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Abstract: The chestnut massive of Tropoja district is one @gnthe biggest massifs in the
Balkan region with a total surface of 2408.5 haolters the city of Bajram Curri that is located
between the Alps of Albania. Unmanaged chest@asténea sativa Mill) forests that exposed to
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diseases, infestations, and abiotic stress sing@ 191980 were considered for the sustainability
in Tropoja District of North Albania, Europe. Dugrhe year 1981 permanent plots of 2.1ha of
10 numbers were established in two regions of GastiiKrasnige. Forest conditions (existing)
recorded-number of chestnut trees, number of chesprouts/saplings, observable diseases and
infestations like blight disease (causal agemyphonectria parasitica), ink disease (causal agent
Phytophthora cinnamomi) and yellow mistletoe. Of the ten plots, five gletere taken as control
for the studies as coppice stands after removaldbfind abandoned chestnut trees (of 90%) at
an av. of 142-143 trees/ha, in the year 1982 abfi¥10 trees/ha and up till 2002 at av. 17-18
trees/ha were allowed for simple coppices thenstoamed into orchards from 2003 to 2008.
Thus, maintained plots were ready for harvest énlddginning of the year 2013. The project has
shown increased quality of timbers apart from efght increase in growth and yield. As per the
records in the year 1982 av. 4025 sprouts/ha wiveredd. Simple coppice maintenance with
relative rotation time of every five years, at 198988, 1993 and 1998 were done to record and
observe the improvement of health of trees, bytigigfand stimulation of crowns. As wise
agrosilvicultural practices, thinning at every fiyears removed about 50% sprouts/ha by razor
cutting for the benefits of fruit yielding. Reducadmber of sprouts accounted av. 4025 to av.
1005 and further reduced to av. 225 trees/ha. Timeipal aim to convert simple coppice into
orchards by removal of young trees that were unitapb in terms of fruit yield and timber
growth. The chestnut trees were harvested duriagbéginning of year 2013 and the estimated
trees/ha is av. 255 to av. 127-128 trees/ha, thrdlig wise agroforestry practices. Planting of
new orchards were carried out cover 50 ha highaam th the year 1981. At the same time was
necessary to estimate the energy potential fronméss residues from chestnut and other
cultures, and animal wastes, and to increase facome.

Keywords: Agroforestry, chestnut orchards, fruit yield, agjhdcultural practices,
timber production, biomass energy.

INTRODUCTION

Forest bounty has been enjoyed since human ciwdizer across the globe and silvicuture practices ar
man-made activities for sustainability of the eaoigally important trees mainly for timber and edibl
parts (like fruits and nuts/seeds). Continual exalon without many drastic effects on the forest
ecology for the economic viability of rural commties and stakeholders are possible by means of
silviculture orientatioh A southern region of Europe is blessed with svebetstnut(Castanea sativa

Mill) forests in their habitafs" Their economic importance has gained surplus retamtimber uplifts
socio-economic among rural populations

In Albania, Tropoja district has been seen withsthet forests since time immemorial. Improvement of
forests from not only timber and fruit yield but iearms of forest stability, silivicultural aspecsd
implementations were the decisions. Involvementof sectors as:

(1) Research needs expressed by the agricultusstip and wood sector and
(2) Research needs expressed by the scientific contyn

As shown by the IEFCand the excerptions are shown in Trable - 1which has been the similar needs
proven in the Tropoja region (district) of Northektbania Their goals were to develop broad social and
environmental stakeholder understanding for theosilyicultural practices of chestnut tree stands on
sustainable grounds. The issues of the work groee \addressing the key questions on stakeholders,
avoidance of forest health threats by the work grimudevelop and execute plans to solicit broadtinp
and engage key holdérs
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As per the works of Lushaj and Dinin Tropoja district of Northern Albania, the chast trees cover an
area of 2,408.5 ha. The traditional and conventiorethods of timber harvest rotation took placeeonc
in 12-25 years. Since 1960's the care for treesmimed/almost abandoned due to labour-intensity and
the negligence of the ruling governments leadingdalogical population strugglamong chestnut trees,
young trees and sprouts hampered the systematidtgend timber sizemainly attributable to diseases
and infestations. Much to the chagrin, later years (prior to 193@&sperienced illegal cuttings further
dwindled the ecosystem balance and transformedgrigfiied agro-forestry into coppice$.

Table-1: Agrosilvicultural decisions and involvememhaspects in two different sectors and the

conclusion drawn

Research needs expressed by
the agroforestry and wood
sectors

Research needs expressed by
scientific community

Conclusions drawn at the end of
workshop

Agrosilviculture forest planting
and inventories:

a) Risk management

Forest health;

Forest fires.

b) Degraded forest
rehabilitation.

c) Biodiversity protection.

d) Competiveness of the wood
chains:

Wood quality and products;
Afroforest operations and
equipments;

Industrial processes by:

Tree breeding,
Socio-economics,

Sustainable agroforest
management;

e) The estimated energy
potential from biomass residue
from chestnut and other
cultures, and animal wastes;

f) The planning of planting of
the new orchards;

g) Construction of watchtowers
and

h) The estimated farm income.

Agrosilviculture and modelling
by:

Tree breeding,

Forest health.

1 Agroforestry — wood section
expressed their willingness to
adapt their developmental
strategies based on research for
new market and society needs
from the forests.

2 New agtosilvicultural
implementation as and when the
need arises demands;

3 Role of continual research bas
activity proposed.

4 Agroforest information systems

emerged during the discussions,
5 Knowledge and technology
transfer models for the benefits ¢
the agrosilviculturists and wood
sectors where known.

6 Knowledge and technology
transfer models for the energy
from biomass ect.

7 Knowledge and technology
transfer models for the planting ¢
the new orchards;

8 Knowledge for the construction
of watchtowers; and

9 Knowledge for the increasing @
the farm income ect.

D

f

=

—h

(Source: References No. 3, 13, 17, 18, 20, 22, 28-3

Recognition of social welfare in the agrosilvicultte practices of chestnut treesinteractive Forestry
Health is the current trend practiced through abvasiltural practices for the upliftment of soeio
economic status at one angle and for timber aritlyield of chestnut trees on the other hand. Goéls
the working group were to be developed. Rural pajuis of European Regions’ survived on the
traditional coppicing (short duration of 12-25 y&atultivation practices of chestnut in the pastffoit
yield and timbers The forests were abandoned since 1960s were aheedew development under
silivicultural practice§’. The practices developed from the earlier basawkedge basedBesides side-
by-side, research establishments are also reqtirethe continual viability of the agrosilivicultalk
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practicé and our experienckésTask B1. Regional workshop “Research needs fer ghstainable

management of cultivated forests” Consultationhaf Portuguese forestry-wood chains actors. Project

IMACORD - 5" Framework Programme Accompanying Measure.

Based on the workshop conducted by IMACFGRIRd our experiencgst is clear that theTable: 2)

research needs expressed by the forestry and wexidrs and the research needs expressed by the

scientific community in unidirectional ways concilogl that:

1. Forest wood cutters expressed willingness to atifegit development strategies for new market and

society needs;

2. New agrosilvicultural implementations;
3. Role of continual research accepted; and
4. Agroforest information systems engaged for the sibdp discussions.

Table-2: Outlines of the workshop proving the requiement of research in agroforestry

sustainability.

Research needs expressed by
the agroforestry and wood
sectors

Research needs expressed by
scientific community

Conclusions drawn

Agrosilviculture forest planting
and inventories:

(a) Risk management

Forest health:

Forest fires.

(b) Degraded soil rehabilitation.

(c) Biodiversity protection.

(d) Competiveness of the woo(
chains: Wood quality and
products; Agroforest operation
and equipments; Industrial
processes by: Tree breeding,
Socio-economics, Sustainable
agroforest management; and
(e) The estimated energy
potential from biomass residue
from chestnut and other
cultures, and animal wastes.

f) The planning of planting of
the new orchards;

g) Construction of watchtowers
and

h) The estimated farm income.

Agrosilviculture and modelling
by:

Tree breeding,

Forest health.

)

(72}

1 Forest wood cutten expressed
their willingness to adapt their
developmental strategies based
research for new market and
society needs from the forests.
2 New agrosilvicultural
implementation.

3 Role of continual research
accepted.

4 Agroforest information systems

emerged during the discussions,
5 Knowledge and technology
transfer models for the benefits ¢
the agrosilviculturists and wood
sectors where known.

6 Knowledge and technology
transfer models for energy from
biomass

7 Knowledge and technology
transfer models for the planting ¢
the new orchards;
8 Knowledge for the construction
of watchtowers; and
9 Knowledge for the increasing @
the farm income ect.

on

D

f

=

—h

(Source: References No. 3, 13, 17, 18, 20, 22, 28-3

Objectives of the study:The importance of sustainable development to erfexternalities” in terms of
ecosystem and social welfare recognitiéiSwere considered to emphasise agrosilviculturattimas
for known and estimated profitd* with semi-scientific knowledge-based activitiesden scrutiny in
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Tropoja district, based on the earlier works angegiences to prove authenticitythat were followed
since 1981 to this day.

Apart from analysing thetatus quo, the team took up wise and systematic managentetégies not
only to conserve chestnut forest biodiversity bylifted the socio-economic status of the rural
communities in a systematic manner for continualdpctions of fruits and timb&F The on-going
project with its final stage was shown in the begig of the year 2013 is been important criteridhi@
additions of GDP.

The current paper discusses the considerationsutability of stand characteristics as basic iatlics
for the productivity in terms of harvests of timlaard fruits in given the experimental and studytmns
(of several hectares of land area) for workablalbdiation techniques to show and prove stateheft
art simple practices pertainable to Tropoja Distrfor allowances of perfect valorization of timber
quality with stipulated protocol/s.

MATERIALS AND METHODS

The following systems were adapted for the studg #mat could be developed as protocol for
agrosilvicultural practices for chestnut trees unideest areas for sustainable productivity in Tajep
District, Northeast Albania, and Europgig. 1 shows map of Albania and district locations ofdgtu
sites. Fig. 2 shows managed chestnut coppice prior to orchalat-8p Fig. 3 shows the chestnut
delimitation zone in Tropoja, plane and inclinedwi

Study sties Two study sites were selected as control (U) anananaged (M) in the regions of Gashi
and Krasnige of Tropoja District, Northern Albanighe study sites from Gashi region was Kerrnaje-
Hoxhaj and from Krasnige region were Margegaj-ShastMarkaj-Rosuje, Gri-Velisht and Selimaj-
Lekurtaj. Both control and management study siéa avere taken as 2.1ha and study records taken from
1981 to 2013. As initial data climate history, disfition of chestnut trees and age of the treesewer
recordedTable 3).

TROPOJE

- Selimaj - Lekurtaj

- Gri - Walisht

- hiarkaj - Rosuje

- MWargegaj - Shoshan
- Kerrnaje - Hoxhaj

U'I-D!UJNH

Fig. 1: Map of Albania showing district Fig. 2: Managed chestnut coppice
(location) of study sites prior to orchard (Plot — 3)
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Shozhan Kernaj

Margegaj m
Markal Tropojé
Lekebiba 3?;;‘_:

Fig. 3 Chestnut delimitation zone in Tropoja, planeand inclined view (Source: References
Lushaj et al. 1999%)
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Table 3: Details of the study (1981 to 2013) and tadty undertaken in two regions of Gashi and
Krasnige, in Tropoja District of Northern Albania

District Tropoja
Region Gashi Krasnige
Study site Kerrnajer Kerrnaje-| Margegaj-| Margegaj-| Markaj- | Markaj- | Gri- Gri- Selimaj—| Selimaj—

Hoxhaj | Hoxhaj | Shoshan | Shoshan | Rosuje | Rosuje | Velisht | Velisht | Lekurtaj | Lekurtaj
Siviculatural| *M **U M U M U M U M U
treatment
Sip. (ha) 2.1 2.1 2.1 2.1 2.1 21 21 2.1 2.1 2.1
No. trees on| 150 152 161 162 163 162 170 168 165 164
1981
No. trees on| 15 152 16 162 16 162 17 168 16 164
1982
No. of 7998 154 8402 165 8505 170 8921 170 8661 166
sprouts/tress
on 1983
No. of 3999 156 4201 166 4250 170 4461 172 4331 168
sprouts/tress
on 1988
No. of 2000 149 2100 159 2125 160 223( 170 2160 165
sprouts/tress
on 1993
No. of 1009 145 1051 150 1067 150 1115 165 1081 165
sprouts/tress
on 1998
No. of 480 130 521 140 531 140 555 150 540 150
sprouts/tress
on 2003
No. sprouts | 242 135 260 145 265 145 270 155 270 155
on 2008
No. of 120 138 130 148 131 149 134 159 135 155
sprouts/tress
on 2013

: *M= managed; **U= unmanaged
(Source: References No. 3, 13, 17, 18, 20, 22, 28-3
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For the ease of studies, the study sites were maudl@s follows: Selimaj-Lekurtaj (1); Gri-Velis();
Markaj-Rosuje (3), Margegaj-Shoshan (4); Kerrnafedihj (5) were located in Bujan Commune,
Krasnige Region (1,2,3); Margegaj Commune, Krasmggion (4); Gashi Region, Tropoja Commune
(5). The selected fivenanaged chestnut high forests were namedMadel: 1 consisting of HFM;
HFM,; HFM3; HFM,; HFEMs (Model;) and five unmanaged chestnut high forestsctmrtrol (without
intervention and left under nature-care as perntaplents) studies a€ontrol: 1 consisting of HFUZ,
HFU,; HFU;; HFU,; HFUs (Control 4).

The study management was based on the agrosilviallimodels proposed by Lush&f and
Bourgeois®’, however adaptations depended on the local conditiand circumstances where the
management system and agrosilvicultural treatmamdsall activities were carried out, occurred 25-31
years, respectively in natural zones, distributednf300 (350) to 1,000 (1250) m a.s.l. in the ainatst
forest, located across the district, namedpoja working circle (agro-forest economy), in northeast of
Albania.

Field surveys The surveys in 1981 revealed the occurrence ightbbisease, ink disease and yellow
mistletoe infestations in the chestnut trees ane wgposed to abiotic stress like drought and vesaity
conditions. The impact was severe on the aged besnthat were dead damaged logs. The data were
recorded as incidences (I) and severe incidencé3 é8d % S.l. were calculated as per the studies
conducted by Lush¥j*®

Management methodology/protocolThinning of the trees began in 1982, and rotatibtriee removal
was begun at five year interval and 2003 was thiaiion of tree removal and complefédin 2008 and
2013. Wise agroforestry practices were implemebgtesed on the severity of the damages in the chestnu
trees. For the accomplishment of the research sthdyproject was divided inwight stagesgach with

an interval of 4-5 years. In the permanent pldts, following activities were taken up and implenseht

as per the details of Lushaj®*°and Bounous & Beccédre Designing and conservation and improved
treatments were taken up keeping in mind to develog to show and to manage the sustainable
programs as protocol/s as futuristic independetivides independent of the study teafable — 4
highlights the areas of activities strictly takep, implemented, and considered as mandatory salient
features.

Stage/phase activity:All activities were carried out, based on the dtitig of Lushaj>****and Lushaj &
Dini® and, as stage-by-stage for the ease of study bsenamtions. Thdirst stage was carried out
between 1981 to 1982 with the inventarization feéstnut trees, removal of 90 % of old and abounded
chestnut tree®y razed full cutting to a shift from high chestriatest into a simple coppice by the
allowance of 15-20 chestnut trees per ha. And B81®he end ofirst stage) about 10 % of chestnut
trees were removed by razed full cutting to orchraaintenance with inventarization of sprouts/rgve
permanent plot.

The second, third, fourth, fifth stages were maintenance of simple coppice withivel&rief rotation
time, accomplished at every 5-year interval (durt®83, 1988, 1993 and 1998) with the aim of
improvement of health status, grafting and stiniatabf growing of chestnut crowns. At every sta@e 5
% of sprouts per ha were removed by means of dgimgdiural treatments by fruit tree thinning. The
sixth and seventh stagewere simple coppices with relative brief rotattome, accomplished at interval

of 5 years (during 2003 and 2008). In every ste@8aof sprouts per ha were removed. Through these
stages the principal aim was reached that is ctingeabandoned chestnut forests into simple cogpice
and simple coppices into orchards. The lagihth/final stagewas done in the beginning of the year
2013, the harvests of quality and quantity basedtriut trees.
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Table 4: Highlights of the areas of activities stetly taken up and implemented

Salient features and works handled

Help and support

Expert consultation and relevant stakeholders stippo
taken

Implemented socio-economic practices

Foundation establishment;

Mobilization and realization training of regional
communities;

Staff training for study as well as survey security
Systematic labor management as community activity;
Maintenance of stack records, purchase records;
Phytosanitary inventory within the plots for allestnut
trees;

Observational study of health status (in terms of
pathogenicity) of each and every tree in all 1aplo
(scrutinization) and note of the trees for razdtiog;
Timeframe for razor cutting of damaged and abandone
trees during the month of July or February in nedr on
annual basis;

Regular activities of ground cleaning, pruningnpilag,
and or grafting, removal of sprouts etc.;

Physical and mechanical removal of infested ranas an
ramules and thereafter burning (to check on further
infestation);

Application of copper sulphate (CuSO4) as treatn@nt
cut ends of rams and ramules (to avoid if any)sitafton;
Regular and systematic planting of grafted sprouts;
Systematic tending practices;

Systematic rarefaction of fruit yielding trees;

Possible potential by biomass energy;

Increasing of the farm income;

Ect.

Expected results (on sustainable ground

as agroforest ecology and as business forand from coppice into orchards, under systematimdts;

profits

sYConservation of high forest stands into simplepiog

Study and identification of local germplasm andrtiee
situ collection;

Detailed studies of bio-forest-agronomics and dyali
traits in chestnut trees;

Maintenance of each every aspect of study recarus;
collection and records of traditional knowledger,
based community information’s concerned to thedisre
Coppice and orchards maintenance for sustainability
chestnut;

Fruit yield has increased to 8-9 times higher timathe
year 1981;

Biomass energy potential;

Planting of new orchards were carried out coven®0
higher than in the year 1981,

Watchtowers constructed,;

Increasing of the farm income to 15-20 times highan
in the year 1981,

Ect.

(Source: References Na3, 13, 17, 18, 20, 22, 28-32)
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RESULTS AND DISCUSSION

Among the study sites (5 managed sites and 5 dosii®s) > 100 year old chestnut trees with
infestations, yield of fruits reduced to av. 6 Keé (of 1/18 of the regular yield), with disqualified
characteristics as timber that were undergone seafiotic stress and were of about av. 160 trees/ha
were removed due to unsuitability for maintenanod atudy purposes apart from hindrances during
orchard conversions. Several worReér$*?®have shown that the well maintained chestnut odshthat
were transformed from simple coppices yield 8-9e8nhigher than the regular forest stand under agro-
silvicultural practices.

Underfirst stage activity (during 1981-82) of inventarization, a\40 trees (abandoned) were removed
and that accounted to 90%. The remaining trees/ofl@0 that were under high chestnut forest were
maintained according to silvicultural practicesoisimple coppice and av. 17-18 trees were mairdaine
as reserves. These reserves were full cutting rayede end of 1983 making surplus area for av0@l,5
sprouts/ha in all the 10 study plots. During $eeond, third, fourth and fifth stages the sprouts were
grown into simple coppice and at every five yedeival, the improvement in health status were
analyzed. Graftings were taken up and stimulatiocrawns was done by chopping. Fruit trees thinning
were done by removal of 50% of the sprouts/hawee av. 4025 and minimised to av. 2010 as per the
protocols of silvicultural practices.

During thesixth and seventh stagesiere simple coppice maintenance with relativeflmogation time
accomplished at interval of five years (2003 an@d@Q@vith reduction of sprouts by 50% from 950 t®27
trees/ha in all the ten plots (of managed and ofntio orchard conversions and the removal (thighin
trees were under profitable one in terms of frigdd/and timber growth. Under full productions afit
yield and their after as timber encourages sewsmalices called externalities as shown by the wbrks
1221 1n the eighth/final stage of the project (during the beginning of the 2018jce its inception in
1981, the total number of young trees reduced 2dthto 270 and from 270 to av. 127-128 trees/ha in
each of the ten plots under study that are fulbygr and with high quality of timber and fruit yisldiue

to the maintenances under agrosilvicultural praefic

As per the records of 1981 the severe infestatamescontrolled and reduced to 2-3% especially of
chestnut blight cankerC( parasitica). lllegal cuttings were totally controlled with g@ar full-time
farming care and protection rendered by the farm®&/gh the implementations of the wise and
systematic agrosilvicultural practices, the numlzdrgees fully grown with an av. age of 30 yedrawn
127-128 trees/ha the fruit yield has increased-8tines higher thdf in the year 1981,. At the same
time the use of natural and biological controls esak possible to limit the damage caused to chéstn
trees by this diseaSe

The authors after a crucial study on Tropoja chastmassive with 2408.5 ha, lying in over 25 village
and a town of Bajram Curri suggest and recommetigggo all chestnut massive for the conversion of
an old, abandoned chestnut forest into simple oapand coppice forest into orchards through the wis
agroforestry practices and possible biomass eneudfjvation of chestnut for sustainable renewable
biomass energy as biofuels to harness not onlyrigieg but also as gasification and as ready lettps

for cooking and water heating purposes. As of ntve, Albanian Government is progressing with
rejuvenation and reforestation programs with ecdoally viable option. According the authors
cultivation of chestnut has two other purposeshesiniut culture rejuvenation and soil rejuvenatiad
restoration by the enormous leaf fall that undergtural decomposition to re-make of forest soild #m
enter into faster reforestation programs by emplgyural communities having tradition knowledge) (tk
for economically sustainable cottage industrial gpams for economic as well as socio-cultural
improvements. The planting of new orchards wereadwout cover 50 ha higher than in the year 1981.
The estimated energy potential from biomass residumn chestnut and other cultures, and animal
wastes was calculated at approximately 752.6 GW2308562.5 GJ respectively and of urban wastes
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was calculated as approx. 6577815 Toe. Howevesetlhellky organic residues must be re-processed
back through aerobic composting and/or vermicompg<gtrather than burning out) to feed back to the
cultivable lands to enhance organic matter in thiefer the balance of soil-microbe relationshipsla
thereby to enhance better harvests as has beetehario in India. As of now farmers are not aware
about using the renewable energy production asuress to increase farm income since they are also
facing big challenges to produce food crops. Soahility through cultivation of chestnut as reneleab
fuel biomass has been the current trend in Ald&fia

CONCLUSIONS AND RECOMMENDATIONS

Five permanent plots received silvicultural praesidike rarefaction (fruit thinning) and fully grow
razed full cutting for profitability and total ctbol of chestnut blight canker were shown as ssibidgy

and in rare cases of 1-2% infestations considesedatural ecology. lllegal cutting were checked and
under control. High quality in the timber ensurd@the productivity of fruit yield were dependant on
several factors like high forest, agrosilvicultutr@atment (both managed and unmanaged sites),arumb
or density of chestnut trees/ha, crown smootheaimdjinfestation control. Thus, under wise and nérma
agrosilvicultural practices, in the region of Trggdalistrict, under orchard maintenance av. 127-128
trees/ha are recommendable of av. age of 30 ydlhitsesrecommended. Thus the output of qualitytfrui
yield of 8-9 times higher than the normal produttoan be guaranteed with international standard of
timber stocking making way for services like exgditres.

The rejuvenation of overmatured sweet chest@astéinea sativa Mill.) forests in Tropoja, Albania will

be necessary, so the major objectives of suitadplefarest management of the chestnut in the present
and future times will be, firstly, to rejuvenateetbvermatured sweet chestnut massive by convaitting
from forest stands into an orchard for fruit and tismber production; secondly, to plant new orclsard
thirdly to protect it, fourthly to use the estimatenergy potential from biomass residues from chugst
and other cultures, and animal wastes, and fifthlincrease farm income. This means maximizing the
productivity and quality of the chestnut trees ¢oharvested for fruit and for wood production ahthe
same time for numerous services, called “exteinalit A suitable agroforest management systemef th
chestnut and its use will be realised by meansuif free thinning, physical, mechanical, chemiaadl
biological controls and other agroforest activiteasd at the same time to use the estimated energy
potential from biomass residues from chestnut ahérocultures, and animal wastes, and to increase
farm income.
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