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Phenology of spring barley (Hordeum vulgare) cultivars reflect
adaption to climate change: case study of Priekuli, Latvia, 1928-2019
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Abstract. Climate change will have a major impact on the agricultural sector, affecting crop phen
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Crop phenology and drought stress in changing climate

Gunta Kalvane (1), Andis Kalvans (1), Agrita Briede (1), Tija Sile (2), and Liga Zaharane (3)
(1) Unaversity of Latvia, Faculty of Geography and Earth Sciences, Riga, Laivia (lu@Ilu.lv), (2) University of Laivia, Faculty
of Physics, Mathematics and Optometry, Riga, Latvia, (3) Institute of Agriculiural Resources and Economics, Riga, Latvia

Projected changes for climate extremes in 21th century show that there will be a marked increase in extremes in
Europe in heat waves, droughts, and heavy precipitation events. Changes in extreme precipitation depend on the
region, with a high confidence of increased extreme precipitation in Northern Europe (all seasons) and Continental
Europe (except summer).

Projected increases in extreme climatic events are expected to increase crop yield variability and to lead to yield
reductions in the future throughout Europe. Increasing the accuracy of crop productivity estimates is a key element
in planning adaptation strategies under climate change.

Process-based crop models are effective means to project climate impact on crop yield but have large uncertainty
in yield simulations. We want to see how recent climate change has affected crop phenology in Latvia. We analyze
trends in precipitation, drought indexes, evapotranspiration, and soil temperature as well crop phenology for the
last 30 years, considering, barley and rye.

In general, the changes in drought indexes are in line with trends of precipitation. The number of consecutive
wet days in Latvia have a statistically significant increasing trend only in half of the studied time series. Overall,
the long-term changes in climatological drought indices shows the significant wetter conditions during winter
(December-February) and cold half (October-March) of a year. At most of the stations a general drying tendency
is apparent in warm season. All the stations have shown the increase of maximum number of dry days (CDD
index) also, SPI6 and SPI3 indexes have shown the decreasing tendency. However, the tendency to more drying
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Abstract

Phenological trends of multi-taxonomic groups in Latvia, 1970-2018

Phenology provides intimate insights into ongoing changes in nature and seasonality with respect to humans. In this study, the
most complete volunteer observer phenological data set for the temitory of Latvia from 1970 to 2018 was evaluated. The data set

Phenological changes in Latvian horticulture: a case study of the Pire
orchard

ne', Zane Gribuste', Andis Kalvans'
sgraphy and Earth Sciences, University of Latvia, Jelgavas iela 1, Riga, Latvia

e to: G Kalvine (gunta.kalvane(@lu.lv)

Piire orchard 1s one of the oldest apple orchards mn the Baltic, where thousands of vaneties of fruit trees from
world are grown and tested. Over time, a huge knowledge base has been accumulated, but most of the
lata are stored m archives in paper format. We have digitized a small part of the full flowenng phenological
rees (Malus domestica) over the period of 1959 to 2019 for 17 varieties of apple trees, a significant step for
1 agricultural economics in Latvia. Climate change has led to significant changes in the phenology of apple
eties, autumn, summer and winter, have begun to flower earlier: from 2002 to 2019, on average full flowering
» have taken place around 21 May, whereas for the period 1959-1967 it oceurred around 27-28 May.
ter-quality phenological predictions and to take account of the fragmentary nature of phenological data, in our
sed the performance of three meteorological data sets — gridded observation data from E-OBS, ERAS-Land
and direct observations from a distant meteorological station — in simple phenological degree-day models. In
imation, the gridded E-OBS data set performs best in our phenological model.

| flowering, Malus domestica, phenological modelling, chimate change, Latvia
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FIGURE 1 Phenological trends in Update for the nine clusters (a, ¢) and four periods (b, d) as defined in Table 2. CgP, Crop generative
Period: Cg_,, Crop generative spring; Cv_, Crop vegetative spring; F_ . Farmer autumn; FS, Farming season; F_ . Farmer spring; F, . Farmer
summer; FWgP, Fruit trees & wild plant species generative Period; FWg ., Fruit trees & wild plant species generative spring; FWg, .
Fruit trees & wild plant species generative summer; FWh, , Fruit trees & wild plant species vegetative autumn; FWv, Fruit trees & wild
plant species vegetative spring; G5, Growing Season. (a, b) Proportions of positive/negative (significant after FDR adjustment p < .05/
nonsignificant) trends. Paler lower bars in (a) indicate the respective proportions for GCB2006s. (c, d) mean slopes of linear trends (days/
year) with 95% confidence intervals, open circles in (c) indicate the respective mean slopes for GCB2006s [Colour figure can be viewed at
wileyonlinelibrary.com]
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Fenologiskie novérojumi Latvija (datu baze)

Kalvane, G., Kalvans, A., Gérmanis, A. (2020) Long-term phenological data set of multi-taxonomic groups,
agrarian activities and abiotic parameters from Latvia, northern Europe. Earth System Science Data (ESSD).
Open data journal, submitted
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Long-term phenological data set of multi-taxonomic groups, agrarian

activities and abiotic parameters from Latvia, northern Europe
Gunta Kalvine', Andis Kalvins', Andris G&rmanis®

"Whniversity of Latvia, Faculty of Geography and Earth Sciences, Riga, Jelgavas street 1, LV-1002, Latvia

*Riga State Gymnasuim No.2., Riga, Krigjana Valdemara street 1, LV-1010, Latvia.

Correspondence to: Gunta Kalvane (gunta kalvane(@lu.lv)

Abstract. A phenological data set collected by citizen-scientists from 1970 to 2018 in Latvia is presented, comprising almost
47,000 individual observations of eight taxonomical groups, in addition to agrarian activities and abiotic parameters, covering
in total 159 different phenological phases. These original data published offline in annual issues of the Nature and History
Calendar (in Latvian, Dabas un véstures kalenddrs) have been digitized, harmonized and geo-referenced.

Owerall, the possible use of such data is extensive, as phenological data are excellent bioindicators for characterising climate
change and can be used for the elaboration of adaptation strategies in agriculture, forestry, and environmental monitoring. The
data also can be used in cultural-historical research; for example, the database includes data on sugar beet and maize, the

cultivation of which was imposed on collective farms during the Soviet period. Thus, such data are not only important in the
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Gunta Kalvane; @ Andis Kalvans; Andris GErmanis Indexed in

& data set of phenological observations of plants, birds, as well as agrarian activities and abiotic phencmena from Latvia,
1970-2018 is presented. The data include limited number of observations of insects, amphibians, mammals, mushrooms, en
mollusks and fishes as well. The data was collected by voluntary ochservers (citizen scientists) and published as paper

based yearly bulletins. It includes almaost 48 000 individual cbservations of 159 different phenclogical phases from 103
locations in Latvia. Each entry is comprised of following fields:

1. Station: name of the observation station
2. Year: year of observation Publication date:
3. Season: season of observation as indicated in the primary publication November 13 2070
4. Species: English name of the species observed or description of phenomena observed in case of abiotic T
occurrences : - —
5. Species Latin: Latine name of the species cbserved
6. Taxonomic_group: taxonomic group of the species observed or grouping of non-biological phases ("Abiotic” far Keyword(s):
meteorological phenomena and “Agrarian’ for agrarian activities)
7. Phenophase: description of phenological phase observed License (for files):
8. BBCH: atiributed BBCH code for phenological phase observed, where applicable @ Creative Commons Attribution 4.0 Intemational
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Abeles Malus
domestica fenologija
Pure

Phenological changes in Latvian horticulture: a case study of the Pure
orchard

Gunta Kalvane', Zane Gribuste', Andis Kalvans'

'Faculty of Geography and Earth Sciences, University of Latvia, Jelgavas icla 1, Riga, Latvia

wn

Correspondence to: G Kalvine (gunta.kalvane@lu.lv)

Abstract. The Piire orchard is one of the oldest apple orchards in the Baltic, where thousands of varieties of fruit trees from
throughout the world are grown and tested. Over time, a huge knowledge base has been accumulated, but most of the
observational data are stored in archives in paper format. We have digitized a small part of the full flowering phenological
data of apple trees (Malus domestica) over the period of 1959 to 2019 for 17 varicties of apple trees, a significant step for
10  horticulture and agricultural economics in Latvia. Climate change has led to significant changes in the phenology of apple
trees as all varieties, autumn, summer and winter, have begun to flower carlier: from 2002 to 2019, on average full flowering
was recorded to have taken place around 21 May, whereas for the period 19591967 it occurred around 27-28 May.
To develop better-quality phenological predictions and to take account of the fragmentary nature of phenological data, in our
study we assessed the performance of three meteorological data sets — gridded observation data from E-OBS, ERAS-Land
15 reanalysis data and direct observations from a distant meteorological station — in simple phenological degree-day models. In
the first approximation, the gridded E-OBS data set performs best in our phenological model.

Key words: full flowering, Malus domestica, phenological modelling, climate change, Latvia

Kalvane, G., Gribuste, Z., Kalvans, A. Phenological changes in Latvia™ horticulture: case study for Pdre orchard. Advances
in Science and Research (ASR). Contributions in applied meteorology and climatology, submitted
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Korelacijas matrica: pilnziedésana un ménesa vidéja gaisa temperatura un nokrisni (Stende)

Skime Februars Marts Aprilis Maijs
Nokr | Temp. | Nokr | Temp. | Nokr | Temp | Nokr | Temp.
*Antonovka’ 0.24 25 0,10 0.47 0,03 0.52 036 0.67
"Antonovka 0,36 0.03 0.03 0.38 0,08 0.57 042 0.55
Novoie’
‘Auksis’ 0,05 0.36 0,04 0.31 0.42 0.50 0,36 0.52
‘Baltais Dzdrais” 0.15 0.25 0.13 0.39 0.37 0.57 0.24 (.60
‘Celminu 0.13 0.08 0. 18 0.52 0,43 0.31 0.42 0,72
Dzeltenas’
“Jelgavas Vasara® 0,31 0.42 0,07 0.50 0,24 0.69 0.45 0,64
‘Koricnoie 0,35 0,20 0,30 0.47 0,00 0,76 0.40 0.32
Novoie’

‘Kortland 0,39 23 012 0.38 0,25 0.60 0,39 0,61
‘Kovalenovskoje 0,06 027 0,09 0.24 0,23 0.43 0.31 .52
‘Krapes Cukuring’ 0,33 0.41 0.03 0.46 (030 0.73 0,52 0,70
‘Laizanu Ziemas’ 0,00 0.17 0,04 0.60 0.47 0.49 049 0.76
‘Melba’ 027 0.44 0.00 0.56 0.18 0.56 0.50 0.69
‘Paides Ziemas’ 0,42 0,04 0.43 0.65 0,25 0.43 0,36 0.67
‘Parastais 0,42 046 0,00 0,50 0.24 0.60 0,56 0,69

Cukurnng’
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Crop phenology and drought stress in changing climate

Gunta Kalvane (1), Andis Kalvans (1), Agrita Briede (1), Tija S1le (2), and Liga Zaharane (3)
(17 University of Latvia, Faculty of Geography and Earth Sciences, Riga, Latvia (lu@lu.1v), (2) University of Latvia, Faculty
of Physics, Mathematics and Optometry, Riga, Latvia, (3) Institute of Agricultural Resources and Economics, Riga, Latvia

Projected changes for climate extremes in 21th century show that there will be a marked increase in extremes in
Europe in heat waves, droughts, and heavy precipitation events. Changes in extreme precipitation depend on the
region, with a high confidence of increased extreme precipitation in Northern Europe (all seasons) and Continental
Europe (except summer).

Projected increases in extreme climatic events are expected to increase crop yield variability and to lead to yield
reductions in the future throughout Europe. Increasing the accuracy of crop productivity estimates is a key element
in planning adaptation strategies under climate change.

Process-based crop models are effective means to project climate impact on crop yield but have large uncertainty
in yield simulations. We want to see how recent climate change has affected crop phenology in Latvia. We analyze
trends in precipitation, drought indexes, evapotranspiration, and soil temperature as well crop phenology for the
last 30 years, considering, barley and rye.

In general, the changes in drought indexes are in line with trends of precipitation. The number of consecutive
wet days in Latvia have a statistically significant increasing trend only in half of the studied time series. Overall,
the long-term changes in climatological drought indices shows the significant wetter conditions during winter
{ December-February) and cold half (October-March) of a year. At most of the stations a general drying tendency
is apparent in warm season. All the stations have shown the increase of maximum number of dry days (CDD
index) also, SPI6 and SPI3 indexes have shown the decreasing tendency. However, the tendency to more drying

Phenology of spring barley (Hordeum vulgare) cultivars reflect
adaption to climate change: case study of Priekuli, Latvia, 1928-2019

Liga Dzedule', Gunta Kalvane®, Andis Kalvins’
linstitute of Agricultural Resources and Economics, Priekuli, LV-4130, Latvia;
*Faculty of Geography and Earth Sciences, University of Latvia, Riga, LV-1004, Latvia

Correspondence fo: G Kalvine (gunta kalvaneigiu.Iv)

Abstract. Climate change will have a major impact on the agricultural sector, affecting crop phenology and yields. The study
has analysed the phenological phases of spring barley (Hordeum vulgare), evaluating the onset of three phases, sowing, heading
and fully ripe, and the duration between phases over a near century (1928-2019) in Prickuli, Latvia. We have evaluated
application of a phenological medel for different varieties of spring barley. Air temperature increased significantly during the
analysis period, which has had an impact on the phenology of cercals: the phases analysed tend to start carlier and yields have
also inereased. We found that accumulated active temperature needed to reach heading and full ripening phenelogical phases
for modem spring barley varieties is 800°C-days and 1555°C-days respectively, that is increase up to 10% compared 10
vaneties cultivated in the first part of 20th century.

Key words: spring barley { Hordewm vulgare) phenology, climate changes, phenological model, Baltics.

1 Introduction

The phenology of cercals has bong been one of the most important areas of phenology, and its role has become more important
again in recent years as agriculture is highly sensitive climate change | European Environment Agency 201%; Cecearelli et al.
2010). Climate changes have an effect on not only phenology, but also impact agricultural production. management and
agricultural decision-making. Significant changes have occurred in the phenology of cereals, particularly the lengthening of
the growmg scason (Eyshi Rezaei et al. 2017; Sujetoviens et al. 2018; Stfedova et al. 2017). Long-term trends in crop
phenology are crop-specific (Eyshi Rezaei et al. 20017); for some species, the changes are more pronounced. Stfedowva, et al.
(201 7) noted that the prolonging of the growing season significant influences the yield and its quality. The projected warmer
climate significantly affected the potential scheduling of agricultural practices, accelerating the occurrence of sowing and
harvest dates. In Latvia there has not vet been a detailed assessment of data on the phenology of cereals, but studies in Lithuania
have shown that trends in harvest dates of spring barley show a slight delay, and the total vegetative period of spring barley
advanced by =12 days over 1%61-2015 {Sujetoviené et al. 200 8). This study has analysed observations made by experts from
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Vasaras miezu fenologija Priekulos (19252019,
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Dzedule,L., Kalvane, G., Kalvans A. Phenology of spring barley (Hordeum vulgare) cultivars reflect adaption to climate change: case study of
Priekuli, Latvia, 1928-2019. Advances in Science and Research (ASR). Contributions in applied meteorology and climatology, submitted
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