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• Climate change is evident in Romania,
particularly increasing number and in-
tensity of extreme climate events

• Environment friendly techniques (EFTs)
are sustainable tools to cope with cli-
mate change effects

• In past eras, Romania implemented suc-
cessful EFTs for soil erosion and drought

• Political, socio-economic and cultural
aspects impact EFTs policies with nega-
tive effects in Romania

• Re-focusing on EFTs is dependent on
cultural and financial aspects.
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Throughout the history of Romania, political decisions, socio-economicmeasures, and cultural (traditional) char-
acters have affected the implementation of environment friendly techniques (EFTs) policies. In the context of this
paper, EFTs can be defined as solutions for the use of land resources aiming the increasing of goods for meeting
the changing human needs and with neutral or positive environmental impact. Changes in the political regime
have always had a visible impact on the EFTs issue in Romania. EFTs has gone through several major phases.
The political impact on EFTs implementation mainly affected sustainable land management (SLM) and to a
small extent, at the end of the communist era and partly during the capitalist period, climate change mitigation.
Throughout history, the political factor has dominated and influenced the capacity of the EFTs implementation
process in responding to socio-economic stimuli. In addition, quality of life, rural-urban and urban-rural migra-
tions, poverty, education level, and climate change adaptation have had impacts on the status of EFTs according
to governance and political reflections. The agrarian reforms from the last two centuries, based on socio-
economic demands, have strongly influenced the capacity to implement EFTs both positively and negatively.
However, the cultural factorwas least affected by political and socio-economic changes as a stability factor in en-
suring continued implementation of the EFTs. Currently, there is a strongneed to reconsider EFTs as sustainability
tools for Romanian agriculture that can cope with climate change and sustainable land management (SLM)
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demands. This paper presents a brief history of EFTs in Romania and their benefits in achieving SLM equilibrium,
describing the impacts of political decisions, socio-economic measures, and cultural features on implementing
ETFs policies.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Increasing frequency of extreme weather events, such as floods and
droughts, may be one of the most significant consequences of climate
change in coming decades in countries in Eastern Europe, including
Romania (Katz and Brown, 1992; Karl et al., 1993; Frei et al., 1998;
Jones, 1999; Lehner et al., 2006; Kreibich et al., 2014).

An analysis of high-fatality natural disasters in Romania between
1900 and 2006 indicates the fact that about 90% are water-related,
which means that these types of events are frequent and hazardous.
Analysis also indicates that in Romania and other Eastern European
countries, floods increased in magnitude during the period 1997 to
2006, while drought was severe at the beginning of the 1980s and
gained momentum again from the late 1990s onwards (Adikari and
Yoshitani, 2009; Gavriletea, 2017). Climate data indicate that Romania
has experienced an increase of about 0.5 °C in annualmean temperature
during the last century, the value being even higher (up to 1 °C) in the
South-East of the country. This climate warming effect, particularly in
southern Romania, has been characterized by summer temperatures
often exceeding 35–40 °C. However, no uniform long-term change in
precipitation pattern has been detected in Romania, although there
are some differences along a South-North gradient (Busuioc et al.,
2007; Cazacioc, 2007; Anders et al., 2014; Arghius et al., 2016).

Implementing sustainable land management (SLM) and identifying
viable solutions to respond to the effects of climate change is a subject
of major importance for countries in Central and Eastern Europe
(RannowandNeubert, 2014). Against thehistorical background andpo-
litical shifts in this part of Europe, SLM is strongly related to land-use
changes and to the intensive use of grey infrastructure (Günal et al.,
2015).

According to Zaharia and Antonescu (2014), SLM in Romania in-
volves using land resources while considering an optimal
equilibrium between economic growth, social inclusion and
environmental protection. Severe climate change effects (especially
a major increase in drought events) and major political-economic
shifts generated by the transition from a centralized market to a
market economy have affected this equilibrium (Stringer et al.,
2009; Stringer and Harris, 2014; Günal et al., 2015). Thus, there is a
need for new SLM measures (e.g., nature-based solutions (NBSs))
that simultaneously satisfy environmental, societal, and economic
objectives while maintaining and enhancing natural capital (EC,
2015; Cohen-Shacham et al., 2016).

Agriculture is a sector where climate change requires a complex set
of measures within the framework of a holistic approach, from different
points of view and different perspectives (Falloon and Bets, 2010;
Glover et al., 2014; Arbuckle et al., 2015). Since Romania has a signifi-
cant rural population dependent on agricultural activities and one of
the largest agricultural sectors in Eastern Europe, it has made strong ef-
forts to achieve intensive and productive agriculture (mainly by land
reclamation) in the past, particularly during the Communist era
(Aceleanu et al., 2015; Barbu, 2015; Vasile et al., 2017).

The fall of the Communist regime in 1990 led to a series of radical
changes in many economic sectors, with a transition from an old, cen-
tralized communist system to a new, free market-based system, which
severely affected SLM policies (Balteanu and Popovici, 2010). Thus,
adapting Romanian agriculture to a new climate and political challenges
(including admission to the EU) requires a new approach, where NBSs
might be a potential sustainable option.
Three key concepts proved to have significant impact on land man-
agement and climate change mitigation along Romania's history: EFTs,
SLM and NBSs.

In the context of this paper, EFTs can be defined as solutions for the
use of land resources aiming the increasing of goods for meeting the
changing human demands and with neutral or positive environmental
impact. Unfortunately, in many cases, these EFTs failed to ensure the
long-term productive potential of land resources and the maintenance
of their environmental functions (Mazurski, 1991; Botzan, 1994;
Halbac-Cotoara-Zamfir, 2010).

A better understanding of EFTs effects and potential open the way
for SLM implementation in Romania. SLM is defined as the use of land
resources, including soils, water, animals and plants, for the production
of goods to meet changing human needs, while simultaneously ensur-
ing the long-term productive potential of these resources and themain-
tenance of their environmental functions (Motavalli et al., 2013).

Nature-based solutions are defined by IUCN (2012) as “actions to
protect, sustainably manage, and restore natural or modified ecosys-
tems that address societal challenges effectively and adaptively, simul-
taneously providing human well-being and biodiversity benefits”
(Cohen-Shacham et al., 2016). These nature-based solutions are ideally
energy and resource-efficient, and resilient to change, but to be success-
ful they must be adapted to local conditions (EC, 2015). Nature-based
solutions (NBS) are a relatively recent environmental concept that
emerged in the late 2000s (Eggermont et al., 2015). This concept is
strongly connected to ideas such as natural systems agriculture
(Jackson, 2002), natural solutions (Dudley et al., 2010), ecosystem-
based approaches (Cowan et al., 2010; Keesstra et al., 2018; Thorslund
et al., 2017), green infrastructure (Benedict and McMahon, 2006), eco-
logical engineering (Borsje et al., 2011; Barrot et al., 2012), natural infra-
structure (Smith and Barchiesi, 2009), and adaptation services (Lavorel
et al., 2015).

In Romania, NBSs have been applied recently (XXIth Century) in
rural areas (putting the accentmainly on re-greening activities andwet-
lands restoration), but also in urban areas, in the context of developing
environmental action (Ioja et al., 2017). The most frequent approaches
include green spaces, protection of green areas, and climate mitigation
measures, grouped into several types of NBSsmeasures such as enhanc-
ing sustainable urbanization (Ioja et al., 2014; Kalantari et al., 2017), re-
storing degraded ecosystems, (Liquete et al., 2015), developing climate
change adaptation andmitigation plans (Maes et al., 2015), and improv-
ing risk management and resilience (Ioja et al., 2017).

However, some questions arise, for example: How political regimes
influenced EFTs and, more recently, NBSs implementation in Romania
and what influence can have in the future? Are these EFTs reliable for
SLM and climate change mitigation in Romania? Can those be efficient?
Which is the influence of socio-economic factor? How important are the
cultural aspects (traditions) in implementing EFTs and NBSs?

These questions are complex and require a detailed analysis of vari-
ous factors (e.g., economic, social, political, cultural) affecting EFTs im-
plementation throughout Romania's history. This paper aims to
answer these questions using the following approaches:

– analysis of existing national scientific literature on EFTs and NBSs,
(inter)national policy and planning documents, reports, relevant
magazines

– data collection from disperse sources on examples of innovative and
sustainable EFTs (a significant volume of data is available in old
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books/manuscripts, someover 100 years old, published in Romanian
and not easily accessible to foreign scientists)

– open discussionswith several farmers (especially regarding the pre-
sentation of EFTs implemented in Romania)

– comparisons of statistical data (linked to EFTs and SLM concepts)
from different periods and regions (e.g. dynamics of afforested
areas, total areas covered by irrigation systems, total surfaces
protected by forest belts etc.)

In the remainder of this paper, we present a brief history of EFTs in
Romania. Learning from past experiences can be a good start for the fu-
ture of EFTs and NBSs that can be used in other countries. The authors
intend to continue studying EFTs concept and its implementation in
Romania focusing on new challenges and opportunities which may
arise from the perspectives of science, policy, and practice. They also in-
tend to justify in a new article the possibility of implementingNBSs over
the past centuries. The history is revealed by presenting and analyzing
the impacts of different political regimes on EFTs and more recently
NBSs policies, and the effect of socio-economic measures, technological
development, and demographic decisions on implementing EFTs poli-
cies. Based on several case studies, we summarize the benefits of
implementing EFTs in some Romanian regions, emphasizing the differ-
ences between ‘grey’ and ‘green’ approaches.

2. A historical approach to the environment friendly techniques in
Romania

There are fourmajor periods in the history of Romania, each charac-
terized by a different political regime (ancient andmedieval, monarchy,
communism, capitalism), in which different EFTs have been applied.
This research contributes to understand how political regimes deter-
mine EFTs and sustainable land management.

2.1. Ancient and medieval period

There are several examples of innovative and sustainable EFTs in
these historical periods. These solutions were used on Romanian terri-
tory to remove water in excess. Strip-plowing, with alternating ridges
and ditches between the bands, was one of the solutions devised by
the Romans to improve drainage of land affected by water excess or
flooding. They were found relevant when agriculture land was aban-
doned (Rodrigo-Comino et al., 2017) and in active olive plantations in
Mediterranean Type ecosystems (Rodrigo-Comino et al., 2018a).

These solutions have persisted over time,with plowing in stripswith
alternating ridges still being used in Transylvania (Botzan, 1994; Sabau,
1997). In the 13th century, Templar Knights created lakes and ponds for
fish andwater reserves and reservoirs ofwater along the rivers,with the
strategic aim of inundating some areas for defensive reasons. Due to the
international situation and the position of Romania at the confluence of
great empires, during the following centuries the areas affected by
water in excess were no longer the subject of land restoration work,
since marshy areas, with permanent or long ponds, represented effec-
tive obstacles to invaders (Sava and Wehry, 1967; Baltescu et al.,
1972; Cazacu et al., 1985; Salvan, 1996).

The Commercial Commission of the Principality of Transylvania is-
sued forestry instructions regarding the use of sterile, unproductive, ra-
vine, and muddy land by dividing it between local inhabitants and
imposing afforestation. The edges of ditches separating agricultural
properties had to be planted with live horseradish and shrubs. Given
the lack of wood in poor forest areas, the instructions foresaw the op-
portunity for afforestation of the northern slopes of hills andmountains
across Transylvania with oak and possibly other species with rapid
growth, because on such land agricultural crops produce poor yields
(Sabau, 1946; Sotropa, 1975).
In Banat in 1743, the instructions given byWaldfortner (the first for-
est inspector of the region) demanded afforestation of lower regions lo-
cated to the South and East of Banat and the Danube and Tisameadows,
areas where strategic interests required the creation of forests for bor-
der protection. In his instructions, which actually organized the forestry
in Banat based on rigorous European standards, Waldfortner empha-
sized the importance of research into the establishment of forests,
underlining that each of the species prefers a certain type of soil, de-
pending on the moisture degree, the nature of the parent soil material,
and the clay or of soil sand content (Costea, 1989; Rösler, 1999;
Palaghianu, 2015; Palaghianu and Dutca, 2017).
2.2. Monarchy period

The implementation of innovative and sustainable EFTswas encour-
aged during this period (1866–1946). These solutions were applied
mainly in the southern and eastern parts of the current Romanian terri-
tory, focusing on the excess water management to drought manage-
ment and controlling desertification (Palaghianu and Dutca, 2017).
The advance of sand dunes (200–250 m/year in the first half of the
19th century), which threatened several settlements in Southern Olte-
nia, required efficient measures for stopping this effect. The demand
for protective windbreaks was first observed in the second half of the
19th century by Ion Ionescu from Brad, who made the first plantings
for “shading against the wind” (Bucur, 2016). Thus, starting in 1852,
the first forest belts appeared in this region and by the end of the cen-
tury 25,000ha (ha)were coveredwith acacia plantations. This approach
represented the basic strategy in stopping soil erosion andwind erosion
of sands until the beginning of 20th century (Chirita and Balanica, 1938;
Ionescu Sisesti and Staicu, 1958; Bold, 1973; Palaghianu and Dutca,
2017).

After some extreme events (e.g., sand storms and severe droughts),
starting in 1881, the problemof soil protection reached the government,
which issued a draft lawon agriculturalfield protection. This periodwas
characterized by the reign of King Carol I (1866–1914), when Romania
experienced continuous development even though the country's econ-
omywas mainly based on agriculture, concentrated on large properties
without mechanization (vanMeurs, 1999). However, Romania was one
of the first countries in theworld to acknowledge the importance of for-
est belts and implemented them on large areas to protect agricultural
land from wind erosion (Chirita and Balanica, 1938; Palaghianu and
Dutca, 2017).

The first “barriers collecting snow andwind dampeners”, madewith
acacia, were established by the landlord Sălcudeanu in Marculesti-
Ialomita (south-eastern Romania) between 1879 and 1891 (Rusescu,
1904). Between 1902 and 1907, on the crown estate at Sadova (Dolj),
50 km of forest belts were planted along the roads, to which 500 km
were added around agricultural properties (25 ha fields) (Rusescu,
1907; Chirita and Balanica, 1938). These were the greatest field works
in Romania at that time and were described as “works that can make
an example for all European countries” (Dracea, 1937). An important
role in forest barriers expansionwas played by plantations aroundman-
sions and estates (e.g., on the former estate of Prince G. Stirbei at
Bertestii de Jos, Braila, on fields with flying sand, in 1924). Droughts be-
tween 1928 and 1929 and 1933–1935 played an important role in con-
vincing owners about the role of protection barriers. Thus between
1929 and 1936, 122 ha were planted with acacia in Buzau county, al-
most entirely on pasture, while between 1930 and 1937 another
425 ha were planted with acacia in Ialomita County, of which 40 ha
were agricultural land. In 1938, the Regional Experimental Station
“Dobrogea” was established, with headquarters in the Mangalia forest
(formerly Comarova). One of its main objectives was experimentation
on forest protection curtains on Dobrogea steppe, which is character-
ized by an arid climate (Catrina and Giurgiu, 1983; Stanescu, 1983;
Palaghianu, 2015; Palaghianu and Dutca, 2017).
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In the first half of 20th century, afforestation work continued in
Southern Oltenia due to an increase in wind aggressiveness and to a
more pronounced climate of drought and aridity. In 1910, Romanian
MinisterGrigore Antipa, in his efforts of justifying the need for preserva-
tion of natural Danube meadows, emphasized the importance of EFTs,
measures which within an environmental sustainability framework
can be actually classified as NBSs (Fig. 1).

He argued that:

– Ponds exert a positive moderating influence on the climate (compa-
rable to that of forests) by acting as moisture and vapor condensa-
tion sources

– The ponds in the Danubemeadow act as “valves”, which are needed
to prevent flood water rises that can cause flooding and breaking of
dams in the case of historic highs

– Under their natural regime, the Danube's ponds when used for fish,
have the highest productivity in Europe

– Using grey infrastructure for flood defense is very costly
– The meadows prevent loss of nutrients carried away by the Danube
– The meadows are suitable for development of willows, poplars, and

even oak forest belts (Antipa, 1910; Antipa, 1913; Dan, 2014).

Unfortunately, thesemeasures were put into practice only for a very
short period of time (Botzan et al., 1991; Stoiculescu, 2008).

One of the EFTs implemented in western Romania for the manage-
ment of excess water appears to have its origins in this historical period.
Froma historical perspective, excesswater evacuation,which largely af-
fects land in western Romania, was approached by two main methods:
land drainage and examples of sustainable EFTs. While land drainage
was intensively practiced later (during the Communist period), with
very good results in agriculture, these EFTs were also implemented
based on traditions transmitted by farming families, e.g., vineyard dig-
ging (Halbac-Cotoara-Zamfir et al., 2015). Vineyard digging is a very
old land management practice observed in North-Western Romania
(Eastern part of Finis commune, 5 km from Beius City), on the slopes
of the Codru-Moma Mountains (green areas from the small figure)
(Fig. 2). Within an environmental sustainability framework, these envi-
ronment friendly traditions are examples of sustainable land manage-
ment, which we could classify as NBSs currently.
Fig. 1. Landforms map in Danube Riv
Based on discussionswith farmers,we concluded that this practice is
at least 100 years old and it serves several purposes, mainly related to
quantitative and qualitative aspects of grape production. Basically, it in-
volves covering the lower part of the vine stems in autumn and
uncovering them in spring, adding manure to increase soil fertility.
The main aim of this practice is to protect the plant against winter cold.

During the discussions with several local vineyard owners, they re-
ported that no ecological or environmental sustainability issues are con-
sidered in this practice. However, on analyzing operations (see Fig. 3a
and b), we observed that vineyard digging provides additional benefits
which can be considered part of SLM. For example, digging out the
lower part of vine stems in spring creates a series of low dikes, which
play an important role in harvesting rainwater, mitigating surface run-
off, increasingwater infiltration, and offeringprotection against soil ero-
sion, although this can be a risk to increase soil erosion in sloping terrain
(Rodrigo-Comino et al., 2017).

Since summers can be very dry in the area in discussion, these dikes
provide support in water harvesting for vineyards, providing an impor-
tant water source considering the lack of other resources in the imme-
diate vicinity. Vineyard digging can also aim at optimizing wine
production by reducing competition for water and nutrients between
grapevines andweeds, and by preventing the outbreak of pests and dis-
eases. Recently, Rodrigo-Comino et al. (2018b) found a similar response
in Spanish vineyardswhere the ridge formed underneath the vines con-
tributes to disconnect the flows and then to reduce the erosion rates.

However, these potential benefits are not the main reason for
farmers practicing vineyard digging. In discussions with the vineyard
owners, they emphasized that this practice of digging tomaintain or en-
hance productivity is socially acceptable. By social acceptability, they re-
ferred to the rural mentality whereby practicing a specific task may be
not a necessity, but a way to align with neighbors. Moreover, in a rural
space traditions are very important, and very often indisputable. Based
on the discussions with farmers, we concluded that even though vine-
yard digging is laborious work, requiring a large number of working
hours, farmers feel that tradition must be observed and transmitted to
future generations, not as a SLM practice but as a need to observe
rural values.

All these aspects are very difficult to quantify and assess when
studying the possibility of implement SLM practices based on local tra-
ditions.Moreover, most of these vineyards producewine exclusively for
er Meadow in 1910 (Dan, 2014).



Fig. 2. Area located in NW Romania where vineyard digging was studied.
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household consumption, so the commercial value is very small. With
this lack of financial stimulant (except for avoiding the need to purchase
wine) and considering that there are no environmental implications
(there is no evidence of a need to use some ecosystem services based
on this procedure), vineyard digging is unlikely to transition from tradi-
tional practice to SLM practice. However, adopting ecosystem services
as an integral part of vineyard digging would provide a holistic view
of vineyards and sustainability. As a result, optimizing ecosystem ser-
vices delivery would improve long-term outcomes for vineyards.

Tolerating spontaneous vegetation in vineyards is another key as-
pect of vineyard digging (Fig. 4). However, very few cases with sponta-
neous vegetation in vineyards were identified and most of these not
being considered a practice supplying ecosystem services but rather a
reflection of negligent vineyard management. Moreover, establishing
different types of cover crop mixes in vineyards and the effects on
yield have not been sufficiently investigated.

2.3. Communist period

In Romania during the Communist period, land was considered to
have no intrinsic value except to serve human needs (Mazurski,
1991). Centrally-administered production targets were established,
but were not in harmony with land capacity and soil quality. Large
areas in Southern Romania (where intensive agriculture is practiced)
experience high temperatures and receive little precipitations. In these
areas, the Thornthwaite aridity index is up to 65% (Păltineanu et al.,
2007; Achim et al., 2012). Extensive desertification is occurring cur-
rently on these drylands. More than 100,000 ha are covered by sand
dunes, representing the so-called Romanian Sahara (Niculescu et al.,
2014) (Fig. 5).

This situation is the result of a series of poor political decisions
starting from the end of the 1950s. The Communist regime intended
to create in Southern Romania large agricultural areas served by irriga-
tion systems and established the legislative path for clearing the protec-
tion belts. The acacia forests which stabilized the soil in risk areas were
cleared (9000 haby1970) and large energy-intensive irrigation systems
were installed (Pelin, 1971; Sandru, 1980). The original ecosystem (be-
fore deforestation) provided the necessary conditions for formation and
manifestation of baltaretul, a localwindwhichblew fromSouth toNorth
during summer, carrying the vapors that formed over the almost
1000 km2 of ponds in the river meadows. This contributed to air moist-
ening, lower plant wilting point, and lower daytime temperatures in
summer. However, this wind disappeared as a result of themassive de-
forestation. Moreover, the sand dunes whichwere previously stabilized
becamemobile, leading to imbalances in the local environment. This sit-
uation prompted a new action by the Communist authorities around
1960,which involved a new stage of forest plantations covering approx-
imately 1600 ha (Nesu, 1999; Iordache, 2009; Halbac-Cotoara-Zamfir
et al., 2015).

Thus, to achieve SLM in Romania (as it was understood in that pe-
riod), special attention was paid to intensive use of fertilizers and land
improvement schemes (large irrigation and land drainage systems).
Only small surfaces were covered by forest belts or specific non-
technical solutions to counteract the effects of different types of erosion
(mainly aeolian). Overall, these measures appeared to create stable ag-
ricultural systems on more than 550,000 ha of sands and sandy soils
(mainly Arenosols and Regosols), which were able to maintain land
productivity in line with Communist policy targets. The main outcome
of all these actions was that most sandy soils were stabilized and
protected by vegetation (forests, pastures) and to a certain extent
bound by humus layers. In other words, the natural balance on these
lands contributed to a reduction in land degradation (Stringer et al.,
2009; Stringer and Harris, 2014). These measures were considered suf-
ficient and sustainable for intensive agriculture by the authorities. How-
ever, from an economic perspective, large irrigation system costs
(covering more than 75,000 ha) were not feasible for a free market
with no construction subsidies.

A large-scale action was the creation of a network of forest barriers
in Dobrogea, in the Danube-Black Sea Canal region (the first stage of
construction). The works were carried out between 1950 and 1961, in



Fig. 3. Vineyard with small dikes running parallel to the slope (a) and Vineyard with small dikes running perpendicular to the slope (b).
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a special forestry program with five active sectors (Cernavodă,
Medgidia, Poarta Albă, Palas-Constanţa, andM. Kogălniceanu). Unfortu-
nately, results did not meet the expectations, due to less controllable
Fig. 4. Vineyard with spon
factors. The network occupied an area of approximately 3000 ha,
protecting an area of approximately 1 million ha (Lupe, 1950; Chirita,
1954; Lazarescu, 1963; Bakos, 1968). Those strategies result in a
taneous vegetation.



Fig. 5. Unspoiled sandy dune in the Bechet area.
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reduction in soil degradation and in the recovery of the soil services
(Cerdà et al., 2018) as they reduce the connectivity of the flows and
the sediment (Parsons et al., 2015; Masselink et al., 2017).

Unfortunately, in the second half of the 20th century, political and
social issues had a negative impact on this balance. Between 1950 and
1989, large areas of arable land were confiscated from their owners by
the Communist authorities and grouped into large-scale collective
farms (Bold, 1973; Blujdea et al., 2006). The year 1962 marked the
end for protective tree rows around fields. To enable expansion of agri-
cultural land, two Decisions of the Council of Ministers (No. 257 and
385) approved removal of forest barriers. The consequence of this was
destruction of the main tree row networks in Romania (Giurgiu, 2005).

The decision to cutmost of the forest beltswas in linewith the policy
of the Communist authorities for intensive agriculture based on
Fig. 6. Degraded forest belt in Dolj
increasing cereal production with the support of large land improve-
ment systems (mainly irrigation). In the same period, in Romania graz-
ing registered a significant expansionwhich increased land degradation
severity.

2.4. Capitalist period

The fall of the Communist regime in Romania at the end of 1989 and
the beginning of a period of transition to a market economy resulted in
many changes regarding land use. There were permanent interactions
between some key factors (political, economic, technological, demo-
graphic, natural). Some significant results of these changes were exces-
sive fragmentation of the agricultural terrain, the emergence of very
many individual, subsistence farms, and lack of development of services
County (southern Romania).
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for agriculture (irrigation, fertilization, mechanization, etc.) (Balteanu
et al., 2005; Popovici, 2008; Balteanu et al., 2013). The excessive frag-
mentation of the agricultural terrain proved to be fatal also for the rem-
nants of forest belts (Fig. 6). Being unprotected, most of them were
destroyed by unauthorized cutting.

Romania was then (and partly still is) characterized a significant
rural population and has one of the largest agricultural sectors in East-
ern Europe (Kuemmerle et al., 2009). The choice of implementing
grey infrastructure instead of EFTs and/or NBSs to dealwith the problem
of the highly erodible sandy soils proved to be amistake. In 1989, the ir-
rigated area in Romania occupied a total area of over 3 million ha
(Halbac-Cotoara-Zamfir, 2010). Maintenance of the irrigation systems
had been a state responsibility but from 1990, due to the new
government's lack of interest, all these systems started degrading, neg-
atively affecting soil quality and land productivity. The South and South-
Eastern regions of Romania, proned to extreme droughts and desertifi-
cation, had been sustained by large areas provided with irrigation sys-
tems (almost 250,000 ha). Unfortunately, most of these systems were
either destroyed or fell into an advanced stage of disrepair during this
period. After 15 years of a market economy in Romanian agriculture,
only about 3% of the 3million ha of irrigated agricultural area remained.
The result was that in cases of severe drought (e.g., the year 2000), ce-
real yield decreased by 40% compared to the previous year (Maracine
et al., 2009; Balteanu and Popovici, 2010; Rusu and Simion, 2015).

After 1990, the Romanian National Forest Agency started a program
of reforestation in the Southern regions (Fig. 7).

In a first stage, the program covered only government properties.
Due to land fragmentation resulting frompolitical decisions, massive ef-
forts (e.g. organizing meetings with farmers; providing financial sup-
port to farmers interested in supporting afforestation activities etc.)
were made to attract owners into afforestation associations. However,
the memory of the Communist regime's confiscations was still recent,
and the landowners viewed this initiative with no confidence. In addi-
tion, Romanians have a particularly sensitive sense of property, making
it very difficult to assign them different tasks/roles on how they should
use their land. Another impediment was lack of information on the
existing legal framework allowing organization of associations for affor-
estation. Through information campaigns, over 5000 ha of land were
planted, contributing to the agricultural and climate situation improve-
ment in the respective area (re-create the necessary conditions for
Fig. 7. Forest belts in s
formation and manifestation of baltaretul) (Nuta, 2005; Turnock and
Lawrence, 2007; Ciuvăţ et al., 2013; Pravalie, 2013).

A key element in restoring degraded lands in Romania was the es-
tablishment and development of Associations of Local Forest Owners
(ALFOs). Themembers of ALFOs are eligible to access resources for affor-
estation and reforestation from different national and European funds.
Since 2007, these ALFOs have developed forestry activities on an area
of 1100 ha in Southern Romania (Marsani area), the main species
planted there being Robinia pseudoacacia, which has the ability to im-
prove degraded soils by nitrogen fixation and by adding organic matter
(Burner et al., 2005; Von Holle et al., 2006). Another role of this species
is to stabilize the soil surface and prevent the dune sands reformation
and reactivation.

Other areas severely affected by drought in Southern, Eastern, and
Western Romania also required forest belts to prevent land degradation.
The establishment of these forest belts was based on studies involving
analysis of factors such as lithology, topography, climate, hydrology,
soil, and the human factor (Costachescu et al., 2010).

In addition, during the 1990s, Romania had a high number of unem-
ployed people (due to very aggressive reforms), who moved to the
countryside (rural areas absorbed a significant number of unemployed
people) and started to rear animals, resulting in intensive grazing with
no consideration of the relationship between land degradation and
green cover (Fraser and Stringer, 2009). This migration from urban to
rural areas imposed additional pressure on local fuel supplies, mainly
fuel wood, which resulted in a further reduction of wooded areas.

Unfortunately, at national level, after theNBSs concept emerged (be-
ginning of XXIth Century), there was little interest in promoting it. In
addition, the situation worsened due to an emphasis on the quantity,
and not the quality, of implemented measures. Other factors that nega-
tively impacted NBSs implementation were the low level of knowledge
of people involved in this field, with insufficient skills in ecosystem ser-
vices, neglecting topics such as water management, risk management,
biodiversity, and the uncertainties regarding NBSs financing (Ioja
et al., 2014, 2017).

3. Discussion

A major obstacle in studying EFTs and NBSs concepts in Romania is
that scientific literature on this subject is relatively poor and the
outhern Romania.
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concepts of EFTs and NBSs were insufficiently studied. Currently, in
Romania we can notice a lack of documented information on NBSs.
The concept of NBSs was and is still described almost solely in official
documents such as translations of EuropeanUnion (EU) documents, dif-
ferent declarations issued by non-government organizations (NGOs),
theories expounded in farming magazines. Throughout the history of
Romania we were able to identify political decisions (resulting from
changes in political regimes), socio-economic measures (transition
from a centralized economy to a market economy based on competi-
tion), and cultural-traditional characteristics (affected by a series of fac-
tors, but unchanged in the critical aspects) which dictated (sustainable)
land management. Regardless of the period and political system, EFTs
and NBSs address two types of hazards: flooding and drought.

The NBSs concept is very difficult to identify as pure ‘nature-based
solutions’ in Romanian scientific literature. A search for literature on
the NBSs concept for Romania using Web of Science (WoS) and Scopus
databases resulted in a very small number of scientific papers (max. 15).
Extending the search to ‘ecosystem-based approaches’ (Keesstra et al.,
2018; Thorslund et al., 2017; Cowan et al., 2010), which incorporates
terms such as ‘ecosystem services’, ‘green-blue infrastructure’, ‘ecologi-
cal engineering’ (Nesshöver et al., 2017; Kalantari et al., 2018) increased
the success and the scientific sources were more accessible (almost 100
results in WoS and Scopus).

Even the Romania translation of nature-based solutions (solutii
bazate pe natura) yielded very few results in a searchusing online search
engines. However, the history of Romania, at least over the past
2000 years, includes numerous examples of EFTs. Within an environ-
mental sustainability framework, this examples of sustainable and,
sometimes, innovative ETFs we could classify as NBSs currently. Most
of them are documented in books and manuscripts (Palaghianu, 2015;
Palaghianu and Dutca, 2017). By going through and analyzing these ex-
amples,we identified three categories of factors as being determinant in
the EFTs and, more recently, NBSs implementation process: political,
socio-economic, and cultural.
Table 1
Impact of changes in the political regime on the interest for EFTs in Romania.

Historical
period

Interest for
innovative and
sustainable EFTs

Explanations

Ancient
period

High EFTs were seen as cheap and available
solutions for gaining high agricultural
productions. Within an environmental
sustainability framework these EFTs we
could classify as NBSs currently.

Medieval
period

Low International situation (many conflicts and
geo-strategically position) required these
types of works to be abandoned for
strategic defensive reasons

Monarchist
period

High EFTs were necessary for societal
development, to increase the quality of life,
due to the fact that the tactics based on
attracting invaders in difficult areas (in
terms of land) became unnecessary
following the development of military
technology. Within an environmental
sustainability framework these EFTs we
could classify as NBSs currently

Communist
period

Low Communist authorities had a strong interest
in agricultural development based on state
incentives and large irrigation systems

Capitalism Increasing Increased interest in EFTs and NBSs has
resulted from the collapse of the communist
market system, Romania's entry into com-
petitive markets, ‘accession to the European
bodies, and the perceived need to establish
a new harmony between man and nature
3.1. Political impact on EFTs implementation in Romania

Changes in the political regime have always had a visible impact on
the EFTs issue in Romania. EFTs has gone through several major phases,
as described in Table 1. The political impact on EFTs implementation
mainly affected SLM and to a small extent to climate changesmitigation
at the end of the communist era and partly during the capitalist period.
Throughout history, the political factor has dominated and influenced
the capacity of the EFTs implementation process in responding to
socio-economic stimuli (Table 1).

3.2. Socio-economical impact on EFTs implementation in Romania

Quality of life, rural-urban and urban-ruralmigrations, poverty, edu-
cation level, and climate change adaptation have had impacts on the
status of EFTs according to governance and political reflections. In an-
cient and medieval times in particular, it was difficult to identify the
real impact of socioeconomic factors. Such factors made their presence
felt especially during the monarchy period and later, when individual
and collective freedom allowed a different approach to the concept of
EFTs. It should not be forgotten that Romania has long been a predom-
inantly agrarian country, withmost of the arable land belonging to a rel-
atively small group of people whosemajor interest was to obtain profits
from agricultural activities (van Meurs, 1999). Moreover, in the 150-
year existence of themodern state, Romania has undergone 14 agrarian
reforms (Stoenescu, 2001). These reforms, based on socio-economic ne-
cessities, have strongly influenced the capacity to implement EFTs both
positively and negatively. In the past, the quality of life in Romania, the
prevalence of poverty, and the degree of education were closely related
to the quality of being landowner. Being a landowner increased the
chances of a better life and a better education, which could result in
greater interest for values such as environmental protection, ecological
education, and interest in EFTs.

The impact of the communist regime in seizing land taken over by
their owners only a few decades previously, will hamper any attempts
at widespread re-introduction of EFTs in Romania. Following the rela-
tively brutal passage from the communist to the capitalist system,
land re-ownership by inhabitants in rural areas has led to the develop-
ment of a highly developed sense of property. In many situations, this
has resulted in the refusal to participate in collective activities on imple-
mentation of EFTs (e.g., creating protection tree rows). Following dis-
cussions with farmers, we concluded that, regardless of climate
threats to SLM, in their view the right of ownership is non-negotiable
and allows them to use their land irrespective of the consequences of
their type and mode of land use.

3.3. Cultural impact on EFTs implementation in Romania

A positive aspect in the implementation of EFTs in Romania is the
cultural factor, namely the role and importance of traditions at the
level of the Romanian village. Over the centuries, smallholders have
passed on farming traditions that, although not studied scientifically,
have encouraged the ecological approach of SLM and climate change
mitigation. The cultural factor was least affected by political and socio-
economic changes as a stability factor in ensuring continued implemen-
tation of the EFTs.

There is still a surprising lack of information about studying,
adopting, and implementing EFTs and, more recently, NBSs in
Romania. Several forestry schools that opened during the monarchist
period (mid-19th century) provided skilled staff for the forestry sector
at that time. Later, these schoolswere upgraded to higher education col-
leges with the help of foreign specialists (mainly from France)
(Stanescu, 1983; Turnock, 1988). After the Second World War, with
the increasing interest of the Communist authorities in mechanized ag-
riculture based on large land improvement systems, the Romanian
higher education sector benefited from the establishment of a whole
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series of engineering colleges focusing on technical measures, a system
that still dominates today (Drobot and Bica, 2013).

However, during recent decades, by opening broad access to the EU,
higher education institutions (and beyond) have begun research on
NBSs. As a result, this concept has gained in importance, especially in
the academic environment, but without achieving significant potential
for major changes in national land management strategies in Romania.

4. Conclusions

Environment friendly techniques (EFTs) and Nature-based solutions
(NBSs) represent useful tools for copingwith climate change effects and
supporting sustainable landmanagement, bringing new challenges and
opportunities from the perspectives of science, policy, and practice.
However, implementation of EFTs and, more important, NBSs needs to
consider political decisions, socio-economicmeasures, and cultural con-
ditions. All these factors will influence the capacity of EFTs and NBSs to
improve local ecological and social sustainability, mitigate climate
change effects, and secure long-term productivity.

Given the political, socio-economic, and cultural context in Romania,
EFTs, SLM and NBSs projects should be based on a well-balanced, clear,
widely accepted, and implementable set of principles: i) embrace na-
ture conservation norms; ii) can be implemented alone or in an inte-
grated manner with other solutions to societal challenges; iii)
maintain biological and cultural diversity and the ability of ecosystems
to evolve over time; iv) NBSs should be perceived both opportunities
and challenges and should be implemented in an integrated approach
based on a very good understanding of ecosystem processes, stake-
holder engagement, and inclusion of societal considerations.
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