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The agroforestry system combines the best features of agricultural practices and
forest ecosystems. This approach provides diverse environmental and socio-
economic benefits, such as preventing soil erosion and degradation, increasing soil
moisture and water retention, and yielding harvests from planted fruit trees, bushes,
edible plants, and various agricultural crops. Additionally, agroforestry offers
several added benefits, including enhanced biodiversity, beekeeping and improved
pollination, carbon sequestration, and climate change mitigation and adaptation.
With these advantages in mind, a 3.5 ha model agroforest was established in 2022
on the Southern bank of lake Sevan, near the village of Tsovinar in the Martuni
consolidated community. Over two years of project implementation, all major
activities and system-forming elements were put in place, including fencing, an
irrigation system, and the planting of approximately 10 000 tree and bush species,
along with edible plants.

This model, through further monitoring and evaluation, could provide strong
justification for the Government of Armenia to expand its forest cover in alignment
with its international commitments under the 2015 Paris Climate Agreement.
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Introduction. Large-scale uncoordinated deforestation in the Republic of
Armenia (RA) over previous decades has severely impacted the anti-erosion, water-
regulating, climate-regulating, and self-regenerating functions of mountain forests.
This has led to undesirable changes in species composition and significant damage
to the gene pool of the dendroflora [1-3].

These processes have not spared the Gegharkunik Region, one of the least
forested areas in the country, with only 3% forest cover — compared to the neigh-
boring Tavush Region, where forests cover approximately 56%. Historically, the
Sevan Basin was heavily forested, as evidenced by archaeological and paleontological
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studies indicating that the lake’s coastal areas were once densely populated. However,
deforestation in the region has primarily resulted from human activity. The forest
ecosystem here is an essential component of lake Sevan’s overall ecosystem, making
its protection and restoration a national environmental priority [2, 4-8].

Recently, efforts to raise lake Sevan’s water level to restore its natural balance
have created serious challenges, particularly the flooding of coastal forests.

A study conducted as part of the “Planting of New Forests around Lake Sevan”
project — developed by the Ministry of Nature Protection in 2011 and approved by
Government Decision No. 1441-N on November 15, 2012 — assessed potential areas
for afforestation within Sevan National Park and nearby communities. The study iden-
tified a total of 446.9 ha above 1 950 m sea level as suitable for forest establishment.

Materials and Methods.

Obijective of the Pilot and Applied Methodological Approaches.

Objective. Improve degraded mountain ecosystems and its adaptation potential
to climate change impact through the establishment of agroforest system and
support of environmental situation and community socio-economic development.
The agroforest will improve the environmental situation from different perspectives:
decreasing land degradation, improving soil conditions and water accumulation
capacity, mitigating the climate change impact, improving water balance of area,
practicing the case of natural agriculture, and developing source of social-economic
benefit [9-12].

Applied Methodological Approaches:

a) measurement and GIS mapping of 3.5 ha of non-forested area envisaged
for planting in the administrative territory of Tsovinar settlement of Martuni enlarged
community of Gegharkunik Marz of RA.

b) Preparation of technical design of agroforest project for 2022—-2024 period
and over: including technological card of silviculture establishment, planting
scheme, planting material type and quantity, the most cost-effective irrigation
options, labor needs assessment, planting summary, work schedule and financial
summary, and its implementation.

¢) Discuss and agree on the technical design of agroforest project with the
EU4Sevan project team and ensure that appropriate changes are made according to
comments/suggestions.

d) Setup proper monitoring actions to ensure the project compliance with rele-
vant provisions of national legislation (e.g., Environmental Impact Assessment, etc.).

Natural-Climatic Conditions of the Pilot Project Area. The enlarged
community of Martuni is in the South-Eastern part of the Lake Sevan basin, between
the Northern slopes of Vardenis mountain range and in the Southern range of
Geghama mountains. The area is mountainous, mainly dissected by small river
valleys. Relatively flat areas are located at 7-10 km from the shore of Lake Sevan.
Volcanic cones, gorges and river valleys are typical. The prevailing landscapes are
mountain-steppe and mountain-meadows. The major rivers in the area are Argitchi,
Tsakkar, Martuni, and Vardenis.

In winter, the minimum temperature reaches -30—-35°C in the highlands,
the number of days above 0°C reaches about 200, and in the lowlands — 260 days.
The maximum temperature is recorded in July—August, and the minimum in
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January—February. The average annual temperature varies between 5-6°C.
The annual precipitation is from 400 mm (on the lake shore) to 900 mm (near the
mountains), with an average of 500-600 mm. The brown mountain soils are found
above the liberated ground of the lake, while the dry mountain-steppe soils are found
in the juniper-oak hilly and mountainous parts. At altitudes of 2400 m and above,
mountain-meadow soils are common. According to the 2005 Sevan National Park
Management Plan (the preparation of new management plan for the Sevan National
Park is envisaged within EU4Sevan on-going project (2021-2024)), as well as the
literary and herbal data, the flora of Sevan National Park and its conservation zone
includes 1619 species of vascular plants. There are about 60 plants in the national
park and its conservation zone that can be used as herbs. About 100 plant species are
considered edible.

Description of Pilot Agro-Forest Area. The agroforestry occupies an area of
3.5 haand located 1 km South to Tsovinar village, 2 km from the center of the village
(Fig. 1). The area has gentle sloping with the North-East aspect. The altitude of area
varies from 2050 m to 2070 m a.s.l. The form has a quadrangular shape with the
following coordinates of corners:

1. 40°08'36" North latitude, 45°27'44" East longitude;

2. 40°08'38" North latitude, 45°27'49" East longitude;

3.40°08'47" North latitude, 45°27'43" East longitude;

4. 40°08'45" North latitude, 45°27'39" East longitude.

Tsovinar agroforest
Area 35ha

Fig. 1. Geographic location of pilot agroforest area next to Tsovinar settlement.

The Technological Card for the Establishing of Agroforest. The following
main indicators are indicated in the technologic card (Tab. 1): the position of the
planting area and the slope degree, soil type, erosion degree, rockiness and
sedimentation, suitability of cultivation, name of the soil type, methods of soil
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preparation and establishment of agroforest, tree planting and required care for
2022-2024.

Table 1

Estimation technological card of 3.5 ha area under the management of Tsovinar settlement

N Characteristics Value

1 Above see leve, m 2050

2 Exposition and slope North-East 5°

3 Soils Mountain black soil

4 Degree of erosion Weak

5 Degree of rockiness Weak

6 Rock outcrops, suitable for forest growth | till 20%

7 Forest growing conditions 1t

8 Turfness degree Weak

9 Name of the soil type Non-vegetated, unused agricultural area

10 Soil preparation method With holes

11 The number of planting holes 8200
Caucasian pear, Greek walnut, tart cherry,

12 Tree-bush species wild cherry, cherry plum, blackthorn,
necklace poplar, dog rose, blackberry.

13 Current state of land use Not used

14 Supplementation works 20%

15 Possibility of irrigation From the water pipe

Planned and Implemented Field Activities.

e Spring 2022 — cleaning of the area, fencing. Marking of planting sites,
preparation of holes, preparation of seedlings, planting, compaction of soil around
the seedlings and removal of weeds 4 times, grass harvesting and harvesting 1 time
in the inter-row areas of forest crops, irrigation — 5 times.

¢ 2023 — preparation of holes for supplementation, preparation of seedlings,
planting (spring), compaction of soil around the seedlings and removal of weeds 3
times, grass harvesting and gathering in the inter-row areas of silvicultures — 1 time,
irrigation — 4 times.

e 1%t half of 2024 — soil compaction and removal of weeds around the seedlings
once, grass harvesting and gathering in the inter-row areas of silvicultures — 1,
irrigation —1.

e 2" half of 2024 — soil loosening and weeding once, irrigation — twice.

¢ 2025 — plowing the soil around the seedlings and removing weeds twice,
harvesting and harvesting grass once in the inter-row areas of silvicultures, irrigation
— thrice.

¢ 2026 — plowing the soil around the seedlings and removing weeds once,
mowing and harvesting once in the inter-row areas of silvicultures — once, irrigation
— twice.

The selection of planting material for afforestation was made based on local
natural-climatic conditions, local planting practices and previous similar activities.
For the 3.5 ha area under the management of Tsovinar settlement, a wide variety is
offered: Populus deltoides Marsh., Fraxinus caucasica Fed., Juglans regia L.,
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Pyrus caucasica Fed., Malus orientalis Uglitzk., Prunus divaricata, Prunus spinosa,
Cerasus vulgaris Mill. Cerasus avium Moench., Rubus caesius L., Rosa canina L.,
Caragana arborescens Lam. The mentioned tree-bush species can be obtained from
state and private nurseries of the Lake Sevan basin and highland areas of
Northeastern Armenia that are more adaptive and acceptable for the Lake Sevan basin.

Planting Schema. During the preparation of planting schemes, the peculiar-
rities of creating a field-protection forest layer and growing individual tree species
were taken into account (Fig. 2).

Legend
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Fig. 2. The pilot agroforest area technical
design.

1. Field protection and wind protection forest layers are envisaged by
2x2 m Scheme along the established area. It is planned to plant the first row
of Canadian poplar, the second row of yellow acacia, and the third row
of European ash. The created forest layer will also contribute to the growth
and yield of crops grown by the residents of the area.

2. Fruit-bearing species are planned to be planted at 3x3 m of
inter-plant and inter-row a distance, which will allow the area to be used
for planting edible shrubs before the foliage expands.

Results of Pilot Agroforest in Tsovinar Settlement of Gegharkunik Regons.
In total calc. 10 000 trees and bushes initially were planted in April 2022 in the
agroforest area (Tab. 2) including 8000 edible trees and bushes. The major planted
species are wild pear, apple, plum, cherry, blackberry, etc. The agroforest is managed
via a locally hired field coordinator and local supporting staff. The major activities
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now are linked to organization of proper irrigation and regular treatment of trees and
bushes. It is planned to replace dyed-out trees and bushes during Spring 2024.

Table 2
The number of planted tree-bush-herb species of agroforest
Tree-bush-herb Initially Replacement of Total
species planted dried-out plantings

Blackberry 2000 - 2000
Blackthorn 1100 — 1100
Pear 740 150 890
Ash 750 - 750
Plum 1000 200 1200
Cherry 400 300 700
Poplar 650 150 800
Yellow acacia 650 20 670
Apple 300 — 300
Mabhaleb cherry 300 - 300
Asparagus 60 - 60
Seabackthorn - 500 500
Raspberry - 700 700
Total 7950 2030 9980

The harvest from the fruit trees would be available in 2026-2027 years.
The expected harvest from 1 ha intensively cultivated (with drip irrigation and all
treatment measures) apple and cherry orchard is estimated to be 8-10 min AMD
(expert assessment for Gegharkunik Marz conditions). The agroforest is surrounded
by a fencing with total 540 m length. Fences covering the agroforestry from all sides,
beside one short distance in Northern part, where deep ravine exist. Fencing for
agroforest: net metallic — 540 m; poles for net —180; metallic wire —200 kg.

The agroforest is equipped with own waterline with 200 m total length (plastic
and iron pipes) (Tab. 3), instead of initially planned 170 m. The installed waterline
is completely satisfactory for the agroforest and provides extra opportunity for the
new potential orchards or agroforest extension, just next to the existing agroforest.
This means that existing agroforest with a very little input could be essentially
increased its initial area. Beside the waterline pipes, that is connected to Arpa—Sevan
system and is functioning starting in June every year. There were prepared calc.
2 km soil ditch that collects snow-melt waters from mountain foothills and bring to
agroforest area. This self-flow (without any energy consumption) water uses to
irrigate the agroforest for April-May period.

Table 3
Agroforest irrigation system
Waterline, Length, Waterline Length,
initially planned m factual m
Pipe plastic 150 Pipe plastic 180
Pipe iron 20 Pipe iron 20
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Of course, the agroforest provides many otherservices as well, such as: carbon
sequestration, soil and microclimate improvement and biodiversity, that are not
tangible now and couldn’t be measured (Figs. 3 and 4).

Fig. 3. Agroforest fencing and irrigation arrows. Fig. 4. Agroforest status in the 2" year.

Conclusion. In 3 years (2022—-2024) Tsovinar agroforest area turned into a
nice demo sustainable ecosystem that combines and integrates forest ecosystem
elements and agricultural systems, in favor for degraded soil restoration, water
retention, biodiversity and potential source of social economic benefits.

« Agroforestry is a challenging concept for Armenia and requires info- and
awareness raising campaigns to enhance large audience within society.

« The former experience of Armenian forests-orchards could be a valuable
input for the further development of this concept (Armenian forests by 30% are
covered by fruit trees and bushes, forest-orchards that are very degraded).

« Harsh climatic conditions: increasing number of heatwaves, decreasing
precipitation, droughts, etc. are challenge to further develop agroforestry systems in
Armenia.

« Land tenure and consolidation issues are also important challenge for the
further development of agroforestry in Armenia.

« Agroforestry could help Government of Armenia to increase forest cover
and meet commitments under Paris agreement.
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<. 8uw. UU3U3UYL, U. < 1NFLPQULBUYL, 4. M. UUreUsdu

UarNULSUNUESLSEUNRGSNFLL NMNBU UWLhUUSHh
oNPNuNFE3ULL <UrUdrdnN1NrE8sdtv UM8nNFulidssS UhQNs
UutdUuuld Lok dduouuvnry

Udthnthnid

Ugpubnmwnughtt  hwdwlupgp hwdwnmbnnid £ gniqumbnbuwjub
gnpotjuitipyh b winmwpwyht Eynhudwjupgtiph jugugnyt wnwbabwhuwwn-
Unipynibbitipp: Yju dninbigniip wyywhnynid £ dh pupp Eyninghwjut bt unghwy-
wnhwmbtuwuil ogniniitip, hswhupp G hnnh tpnghugh e puypuydwt fubhuwp-
gtiniip, hnnh untuynipyub b 9ph yuhwywbdwd pupapugnidp, htsytiu tule
wilyuwd yunuunnt dwintiphg, pthtinhg, nintijh pnyutiphg b mwupptip gyninu-
mbnbuwlubd dyujupnyutiphg ptipp unwbwp: Pwgh wyn, wgpubmunuyghb
mbnbunipnidd wpwewpnid E dh pwpp jpugnighy ogninmbtbp, wyn pynud
Ytimwpugiduqubtin pyud pupbuynd, dtngupnidnigmetd b thnpnnnid, wdhaw-
ol Yubnid, Yihdwgh thnthnjunipyubd dhniugnid b hwpdwpynnuijubtingynia:
<uwpyh wnbbnyg wyu ogniwnbtipp, 2022 pYuljubht Ultwbw 16 hwupwduyh
wthht' Uwpwniih hwdwyiph Ondhtiwp gyninh dnnm, hhdbwnpdl £ 3,5 7w
dwjtiptiuny Unntijuyht mgputinun: Opwignh hpuwjuiugdwb Gpine mwphbitipp
nhpwgpny hpuuibgyt) Gb pnnp hdibwub gnponnnignaitpp b hhdtwyub
wwpptpp, wyn pYnd gubjuuyunnid, nongdwt hwdwupg L dnn 10 000
wmbtiuwh dwntiph b pthtinh, htsytu dwle nuntih pngutiph mbynid: Qpu dnnbp,
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htimuqu dnbhpnphigh U gwhwndwd thengny, Jupnn b <wywuwmwth
Junujupniguip mpudiwnnl] wdnip hhdp wmwnuyht dSwoynyyen phnuybt-
Nt hudwn® hudwauwyh 2015 pyujuih @wphgh Jhdwyuyub hwdwawybwgph
nowbiujiitipnid unwbatwd thewqquyhtt wyjupumunpnipynibitiph:

O. 5. CAASH, A. A.TYJIIMIXAHAH, B. IT. CAPI'CSH

ATPOJIECHOE XO3SIMMCTBO KAK D®PEKTUBHOE CPEJICTBO
AJTAIITAIIMN K M3MEHEHUIO KIIMMATA B BACCEMHE
O3EPA CEBAH

Pe3zmowme

CucrtemMa arpoiecoBOJCTBa codeTaeT B ce0Oe Jydllre YepThl CeIbCKO-
XO3SHCTBEHHBIX METOJIOB M JIECHBIX KOCHUCTEM. DTOT MOAXO0] 00eCIIeUnBaET pa3Ho-
00pa3zHble IKOIOTHUECKHE M COLMAIBHO-3KOHOMUYECKHE NTPEUMYILECTBA, TAKHE KaK
MMPpCAOTBPAIICHUC 3PO3UX U ACTPadallui MMOYBbI, IOBBINICHUE BJIAXXHOCTHU IMOYBBI U
yAep)KaHHE BOJBI, a TakXKe TOJIy4YeHHE YpOXKas C IMOCAKECHHBIX (PYKTOBBIX
JIePEeBbEB, KYCTAPHUKOB, CHEAOOHBIX PACTEHHH M Pa3IMYHBIX CEIbCKOXO3SM-
CTBEHHBIX KynbTyp. Kpome TOro, arposiecoBOACTBO IpeJiaraeT HECKOJIbKO
JIOTIONTHUTENBHBIX TPEUMYIIECTB, B TOM 4YHCIIE YJydllleHHe OmopazHooOpasus,
MTYEJIOBOJICTBO U yJIYUIICHHUE ONBUICHHS, CBA3bIBAHUE YIIIEPO/IA, a TAKXKE CMITYeHUE
NOCJIEACTBUN M3MEHEHMs KJIMMaTa U aJanTaldio K HUM. YUYUTHIBas 3TH MPEUMY-
mecTBa, B 2022 1. Ha 103xkHOM Oepery 03. CeBaH, Hefaneko ot ¢. [{loBunap B 00bemu-
HEHHOH o0muHe MapTyHHu OBUI CO3[]aH MOJEJBHBIN arposec miomanpi 3,5 2a.
3a nBa roga OCYLIECTBJICHHS NpPOEKTa OBUIM pPEAIN30BaHbl BCE OCHOBHBIC
MEPOTIPHUSITUSL U CUCTEMOOOPA3YIOIIHE 3JIEMEHTHI, BKJIIOUas OrpaxJicHHe, CUCTEMY
opomeHust U mocaaky oxkojo 10000 BHIOB AepeBbEB M KYCTAapHUKOB, a TaKXkKe
ChEJOOHBIX PACTEHUI.

Orta MoJenb NOCPEACTBOM INAIBHEHIIEr0 MOHMTOPHHIA M OLEHKH MOXKET
NPEJIOCTABUTH MPABUTEILCTBY APMEHUU BeCOMOEe 0OOCHOBAHUWE JUIS PACIINPEHHUSI
JIECHOTO MOKPOBa B COOTBETCTBHHU C €T0 MEXIYHAPOJHBIMH 0053aTEIILCTBAMU TIO
[TapmxckoMy kmuMaTHUecKoMy coramennto 2015 r.



