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Summary

The evaluation of Chenopodium quinoa cultivation effe-
cts in Poland has been compared with European research results.
It was found that the conditions in Europe are favorable to Che-
nopodium quinoa cultivation. Poland has the mean length of the
vegetation period. The maximum value of this trait was found in
Sweden. The conditions in Bydgoszcz (Poland) are very favo-
rable to the cultivation for green matter and favorable as far as
the seed yield is concerned. The most favorable seed yield was
recorded in Greece.
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INTRODUCTION

So far Chenopodium quinoa has not been popular
when establishing human diet(D¢bski andGralak,
2001). Its exceptional survival potential and at the same
time high nutritive values suggest that in the contempo-
rary world Chenopodium quinoa can alleviate hunger in
Africa or Middle East. However, not only, as the high
nutritive value of both seeds and green matter are the
basis of a wide interest, also in highly-developed co-
untries: Denmark (Christiansen and Jacobsen
(2006), England (Risi and Galwej, 1989), Sweden
(Ohlsson and Dahlstadt, 2000) and others. The
main aim is mainly an increase in food biodiversity.
This species can play an important role in the diet of
people suffering from celiac disease. Nutritive limita-
tions of this group are specially high and the problem
of such cases reported is growing. Chenopodium quinoa
does not include gluten and so it can be introduced as an
element of the diet. High protein quality (9 exogenous
amino acids) is yet another reason for using this product.

Therefore, getting to know the possibility of production
of that plant is important not only in Poland, but also
in Europe. This species is not very demanding as far as
climate and soil conditions are concerned and so it ad-
apts easily.

The aim of the present paper is to reply to the qu-
estion which of the European countries analyzed show
the most favorable conditions for this species to be
grown and at the same time its yielding potential will be
highest. The comparative analysis of the effects of culti-
vation in European countries was compared with regio-
nal potential and possibilities of the location the species
comes from, that is South American countries.

MATERIALS AND METHODS

Experiments being the basis of comparative stu-
dy of Chenopodium quinoa in Poland, as compared with
Poland and Europe and South America, are presented
based on international research. Test Quinoa was per-
formed in many countries not only in Europe but also
America, Asia and Australia (Mujica et al. 2001).
However, for the purpose of this paper, research cen-
ters were chosen as well as European researchers re-
presenting Copenhagen (Denmark), Larissa (Greece),
Bydgoszcz (Poland), Uppsala (Sweden) and Valdichiani
(Italy), and from South America: Buenos Aires (Argen-
tina), La Paz (Bolivia), Brasilia (Brazil), Cajon (Chile),
Cusco and Puno (Peru). Chenopodium quinoa cultivars
analyzed showed a full developmental cycle (Ggsin-
ski, 2006). They included RU-2-PQCIP, RU-5-PQ-
CIP (England), NL-6-PQCIP (Holland), 02-EMBRAPA
(Brazil), BAER-II-U (Chile), E-DK-4-PQCIP, G-205-
95-PQCIP (Denmark). Single-factor experiments were
established in the randomized block design in four reps.
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The plot area for harvest was 7 m?, the sowing rate 17 kg
xha!, depth 1 cm, row spacing 40 cm. The mechanical
row-sowing technique was used.

The following characters were analyzed: weather
conditions (air temperature: minimum and maximum,
total rainfall, sun exposure in the months analyzed — da-
ily means); for Chenopodium quinoa (vegetation period
length, seed yield, green matter yield, seed diameter, re-
production effort — ratio of the seed weight to vegetative
parts of the plant).

For the purpose of this analysis, data unitariza-
tion was performed concerning the characters of selec-
ted Chenopodium cultivars characters and the cultiva-
tion effects were compared with the multi-factor method
—profile analysis (Brzezifski, 2002; Ggsinski,
2004).

This analysis was performed based on own rese-
arch performed over the period 1989-2000 and the follo-
wing publications: Mujica etal. 2001; Ggsinski,

2000, 2001; Iliadis and Karyotis, 2000; Ohls-
son and Dahlstadt, 2000).

When developing this analysis, Microsoft Word,
Microsoft Excel and Statistica were used.

RESULTS

Comparing the multi-character profiles of Che-
nopodium quinoa for Europe and South America and
based on the means for the analyzed locations partici-
pating in Quinoa Test, it was observed that they are very
similar (Fig. 1). A slight difference was observed only in
the case of green matter yield. The value of this charac-
ter is higher in Europe, while the reproduction effect of
Chenopodium quinoa is higher in South America (Tab.
1).

The mean length of the vegetation period is al-
most the same in Europe and America. The mean seed
yield obtained from the cultivation of Chenopodium

Table 1
Value of Chenopodium quinoa traits in Bydgoszcz (Poland), Europe and America.
Area of Europe, | Mean length of . Mean Mean seed Mean
. Mean seed yield . . .
Poland and the vegetation (kexha") biomass diameter reproduction
Americas period (days) & (kgxha') (mm) effort (%)
Europe 123.8 1058.7 5345.8 1.7 19.5
Poland 128.1 1652.9 17927.1 1.8 9.2
America 125.1 1056.3 3102.4 1.7 41.8
1 2 3 4 5 7 9

Veget.period lengh

Seed yield

Biom ass|

Seed diameter

Reproduction effort

—o— Europe
—— Polad
-<%-- America

very little little

mean big

very big

Values of traits

Fig. 1. Chenopodium quinoa multi-trait profile for Bydgoszcz (Poland) as compared with the mean values for Europe and America.
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quinoa both in Europe and in America is relatively low.
Bydgoszcz (Poland), as compared with the means for
these continents, was more favorable and the yields rea-
ched in our country were average.

The mean yield of green matter obtained in Ame-
rica was very low. In Europe there was found a slightly
higher yield of green matter, but it slightly deviated from
the results recorded in America. Bydgoszcz (Poland), as
compared with the means for Europe and America, sho-
wed a higher yield of green matter (a high value of the
character).

The diameter of Chenopodium quinoa in Europe
and in America was average. In Bydgoszcz (Poland) the
seeds of Chenopodium quinoa are also average in size.

The reproduction effect of Chenopodium quinoa
obtained as an average for Europe and for Bydgoszcz
(Poland) is very low, while in America slightly better
results were noted (the index value is low).

Yielding effects of Chenopodium quinoa cultivation
in Europe

By comparing the Chenopodium quinoa potential
in European countries based on the profile analysis, one
can state that they differ a lot. The most similar profiles
based on the average value for the cultivars analyzed
were recorded for Uppsala (Sweden) and Copenhagen
(Denmark), (Fig. 2). They demonstrated a high vegeta-
tion period, very low seed and green matter yield, mean
value of the seed diameter and very low reproduction

Table 2
Mean values of Chenopodium quinoa traits for the European sites analyzed.
Mean length of . Mean Mean seed Mean
. . Mean seed yield . ) .
Location the vegetation (kexha!) biomass diameter reproduction
period (days) & (kexha ) | (mm) effort (%)
Valdichiani
(Italy) 115.9 1375.7 8311.6 1.6 16.9
Larisa
(Greece ) 106.0 2261.0 9779.0 1.6 233
Uppsala
(Sweden) 139.6 255.3 1823.8 1.8 14.3
Kopenhaga
(Denmark) 133.7 342.9 1468.8 1.8 23.2
Bydgoszcz
(Poland) 128.1 1652.9 17927.1 1.8 9.2
1 2 3 4 5 6 7 8 9

Veget.period lenght

Seed yield on

Biom ass L

Seed diameter

Reproduction effort

—o- Valdichiani (ltaly)

—-O— Larisa (Greece)

—¢ - Uppsala (Sweden)
-4~ Kopenhaga (Denmark)
—e— Bydgoszcz (Poland)

very little

little

mean big very big

Values of traits

Fig. 2. Chenopodium quinoa multi-trait profile for the European locations analyzed.
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effect. Considering the length of the vegetation period in
the other locations analyzed in Europe: Valdichiani (Ita-
ly) and Larisa (Greece), they showed an average value
of'this character, while Bydgoszcz (Poland) with a much
longer vegetation period, was more similar to northern
Europe, while the seed yield and green matter yield for
Valdichiani (Italy) assumed a low character value, for
Larisa (Greece) a mean value. In Bydgoszcz (Poland)
there was recorded a high yield of green matter and
a mean value of the seed yield (Tab. 2).

In all the locations analyzed in Europe, the seed
diameter of Chenopodium quinoa was similar (mean va-
lue of the character), while the reproduction effect was
defined at the level of low value (Fig. 2).

DISCUSSION

Analysis of the yielding potential of Chenopo-
dium quinoa showed that Europe is very similar to the
areas the species comes from, namely South America.
Evaluating the seed yield, one can note that on both con-
tinents there are both places in which the growing con-
ditions are more favorable and places where the growing
potential of the species is lower (M ujica etal. 2001).
A defensive effect on the growing effect (yield) of Che-
nopodium quinoa is attributed to weather conditions,
while the latitude and the climate have an effect on the
vegetation period length of this species and the number
and diameter of this seed. As reported by Bertero et.
al (1999), under short-day conditions the seed diameter
is greater and the conditions of long-day and the occur-
rence of high air temperature (28°C) stimulate the small
seed diameter, while on average in Europe and in Sout-
hern America Chenopodium quinoa needs long day for
the growth and development, similarly as in Bydgoszcz
(Poland) (Gg¢sinski, 2006).

The mean green matter yield of Chenopodium
quinoa in Europe was higher than in America (Gro -
chowski, 2001; Ggsinski, 2006). These rela-
tionships also coincide with the results reported for
Bydgoszcz (Poland), which show better conditions of
vegetative growth of the plant, and at the same time gre-
ater possibilities of the green matter potential in Euro-
pe (Gegsinski 2001). Risi and Galwey (1989),
based on Bolivian studies researchers found that in
European conditions Chenopodium quinoa has a more
abundant vegetative growth and a longer vegetative pe-
riod, while low reproduction effort in Europe and also
in Bydgoszcz (Poland) does not come from low unitary
seed yield but from the high weight of the plant which in
these conditions grows longer and is greater in size.

Evaluating the possibilities of Chenopodium qui-
noa cultivation in the locations analyzed in Europe ba-
sed on the average of the seven cultivars, one can state
that the most favorable location for the cultivation for
seed was Larisa (Greece). A lower seed yield, but also

outstanding in Europe, was reported in Bydgoszcz (Po-
land), but from the point of view of the green matter
yield Bydgoszcz (Poland) was the most favorable, and
slightly worse results were reported in southern Europe
— Larisa (Greece), and then Valdichiani (Italy). These
results show high Chenopodium quinoa potential in Po-
land, not only as compared with Europe but also Sou-
thern America, while even better effects will probably
be reached based on the breeding of the Polish cultivar
of Chenopodium quinoa and so best adapted to our con-
ditions (Ggsinski and Kwiatkowska 1999a).

CONCLUSIONS

1. The conditions in Europe facilitate the cultivation of
Chenopodium quinoa.

2. Chenopodium quinoa shows an average vegetation
period length in Poland as compared with Europe.

3. The highest seed yield in Europe was found in
Greece.

4. Conditions in Bydgoszcz (Poland) are very favorable
for the cultivation for green matter and favorable for
seed yield.
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Ocena mozliwosci rozwoju i plonowania
komosy ryzowej (Chenopodium quinoa Willd.)
w warunkach klimatycznych Europy

Czes$¢ druga: Mozliwosci plonotworcze
Chenopodium quinoa w réznych warunkach

Streszczenie

Oceng efektow uprawy Chenopodium quinoa
w Polsce przedstawiono na tle wynikow badan europej-
skich. Na ich podstawie stwierdzono, ze warunki panu-
jace w Europie sprzyjaja uprawie komosy ryzowej po-
dobnie jak w Ameryce. Chenopodium quinoa w Polsce
charakteryzuje si¢ $rednia dlugoscia okresu wegetacji.
Maksymalng warto$¢ tej cechy stwierdzono w Szwecji.
Warunki panujace w Bydgoszezy (Polska) sa bardzo ko-
rzystne do uprawy na zielona mas¢ oraz korzystne, je-
zeli chodzi o plon nasion. Najkorzystniejszy plon nasion
stwierdzono w Grecji.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 [
    /PDFX1a:2003
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /POL <>
  >>
  /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


		2013-05-29T18:31:27+0100
	Polish Botanical Society




