ opdzniania siewu
gorczycy biatej odmiany ‘Nakielska’, w terminach przewidzianych na uprawg jej na nasiona, nastgpowato
istotne skrocenie okresu wegetacji roslin, na co wplynglo przyspieszanie wschodéw i skracanie fazy
formowania rozety oraz pakowania. Rozwdj wegetatywny gorczycy bialej uprawianej na nasiona, sianej
w terminach od poczatku kwietnia do potowy maja, nastgpowal przy systematycznie wzrastajacej dlugosci
dnia. Rosliny siane po polowie maja do pierwszych dni lipca przechodzity w fazg generatywna przy coraz
krotszym dniu. Faza kwitnienia roslin sianych w potowie maja przebiegata przy sredniej dtugosci dnia —
wynoszacej 17 godzin, natomiast sianej na poczatku lipca — przy dtugosci dnia 14 godzin.

Stowa kluczowe: fazy rozwojowe, gorczyca biata, termin siewu

www.agricultura.acta.utp.edu.pl

129




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


