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This study aims to expand and diversify the analysis of crop yields in organic production by utilising the long-term
statistical data reported by farmers. We examined the variation of the harvested yields of organic arable crops
(season’s ad hoc harvest) on Finnish organic farms and determined the yield potential for different organic crops
and in comparison, with conventional counterparts. When comparing median yields per ha, organic yields were on
average 65% of conventional yields. The mean yield difference significantly differed between plant species. Among
the analysed crops, faba bean performed best, gaining on average 84% of conventional yields, while organic
cereals attained an average of 54—68% of conventional yields. The ratio of organic and conventional median yields
was compared between geographical regions, and significant regional differences were found. The performance of
organic cereals remained stable over the years, but the relative performance of the organic grain legumes, pea and
faba bean, depended more on growing conditions. An average yield gap between the best-performing and median
farms was 38% for organic farms and 28% for conventional farms. This indicates that Finnish organic farms have
greater potential to improve the yield level than conventional farms.
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Introduction

In organic production, yield levels are generally 20-30% lower than in conventional production (de Ponti et al. 2012,
Mayer et al. 2015, Ponisio et al. 2015). The lower yield level of organic production than conventional production is
also a key criticism of organic production and its environmental sustainability (Mondelaers et al. 2009, Tuomisto
etal. 2012, Clark and Tilman 2017). The gained yields in organic production systems can vary remarkably, depend-
ing on crop type and geographical region (Wilbois and Schmidt 2019), and presumably also among farms, and
estimates of the average performance have therefore only limited practical use (Seufert and Ramankutty 2017).

Nitrogen deficiency has been cited as the dominant factor explaining lower yields in organic farming systems
(Bagley et al. 2007, Barbieri et al. 2021) but many other common factors affect crop performance, such as weed
pressure, the occurrence of pests and diseases, poor soil health, and field drainage conditions. When organic yields
are compared with conventional yields, the results also depend on the input intensity of conventional production
(Seufert et al. 2012). The optimal use of synthetic fertilisers secure yields, enabling the achievement of high yield
levels in conventional systems, while in organic farming systems, the management of crop nutrients relies more
on soil processes such as the mineralisation of soil organic matter (Brock et al. 2011). Ponisio et al. (2015) showed
that yield gaps were significantly lower when nitrogen input was similar between organic and conventional treat-
ments. It has also been reported that the yield gap between organic and conventional farming systems can de-
cline over a longer period due to the greater spatial stability of soil properties and processes in organic farming
systems (Schrama et al. 2018). It should also be remembered that farm-scale comparisons between organic and
conventional yields are not only affected by agronomical factors but by farmers’ business choices and motivation
to target the maximum yield.

Boreal agriculture is characterised by a harsh winter and a short and intense growing season. The increase of soil
temperature affects the rate of mineralisation of soil organic matter, and it can be challenging to get nutrient avail-
ability to coincide with the nutrient demand of the crop in organic farming systems, especially in the spring. It is
therefore obvious that yield gaps between organic and conventional farming systems may be even greater in cool
northern climate conditions than in temperate climate conditions.

Received 19 June 2024 / Accepted 17 October 2024
The Scientific Agricultural Society of Finland
©This is an open access article under the CC BY 4.0

212



S. livonen et al.

The study’s first aim was to examine the variation in the yields of organic arable crops on Finnish organic farms
and to determine the yield potential of different organic crops. Yield potential is essential for an individual farm-
er to benchmark their own yield against the best-performing farms but also offers us a better understanding of
the overall potential of organic farming systems to produce cash crops compared with conventional systems. The
second aim was to compare organic yields with conventional ones in different regions and to analyse underlying
factors that explained the variation in organic crop yields in Finland.

Material and methods
Statistical data and the sample frame

The Crop Production Statistics contain information about the production of the most significant crops in Finland
(Luke 2024). The statistics describe the production quantities of crops in total and by area. In addition to total
production, the statistics are divided into organic and conventional production.

Since 2013, the statistical population of the statistics has included agricultural and horticultural enterprises with a
financial value of more than EUR 2,000. The financial value is determined using the Standard Output (SO) method
(Eurostat 2024). Standard output SO is the average income in euros per hectare received for agricultural products,
or euros per livestock by farm prices. The prices used in the calculating Standard Output are five-year averages.
SO does not take subsidies into account because subsidies are separate from production in EU agricultural policy.
Subsidies per product therefore cannot be calculated.

The production line is determined in accordance with the agricultural or horticultural enterprise’s most economi-
cally significant product. These data are calculated using the SO method. If more than two thirds of a farm’s total
output come from a single product, the farm is included in the production line category corresponding with this
product. If this is not the case, the farm’s production line is mixed production.

The sample for the Crop Production Statistics was drawn as a stratified sample from both conventional and organic
farms. The sample frame was constructed with three variables: geographical location (16 areas); production line
(6—7 classes); and economic value (5—6 classes). The sample was allocated using the Neymann allocation. The al-
location variable was the economic value of the farm. After initial stratification, small strata with only a few farms
were combined. The stratification was updated and checked after data collection using the most recent register
data (post-stratification). The sample size was about 5 600 conventional farms and about 700 organic farms. The
share of organic farms in the sample corresponded to the relative share of organic farms in Finland.

Data were collected with an online survey and telephone interviews, and the season’s harvested yield levels (kg
per ha) given were estimated by the farmers themselves. Farmers reported the yields of pre-wilted silage and the
dry matter percentage of the pre-wilted silage. Silage yield was converted accordingly to 100% dry matter yield.
Yields of other crops are presented dried to the moisture of 14 %. The data collection application was implement-
ed by the Finnish Food Authority. The same operator took care of the storage of data in the database. The total
response rate was about 90%.
The results were estimated with SAS software, using the weighting coefficients below.
The weighting coefficient at stratum level was determined by stratum weighting using equation

h=Nh/(nh-mh),
where Nh =the number of farms in stratum h,

nh = the number of sample farms in stratum h, and

mh = the number of non-respondent sample farms (= non-response) in stratum h.
Variances were estimated using the CLAN macro in the SAS software developed by Statistics Sweden. Average

yields of the organic and the conventional main crops by region and the whole country are published in the sta-
tistics database maintained by Luke (Luke 2024).
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Principles for the evaluation of yield parameters

Yield potential can be measured in the best possible growing conditions using modelling tools (Aramburu-Merlos
et al. 2024). If it is intended to define yield potential locally, a lot of modelling is needed to consider the weather
conditions occurring in a certain region each year. An alternative approach for estimating the local yield poten-
tial is to observe the maximum yield achieved among farmers in a region of interest (Palosuo et al. 2015). A large
sample size is needed for the estimation. The current study applied this approach, with minor modifications. The
potential was calculated only for those regions where at least 20 farmers had cultivated a certain crop in that year.
The potential was calculated separately for organic and conventional cultivation, and the same limit was applied to
both. Mistakes in the information given by individual farmers were possible, as the harvest was not always neces-
sarily measured but could be reported by farmers. Because a few large incorrectly reported yields may be included
in the data reported by farmers, the 90™" percentile of the distribution of yield was used instead of the maximum
(i.e. 90% of the yields in the distribution are equal to or lower than the potential). This indicator is more robust
than the maximum for single erroneous yield values, and its magnitude does not depend on whether there were
20 or 200 farmers in the sample. The latter reason is important when comparing organic and conventional farm-
ing because there are significantly fewer organic than conventional farms in the sample.

The yield gap was calculated by subtracting the achieved average yield from the yield potential (Lobell et al. 2009).
The yield gap was calculated for every crop species as absolute and relative gaps. If the yield exceeded the poten-
tial, the gap was set to zero. The yield gap distribution was studied using descriptive statistics (mean, standard de-
viation, graphical methods). The actual statistical analyses were performed on the yield gaps of the median farm.
The data contain eight years (2014-2021) and 14 areas of Centres for Economic Development, Transport and the
Environment, ELY Centres. As not all crops were cultivated in all areas, and the requirement of 20 farmers was not
always met, the maximum number of area-by-year combinations in the study was 128.

In addition, yield comparisons were made at the regional level according to the climate conditions during the study
period. This was conducted by dividing annually collected regional yield data into three categories: low, normal,
and high yield. The categorisation was made by comparing the yields of different crops from 14 regions and eight
years (a total of 112 combinations) and arranging the combinations by order of magnitude based on the average
yields of all crops. In the categorisation, it was considered that not all crops appeared in all combinations (i.e. two-
way ANOVA with missing values if the yields of a crop did not exist in the data). Both organic and conventional
farming were considered, and the same categories were used for all crops and both farming types. Each category
represents an average yield level during years when the average yield was low, normal, or high.

Statistical methods

Variations in yield gap and yield as kilos per ha and relative to the long-term average yield were modelled using
a variance component model. By identifying potential sources of variation in yield and yield gap, a variance com-
ponent model (Solomon 2005) was fitted to the data, which includes all areas and years. The farm’s background
information was added to the data (e.g. farming system, farm size, farm type). In practice, a random effect mod-
el was fitted to obtain estimates of the contributions different factors made to the overall variability of the yield
data as expressed by their variance. Analysis was performed using SAS/MIXED software.

The years and regions were divided based on the yield level into three equal sized categories: low, average, and
high yield levels. All crops were considered in the classification. Two-way analysis of variance was used to test
whether the difference between organic and conventional is the same at different categories (farm type x growing
category interaction). Interaction was tested separately for each crop in order to identify crops where the perfor-
mance of organic crops varies annually depending on the yield level made possible by weather conditions.

The rest of the analysis was based on a one-way ANOVA model or a mixed model, in which the variable of inter-
est (e.g. crop, farming system) was used as a fixed effect, and the random effects were year, area, and their in-
teraction. If there was more than one factor of interest, their interaction effect was also included in the model.
Analysis was performed using SAS/MIXED software.
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Results
Yield comparisons between organic and conventional farms

When comparing median yields, organic yields per ha in a given season were on average 65% of conventional
yields. The mean yield difference significantly differed between plant species (p< 0.001). Among the analysed crops,
faba bean performed best, gaining on average 84% of conventional yields, while autumn-sown rye gained only
54% of conventional yields (Fig. 1). When species were grouped into crop groups such as grain legumes, cereals,
oil crops, and silage, organic oil crops gained the lowest yield (57%), and grain legumes the highest (77%), com-
pared with conventional crops (Table 1). Organic grain legumes performed significantly better than leys, cereals,
and oil crops. Leys performed better than cereals as a group. There was also variation among cereals. Organic win-
ter wheat attained on average 68%, barley 65%, oat 59%, spring wheat 58%, and rye 54% of conventional yields.
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Fig. 1. Relative organicyield (%) of median farms for nine crops compared with conventional counterparts
(=100 %). Vertical lines express the standard error of the mean.

Table 1. Relative (+ SE, standard error of the mean) organic yields (ORG)
compared with conventional (CON) yields of the median farms for four
crop groups. Pairwise comparisons of groups are shown next to the
ratio. Ratios with the same letter do not differ statistically significantly.

Crop group Relative yield ORG vs. CON, %
Grain legumes 77+3a

Silage 70+£2b

Cereals 61+2c

Oil crops 57 +£8bc

The ratio of organic and conventional median yields was compared between geographical regions in Finland, and
significant differences between regions were found (p< 0.01). Organic yields were highest at 73% of the conventional
ones in Central Finland and lowest at 58% of the conventional ones in the Satakunta and Hime regions. The ratios
did not differ significantly between crops, except for organic rye, which performed relatively better in comparison
to conventional rye in the regions of Eastern Finland than in the regions of Southern and Western Finland (Fig. 2).

The organic yields of all crops compared with conventional ones were almost significantly affected by circum-
stances (p= 0.06). Organic farms gained an average of 66% of yields gained on conventional farms in favourable
growing conditions facilitating a generally high yield performance. Organic farms gained an average of 61% of
yields gained on conventional farms in more challenging growing conditions. The performance of organic cereals
remained stable across years (p= 0.94), but the relative performance of the organic grain legumes, pea and faba
bean, depended on growing conditions (p< 0.001). The organic yield of grain legumes was an average of 65% of
the yield gained on conventional farms during low yield years but significantly higher at 79% during years with
more favourable growing conditions.

215



Agricultural and Food Science (2024) 33: 212-222

N

A

ELYID Name of the ELY centre

01 Uusimaa ELY Centre
02 Southwest Finland ELY Centre
03 Satakunta ELY Centre
04 Héme ELY Centre
05 Pirkanmaa ELY Centre
06 Southeast Finland ELY Cenfre
o7 South Savo ELY Centre
08 North Savo ELY Centre
09 North Karelia ELY Centre
10 Central Finland ELY Centre
1 South Ostrobothnia ELY Centre
12 Ostrobothnia ELY Centre
13 North Ostrobothnia ELY Centre
14 Kainuu ELY Centre
15 Lapland ELY Centre
16 Aland
Ratio

0,58 - 0,60
[ ]o61-0865
[]o66-068
I 0,69-0,71
Hlo,72-073 i

P ol 01 b
& Bt B e

0 50 100 200 Kilometers ‘. a8 ' M Map: Hannu Ojanen, Luke 2024
N T S T O O | = Data: Luke, Statistics Finland 2023

Fig. 2. The ratios of organic median crop yields to conventional median crop
yields in different ELY Centre regions in Finland.

Yield potential and yield gap for different crops

An average yield gap between the best-performing farms and median farms was 38% for organic farms and 28%
for conventional farms. When the yield gaps between different organic and conventional crops were considered,
it was found that the organic yield gap was greater for all other crops except silage compared with conventional
ones (Table 2).

Table 2. Yield potentials, median yields, and yield gaps of different organic and conventional crops. Yields are given
in kg ha. For cereals and grain legumes, the yield is given as dried to the moisture of 14 % and silage yield on 100%

dry matter.
Conventional Organic

Crop Yield potential Median yield  Yield gap Yield potential  Medianyield Yield gap
Silage 8807 4693 0.47 6222 3235 0.48
Faba bean 3081 2026 0.34 2253 1352 0.40
Winter wheat 6125 4410 0.28 4175 2296 0.45
Spring wheat 4845 3587 0.26 3004 1832 0.39
Oat 4644 3340 0.28 3108 1927 0.38
Barley 4644 3338 0.28 3474 2253 0.35
Pea 3191 2489 0.22 2979 2026 0.32

Yield potential was lower on organic farms than on conventional farms for all the studied crops (Table 2). When
organic yield potentials are compared with the median yields of conventional crops, it can be observed that the
yields of organic faba bean and pea are higher, and organic winter wheat, oat, and barley were only slightly lower,
than conventional yields.
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Yield variation between years and among farm types

The yield variation between years was greater on conventional than on organic farms when the variation was
measured in kilograms produced per hectare (Table 3). Measured as a percentage of the average crop yield, the
difference disappeared, but the variation on organic farms was still smaller in some cases. For example, relative
annual variation for barley, rye, winter wheat, and faba bean was smaller on organic farms.

The organic yield varied among farms. When the effects of crop, region, and year were taken into account, at least
two significant factors explained the remaining variation. First, farm size is one explanatory factor. Depending on
crop species, farm size (<25 ha, 25-50 ha, 50-100 ha, >100 ha) explains 1.5-12.8% of the variation. Silage had
the lowest, and winter wheat the highest, explained variation. Farm size remarkably affects yield variation, espe-
cially for organic wheat, barley, rye, and spring turnip rape yields. Larger farms gained higher average yields (e.g.
the difference between farms of <25 ha and >100 ha is estimated to be more than 700 kg ha for winter wheat).
Another explanatory factor was the type of farm. The average yield was higher on organic livestock farms than on
organic farms concentrating on plant production. The lowest variation explained by farm type was for pea (0.2%);
the highest was for silage (10.8%).

Table 3. Standard deviation for yield variation by year and farm size category. The variation has been presented
separately for conventional (CON) and organic (ORG) farm types in kg ha? and relative to the long-term
average crop yield (%).

Year Farm size category

Crop kg ha? % kg ha? %

CON ORG CON ORG CON ORG CON ORG
Winter wheat 930 242 239 11.2 343 305 8.8 14.1
Rye 646 199 20.6 11.6 445 203 14.2 11.8
Spring wheat 602 333 17.6 17.4 252 253 7.4 13.2
Faba bean 494 327 25.7 215 197 172 10.2 11.3
Oat 478 307 14.8 15.8 273 209 8.4 10.8
Barley 472 253 14.7 12.2 251 251 7.8 12.1
Silage 376 263 7.7 7.7 934 665 19.1 19.6
Pea 220 163 8.7 8.8 235 173 9.3 9.4
Spring turnip rape 28 16 2.3 2.2 93 88 7.7 12.5

Discussion

The utilized long-term statistical data reported by farmers includes several years, crops, regions and, at the same
time, a large selection of different farms and farmers. The farmers are also not the same every year. The farmer
made a yield estimate, the accuracy of which we do not know. The large number of estimates gives the oppor-
tunity to evaluate possible bias. Since the observed differences between organic and conventional farming are
systematic across years with different weather conditions, and the relative differences in crops and regions also
vary with the same systematics from year to year, the results can be considered unbiased, and the large number
of farms guarantees that the accuracy of the results is more than sufficient for the purposes of this study. The col-
lected statistical data offered us a unique opportunity to analyse yields in organic production in an unbiased way.

Season’s harvested cereal yields per ha on organic farms were an average of 61% of those obtained on conventional
farms, varying from the lowest value of 54% for rye to the highest value of 68% for autumn wheat. Previous studies
have reported that organic cereal yields vary from 74 to 78% of those gained in conventional systems, but signifi-
cantly lower values of 60 to 64% have been reported for wheat (de Ponti et al. 2012, Seufert et al. 2012, Mayer
et al. 2015, Ponisio et al. 2015). Field trials conducted in the Nordic and Baltic countries have reported a 34—44%
decrease in cereal yields in organic farming (Kirchmann 2007, Ingver et al. 2008), which is consistent with our
results. The productivity of cereals in organic cropping systems is typically limited by scarce nitrogen availability,
especially in legume-based cropping systems (Doring and Neuhoff 2021). On livestock farms, nutrient management
can obviously be more successfully controlled for cereals through manure availability and the pre-crop value of
mixed legume and grass silage swards compared with solely plant production farms. This may explain the higher
average yields on livestock farms than on farms concentrating on plant production, as seen in this study. Another
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explanation for the much better performance of cereals in conventional systems may be the use of modern cul-
tivars adapted to utilise synthetic inputs and the lack of varieties bred for their performance in organic farming
systems. Weed invasion has been a continuing challenge in organic cereal production, which has been observed
in the surveys on weed flora in spring cereals in Finland (Hyvonen et al. 2003, Salonen et al. 2001, 2013, 2023).
A substantially increased total biomass of weeds was associated with organic cropping due to the lack of direct
weed control methods and inadequate crop competition (Salonen et al. 2013). In the latest survey (Salonen et al.
2023), the average density of weeds was 384 plants m? in organic fields and 147 plants m? in herbicide-sprayed
conventional fields. The average air-dry biomass of weeds was 678 kg ha* and 151 kg ha, respectively. Higher
weed pressure in organic cereal fields is probably one of the factors reducing the yields obtained in organic pro-
duction in relation to conventional production.

On Finnish organic farms, the grass cultivation acreage has a bigger share of the total cultivation than on conven-
tional farms (livonen et al. 2023), suggesting that a higher proportion of the cereal crops are nurse crops for silage
crops. This was observed in the weed survey, as 41% of the cereal fields were sown as nurse crops for grass stands
(Salonen et al. 2001). When cereals are cultivated as a nurse crop to establish a grass stand, it is recommended
to use cultivars resistant to early lodging and 25% lower sowing density than with pure cereal cultivation to avoid
the risk of lodging and provide good establishment conditions for the grass stand (Puurunen and Virkajarvi 2010).
The hectare yield of cereals is therefore anticipated to be somewhat lower in nurse cereal crops than in pure ce-
real crops. This may slightly reduce the hectare yields of cereals in organic production in relation to conventional
production. In the 5-year study of Kdnkanen and Eriksson (2007) the decrease in barley yield by undersown timo-
thy and red clover was, however, only 0-5% although the studied highest sowing rates were 1600 and 600 seeds
m? for timothy and red clover, respectively.

Grain legumes was the group of arable crops in organic farms that reached closest to yields obtained in conven-
tional farming, which confirms previous studies (Seufert et al. 2012, Ponisio et al. 2015). Legumes are mandatory
in the crop rotations of organic farms in Finland, and organic farmers have therefore also developed skills in cul-
tivating grain legumes, which are also generally challenging to cultivate on conventional farms, with a large inter-
annual variability in yield seen in this study as well. Faba bean is sensitive to drought, and variation in rainfall has
therefore been reported to play a major role in grain yield stability (Link et al. 1999). Lower grain yields can also
result in decreased growing days, as drought triggers the maturation of faba bean (Skovbjerg et al. 2020). Current
commercial faba bean cultivars also consist of a large variation in grain yield and yield stability (Skovbjerg et al.
2020). Organic grain legumes produced less (65%) in relation to conventional production in low yielding condi-
tions than in more favourable conditions (79%). Starting nitrogen is typically applied in the spring on convention-
al farms, and it is possible that in seasons that are cool early, organic fields suffer more often from low biological
nitrogen fixation and slow nitrogen mobilisation from organic sources.

In contrast with previous studies (Seufert et al. 2012, Ponisio et al. 2015), organic oilseed crops did not perform
better than organic cereals in Finland. This is probably because oilseed crops mainly consist of spring turnip rape
which in Finland, frequently suffers from losses to pest insects (Hakala et al. 2011). In addition to the challenges
in plant protection, other unidentified factors associated with the cultivation of spring turnip rape have been re-
flected in the weak development of seed crop yields in Finland (Peltonen-Sainio et al. 2007).

Organic grassland—ruminant systems typically enable a high input of N to the soil and yields of grass-clover forage
crops are therefore often similar in organic and conventional systems (Eltun et al. 2002, Kirchmann et al. 2007).
However, this was not seen in this study, as organic silage yields were only 70% of the silage yields in conven-
tional production. However, in interpreting the silage yields in yield statistics-based data, it is good to be aware
of some error possibilities in the silage production data. Organic farmers may have used part of the silage acre-
age for grazing or for green manuring, and this would decrease silage hectare yields. On organic plant production
farms, the utilisation of silage acreage for green manuring may be quite high. In silage production, the farm type
explained a higher proportion (10.8%) of yield variation than in the other species. The yield gap was very high in
silage production in both conventional and organic production. This suggests that farm-connected reasons may
have a bigger impact on silage production than on other species. Livestock farmers tend to secure an adequate
silage yield even for low yielding years with a large acreage, and in good years, maximum hectare yields can be
achieved when feed demand has already been met. In a previous study (Koikkalainen and Lotjonen 2014), the ra-
tio of organic silage yield to conventional yield was 0.82, and fertiliser input was very low in organic production.
The absence of starting nitrogen application in the spring prior to the onset of the nitrogen fixing process in cool
soil and omitting the third cut to provide good overwintering possibilities for red clover may somewhat reduce
organic silage production yields based on mixed swards.
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Although organic yields are typically lower than conventional yields, yield differences are highly contextual, and our
analysis shows that there is an unexploited potential to improve yield levels on Finnish organic farms. The poten-
tial for improvement is even bigger on organic farms than on conventional ones for several crops, which indicates
that when the best organic management practices are used in favourable conditions, yields are closer to conven-
tional yields, as previously documented in earlier studies (Riesinger 2010, Seufert et al. 2012). An explanatory fac-
tor for the achievement of higher yields is farm size. Bigger farms gain a higher yield, probably for several reasons
such as a more professional attitude, capabilities of investing in soil health and crop rotation, the use of modern
cultivars, and perhaps the use of manure on livestock farms. The study of Peltonen-Sainio and Jauhiainen (2010)
showed that modern cultivars were generally superior to their predecessors in nitrogen use efficiency, which can
be expected to be even more important in organic than in conventional production due to challenges in meeting
crops’ nitrogen demand. Larger farms have better opportunities to plan crop rotation (Peltonen-Sainio et al. 2017,
Peltonen-Sainio and Jauhiainen 2019), which is the key to successful nutrient management and preventive plant
protection on organic farms. The ongoing increase in farm size and the reduction in the number of farms could
further support the transition to more diverse crop sequencing (Peltonen-Sainio and Jauhiainen 2019). L6tjonen et
al. (2004) suggested that the collaboration between organic production farms or renting more fields (Koikkalainen
and L6tjonen 2014) to facilitate specialisation in production enabled the maintenance of an adequate diversity in
the whole system. Our study also indicated that livestock farms could gain higher yields than farms concentrating
on plant production. Livestock farms can obviously offer better nitrogen availability for cereals through manure
management and the pre-crop value of mixed legume grass silage swards than plant production farms.

In favourable growing conditions, organic farms gained an average of 66% of the yields of conventional farms, while
in more challenging growing conditions, when yield levels remained generally low, organic farms gained 61% of
the yields of conventional farms. This finding is inconsistent with previous studies, which have presented better
relative performance in organic yields in more challenging environmental conditions (Wilbois and Schmidt 2019).
Challenges affecting yield levels and opportunities to harvest crops may differ on boreal organic farms operating
during much shorter and cooler growing seasons than on organic farms in temperate and tropical climate zones.

Our results describe the situation in real conditions, where farmers’ targets for cultivation and decisions are influ-
enced by several, even controversial, factors. Farmers do not always attempt to achieve high yields but will often
seek to maximise profitability. While organic yields are lower, organic farms have been documented to be more
profitable for several concurrent reasons such as higher subsidies and market prices and lower input costs (R66s et
al. 2018, Luke 2022). Kuosmanen et al. (2021), however, revealed a significant performance gap between organic
and conventional farms in favour of conventional farms. The material used in the study was from 2010-2017, and
a positive trend was revealed in organic production at the end of the study period. Kujala et al. (2022) have de-
scribed the socioeconomic factors affecting Finnish farmers’ motivation to switch to organic production. Accord-
ing to their study, the importance of subsidies is one of the key factors that is associated with regional differences
in organic farming in Finland. Cultivation area-based subsidies play a bigger role in farmers’ decision making in
Eastern Finland than in more market-driven areas in Southwest Finland.

In this study’s regional comparisons, the relative performance of organic yields was generally better in Eastern
than in Southwest Finland. The highest organic shares of field area exist in Eastern Finland, where grain yields are
lower than the average for Finnish farms. Pietola and Oude Lansink (2001) found that agro-ecological conditions
directly affected farmers’ abilities to benefit from organic agriculture in Finland, and organic farms are therefore
more likely to be in areas with poorer soil quality and a lower average yield potential. Malek et al. (2019) found
similar patterns in several other countries.

This study’s constraint is that yield analyses were not conducted throughout the crop rotation cycle from the same
parcel. In addition, the yield statistics consider only the yields of the harvested acreage, and sown and unhar-
vested areas are excluded. According to Connor (2022) smaller yields per crop area in organic farming are further
reduced at farm level due to land required in cultivation of green manure crops and pastures. An examination of
the yields of all the sown parcels throughout the crop rotation would offer us a more precise understanding of
the yield potentials of organic farms in Finland.

Conclusions

Our study shows that it would be possible to achieve significantly higher yields on Finnish organic farms. The yield
potential assessment gives us a better understanding of the yield levels the best organic farms are achieving. It
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also provides farmers with comparative information about potentially achievable yields in certain years in regions
with similar weather conditions. There are differences in the performance of different organic crops, but regions
also differ, which reminds us that the targets set for improving organic production must be considered in context.
It should be kept in mind that organic production is inherently prone to local variations in conditions and there-
fore improvements in yields closer to yield potential might be challenging to achieve. Next, a closer examination
should be made of the farming practices of farms achieving yield potentials, and the transfer of expertise should
be promoted among the wider group of farmers targeting greater yields. Our study also shows that an increase
in farm size can contribute to the goal of increasing yields and highlights the importance of the integration of ani-
mal husbandry and plant production in nutrient management.

Although this study compared organic yields with conventional ones and shows that it is possible to increase organ-
icyields, this does not mean it is desirable to achieve similar yields in organic production to those in conventional
production. Yield levels of organic production should be increased, taking environmental sustainability into account.
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