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Abstract
This paper explores to what extent product and marketing channel diversification contributed to the economic success of small-
scale agricultural producers involved in short food supply chains after the outbreak of the COVID-19 pandemic. A survey was
conducted between April and July 2020 in four countries of the European Union–Estonia, Hungary, Portugal and Romania,–
resulting in a relatively large sample of farmers (N = 421). The analysis was built on a semi-nonparametric approach. Approximately
19 percent of small-scale producers were able to increase sales during the first wave of the pandemic, although country-level
variation was significant. Fruits and vegetables were by far the most popular products. The importance of specific channels varied
across countries, but farm gate sales were among the most important marketing channels both before and during the first wave.
The importance of channels that were based on digital resources and home delivery increased. Our evidence indicates that
diversification was a strategy that paid off, both in terms of marketing channels and different product categories. However, the
impact appears to be nonlinear; the initial advantage generated by diversification rapidly tapered off, either temporarily (in the case
of products), or permanently (in the case of marketing channels). Later research may clarify whether these findings are
generalizable in other socio-economic contexts, as well as in a non-COVID situation.
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Introduction
The outbreak of the Coronavirus disease 2019 (COVID-19) pandemic caused extraordinary disruption to the global food distribution
system [1–3]. To save time and to ‘flatten the pandemic curve’, most countries imposed social restrictions–most importantly, on
movement–although the severity of measures differed. Nonetheless, some general tendencies were identifiable, including the
collapse of just-in-time distribution systems [1, 2, 4], and an increase in consumer demand for fresh and trustworthy local food [3,
5–7], home deliveries [8], and online shopping options [9, 10]. Lockdown measures also meant that many local farmers lost contact
with their customers, thus the impact of the pandemic was far from homogenous [1]. The virus, while simultaneously causing
economic and social disturbances at multiple scales [11], also created a unique possibility to implement a quasi-experiment [12]
involving analysis of the reactions of supply chain stakeholders to external factors.

Small farms have been claimed for some time to contribute to food and nutrition security, not only in the Global South, but even at
local and regional levels in largely industrialized regions such as Europe [13, 14], in spite of their decreasing numbers [11]. In this
paper we focused on small-scale farmers who participated in a number of short food supply chains (SFSCs) in four European
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countries (Estonia, Hungary, Portugal and Romania) to better understand how the level of diversification, both in terms of
production and marketing channels, contributed to their success during the first wave of COVID.

The remainder of the paper is structured as follows. After defining SFSCs and their connection to local and small-scale agricultural
systems, the rest of the introduction focuses on the literature about the benefits of diversification, with special emphasis on SFSCs.
The differences in the agri-food systems of the countries included in the study are briefly described, together with a short
comparison of their different COVID-related coping strategies (lockdown measures) which may have affected sales made through
SFSCs. The following section briefly discusses the survey that was implemented and makes some observations related to the
quantitative methods applied therein. The impact of the diversification of products and marketing strategies on economic success is
then discussed. The final section concludes.

Linkages between short food supply chains and small-scale farmers

Consumer interest in local food remains high, even outside of the pandemic situation [15]. Despite the growing attention of
researchers and policy makers to local food systems, alternative food networks and short food supply chains, their respective
definitions remains unclear [16, 17]. In our study we followed the approach of Gruchmann et al. [18] and Schmutz et al. [17], mainly
focusing on producer-consumer interactions involving producers directly selling their products to consumers, or through a limited
number (ideally, zero) of intermediaries. The reason for this choice is methodological: the flow of products through marketing
channels may be tracked more accurately this way than when a specific (and highly arbitrary) geographical range is defined. This
approach is similar to the logic behind several legislative instruments [e.g., 19] that support small, local agricultural businesses
through the regulation of their marketing channels.

In general, but depending on the specific channel, SFSCs do not necessarily involve spatial proximity nor local purchases [20].
However, in the pandemic situation, borders were closed, isolation increased, and the SFSCs that escaped closure were expected
to deliver local food.

Direct selling is a strategy typically employed by smaller agricultural holdings, and is widespread [21, 22]. The exemption of local
farmers, or farmers operating in selected marketing channels (such as farmers’ markets) from regulations is a regulatory tool that is
often used to support small agricultural businesses [19]. As above mentioned for short food supply chains, also defining small-scale
farmers is challenging [14, 23] and it is often based on certain thresholds that are highly dependent on the geographical context of
the analysis [14]. Since the countries involved in our study represent markedly different contexts [14, 24] and building on the
considerations of Kneafsey et al. [21] and Martinez et al. [22], small-scale farmers were identified through their participation in short
food supply chains, instead of using a specific threshold. The terms ‘small-scale farmers’, ‘farmers participating in SFSCs’, and
‘local farmers’ are used interchangeably in this paper.

Diversification from the perspective of small-scale farmers

Farm diversification is often analysed in the context of multifunctional agriculture, when the potential of agricultural enterprises to
produce products and services other than food and fibre is discussed [25]. Salvioni et al. [26] proposed a classification that
distinguishes between off- and on-farm diversification. Off-farm diversification is achieved through ‘pluriactivity’, when farm
household members increase their income from sectors other than agriculture [27]. According to Salvioni et al. [26], on-farm
diversification includes three broad areas: a) agricultural output diversification (e.g. selling a specific mix of products); b) product
differentiation (e.g. the production of organic, or products of protected designation of origin); and, c) non-agricultural output
diversification (e.g. involvement in agritourism, natural resource management, etc.). [11] found that agricultural output diversification
(and the combination of on-farm agricultural and non-agricultural activities, or on-farm and off-farm work) is a typical resilience
strategy of small European farms. The actual type of product [24] as well as the level of output diversification [28] have been found
to determine the commercialization strategies of European small-scale farmers to some extent (e.g. products requiring processing
are more typically marketed through vertically integrated supply chains; or the market linkages and the actual choice of short food
supply chain marketing channels differ among diversified and more focused businesses). However, the conceptualization of and
knowledge about the diversification of marketing channels is very limited, although it is acknowledged that tracking the use of
channels is needed for a more complete understanding (and thus the efficient support) of local and regional food systems [29]. In
this paper we focused on agricultural output diversification in the sense that farmers are regarded as diversified if they worked with
more than one product category (e.g. fruits and vegetables, milk and dairy, meat, honey, etc.). Additionally, diversification is
identified when a farmer makes sales through more than one direct marketing channel.

Increasing diversification is a key element of European Union (EU) Common Agricultural Policy, as well as of Horizon 2020
strategies [7, 30]. However, in EU terminology, and also in a number of studies, off-farm and/or non-agricultural diversification are
often pursued or analysed; there are thus considerable knowledge gaps related to diversification concerning core agricultural
activities and marketing channel use.

The reasons that farmers diversify their businesses are rather complex [31]. Diversification is an important element of risk
management under uncertainty [7, 32, 33], and the adoption of on- and off-farm diversification strategies is often an element of risk
minimization [34]. A further reason is the presence of economies of scope [35, 36]. According to Panzar and Willing [37],
economies of scope are generated when inputs are shared, and the cost of producing two or more product lines is less than the
cost of producing each line separately. A business that takes full advantage of economies of scope produces complementary items
(classic examples include eggs and poultry, mutton and wool, milk and meat, etc.), so a fuller range of products can sent to market
[32]. Additionally, diversification and joint production can help manage peaks in labour demand [38] and to fully exploit other kinds
of resources efficiently [39], thus increase productivity. Finally, diversification may be a means of increasing sustainability, mostly
from an agroeconomical and social perspective [38, 40]. The diversification of marketing channels can create advantages such as
fostering access to different markets and price premiums, mitigating marketing risks, utilizing different niches, and the better
management of the seasonality of agricultural production and variability in product quality [41].



03/09/21, 18:16Farm diversification as a potential success factor for small-scale f…nducted in four European countries during the first wave of COVID-19

Página 3 de 13https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251715

Due to the small size of the farms that are the focus of this paper, the question may be raised whether these businesses can benefit
from specialization, technological efficiency, and economies of scales at all, or whether diversification, resilience, and economies of
scope would be more promising strategies instead. The choice of specialization versus diversification is reportedly significant
according to farm size. Large and very large farms tend to specialize and intensify more to achieve economies of scale [42], while
diversification is a typical strategy of smaller businesses [32]. The tendency among organic farms is similar, while as with
conventional businesses, larger and more specialized farms tend to send products to market through long (global) supply chains
[43]. However, several exceptions to this have been found. For example, larger farms are more diversified in Norway [44], Austria
[45] and the Netherlands [46], while small rice farms are highly specialized in Korea [36], due to local social, political, economic,
and environmental characteristics. Moreover, some studies suggest that diversification might increase with farm size on the basis
that bigger farms can allocate and exploit resources more efficiently [47, 48]. To conclude, the effect of farm size on the level of
specialization/diversification is unclear both theoretically and empirically. Thus, no prior assumptions were made in relation to the
analysis; the level of diversification among small-scale farms was assumed to be heterogeneous.

Materials and methods
To increase the relevance and robustness of the results, data from countries with very different characteristics were used in the
analysis. The sample includes a Mediterranean country (Portugal), a Baltic state (Estonia), and two Central and Eastern European
countries (Hungary and Romania). In addition, the first wave of the COVID-19 crisis hit these economies differently, prompting
responses ranging from relatively mild restrictions (e.g. Hungary) to very strict ones (e.g. Portugal). Statistical data that characterize
the target-countries of this paper were explored, and their differences and specificities were discussed. Farm size were measured
using two alternative measurements, Economic Size (1000 EUR of Standard Output) and Total Labour used (Annual Work Unit).
Standard Output is a region- and product-specific monetary value of production measured as a five-year average, at the farm-gate
price. Annual Work Unit is the amount of labour of a single, full-time farm employee. Percentile (quantile) shares are commonly
used to emphasise inequality, similarly to Lorenz curves. The European Commission’s Farm Accountancy Data Network (FADN)
data, designed to be representative, is used to depict the distribution of farm size. FADN data cover about 50% of all agricultural
households in Estonia. Also, larger farms are slightly overrepresented in the FADN sample. However, the general trends identified
by the data remain valid.

Although FADN data is representative, it ignores truly small farms, similarly to agricultural censuses and other national statistics
[14]. Additionally, to address our specific research questions, we needed the contribution of a high number of small-scale farmers.
Therefore, a survey was constructed, and data were collected through structured telephone interviews between April and July. To
increase the sample size as much as possible in a situation when the willingness of farmers to participate in research was very low
due to distress caused by the uncertainties of the very first wave of COVID, and the need for data collection that ensured social
distancing, farmers were approached by representatives of specified networks who had already been in contact with the related
farmers for a long time. All the networks focused on small-scale farmers and local food systems; they were consumer purchase
groups, non-governmental organizations, Local Action Groups of the LEADER program, etc. (The LEADER program is a European
Union initiative to support rural development projects launched at the local level through Local Action Groups in order to revitalise
rural areas and create jobs. The term ‘LEADER’ comes from the French acronym for "Liaison Entre Actions de Développement de
l’Économie Rurale", meaning ’Links between the rural economy and development actions’. The program concerns mostly small and
medium-sized enterprises [49, 50], and many local food initiatives [21]. In spite of national differences, Local Action Groups are very
important actors in local foodscapes by organizing the actions of small-scale farmers [17, 51]). Thus, for convenience producers
were considered small-scale farmers if they were connected to these organizations, although this decision necessarily increased
the limitation of our results. Informed verbal consent was obtained from all the respondents.

The Ethics Review Procedure complied with the Guidance Note “Ethics in Social Sciences and Humanities”, issued by the
European Commission in 2018. The questionnaire, the use of verbal consent and other ethical aspects were approved by the
Ethical Committee of the Centre for Economic and Regional Studies, Hungary–the lead country of this research. The questionnaire
was translated and used to collect data in other countries (all of them part of the European Union). The variables used in the
analysis are described below.

Changes in sales due to COVID-related restrictions–our dependent variable–is described by a binary variable showing whether a
producer experienced an increase in their sales (1), or not (0).

Concerning the product categories commercialized by each farmer, data were coded into dummies: “1” if yes, “0” otherwise. In total,
eight sectors were considered: fruits and vegetables, egg or poultry, meat, milk and dairy, bakery products, herbs and spices,
honey, and grapes or wine. A measure of ‘product diversification’ was created a posteriori that was equal to the number of different
product categories respondents mentioned using.

Producers also evaluated the importance of the direct marketing channels they used, both before and during the first wave of
COVID in terms of the income these channels generated. A five-point Likert scale was employed (1: I do not use this channel; 5:
this marketing channel is very important for my sales). To characterize the level of diversification, the number of channels producers
used both before and during COVID was calculated a posteriori. Only important channels were involved in the estimations. Thus,
the variable ‘channel diversification’ shows how many marketing channels a given producer deemed important (i.e. those that were
assigned a level of importance of four or five on the five-item Likert scale).

Finally, producers were requested to identify their annual gross farm income (off-farm activities included, without government farm
program payments), in line with one of the pre-defined categories: 1: below 5,000 Euro (EUR); 2: 5,000–15,000 EUR; 3: 15,000–
30,000 EUR; 4: 30,000–50,000 EUR; 5: more than 50,000 EUR.

Four binary variables were created a posteriori for all the countries to express geographical location to control for country-level
differences. Romania was chosen as the benchmark, as the Romanian subsample is the largest.
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Twelve short food chain marketing channels were included in the survey: markets, farm gate sales, festivals, farmstay and farmland
food-related services, restaurants, purchasing groups, independent shops, retail chains, public procurement, home delivery, own
ecommerce store, and directory (sales made through the website of a fellow producer or an association). To reduce the number of
variables in the final calculations, factor analysis with the principal component factor method was undertaken to capture the
differences in the importance of channels before and after the outbreak of COVID. First, the data were tested to determine the
applicability of the method, using Kaiser–Meyer–Olkin’s measure and Bartlett’s test of variable independence, followed by the
Varimax rotation algorithm. Finally, Kaiser selection criteria were applied, considering only factors with Eigenvalues exceeding one
(see [52] for the practitioner’s handbook). The resulting factors were used as explanatory variables in the models.

Since our dependent variable is binary (“1” if sales increased during COVID and “0” otherwise), the impact of diversification and
other variables on whether a producer experienced success during COVID required estimation using binary choice models. We
used the semi-nonparametric (SNP) method defined by Gallant and Nychka [53] due to its robustness when compared to the
standard models. The benefit of a non-parametric approach is that, unlike parametric estimators, it is not sensitive to distributional
assumptions; semi-non-parametric estimators have been reported to outperform parametric ones [54]. Robust variance-covariance
matrix estimation was used to account for potential heteroscedasticity. Sequential Likelihood-ratio (LR) tests led to the choice of
order 3 for the univariate Hermite polynomial expression used in the semi-nonparametric estimator.

To control for non-linear effects, the second and third power of channel and product diversities, and the second power of income
were also incorporated into the estimations. Stata 16 was used for the statistical analyses.

Results and discussion
Figs 1 and 2 illustrate the farm structures in the countries under analysis.

Fig 1. Distribution of economic size of farms in sample countries.
Source: FADN.
https://doi.org/10.1371/journal.pone.0251715.g001

Fig 2. Distribution of Total Labour Used by the farms in the sample countries.
Source: FADN.
https://doi.org/10.1371/journal.pone.0251715.g002

The pronounced unequal distribution of farms may be observed, especially for Hungary, Romania, and Estonia, where the top 20
percent of farms (grey quintile) account for more than 80% of cumulative economic farm size. Except for Portugal, the upper two
quantiles contribute more than 90% of cumulative economic size. By contrast, the smallest 40% (red and blue coloured quintiles) of
farms account for less than 3% of cumulative output (except for Portugal, where the figure amounts to 6.5%). Both Figs 1 and 2
thus reflect the dominance of large farms.

https://doi.org/10.1371/journal.pone.0251715.g001
https://doi.org/10.1371/journal.pone.0251715.g002
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.g001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.g002
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Turning to the distribution of farms according to labour used (Fig 2), the picture is somewhat more balanced. Portuguese farm
structure is again the most balanced, while the highest levels of inequality are registered for Hungary and Estonia. It is evident that
the agricultural production structures of the former socialist economies are usually different to those found in Portugal. Whilst
countries in the former region–as a legacy of socialist cooperatives and large state farms structure–typically rely on large holdings,
Portuguese agricultural structure is more family farm based, resulting in a more balanced development. Guiomar et al. [14]
observed that whilst in Hungary 10% of the largest farms use 80% of the total agricultural land, most of Europe’s small farms are
located in the South-Eastern Europe and the Mediterranean countries. Central and Northern Portugal are known for having
especially small farms. It follows, that the average farm size, based on representative FADN data (Table 1) is also rather different.

Table 1. Average farm size by some specific agricultural sectors.
https://doi.org/10.1371/journal.pone.0251715.t001

The largest mean cereal farm size can be found in Estonia, about 20 times larger than the Portuguese value, the lowest one,
according to the data from FADN. The distribution is somewhat more balanced for animal husbandry farms, where the average
difference between the largest (Hungary) and smallest (Portugal) is five-fold. With respect to the average size of other field crops
farms in the FADN sample, the post-socialist countries are rather similar, whilst Portuguese farms are the smallest.

The impact of the first wave of COVID on the population and corresponding restrictions and measures are now introduced (Table
2).

Table 2. COVID-19 in numbers (first wave), and related measures.
https://doi.org/10.1371/journal.pone.0251715.t002

Except perhaps for Portugal, the coronavirus pandemic affected the sample countries relatively lightly, based on the number of
deaths per million inhabitants until June 31 (higher figures were recorded for the United Kingdom (642), Spain (606), Italy (575),
Sweden (526), and the United States of America (381)). Several factors might have contributed to this difference, including age
distribution, early social distancing policies, the BCG (Bacillus Calmette–Guérin) vaccination, social psychological factors, the
status of public health and social care systems, etc. [55–58]. Nevertheless, several gaps in understanding the impact of the
pandemic still remain. As the focus of this paper lies elsewhere, potential explanatory variables are not analysed here: the purpose
of this section is only to document the differences in mortality and some other measures that might have affected direct sales in the
focal countries.

The sample countries reacted fairly similarly in terms of the implementation of COVID-related measures. Though gatherings and
public events were cancelled, movement remained relatively free for the purpose of work, purchasing items to fulfil basic needs,
taking care of others, and recreational activity. Telework was centrally mandated for some professionals, such as civil servants in
Portugal, but many more decided to stay at home in all countries, either to supervise their children (as the institutions of education
had closed everywhere), making the use of the home office as a general rule. Yet border checks were reinstalled, movement within
all countries was possible, except for some selected regions such as some islands in Estonia. While shopping centers completely
closed in Portugal, the stores of key service providers and markets located within shopping malls remained open in Estonia,
Hungary, and Romania. Some countries introduced a shopping time window for senior citizens (Hungary, and Romania), while
others advised vulnerable people to stay at home completely (Estonia, Portugal).

Many of the regulations directly impacted SFSCs. Restaurants, bars, and cafés closed everywhere and only take-away and delivery
services were allowed, but many establishments decided to close completely until restrictions were lifted. The ban on public
gatherings impacted festivals significantly. Markets adopted a wide range of strategies depending on their management. Some tried
to comply with the increasingly rigorous regulations, some closed, and others were converted into online operations. The elderly
time window, where it was introduced, overlapped with the typical opening hours of farmers’ markets, which thus witnessed a
significant decrease in turnover. With the growth in social isolation, the demand for online food purchases and home delivery
services increased significantly across all countries.

After discussing the specificities of the countries involved in the study, the survey sample is briefly presented. It included 421
observations (52 from Estonia; 136 from Hungary, 76 from Portugal; and 157 from Romania). Though the resulting sample is not
representative (which is typically the case regarding research into small-scale farmers and short food supply chains), it is

https://doi.org/10.1371/journal.pone.0251715.t001
https://doi.org/10.1371/journal.pone.0251715.t002
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.t001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.t002
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exceptionally large, and this allows for the addressing of the research questions through quantitative analysis. Descriptive statistics
are displayed in Table 3.

Table 3. Descriptive statistics.
https://doi.org/10.1371/journal.pone.0251715.t003

Nearly twenty-six percent of all small-scale producers increased their sales during the first wave of the COVID pandemic. However,
considerable differences exist among the sample countries in this respect–from 9.6 percent in Hungary to 40.1 percent in
Romania–, underlining the need for country-specific dichotomous explanatory variables in the estimations to control for country-
fixed effects. The typical farmer in our sample used three to four marketing channels on average, and sold two different product
categories. Country-specific differences are displayed in Figs 3 and 4; see also S1–S4 Tables. In line with the general conclusions
of previous studies [32, 43], small-scale producers tend to sell to individual consumers directly, whilst only 41 farmers in our sample
(9.7%) preferred longer distribution chains. Only those product categories are displayed in Table 3 the importance of which
exceeded ten percent across the whole sample. Fruits and vegetables were by far the most popular sales items in our sample (the
increased consumer interest in vegetables were also confirmed by [9, 59, 60]), while meat products were also in demand (similarly
to the findings of [59]).

Fig 3. Channel diversification pre-COVID, by country.
https://doi.org/10.1371/journal.pone.0251715.g003

Fig 4. Product diversification by country.
https://doi.org/10.1371/journal.pone.0251715.g004

Fig 3 shows the number of producers who reported a specific number of channels to be important in the pre-COVID period. This
ranged between 0 (long distribution chains preferred) and 12 (all focal direct channels extensively used), by country.

The availability of market linkages in the context of small farms (i.e. the degree of direct sales) is an important factor in food
availability in European regions [24], even outside the COVID-related situation when borders are more open. Our results implied
that in most countries, producers involved in direct marketing typically used 1–2 or 1–3 channels before the outbreak of the
pandemic (this magnitude corresponds to the findings of [61]); the case of Romania stands out due to the higher number of
channels that were actively used by many. Romania is generally considered as a “hotspot” of small farms [14], and the abundance
of small-scale farmers apparently resulted in a heterogeneity and diversity of survival strategies, too. This claim is in line with the
findings of [11], who underpinned the role of diverse resilience strategies of small-scale farmers. We found that the importance of
specific channels varied across countries, but farm gate sales were ranked in the top two options before the pandemic in all the
countries in the sample.

https://doi.org/10.1371/journal.pone.0251715.t003
https://doi.org/10.1371/journal.pone.0251715.g003
https://doi.org/10.1371/journal.pone.0251715.g004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.t003
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.g003
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.g004
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Fig 4 illustrates product diversification by showing the number of producers that were engaged with a specific number of product
categories.

Product diversification seems to be more homogenous across the countries than channel diversification; most producers were
involved with two different product categories. The level of product diversification was again most variable in Romania.

Next, the results of the factor analysis with principal component method (designed to reduce the 12 variables measuring the
change in the importance of marketing channels) are briefly summarized. Three factors are identified as being in line with the
minimum Eigenvalue criterion of one (see Table 4).

Table 4. Rotated factor loadings (pattern matrix).
https://doi.org/10.1371/journal.pone.0251715.t004

Factors 1 and 3 refer to channels for which the reported importance declined (many of the channels completely ceased operating).
The difference is that markets, farm gate sales, and festivals were among the most important channels pre-COVID. In spite of a
drop in importance, farm gate sales remained the most important mode of sales during the first wave. Factor 2 encompasses
channels that became more important during COVID, thus the related change in importance is positive. These include channels
based on online purchases (e.g. e-commerce stores) and home delivery was facilitated by information and communication
technologies.

Table 5 presents our main results–i.e. the determinants of producer success during the outbreak of COVID, estimated by SNP
models. The dependent variable, economic success during the pandemic, is a binary variable that took a value of one if a farm
increased its income, and was zero otherwise. Three models were estimated. The first focused on the channel diversification
variables; the second targeted the variables characterizing product diversity; while the third model incorporated all the variables.

Table 5. Estimation results: The impact of selected variables on economic success.
https://doi.org/10.1371/journal.pone.0251715.t005

Channel diversification is very significant in all the models. Its positive sign, together with the negative sign of the quadratic and the
positive sign of the cubic term, implies that the impact of marketing channel diversification on success is not linear. For Model 3,
solving the following function:

(with coefficients taken from the full model) meant that the turning points could be calculated (Fig 5A).

https://doi.org/10.1371/journal.pone.0251715.t004
https://doi.org/10.1371/journal.pone.0251715.t005
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.t004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.t005
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Fig 5. Impact of diversification on economic success.
Note: a: channel diversification. b: product diversification.
https://doi.org/10.1371/journal.pone.0251715.g005

Regarding channel diversification, the first turning point was at 3.995. Between this point and 9.29, the impact is still positive,
although the marginal effect decreases. The other turning point, 15.671, is out of our scope as the maximum number of short food
marketing channels is 12. In other words, diversification increases success, but only up to a specific level. Additionally, the marginal
effect declines after a point. The mean number of channels used in the overall sample was very close to this calculated optimum,
with a skewed distribution according to country. Moreover, very few producers diversified their channel use beyond nine different
channels (see the heat map in Fig 3). In other words, most (more than 95 percent) of the producers remained within these
theoretical boundaries. The interpretation of the results based on Model 1 is very similar, and emphasises the same trends.

The impact of product diversification was not linear either. Solving the function:

(see Fig 5B) for Model 3 identified the turning points 1.559 and 3.844, with a still positive but slightly decreasing marginal effect
between 1.59 and around 4. At above 4, the marginal effect steeply increases. The variables controlling for product diversification
yield the same results for Model 2. To conclude, an intermediate level of product diversification increased the risk of economic loss,
and economic gains were greater when product diversification was either moderate or high.

It is challenging to evaluate these results concerning the nonlinear effects of diversification in the light of previous findings that
implied that increasing diversification is key to the resilience and economic success of small European farms [11, 28]. To the best of
our knowledge, no prior study has explicitly analysed the impact of diversification on the performance of agricultural enterprises,
and especially not in the case of farmers selling through SFSCs. However, the curvilinear effect of product diversification has been
found with respect to industrial multinational enterprises [62, 63]. There is also some evidence that diversification has similarly
nonlinear effects on the profitability of internationally active banks [64] and internationally diversifying restaurants [65], mainly when
unrelated diversification is involved [66]. Explanations may be derived from transaction cost economic theory, which emphasizes
that the need for coordination increases [67], together with bureaucratic burdens [68], and certain types of risks [66], particularly
when less well-known businesses or unrelated products are involved (i.e. costs outweigh benefits beyond a certain level of
diversification). However, all the cited sources emphasize that the literature that investigates linear vs. nonlinear effects includes
mixed findings in the various fields of analysis–accordingly, further research is needed to confirm (challenge) the current findings
with respect to the impacts of COVID, and among non-pandemic circumstances.

Farm income also impacts economic outcome; that is, whether a producer experienced success it also depended on the economic
size of their operation. Second-order coefficients proved significant and negative, suggesting that larger farms might be less flexible
or responsive to immediate changes in the economic environment.

As for product categories, milk and dairy did not prove to be significant in any of the models. The sign for the rest of the product
categories was consistent across the models. The production of meat products had a negative impact on success. One explanation
for this is that new hygiene-related demands might have arisen [69] that affected this specific product group the most. Also, fresh
meat products, which are perishable, require a cool environment and large space during transportation, which is more costly and
difficult to ensure in the case of home deliveries and deliveries to pick-up points. It is likely that, during the first wave of COVID,
entrepreneurs were not able to access such infrastructure in time. Similar problems potentially affecting poultry might be masked by
the combination of a common ‘egg or poultry’ category. In contrast, small-producers marketing bakery products seemed to be more
resilient to COVID-induced disruptions. This is not surprising, considering the non-perishable nature of most raw materials, and the
local-demand-increasing effect of supermarket closures, or indeed, the limited opening times of large bakeries.

The coefficients associated with factors 1–3 measured the impact of changes in the ranking of specific channel types. The second
factor (home delivery, own ecommerce possibilities, and directory) proved to be consistently significant across the models. The
positive sign highlights the importance of these marketing channels that best allow for social distancing. The coefficient for Factor 3
(markets, farm gate sales and festivals) is significant only in the full model (Model 3). These channels, although declining somewhat
in importance due to the pandemic, remained important, especially farm gate sales.

While Romania is the benchmark, negative and highly significant country dummies suggest that farmers in all other countries had
less chance of increasing their sales during COVID. Due to the great diversity of small farms in Romania [14], the optimal
production and marketing strategy may have been found by many.

Conclusions

https://doi.org/10.1371/journal.pone.0251715.g005
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0251715.g005
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6.

Small-scale farmers appear to comprise a rather homogenous group in terms of income and thus size; accordingly, economies of
scale appear to be a less important factor, unlike economies of scope. Our evidence reveals that diversification as a strategy pays
off, both in terms of marketing channels and product categories. However, the impact seems to be nonlinear; the initial advantage
of diversification disappears, either temporarily (in the case of products), or permanently (in the case of marketing channels). In
other words, an intermediate level of channel diversification appeared to be a successful strategy, while in the case of product
diversification, lower and higher levels of diversification paid off. Small producers typically have to manage multiple roles at the
same time, thus the selection of the optimal number of marketing channels and products into which to invest their limited time and
human resources requires careful consideration. Some diversification increases the chance of selling products for which demand is
sustained, or the use of a mode of sales that is successful in a changing situation. Additionally, the results imply that home
deliveries and online sales of perishable products suffered. In the latter case, this may be due to the need for more specific forms of
delivery infrastructure.

What makes this study an important contribution to the literature is that it focuses partly on the impact of diversification related to
marketing channels, about which knowledge is very limited. The relatively large sample (which is unusual in relation to case studies
about small-scale farmers and short food supply chains are concerned) described here is analysed using quantitative methods.
Further research is needed to verify results not only in other socio-economic contexts, but the sample selection of the current
research (e.g. the identification of farmers through their marketing channel use, and cooperation with organizations focusing on
rural development, small-scale farmers and local communities) also poses some limitations. However, the agricultural sectors of the
sample countries differ significantly, thus the approach taken here is expected to deliver general and robust outcomes.
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