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ARTICLE INFO ABSTRACT

Keywords: The potential to adapt to climate change varies depending on the crop and is considered low especially for barley
Barley (Hordeum vulgare L.) in Europe. Barley is the most widely cultivated crop in Finland, grown in a wide range of
Cult%var age climatic and edaphic conditions. Access to a large and diverse assortment of locally well adapted, climate-
Cultivar Ch"“‘g‘? . resilient barley cultivars is the premise for successful cultivation. Barley has plenty of cultivar choices in
Farm characteristic . . . . . . . . .
Growing time Finland. However, cultivar switch is “a hidden process,” and in this study, we therefore aimed: 1) to increase
Spatial dependency understanding of farmers’ cultivar renewal process; 2) to study how yield and growing time of new cultivars have
Yield changed when farmers switched cultivars; and 3) to describe how farms with willingness to change cultivars
differ from those reluctant to make a change. The renewal interval of barley cultivars is long: The cultivars grown
in 2018 were usually introduced to the Official Variety Trials as early as 2008-2012. The median age difference
between replaced and new cultivars was seven years. The probability of switching cultivars was systematically
higher on larger farms and farms with a large cereal area. New cultivars were allocated primarily to high-yielding
field parcels owned by a farmer. Farmers aspired for an increased yield potential, but this did not necessarily
entail a shift to later maturity. We found strong spatial dependency in cultivar renewal if the distance between
the neighboring farms was < 5 km. The direction of the change was not only toward new breeds as long as the
cultivar was high yielding. When returning to an older cultivar, it was likely that the new breed did not meet the

farmer’s expectations, or that the growing season was exceptionally challenging.

1. Introduction

Since domestication, barley (Hordeum vulgare L.) has become a
widely distributed crop, which evidences its capacity to adapt to diverse
conditions and serve various uses (Dawson et al., 2015). Genetic gains in
barley yield and other important traits have been notable (Ofversten
et al., 2004; Peltonen-Sainio and Jauhiainen, 2010; Laidig et al., 2016;
Rajala et al., 2016; Cossani et al., 2022). However, climate change may
negatively impact barley production throughout Europe (Moore and
Lobell, 2014). Weather constraints and extreme events may further
reinforce the recent trends of stagnated yields and increased yield gaps,
despite genetic gains (Palosuo et al., 2015; Peltonen-Sainio et al., 2015;
Schils et al., 2018). In general, a wide range of adaptation options is
available in Europe (Olesen et al., 2011). The adverse effects of climate
change can be mitigated with climate-resilient cultivars (Ingvordsen
et al., 2015a, 2015b; He et al., 2022). Switching to such cultivars is
especially crucial in regions where other options are neither feasible nor
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cost-effective (Trnka et al., 2011).

The genetic diversity of crops has decreased over the ages (Khoury
et al., 2022). Improving resilience to weather constraints calls for a
retreat from the appreciation of extensive uniform plant stands toward
diversity. This concerns genomic resources used in breeding programs
(Bustos-Korts et al., 2019, Kumar et al., 2020), cultivar choices available
for farmers (Ingvordsen et al., 2015a), as well as the use of cultivar
mixtures (Creissen et al., 2016), intercrops (Brooker et al., 2015), and
diverse crop choices and rotations at farm and landscape scales (Pelto-
nen-Sainio and Jauhiainen, 2019, 2020). Rapid and effective breeding
cycles are needed to deliver climate change adaptation in real time
(Atlin et al., 2017). By using diverse genomic resources (Hill and Li,
2022; Li et al., 2022) and knowledge-driven precision crop designs (Liu
et al., 2021) coupled with machine learning and artificial intelligence
(Thudi et al., 2021), the breeding of climate-resilient cultivars can be
accelerated to meet emerging future needs.

The potential to adapt varies depending on crop, and in Europe, it
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was found to be low for barley when considering changing climate
(Moore and Lobell, 2014). In some regions, it may therefore be possible
to replace barley with less vulnerable crops (Frutos Cachorro et al.,
2018). Barley has long been the most widely cultivated crop in Finland,
covering 21% of cultivated land area today (35% if grasslands are
excluded) (Luke Statistics, 2022). It is often cultivated monotonously
considering both rotations and land use (Peltonen-Sainio et al., 2017),
which increases the risk of crop loss and failure (Hiremath et al., 2021).
Barley can be grown as an early maturing crop virtually anywhere in
Finland, and it will therefore probably maintain an important role in the
future — even though its growing area has declined as climate warming
has enabled the expansion of other crops (Peltonen-Sainio and Jau-
hiainen, 2020). Hence, barley is grown in a wide range of climatic and
edaphic conditions in Finland, which exposes it to variable challenges
(Peltonen-Sainio et al., 2016). In the future, projected elevation in
temperature and higher variation in precipitation (Ruosteenoja et al.,
2016) call for cultivars that are well-adapted to changed conditions.
Access to a large and diverse assortment of locally well adapted,
climate-resilient, and resistant barley cultivars is the premise for suc-
cessful cultivation. Well-adapted cultivars also improve the likelihood of
the profitable use of other adaptive measures (Zhao et al., 2022), where
adaptation options other than merely switching cultivar or crop are
feasible (Trnka et al., 2011).

Farmers play a core role in adaptation, and they need to adopt or
alter a large number of practices in a timely manner in Finland (Pelto-
nen-Sainio et al., 2020), which often means investment (Zhao et al.,
2022). The impacts of climate change on agriculture thus depend on
how and to what extent farmers adapt to changing conditions (Moore
and Lobell, 2014). However, farmers’ transformation capacity, which is
shaped by values and views on threats, opportunities, and operating
limits (Peltonen-Sainio et al., 2020; Sorvali et al., 2021a, 2021b), is often
neglected as a source of uncertainty, e.g., in climate change impact as-
sessments (Moore and Lobell, 2014). Switching cultivars is a fairly
priced measure in the sense that it is coupled with the purchase of
certified quality-guaranteed seed. However, Finnish farmers tend to use
farm-saved seed for many years, and the cultivar shift interval is
therefore long (Peltonen-Sainio et al., 2011; Rajala et al., 2011). How-
ever, cultivar change is critical for coping with the local conditions and
adapting to climate change from farm to national scale. Furthermore,
choosing a cultivar contributes, more or less, to all farm operations, their
timing throughout the growing season, and eventually farm economy in
various ways. However, understanding farmers’ possible motives to
change a cultivar has largely remained hidden knowledge. Therefore,
with this study we aimed: 1) to increase understanding of farmers’
cultivar renewal process in Finland; 2) to study how yield and growing
time of new cultivars have changed when farmers switched cultivars;
and 3) to describe how farms with willingness to change cultivars differ
from those reluctant to make a change.

2. Materials and methods
2.1. Barley cultivars used by Finnish farmers

Spring barley is the most common crop in Finland covering ca.
450,000 ha, i.e., 21% of the cultivated land area (Luke Statistics, 2022).
It is cultivated throughout Finland for use as feed or malting. Barley was
therefore used as a model crop in this study. Data from the Finnish Food
Authority (FFA) and Official Variety Trials (OVT) were gathered to es-
timate the probability of a farmer cultivating a new barley cultivar in the
2018 growing season compared to 2014. Field parcel -scale information
on cultivars grown by farmers were available in FFA data. OVT includes
all cultivars without specification of use (feeding/malting) and farmers
use cultivars for both purposes. In the FFA, barley types are specified,
because farmer’s intended use of barley is asked close to sowing.
However, the final use often differs from the planned/registered one:
farmers may aim malting barley due to the premiums but may end up in
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low yields (i.e., lot sizes) and/or quality acceptable only as feed. Based
on the data, it was, however, apparent that majority of farms had the
same intended “final use” in 2014, 2018 and 2020.

Cultivar age was determined as the year it was introduced to OVT. “A
new cultivar” was characterized as one that was introduced into OVT for
the first time during 2013-2015. In 2013, “Eifel,” “Fabiola,” “Gesine,”
“Luhkas,” “Pompe,” “Rgt Planet,” “Soulmate,” “Vertti,” and “Vilgott”
were introduced to OVT, while “Arild,” “Avalon,” “Crescendo,”
“Popekka,” “Repekka,” “Uta,” “Vipekka,” “Eversti,” and “Laureate” were
newcomers in 2014 or 2015. “Rgt Planet” (10,351 field parcels), “Vertti”
(3234), “Arild” (2033), “Luhkas” (1660), and “Eifel” (1541) had become
the most popular new cultivars by the 2018 reference year, while the
rest of the newcomers each had less than 1000 field parcels (with the
least for “Popekka,” “Gesine,” and “Laureate”). The oldest recognized
cultivars in 2018 were introduced to OVT 33 years ago. We examined
the progress in some other important traits of barley (e.g., stem height
and grain protein concentration) and found that only growing time from
sowing to yellow ripeness (days) and grain yield (kg ha ') were po-
tential to have impacts on farmers’ decisions.

The growing time and grain yield of all the cultivars were estimated
using OVT data from 1970 to 2021. The data contained 1059 trials,
including 979 barley cultivars and breeding lines (N = 23,521 obser-
vations in total). A mixed model was fitted to the data, in which the
cultivar was used as a fixed factor, and the trial as a random factor. The
model resulted in mutually comparable estimates of growing time and
grain yield for all the studied cultivars. The yield level estimate of a
single cultivar was not affected depending on the presence of a cultivar
is trials where the average yield was high or low. These estimates were
weighted with the FFA data to compare the yield potential (Ypo) of a
new cultivar compared to the average for older cultivars: The difference
between two weighted averages in 2018 was calculated (all new culti-
vars vs. others), weighted by the cultivation area of each cultivar. The
same estimates were used to compare cultivars grown in 2014 (all cul-
tivars) and 2018 (separately those fields where farmer switched back to
an older cultivar or renewed a cultivar). Thereby, yield potential is
practically a weighted average, where the weight is the cultivated area
of each cultivar in 2014, 2018 or 2020. This was essential because there
were differences in the yield levels of new cultivars, and in addition,
some new cultivars have been cultivated more in the south, while others
in the east. The cultivation area of old cultivars also varied depending on
region and other variables. With weighting, it was possible to compare
the potential old with the potential new cultivars in the case of many
kinds of farms.

2.2. Estimation of probabilities that farmer renews a barley cultivar

Before the statistical analyses, field parcels and farms that possessed
a parcel included in this study were grouped as follows: 1) geographical
region (merging 16 Centers for Economic Development, Transport and
the Environment, ELY Centers to form 4 main regions: South-, West-,
East/North-Finland and the inland region); 2) farm size (<50, 50-99,
100-199, and >200 ha); 3) farming system (organic and conventional);
4) farm type (cereal, special crop, horticulture, cattle, pig, poultry,
horse/sheep, and other farms); 5) share of cereal area on a farm (<25%,
25-75%, and >75%); 6) ownership of the field parcel (owned and
leased); 7) parcel’s productivity gap (no gap when compared to the best
10% of parcels, 1-20%, 21-40%, and >40%); 8) parcel’s dominant soil
type according to Lilja et al. (2006) (coarse mineral soils like Haplic
Podzol 1 and 2, clay soils like Vertic Cambisol, other clay soils, including
Eutric Cambisol, Gleyic Cambisol, and Gleysols, and organic soils,
including Fibric/Terric Histosol 1 and 2 and Dystric Gleysol); and 9) field
slope (<1.30, 1.30-2.89, 2.90-6.99, and >7.00).

143,120 field parcels (corresponding to 399,750 ha) were found to
have a cultivar name available in both the FFA and OVT data. The
probability of a farmer selecting a new barley cultivar in 2018 was
modeled by Logistic Regression (1 =new cultivar; 0 =old cultivar). At
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first, a univariate model was fitted. The dependent variables were: 1)
geographical region; 2) farm size; 3) farming system; 4) farm type; 5)
share of cereal area on a farm; 6) ownership of the field parcel; 7) par-
cel’s productivity gap; 8) parcel’s dominant soil type; and 9) field slope.
The total number of field parcels in the analysis was 133,945 (366,783
ha) because the data on soil type and field slope had missing values. In
addition, the productivity gap was defined for 95,742 fields (258,921
ha). Thereafter, a multivariate logistic regression model was fitted,
including all nine dependent variables at the same time. The results of
this were called adjusted results. The model was fitted using SAS/LO-
GISTIC-software.

The results of the logistic regression were presented using Odds
Ratios (OR) and their 95% confidence intervals (CI). In general, the OR
is one set of odds divided by another (e.g., odds for South compared to
odds for East/North-Finland). An odds ratio of 1.00 indicates that the
event under study is equally likely in both groups. An odds ratio greater
than 1.00 indicates that the event is more likely in the first group, whilst
an odds ratio of less than 1.00 indicates that the event is less likely in the
first group. A 95% CI for the odds ratio shows how high and how low the
actual population odds ratio may be. The Cl is related to the P-value: The
odds ratio is not statistically significant if the CI includes 1.00.

Spatial correlation is a measure to examine the relationship between
"close" spatial units. If a farm selects a new cultivar, how often do nearby
farms make the same decision? This correlation was measured using the
variogram (Webster and Oliver, 2007). The analyzed variable was the
proportions of a farmer’s field having a new cultivar, typically 0 or 1, but
the proportion was between these if the farm cultivated both old and
new cultivars. An empirical semivariogram was calculated using SAS/-
VARIOGRAM software with lags < 0.5 km (N = 4597 pairs of farms; the
same farm could be included in several pairs), 0.5-1.5 km (N > 28,000
pairs of farms), 1.5-2.5 km, (N > 45,000 pairs of farms) ... up to
49.5-50.0 km (N > 460,000 pairs of farms). A relative empirical var-
iogram was then calculated by defining the sill variance as 100%. The
sill variance is commonly considered the variogram value where the
variogram function flattens off at an increasing distance. This is also the
variance of uncorrelated observations (100% uncorrelated). If the ob-
servations are not correlated, it indicates that each farm makes an own
independent decision and hence, farms that choose the new cultivar
appear randomly on the map. The spatial correlation was calculated
using farm data, not parcel-scale data (i.e., the mean of the mid-points of
all field parcels on a farm was calculated, and this point was used in the
spatial analysis).

In 2018, a new cultivar was found for 17,245 fields. Of these, 6897
also had barley in 2014. The difference between cultivar age, yield, and
growing time was calculated by comparing the earlier cultivar to its
replacement, i.e., according to the data available on 6897 fields. The
results were presented as averages and frequency distributions (also as a
cumulative distribution function). The distributions were presented for
each region, farm size, and farm type. The spatial correlation between
different decisions between 2014 and 2018 was measured using a var-
iogram like the farmer’s decision to select a new cultivar in 2018.
Changes from 2018 to 2020 (N = 7074 in 2020) were analyzed in the
same way as those between 2014 and 2018.

The probability of a farmer renewing a barley cultivar was estimated,
depending on an increase in the Yy, provided by a new cultivar. How-
ever, this increase may depend on farm characteristics. For example,
farmers in East/North-Finland may choose cultivars with a shorter
growing season than farmers in South-Finland. Furthermore, cultivars
that may meet the needs of pig farms may differ from malting industry
specifications. The Y, for different kinds of farms was calculated as a
weighted mean of cultivars’ yields according to OVT data so that the
cultivation area was used as weights: Weights were calculated sepa-
rately for farms with new and old cultivars in 2018. The Y, increase of
a new cultivar is the difference between the means of similar farms with
an old or new cultivar. The increase in the Y,o; of a new cultivar was
calculated by considering all farm characteristics (e.g., region, farm size,
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farm type). Logistic Regression was used to model the probability of a
farmer selecting a new cultivar as a function of the increase in Y}, of a
new cultivar on a farm having comparable characteristics to their own
farm. The basic idea of this analysis was to observe how important the
Ypot is for cultivar selection: e.g., if the cultivar used in similar farms is
poor in terms of yield compared to the new cultivars, does the farmer
switch more often to the new one, and if the new cultivar does not
produce much higher yield than the typical older cultivars, do farmers
stick to older ones. Before analysis, in the case of average Y, the in-
crease in Yot of a new cultivar was defined as 1.00. Thereby, a value of
e.g., 1.10 means that the average Y} of a new cultivar was 10% higher
than average.

3. Results
3.1. Age range of barley cultivars grown in Finland

Barley cultivars and their age (based on the year of cultivar intro-
duction to OVT) grown by farmers differed, depending on region
(Fig. 1). The most common age group of cultivars used in the 2018
growing season was 2008-2012. However, the regional differences were
significant: As many as 79% of field parcels had cultivars introduced
during 2008-2012 in East/North-Finland. The equivalent figures for
South-Finland were only 46%, for inland regions, 53%, and for West-
Finland, 67%. Cultivars introduced during 1998-2002 were the least
favored age group by farmers. Only 4% of cultivars dating to before
1998 were grown in East/North-Finland in 2018, while 8-11% were
grown elsewhere. Cultivars introduced during 2003-2007 were also less
used in East/North-Finland (10%) than elsewhere, especially in South-
Finland (28%) and inland regions (23%). On the other hand, the new-
est cultivars (2013-2015) were less favored in East/North-Finland and
most favored in South-Finland (16%) and inland regions (11%) (Fig. 1).

3.2. Farm and field parcel characteristics matter to cultivar switch

Many farm and field parcel characteristics differ depending on region
and hence, adjusted odds ratios (that acknowledge interdependencies)
were used to analyze differences in probabilities for a cultivar switch
from 2014 to 2018 (Table 1). The renewal of barley cultivars was more
probable in South-Finland, followed by inland regions, compared to
East/North-Finland. Peatlands are most common in the East/North re-
gion and field parcels with other soil types (especially clay soils) were
therefore more commonly used for newer cultivars. The likelihood of
switching to newer cultivars was systematically higher in larger than
smaller farms, as was the case if the cereal area was > 25%, the field
parcel was owned by a farmer, and the yield gap of a parcel was low, i.e.,
it had a high production capacity. Differences were also found between
farm types in probabilities to renew cultivars in descending order of
farms with a primary focus on special crops — horticulture — pig —
poultry or cereals — cattle (Table 1). Whether the field parcel was under
organic or conventional cultivation did not affect the probability of
switching to newer cultivars (data not shown).

When farmers renewed a cultivar after the 2014 growing season,
they usually replaced the older cultivar with one being seven years
younger (Fig. 2A). The mean difference was 8.8 years. Some very old
cultivars (>16 years) had held on until they were switched for newer
ones. However, more than 70% of the replaced cultivars were < 9 years
older than the substituting cultivar (Fig. 2A). The cultivar renewal pace
tended to be higher elsewhere than in inland regions (Fig. 3A), as well as
on poultry, pig, and cattle farms compared to crop production farms
(Fig. 3B). When considering regional differences for cereals farms alone,
those located in West- and Sound-Finland had a higher renewal pace (by
ca. two years) than in inland regions and East/North-Finland (Fig. 3C).
Cereal and pig farms in West-Finland tended to start cultivar renewal
slightly earlier than elsewhere (Fig. 3C-D).

Barley cultivars were changed in both ways, i.e., farmers not only
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2013-2015
16 %

2013-2015
11%

Inland
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2013-2015
4%

East/North

Fig. 1. Shares of age groups of barley cultivars grown in 2018 depending on region. Cultivar age was defined to be the year when it was introduced to the Official
Variety Trials. The share of each age group in a region was defined as the percentage of field area allocated to cultivars that belonged to the age group (N = 143,120

fields, 399,750 ha).

renewed cultivars, they also switched back to older ones (Table 2). This
was apparent when the data from 2014 and 2018 were supplemented
with the additional year of 2020. Most of the farmers (71%) who
adopted a newer cultivar in 2018 also continued its cultivation after two
years, while 11% purchased a new cultivar again, and 18% switched
back to an old cultivar. Farmers in Southern Finland and inland regions
continued the cultivation of the same renewed cultivar more frequently
than farmers in West- and East/North-Finland, where farmers more
often switched back to old cultivars. In East/North-Finland, ca. 17% of
farmers who switched to a new cultivar by 2018 tended to switch again
to an even newer one, while the share was about 9-12% elsewhere.
Farmers who had very large farms (>200 ha) were more inclined to
switch the cultivar again to an either newer or older cultivar. Farmers
who had crop production farms continued with the same cultivar that
was renewed in 2018 more frequently than those with animal farms.
However, more than 20% of farmers with animal farms returned to older
cultivars (Table 2).

3.3. Role of grain yield, growing time, and encouraging neighbors

The mean difference in grain yield between old and new barley
cultivars was 400 kg ha™), but the yield difference ranged greatly,
depending on farm and field parcel characteristics. In South-Finland the
difference was highest, ca. 600 kg ha™ compared to 400 kg ha™! in
inland regions and 280 kg ha—! in West-Finland, while in East/North-
Finland the difference was almost non-existent (26 kg ha™!) (Fig. 4A).
The yield of the modern cultivars tended to increase the larger the farm,
and the yield difference tended to be highest (440 kg ha™!) on the very
large farms (>200 ha) and lowest (ca. 380 kg ha™!) on farms of
< 100 ha (Fig. 4B). The higher the share of the cereal area on a farm, the
lower was the relative yield of older cultivars compared to the mean
(Fig. 4C). While a slight increase was again found for newer cultivars in
the case of higher cereal areas: The difference was highest (450 kg ha™?)
in the case of > 75% of cereal areas on a farm and lowest (330 kg ha’l)
in the case of a < 25% cereal area. The yield benefit of using newer
barley cultivars was highest on special crop farms (570 kg ha™1), fol-
lowed by other farm types in descending order of farms with a primary
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Table 1

Adjusted odds ratios (OR) with 95% confidence intervals (CI) showing how the
probability of a farmer renewing a barley cultivar depends on farm and field
parcel characteristics. When the odds ratio is < 1.00, a new cultivar is adopted
significantly less frequently, and when it is > 1.00, significantly more frequently
than the reference (heading in italics), provided that the CI does not include the
value 1.00.

Characteristic OR 95% CI

Region (P < 0.001) compared to East/North-Finland

South-Finland 2.56 2.31 2.82
West-Finland 1.03 0.94 1.14
Inland region 1.92 1.74 2.11
Farm size (P < 0.001) compared to 50 ha

50-99 ha 1.37 1.30 1.45
100-199 ha 2.04 1.93 2.16
> 200 ha 3.07 2.87 3.29
Farm type (P < 0.001) compared to cattle farm

Cereal 1.56 1.47 1.65
Special crop 2.42 2.25 2.61
Horticulture 2.02 1.7 2.39
Pig 1.65 1.53 1.78
Poultry 1.58 1.4 1.77
Horse/sheep 1.05 0.74 1.49
Others 0.58 0.34 1.00
Cereal area on a farm (P < 0.001) compared to < 25%

25-75% 1.66 1.48 1.87
> 75% 1.69 1.50 1.92
Ownership of a parcel (P < 0.001) compared to owned

Leased 0.87 0.84 0.91
Productivity gap (P < 0.001) compared to > 0.40

The best 10% of fields 1.60 1.41 1.82
0.01-0.20 1.24 1.17 1.32
0.21-0.40 1.11 1.05 1.18
Soil type (P < 0.001) compared to organic soils

Coarse mineral soils 1.09 1.02 1.17
Clay soils (Vertic Cambisol) 1.55 1.44 1.67
Other clay soils 1.22 1.12 1.33

focus on poultry (500 kg ha™!) — horticulture (460 kg ha™') — cereal
(440 kg ha_l) — pig (410 kg ha_l) — horse/sheep (340 kg ha_l) —
other farm types (290 kg ha 1) — cattle (260 kg ha™1) (Fig. 4D). The
yield difference was highest when new barley cultivars were allocated to
field parcels with clay, especially Vertic Cambisol, as the dominant soil
type (590 kg ha’l) (Fig. 4E).

The cultivar’s suitability varies depending on the characteristics of
the farm: e.g., region, farming system, and farm type. When estimating
the probability of a farmer renewing a barley cultivar that will be suit-
able for their farm by stressing an assumed increase in the Yo of a new
breed compared to the average for all new cultivars, it was found that
the increase in Yp,; was an extremely important argument for a farmer to
select a new cultivar (Fig. 5). For example, if a new cultivar had a Yy, of
only 70%, the likelihood of the farmer switching to it was about 1%,
while if the Ypo was equal to the average for all barley cultivars, the
likelihood was 9%. On the other hand, a Y, of 125% encouraged 30%
of farmers to select such a cultivar (Fig. 5).

The difference in growing time from sowing to maturity between old
(grown in 2014) and renewed cultivars (2018) varied greatly: Some
newer cultivars matured more than ten days earlier than the previously
used cultivar, while at the other end were cultivars that required ten
more days to mature (Fig. 2B). However, farmers switched most
frequently to later maturing barley cultivars: The median was + 2 days,
and the mean + 1.7 days. The direction of the change in the growing
time differed depending on the region, but to some extent also on farm
type. Especially in East/North-Finland, but also in West-Finland, a
shorter growing time was favored for renewed cultivars than for culti-
vars chosen in South-Finland and inland regions (Fig. 6A, C, D). In East/
North-Finland, farmers did not switch to cultivars that had a growing
time of > 6 days longer, while such cultivars were chosen in 17% of
changes in South-Finland, 14% in West-Finland, and 11% in inland re-
gions. Early maturing barley cultivars were favored in cultivar renewal
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on cattle farms (Fig. 6B). On horticultural farms, later maturing new
cultivars (growing time >6 days longer) were avoided.

A farmer who switched back to older cultivars after renewal in 2018
tended to choose a cultivar that had a growing time of 1.6 days longer
and a higher yield of 240 kg ha™! (Table 2). Farmers who favored very
late maturing (4.2 days) and high yielding (554 kg ha™?) older cultivars
had farms in South-Finland. In contrast, farmers in East/North-Finland
switched to cultivars with a lower Ypq. Differences in days to maturity
and grain yield varied depending on farm type: Differences between the
older cultivar (switched to by 2020) that followed the renewed cultivar
(in 2018) were found to be higher on special crop farms than on poultry,
cereal, pig, and cattle farms (in descending order). Some differences
were also found, depending on farm size (Table 2).

Neighboring farmers influenced decisions to change a cultivar on a
farm. There was a very systematic spatial dependency: The closer the
farmer was who switched a cultivar, the higher the probability was that
another neighboring farmer also changed a cultivar until the distance
between the farms grew close to 30 kilometers (Fig. 7). However, de-
cisions made on neighboring farms had no systematic influence on
whether another farmer switched to a newer or older cultivar. Spatial
dependency was also found for cultivar characteristics. The age, Ypo,
and growing time of renewed cultivars on the nearby farms tended to be
more alike (Fig. 8) for age and yield until the distance between farms
had increased to 15-16 kilometers, and for growing time to 25
kilometers.

4. Discussion

Barley is the most common crop in Finland that is grown in variable
conditions, and it has the largest number of cultivars in the National List
of Plant Varieties of Finland (The Finnish Food Authority, 2022). This
official list includes cultivars bred in Finland, other Nordic countries,
and elsewhere in Europe. Finnish farmers almost entirely use cultivars
that have been tested in Finnish conditions with multilocational ex-
periments (i.e., in OVT). It is important that cultivar trials capture
spatiotemporal environmental variation to characterize the climatic
responses of new breeds compared to existing ones (van Etten et al.,
2019). Such information can reliably support a farmer’s decision making
on cultivar choice, reduce the risk of mismatches, and enable a farmer to
avoid using a poorly adapted barley cultivar, which is especially
important in the greatly varying and challenging weather conditions of
high-latitude regions in Europe (Peltonen-Sainio et al., 2011, 2016;
Hakala et al., 2012, 2020). Despite comprehensive access to new barley
cultivars, those used by farmers range from very old generations to
recent breeds (Fig. 1). The most common age group of cultivars grown in
2018 was those introduced to OVT in 2008-2012, and their share was
highest in East/North-Finland. The cultivar shift interval was found to
be long, as the median age difference was seven years between the used
and the replacement cultivar (Fig. 2). This is attributable to the
large-scale use of farm-saved seed in Finland, i.e., a wide range of seed
generations produced after a purchase of the certified seed (a range of
1-15 years with a median of 4-5 years) (Peltonen-Sainio et al., 2011).
We found a systematic spatial dependency in cultivar change especially
if the distance between farms was less than five kilometers (Figs. 7 and
8). Hence, within an immediate neighborhood, farmers tended to favor
cultivars of the same age, Ypo, and growing time, but this was lost when
the distance reached 30 kilometers. A wide transition of experience
gained by the change agent farmers takes some time (Ingram, 2008; Cerf
et al., 2011), which may partly contribute to the recorded long shift
interval.

It became very clear that farmers above all acknowledged the cul-
tivar’s yielding capacity when choosing a cultivar (Fig. 5). If a cultivar
had 25% higher Y, compared to the average of all cultivars, the
probability of switching to such a high-yielding cultivar was 30%. On
the other hand, in the case of an average yield, the likelihood of choosing
a cultivar was only 10%, while in the case of 25% lower Yoy, it was less
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Fig. 2. Frequencies of differences in age (upper A panel) and growing time (lower B panel) of barley cultivars changed by farmers in 2018 compared to the preceding
cultivars used on a farm in 2014. The cumulative percentage of age and growing time is shown by the brown line.

than 3%. The mean yield difference between old and new barley culti-
vars was 400 kg ha™!, but it ranged greatly, depending on farm char-
acteristics (Fig. 4). We identified that the difference expanded between
old and new cultivars especially in Southern Finland, which has plenty
of crop production farms with a high cereal area share (>75%), where
farms are often very large (>200 ha), and clay soils dominate. As the
renewal of a cultivar coincides with the purchase of a quality guaranteed
certified seed, the farmer may obtain an additional benefit of an increase
in yield of some 10-13% (corresponding to 550-800 kg ha~!) compared
to the continuous use of farm-saved seed (Rajala et al., 2011). The
farmer may also avoid hidden risks in the capacity to germinate and
establish an even plant stand, as well as the potential damage caused by
the use of seed of unknown quality (e.g., caused by seed-borne patho-
gens) (Peltonen-Sainio et al., 2011; Peltonen-Sainio and Rajala, 2014).
To support the realization of the superior Ype, the switched cultivar was
frequently allocated to field parcels with low productivity gaps
(Table 1). Success was further emphasized by allocating a switched
cultivar more often to a field parcel owned by a farmer than on leased
land. Farmers are more aware of the history, suitability, productivity,
limitations, and management needs of their own fields (Peltonen-Sainio
et al., 2018) — not least because leasing contracts are often short in
Finland (Pouta et al., 2012).

The Finnish farmers tended to use farm-saved seed for years (Pelto-
nen-Sainio et al., 2011). In this study, most farmers (71%) who switched
cultivar in 2018 compared to 2014 also continued with it two years later
(2020). However, this was less frequent on animal farms and very large
farms (>200 ha) (Table 2). In the case of animal farms, this was prob-
ably attributable to the high share of on-farm use of produced barley as
animal feed and thereby the need to purchase certified seed (Pelto-
nen-Sainio and Rajala, 2014), while in the case of large field areas on a

farm, economic losses accumulate with poor-quality farm-saved seed
and a lower yielding cultivar. This finding was supported by a higher
cultivar renewal pace found for poultry, pig, and cattle farms (Fig. 3),
where production of on-farm feed is also more cost-efficient compared to
commercial feeds. Although farmers primarily chose a cultivar accord-
ing to the expected increase in yield (Fig. 5), barley cultivars were not
only switched for newer breeds but for older ones as well (Table 2).
Interestingly, a higher share of farmers who switched cultivar again
(2018 — 2020) switched to older cultivars (18%) than to a new breed
again (11%). The apparent dissatisfaction with a purchased new cultivar
was more frequent on animal farms and in West- and East/North-
Finland, and least frequent on specialized crop production farms.
Nonetheless, even when the cultivar was changed again, farmers favored
high yielding older cultivars. Dissatisfaction with an earlier (2018)
renewed cultivar may be attributable to unrealized expectations of the
Ypot of a new cultivar in the prevailing farm conditions. One cannot fully
exclude the possibility of seed sale or exchange of farm-saved seed be-
tween neighboring farms, even though this is illegal. The exchange of
farm-saved seed as a means of switching a cultivar may lead to dissat-
isfaction because only commercial certified seed has a quality guar-
antee. Dissatisfaction may also be fueled by weather constraints during
the test period of a new cultivar purchased in 2018. This was demon-
strated in another study, according to which farmers readily responded
to past experiences and weather conditions by switching barley cultivars
towards those showing better climate-resilience (Peltonen-Sainio et al.,
2013). During the study period, pre- and post-heading mean tempera-
tures had elevated or reduced depending on the year (compared to the
long-term mean), but without regional differences in the direction of the
change (Table S1). Elevated temperatures occurred more frequently in
the pre- than post-heading period. Accumulated precipitation during
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Table 2

Share of farms where the farmer switched from an older cultivar (grown in 2014) to a newer cultivar (grown in 2018), but in 2020, either returned to an older cultivar,
switched again to a newer cultivar, or continued to cultivate the same cultivar as in 2018, and how this varied depending on region, farm size, and farm type. The mean
difference in the growing time and yield of older cultivars compared to those of newer ones (median in parenthesis) is shown if a farmer switched back to an older

cultivar.
Characteristic Share of farms (%) Difference
Continued with the same cultivar Switched again to a newer cultivar Switched back to an older cultivar Growing time (d) Yield
(kg ha )
All farms 71.0 11.0 18.0 1.6 3 240 (110)
Region
South-Finland 78.7 9.6 12.5 4.2 (5) 554 (455)
West-Finland 56.9 11.6 30.4 0.8 2 179 31)
Inland regions 75.2 8.7 14.6 0.7 2) 89 (=79)
East/North-Finland 63.4 16.7 28.4 0.8 3) -90 (—209)
Farm size
< 50 ha 71.3 8.8 19.1 1.5 2 214 79)
50-99 ha 70.0 12.7 18.4 1.1 (€3] 192 (71)
100-199 ha 76.0 10.2 15.3 2.3 (3) 332 (183)
> 200 ha 62.3 8.2 21.0 1.1 (©)] 174 (-21)
Farm type
Cereal 73.5 13.9 17.3 2.0 (©)] 264 (116)
Special crop 76.6 9.2 9.5 4.1 (C)) 850 (816)
Cattle 64.9 14.0 22.9 -0.5 -1 3 14)
Pig 63.6 9.7 22.4 1.6 (©)] 68 (6)
Poultry 67.0 12.2 23.3 2.1 3 309 (370)

these periods varied depending on region but was in most cases lower
than the long-term mean. Thereby, the finding that farmers often

switched to later maturing and higher yielding cultivars in both study

periods (2014 — 2018 and 2018 — 2020) is probably attributable to

warmer summers and a lack of harvest-hampering high precipitation
events (Peltonen-Sainio et al., 2013).

Using climate-resilient cultivars (Ingvordsen et al., 2015a, 2015b; He
etal., 2022) is an important measure for mitigating the adverse effects of
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weather variability and climate change (Hakala et al., 2012, 2020;
Trnka et al., 2016). The growing time from sowing to maturity is critical
at high latitudes to reducing the risk of crop failure (Peltonen-Sainio
et al., 2013; Goransson et al., 2020). In this study, the growing time

ranged widely (Fig. 2), from < 10 to > 10 days, when renewed cultivars
were compared to those they replaced (2014 — 2018). Farmers most
often switched to cultivars that required two more days to mature, but
this differed depending on region and farm type (Fig. 6): In the East-
ern/Northern and the Western coastal regions, farmers favored earlier
maturing cultivars. In the short growing season typical of
East/North-Finland and thereby, high risk for crop failures in the case of
delayed harvest (Peltonen-Sainio and Jauhiainen, 2014; Peltonen-Sainio
et al., 2016), farmers never switched to a cultivar that had a longer
growing time of > 6 days, which was contrary to farmers elsewhere.
Interestingly, horticulture producers were also found to avoid very late
maturing barley cultivars, which are mostly used elsewhere than in
northern regions. Such risk avoiding behavior is probably attributable to
the prioritization of agronomic measures on horticultural cash crops
ahead of barley, as barley may be used only as a break-crop in rotations.
Farmers who switched cultivar again (2018 — 2020) and switched back
to older cultivars (18%) favored later maturity (although the difference
was modest). The most striking difference, i.e., maturity occurring 4
days later, was found in Southern Finland, with the longest growing
season.

As a secondary product of all the analyses that primarily aimed to
understand the narrative of facts related to farmers’ cultivar renewal
process, we could identify a group of change agent farmers, who prob-
ably played an important role in encouraging neighboring farmers to
make a cultivar change (Fig. 7). They were characterized by having very
large farms (>200 ha), special crop production [cultivating peas (Pisum
sativum L.), faba beans (Vicia faba L.), rapeseed (Brassica napa L. and
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B. rapa L.) and/or caraway (Carum carvi L.)], a large cereal area on their
farms (>75%), and low yield gaps, and their farms were usually in
South-Finland. However, the groups of farmers who are the most likely
“objects of influence” are not necessarily those at the other extreme, i.e.,

110

100

90

Semivariance

80 |

70

0 10 20 30 40 50
Distance (km)

Fig. 8. A relative empirical semivariogram indicating the spatial dependency of
farmers’ decisions to change to a barley cultivar based on age (brown), growing
time from sowing to maturity (green), and the grain yield of a cultivar (yellow).
The gray bold horizontal line is the reference to indicate full (100%) spatial
independency.

those who stick to using the same cultivar for a long time, but those
somewhere in between. For example, farmers with small farms (<50 ha)
do not necessarily have any major plans for future farming, e.g., due to
their forthcoming retirement, and land may therefore be bought by an
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expanding farmer who frequently renews cultivars. Furthermore,
farmers with a low probability of switching cultivars often had horse/
sheep farms, which are typically small in Finland, have un-uniform
fields, and a high productivity gap: These farmers have already adapt-
ed to the situation of limited expansion opportunities by starting to keep
horses or sheep (Peltonen-Sainio et al., 2018). It was specified that the
spatial dependency was strong only if the distance between neighboring
farms was less than five kilometers (Fig. 5). This finding emphasizes that
the probability of encouraging neighboring farmers to switch cultivars is
highest in South-Finland, while it is lowest in East/North-Finland, where
the field area is low, and farms are far apart.

5. Conclusions

Barley cultivars grown in Finland were not renewed quickly. Most of
the cultivars grown in 2018 were introduced to OVT in 2008-2012 —
however, the share differed from 46% to 79% of field parcels, depending
on the region. Farmers in East/North-Finland were the least inclined to
switch cultivars. Farmers usually replaced an earlier cultivar with one
seven years younger. The probability of switching to a newer cultivar
was systematically higher on larger farms and farms with a large cereal
area. New cultivars were allocated primarily to field parcels owned by a
farmer and with a high production capacity compared to the regional
mean. The answer to the question “What makes a change?” is multifold,
as various potential answers were found for a cultivar change, some of
which were captured in this study. An increase in Yp, was an evident
key characteristic aspired for by a farmer when renewing barley
cultivar, but this did not necessarily mean that farmers switched to a
later maturing cultivar that may have had a higher risk of challenges
during harvest. Farmers can choose a cultivar based on available pub-
lished information from official trials and advertising materials, but we
found that knowledge and experience exchange between neighboring
farmers, and possibly trust in local pioneering, influenced cultivar
choice especially up to a distance of five kilometers between farms (to
some extent up to 30 kilometers). Nonetheless, the direction of change
was not always towards new breeds, but farmers switched back to older
familiar barley cultivars, which may indicate general dissatisfaction
with the new breed, possibly partly because of a challenging growing
season.

CRediT authorship contribution statement

Pirjo Peltonen-Sainio: Conceptualization, Validation, Investiga-
tion, Resources, Data curation, Writing — original draft, Writing — review
& editing, Visualization, Project administration, Funding acquisition.
Lauri Jauhiainen: Conceptualization, Methodology, Software, Valida-
tion, Formal analysis, Investigation, Resources, Data curation, Writing —
original draft, Writing — review & editing, Visualization, Project
administration, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The authors do not have permission to share data.
Acknowledgments
This work was financed by Luke’s Strategic Funding for the project

Farmer-specific methods to sustainably intensify agricultural systems by
closing yield gaps (F-Specific).

European Journal of Agronomy 146 (2023) 126826
Appendix A. Supplementary material

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.eja.2023.126826.

References

Atlin, G.N., Cairns, J.E., Das, B., 2017. Rapid breeding and varietal replacement are
critical to adaptation of cropping systems in the developing world to climate change.
Glob. Food Secur. 12, 31-37. https://doi.org/10.1016/].gfs.2017.01.008.

Brooker, R.W., Bennett, A.E., Cong, W.-F., Daniell, T.J., George, T.S., Hallett, P.D.,
Hawes, C., Iannetta, P.P.M., Jones, H.G., Karley, A.J., Li, L., McKenzie, B.M.,
Pakeman, R.J., Paterson, E., Schob, C., Shen, J., Squire, G., Watson, C.A., Zhang, C.,
Zhang, F., Zhang, J., White, P.J., 2015. Improving intercropping: a synthesis of
research in agronomy, plant physiology and ecology. New Phytol. 206, 107-117.
https://doi.org/10.1111/nph.13132.

Bustos-Korts, D., Dawson, LK., Russell, J., Tondelli, A., Guerra, D., Ferrandi, C.,
Strozzi, F., Nicolazzi, E.L., Molnar-Lang, M., Ozkan, H., Megyeri, M., Miko, P.,
Cakur, E., Yakisir, E., Trabanco, N., Delbono, S., Kyriakidis, S., Booth, A.,
Cammarano, D., Mascher, M., 2019. Exome sequences and multi-environment field
trials elucidate the genetic basis of adaptation in barley. Plant J. 99, 1172-1191.
https://doi.org/10.1111/tpj.14414.

Cerf, M., Guillot, M.N., Olry, P., 2011. Acting as a change agent in supporting sustainable
agriculture: How to cope with new professional situations. J. Agric. Educ. Ext. 17,
7-19. https://doi.org/10.1080,/1389224X.2011.536340.

Cossani, C.M., Palta, J., Sadras, V.O., 2022. Genetic yield gain between 1942 and 2013
and associated changes in phenology, yield components and root traits of Australian
barley. Plant Soil 480, 151-163. https://doi.org/10.1007/511104-022-05570-7.

Creissen, H.E., Jorgensen, T.H., Brown, J.K.M., 2016. Increased yield stability of field-
grown winter barley (Hordeum vulgare L.) varietal mixtures through ecological
processes. Crop Prot. 85, 1-8. https://doi.org/10.1016/j.cropro.2016.03.001.

Dawson, LK., Russell, J., Powell, W., Steffenson, B., Thomas, W.T.B., Waugh, R., 2015.
Barley: a translational model for adaptation to climate change. New Phytol. 206,
913-931. https://doi.org/10.1111/nph.13266.

Frutos Cachorro, J. de, Gobin, A., Buysse, J., 2018. Farm-level adaptation to climate
change: the case of the Loam region in Belgium. Agric. Syst. 165, 164-176. https://
doi.org/10.1016/j.agsy.2018.06.007.

Goransson, M., Hallsteinn Hallsson, J., Bengtsson, T., Bjgrnstad, A., Lillemo, M., 2020.
Specific adaptation for early maturity and height stability in Icelandic spring barley.
Crop Sci. 61, 2306-2323. https://doi.org/10.1002/csc2.20459.

Hakala, K., Jauhiainen, L., Himanen, S.J., Rotter, R., Salo, T., Kahiluoto, H., 2012.
Sensitivity of barley varieties to weather in Finland. J. Agric. Sci. 150, 145-160.
https://doi.org/10.1017,/50021859611000694.

Hakala, K., Jauhiainen, L., Rajala, A.A., Jalli, M., Kujala, M., Laine, A., 2020. Different
responses to weather events may change the cultivation balance of spring barley and
oats in the future. Field Crop. Res. 259, 107956 https://doi.org/10.1016/j.
fer.2020.107956.

He, T., Angessa, T., Hill, C.B., Zhang, X.-Q., Telfer, P., Westcott, S., Li, C., 2022. Genetic
solutions through breeding counteract climate change and secure barley production
in Australia. Crop Des. 1, 100001 https://doi.org/10.1016/j.cropd.2021.12.001.

Hill, C.B., Li, C., 2022. genetic improvement of heat stress tolerance in cereal crops,
1205-1205 Agronomy 12. https://doi.org/10.3390/agronomy12051205.

Hiremath, S., Wittke, S., Palosuo, T., Kaivosoja, J., Tao, F., Proll, M., Puttonen, E.,
Peltonen-Sainio, P., Marttinen, P., Mamitsuka, H., 2021. Crop loss identification at
field parcel scale using satellite remote sensing and machine learning. PLOS ONE 16,
€0251952. https://doi.org/10.1371/journal.pone.0251952.

Ingram, J., 2008. Agronomist-farmer knowledge encounters: an analysis of knowledge
exchange in the context of best management practices in England. Agric. Hum.
Values 25, 405-418. https://doi.org/10.1007/510460-008-9134-0.

Ingvordsen, C., Backes, G., Lyngkjer, M., Peltonen-Sainio, P., Jahoor, A., Mikkelsen, T.,
Jorgensen, R., 2015a. Genome-wide association study of production and stability
traits in barley cultivated under future climate scenarios. Mol. Breed. 35, 1-14.
https://doi.org/10.1007/s11032-015-0283-8.

Ingvordsen, C.H., Backes, G., Lyngkjer, M.F., Peltonen-Sainio, P., Jensen, J.D., Jalli, M.,
Jahoor, A., Rasmussen, M., Mikkelsen, T.N., Stockmarr, A., Jgrgensen, R.B., 2015b.
Significant decrease in yield under future climate conditions: stability and
production of 138 spring barley accessions. Eur. J. Agron. 63, 105-113. https://doi.
org/10.1016/j.eja.2014.12.003.

Khoury, C.K., Brush, S., Costich, D.E., Curry, H.A., de Haan, S., Engels, J.M.M.,
Guarino, L., Hoban, S., Mercer, K.L., Miller, A.J., Nabhan, G.P., Perales, H.R.,
Richards, C., Riggins, C., Thormann, I., 2022. Crop genetic erosion: understanding
and responding to loss of crop diversity. New Phytol. 233, 84-118. https://doi.org/
10.1111/nph.17733.

Kumar, A., Verma, R.P.S., Singh, A., Sharma, H.K., Devi, G., 2020. Barley landraces:
ecological heritage for edaphic stress adaptations and sustainable production.
Environ. Sustain. Indic. 6. https://doi.org/10.1016/j.indic.2020.100035.

Laidig, F., Feike, T., Klocke, B., Macholdt, J., Miedaner, T., Rentel, D., Piepho, H.P.,
2016. Long-term breeding progress of yield, yield-related, and disease resistance
traits in five cereal crops of German variety trials. Theor. Appl. Genet. 134,
3805-3827. https://doi.org/10.1007/500122-021-03929-5.

Li, Y., Shi, F., Lin, Z., Robinson, H., Moody, D., Allan, Rattey, Jayfred, Godoy,

Daniel, Mullan, Gabriel, Keeble-Gagnere, Matthew, J. Hayden, Tibbits, Josquin F.G.,
Hans, D. Daetwyler, 2022. Benefit of introgression depends on level of genetic trait


https://doi.org/10.1016/j.eja.2023.126826
https://doi.org/10.1016/j.gfs.2017.01.008
https://doi.org/10.1111/nph.13132
https://doi.org/10.1111/tpj.14414
https://doi.org/10.1080/1389224X.2011.536340
https://doi.org/10.1007/s11104-022-05570-7
https://doi.org/10.1016/j.cropro.2016.03.001
https://doi.org/10.1111/nph.13266
https://doi.org/10.1016/j.agsy.2018.06.007
https://doi.org/10.1016/j.agsy.2018.06.007
https://doi.org/10.1002/csc2.20459
https://doi.org/10.1017/S0021859611000694
https://doi.org/10.1016/j.fcr.2020.107956
https://doi.org/10.1016/j.fcr.2020.107956
https://doi.org/10.1016/j.cropd.2021.12.001
https://doi.org/10.3390/agronomy12051205
https://doi.org/10.1371/journal.pone.0251952
https://doi.org/10.1007/s10460-008-9134-0
https://doi.org/10.1007/s11032-015-0283-8
https://doi.org/10.1016/j.eja.2014.12.003
https://doi.org/10.1016/j.eja.2014.12.003
https://doi.org/10.1111/nph.17733
https://doi.org/10.1111/nph.17733
https://doi.org/10.1016/j.indic.2020.100035
https://doi.org/10.1007/s00122-021-03929-5

P. Peltonen-Sainio and L. Jauhiainen

variation in cereal breeding programmes. Front. Plant Sci. 13. https://doi.org/
10.3389/1pls.2022.786452.

Lilja, H., Uusitalo, R., Yli-Halla, M., Nevalainen, R., Vaananen, T., Tamminen, P., 2006.
Suomen maannostietokanta: Maannoskartta 1:250 000 ja maaperan ominaisuuksia.
MTT:n selvityksia (In Finnish).

Liu, J., Fernie, A.R., Yan, J., 2021. Crop breeding - from experience-based selection to
precision design. J. Plant Physiol. 256, 153313 https://doi.org/10.1016/j.
jplph.2020.153313.

Luke Statistics, 2022. Data available at: (www.luke.fi/en/statistics/) (Accessed 24
November 2022).

Moore, F.C., Lobell, D.B., 2014. Adaptation potential of European agriculture in response
to climate change. Nat. Clim. Chang. 4, 610-614. https://doi.org/10.1038/
nclimate2228.

Ofversten, J., Jauhiainen, L., Kangas, A., 2004. Contribution of new varieties to cereal
yields in Finland between 1973 and 2003. J. Agric. Sci. 142, 281-287. https://doi.
org/10.1017/50021859604004319.

Olesen, J.E., Trnka, M., Kersebaum, K.C., Skjelvdg, A.O., Seguin, B., Peltonen-Sainio, P.,
Rossi, F., Kozyra, J., Micale, F., 2011. Impacts and adaptation of European crop
production systems to climate change. Eur. J. Agron. 34, 96-112. https://doi.org/
10.1016/j.eja.2010.11.003.

Palosuo, T., Rotter, R., Salo, T., Peltonen-Sainio, P., Tao, F., Lehtonen, H., 2015. Effects
of climate and historical adaptation measures on barley yield trends in Finland.
Clim. Res. 65, 221-236 http://urn.fi/URN:NBN:fi-fe201706167357.

Peltonen-Sainio, P., Jauhiainen, L., 2010. Cultivar improvement and environmental
variability in yield removed nitrogen of spring cereals and rapeseed in northern
growing conditions according to a long-term dataset. Agric. Food Sci. 19, 341-353.
https://doi.org/10.2137/145960610794197588.

Peltonen-Sainio, P., Jauhiainen, L., 2014. Lessons from the past in weather variability:
sowing to ripening dynamics and yield penalties for northern agriculture from 1970
to 2012. Reg. Environ. Chang. 14, 1505-1516. https://doi.org/10.1007/s10113-
014-0594-z.

Peltonen-Sainio, P., Jauhiainen, L., 2019. Unexploited potential to diversify monotonous
crop sequencing at high latitudes. Agric. Syst. 174, 73-82. https://doi.org/10.1016/
j-agsy.2019.04.011.

Peltonen-Sainio, P., Jauhiainen, L., 2020. Large zonal and temporal shifts in crops and
cultivars coincide with warmer growing seasons in Finland. Reg. Environ. Chang. 20,
89. https://doi.org/10.1007/5s10113-020-01682-x.

Peltonen-Sainio, P., Rajala, A., 2014. Use of quality seed as a means to sustainably
intensify northern European barley production. J. Agric. Sci. 152, 93-103. https://
doi.org/10.1017/50021859612000962.

Peltonen-Sainio, P., Jauhiainen, L., Hakala, K., 2011. Crop responses to temperature and
precipitation according to long-term multi-location trials at high-latitude conditions.
J. Agric. Sci. 149, 49-62. https://doi.org/10.1017/50021859610000791.

Peltonen-Sainio, P., Jauhiainen, L., Niemi, J.K., Hakala, K., Sipildinen, T., 2013. Do
farmers rapidly adapt to past growing conditions by sowing different proportions of
early and late maturing cereals and cultivars. Agric. Food Sci. 22, 331-341. https://
doi.org/10.23986/afsci.8153.

Peltonen-Sainio, P., Salo, T., Jauhiainen, L., Lehtonen, H., Sievilainen, E., 2015. Static
yields and quality issues: Is the agri-environment program the primary driver. Ambio
44, 544-556. https://doi.org/10.1007/s13280-015-0637-9.

Peltonen-Sainio, P., Venalainen, A., Makela, H.M., Pirinen, P., Laapas, M., Jauhiainen, L.,
Kaseva, J., Ojanen, H., Korhonen, P., Huusela-Veistola, E., Jalli, M., Hakala, K.,
Kaukoranta, T., Virkajarvi, P., 2016. Harmfulness of weather events and the adaptive
capacity of farmers at high latitudes of Europe. Clim. Res. 67, 221-240. https://doi.
org/10.3354/cr01378.

Peltonen-Sainio, P., Jauhiainen, L., Sorvali, J., 2017. Diversity of high-latitude
agricultural landscapes and crop rotations: Increased, decreased or back and forth.
Agric. Syst. 154, 25-33. https://doi.org/10.1016/j.agsy.2017.02.011.

Peltonen-Sainio, P., Jauhiainen, L., Sorvali, J., Laurila, H., Rajala, A., 2018. Field
characteristics driving farm-scale decision-making on land allocation to primary
crops in high latitude conditions. Land Use Policy 71, 49-59. https://doi.org/
10.1016/j.landusepol.2017.11.040.

Peltonen-Sainio, P., Sorvali, J., Kaseva, J., 2020. Winds of change for farmers: matches
and mismatches between experiences, views and the intention to act. Clim. Risk
Manag. 27, 100205 https://doi.org/10.1016/j.crm.2019.100205.

11

European Journal of Agronomy 146 (2023) 126826

Pouta, E., Myyra, S., Pietola, K., 2012. Landowner response to policies regulating land
improvements in Finland: Lease or search for other options. Land Use Policy 29,
367-376. https://doi.org/10.1016/j.landusepol.2011.08.001.

Rajala, A., Niskanen, M., Isolahti, M., Peltonen-Sainio, P., 2011. Seed quality effects on
seedling emergence, plant stand establishment and grain yield in two-row barley.
Agric. Food Sci. 20, 228-234. https://doi.org/10.2137/145960611797471516.

Rajala, A., Peltonen-Sainio, P., Jalli, M., Jauhiainen, L., Hannukkala, A., Tenhola-
Roininen, T., Ramsay, L., Manninen, O., 2016. One century of Nordic barley
breeding: nitrogen use efficiency, agronomic traits and genetic diversity. J. Agric.
Sci. 155, 582-598. https://doi.org/10.1017/5002185961600068X.

Ruosteenoja, K., Jylha, K., Kamarainen, M., 2016. Climate projections for Finland under
the RCP forcing scenarios. Geophysica 51, 17-50.

Schils, R., Olesen, J.E., Kersebaum, K.-C., Rijk, B., Oberforster, M., Kalyada, V.,
Khitrykau, M., Gobin, A., Kirchev, H., Manolova, V., Manolov, 1., Trnka, M.,
Hlavinka, P., Palosuo, T., Peltonen-Sainio, P., Jauhiainen, L., Lorgeou, J.,

Marrou, H., Danalatos, N., Archontoulis, S., Fodor, N., Spink, J., Roggero, P.P.,
Bassu, S., Pulina, A., Seehusen, T., Uhlen, A.K., Zytowska, K., Nierébca, A.,
Kozyra, J., Silva, J.V., Macas, B.M., Coutinho, J., Ion, V., Taka¢, J., Minguez, M.L.,
Eckersten, H., Levy, L., Herrera, J.M., Hiltbrunner, J., Kryvobok, O., Kryvoshein, O.,
Sylvester-Bradley, R., Kindred, D., Topp, C.F.E., Boogaard, H., de Groot, H.,
Lesschen, J.P., van Bussel, L., Wolf, J., Zijlstra, M., van Loon, M.P., van Ittersum, M.
K., 2018. Cereal yield gaps across Europe. Eur. J. Agron. 101, 109-120. https://doi.
org/10.1016/j.€ja.2018.09.003.

Sorvali, J., Kaseva, J., Peltonen-Sainio, P., 2021a. Farmer views on climate change—a
longitudinal study of threats, opportunities and action. Clim. Chang. 164, 50.
https://doi.org/10.1007/s10584-021-03020-4.

Sorvali, J., Kaseva, J., Vainio, A., Verkasalo, M., Peltonen-Sainio, P., 2021b. Value
priorities of the Finnish farmers—time to stop thinking of farmers as inherently
conservative and traditional. J. Community Appl. Soc. Psychol. 32, 212-240.
https://doi.org/10.1002/casp.2561.

The Finnish Food Authority, 2022. Data available at: (www.ruokavirasto.fi/en/compani
es/plant-sector/plant-varieties/national-list-of-plant-varieties/) (Accessed 24
November 2022).

Thudi, M., Palakurthi, R., Schnable, J.C., Chitikineni, A., Dreisigacker, S., Mace, E.,
Srivastava, R.K., Satyavathi, C.T., Odeny, D., Tiwari, V.K., Lam, H.-M., Hong, Y.B.,
Singh, V.K.,, Li, G., Xu, Y., Chen, X., Kaila, S., Nguyen, H., Sivasankar, S., Jackson, S.
A., 2021. Genomic resources in plant breeding for sustainable agriculture. J. Plant
Physiol. 257, 153351 hitps://doi.org/10.1016/j.jplph.2020.153351.

Trnka, M., Olesen, J., Kersebaum, K.C., SkjelvaG, A.O., Eitzinger, J., Seguin, B., Peltonen-
Sainio, P., Rotter, R., Iglesias, A., Orlandini, S., Dubrovsky, M., Hlavinka, P.,
Balek, J., Eckersten, H., Cloppet, E., Calanca, P., Gobin, A., VucEtic, V., Nejedlik, P.,
Kumar, S., 2011. Agroclimatic conditions in Europe under climate change. Glob.
Chang. Biol. 17, 2298-2318. https://doi.org/10.1111/j.1365-2486.2011.02396.x.

Trnka, M., Olesen, J.E., Kersebaum, K.C., Rotter, R.P., Brazdil, R., Eitzinger, J.,
Jansen, S., Skjelvag, A.O., Peltonen-Sainio, P., Hlavinka, P., Balek, J., Eckersten, H.,
Gobin, A., Vuceti¢, V., Dalla Marta, A., Orlandini, S., Alexandrov, V.,

Semeradova, D., Stépanek, P., Svobodova, E., Rajdl, K., 2016. Changing regional
weather-crop yield relationships across Europe between 1901 and 2012. Clim. Res.
70, 195-214. https://doi.org/10.3354/cr01426.

van Etten, J., de Sousa, K., Aguilar, A., Barrios, M., Coto, A., Dell’Acqua, M., Fadda, C.,
Gebrehawaryat, Y., van de Gevel, J., Gupta, A., Kiros, A.Y., Madriz, B., Mathur, P.,
Mengistu, D.K., Mercado, L., Mohammed, J.N., Paliwal, A., Pe, M.E., Quirds, C.F.,
Rosas, J.C., Sharma, N., Singh, S.S., Solanki, 1.S., Steinke, J., 2019. Crop variety
management for climate adaptation supported by citizen science. Proc. Natl. Acad.
Sci. USA 116, 4194-4199.

Webster, R., Oliver, M.A., 2007. Geostatistics for Environmental Scientists, second ed.
John Wiley and Sons Inc. ISBN: 978-0-470-02858-2.

Zhao, J., Bindi, M., Eitzinger, J., Ferrise, R., Gaile, Z., Gobin, A., Holzkdmper, A.,
Kersebaum, K.-C., Kozyra, J., Kriauciuniené, Z., Loit, E., Nejedlik, P., Nendel, C.,
Niinemets, U., Palosuo, T., Peltonen-Sainio, P., Potopovd, V., Ruiz-Ramos, M.,
Reidsma, P., Rijk, B., Trnka, M., van Ittersum, M.K., Olesen, J.E., 2022. Priority for
climate adaptation measures in European crop production systems. Eur. J. Agron.
138, 126516 https://doi.org/10.1016/j.eja.2022.126516.


https://doi.org/10.3389/fpls.2022.786452
https://doi.org/10.3389/fpls.2022.786452
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref22
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref22
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref22
https://doi.org/10.1016/j.jplph.2020.153313
https://doi.org/10.1016/j.jplph.2020.153313
http://www.luke.fi/en/statistics/
https://doi.org/10.1038/nclimate2228
https://doi.org/10.1038/nclimate2228
https://doi.org/10.1017/S0021859604004319
https://doi.org/10.1017/S0021859604004319
https://doi.org/10.1016/j.eja.2010.11.003
https://doi.org/10.1016/j.eja.2010.11.003
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref27
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref27
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref27
https://doi.org/10.2137/145960610794197588
https://doi.org/10.1007/s10113-014-0594-z
https://doi.org/10.1007/s10113-014-0594-z
https://doi.org/10.1016/j.agsy.2019.04.011
https://doi.org/10.1016/j.agsy.2019.04.011
https://doi.org/10.1007/s10113-020-01682-x
https://doi.org/10.1017/S0021859612000962
https://doi.org/10.1017/S0021859612000962
https://doi.org/10.1017/S0021859610000791
https://doi.org/10.23986/afsci.8153
https://doi.org/10.23986/afsci.8153
https://doi.org/10.1007/s13280-015-0637-9
https://doi.org/10.3354/cr01378
https://doi.org/10.3354/cr01378
https://doi.org/10.1016/j.agsy.2017.02.011
https://doi.org/10.1016/j.landusepol.2017.11.040
https://doi.org/10.1016/j.landusepol.2017.11.040
https://doi.org/10.1016/j.crm.2019.100205
https://doi.org/10.1016/j.landusepol.2011.08.001
https://doi.org/10.2137/145960611797471516
https://doi.org/10.1017/S002185961600068X
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref43
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref43
https://doi.org/10.1016/j.eja.2018.09.003
https://doi.org/10.1016/j.eja.2018.09.003
https://doi.org/10.1007/s10584-021-03020-4
https://doi.org/10.1002/casp.2561
http://www.ruokavirasto.fi/en/companies/plant-sector/plant-varieties/national-list-of-plant-varieties/
http://www.ruokavirasto.fi/en/companies/plant-sector/plant-varieties/national-list-of-plant-varieties/
https://doi.org/10.1016/j.jplph.2020.153351
https://doi.org/10.1111/j.1365-2486.2011.02396.x
https://doi.org/10.3354/cr01426
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref50
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref51
http://refhub.elsevier.com/S1161-0301(23)00094-1/sbref51
https://doi.org/10.1016/j.eja.2022.126516

	Peltonen-Sainio et al 2023.pdf
	EURAGR What makes a change 2023
	What makes a change? Understanding the renewal process of barley cultivars on Finnish farms
	1 Introduction
	2 Materials and methods
	2.1 Barley cultivars used by Finnish farmers
	2.2 Estimation of probabilities that farmer renews a barley cultivar

	3 Results
	3.1 Age range of barley cultivars grown in Finland
	3.2 Farm and field parcel characteristics matter to cultivar switch
	3.3 Role of grain yield, growing time, and encouraging neighbors

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary material
	References



