Krystyna ZARZY NSKA, Wojciech GOLISZEWSKI
Instytut Hodowli i Aklimatyzacji Rélin- PIB

Zaktad Agronomii Ziemniaka, Jadwisin, Poland
e-mail: k.zarzynska @ihar.edu.pl

CULTIVAR-ENVIRONMENTAL DETERMINANTS OF POTATOES YIE LDING UNDER
ORGANIC SYSTEM

Summary

In the years 2005-2013 experiments concerning iyigldf potato under organic system in two placedifférent soil- cli-
matic conditions were conducted. During 9 year8-year cycles, 22 cultivars from different grouprafturity were tested.
It was stated that the yield depended mostly amatic conditions in years of investigation and imalts. The place of
growing had no statistical influence. An averagelgion heavier soil was 211 but on lighter one-@2i* Most of tested
cultivars yielded in range 200-300-ki&* On heavier soil the stability of yielding was gratlt was stated the different re-
action of cultivars from different maturity grougsarly and mid—early cultivars achieved higher gibn lighter soil, but
late cultivars — on heavier one.
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ODMIANOWO- SRODOWISKOWE UWARUNKOWANIA PLONOWANIA ZIEMNIAKOW
W SYSTEMIE EKOLOGICZNYM

Streszczenie

W latach 2005-2013 przeprowadzono badania datEzplonowania rdlin ziemniaka uprawianych w systemie ekologicz-
nym w dwéch miejscodtiach o zrénicowanych warunkach klimatyczno-glebowych. Wgwei9 lat, w cyklu 3-letnim,
przebadano 22 odmiany zzrych grup wczesroi. Stwierdzonoze plony zaléaly gtéwnie od warunkéw atmosferycznych
panujcych w latach badai od odmiany. Samo miejsce uprawy nie miato isigtnznaczeniaSredni plon uzyskany na
glebie mocniejszej wynosit 211, a na glehiejdzej 221 dha'. Wicksza¢ odmian plonowata w zakresie od 200 do
300 dtha™. Stabilng¢ plonowania byta wiksza na glebie mocniejszej. Stwierdzonariodwanie reakcji odmian w po-
szczegOllnych grupach wczesrioOdmiany wczesnestednio wczesne plonowaty lepiej w Jadwisinie, nastmodmiany
p&niejsze w Osinach.

Stowa kluczoweziemniak, odmiana, plon, system ekologiczny

1. Introduction system, depending on such factors as:soil, climatid
cultivar can be analyzed. We can also make theimgrf
At the Institute of Plant Breeding and Acclimatipa -  studied factors and a closer look at the individuadtivars

National Research Institute in Jadwisin the redearcthe and compare their response to growing in the same
potato cultivation in different production systermgluding  production system, but in different environmentsakihg
organic system are conducted. Experiments relatetheé some generalizations, which is also one of thealivjes of
organic cultivation of potato underway since 2005.0ur work is possible.

Research are conducted in two places located fardlift

parts of Poland, under different soil and climatnditions. 2. Materials and methods

One place is Experimental Station of the IUNG inn@s

near Pulawy (south-eastern Poland), the secondisiadw The study was conducted in two locations withediéht
central Poland. The aim of the research is to assesong climate and soil conditions. In Osiny (south- eBstand)
others, yielding potato grown in the organic systemler potatoes were grown on the very good rye compldxiso
different climate and soil conditions as well aset@luate Jadwisin on good rye complex soil. In both experitak
the usefulness of the different varieties to specif places the crop rotation was adapted to the soifliions.
environmental conditions. From the literature oa #tudy The research was conducted in 3-year cycles. Dutirg
of the potato crop in the organic system it is kndhat the nine years 22 potato varieties belonging to differgroups
yields obtained in organic system can be from 160& of earliness were tested. Choosing a variety tcamio
lower compared to conventional ones [2, 6, 9, 2,113, cultivation their greatest resistance to both @suévirus Y
14] and in very unfavorable conditions even 70%.[2le  and leafroll virus) and fungus (Phytophthora irdes)
lower level of yielding is caused by the reductmntotal were taken into account. Assessing the tuber yed
ban on the use of pesticides and mineral fertgizarthis  related to the climatic conditions prevailing ire thocalities,
system, which generally results in lower yield aitsl ie temperature and precipitation (Table 1). The
diminutive [3, 13]. The reaction of cultivars isaldifferent characteristics of tested cultivars are given ing2.

[17, 19]. On the basis of the research results octed in In the statistical analysis the variance analysis
two locations in Poland in the three-year cycleg thapplied using ANOVA. The significance of differeatibn
differences in yielding potato crops grown in thgamic  was assessed by Student's t test.
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Table 1. Weather conditions during vegetation gettemperature (T) and rainfall (R)) in years ofdstigation for two lo-
calizations
Month May June July August September

Year Place (R) M (R) M R | @ (R) M (R) M
2005 Jadesm 70,6 12,6 36,3 14,7 67,4 19/6 12,8 16,2 ,325 149
Osiny 715 12,6 85,2 14,8 62,5 19,2 65,4 16,0 30{6 14,4
2006 Jadwisin 50,4 12,8 50,9 15,9 9,2 219 156|1 170 511 148
Osiny 58,0 13,9 19,2 17,7 20,7 22,4 1298 17,9 8,/ 15,0
2007 Jadvyisin 78,4 13,1 109,6 15,71 54,1 17)6 74,8 17,8 03,1 10,8
Osiny 79,8 15,8 62,8 19,1 49,0 19,8 26,4 19,2 86{2 11,2
2008 Jadv_visin 62,9 13,6 43,5 17,3 68,8 181 80,9 17,7 848 116
Osiny 83,3 13,5 42,3 18,2 93,6 18,8 72,2 17,0 61|12 124
2009 Jadwisin 80,8 12,3 72,4 17,3 85,6 21,3 83,1 17,4 ,818 14,7
Osiny 63,2 13,7 95,8 16,6 69,0 20,1 82,9 18,4 219 14,8
2010 Jadvyisin 166,8 12,4 64,0 16,5 152,5 18(6 105,3 185713 11,1
Osiny 110,2 14,3 47,8 18,3 42,6 22,1 118)5 20,3 ,804 123
2011 Jadwisin 33,1 13,2 44,8 17,5 278,1 17/0 57,1 175 851 13.7
Osiny 60,5 14,8 54,4 19,4 250,1 18,6 36,2 18,7 3,1 14,4
2012 Jadvyisin 52,4 13,9 96,6 15,6 92,2 18,8 87,2 174 926 128
Osiny 35,3 15,6 68,9 17,7 114,3 214 93,9 19,0 19{4 15,0
2013 Jadwisin 130,0 15,7 105,4 17,2 17,1 18|7 977 18,2 94,0 10,9

Osiny 85,4 15,6 37,4 19,7 30,3 19,8 7,1 19,8 4716 2,11

Table 2. Characteristics of tested cultivars

Source: own work

Table 3. Statistics analysis

Sources of variation Squares sum Significance
Years 4099 ++

Place 18,9 -

Cultivar 1823 ++

Years x Place 3845 ++

Place x Cultivar 491 -

Years x Cultivar 1068 -

_ Maturity Resistance to
Years Cultivar group Phytophthora
infestans
Drop very early 3
Gracja early 3
Korona early 3
2005-2007 Bartek mid early 5
Triada mid early 4
Syrena mid late 5
Zeus mid late 6
Berber very early 3
Mitek very early 3
Owacja early 4
Vitara early 3
2008-2010 Agnes mid early 5
Tajfun mid early 5
Fianna mid late 5
Ursus late 6,5
Flaming | very early 2
Viviana | very early 2
Eugenia | early 3
2011-2013 Vineta early 2
Finezja mid early 4,5
Gustaw mid late 5,0
Medea late 6,5
Source: own work
3. Results

3.1. The significance differentiation of tested faors

The analysis of variance showed the significante
differentiation such factors as: years of reseaxchjety
and interaction of years with the place of cultivat There
was no significance diversity of the place of gnogyiand
its interaction with cultivars as well as cultivaaad years
of research, which means that the response ofvatstito
the place of cultivation, and the climatic condioin
different years was the same. The largest shatkeofotal
variability had years of research and their intBoacwith
the place of growing (Table 3).
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+ significant fora <0,05, ++ significant fon<0,01, - non signifi-
cant
Source: own work

3.2. Tuber yield depending on place of growing

In the first series of experiment (2005-2007) gigant
differences in the yield of tubers between 2 lanati and
between years was found. On average, for the fleaes of
research higher yields were obtained for Osinylddwisin,
on sandy soil the yields were lower. Particularlghh
differences related to the years 2005 and 200800V the
yield was however lower in Osiny. An average foyears
the yield for Jadwisin accounted 139hdi" and for Osiny
205 dtha’. The highest vyield (average for 2 places) was
achieved in 2007 (Table 4).

In second series significant differences betwdaoegof
growing and between years were also found. In gbiges
the situation was inverse. Higher yields were otatdiin
Jadwisin than in Osiny. The average difference artexl
almost 100 dha’. The highest difference in favor of Jad-
wisin was in 2009, the lowest in 2010. For bothcpkathe
highest yield was noticed in 2009 (Table 5).

In third series statistical difference was onlwrid be-
tween tested years. There were no differences eetie
cations. In the years 2011 and 2012 an averagd joel
cultivars was higher in Jadwisin than in Osiny. drse
situation had place in 2013. The biggest differelmetveen
places was noticed in 2012. The average for twogslavas
the lowest in 2013 (Table 6).
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Table 4. Tuber yield (¢ha') depending on place of growing for years 2005-2@0&an for 7cultivars)

Years Place Tuber yield-t&” | Difference in favor of Osiny soiltha’ | Mean for years LSD
Jadwin 73
2005 Osiny 168 95 121
Jadwisin 124
2006 Osiny 548 124 186
Jadwisin 220 44
2007 Osiny 200 -20 210
Jadwisin 139
Mean Osiny 205 66
LSD for place 35

Source: own work

Table 5. Tuber yield (¢ha®) depending on place of growing for years 2008-2@i€an for 8 cultivars)

Years Place Tuber yieldthd® | Difference in favor of Osingitha® Mean for years Lile?a:(s)r
Jadwisin 320
2008 Osiny 500 -120 260
Jadwisin 342
2009 Osiny 206 -136 275
Jadwisin 241 40
2010 Osiny 199 -42 220
Jadwisin 301
Mean Osiny 202 99
LSD for place 50

Source: own work

Table 6. Tuber yield (ea" ) depending on place of growing for years 2011-2@i&an for7 cultivars)

Years Place Tuber yielitha® | Difference in favor of Osingtha® Mean for years L?Ea:gr
Jadwisin 258

2011 Osiny 199 -59 224
Jadwisin 258

2012 Osiny 189 -69 223 4
Jadwisin 141

2013 Osiny 190 +49 165
Jadwisin 219

Mean Osiny 193 -26

LSD for place -

3.3. Cultivar differences

During the nine years 22 potato cultivars belogdio

different groups of earliness were tested. It wiased the
significance of their diversity in terms of the @ulyield.

In first series 7 cultivars were tested. The highgsid, an
average for 2 places was obtained for cultivarsdkaand
Triada, the lowest for Drop and Gracja. Cultivaxgemely
differing in the level of yields in both localitiesere
Korona and Batrek. Yield stability of individual ltuars
estimated on the base of the standard deviation alss
varied. The greatest stability was obtained forticais:
Drop and Gracja, the lowest for cultivar Bartek i§lea7).

Source: own work

In the second series ( 2008-2010) eight cultivdrdif-
ferent maturity were examined. In this group oftivals
smaller diversity of yield was observed. An averégewo
locations the lowest yield was noticed for culti¥@anna.

In this series the greatest stability was obtaified
cultivar Ursus, the smallest for cultivar Vitaraafile 8).

In third series also eight cultivars were testedthis
series the smallest differentiation of yielding wastated.
There were no significant differences between cailf.
The difference in the level of yields in both Idoas were
the smallest.

In this series the greatest stability was obtaifeedtultivar
Flaming , the lowest for cultivar Finezja (Table 9)

Table 7. Yielding of cultivars depending on pla¢gmwing (mean for years 2005-2007)

Cultivar/Place Jadwisin Osiny Mean Standard deviatio LSD for cultivars

Drop 107 99 103 60

Gracja 110 135 123 60

Korona 118 232 175 91

Bartek 176 307 242 102 63

Triada 184 236 210 77

Syrena 124 205 164 70
Zeus 152 225 189 78
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Table 8. Yielding of cultivars depending on pla¢gmwing (mean for years 2008-2010)

Cultivar/Place| Jadwisin Osiny Mean Standard dewviatio LSD for cultivars
Agnes 290 230 260 52
Berber 269 132 201 79
Fianna 240 142 191 79
Mitek 264 194 229 73 67
Owacja 321 219 270 85
Tajfun 341 249 295 80
Ursus 322 254 288 39
Vitara 361 194 278 103

Source: own work

Table 9. Yielding of cultivars depending on pla¢gmwing (mean for years 2011-2013)

Cultivar/Place Jadwisin Osiny Mean Standard dewviatig LSD for cultivars

Eugenia 258 216 237 66

Finezja 235 278 257 96
Flaming 235 226 231 47

Gustaw 201 222 211 75 -

Medea 172 222 197 79

Vineta 251 226 239 77

Viviana 186 206 196 78

Table 10. Cultivars distribution on groups of diffat yielding

Source: own work

Cultivars yielding above 300 tigi*

Cultivars yielding between 200-300tH*

Cultivars yielding below 200 dia®

Jadwisin Osiny Jadwisin Osiny Jadwisin Osiny
Aanes. Berber Eude- Agnes, Eugenia, Finezja, | Bartek,
. . gnes, ", EUg Flaming, Gustaw, Korona, | Drop,Gracja, Berber, Drop,
Owacja, Tajfun, nia, Fianna, Finezja, . . '
. Bartek . . | Medea, Owacja, Syrena, Korona, Medea, Fianna, Gracja,
Ursus, Vitara Flaming, Gustaw, Mi- . : ) ; .
. Tajfun, Triada, Ursus, Syrena, Triada, Mitek, Vitara
tek, Vineta . L S
Vineta, Viviana, Zeus Viviana, Zeus

Source: own work

The average vyield obtained from both organic4. Discussion

plantations for all varieties was 22tha’ in Jadwisin and

211 dtha’ on in Osiny. Yield stability in different years

was higher in Osiny. An average for cultivars rahfrem
168 dtha® to 248 dtha’. In Jadwisin it was much wider
and ranged from 78tha’ to 342 dta’.

The highest yields (average for the years of rebeand
the place) was obtained for varieties: Tajfun, Wrditara,
Agnes, Owacja, Finezja (above 286ha’). The lowest for
cultivars Drop and Gracja-less than 150hat. Most
varieties yielded in range 200-300Hdt". Despite the lack
of significance of interaction of cultivars withetlplace of
growing it could be seen diversified their respotsesoil
and climatic factors. Some varieties reaching thghdst
yields in Osiny gave some of the lowest yieldsadwlisin
and vice versa. The yielding coefficient variatifor all
cultivars was 19.8%.

Table 10 shows the distribution of cultivars intofarming copper

3 groups in terms of the yield in the range: abdd@, 200-

Analysis of the impact of environmental factors te
tuber yield showed his greatest dependence on yafars
research. Discussing the influence of the vegeatatio
conditions in years on the yield we can not igntre
impact of this factor on the disease developmerainiy
late blight, which causes the greatest lossesal yi, 3].
Analyzing the weather in different years we carorditm
the principle that the so-called ,,blight yearsg, ihigh
yields of potatoes are in the years of high rainfahis
particularly applies to conventional crops where ist
possible to use pesticides and fertilizers. In nigdarming
the situation is more complicated. Therefore, thedyof
plants in the organic system is more dependentioratic
conditions than in the conventional [20].

To protect the potato plants against late blighdriganic
fungicides are permitted but their
effectiveness is not as high as other fungiciddso Aimits

300 and less than 2@l-ha®. As can be seen from the dataon the use of copper exists, and in some coundriestal

presented in the table, in Jadwisin cultivar digrsvas
greater than in Osiny, where most of the cultiviactuded
in the range of 200-300 4&*. Only 7 cultivars ranked in
the extreme groups. In Jadwisin, only 9 cultivarsiuded
in the group with an average yield, the other warthe 2
extreme groups (Table 10).

In both places it was observed variation in theellef
yield of cultivars from different groups of earlsge On the
lighter soil in Jadwisin slightly higher yield commed to
Osiny achieved early and mid early cultivars butdo late
cultivars. (Table 10).
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ban [5]. Analyzing the weather conditions in difat years
of the study should it noted that in the first esrof studies
in 2005-2007 the lowest yield was recorded in 2005,
particularly related to light soil in Jadwisin. Thmain

reason for such low yields lay in long periods obudjht

conditions during vegetation period.

Also in 2006, a shortage of rainfall in June aalty had

a negative impact on the yield of plants in botcpk. Very
low yield was obtained in 2005, also in the orgasystem
on the heavier soil in Osiny. The highest yieldsaverage,
for the place was obtained in 2007, when the @higtion of
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rainfall during the growing season was the mosfepred.

not been proven but the reaction of some genotyyses

In 2008-2010, the highest yields, on average, fue t different. Most varieties yielded in the range @f02300

localization and the crop production system waseael
in 2008, when the amount of rainfall during the wgireg
period was sufficient for potatoes and potato llitjtreat

dtha®, the least in the range of above 306hat. On
stronger soil yield stability was higher than aghlier one.
3.The reaction of cultivars from different maturigyoups

not high. The lowest yield was in 2010, in whick #txcess was diverse. Early and mid early cultivars yieldgher in

rainfall during the growing season and the
development of the late blight was the main redsorihe
yields decrease.

In the third series of studies in 2011-2013, ie thost
profitable year for the yield of potatoes in theotplaces

rapidadwisin but later cultivars in Osiny.
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depended greatly on weather conditions in the yeérs

research and cultivar. The place of growing itseds less
important. The highest yields were obtained inybars of
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2. It was stated very large cultivar differencestiter
yield. The interaction of cultivars with place abging has
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