Trench with recently planted pine seedlings (Pinus sylvatica) in Saralanj community (Kirchmeir, H.)

High-altitude afforestation for erosion control (ApmeHus)

NCAHWE

Afforestation is a key technologies to protect soil against erosion and provide a wide
range of ecosystem services. In this case, afforestation at high altitudes, which is
particularly challenging, with the primary purpose of erosion control were planted in
small patches with different methods. They form the basis for future community
forests in Armenia.

Forests are - in terms of biomass accumulation and stability - the most successful ecosystems

in the world. Natural forest ecosystems offer multiple ecosystem services, such as timber and

fuel wood provision, water purification, carbon sequestration. In mountainous landscapes,
forests have an additional protective function against erosion and natural hazards (e.F.,
avalanches, landslides, debris flows or rock falls). In the South Caucasus, two natural [imits
restrict forest expansion: at 2.300-2.600m a.s.l. the upper tree line is visible, whereas steppe
and semi-desert ecosystems form the lower tree line.

Socio-economic and geo-physical living conditions:

The intervention area is located at the northern to eastern slopes of Mount Aragats (4013m).
The villages are located at 1600 to 1800 m above sea level where the slope meets a plain
with stepic soils and crop production while the slopes of the mountains are used for livestock
grazing (sheep and cattle).

Purpose of afforestation:

By means of afforestation of deEraded pastures, mountainous areas that suffer from erosion
and overgrazing should be rehabilitated and erosion protection capacity enhanced. At the
same time, the afforestation sites should form the basis for future community forests
providing a wide range of ecosystem services, a concept that has not yet been established in
Armenia.

Implementation

Between 2014 and 2017 more than 200 hectares were fenced for afforestation, 145 ha were
actively afforested in 10 different communities around Mount Aragats in Armenia. The
average size of the 20 plots is 10 ha (35 ha being the largest site, 1 ha the smallest one).
The afforestation included different species combinations, planting schemes and methods to
determine most cost-efficient afforestation methods for Armenian conditions. All
afforestation took place at elevations between 1900 and 2300 m.a.s.l.. The afforestation
included fencing of the area to protect the afforestation site against %razing, the preparation
of the planting sites according to fixed planting schemes, the actual planting in lines with
trenches, single ﬁlant holes and group plantings. For some sites, additional irrigation was
established for the first years. Particular attention was paid to the species selection which
explicitly included fruit trees and shrubs to ensure local economic returns.

Practical experiences

A wide range species was tested. Within the given climate context, pine (Pinus sylvestris), the
main non-native species as well as native maple (Acer trautvetteri), Persian Oak (Quercus
macranthera) and birch (Betula litwinowii) showed the best results. Particular attention was
paid to adapted species to create resilient forest-shrubland with a large number of tree
species. In general, planting in trenches shows highest survival rates. Bare root system and
containerized seedlings were used for planting. Containerized seedlin(?s definitely provide
better survival rate in comparison with bare root system seedlings. Additionally, mulch cover
was provided to protect seedlings and keep soil humidity. The main maintenance measures
are repeated mulching and weed control and irrigation during the first 3 years. Furthermore,
some replanting is continuously taking place as the sites are facing tough environmental
conditions (hot summers, drought, short vegetation period).

The plantation was organised and supervised by local NGO's (ATP Armenian Tree Project,
ESAC Environmental Sustainability Assistance Center) in close cooperation with the local

AR

MecTtononoxxeHwme: Lusagyugh, Saralanj,
Harich, Arayi, Quchak, Hnaberd, Mets
Manatash, Pokr Mantash, Nahapetavan, Shirak
and Aragatsotn Marzes, ApmeHus

Yuncno nccnefoBaHHbIX YHacTKOB, rae
npumeHsietca TexHonormsa: 10-100 yyacTkoB

Feorpajpuueckas npmBasKa Bbl6paHHbIX
y4yacTKoB

e 44.03408, 40.60734
44.15521, 40.61765
44.38562, 40.61728
44.03523, 40.63233
4413295, 40.64011
44.05501, 40.61872
44.02974, 40.61975
44.36409, 40.44722
44.371, 40.45878
44.41472, 40.51481
44.02905, 40.59833
44.0215, 40.59193
44.36129, 40.5197
44.36186, 40.45786

MpocTpaHCcTBEHHOE pacnpocTpaHeHue
TexHonormm: paBHOMe pHO-0HOPOHOEe
nprvIMeHeHVe Ha onpe/esieHHON naoLaan
(approx. < 0,1 km2 (10 ra))

MpoAo/MHKNTENbHOCTL NPUMEHEHUSA
TexHonorum: meHee 10 neT Hasaj (HefaBHsAS)

Tun BHeApeHMA/ NnpUMeHeHunsA
KaK MHHOBaUMS (MHMUMATVBA)

village por)ulation. In @ Memorandum of Understandig between the Armenian Ministry of
Territorial Administration and Development, the local village administration and GIZ the 3eM/enosib3oBaTtenei
share of payed labour and own contribution was fixed beforehand.
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Impacts and perception
After the first years already first successes are becoming visible contributing to increased
vegetation cover, increased biomass and improved soil protection. The communities are
proud to be amongst the first in Armenia with a community forest. However, slow growth will
require continuous commitment and care on behalf of the community.

Planting of different tree seedlings in trenches in Arayi, Armenia
(Kirchmeir, H.)

Kak 4acTb TPaAVLMOHHOM CUCTEMBI
3emsenonb3oBaHus (bonee 50 neT Ha3aa)
B KauecTBe Hay4YHOro/ NoneBoro
3KCnepvMeHTa

yepes NpoekThbl/ BHellHee BMeLlaTeIbCTBO

Oak (Quercus macranthera) planted in a hole to protéct éeedling
(Kirchmeir, H.)

OcHoBHas uenb

noBblLLeHne Npon3BoaCcTBa
CHWKEHMe Unn NpeaoTBpaLleHve Aerpasaummn semens,
BOCCTaHOB/MEHME HapPYyLUEHHbIX 3eMeNlb
COXpaHeHVe 3KoCcnCTeM
3almTa baccenHOB pek (MPUBOAOPA3AENbHOM YaCT/ HUXHEro
TeueHus) - B codeTaHUM C ApyrumMin TeXHoNorusamm
coxpaHeHue/ NoBbllLeHe 61opa3Ho06pasms
CHUDKEHMe puUCKa CTUXMIAHBIX 6eACcTBUIMA
afanTauna K NSMeHeHWK K1iMaTa / IKCTpeManbHbIM NMOrogHbIM
ABNEHUAM U VX NMOCNEACTBUSM
CMSirYyeHme nocneACTBUA U3MEHEHWA KaMaTa
co3zaHuvie 61aronpUsiTHbIX SKOHOMUYECKUX YCTOBUIA
CcO34aHune 6I'IaI'OI'IpI/IﬂTHbIX coumanbHbIX yCJ'IOBVIIZ

Lenb, cBfi3aHHas ¢ gerpagauueri semenb
npeAoTBpaLleHvie gerpasaummn semenb
CHWXeHVe erpajaummn 3emens
BOCCTaHOBNEHMe/ pea6|/|n|/|TaL|,|/|ﬂ HapyLleHHbIX 3eMeNb
ajanTauys K gerpagauumn 3emens
He NMPpUMeHNMOo

Kateropusa Y30

® JleCHOe X034AUCTBO B eCTeCTBEHHbIX N U3MEHEHHbIX fiecax

e [pekpaljeHne X03ACTBEHHOMO UCMOMb30BaHNS (I'IperaLLl,eHI/Ie
A0CTyNa K TepPUTOPUN, NOALEPXKKa BOCCTaHOB/IEHVIA)

® CHWXeHMe pUCKa NpUupoaHbIX CTUXUIHBIX 6(—:‘ACTBI/II7I Ha OCHOBe
3KOCMCTeEMHOro noaxoaa

Wocat SLM Technologies
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3emMnenosib3oBaHue

NacT6uLHbIe yroAabs - MacTouLLHble 3eMK, SKCTEHCUBHbIN
- E Bbinac: Nonykoyesoe/ OTFOHHOE XVBOTHOBOACTBO

¥ &3 OcHOBHbIe MopoAbl CkoTa 1 BUAbLI Npoaykumn: Cattle and
sheep

Y Neca/ necuctas MeCTHOCTb - /lecornocaaky, obneceHue:

;. CMellaHHble KynbTypbl

Mpoaykunn n ycnyru: fipoea, Mnogbl 1 opexu, Beinac/
OLMMbIBAHME MOMOAbLIX MOBEroB 1 ANCTbEB, 3alumTa OT
MPUPOAHBLIX KaTak113MOB

BoaocHa6bykeHue

6orapHble 3emnu
coyeTaHWe borapHbIX 1 opoLlaeMblx 3eMenb

nosHoe opoLwleHne
Yucno ypoxkaes 3a rog: 1
Tvn 3emnenonb3oBaHMA A0 NpuMeHeHUsa TexHonornu: The
afforestation sites were previously used as (partly overgrazed) pastures
for grazing of mainly cattle. Thus, this technology included a land-use
change from grassland/pasture to forest/shrubland.
MoronoBbe ckoTa Ha eAMHMLY naowaaun: 1-2/ha

Tvn gerpagauum, Ha 60pb6y C KOTOPLIM HanpaeeHa
g
544

BOZHasA 3po3msa NoYB - BSn: NoBepxHOCTHasA 3p03us/CMbIB
BEPXHVIX MOYBEHHbIX FOPU3OHTOB , BI/1: oBpaxkHas 3po3us /
oBparoo6bpasosaHue

E
B

S

MeponpuaTtua Y3M

W MeponpusaTusa ¢ NCNosib30BaHMEM PacTUTENIbHOCTM - P1:

[lpeBecHbIi 1 KyCTapHKOBbIM MOKPOB
s;

6uonornyeckas gerpagaums - bp: cokpalleHvie
pacTuTenbLHOro nokposa, bB: NoTeps NpUpPoAHOro
pasHoobpa3us

ynpaeneHYecKkrMe MeponpuaTus - ¥Y1: CveHa Tvina
3em/1enoNb30BaHyIs
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TEXHUYECKUI PUCYHOK

TexHu4Yeckme XxapaKTeprcTUKn
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A. Line planting scheme B. Chess pattern planting scheme
® Main species
o 5 X Pioneer species
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C. Overview of group plantation scheme D. Example of planted group with different
main and pioneer species
AsTop: GIZ IBiS

Needed resources for 1 ha afforestation:
-2.000-5.000 seedlings

- 10-50 t water (for initial irrigation)

- 40 - 100 working days

- Shuffles or soil driller

- Means of transport

Selection of species

It is recommended to use different local tree species for any afforestation activity, as they can cope best with the given environmental
conditions and, therefore, are more resilient towards pests and climatic variations. Most suitable species for afforestation:
-Trautvetters maple (Acer trautvetteri)

-Birch (Betula letwinowii)

-Wild Oriental Apple (Malus orientalis)

-Scott's Pine (Pinus sylvestris var. hamata)

-Persian Oak (Quercus macranthera)

-Raspberry (Rubus idaeus)

-Mountain ash (Sorbus aucuparia)

For selecting suitable species, screening of the wider project area is essential in order to prepare a list of species, which would naturally grow
under the given ecological conditions

Planting scheme
The technical drawings describe different potential planting schemes. A further figure describes the advantages and disadvantages of each

scheme.

Planting season

Wocat SLM Technologies High-altitude afforestation for erosion control 3/9



The climate in the South Caucasus region shows low precipitation rates in the summer period. As seedlings have a small root system, young
trees are more sensitive to drought. The best time for planting is either autumn or early spring as during autumn, winter and spring, more
moisture is available that helps the seedlings to develop deeper root systems to survive during summer droughts.

Fencing

In many cases, afforestation sites are located on pasture land. To protect the planted seedlings from browsing by livestock or wild game, it is
recommended to fence the afforestation site before starting the plantation of the seedlings.

Planting

The planting process is specified in one of the technical drawings. With a hole driller planting of one tree takes 2-4 minutes, planting by hand 8-

10 min. Each seedling is waterered with an intial 5-10 | of water.

Fig. 7A: Oak seedlings in a trench plantation

Fig. 78B: Daks planted in plant holes

AsTOp: GIZ IBiS

Planting

Description Working step

d seedlings In plas

lings for max. 4 days at

o Apply 5-10 | water to each seedling immedialely after

2y

T N

AsTop: GIZ IBiS

SANYCK U TEKYLLLEEE OBC/YXXUBAHWE: MEPOTMPUATINA, HEOBEXOAWNMbIE PECYPCbI 1 SATPATHI

MoacyeT BNOXEHWI U 3aTpaT

e [logcyMTaHHble 3aTpaThl: Ha MAOWAAb, FAe NMpYMeHseTcs
TexHonoruvs (pa3mep n eguHuua naowaan: 1 ha)

e JleHeXHble eAnHLbI, UCNOAb30BaHHbIE A/1F NoAcyeTa 3aTpaT:
Aonnapsl CLLUA

e O6MeHHbIN Kypc (kK gonnapy CLUA): 1 USD = HegocTynHO

o CpeAHuWIi pa3mep AHEBHOIO 3apaboTka AN HAHATbIX
PaboTHMKOB: HEAOCTYMNHO

MepOI'lpI/IﬂTI/lﬂ, HeobxoAMMble NS Havana peannsaunn

Hanbonee 3HauMMble paKTOpbl, BAVSAIOLLME HA CTOMMOCTb
3aTpat

With costs of approximately 5,700 USD/ha including fencing (30%),
planting (30%) and seedlings (40%) afforestation is very intensive in
financial resources. It is very likely that these high costs will limit
the upscaling of the afforestation process. There are some options
to reduce costs: *Fence large areas and try to have sites in square or
circle shape *Increase number of seedlings planted by person by
using soil-drillers <Use cheaper fencing material (e.g. game
protection fence, poles without concrete) Reduce seedling number
to 2000-3000 seedlings/ha *Using seeds (e.g. oak) instead of
seedlings *Regrow seeds in local low-cost nurseries (e.g. Lusagyugh)

1. Selection of afforestation site, plantation scheme and species (Cpokn/ MoBTOpsSieMOCTb MPOBeAeHMsA: anytime)

2. Fencing of the area (if area is being grazed or wild game is browsing seedlings (Cpoku/ nosTopsiemocTb nposegeHus: before planting)

3. Prepare and transfer seedlings to the site (Cpokn/ noBTopsiemMocTb nNpoBegeHus: before planting)

4. Excavate whole for the seedling (30-40cm deep, 25 cm diameter, 1m spacing between wholes) (Cpokn/ NoBTopsieMOCTb NpoBeAeHMs: autumn,

early spring)

[N ]

. Place the seedling and fill hole with soil (Cpokn/ noBTOpsieMoCTb NpoBeAeHNs: autumn, early spring)
. Apply 5-10 | of water immediately after planting (Cpokn/ noBTopsieMoCTb NpoBejeHus: after planting)

7. Cover soil around seedling with mulch and organic material (Cpokw/ noBTopsiemMocTb NpoBejeHus: after planting)

CTOMMOCTb BNOXEHWIA 1 3aTpaT no 3anycky (per 1 ha)

Wocat SLM Technologies

High-altitude afforestation for erosion control
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3aTpaTthbl Ha CTO:::'::
onuvwwuTe 3aTpaThl EavHuUa KonnuectBo SAVIHALY 1\ a eauHNLY % 3aTpar, oniaueHHbIX
(Aong;z);; (Gonnape! 3em/ienonib3oBaTensimMm
CLUA)
Onnata Tpyaa
Local workers for plantation of trees seedlings 2500,0 0,27 675,0 10,0
Installation of fence and posts person day 191,0 12,3 23493
O6opyaoBaHue
Equipment (hummer, driller, etc.) Iset 1,0 141,8 141,8 30,0
MocagouHbIV MaTepuan
Tree seedlings pieces 2500,0 0,31 775,0
Mulching kg 1250,0 0,03 37,5
CTpouTenbHble MaTepuarbl
Fencing (permanent mesh wire fence) meter 317,0 1,35 427,95 10,0
Irrigation system set 1,0 889,0 889,0 15,0
Metal posts for fence (1.8m) pieces 106,0 2,97 314,82
sand kg 3444,0 0,012 41,33
Other material(electrode, wire armature, metal disc) set 1,0 386,9 386,9 20,0
Cement kg 1148,0 0,12 137,76
Apyrue
Transporation of mulch time 1,0 102,8 102,8
Transporation of construction materials time 5,0 92,5 462,5
Transporation of workers to the field time 15,0 30,2 453,0
Transporation of seedlings time 1,0 51,4 51,4
06LLa8 CTOMMOCTb 3anycka TexHosorum 7'246.06

TekyLuee o6cny>kmBaHve

1. Irrigation of young seedlings with 5-10 | (Cpokw/ noBTopsiemMoCcTb NpoBejeHus: 2-4 times per year for the first two years)
2. Preparation of fire protection trenches (Cpoku/ nosTopsieMocTb nposegeHus: if needed)

3. Mowing to prevent overgrowth of seedlings (Cpokin/ noBTopsieMocTb npoBegeHvs: 1-2 times per year)

4. Renew mulch layer (Cpokn/ noBTopsieMocTb npoBegeHwsi: annually after hay harvest in summer)

5. Replanting of seedlings (10% each year) (Cpokw/ noBTopsieMocTb npoBegeHus: annually to be done for the first 5 years)

CTOMMOCTb BJIOXKEHWIA 1 3aTpaT no akcnayatauun (per 1 ha)

3aTpaTthbl Ha O6wan
CTOMMOCTb
eAVHULYY % 3aTpaT, onJla4eHHbIX
OnuvwuTe 3aTpaThbl EauHuua Konuuecreo Ha eAVHULY
(Aonnapel 3emsienosnib3oBaTens Mm
CLUA) (Aonnapbl
CLLA)
Onnarta Tpyaa
Irrigation of young seedlings with 5-10 | Man/day 1,0 10,0 10,0 100,0
Preparation of fire protection trenches rm 150,0 0,34 51,0 100,0
Mowing to prevent overgrowth of seedlings Man/day 4,0 10,0 40,0 50,0
Renew mulch layer (including mulch value) Man/day 5,0 10,0 50,0 50,0
MocafouHbIVi MaTepuan
Seedlings for replantation (including labour) |seed|ings I 1200,0 I 0,51 612,0 50,0
Apyrve
Petrol for irrigation Iliter I 7,0 I 0,8 56
06Lasa cToMMOoCTb noaAep)KaHusa TexHonornm 768.6

MPNPOAHBLIE YC/10BNA

CPEAHEFOAOBOE Koin4yecTBo AFpOKI‘I nMmatmyeckas 30Ha

ocapkos B/laXKHas
< 250 MM YMepeHHO-BNaxHas
251-500 Mm nonysacylinsas
501-750 mMm 3acylwnmeas
751-1000 mm
1001-1500 mm
1501-2000 mm
2001-3000 mm
3001-4000 mm
> 4000 mm
CKIOH dopmbl penbeda

nonorune (0-2%) nnaTo/ paBHWHLI

BbicoTa Hag ypoBHEM Mops

[lononHuTenbHbIe XapakTepUCT KN Knmmmara
CpejHerooBoe KoM4ecTBo ocagkos B Mm: 521.0

Precipitation peak between May and June.

HasBaHue mMeTeocTaHumn: Aparan, Aragatsotn Marz, Armenia
According to Képpen and Geiger, the climate is classified as Dfb
(Cold/continental, no dry season, warm summers). Annual mean
temperature is 5.2. °C. The warmest month of the year is August,
with an average temperature of 16.4 °C. January has the lowest
average temperature of the year with -6.9 °C.

based on data from the following source:
https://www.arcgis.com/home/webmap/viewer.html?
layers=3ac478a468c245ef9bfd5533f7edbf93

TexHoNOrmMs NpUMeHseTcsa B
0-100 M Haz ypoBHeEM Mopst

High-altitude afforestation for erosion control
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nokatble (3-5%)
rnokaTo-kpyTble (6-10%)
KpyTble (11-15%)
o4YeHb KpyTble (16-30%)
upe3BblYaHO KpyTble (31-
60%)
06pbIBUCTBIE (>60%)

MowHocTb noys
nosepxHocTHble (0-20 cm)
Herny6okue (21-50 cm)
ymMepeHHo rny6okue (51-80
c™)
rny6okue (81-120 cm)
o4yeHb rybokue (> 120 cm)

YpoBeHb rpyHTOBbLIX BOJ,
Ha MoBepXHOCTU
<5wm

5-50 m
>50m

Bugosoe pasHoobpasuve
BbICOKOE

CpeAHsas
HU3Koe

XAPAKTEPUCTWKA 3EMJIENO/Ib3OBATENEN, MPUMEHAROLLIVX TEXHOTOTAO

PbIHOYHas opueHTaums
HaTypa/ibHOe X0351ACTBO
(camoobecneyeHue)

CMellaHHoe

(camoobecneuyeHue/ ToBapHoe

X035ACTBO
TOBapHoe/ pblHOYHOE
X035CTBO

Océanbivi N KOUeBOI

Océanbliii
Monykoueson
Koueoi

Mnowaab, ncnonbsyemas

AOMOX03SACTBOM
<0,5ra
0,5-1ra

1-2ra

2-5ra
5-15ra
15-50 ra
50-100 ra
100-500 ra
500-1000 ra
1000-10000 ra
> 10000 ra

rpe6Hn XxpebToB/X0NIMOB
CKNOHbI rop

CKIOHbI X0/IMOB
MOAHOXbSA

AHVILLA AONUH

IpaHynoMeTpuyecknii coctas
(BepxHero ropusoHTa)

ﬂ,OCTyI'IHOCTb NMOBEPXHOCTHbIX

rpy6blii KPYNMHO3€e PHUCTbIA/
NErkui (necyaHsblin)

cpesHvie dpakumm
(CyrNVHNCTBIN, CynecyaHblit)
TOHKOAMCMEPCHbIN/ TAXENbIN
(FAVHNCT bI )

BOA

M36bITOK
xopoLuas
cpesHas
Hef0CTaTOUHbI/ OTCYTCTBYHOT

PasHoo6pasune
MeCcTo06UTaHWi

JAoxoabl n3 APYrmx UCTo4YHMKOB OTHOCUTENbHbIN YpPOB€Hb

BbICOKOE
cpeAHss
HM3Koe

< 10% BCex A0OX040B
10-50% BCex AOX0A0B
> 50% BCcex 40X040B

MHamBngyanbHoe nnm
KOJINIEeKTUBHOE X03AUCTBO

YacTHoe/ AoMoBnajeHve
rpynna/ obwmHa
KoonepaTvs
ncnosib3syrouiee HaeMHbIX
paboTHMKOB (KOMMNaHus,
rocyziapcTeo)

MacwTab

mesnkoe
cpeaHero pasmMepa
KpynHoe

[floctyn K 6a30BbIM ycyram um V|H¢paCprKType

MeANLMHCKOe 0bCnyXrBaHne
obpasoBaHve

TexHuyeckne KoHcynbTaummn
3aHATOCTb (BHE X0351iCTBA)
PbIHKN

371eKTPOCHabXeHMe
TPAHCMOPT U A0POXHAA CeTb

Wocat SLM Technologies

nnoxou Xopouwasa
XopoLas
Xopouuas
Xopouuast
XopoLast

xopoLuas

nnoxow
nnoxow
nnoxou
nnoxou
nnoxom

101-500 M H.y.m. B YC/IOBUSIX BbIMYKI0OroO

501-1000 M H.y.m. penbeda
1001-1500 M H.y.m. B CUTYauMsiX BOrHYTOro
1501-2000 M H.y.M. penbeda

NN

2001-2500 M H.y.m.
2501-3000 M H.y.m.
3001-4000 M H.y.Mm.
> 4 TbIC. M H.Y.M.

HEe UMeeT 3HayeHunA

lpaHynomMeTpuyeckunii coctas

(Ha rny6uHe 6onee 20 cm)
rpy6bIii KpYyNHO3€e PHUCTbIA/
NErkui (necyaHblin)

cpesHvie dpakumm
(CYyrNVHNCTBIN, CynecyaHblit)
TOHKOAWCMEPCHbIW/ TAXENbIN
(FVHNCT bIA)

CopepykaHuve opraHNYeckoro
BellecTBa B BepXHeM
NoYyBeHHOM ropusoHTe
Bbicokoe (> 3%)
cpesHee (1-3%)
Hun3koe (< 1%)

KauectBo BOAbI (6€3 fiBnsieTcs 1M CONEHOCTb BOAbI

06paboTkm) npo6nemoii?
nUTbeBasi BoZa XOpoLUero [Ja
KayecTBa Het

nUTbeBasi BoAa Maoxoro
KayecTBa (HeobxoaMa
06paboTka) NoBTOpsAiemMoCTb 3aTON/IEHUA
UCKTHOUNTENBHO AN Aa
CeNbCKOXO035ACTBEHHOIO HeTt
MCMOMb30BaHVA (OpoLLeHue)
HenpurogHasa ans
1CMNo/Ib30BaHMA

YpoBeHb MexaHunsaumnu

pocraTtka py4HOl TpyA
OYeHb NAOXOoM TArnoBas cuna
NA0Xon MexaHV3npoBaHo/ ecTb
cpeaHui aBTOTPaHCNopT
obecneyeHHbI
BeCcbMa obecneyeHHbIV
Mon Bospact
KeHLLMHBI aetu
MY>KUVHBI MOJOAEXb

cpejHWiA Bo3pacT
MOXWIOM

Co6CTBEHHOCTb Ha 3eMJ1t0 I'IpaBa Ha 3eM/s1enonb3oBaHue

rocyzapcrseHHas HeorpaHnyeHHoe
YaCTHOW KOMMaHMK (HEKOHTpOVPYEMOE)
06LLMHHaA/ nocenkoBas 06LLIMHHOE (KOHTpOoMpyemoe)
KONNeKTUBHANA apeHza
nHaBYayanbHasa, He nHAMBMAYyanbHOE

odpopmieHHas B COBCTBEHHOCTb
VHAVBUAYabHasA,
odpopmieHHas B COBCTBEHHOCTb

MNpaBa Ha BOA0BOJ/Ib30BaHVe
HeorpaHn4yeHHoe
(HeKoHTpONMpyemoe)

06LLIMHHOE (KOHTpOoIMpyemoe)
apeHaa
VHAVBUAYyanbHOEe

High-altitude afforestation for erosion control
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’ ) e MI0XO0iA xopoLwuast
BOAOCHa6)KeHI/Ie N KaHannsauna naoxomn 4 xopolLuas

¢|/|Ha HCOBble ycnyrn nnoxoii ¥ xopoLuas

BJIMAHNE

CoumanbHO-3KOHOMMUYECKOe BO3eicTBMe
nponsBoACTBO KOPMOB

CHU3UA. v
KauecTBo fieca/ ApeBoCTOSA

CHU3UA. v
NMPOAYKTVNBHOCTb HeApeBeCHbIX
NpoAYyKTOB Jieca

CHU3UA. v
pa3Hoobpasve nNpoayKLmn

CHU3UA. (4
naowajb, Ucnonb3yemas Ansa
NPOM3BOACTBA NPOAYKLUUA (3eMN,
fobaBrieHHble B 060poT/ CHUBA. 7
Nnosb30BaHVe)
obbem pabot

yBenuuun. v

CoumanbHoe 1 KynbTypHOe BO3/elcTBMe
BO3MOXHOCTU OTAblXa U pekpeaunmn

CHU3MA. 4
3HaHWa B obnactn Y3/ gerpagaumm
3emene CHU3WN. v
SKonornyeckoe Bo3encreme
FIOBerHOCTHbII‘/‘I CTOK
yBeANUUN. v
ncnapeHmne
yBenuuun. 14
yTpaTa nouys
yBenuuun. 4
rnoyBeHHoe / noasemMHoe
opraHuyeckoe BelLLEeCTBO/ yrnepos
CHU3UA. (4
pacTUTeNbHbI MOKPOB
CHU3MA. (4

yBenn4un.

yBenun4yun.

yBenn4un.

ysenun4yun.

ysenn4yun.

CHM3UN.

ynyyLmn.

ynyyLwn.

CHU3WA.

CHM3UN.

CHM3UN.

yBennUnn.

yBenun4yun.

Within the fenced afforestation site, the grass could be cut
and used as hay. The protection from grazing helps biomass
development which leads to better protection from Surface
water Erosion and this lead to soil-regeneration and
increase of productivity.

The natural forest was removed for the purpose of grazing
and the forest cover will be now re-established on the
afforestation sites.

We mixed shrub species like raspberries and fruit-trees
(wilde plumb) between the main tree species to create
short time Benefit for the village people.

In addition to the wide spread grazing land use now the hay
production in the fenced afforestation site is increased for
the first 1-2 decades (until the canopy is too dense) and the
collection of berries and fruits give additional income
opportunities. In the Long terme fuel wood production can
be expected from the forested land.

The grazing range is limited by the fenced afforestation
site. This is relevant in the first couple of years before hay
or fruit/berry productivity is able to fully compensate the
loss of grazing range.

The maintenance of the afforestation site lead to increase
of workload especially in the first 2-4 years when hay
cutting and Irrigation is needed until the tree seedlings are
well established.

As there is almost no forest near to the villages every
woodland is very attractive for recreational purpose, but it
will Need 2-3 decades until this function will be fulfilled by
the afforestation site.

The local stakeholders got hands on training on fencing,
afforestation and maintenance of afforestation sites.

The fencing of the afforestation site immediately stops the
heavy grazing Impact which leads to fast recovery of the
Vegetation. The improved Vegetation cover and better
development of the root System reduce Surface water run of
Speed and increase water Infiltration.

An increase of vegetation and the leaf area index will lead
to an increase of evaporation.

Increase of vegetation cover and reduction of water runoff
will lead to decrease of soil loss.

The increase of vegetation leads to an increase of root
development. Additionally, the increase of vegetation
produces more litter, as no grazing is applied. The increase
in litter leads to an increase of an humus layer and
therefore to more below ground carbon.

Especially the fencing leads to fast increase of vegetation

Wocat SLM Technologies High-altitude afforestation for erosion control 7/9



cover.
6romacca/ cogepxaHue yrneposa B

Ha/Z3eMHo bromacce . )
A ChMsA. I ysennumn. The local stakeholders got hands on training on fencing,

afforestation and maintenance of afforestation sites.
pa3Hoobpasue ¢ropbl

The stop of grazing and the new micro-habitats created by
the shadow of the tree seedlings have let to an increase in

CHU3WA. v YBENNHNT. . . . :
plant diversity. This process might be reverse when the tree
canopy is closed and less light is available for the herb-
layer, but this will take several decades.
pa3Hoobpasve MecToobuTarHui
CHU3NA. 4 yBenuunn. The plain grasslands habitats are diversified by patches of

forest.

BnvsiHve 3a npeaenamMmuv TeppuUTOPUN NPUMEHEHNS

6ydepHasn/ unbTpaLmMoHHas

CMOCO6HOCTL (MOYB,

pacTUTeNbHOCTY, BOAHO-6010THbIX CHuznA, Z ynydwnn.
yroauni)

The decrease of water run off increase the water capacity
of the habitat and the afforested area will provide increase
buffer capacity in the case of intensive rainfalls.

OT/IOXEHVst, NepeHOoC/Mble BETPOM
yBenuuun. 4 cokpartun.
The high grass and trees reduce wind speed at ground level.

AHAJTN3 SPPEKTVBHOCTW 3ATPAT

Hackonbko nosyvyaemblii pesysbTaT CONOCTaBUM C NMepBOHaYvasbHbIMU BOXXEHVSIMU
S$PeKTMBHOCTL 3aTpaT B
KpaTKOCPOYHOI nepcrnekTBe
S¢pPeKTMBHOCTL 3aTpaT B
[0NITOCPOYHOIN NepcreKkTmBe

KpaVIHe oTpuua néHo O4YeHb MO3UTVBHOE

KpaliHe oTpumual  nkHO 4 O4YeHb MNO3UTUBHOE

Hackonbko nony4vaembliii pesynbTaT CONOCTaBUM C 3aTpaTaMuy Ha TeXHUYeckoe o6cy>XnuBaHme
S¢PeKTMBHOCTL 3aTpaT B
KpaTKOCPOYHOI nepcnekTBe
S¢pPeKTMBHOCTbL 3aTpaT B
[ONTOCPOYHON NepcnekTee

KpaﬁHe oTpuua nbHE O4YeHb MoO3UTVBHOE

KpaliHe oTpumual nkHO v O4YeHb MO3UTUBHOE

In the first decade the efforts on maintenance are high and it can be expected that the return of natural resources (hay, berries, fruits) is
significantly lower the the maintenance efforts. As soon the trees are established and larger than 1.3 the root system is well establish and the
trees are resistant to droughts, no vegetation cutting is needed and even game or cattle browsing will not necessarily lead to lethal damage.

VM3MEHEHWE KJTMMATA

3KCTp8Maﬂbele SIB/IEHUSA, CBSI3aHHbIE C U3SMEHEeHNEM KanmaTa (CTUXUliHbie 6ep,CTBI/IF|)

MEeCTHbI€ rpo3bl oueHb N10X0 4 OYeHb XOpOLLO
MeCTHbIV rpaj OYeHb MA0X0 4 0YeHb XOpoLLO
MEeCTHbIe CHeXHble Bypu oYeHb NA0X0 4 OYeHb XOpOLLO
HalLeCcTBUA HaceKOMbIX/ nopaxeHwmsa Yyepsamu OYeHb MI0X0 v OY€eHb XOpOLUO

p,pyrme BOBAeVICTBI/IFl, CBA3aHHbIe C SMEeHEeHEM KnnmMaTa

yBeJinyeHne BeretaLmoHHOro nepuroza OUeHb NI0X0 v OeHb XOPOLLO
BHEAPEHWE N AAAMTALNA
[lons 3emnenonb3oBaTteneit (B MpoLEHTax), NPUMeEHSIOLLX Cpeav npumeHsioLmx TeXHONOro 3eMsenosib3oBarenen,
TexHonoruio KaKoBa A015 1L, NPUMeHSoLLMX eé No CO6CTBEHHOMN
OTAeNbHble Clydan/ SKcnepuMeHT MHULMaTMBE, T.e. 6e3 Kakoro-n1m6o matepmanbHOro
- 0,
1-10% CTMYNIMPOBAaHUA CO CTOPOHbLI?
10-50% .
6onee 50% 0-10%
10-50%
50-90%
90-100%
Bbina nu TexHonorusa Y3 moanéeurumpoBaHa B HeaBHee
BPEMS C Le/ibIo a4anTaumm K MEHSIIOLLMMCA YCI0BMAM cpeabl? drought-adapted species, adaptation of planting schemes
Aa
Het

K KakvM MEeHHO U3MEeHSILMMCA YCT0BUAM cpefbl?
M3MEeHeHUs KarmMaTa/ 3KCTpeMasibHble MOorojHble sBeHUs
N3MeHSLLMEeCs YCN0BUA PblHKa
[OCTYMHOCTb paboyeit cuabl (Hanpymep, 13-3a MUrpaLum
HaceneHwvs)
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3AKTFOYNTE/TbHBIE MOJTOXEHWSA 1 M3B/IEYEHHLIE YPOKW

CunbHble CTOPOHBI: MO MHEHUIO 3eMJ1enosib30BaTesnei Cnabble CTOPOHbI/ He,OCTaTKW/ PUCKA: MO MHEHWIO
e Extension of forest cover of communities, new habitat for wild 3eMJ1eno/ib30BaTeNIefiBO3MOXHbIE MYTU NMPeoA0eHNSA
creators, forest will be a fire wood and non timber products e Reduces pasture land of community, which was converted into a
source for local inhabitants, attraction of tourists into the forest Villagers/farmers need to increase the amount of hay from
communities, increased water regulating function, improved soil their homestead gardens using irrigation

quality, increased vegetation, microclimate formation function,

wind velocity reduction, reduced land degradation, nice view of Cnabble CTOPOHbI/ HEAOCTATKI/ PUCKM: MO MHEHUIO COCTaBUTeNS

the area due to afforestation,increased fodder for cattle WV OTBETCTBEHHbIX CNELNaINCTOBBO3MOXKHbIE NMyTU
e empowerment of the local capacities on sustainable land npeoaoneHns

management e strong need for care taking in the first years community
e successful demonstration of erosion control measures commitment, strong ownership

e Expensive due to high costs for fencing Consider alternative,

CrnbHble CTOPOHBI: MO MHEHMIO COCTaBUTeNs UK cheaper fencing methods (e.g. wildlife protection fence)
OTBETCTBEHHbIX CNeUnanncTos e Complicated decision making processes by the project More
o Diversification of land use options for local stakeholders. Future mandate given to the implementing NGOs

options for sustainable firewood supply, non-timber forests
products (berries) and recreation

e Option to use grass from cutting in between as fodder/hay
production

e side-effect of fencing is increase in biodiversity of grassland
species due to exclusion from grazing.
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