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Potato (Solanum tuberosum L.) is mostly suitable for growing in moderate climate conditions at temperature 20 ° C. Yields are
influenced by many factors: soil characterization, available nutrients, distribution of pests and weeds, agrotechnology, genotype or
variety and climatic conditions during the vegetation period. In recent years’ summary of meteorological conditions (precipitation and
air temperature), showed that stressful conditions during the vegetation period had a diverse influence on the growth and development
of plants. Excess or lack of humidity in soil or drought and heat affected the size and shape of the potato tubers. The heat stress is the
problem of agriculture in many regions of the world in the last years.

The aim of the study was to evaluate cultivars and clones from the breeding material under the stress conditions at the Stende Research
Centre. The field trials were set up due to project of the Latvian Ministry of Agriculture: "Evaluation of breeding material to implement
integrated and organic agriculture crop production technologies'(2015-2018). The article summarizes results of nine potato clones and
nine varieties in both integrated and organic systems during 2017-2018, when 2018 was one of the driest and hottest in the last 100
years. The evaluation of the varieties and breeding material phenological phases in two years showed that germination and flowering
differed from year to year. Due to hot and dry weather conditions flowering was weak for several varieties and the bud flowering was
observed. In 2018 germination for some varieties was slower compared to the previous year, but for many varieties (‘Lenora’, ‘Prelma’,
‘Imanta’) and breeding material germination was not delayed (Table 1). The earlyest germination and flowering were observed for
variety 'Monta'. Earlier germination compared to other varieties and clones was recorded to S01085-21 and S03067-33 and the variety
‘Rigonda’. In the organic field earlier germination was observed for the varieties 'Rigonda’, 'Monta', 'Prelma’ and clones S01085-21,
S07169-35.

The yield of varieties and breeding material lines in both years was good but still lower tuber yields were obtained in the integrated
growing system and only one line (S01085-21) and variete ‘Gundega’ had significantly higher yield in comparison 2017. In the organic
growing system tuber yields of all varieties and breeding material lines were significantly lower than the 2017 year. Yield reduction is
not significant for 3 breeding material lines: S10063-128, 19922.29 and S2008-6.5.
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INTRODUCTION

Potatoes are suitable for moderate climate zone. The best development of plants is when the soil temperature is
not lower than 7-8 ° C and higher than + 25 ° C (Haverkort, 1990). The optimum of air temperature for blossoming is
+20 - 21 ° C, but the shoots start to grow at + 5-6 ° C and have stopped blossom and tuber growth at + 30 ° C (Stol et al.
1991; Reynolds and Ewing 1989) and freezes at -1-1.5 ° C (De Temmerman et al. 2002). Potatoes are humidity required
plants. Precipitation has the positive effect on the growth of the foliage in the first stage of the vegetation period and on
the formation and mass of tubers in the second part of the vegetation period.

Drought (lack of moisture in soil) effects negatively plant development and tubers appearance and yield. Scientists
from Check Republic were established that reaction of cultivars on heat stress were depending from plants growing stage
and the largest problem are tubers with physiological defects (Rukaszewska, 2017). It has been investigated that even
humidity conditions provide optimal turgor in tuber cells, and increase tuber resistance to mechanical injuries (Skrabule,
2003). The composition of sugar and starch in tubers also varies depending to annual meteorological conditions (Skrabule,
2003; Dale and Mackay, 1994). After to the results of the research, the starch content of the evaluated varieties varied
from year to year, which can be explained by different meteorological conditions of the each year (Murniece, 2010).
Several scientists have used simulation models to study the effect of global warming on potato yields and predicted that
yields may increase with longer vegetation in England - (Davies et al.1996); in Scotland (Peins et al. 1996) and in Finland
(Carter et al. 1996). However, overall crop decline was predicted in the US (Rosenzweig et al., 1996). In many region
potato yields could decline in the future due to temperature increases, but could be partially prevented by plant adaptation
to climatic conditions (Hijmans R.J., 2003). Scientists have found that increases of potato yield in average of 20% is
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connected by global warming and increasing the concentration of CO2 in the atmosphere (De Temmerman et al. 2002).
However, the magnitude and persistence the influence of this effect under field conditions is very uncertain and efforts
should be made to avoid yield reduction due to temperature changes. Latvia is also impacted by climate change which
affects crop development and yields. Therefore it is important to know reaction of potato varieties respond to unregulated
environmental factors. The research was carried out with the aim to select potatoes varieties with better adaptivity and
less responsivity to abnormal meteorological conditions.

MATERIALS AND METHODS

The research was arranged at AREI Stende Research Center 2017 - 2018 in two growing systems: integrated and
organic. The trial was arranged in 4 replicates, the variants were randomized. The trial in integrated growing system was
carried out in sod podzolized, glazed, loam soil, organic mater content 2.2 - 2.6%, P205 - 127 - 239 mg kg - 1, K20 -
147 - 197 mg kg - 1 and pHKCL - 6.3 - 6.7 in 2017 year and humus content 1.9%, P205 - 151 mg kg-1, K20 - 201 mg
kg-1, pHKCL - 5.0 - 6.0 in 2018. In the organic growing system, the evalution was carried out in sod podzolized glazed
loamy soil with soil reaction pH KCI - 5.6 -6. 3, organic matter content 3.3%, P205 - 250 mg kg-1 and K20 - 140 mg
kg-1. The potatoes were planted by hand within a distance of 0.3 m between tubers and 0.80 m between furrows, in the
integrated field, and 0.70 m in the organic field in the third decade of May. In the integrated field before the planting
complex fertilizers NPK 8:12:23 norm - 500 kg ha-1 ( N pure material - 40 kg ha -1, P205 - 60 kg ha -1, K20 - 115 kg
ha -1) was used. Fertilizer NS 150 kg ha -1, and leaf fertilizer - Zoom 2 L ha-1 3 times during vegetation was apllied. In
the integrated field, weeds, late blight (Phytophora infestans), early blight (Alternaria solani;) were chemically controled
by pesticides. In the organic field, weeds were controlled by harrowing, and Colorado beetles (Leptinotarsa decimlineata)
were controlled manually. There were 9 varieties and 9 breeding clones under investigation: ‘Rigonda’, ‘Monta’,
‘Lenora’, ‘Prelma’, ‘Brasla’, ‘Imanta’, ‘Jogla’, ‘Gundega’, ‘Kuras’, S01085-21, S07169-35; S18699-37; S04065-2;
S07131-15; S10063-128; S10063-45; S2008-6.5; 29.2.1992.

Climatic conditions.

In 2017 climatic conditions for the development and growth of potatoes were favourable, exception in May and
early June (+10°C) which did no promoted rapid germination of potato plants. Flowering time was delayed. In June and
July the average of air temperatures were below norm, only the third decade of July was warmer.(+15.5°C and 55.5 mm
precipitation). During summer months — June, July, August moderately warm and favorable conditions for the
development of potato tubers took place. Precipitation in June was just above normal, and July and August were even
relatively dry. Although it was more rainy at the beginning of the in August, it was not long lasting and there was no
heavy rainfall, but more often it was raining.

In 2018 climatic conditions were unfavorable for the potatoes, drought and heat did not promote germination of
seed tubers. According to the meteorological data, the soil temperature and in June exceeded +25 - + 27 °C in the end of
May, which is not suitable for development of germ. May of this year was recognized as the tenth driest and hottest month
of the last 100 years. The rainfall was 14 mm in May.Tuber sprouting was very slow and uneven.

Flowering for varieties and clones was also very poor. Several varieties of flower buds withered due to heat and
drought.
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Figure 1. Average temperature,°C 2017-2018

The average air temperature June was + 15.5 ° C, +1.3 ° C above the monthly mean. In July the average of air
temperature was + 19.8 ° C it was the same as the average in Latvia.In August the average temperature was + 18.4 ° C,
or 2.9 ° C above the monthly long term mean. The monthly minimum of air temperature is + 5.4 ° C in August 22 and
the maximum air temperature was + 30 ° C in August 9.

The total rainfall in June was 35.8 mm, or 62.8% from the monthly norm (80 mm).
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In July sum of precipation was 37.5% of norm. Hot and dry weather affected potato blooms and were early blight
(caused by Alternaria solani) was developed but late blight (induced by Phytophora infestans) was not observed.

mm 100

80

60

40

20

.
May June July August
2017 2018 Average
Norm Linijin¢ (Average) Linijiné (Norm)

Linijiné (Norm)

Figure 2. Total precipitation,mm

Total rainfall in August was 94.1 mm, or 8.2% above the monthly average (87 mm) and the highest rainfall was in
the second decade - 56 mm. Potato tubers continued to grow very fast.

RESULTS AND DISCUSSION

The evaluation of the varieties and breeding material phenological phases in two years showed that germination
and flowering differed from year to year. Due to hot and dry weather conditions flowering was weak for several varieties
and the bud flowering was observed. Other researchers (Stol et al. 1991; Reynolds and Ewing 1989) observed that due to
the influence of hot and dry weather potato blooms are low. In 2018 germination for some varieties was slower compared
to the previous year, but for many varieties (‘Lenora’, ‘Prelma’, ‘Imanta’) and breeding material germination was not
delayed (Table 1). The fastest germination and the earliest flowering were observed for variety 'Monta'. Earlier
germination compared to other varieties and lines was recorded to S01085-21 and S03067-33 and the variety ‘Rigonda’.
In the organic field earlier germination was observed for the varieties 'Rigonda’, 'Monta', ‘Prelma’ and lines S01085-21,
S07169 -35. Varieties and breeding lines may be able to adapt to stress conditions. Studies elsewhere have also shown
that plants can adapt to meteorological conditions (Hijmans R.J., 2003).

1 Table. Phenological observations, 2017-2018

L . Integrated field Organic field
Varieties/breeding - - - -
materials Days after planting, | Days after planting, | Days after planting, 2017 | Days after planting,
2017 Germination 2018 Flowering Germination 2018 Flowering
Rigonda 24 58 20 50
Monta 24 58 17 50
Lenora 28 60 28 56
Jogla 30 61 22 54
Brasla 28 58 24 59
Prelma 24 60 24 56
Imanta 27 64 27 59
Gundega 28 67 23 56
Kuras 28 64 24 56
$01085-21 24 58 22 56
S07007.33 26 62 22 57
S07169.35 28 60 24 56
18699.37 32 63 28 57
S07135-15 28 62 24 57
S04065-2 28 64 24 59
$10063-128 28 don't bloom 24 59
$10063-45 29 don't bloom 26 don't bloom
19922.29 28 64 24 59
2008-6.5 28 66 24 don't bloom

Potatoes were harvested in the first decade of September. Evaluating the yield of varieties and breeding clones
between years, lower tuber yields were obtained in the integrated growing system, including hot and dry 2018, and only
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one line S01085-21 (53.1t ha-1) and the variety '‘Gundega’ (55.25 t) ha-1) yield was significantly (Ffact> Fcrit) higher
than in 2017 (Fig. 3).
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Figure 3. Average potato tuber yeld, in integrated field, t ha* (RS005=4.38)

In organic growing systems, tuber yields for varieties and breeding clones were significantly (Ffact> Fcrit) lower
than in 2017, only variete “Gundega” and lines S10063-128, 19922.29 and S2008-6.5 did not have significant yield
reduction (Ffakt <F crit) (Fig.4).
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Figure 4. Average potato tuber yeld , in organic field, t * (RS 005= 4.25)

Other Czech and US scientists (Rukaszewska, 2017; Rosenzweig et al., 1996) convinced that heat and drought
negatively affects plant development and tubers yield. In August 2003, Europe recorded its worst unprecedented heat wave
with record breaking temperatures surpassing 40°C in Belgium. Severe prolonged droughts hit the 2007 and 2011 spring
seasons causing severe crop damage. In May 2009, storms with lightning and hail resulted in devastating destruction across
the country. In November 2010, excessive rainfall of up to 90 mm during 3 days triggered the worst flooding in 50 years.
All of these natural hazards were caused by “severe” or “extreme” weather events. Since more than half of the Belgian
territory is managed by the agricultural sector, extreme and severe weather events have significant impacts on agro-
ecosystems, their functions and services. These extreme events are likely to increase under climate change.

CONCLUSIONS

In 2018 in integrated growing system the yield of cultivars and breeding clones was significantly lower than in
2017 (Ffact>Fcrit), except variety ‘Gundega’ and breeding line S01085-21(Ffakt<Fcrit).
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In organic growing system tuber yield from cultivars and breeding clones was significantly lower (Ffact> Fcrit) in

2018 in comparison with 2017. For three breeding clones S10063-128, 19922.29 and S 2008-6.5 decrease of tuber yield
was not significant (Ffact<Fecrit).

Earlier germination compared to other varieties and lines was observed to S01085-21 and S03067-33 and the

variety ‘Rigonda’. In the organic field earlier germination was observed for the varieties 'Rigonda’, ‘Monta', 'Prelma’ and
clones S01085-21, S07169 -35.

According to the results more suitableclones for stress conditions: S010085-21 and S07007.33 and variete

‘Gundega’.
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